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Abstract
Rapid correction of severe hyponatremia can result in osmotic demyelination syndrome. Patients with severe hyponatremia and renal failure requiring dialysis pose a therapeutic challenge since the use of conventional intermittent hemodialysis will result in a rapid correction of the serum
sodium level. We report the case of a 52-year-old woman
with extreme hyponatremia and severe acute kidney injury,
who was successfully treated with continuous venovenous
hemodialysis using a modified dialysate solution with a low
sodium concentration that was adjusted on a daily basis.
© 2013 S. Karger AG, Basel

Introduction

Hyponatremia is the most commonly encountered
electrolyte disorder in hospitalized patients and is associated with increased mortality [1, 2]. Acute hyponatremia
causes cerebral edema that can lead to irreversible brain
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damage or death [3]. Depending on the severity of acute
hyponatremia, the clinical manifestations can range from
headache and nausea to seizures, coma and respiratory
arrest. In contrast, when hyponatremia develops slowly,
the brain cells adapt by extruding electrolytes and organic solutes, thereby ameliorating water accumulation and
brain swelling [4, 5]. This adaptation is responsible for the
relative scarcity of symptoms associated with chronic hyponatremia, defined as a reduction in the serum sodium
concentration developing in more than 48 h. Rapid correction of chronic hyponatremia can result in osmotic demyelination syndrome, presumably caused by dehydration of the adapted brain cells [6]. Osmotic demyelination
injury, which most frequently involves the pons, can be
fatal and the clinical features may include tremor, hyperreflexia, pseudobulbar palsy and spastic quadriparesis [7,
8]. The risk of this complication has been shown to be
increased when the rate of serum sodium correction exceeds 12 mmol/l in 24 h and 18 mmol/l in 48 h [9]. According to recent recommendations, the rate of correction of hyponatremia should not exceed 10–12 mmol/l in
24 h and 18 mmol/l in 48 h [3].
Patients with severe hyponatremia and renal failure
requiring dialysis present a unique therapeutic challenge
because conventional hemodialysis treatment results in
rapid correction of the serum sodium concentration,
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Case Report
A 52-year-old woman with long-standing history of alcohol
abuse and depression was brought to the emergency department
at our institution because of drowsiness and confusion. According
to her relative, she began complaining of general malaise, weakness
and nausea 10 days prior to admission. Three days prior to admission, she had checked into a detox clinic, where she gradually became lethargic and on the day of admission, multiple bruises on
her torso and face were noted. A head injury caused by a fall was
suspected and she was brought to the hospital. She had not consumed alcohol since her illness began. There was no history of kidney disease. The medications she had been taking at home included diclophenac, alprazolam and promethazine in unknown doses
and she had been prescribed chlordiazepoxide, hydroxocobalamine and thiamine at the detox clinic.
On arrival, the patient was afebrile, blood pressure was 130/64
and heart rate 58 beats/min. Physical examination revealed
marked lethargy and dysarthria. She was able to respond coherently to simple questions but was disoriented to place and time.
She moved all four extremities symmetrically, and no obvious focal neurologic abnormalities were noted. Multiple bruises were
present on her head and trunk. No sacral or leg edema was noted,
and the remainder of the examination was unremarkable. Laboratory tests revealed profound hyponatremia with a serum sodium
of 92 mmol/l, hyperkalemia and severe renal failure (table 1). The
urinalysis showed findings suggestive of acute tubular injury. A
bedside chest X-ray showed shallow inspiration and signs of mild
congestion. A non-contrast enhanced computed tomography scan
of the brain was unremarkable. An ultrasound study showed
slightly enlarged, hyperechogenic kidneys but no signs of hydronephrosis.
An intravenous infusion of 0.9% saline at a rate of 200 ml/h was
administered in the emergency department. Several hours later,
the patient was transferred to the intensive care unit where she experienced hemodynamic instability and progressive respiratory
failure requiring intubation and mechanical ventilation. The patient remained anuric, and dialysis was considered necessary for
correction of both the hyponatremia and the uremic state. Intermittent hemodialysis was not considered a safe option as it would
have corrected the hyponatremia too rapidly. It was decided to use
CVVHD with a modified low-sodium dialysate with the goal of
providing slow, controlled correction of the serum sodium concentration. The CVVHD was performed using a Prisma® machine
with a blood flow rate of 100–120 ml/min and a dialysate flow rate
of 1,000 ml/h. Low-dose heparin (5–10 IU/kg/h) was used for anticoagulation. The dialysate fluid was prepared by diluting a Hemosol® dialysate with 5% dextrose solution, yielding an initial dialysate sodium concentration of 105 mmol/l (fig. 1). On initiation
of CVVHD, approximately 24 h after arrival, the serum sodium
was 97 mmol/l. The dilution of the dialysate was modified on a
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Table 1. Laboratory values on admission and on days 3 and 9 of

CVVHD
Admission

CVVHD
day 3

CVVHD
day 9

Complete blood count
WBC, ×109/l
Hemoglobin, g/l
Platelets, ×109/l

14.5
107
164

15.5
89
84

22.3
97
198

Coagulation studies
APTT, s
PT, s

44
14.8

76.6
15.0

39.3
14.1

92
5.9
49
0.89
2.5
15.9 (1,403)

106
4.6
78
0.98
1.3
5.1 (453)

131
4.1
–
1.31
0.51
3.6 (320)

112.6 (40.2)
129.6 (7.2)
7,582
218
709
163
28
0.25

38.9 (13.9)
–
213
72
332
164

51.0 (18.2)
102.6 (5.7)
26
41
144
320
26

Blood chemistries
Sodium, mmol/l
Potassium, mmol/l
Chloride, mmol/l
Ionized calcium, mmol/l
Phosphorous, mmol/l
Creatinine, mg/dl (μmol/l)
Blood urea nitrogen,
mg/dl (mmol/l)
Glucose, mg/dl (mmol/l)
Creatinine kinase, U/l
ASAT, U/l
ALAT, U/l
Amylase, U/l
Albumin, g/l
TSH, mU/l
Arterial blood gases
pH
PCO2, mm Hg
PO2, mm Hg
HCO3, mmol/l
Urinalysis
Protein
Hemoglobin
WBC, per HPF
RBC, per HPF
Renal tubular epithelial
cells, per HPF
Granular casts, per HPF
Sodium, mmol/l
Osmolality, mosm/kg

7.39
41
60
24
2+
trace
2–5
1–2
2+
2–5
18
270

APTT = Activated partial thromboplastin time; PT = prothrombin time; ASAT = aspartate aminotransferase; ALAT = alanine
aminotransferase; HPF = high power field.

daily basis to maintain the sodium concentration at 6–8 mmol/l
above the patient’s serum sodium level. Figure 2 demonstrates the
course of the serum sodium concentration which gradually rose at
a daily rate ranging from 2–7 mmol/l and had reached a safe level
of 131 mmol/l after 9 days of CVVHD, at which time the treatment
was discontinued as the patient’s renal function had begun to im-
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placing the patients at risk of osmotic demyelination injury. We report a patient with extreme hyponatremia and
anuric acute kidney injury who was successfully treated
with continuous venovenous hemodialysis (CVVHD)
using a modified low-sodium dialysate.

1.25 l

Hemosol® (5 liter bag)
Na+
Cl–
Mg2+
HCO3–
Ca2+
Lactate

140 mmol/l
109.5 mmol/l
0.5 mmol/l
32 mmol/l
1.75 mmol/l
3 mmol/l

105 mmol/l
82.1 mmol/l
0.375 mmol/l
24 mmol/l
1.3 mmol/l
2.25 mmol/l

Color version available online

Dialysate

1.25 l 5% dextrose

Blood pump

Fig. 1. The CVVHD circuit. The composi-
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Fig. 2. The time course of the serum sodium concentration. The
arrows indicate initiation and cessation of CVVHD.

prove. Over the ensuing 11 days, the urine volume increased to
mildly polyuric levels and the serum creatinine normalized. Furosemide was administered by continuous intravenous infusion for
4 days during this period. The patient received enteral nutrition
and intravenous fluid, predominantly 0.9% sodium chloride or
Ringer’s acetate. During the recovery phase of acute kidney injury,
the patient developed hypernatremia with the serum sodium concentration peaking at 161 mmol/l on hospital day 22. This occurred in the setting of high-grade fever and was associated with
increasing restlessness requiring treatment with large doses of sedative medications. The patient had been extubated 2 days earlier,
at which time she was awake and able to communicate but was
disoriented. In the preceding 2 weeks, the patient had received antimicrobial therapy for pneumonia and Clostridium difficile-asso-
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‘Vein’

Dialysate outflow

ciated diarrhea, both of which showed signs of improvement. A
Candida albicans bloodstream infection was diagnosed and treatment with caspofungin initiated. The hypernatremia was corrected over 2 days with intravenous administration of 5% dextrose.
The patient rapidly defervesced, and her mental status returned to
the previous level. She was transferred to a general ward 4 weeks
after admission to the hospital. The following week, the patient’s
mental status gradually improved and she became fully oriented.
However, she suffered from persistent tremor, minor weakness of
the left arm and unsteady gait.
A computed tomography scan of the brain 3 weeks after admission was unremarkable and a magnetic resonance imaging (MRI)
study of the brain 6 weeks after admission did not reveal any signs
of central pontine or extrapontine myelinolysis or other evidence
of brain damage. Nevertheless, a mild osmotic demyelination injury was believed to be a likely explanation for the neurologic findings. Several weeks later, the patient was admitted to a rehabilitation clinic. Over the following several months, she gradually made
full recovery.

Discussion

This case demonstrates successful management of extreme hyponatremia in a patient with severe anuric acute
kidney injury, using CVVHD. The serum sodium of 92
mmol/l is one of the lowest values reported to date. Despite signs of encephalopathy, the patient’s cerebral function was reasonably preserved, reflecting cellular adaptation in response to the hyponatremia. In addition to hyponatremia, the uremic state and alcohol withdrawal
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Serum sodium (mmol/l)

tion of the original Hemosol dialysate and
the diluted Hemosol dialysate used at the
onset of therapy is displayed; 1.25 l of the
original solution were removed from a 5 liter bag and replaced by 1.25 l of 5% dextrose, yielding a sodium concentration of
105 mmol/l.

investigated. The only published study is a retrospective
case series of 17 patients with end-stage renal disease who
developed severe neurologic manifestations and MRI
findings consistent with osmotic demyelination syndrome following hemodialysis treatment [16]. Hyponatremia was observed in 8 of these patients, in one of whom
the serum sodium concentration increased by 28 mmol/l
in 48 h, during and immediately after the episode. However, the temporal relationship between the correction of
the serum sodium concentration by hemodialysis and the
development of osmotic demyelination syndrome was
not described, and data on the correction of hyponatremia were lacking for the other cases.
While these aforementioned cases demonstrate that
osmotic demyelination syndrome can occur following
correction of severe hyponatremia by dialysis, this complication is surprisingly rare in hemodialysis patients.
One plausible explanation is that severe hyponatremia
may be rare in the setting of thrice-weekly hemodialysis
treatments and that the short time interval between treatments does not allow for full adaptation of the hypotonic
state by the brain cells. It has also been suggested that uremia may protect against demyelination during rapid correction of hyponatremia [17, 18]. The diffusion of urea
across the blood-brain barrier is relatively slow and,
therefore, the sudden decrease in blood urea levels during
hemodialysis may transiently counteract the water movement out of the brain during correction of hyponatremia.
Intriguingly, animal experiments have shown that azotemia appears to protect against osmotic demyelination
when hyponatremia is rapidly corrected [19, 20]. Furthermore, the reaccumulation of organic osmolytes in the
brain cells is much more rapid in azotemic rats than nonazotemic rats after correction of hyponatremia [21].
In spite of the uremic state, our patient was considered
to be at great risk of suffering neurologic damage, either
from the consequences of the hyponatremia itself or from
osmotic demyelination injury caused by overly rapid correction of the hyponatremia. The latter was considered to
be more likely due to the apparently compensated nature
of the hyponatremia and the increased risk of osmotic
demyelination associated with the history of chronic alcoholism [11]. Due to the extreme level of hyponatremia,
conventional intermittent hemodialysis was not considered safe as it would have been expected to cause a sudden
large increase in the serum sodium level. CVVHD was
chosen instead because of its slow and continuous nature.
In addition, the dialysate solution was diluted to minimize the gradient between the dialysate and serum sodium concentrations. The dialysate sodium concentration
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syndrome may have contributed to the encephalopathy.
CVVHD with a modified low-sodium dialysate was chosen as a dialysis modality instead of intermittent hemodialysis in order to avoid a rapid increase in the serum sodium concentration and the associated risk of osmotic
demyelination syndrome. This was successfully achieved
as the rate of correction of serum sodium averaged 3.8
mmol/l and never exceeded 7 mmol/l in any 24-hour period. Nevertheless, the patient developed minor neurologic dysfunction, reversible over weeks to months, which
may have resulted from osmotic demyelination injury,
despite a negative MRI study.
The treatment of acute symptomatic hyponatremia is
difficult because the rate and magnitude of the correction
must be sufficient to reverse the life-threatening brain
swelling and simultaneously slow enough to prevent the
development of demyelination injury. Available recommendations are based on retrospective studies and expert
opinion as no published data from prospective studies or
clinical trials are available. A recommended approach is to
rapidly raise the serum sodium by 4–6 mmol/l in 4–6 h using 3% saline, followed by a slow controlled correction, not
exceeding 6–8 mmol/l in any 24-hour period as a chronic
component is frequently present as well [10–12]. The relatively low upper limit of 6–8 mmol/l per day is selected
because cases of osmotic demyelination syndrome have
been reported when chronic hyponatremia has been corrected at a rate as slow as 9–10 mmol/l in 24 h [7, 9].
Mild to moderate hyponatremia is common in hemodialysis patients and is generally corrected during the dialysis treatment without any adverse effects. In conventional intermittent hemodialysis, patients are usually dialysed against a dialysate with a sodium concentration of
145 mmol/l, and the lowest sodium level that can be
achieved with standard hemodialysis machines is 130
mmol/l. Thus, intermittent hemodialysis would be expected to result in a rapid rise in the serum sodium level
in cases of severe predialytic hyponatremia. Nonetheless,
only two cases of osmotic demyelination syndrome following rapid correction of severe hyponatremia with hemodialysis have been reported [13, 14]. In one of these
cases [13], the serum sodium concentration increased by
35 mmol/l over 4 days, and in the other case [14], the serum sodium level rose by 21 mmol/l following a single
hemodialysis session. In addition, a singe case of fatal osmotic demyelination syndrome in a patient with chronic
renal failure and severe hyponatremia that was rapidly
corrected by peritoneal dialysis has been reported [15].
The risk of demyelination injury following correction of
hyponatremia with dialysis has not been systematically
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sodium was 108 mmol/l, and a custom-made low-sodium
dialysate with a final sodium concentration of 121 mmol/l
was used. CVVHD was discontinued after 28 h, at which
time the serum sodium was 119 mmol/l. No neurologic
abnormalities developed. Lenk and Kaspar [26] reported
2 cases of long-standing hyponatremia in patients undergoing orthotopic liver transplantation who received intraoperative treatment with continuous venovenous hemodiafiltration. The preoperative serum sodium levels
were 121 and 122 mmol/l. The sodium concentration in
the replacement fluid and dialysate was adjusted by addition of distilled water, yielding a final sodium level of 128
mmol/l. The serum sodium concentration increased to
127 and 128 mmol/l during surgery which lasted for 5.5
and 7.5 h, respectively.
In conclusion, the use of CVVHD with a modified
low-sodium dialysate allowed us to correct extreme hyponatremia in a slow and controlled manner, keeping the
increase in serum sodium within the recommended limit
of 6–8 mmol/l in 24 h. We propose the use of continuous
renal replacement therapy for severe hyponatremia of
unknown duration in patients who require dialysis. In the
absence of published guidelines, the case presented herein offers some insight into how severe hyponatremia can
be managed in the setting of acute kidney injury requiring
renal replacement therapy.
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