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Case report

Transient seizure- induced sodium increase 
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SUMMARY
Hyponatremia is the most commonly observed electrolyte 
disturbance in clinical medicine. Occasionally the 
initial presentation of a patient with a symptomatic 
hyponatremia is a seizure or coma. This life- threatening 
complication needs early diagnosis and immediate 
treatment. Here, we report a case of a 27- year- old man 
who presented with an epileptic seizure, lactate acidosis 
and sulcal effacement on CT in which a transient sodium 
increase masked a clinically relevant hyponatremia 
thereby delaying diagnosis. This phenomenon is caused 
by an extracellular water shift and can occur when blood 
analysis is performed shortly after vigorous exercise or 
a seizure. This case provides awareness for a less well- 
known cause of plasma sodium increase and offers 
recommendations to prevent misinterpretation and help 
clinicians in decision making.

BACkgRoUnd
Hyponatremia is the most commonly observed 
electrolyte disturbance in clinical medicine.1 Occa-
sionally the initial presentation of a patient with a 
symptomatic hyponatremia is a seizure or coma. 
This life- threatening complication needs early diag-
nosis and immediate treatment.2 Here we report a 
case of a patient who presented with an epileptic 
seizure, lactate acidosis and sulcal effacement on 
CT in which diagnosis was delayed due to a misin-
terpretation of the laboratory results. This case 
provides awareness for a less well- known cause of 
plasma sodium increase and offers recommenda-
tions to prevent misinterpretation and help clini-
cians in decision making.

CASe pReSenTATion
A 27- year- old man with no medical history 
presented with headache since the morning and 
increasing nausea and drowsiness during the day. 
He became progressively confused in the late after-
noon after which his partner consulted a doctor. 
On arrival at the emergency department he had 
an epileptic seizure with spontaneous recovery. 
Neurological and physical examination were unre-
markable. Clinically he was euvolemic. CT head 
showed diffuse sulcal effacement without signs of 
haemorrhage, basilar artery thrombosis, cerebral 
venous sinus thrombosis or an intracranial tumour. 
Venous blood gas analysis, taken minutes after the 
seizure, showed a pH of 6.89, Pco2 10.8 kPa, bicar-
bonate 15.4 mmol/L, base excess −19.4 mmol/L 
and a lactate of 18.0 mmol/L. Blood chemistry 

was remarkable for sodium 131 mmol/L, chlo-
ride 82 mmol/L, albumin 51 g/L and an osmolality 
of 278 mOsmol/kg. The urine toxicology test 
was positive for acetaminophen but negative for 
opiates, amphetamines and cocaine. He was then 
treated with ceftriaxone, amoxicillin, acyclovir and 
dexamethasone awaiting the results of the lumbar 
puncture but the examination of the cerebrospinal 
fluid was normal.

This prompted us to reconsider the labora-
tory results. Patients relatively high haematocrit 
(0.48 L/L), together with the increased albumin 
level, were suggestive for haemoconcentration. 
However, we realised that measurements were 
done in a venous blood sample, which may have 
been ‘haemoconcentrated’ by water influx into 
the muscles during rhabdomyolysis. Therefore, 
we suggested that his arterial sodium concentra-
tion could well be lower, possibly low enough 
to explain the seizure. And indeed, in an arterial 
blood gas analysis taken 45 min after the seizure, 
the plasma sodium level was 118 mmol/L. Analysis 
of this hyponatremia revealed a urine sodium level 
of <20 mmol/L and an osmolality of 92 mOsmol/
kg. He was diagnosed with primary polydipsia (the 
polyuria explaining the relatively low urine sodium 
concentration) and was admitted to the intensive 
care unit. In the first hours after admission his 
urine production was over 1 L/hour and the plasma 
sodium level rapidly increased to 128 mmol/L.

After regaining consciousness he told he had 
been drinking an excessive amount of water extra 
throughout the day (4–5 L) because he thought 
that his headache was caused by dehydration. He 
further explained that he was living a healthy life-
style in which drinking ample amounts of water 
played a central role.

oUTCoMe And follow-Up
The following day he was transferred to the internal 
medicine ward where he was instructed to drink a 
maximum of 2 L of water a day. In the next 2 days 
his urine production normalised and the serum 
sodium level gradually increased to 141 mmol/L 
after which he was discharged from the hospital. He 
fully recovered and has not experienced any neuro-
logical symptoms after 4 months of follow- up.

diSCUSSion
Hyponatremia is a disturbance of fluid and elec-
trolytes in which there is a relative excess of body 
fluid water compared with body sodium content. 
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It is generally defined as a sodium concentration of less than 
135 mmol/L and is the most commonly observed electrolyte 
disturbance in clinical medicine with a reported prevalence of 
4% in the adult internal medicine patient population treated 
in the emergency department and up to 30% in hospitalised 
patients.3 4 Hyponatremia has a variety of etiologies and is most 
commonly caused by the syndrome of inappropriate antidiuretic 
hormone (ADH) secretion, the use of thiazide diuretics, conges-
tive heart failure, severe vomiting and diarrhoea or polydipsia.5 
Symptoms are often mild and non- specific like headache, nausea 
and confusion but can be severe and life- threatening with cardio-
respiratory distress, seizures and coma.6 Severe symptoms are 
more commonly seen in cases of acute hyponatremia but also 
chronic hyponatremia in apparently asymptomatic patients must 
be considered a serious illness as it is associated with an marked 
increase in the risk of all- cause mortality.7 Although rare, enceph-
alopathy is the most serious complication of acute hyponatremia. 
It is the result of cerebral oedema and increased intracranial 
pressure caused by the osmotically driven movement of water 
into brain cells after the extracellular compartment has become 
hypoosmolar in a relative short period of time (<48 hours).8 Left 
untreated hyponatremic encephalopathy could result in neuro-
logical deterioration or death.2 9

This case describes a man with an epileptic seizure as the 
initial presentation of acute hyponatremic encephalopathy for 
whom the diagnosis was made with a significant delay and that 
eventually lead to an unnecessary lumbar puncture. This delay 
can partly be explained by the absence of a good medical history 
as a result of postictal drowsiness which made it not directly 
clear that the patient had been drinking excessive amount of 
water in a short period of time. A clue for the diagnosis of an 
acute onset of the hyponatremia could have been his recent 
emerged headache and the finding on the CT head that showed 
signs of diffuse sulcal effacement. Although the latter is sugges-
tive for cerebral edema, it is not specific for hyponatremia.10 
However, hyponatremic encephalopathy was mainly discarded 
as an initial diagnosis due to the fact that the first (venous) blood 
analysis taken shortly after the seizure showed a plasma sodium 
level of 131 mmol/L. Only after the second (arterial) blood test, 
which was performed 45 min later, a clinical significant hypo-
natremia of 118 mmol/L was found. This discrepancy cannot 
be explained by (pre)analytical errors as also a venous blood 
gas analysis, which was simultaneously taken with the initial 
blood drawing and which was measured on a different analyser, 
showed a comparable sodium level. As this sample was measured 
on a point- of- care blood gas analyser with a direct ion- selective 
electrode, pseudohyponatremia could be discarded. Interest-
ingly, the first blood analysis also showed elevated haematocrit 
and albumin levels suggestive for haemoconcentration. The 
explanation for this relative hypernatremia is therefore water 
loss caused by a water shift from the extracellular compartment 
into the cells, presumably muscle cells considering his epileptic 
seizure. Rise of plasma sodium concentration has been described 
in subjects shortly after severe exercise or, as in this case, after 
seizures.11–13 The shift of water from the extracellular compart-
ment is driven by a rise in the effective number of osmoles in 
the skeletal muscle cells. During exercise, macromolecules, like 
glycogen, are quickly converted to many smaller molecules of 
L- lactate. The L- lactate ions that accumulate slowly diffuse 
from the cells thereby increasing intracellular osmolality rela-
tive to the interstitial tissues, leading to osmosis which drives 
water into the muscle cells. More importantly however, new 
osmoles created by the degradation of phosphocreatine into 
creatine and inorganic phosphates contribute to this process.14 

This intravascular water loss can rise plasma sodium concentra-
tion 10–15 mmol/L for 10–15 min after which the sodium level 
slowly restores to what it was before the seizure.12 15 This effect 
would be most pronounced in blood taken from an affected limb 
(brachial or antecubital vein). Directly after the seizure venous 
blood (efferent) may show a much higher sodium concentration 
compared with an arterial sample (afferent), since the latter is 
a reflection of water homeostasis of the whole body and not 
merely from the affected limb.14

In case of hyponatremia, as described in our case, the sodium 
increase can lead to near normal or even entirely normalised 
plasma sodium levels causing misinterpretation. After strenuous 
exercise, a seizure or manifest rhabdomyolysis, we would there-
fore advise two strategies to correctly interpret plasma sodium 
concentration. First, repeated blood testing could possibly 
prevent misinterpretation as transient sodium increase may 
disappear rapidly. Second, an arterial blood sample may more 
accurately reflect true plasma sodium level since the effect of 
haemoconcentration due to rhabdomyolysis and thereby the 
increase in arterial plasma sodium is less prominent than in 
venous- derived blood taken from an affected limb vein.14

learning points

 ► Symptomatic hyponatremia is a diagnosis that could 
potentially be falsely discarded when it is masked by a 
transient sodium increase after a seizure.

 ► Especially in severe cases with hyponatremic encephalopathy, 
where the initial presentation can be a seizure or a postictal 
patient with an unclear case history, this can lead to 
unwanted delay and unnecessary additional diagnostic tests.

 ► Next to awareness, also arterial blood gas analysis and 
repeated testing after a seizure with unknown cause, could 
prevent misinterpretation.

Contributors DCdL wrote the paper. AJK revised the work critically for important 
intellectual content.

funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

patient consent for publication Obtained.

provenance and peer review Not commissioned; externally peer reviewed.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work 
is properly cited and the use is non- commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/.

RefeRences
 1 Reynolds RM, Seckl JR. Hyponatraemia for the clinical endocrinologist. Clin Endocrinol 

2005;63:366–74.
 2 Ayus JC, Caputo D, Bazerque F, et al. Treatment of hyponatremic encephalopathy with 

a 3% sodium chloride protocol: a case series. Am J Kidney Dis 2015;65:435–42.
 3 Lee CT, Guo HR, Chen JB. Hyponatremia in the emergency department. Am J Emerg 

Med 2000;18:264–8.
 4 Hoorn EJ, Lindemans J, Zietse R. Development of severe hyponatraemia in hospitalized 

patients: treatment- related risk factors and inadequate management. Nephrol Dial 
Transplant 2006;21:70–6.

 5 Sahay M, Sahay R. Hyponatremia: a practical approach. Indian J Endocrinol Metab 
2014;18:760.

 6 Spasovski G, Vanholder R, Allolio B, et al. Clinical practice guideline on diagnosis and 
treatment of hyponatraemia. Nephrol Dial Transplant 2014;29:i1–39.

 7 Mohan S, Gu S, Parikh A, et al. Prevalence of hyponatremia and association with 
mortality: results from NHANES. Am J Med 2013;126:1127–37.

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1111/j.1365-2265.2005.02318.x
http://dx.doi.org/10.1053/j.ajkd.2014.09.021
http://dx.doi.org/10.1016/S0735-6757(00)90118-9
http://dx.doi.org/10.1016/S0735-6757(00)90118-9
http://dx.doi.org/10.1093/ndt/gfi082
http://dx.doi.org/10.1093/ndt/gfi082
http://dx.doi.org/10.4103/2230-8210.141320
http://dx.doi.org/10.1093/ndt/gfu040
http://dx.doi.org/10.1016/j.amjmed.2013.07.021


3de Leeuw DC, Kooter AJ. BMJ Case Rep 2020;13:e229328. doi:10.1136/bcr-2019-229328

Reminder of important clinical lesson

Copyright 2020 BMJ Publishing Group. All rights reserved. For permission to reuse any of this content visit
https://www.bmj.com/company/products-services/rights-and-licensing/permissions/
BMJ Case Report Fellows may re-use this article for personal use and teaching without any further permission.

Become a Fellow of BMJ Case Reports today and you can:
 ► Submit as many cases as you like
 ► Enjoy fast sympathetic peer review and rapid publication of accepted articles
 ► Access all the published articles
 ► Re-use any of the published material for personal use and teaching without further permission

Customer Service
If you have any further queries about your subscription, please contact our customer services team on +44 (0) 207111 1105 or via email at support@bmj.com.

Visit casereports.bmj.com for more articles like this and to become a Fellow

 8 Fraser CL, Arieff AI, Epidemiology AAI. Epidemiology, pathophysiology, and 
management of hyponatremic encephalopathy. Am J Med 1997;102:67–77.

 9 Arieff AI, Hyponatremia AAI. Hyponatremia, convulsions, respiratory arrest, and 
permanent brain damage after elective surgery in healthy women. N Engl J Med 
1986;314:1529–35.

 10 Weisberg L, Greenberg J, Stazio A. Computed tomographic findings in brain swelling. 
Comput Med Imaging Graph 1990;14:263–8.

 11 Felig P, Johnson C, Levitt M. Hypernatremia induced by maximal exercise. JAMA 
1982;248:1209–11.

 12 Altschule MD, Tillotson KJ. Effect of electroconvulsive therapy on water metabolism in 
psychotic patients. Am J Psychiatry 1949;105:829–33.

 13 Lindinger MI, Heigenhauser GJ, McKelvie RS, et al. Blood ion regulation during 
repeated maximal exercise and recovery in humans. Am J Physiol Regul Integr Comp 
Physiol 1992;262:R126–36.

 14 Halperin ML, Mitchell L, Kamel KS. Fluid, electrolyte, and acid- base physiology : a 
problem- based approach.

 15 Welt LG, Orloff J, Kydd DM, et al. An example of cellular hyperosmolarity. J Clin Invest 
1950;29:935–9.

http://dx.doi.org/10.1016/S0002-9343(96)00274-4
http://dx.doi.org/10.1056/NEJM198606123142401
http://dx.doi.org/10.1016/0895-6111(90)90007-X
http://dx.doi.org/10.1001/jama.1982.03330100047029
http://dx.doi.org/10.1176/ajp.105.11.829
http://dx.doi.org/10.1152/ajpregu.1992.262.1.R126
http://dx.doi.org/10.1152/ajpregu.1992.262.1.R126
http://dx.doi.org/10.1172/JCI102328

	Transient seizure-induced sodium increase camouflaging a symptomatic hyponatremia
	SUMMARY
	Background
	Case presentation
	Outcome and follow-up
	Discussion
	References


