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Abstract:

A 60-year-old man presented to the emergency department with lightheadedness. He had severe hyponatre-
mia (109 mEq/L) complicated by acute kidney injury (AKI) (serum creatinine: 9.08 mg/dL). Because he was
somnolescent, his hyponatremia was initially treated by administering a 130-mL bolus of 3% saline 2 to 5
times per day for 5 days. He subsequently underwent intermittent hemodialysis without any neurological
problems. Previous reports have described patients with hyponatremia and AKI being treated with continuous
renal replacement therapy. However, our strategy might be a feasible, low-cost treatment strategy of treating

patients with hyponatremia and AKI who do not require immediate hemodialysis.
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Introduction

Hyponatremia is the most common disorder of body flu-
ids and the electrolyte balance encountered in clinical prac-
tice. In serious cases involving disturbances of conscious-
ness, it is important to treat hyponatremia quickly. However,
it is necessary to adjust patients’ sodium levels carefully in
such cases to prevent osmotic demyelination syndrome
(ODS).

We herein report a case of severe hyponatremia compli-
cated with acute kidney injury (AKI). The patient’s hypona-
tremia was initially treated by administering a bolus of hy-
pertonic saline, and he subsequently underwent intermittent
hemodialysis.

Case Report

A 60-year-old man presented to the emergency depart-
ment with lightheadedness. His medical history included
schizophrenia, for which he had been taking levomepro-

mazine, biperiden, haloperidol, distigmine, flunitrazepam,
promethazine, phenobarbital, and suvorexant. He had been
drinking 48 glasses of water every day. He had noticed a de-
creased urinary volume three days before he came to the
hospital. He developed lightheadedness and fell down sev-
eral times the next day. His symptoms worsened, and he
could not walk on the day of his admission. However, he
might not have been able to accurately remember the above-
mentioned time sequence. There were no witnesses to these
events because he lived alone.

His Glasgow coma scale was E3 VSM6, and he was som-
nolescent when he arrived at our hospital. He was 164.5 cm
tall and weighed 79.2 kg. His baseline body weight was not
known. On an examination, his blood pressure was 135/78
mmHg, and his pulse rate was 105 beats/minute. He dis-
played a tremor and bilateral pedal edema. An initial investi-
gation revealed severe hyponatremia (109 mEq/L) compli-
cated by a decreased renal function, a serum creatinine level
of 9.08 mg/dL, a blood urea nitrogen level of 63 mg/dL,
and rhabdomyolysis (creatine kinase: 22,615 IU/L) (Table).
His baseline serum creatinine level was 1.0 mg/dL, and his
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Table. Laboratory Data.

Normal range

Total protein (g/dL) 5.1 6.3-7.9
Serum albumin (g/dL) 2.7 34-49
Lactate dehydrogenase (IU/L) 682 119 - 229
Creatine kinase (IU/L) 22,615 62 - 287
Blood urea nitrogen (mg/dL) 63 8-22
Serum creatinine (mg/dL) 9.08 0.55-1.14
Serum sodium (mEq/L) 109 138 - 146
Serum potassium (mEq/L) 3.8 3.6-49
Serum chloride (mEq/L) 78 99 - 109
Aspartate transaminase (IU/L) 333 13-33
Alanine transaminase (IU/L) 139 8-42
Alkaline phosphatase (IU/L) 333 115 - 359
Y-Glutamyl transpeptidase (IU/L) 46 10 - 47
Total cholesterol (mg/dL) 182 150 - 219
High density lipoprotein cholesterol (mg/dL) 58 40 - 80
Low density lipoprotein cholesterol (mg/dL) 90 70 - 139
Triglycerides (mg/dL) 88 50 - 149
Serum glucose (mg/dL) 115 69 - 104
White blood cell count (x103/uL) 11.9 3.5-85
Red blood cell count (x106/uL) 3.45 43-57
Hemoglobin (g/dL) 10.4 13.5-17
Platelet (x103/uL) 169 150 - 350
Thyriod stimulating hormone (uU/mL) 0.415 0.350 - 4.940
Free T4 (ng/dL) 0.78 0.70 - 1.48
Adrenocorticotropic hormone (pg/mL) 21.8 72-633
Cortisol (ug/dL) 15.18 7.07 - 19.6
Proteinase 3 antineutrophil cytoplasmic antibody )

Myeloperoxidase antineutrophil cytoplasmic antibody )

Antiglomerular basement membrane antibody )
Antistreptolysin-O (IU/mL) <10 0-200
Urine urea nitrogen (mg/dL) 85

Urine creatinine (mg/dL) 93.7

Urinary sodium (mEq/L) 79

Urinary potassium (mEq/L) 15

Urinary chloride (mEq/L) 57

Urinary specific gravity 1.01

Urinary protein 3+

Urinary glucose )

Urinary ketones )

Urinary occult blood 3+

Urinary sediment

Red blood cell (/high power field) 5-9

White blood cell (/high power field) >100

Arterial blood gas

pH 7.367 7.350 - 7.450
pCO2(mmHg) 339 32.0-48.0
HCOs5 (mmol/L) 19.0 21.0-27.0

serum sodium level had been 138 mEq/L one year earlier.
His blood glucose and lipid levels were within normal lim-
its, and his serum total protein level was below the normal
limit (Table). These findings were consistent with hypotonic
hyponatremia. The patient’s urinary sodium, potassium, cre-
atinine, and urea nitrogen levels were 79 mEq/L, 15 mEq/L,
93.7 mg/dL, and 85 mg/dL, respectively (Table). His frac-

tional excretion values for sodium and urea nitrogen were
7.02% and 27.8%, respectively. Echography showed normal-
sized kidneys, and the diameter of the inferior vena cava
was 16 mm and exhibited respiratory fluctuations. Chest X-
ray showed a cardiothoracic ratio of 55.5%. Further investi-
gations of the hyponatremia produced unremarkable find-
ings, including a normal thyroid function and normal serum
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Figure 1. Changes in the serum sodium concentration seen during correction with 3% saline.

cortisol levels. Further investigations of the patient’s renal
dysfunction were also performed. Tests for proteinase-3 anti-
neutrophil cytoplasmic antibody (ANCA), myeloperoxidase
ANCA, and anti-glomerular basement membrane antibody
were negative, and the level of antistreptolysin-O was within
the normal range. The patient had not started taking any
new medications in the past few months.

Water restriction and immediate treatment with hypertonic
saline (3% NaCl) for severe hyponatremia were initiated on
the 1st hospital day. As hyperkalemia, acidemia, and pulmo-
nary congestion were absent, immediate hemodialysis was
considered unnecessary. We administered a 130-mL bolus of
3% saline 2 to 5 times per day for 5 days while monitoring
the patient’s serum sodium level to ensure that it did not rise
more than 10 mEq/L/day (Fig. 1). The patient’s serum so-
dium level increased by 1-2 mEq/L after the administration
of each bolus (Fig. 1). On the 6th hospital day, we stopped
correcting the patient’s serum sodium level because follow-
up examinations indicated that his sodium level had reached
130 mEg/L (Fig. 1). Oliguria persisted during this period,
and the patient’s body weight rose 4 kg (Fig. 2). His serum
creatinine level also rose to 16.9 mg/dL, and intermittent
hemodialysis was started on the 6th hospital day (Fig. 2).
On the 13th hospital day, after 3 rounds of intermittent
hemodialysis, the patient’s serum creatinine level was 10.0
mg/dL, and his urinary volume was 1,199 mL/day (Fig. 2).
He did not suffer any subsequent recurrence of the renal
dysfunction despite not undergoing further hemodialysis. On
the 22nd hospital day, his serum sodium level was 137
mEq/L, his serum creatinine level was 2.94 mg/dL, and his
body weight was 70.4 kg (Fig. 2). He was able to restrict
his water intake during his hospitalization, and he was dis-
charged on the 23rd hospital day.

Discussion

Hyponatremia is one of the most common water balance
disorders and is often difficult to diagnose. Two sets of
treatment guidelines for hyponatremia have been developed
by professional organizations, the United
States (1) and the other from Europe (2). Initial differentia-
tion between hypotonic and non-hypotonic hyponatremia is
recommended because these conditions require different
management strategies. We first excluded non-hypotonic hy-
ponatremia, as the patient’s laboratory data showed that his
blood glucose and lipid levels were within normal limits,
and his serum total protein level was below the normal
limit.

Hypotonic hyponatremia is usually divided into hypovo-
lemic, euvolemic, and hypervolemic hyponatremia. The
United States guideline also employs this approach (1).
Based on his examination findings, it was considered that
our patient was suffering from euvolemic or hypervolemic
hyponatremia. Further examinations did not find any obvi-
ous causes of the hyponatremia, such as hypothyroidism or
decreased cortisol secretion. The European guideline com-
mittee proposed an algorithm that prioritizes urinary osmo-
lality (Uosm) and the urinary sodium level (Ux.) over volume
status (2). However, we considered that it would have been
difficult to use this algorithm in this case because the patient
had renal dysfunction and anuria. The patient had been tak-
ing levomepromazine and haloperidol, which can cause hy-
ponatremia as an adverse effect. Although he had been tak-
ing these medications for many years, they might have
caused his condition.

We also considered the patient’s pathophysiology. The hy-
ponatremia seen in this case was considered to have been
caused by polydipsia, AKI, and medications. Regarding the
AKI, examinations suggested that the patient had intrinsic

one from
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Figure 2. Clinical course. Intermittent hemodialysis was conducted on the days of the number sur-

rounded with a square.

renal failure caused by rhabdomyolysis. There were two
possibilities regarding the pathophysiology of the patient’s
condition, (i) the AKI preceded the hyponatremia, and (ii)
the hyponatremia preceded the AKI. These situations might
have played out as follows: (i) the patient suffered a fall first
and then developed rhabdomyolysis, which resulted in AKI;
he still continued drinking a lot of water, even though he
could not excrete enough water as urine; thus, he developed
hyponatremia; alternatively, (ii) the patient developed hy-
ponatremia first because of polydipsia and/or medications,
and then he suffered a fall as one of the symptoms of the
hyponatremia; he subsequently developed rhabdomyolysis,
which resulted in AKI. He might not have remembered the
time series of these events accurately, and there were no
witnesses; therefore, the actual cause of the patient’s patho-
physiology remains unknown.

In recent years, the treatment for acute hyponatremia has
switched toward the administration of hypertonic saline as a
fixed bolus. The two sets of guidelines mentioned above
outline the current approach to hyponatremia (1, 2). Both
sets of guidelines recommend the administration of hyper-
tonic saline (3% NaCl) for acute or symptomatic hyponatre-
mia. The United States guideline recommends the admini-
stration of a 100-mL bolus of 3% saline over 10 minutes 3
times per day, as needed (1), and the European guideline
recommends the administration of a 150-mL bolus of 3%
saline over 20 minutes 2-3 times per day, as needed, for hy-
ponatremia with severe symptoms (2). The administration of

a fixed bolus has some appealing aspects. First, especially in
patients with cerebral edema, it is desirable to achieve a
rapid partial correction of the serum sodium concentration.
Second, it is not necessary to perform calculations in pa-
tients with acute problems when administering a fixed bolus,
which eliminates the risk of calculation errors. Third, bolus
therapy limits the risk of overcorrection, which commonly
occurs after the continuous infusion of hypertonic saline.
The two sets of guidelines agree that the maximum amount
of saline administered should be around 10 mEq/L per day
for both acute and chronic hyponatremia, as an acute in-
crease in extracellular tonicity can cause ODS (1, 2).

In the present case, we decided to start immediate treat-
ment with hypertonic saline because the patient had a con-
sciousness disorder caused by hyponatremia. Furthermore, it
seemed that his hyponatremia would not resolve without ac-
tive intervention due to his renal dysfunction. As hyperka-
lemia, acidemia, and pulmonary congestion were absent, im-
mediate hemodialysis was not necessary. However, it was
also considered that he would soon need to undergo hemo-
dialysis because of anuria. Therefore, we had to consider
whether he could receive hemodialysis, which might have
increased his serum sodium level rapidly, even if he still had
hyponatremia.

Elevated blood urea levels are considered to protect ure-
mic patients from ODS when hyponatremia is rapidly cor-
rected using hemodialysis. A case report described a patient
with acute-on-chronic renal failure and hyponatremia who
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tolerated hemodialysis well without any neurological effects
despite a serum sodium level correction rate of 3 mEq/L/
h (3). A previous study indicated that high brain levels of
urea might help protect against the dehydrating effects of
rapid sodium correction in azotemic rats with hyponatre-
mia (4). However, the protective effect of elevated blood
urea nitrogen levels might be limited, and a case in which
uremic patient with severe hyponatremia that was treated
with hemodialysis presented with ODS has been re-
ported (5). Therefore, we prioritized treating the patient’s
hyponatremia in this case.

Some case reports have described cases in which patients
with hyponatremia and AKI were treated with continuous
renal replacement therapy (CRRT) by modifying the sodium
concentration of the dialysate and replacement fluid based
on the serum sodium concentration (6, 7). They suggested
that CRRT has advantages in terms of its ability to correct
plasma sodium values safely. However, adding or exchang-
ing a commercially prepared fluid can be complicated due
to the sodium concentration calculations required, which can
lead to mistakes. These issues are further compounded by
the high cost of CRRT.

In the present case, we administered a 130-mL bolus of
3% saline for 5 days while monitoring the patient’s serum
sodium level to ensure that it did not increase by more than
10 mEqg/day, as stated in the sets of guidelines mentioned
above. As the patient had anuria, we monitored his serum
sodium level carefully and managed the speed at which sa-
line was administered appropriately to avoid overcorrection.
When he came to the hospital, we determined that he was
either not experiencing extracellular fluid (ECF) overload or
was only experiencing slight ECF overload, as he only ex-
hibited bilateral pedal edema. Echography showed that the
diameter of the inferior vena cava was normal, and chest X-
ray did not show an increased cardiothoracic ratio. It was
considered that his total body fluid level was probably ex-
cessive because severe hyponatremia can cause increases in
intracellular fluid (ICF) levels. These findings were consis-
tent with our views about the patient’s pathophysiology, i.e.
that the hyponatremia was caused by polydipsia, AKI, and
medications. It was predicted that the administration of sa-
line would increase the ECF volume. We monitored the pa-
tient’s body weight and respiratory status carefully. In addi-
tion, we made the necessary preparations to allow us to per-

form hemodialysis if he showed any signs of respiratory
dysfunction, such as decreased oxygenation. We consider
that we succeeded in treating both severe hyponatremia and
AKI by administering hypertonic saline as a fixed bolus be-
fore intermittent hemodialysis. This treatment might reduce
the risk of ODS and does not require any modification of
the dialysate or calculation of the sodium concentration re-
quired for hemodialysis, although careful management is
needed.

Administering hypertonic saline as a fixed bolus before
intermittent hemodialysis might be a feasible, low-cost treat-
ment strategy for patients with severe hyponatremia accom-
panied by AKI who do not require immediate hemodialysis.

Informed consent was obtained from the patient in this study.
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