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Abstract:
Psychiatric presentations in older adults are complicated by chronic comorbidities, polypharmacy, and older age-related psychosocial changes. This case-report discusses an unusual treatment-response to ECT in 75-year-old man with chronic bipolar disorder.
There was no seizure activity on EEG and upon direct observation in 3 out of 7 ECT sessions. After in-depth medication review studying their impact on ECT, we propose that Bumetanide could likely have contributed to the non-seizure response.
Bumetanide has been proposed to be potential anti-epileptic agent, but the evidence for its effect in ECT is sparse. A proportion of older adults receiving ECT are likely to be on this FDA-approved diuretic for cardiovascular comorbidities. This case highlights the need for further studies to test for the ECT-modifying effect of Bumetanide.
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Introduction:
Mental health presentations and their management in older adults can be complicated by comorbidities and polypharmacy. The influence of both physical and neuropsychiatric comorbidities in predisposing, precipitating, and perpetuating the symptoms of mental illness must be borne in mind during case formulation and management, in all population groups. Especially in older adults, the treatment and care can be influenced by complex needs driven by psycho-social factors. As seen in the present case, the drug interactions between various pharmacological agents and their influence on the psychiatric treatments adds another layer to the complexity in the management of mental illness.  
In this case-report, we discuss an interesting response to ECT in the background of multiple comorbidities, polypharmacy, and complex drug interactions. The patient had a long-standing bipolar illness and presented with severe depression, suicidal ideation, and poor responsiveness to antidepressant medication trials. He was referred for ECT to treat depression and to augment the effects of the antidepressants as ECT is an approved treatment for such cases.
However, his unusual response to the ECT had led to discussions between multiple professionals including specialist psychiatrists from ECT clinic and older people mental health services, and anaesthetists. This case demonstrates the need for liaison of multi-professionals to consider multiple different aspects of health and care.
Case presentation:
The patient is a 75-year-old white man who had been diagnosed with Bipolar type I disorder, current episode depressive, severe without psychotic symptoms. His current presentation is that of a difficult to treat depression (DtD) (McAllister-Williams et al., 2020). He was being treated in the community but was admitted due to an increase in his risk. He attempted suicide by overdose. He has been an inpatient for 4 months and had been referred for ECT when he had no clinical response after adequate trials with Mirtazapine and Duloxetine. Lithium was continued both as a mood stabiliser as well as for the suicidal ideations. The patient had asked to consider ECT as he had a history of good responsiveness to ECT in his teens.
 	There are comorbidities that could potentially influence the symptoms as well as the management decisions. He has the following cardiovascular comorbidities: left ventricular systolic dysfunction, congestive heart failure, atrial dilatation, hypercholesterolaemia, atrial fibrillation and essential hypertension. In addition, the recent onset of Parkinson's symptoms, recent history of delirium requiring admission, right sided cerebral infarction 5 years ago, chronic kidney disease-stage 3a, and history of diverticular disease, Colonic polyp, plantar fasciitis, haemorrhoids, and nondiabetic hyperglycaemia. All these conditions could possibly impact the presentation and management.
During the pre-ECT assessment, his comorbidities and the current medications were reviewed. Consent was obtained for up to 12 sessions of ECT as treatment. In 2 out of the first 6 ECT sessions, no seizure activity had been noted either on the electroencephalogram (EEG) recording or as observed motor activity.
 	After a multi-professional review, anaesthetic drug was changed from Propofol to Etomidate. Etomidate has the potential to lower the seizure threshold. The patient was initially advised to omit his Oxazepam the night before the scheduled ECT. This was eventually stopped by the 3rd ECT.
During 7th ECT: 
After confirming that the baseline vitals were stable, he was given Etomidate and succinylcholine while receiving the oxygen by mask. After the post-anaesthetic effect, noted as muscle twitches in his extremities and abdominal wall, had subsided after about 2 minutes, he received 2 trials of bitemporal ECT, initially at 25% stimulation and then at 40%. No seizure activity was noted in the EEG, and no motor activities were noted on observation on both the trials. The third trial was aborted because of the anticipated lack of additional benefit as agreed by the professionals. He had an uneventful recovery.
Discussion:
The non-seizure response on ECT stimulation in this case is a curious phenomenon. While we explored the possible reasons, we noted the following:
· There were no structural brain changes on MRI. However, the possibility of demyelinating disease was ruled out as it would rather lower the seizure threshold than resulting in a non-seizure. 
· The blood investigations including full-blood-count, electrolytes, acid-base metabolic profiles were monitored. However, disturbances in these systems are more likely to result lowering seizure threshold and promote seizure response rather than preventing it. 
· The patient was receiving Duloxetine and Mirtazapine, which are known to increase the likelihood of seizures (Taylor et al., 2021). 
· He was also on Lithium - its half-life is 18-30 hours. Although National Institute for Health and Care Excellence (NICE) guidance cautions about lowering of seizure threshold with Lithium in patients receiving ECT (NICE, 2014) the evidence for its effects on seizure threshold at therapeutic doses is inconclusive (Taylor et al., 2021; Bojja et al., 2022). While seizures are one of the symptoms of Lithium toxicity, there is no strong evidence for either proconvulsant or anticonvulsant action on the seizure duration (Martins-Ascencao et al., 2021) at therapeutic doses. Skipping some doses increases the likelihood of sub-therapeutic Lithium levels and could result in worsening of his mental heath. Considering this risk, along with the limited and inconclusive evidence for its effect on seizures, a decision has been made to continue Lithium. 
· He was receiving Bumetanide for his cardiovascular problems, which we have discussed in detail in the next section.
Proposed mechanism of action of Bumetanide:
Bumetanide is known to modify the seizure response due of its effect on Na+ K+ Cl- transporter channels (NKCC) in the neuronal membranes. It is an FDA-approved diuretic whose action occurs due to its inhibition of NKCC2 at the loop of Henle in the kidney. However, NKCCs are not localised to the kidney alone. NKCC1 are known to be widely present in the neurons within the central nervous system (CNS), influencing neurotransmission and modulation (Perucca et al., 2023). There are many animal (Sivakumaran & Maguire, 2016; Cleary et al., 2013) and human studies (Soul et al., 2021) suggesting the role of NKCC in seizures. NKCC1, along with another ion channel called Potassium-chloride-cotransporter2 (KCC2), plays an important role in maintaining the Chloride gradient across the neuronal membranes. Altered expression of the neuronal NKCC1 and KCC2 was found to promote epileptogenicity in some neurological conditions like Temporal Lobe Epilepsy (TLE) and in immature brains (Kharod et al., 2019). Some considered Bumetanide could be used as an adjuvant to phenobarbital for treating the neonatal hypoxic seizures (Ziobro et al., 2021). Bumetanide was also proposed as a potential agent to treat TLE (Rahmanzadeh et al., 2018) and status epilepticus in adults. The clinical effectiveness-tolerability profile of Bumetanide as a potential treatment for these conditions is still a matter of debate which is out of scope for this paper (Cleary et al., 2013; Pressler et al., 2015; Rahmanzadeh et al., 2018).
The focus of the discussion in this present article is the mechanism of action of Bumetanide on CNS and the likelihood of its impact on the seizure response during ECT. One study proposed (Galanopoulou, 2007) that immature synaptic responses like those seen in neonatal or premature brains can re-appear when the adult brain is exposed to neurological insults altering the sensitivity to Bumetanide’s action on the NKCCs at CNS. 
It would be interesting to know if there are any factors that could result in similar changes in our patient. In this case, he has past-history of cerebral infarction, new-onset Parkinson symptoms, long-standing cardiac comorbidities, hypertension, hyperglycaemia, and hypercholesterolemia. The recent history of delirium also points to some form of cerebral insults. We have not found any studies particularly focusing on any one of these factors, but considering them together for our patient, we think they might have contributed to the sensitivity to Bumetanide’s effect on the CNS. We are proposing this could be a potential area for research in future as there are no studies exploring Bumetanide’s antiseizure effect in geriatric population to date.
Most of the studies evaluating the antiseizure effect of bumetanide were aimed at understanding pharmacokinetics, efficacy, and tolerability in neonatal populations. In the two recent clinical studies critically appraised by Perucca et al. (2023) studied the impact of seizures based on the EEG recordings as an additional outcome. According to these studies, the median half-life of bumetanide is 16 hours with average clearance being 0.10mL/min/kg. They also reported that there was inter-individual variability.
The pharmacokinetic studies in healthy adult population reported that peak plasma concentrations can be achieved within 30 minutes to 2 hours after oral administration (Ward & Heel, 1984). The diuretic action, in general, was known to last for about 4 hours. In the older age adults, there was an increase in peak plasma levels and an overall decrease in renal clearance indicating perhaps a longer duration of action (Dailymed, January 26, 2021) 
There is no data regarding its onset and duration of action within CNS. However, it has been noted in many in-vitro and animal studies that its CNS concentrations are much lower than the plasma concentrations. This could partly be because of the blood-brain barrier in the mature brains and partly because Bumetanide exists largely (about 95%) in protein-bound state. It would be interesting to know the effect of ECT on the blood-brain barrier and its impact on CNS concentrations of Bumetanide.
Outcome and follow-up:
After reviewing and critically appraising the available scientific literature on the action of Bumetanide on the seizure threshold and considering the uncommon finding of lack of seizure response in 3 out of 7 ECT sessions, we felt that Bumetanide could be the possible causative agent mediating the non-seizure response in this case. However, we haven’t found any published evidence for similar effect of Bumetanide on ECT. 
During our multidisciplinary discussions, the anaesthetist was concerned about the cardiovascular risk if Bumetanide was discontinued or otherwise interrupted.  We considered the increased risk for arrhythmias, which, while not an absolute contraindication was a further risk for each ECT treatment.  
The patient was informed about the poor seizure response with ECT. He also recognised that there was no adequate antidepressant response from ECTs after 7 sessions. The case was discussed in a multi-professional meeting involving specialist psychiatrists from the Older adult mental health team and the ECT clinic, along with the anaesthetist. We explained to the patient, the possible effect of Bumetanide on seizure threshold and the accompanying risks associated with reducing or stopping Bumetanide.
After discussion and consideration, the patient and the team working with him agreed to stop the ECT, as the risks outweighed the benefits. 
The management plan was reviewed using biopsychosocial framework. The other medications were continued, Lamotrigine was added as an augmenting agent and its dose was being titrated. Behavioural activation was being continued while he was still an inpatient, with a plan to continue this within the community post-discharge. Ongoing psychosocial support upon discharge was being considered with the patient and those around him in the community. 
Learning points:
· The possible Pharmacological interactions of Bumetanide affecting the ECT treatment by causing non-seizure response.
· The importance of multi-disciplinary liaison especially in older adults presenting with multiple comorbidities and their effects, including that of polypharmacy.
· The importance of comprehensive biopsychosocial approach in the formulation and the management of Difficult to Treat Depression. 
· Further studies on the anti-seizure effect of Bumetanide in geriatric population and if there are any possible effects on ECT treatment, may uncover potential clinical implications. 
Data Availability Statement:
Data is not made available due to ethical and legal restrictions that are in place to ensure that there is no breach in the confidentiality pertaining to the patient identification data.
The supporting data is not available due to the nature of the present research, which is a case report study.
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