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Abstract 

Background Patients with chronic kidney disease frequently develop neurological complications including confu-
sion and altered consciousness. Non-convulsive status epilepticus, which is characterized by a change in behavior 
and/or mental process accompanied by epileptiform discharges on electroencephalogram in the absence of convul-
sive seizures, is one of the overlooked causes of altered consciousness. The incidence and precise pathophysiological 
mechanism of non-convulsive status epilepticus in patients with kidney disease, and especially in patients with elec-
trolyte disturbances, remains unknown. We recently treated an older patient with chronic kidney disease and severe 
hyperkalemia in whom non-convulsive status epilepticus developed following a correction of severe hyperkalemia.

Case presentation An 82-year-old male was admitted to our hospital at midnight because of weakness of all four 
limbs (Day 1). He underwent urgent hemodialysis for severe hyperkalemia (9.84 mEq/L) and his serum potassium 
concentration decreased to 4.97 mEq/L. He regained full consciousness and his limb weakness improved on the 
morning of Day 2, but he became confused in the evening. Electroencephalogram revealed repeated low-voltage 
ictal discharges in the right occipital region and a diagnosis of non-convulsive status epilepticus was made. Following 
medication with fosphenytoin and phenytoin, the patient became fully alert and orientated on Day 8.

Conclusion We speculate that a rapid correction of hyperkalemia was the possible cause of non-convulsive status 
epilepticus development. To our knowledge, this is the first report of non-convulsive status epilepticus from a potas-
sium abnormality. We described a case of this condition in detail and summarized 78 previous case reports of non-
convulsive status epilepticus with kidney disease or electrolyte disturbances.
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Background
Neurological complications including confusion and 
altered consciousness are commonly encountered in 
chronic kidney disease (CKD) patients. Altered con-
sciousness in patients with CKD is caused by non-convul-
sive status epilepticus (NCSE), uremic encephalopathy, 
disequilibrium syndrome, dialysis dementia, infection, 
drugs, electrolyte imbalances, hypoxia, hypertensive cri-
sis, or cerebrovascular disease [1–4].

NCSE is generally defined as a change from the base-
line in behavior and/or mental process that is associated 
with ongoing epileptic activities or continuous epilepti-
form discharges on electroencephalogram (EEG) in the 
absence of convulsive symptoms [5, 6]. Prompt diagnosis 
of NCSE is important because this condition is poten-
tially reversible with appropriate treatment; however, 
NCSE is often misdiagnosed as a cause of an acute state 
of confusion when EEG is not used [1–4]. Because there 
are few reports of NCSE in patients with CKD [1–4], the 
precise pathophysiological mechanism of NCSE develop-
ment with kidney disease remains unknown.

We recently treated an older patient with CKD in 
whom NCSE was thought to be induced by a rapid cor-
rection of severe hyperkalemia using sodium bicarbo-
nate, glucose–insulin (GI) therapy, and hemodialysis 
(HD).

Case presentation
An 82-year-old man developed diarrhea and abdomi-
nal pain starting at noon (Day 1). He had stage 4 CKD 
of unknown etiology and no history of epilepsy except 
for febrile seizure in childhood. In the evening of Day 1, 
weakness in all four limbs occurred, and he was admitted 
to our hospital by ambulance.

Vitals were temperature 36.3  °C, blood pressure 
163/69 mmHg, and pulse oximetry 100%. Arterial blood 
gas test results revealed hyperkalemia (9.84 mEq/L) and 
metabolic acidosis (pH 7.227,  PCO2 25.6  mmHg,  PO2 
143.7  mmHg, and  HCO3− 10.5  mEq/L). Blood tests 
revealed blood urea nitrogen was 93.7 mg/dL, creatinine 
4.77 mg/dL, blood glucose 154 mg/dL, ammonia 52 µg/
dL, sodium 133.6 mEq/L, corrected calcium 9.2 mg/dL, 
and magnesium 1.7  mg/dL. Electrocardiogram results 
were characteristic of hyperkalemia including a tento-
rial T wave, prolonged QT, wide QRS, and irregular-
ity in R-R. In the outpatient clinic, his serum potassium 
was controlled between 4.35–5.15  mEq/L with oral cal-
cium polystyrene sulfonate; however, his family doctor 
changed 30  mg of azosemide, which was used to treat 
chronic heart failure, to 25 mg of spironolactone 2 weeks 
earlier. He had also been eating a large amount of fruit 
including apples and ponkan oranges over the previous 
week.

After sodium bicarbonate administration and GI ther-
apy, urgent HD was performed for 2 h with a blood flow 
rate of 120  mL/min and dialysate flow rate of 500  mL/
min using a 0.8m2 small surface area dialyzer (APS-08SA, 
Asahi Kasei Medical Co., Tokyo, Japan). Dialysate sodium 
was 140  mEq/L, potassium 2.0  mEq/L, and bicarbonate 
27.5 mEq/L. After dialysis, venous blood gas test results 
revealed serum potassium 4.97 mEq/L, pH 7.394,  PCO2 
34.7 mmHg,  PO2 28.2 mmHg, and  HCO3− 20.8 mEq/L. 
Blood tests revealed blood urea nitrogen 59.4  mg/dL, 
creatinine 3.32 mg/dL, blood glucose 95 mg/dL, sodium 
137.6  mEq/L, corrected calcium 9.9  mg/dL, and mag-
nesium 1.5  mg/dL. After this HD session, his serum 
potassium was controlled between 4.18 and 5.39 mEq/L. 
His verbal responses became accurate and limb weak-
ness improved. Nevertheless, he became slow to react 
to external stimuli after 6  h, and after 17  h he became 
confused and irritable, which was uncontrollable with 
sedatives including haloperidol and quetiapine. On Day 
5, EEG with increased sensitivity (to three times the 
ordinary conditions) demonstrated low-voltage ictal 
discharges with evolution in frequency and morphol-
ogy lasting more than 10  s in the right occipital region 
(Fig.  1a), with maximal amplitudes in O2, P4, and T6 
using the International 10–20 EEG system (Fig. 1b). The 
ictal discharges were observed for approximately 25% of 
the 60-min recording period, and a diagnosis of electro-
graphic status epilepticus was made based on the Ameri-
can Clinical Neurophysiology Society’s Standardized 
Critical Care EEG Terminology [7]. No epileptogenic 
lesions or abnormal edema were noted on subsequent 
magnetic resonance images (Fig. 1c).

With a clinical diagnosis of focal NCSE based on the 
International League Against Epilepsy (ILAE) classifica-
tion [6], 750 mg of fosphenytoin was administered intra-
venously on Day 5, followed by an additional 375  mg 
of fosphenytoin on Day 6. Phenytoin 200  mg was also 
administered orally. His mental state gradually improved, 
and he became fully alert and orientated on Day 8. EEG 
on Day 11 showed that the epileptic discharges had dis-
appeared (Fig.  1d). Oral phenytoin administration was 
discontinued. He was ambulatory when discharged and 
returned to normal daily life.

Review of the literature
Methods
We searched case reports related to our research pub-
lished in English, and manually revised the reference lists 
of relevant articles. We also searched reviews to identify 
any papers that were missed by our search strategy.

We searched the PubMed database using a combi-
nation of Medical Subject Headings (MeSH) terms 
and keywords related to NSCE, renal dysfunction, and 
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electrolyte disturbances, as follows: non-convulsive sta-
tus epilepticus, “Status Epilepticus” [MeSH], renal dys-
function, kidney injury, renal failure, “Kidney Diseases” 
[MeSH], hemodialysis, “Renal Dialysis” [MeSH], hyper-
kalemia, hypokalemia, hypernatremia, hyponatremia, 
hypercalcemia, hypocalcemia, hypermagnesemia, 
hypomagnesemia, and “Water-Electrolyte Imbalance” 

[MeSH]. Patients older than 19 years were included in 
the search.

Two authors (SB and TSu) independently evaluated 
the articles for eligibility by first screening the title and 
abstract, and then the full text. The search was conducted 
in June 2021, and there were no time limitations for study 
inclusion.

Fig. 1 Electroencephalogram, voltage topography and magnetic resonance imaging findings. a An electroencephalogram (EEG) on Day 5 
showing repeated low-voltage ictal discharges from the right occipital region (red line). Note that the sensitivity of EEG recording is displayed at 
approximately three-times higher than the ordinary sensitivity (AV, averaged reference). Atrial fibrillation was also observed on electrocardiogram 
(ECG). b Voltage topography demonstrates the negativity of the ictal discharges to be located at O2, P4, and T6 of the International 10–20 EEG 
system. c A subsequent magnetic resonance image with fluid-attenuated inversion recovery sequence showed no epileptogenic lesion or 
abnormal edema. d EEG on Day 11 depicting the disappearance of paroxysmal discharges. The dominant rhythm of the α-ranged wave can be 
observed on both sides
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Results
The NCSE cases in patients with electrolyte distur-
bance are listed in Table 1a [8–13]. NCSE occurred dur-
ing hyponatremia, hypocalcemia, hypokalemia, and 
hypomagnesemia, as well as after correction of hypercal-
cemia and hyperkalemia.

The NCSE cases in patients with renal dysfunction 
are listed in Tables  1b and 2. Twenty-two NCSE cases, 
excluding cefepime-related NCSE, are listed in Table 1b 
[1, 2, 4, 14–22]. Fifteen cases were reported as antibiotic-
related NCSE. Among the causes unrelated to antimicro-
bial agents, abnormal blood levels of antiepileptic drugs 
were reported in three patients. Human-immunodefi-
ciency-virus-related encephalopathy, hemolytic uremic 
syndrome, and neurotoxicity caused by star fruit were 
each reported in one case only. Most patients improved 
well with treatment. Table  2 lists 49 cases of cefepime-
related NCSE in patients with renal dysfunction [1–3, 14, 
15, 17, 19, 20, 23–38].

Discussion and conclusions
The present case had no epileptogenic lesions, but he 
developed de novo focal NCSE in the right occipital 
region following a rapid correction of hyperkalemia. 
To our knowledge, this is the first case of NCSE associ-
ated with a potassium abnormality; however, the precise 
mechanism underlying this NCSE development remains 
unknown.

Causes of consciousness disorders in patients with 
CKD include NCSE, uremic encephalopathy, disequi-
librium syndrome, dialysis dementia, infection, drugs, 
electrolyte imbalances, hypoxia, hypertensive crisis, and 
cerebrovascular disease [1–4]. Dialysis disequilibrium 
syndrome must first be ruled out when a patient experi-
ences consciousness disorder after hemodialysis. Dialy-
sis disequilibrium syndrome generally occurs in patients 
with severe azotemia undergoing high-efficiency hemo-
dialysis. Our patient did not have severe azotemia or 
undergo high-efficiency hemodialysis. Our dialysis pre-
scription was of lower efficiency than that suggested to 
prevent dialysis disequilibrium syndrome, which uses 
a low initial blood flow rate (150 to 250  mL/min) with 
a small surface area dialyzer (0.9 to 1.2  m2) for 1–2  h 
[39]. Furthermore, head magnetic resonance imaging 
of our patient did not show cerebral edema, which has 
been documented in a case series of dialysis disequilib-
rium syndrome [40]. Previous reports of EEG findings 
in dialysis disequilibrium syndrome show slow waves 
in background activities that indicate cerebral dysfunc-
tion [41, 42]; there are no published reports of elec-
trographic status epilepticus such as that seen in the 
present case. Together, these findings suggest that dialysis 

disequilibrium syndrome is not consistent with our case. 
Uremic encephalopathy is another possible cause of con-
sciousness disorder, but was unlikely in our patient. He 
did not have severe azotemia and was confused after 
hemodialysis. All other possible causes of consciousness 
disorder were also unlikely based on the clinical findings, 
medical history, laboratory data, and imaging findings of 
our patient. We therefore concluded that NCSE was the 
cause of consciousness disturbance in our patient.

The etiology of NCSE includes a wide variety of dis-
eases [1–4, 8–38, 43, 44]. Thomas et al. [45] first reported 
de novo NCSE of frontal origin in patients with no epi-
leptogenic lesion; this can be triggered by metabolic 
factors such as hyponatremia and non-ketotic hyper-
glycemia, drug withdrawal (especially from benzodiaz-
epine), potentially epileptogenic drug prescription, or in 
many cases a combination of several of these factors. The 
NCSE clinical entity in the present case can be termed 
“situation-related NCSE” [5, 46]. From previous reports, 
the possible etiology of NCSE in our patient was electro-
lyte disorder or renal failure; other factors were absent in 
our patient before NCSE development. We have summa-
rized the previously reported NCSE cases associated with 
renal dysfunction or electrolyte disorder in Tables  1a, 
b, and 2. Renal dysfunction or uremia can be a possible 
cause of NSCE. Nevertheless, in the 71 reported cases 
of NCSE with renal dysfunction in Tables 1b and 2, ure-
mia itself was not reported as a cause of NCSE in any 
patients. Additionally, patients with renal dysfunction 
developed NCSE as the result of other factors (mainly 
antibiotics). Because there are many reports of NCSE 
with renal dysfunction, uremia might lower the thresh-
old for NCSE, but there is no evidence that uremia itself 
can cause NCSE. Changes in urea and acidosis, which 
cause dialysis disequilibrium syndrome, were one possi-
ble etiology of NCSE in our patient. Nevertheless, he had 
no typical signs of dialysis disequilibrium syndrome; we 
therefore speculated that the changes in urea and acido-
sis did not strongly impact our patient. Given that there 
was no apparent known etiology of NCSE in our patient, 
we hypothesized that a rapid correction of hyperkalemia, 
which is an electrolyte disorder, might have been the pos-
sible cause of his NCSE.

The most notable event in our case was extremely 
severe hyperkalemia. Cases of NCSE or epilepsy com-
plicated by potassium abnormalities have rarely been 
reported. Binaghi et  al. [9] noted that a patient with 
hypokalemia and hypomagnesemia developed NCSE 
and Takotsubo syndrome. Furthermore, Fujimura et  al. 
[47] summarized 185 cases of Gitelman syndrome (also 
known as familial hypokalemia-hypomagnesemia) in 
which 2.5% of patients were diagnosed with epilepsy; 
they suggested that Gitelman syndrome or hypokalemia 
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increases sensitivity to convulsions. In NCSE cases 
accompanied by potassium or calcium abnormalities [8–
10], NCSE generally occurs following a change in serum 
potassium or calcium levels, as was noted in our patient. 
For example, Kümpfel et  al. [8] reported that a patient 
with hypercalcemia (14.4  mg/dL) developed NCSE 
after the correction of hypercalcemia to a normal level 
(8.8  mg/dL), and suggested that the rapid decrease in 
serum calcium concentrations might have triggered the 
NCSE. Calcium plays a role in the pathogenesis of epilep-
tic discharges, and disturbances in calcium homeostasis 
influence neuronal excitability and may lead to hyperex-
citability [48]. Given that both potassium and calcium are 
related to cell excitability, potassium abnormality might 
also trigger NCSE or epilepsy.

The relationship between epilepsy development and 
changes in serum potassium concentrations has not 
been fully investigated, although there have been some 
reports of potassium abnormalities associated with epi-
lepsy development [9, 49–51]. For example, mutations in 
the KCNQ2 [51] and KCNJ10 [49] genes, which encode 
potassium channels, have been reported to cause epi-
lepsy. Bockenhauer et  al. [49] reported that KCNJ10 
channels modulate resting membrane potentials in excit-
able cells and cause epilepsy if mutated. Voltage-gated 
potassium channels in the central nervous system are 
easily activated, and intracellular potassium flows out of 
cells to decrease the membrane potential, thereby stabi-
lizing membrane depolarization and the repetitive fir-
ing of action potentials [50]. It has also been reported 
that elevated extracellular potassium levels are associ-
ated with epilepsy [52, 53]. For example, Fröhlich et  al. 
[53] suggested that the duration, magnitude, and rate of 
change of extracellular potassium concentrations can 
result in a transition to an epileptic condition. Similarly, 
Curtis et  al. [54] demonstrated that when extracellular 
potassium concentrations rise significantly above physi-
ological levels, a depolarization block and sustained 
seizures occur. These reports support the idea that a 
potassium abnormality can trigger NCSE development. 
We therefore speculated that a rapid decrease in extra-
cellular potassium with urgent HD, combined with an 
increase in intracellular potassium with sodium bicarbo-
nate and GI therapy, impaired suppression mechanisms 
against excitatory activity in our case.

Severe hyperkalemia as observed in the present case 
is rare and has a high mortality rate [55, 56]. The odds 
ratio of death within 1  day of severe (≥ 6.0  mEq/L) 
hyperkalemia in CKD stage 4 is 11.6 compared 
with patients with normokalemia (< 5.5  mEq/L) and 
no CKD [55], and the 3-year incidence of death in 
patients with potassium ≥ 8  mEq/L is at least 80% 

[56]. Electrolyte disturbances such as hyponatremia, 
hypernatremia, hypocalcemia, hypomagnesemia, and 
alkalosis are all associated with seizures [57]. Unlike 
other electrolyte disturbances, potassium abnormality 
rarely causes symptoms in the central nervous system, 
and there are only a few reports of epilepsy or seizures 
accompanying potassium abnormalities [9, 58, 59]. 
Nardone et  al. [59] indicated that severe potassium 
abnormalities may provoke fatal arrhythmias or mus-
cle paralysis before central nervous system symptoms 
appear. We might have encountered rare symptoms 
in the central nervous system in our case because we 
were able to appropriately decrease potassium con-
centrations, despite extremely severe hyperkalemia, 
without the occurrence of fatal arrhythmias or mus-
cle paralysis. Furthermore, although previous reports 
indicate that more than one electrolyte disturbance 
can occasionally coexist in clinical settings [9, 58], 
our case had no other electrolyte disturbances except 
for potassium abnormality; this finding highlights the 
association between potassium abnormality and NCSE 
in this case.

In 2015, the ILAE proposed a new definition of status 
epilepticus, as follows: “Status epilepticus is a condi-
tion resulting either from the failure of the mechanisms 
responsible for seizure termination or from the ini-
tiation of mechanisms, which lead to abnormally, pro-
longed seizures (after time point t1). It is a condition 
that can have long-term consequences (after time point 
t2), including neuronal death, neuronal injury, and 
alteration of neuronal networks, depending on the type 
and duration of seizures” ([6] (p.1517). In semiology, 
forms of status epilepticus without prominent motor 
symptoms may be summarized as NCSE [6]. Notably, 
the frequency of situation-related NCSE is higher than 
might be expected in daily clinical settings [5, 46].

Hyperkalemia is potentially life-threatening, and the 
findings reported here do not suggest that potassium 
imbalances should not be rapidly corrected. Neverthe-
less, prompt EEG should be considered in patients with 
renal dysfunction or electrolyte disturbance who expe-
rience an acute state of confusion.
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