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Background: Hypernatremia is a common electrolyte disorder in children and elderly people and has high short-term mortality. How-
ever, no high-quality studies have examined the correction rate of hypernatremia and the amount of fluid required for correction.
Therefore, in this study, we will compare the efficacy and safety of rapid intermittent bolus (RIB) and slow continuous infusion (SCI) of
electrolyte-free solution in hypernatremia treatment.

Methods: This is a prospective, investigator-initiated, multicenter, open-label, randomized controlled study with two experimental
groups. A total of 166 participants with severe hypernatremia will be enrolled and divided into two randomized groups; both the RIB
and SCI groups will be managed with electrolyte-free water. We plan to infuse the same amount of fluid to both groups, for 1 hour in
the RIB group and continuously in the SCI group. The primary outcome is a rapid decrease in serum sodium levels within 24 hours.
The secondary outcomes will further compare the efficacy and safety of the two treatment protocols.

Conclusion: This is the first randomized controlled trial to evaluate the efficacy and safety of RIB correction compared with SCI in
adult patients with severe hypernatremia.
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Introduction

Hypernatremia is a serum sodium (sNa) level exceeding
145 mmol/L, which is common in hospitalized patients
[1]. It occurs mainly in children, the elderly, and critically
ill patients and is known to occur in 3% of hospitalized pa-
tients and 9% of critically ill patients [2,3]. Hypernatremia
occurs due to 1) water loss (diabetes insipidus), 2) hypo-
tonic fluid loss (osmotic diarrhea), or (3) hypertonic fluid
gain (Na'-containing fluids) [4].

Sodium and its associated anions are major determi-
nants of extracellular tonicity and osmotic pressure, and
they influence the movement of water across cell mem-
branes [5-7]. In other words, hypernatremia indicates
hypertonic hyperosmolality and causes water outflow,
resulting in cell dehydration [4]. Therefore, the symptoms
and signs of hypernatremia mainly indicate dysfunction of
the central nervous system, presenting with hyperventila-
tion, muscle weakness, lack of consciousness (lethargy),
and coma [1,8,9]. Hypernatremia has been associated with
mortality rates of 40% to 60% and prolonged intensive care
unit stays, although that high risk of mortality could also be
attributed to the severity of illness and comorbidities [4].

Most physicians think that too rapid a correction of hy-
pernatremia can cause cerebral edema, seizures, and irre-
versible brain damage [1,4,10-15]. The recommendation
for correcting acute hypernatremia has been decreased
to 1 mmol/L per hour, and chronic hypernatremia should
be corrected at <0.5 mmol/L per hour (approximately 10
mmol/L/day) [16-18]. However, those correction rates
were based on retrospective pediatric studies [11,19]. No
evidence-based guidelines suggest an appropriate sodium
correction rate for hypernatremia in adults. Moreover, pre-
vious studies in adults have suggested that rapid correction
rates (>0.5 mmol/L per hour) are not associated with a high
risk of hypernatremia-related mortality or neurologic dam-
age [16]. In fact, several studies in adults have shown that
an excessively slow correction rate causes higher mortality
and vice versa [20,21].

According to the European and American guidelines for
hyponatremia, an infusion of 10 mL/kg during 1 hour or 3
mL/kg per hour of electrolyte-free water is recommended
to prevent the overcorrection of hyponatremia [22,23]. In a
randomized controlled trial published previously, 10 mL/
kg during 1 hour was applied as a method of re-lowering

the dosage in cases of excessively rapid correction of hy-
ponatremia [24,25]. However, the rapid intermittent bolus
(RIB) administration of electrolyte-free water has never
been applied in treating hypernatremia. We hypothesize
that RIB administration of electrolyte-free water in hyper-
natremia can increase the incidence of a rapid decrease
of sNa levels and thereby increase the survival time com-
pared with the slow continuous infusion (SCI) method.
Therefore, our purpose in this study will be to evaluate the
efficacy and safety of RIB and SCI with electrolyte-free wa-
ter in patients with hypernatremia. In addition, we aim to
determine the best method for treating hypernatremia in
adult patients.

Methods
Study design

This study is a prospective, investigator-initiated, mul-
ticenter, open-label, randomized controlled study with
two experimental groups. We comply with the Standard
Protocol Items: Recommendation for Interventional Trials
(SPIRIT) 2013 Statement, which defines standard protocol
items for clinical trials [26]. The algorithm for this study is
shown in Fig. 1. The SPIRIT and study schedule are shown
in Fig. 2 and 3. After registration, clinical follow-up will be
conducted after 2 days of treatment with electrolyte-free
water.

Study participants and measurements

This study will be performed in three general hospitals
in Korea (Hallym University Dongtan Sacred Heart Hos-
pital, Seoul National University Bundang Hospital, and
SMG-SNU Boramae Medical Center). Patients older than
18 years with severe hypernatremia (glucose-corrected
sNa of =155 mmol/L) [27] who visit the emergency room
or are hospitalized will be screened for enrollment. The
subsequent evaluation will be performed as follows: 1)
completion of questionnaire about medical and drug his-
tory, including the use of diuretics, lithium, amphotericin,
foscarnet, and demeclocycline; 2) physical examination of
all body systems; 3) height and weight measurements; 4)
blood pressure and pulse rate measurements; 5) verifica-
tion of the cause of emergency room visit or admission; 6)
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All patients with severe hypernatremia at
emergency room and inpatient

Not meeting inclusion criteria

Screening
Excluded
v Declined to participate
Enroliment Other reasons

Rapid intermittent bolus

group group

Slow continuous infusion

A4 A 4

48-hour follow-up after

replacement

48-hour follow-up after
replacement

A4 A4

surgery status and surgical procedure; and 7) calculated
Acute Physiology and Chronic Health Evaluation score.
Participants who meet all the inclusion criteria do not need
to be screened for exclusion criteria, and those who submit
written consent will be included in this study (Table 1).
The study will be conducted in accordance with the Dec-
laration of Helsinki. All participants will provide signed,
written, informed consent stating that their participation
is voluntary and can be withdrawn at any time. This study
was approved by the Institutional Review Boards (IRBs)
of Hallym University Dongtan Sacred Heart Hospital (No.
2021-03-007-001), Seoul National University Bundang Hos-
pital (No. B-2104-680-003), and SMG-SNU Boramae Med-
ical Center (No. 30-2021-120). The trial protocol has been
registered at https://www.clinicaltrials.gov (identifier No.
NCT04949139; registered on 1 July 2021).

Acute and chronic hypernatremia is defined when the
symptoms of hypernatremia have developed in less than
and more than 48 hours, respectively. Hospital-acquired
hypernatremia is defined as persistent hypernatremia for
48 hours as assessed by serologic tests during a hospital

Analyzed Analyzed
stay. The sNa levels will be measured every 6 hours for 2
Figure 1. Study algorithm. days. The sNa will be measured using the following indi-
STUDY PERIOD
Enrolment ;
allocation Post-allocation
TIME POINT (hours) 0 12 18 24 30 36 42 48

Eligibility screen

X

Informed consent

X

Allocation

Demographics

Medical history

INTERVENTION (5% dextrose water)

A

Rapid intermittent bolus

\ 4

A

Slow continuous infusion

\ 4

A

Cause specific treatment

A4

Decision of relowering treatment X x X X x X X
ASSESSMENT
Serum Na x x x x x x x x
Symptoms X X X X X X X X
GCS x x
U/S ratio X x

Figure 2. Schedule of enroliment, interventions, and assessments according to the Standard Protocol Items: Recommendations
for Interventional Trials (SPIRIT) guideline.

U/S ratio, uNa + uK/SNa; GCS, Glasgow Coma Scale.
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Day 0

Day 2

l

Screening

Rapid intermittent bolus

at ER and
inpatient
Slow continuous infusion
0 3 6 12 18 24 30 36 42 48
Baseline lab Electrolyte-free Check sNa at every 6 hours Final follow-up lab
CBC, E’, Check uNa, uK at 0, 24 hours CBC, E’,
Ca/P/BUN/Cr/GIutCO,, Ca/P/BUN/Cr/GIu/tCO,,
total protein/albumin, total protein/albumin,
uric acid/CRP/Osm, uric acid/CRP/Osm,
AST/ALT/ALP/total bilirubin, AST/ALT/ALP/total bilirubin,
Chol/TG/LDL/HDL, Chol/TG/LDL/HDL,
U/A/UE’/UCr/Uosm, U/A
GCS GCS

Figure 3. Study schedule.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CBC, complete
blood count; Chol, cholesterol; Cr, creatinine; CRP, C-reactive protein; E’, electrolyte; ER, emergency room; GCS, Glasgow Coma Scale;
Glu, glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Osm, osmolality; P, phosphorus; R, randomization; tCO,, total
CO,; sNa, serum sodium; TG, triglyceride; U/A, urinalysis; UCr, urine creatinine; UE’, urine electrolyte; uK, urine potassium; uNa, urine

Na; Uosm, urine osmolality.

Table 1. Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Inpatients and ER patients aged >18 years

Severe hypernatremia: glucose-corrected

serum sodium® = 155 mmol/L

Written consent

Arterial hypotension requiring inotropes or vasopressors (systolic blood pressure < 90 mmHg
and mean arterial pressure < 70 mmHg)

Anuria or bilateral urinary outlet obstruction

Uncontrolled diabetes mellitus (HbA1C > 9%) or glucose of >500 mg/dL at baseline or uncon-
trolled diabetic ketoacidosis or uncontrolled hyperosmolar hyperglycemic syndrome

Decompensated LC: known LC with ascites or diuretics use or hepatic encephalopathy or varix
End-stage renal disease and receiving renal replacement therapy

Patients who are pregnant or breastfeeding
If the following features occur within 30 days prior to randomization

History of cardiac surgery excluding PCA, acute myocardial infarction, sustained ventricular
tachycardia, ventricular fibrillation, acute coronary syndrome, and admission for heart failure

Uncontrolled increase of intracranial pressure
Subjects judged by investigators to have difficulty continuing the trial will also be excluded

ER, emergency room; HbA1c, glycosylated hemoglobin; LC, liver cirrhosis; PCA, percutaneous coronary angjoplasty.
®Glucose-corrected serum (Na*) = measured (Na*) + 2.4 x (glucose [mg/dL] - 100 [mg/dL])/100 mg/dL
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rect ion-selective electrodes: Seoul University Bundang
Hospital will use AU5800 (Beckman Coulter, Pasadena, CA,
USA) and Dimension Vista 1500 (Siemens Healthineers,
Erlangen, Germany); SMG-SNU Boramae Medical Center
will use Modular DP (Roche Diagnostics, Indianapolis, IN,
USA) and Unicel DxC 800 (Beckman Coulter); and Hallym
University Dongtan Sacred Heart Hospital will use AU5800
(Beckman Coulter). Serum creatinine will be measured
using the isotope dilution mass spectrometry-traceable
method with a Toshiba TBA 200FR Analyzer (Toshiba, To-
kyo, Japan). The estimated glomerular filtration rate will be
calculated using the Chronic Kidney Disease Epidemiolo-
gy Collaboration equation [28]. The Glasgow Coma Scale
(GCS) will be assessed before treatment and after 24 and 48
hours of treatment. All types and volumes of fluid adminis-
tered during those 48 hours will be monitored.

Randomization

An independent statistician generated the randomization
sequence using a computer-generated list of random num-
bers, which is stratified by center with a 1:1 allocation using
random block sizes of 2, 4, 6, and 8. A research coordinator
will be responsible for screening emergency room patients
and inpatients with severe hypernatremia and enrolling
participants to each group based on the randomized se-
quence. The allocation sequence will be concealed from
the researchers and study coordinators by using opaque,
sequentially numbered envelopes. Eligible participants will
be randomly allocated in a 1:1 manner to either the RIB or
SCI protocol for electrolyte-free fluid in accordance with
the predefined randomization list. Although the patients
and their physicians will be aware of the interventions ad-
ministered, the analysts will be blinded to the intervention.

Practical treatment guidelines for physicians according to
the serum sodium level

Except in cases of compromised circulation, hypotonic
solutions are an appropriate treatment for cases of severe
hypernatremia [1,11]. Therefore, we designed our study
protocol using electrolyte-free, 5% dextrose water. After
randomization, the subjects will receive either RIB or
SCI treatment for hypernatremia correction. According
to previous studies, every 1-mmol/L decrease in the sNa

512 www.krcp-ksn.org

level requires 3 mL/kg of electrolyte-free water in elderly
female patients and 4 mL/kg of electrolyte-free water in
young male patients [29]. Therefore, our goal is to decrease
the sNa level by 2 mmol/L at each sample time (0, 3, 6, 12,
18, and 24 hours) to reach the maximum recommended
decrease of 12 mmol/L/day. Based on that calculation,
elderly female patients (=65 years), others (male patients
> 65 years or female patients < 65 years), and young male
patients (<65 years) in the RIB group will be infused for 1
hour with 6 mL/kg, 7 mL/kg, and 8 mL/kg of 5% dextrose
water, respectively. Participants in the SCI group will be
infused with 5% dextrose water at a minimum rate of 1.35
mL/kg per hour (elderly female patients) according to pre-
vious literature [30]. Others and young male patients will
be infused at a rate of 1.57 mL/kg per hour and 1.8 mL/kg
per hour in accordance with the intended sNa decrease
rate set for the RIB group. Because hypernatremia com-
monly results from a net water loss [1], we will adjust the
infusion volume of electrolyte-free water by calculating the
U/S ratio ([urine Na + urine potassium]/SNa), a measure of
urinary electrolyte-free water clearance [31].

Our treatment goals are to decrease the sNa level from
the initial level by 6 to 11 mmol/L within the first 24 hours
and by 12 to 23 mmol/L or to an absolute sNa level of <150
mmol/L within 48 hours. Overcorrection is defined as a
decrease of 212 mmol/L within 24 hours or 224 mmol/
L within 48 hours. When overcorrection develops, the
sNa level should not be raised again, but active treatment
should be discontinued. Intravenous or per oral furose-
mide will be used if volume overload is detected by any of
the following symptoms and signs: dyspnea, peripheral
edema, pulmonary edema, and pleural effusion. In ad-
dition to sodium correction, potassium and magnesium
should be corrected. If the sNa level decreases by less
than 6 mmol/L after 24 hours, 2 pg of intravenous des-
mopressin can be repeatedly administered according to
the judgment of the physician. If maintenance fluid is ad-
ministered at more than 3 L/day (120 mL/hour) and that
is judged to affect sNa correction, the maintenance fluid
can be limited to less than 3 L/day. The following cases are
exceptions: (1) fluids and transfusion for the correction
of hypotension are not counted as maintenance fluid; (2)
if sNa is decreased by less than 6 mmol/L after 24 hours,
maintenance fluid can be administered at more than 3 L/
day; (3) in the case of ongoing nonrenal loss (e.g., nasoga-
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stric tube drain, percutaneous catheter drainage, diarrhea,
ileus), additional fluid can be administered according to
the judgment of the physician regardless of the mainte-
nance fluid. The treatment goal, overcorrection strategy,
use of furosemide in volume overload and desmopressin
in undercorrection of sNa, and cause-specific treatment of
hypernatremia will be the same in both groups. For safety
reasons, participants will be dropped from the study in the
following cases: (1) volume depletion-weight loss of >1 kg
per day, deterioration of consciousness, or arterial hypo-
tension that requires inotropes (systolic blood pressure <
90 mmHg and mean arterial pressure < 70 mmHg); and (2)
uncontrolled volume overload with worsening pulmonary
edema despite diuretics.

Rapid intermittent bolus group (Fig. 4A)

First 3 hours

Subjects with severe hypernatremia will be divided into
three groups by age and sex, and the correction rate for
initial treatment will be set differently for each group: el-
derly female patients (=65 years), others (male patients >
65 years or female patients < 65 years), and young male
patients (<65 years) will receive an intravenous infusion
of 6 mL/kg, 7 mL/kg, and 8 mL/kg of 5% dextrose water,
respectively, in 1 hour. Upon sampling 3 hours after initial
treatment, repeated infusions at that rate are recommend-
ed until the sNa level has decreased by 26 mmol/L from the
initial level.

Between 3 and 24 hours

When undercorrection (defined as a decrease of <6 mmol/
L in the sNa level from the initial level at 6, 12, 18, or 24
hours) develops, the correction rate should be adjusted
according to the U/S ratio at 0 hours. If the U/S ratio is <0.5,
an infusion of 6/7/8 mL/kg of 5% dextrose water in 1 hour
every 3 hours is recommended. If the U/S ratio is 0.5, a
single infusion of 6/7/8 mL/kg of 5% dextrose water in 1
hour is recommended. When target correction (defined as
a decrease of 6-11 mmol/L in the sNa level from the initial
level) develops, the infusion of 5% dextrose water will also
be adjusted according to the U/S ratio at 0 hours. If the
U/S ratio is <0.5, a single infusion of 6/7/8 mL/kg of 5%
dextrose water in 1 hour is recommended. If the U/S ratio
is 20.5, 5% dextrose water should be discontinued. When

overcorrection (defined as a decrease of =12 mmol/L in the
sNa level) or an absolute sNa level of <150 mmol/L occurs,
5% dextrose water should be discontinued.

Between 24 and 48 hours

When undercorrection (defined as a decrease of <12 mmol/
L in the sNa level from the initial level at 30, 36, 42, or 48
hours) occurs, the correction rate should be adjusted ac-
cording to the U/S ratio at 24 hours. If the U/S ratio is <0.5,
an infusion of 6/7/8 mL/kg of 5% dextrose water in 1 hour
every 3 hours is recommended. If the U/S ratio is 20.5, a
single infusion of 6/7/8 mL/kg of 5% dextrose water in 1
hour is recommended. When target correction (defined as a
decrease of 12-23 mmol/L in the sNa levels from the initial
level) develops, the infusion of 5% dextrose water will also
be adjusted according to the U/S ratio at 24 hours. If the U/
S ratio at 24 hours is <0.5, a single infusion of 6/7/8 mL/kg
of 5% dextrose water in 1 hour is recommended. If the U/
S ratio is >0.5, 5% dextrose water should be discontinued. If
the decrease in sNa levels is >24 mmol/L or if the absolute
sNa level is <150 mmol/L, 5% dextrose water should be dis-
continued.

Slow continuous infusion group (Fig. 4B)

First 3 hours

The subjects will be divided into three groups and correct-
ed at different rates, similar to the RIB group. It is recom-
mended that intravenous infusions of 5% dextrose water
be provided at 1.35 mL/kg per hour, 1.57 mL/kg per hour,
and 1.8 mL/kg per hour in elderly female patients (265
years), others (male patients, >65 years or female patients,
<65 years), and young male patients (<65 years), respec-
tively. Sampling should be done 3 hours after the initial
laboratory tests, and continuous infusions of 5% dextrose
water are recommended at those rates until the sNa level
has decreased by 26 mmol/L from the initial level.

Between 3 and 24 hours

When undercorrection (defined as a decrease of <6 mmol/
L in the sNa levels from the initial level at 6, 12, 18, or 24
hours) develops, the correction rate should be adjusted
according to the U/S ratio at 0 hours. If the U/S ratio is <0.5,
a continuous infusion of 5% dextrose water at twice the
previous rate (2.70/3.14/3.60 mL/kg per hour) is recom-
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A

Serum Na 2 155 mmol/L

6/7/8 mL/kg over 1 hrat 0 hr

A

Serum Na at 3 hr

,

A4

v

Serum Na 2 155 mmol/L

™1.35/1.57 / 1.8 mL/kg/hr

A 4

Serum Na at 3 hr

v

A 4

,

| Na < 6 mmol/L
from initial Na

| Na 6-12 mmol/L
from initial Na

1 Na = 12 mmol/L
from initial Na or
Na < 150 mmol/L

| Na <6 mmol/L
from initial Na

| Na 6-12 mmol/L
from initial Na

1 Na = 12 mmol/L
from initial Na or
Na < 150 mmol/L

6/7/8 mL/kg
over 1 hr

Stop

Stop

1.35/1.57/1.8
mL/kg/hr

Stop

Stop

Serum Na at 6/12/18/24 hr

,

A 4

,

Serum Na at 6/12/18/24 hr

.

A4

,

| Na <6 mmol/L
from initial Na

| Na 6-12 mmol/L
from initial Na

| Na = 12 mmol/L
from initial Na or
Na < 150 mmol/L

| Na <6 mmol/L
from initial Na

| Na 6-12 mmol/L
from initial Na

| Na =12 mmol/L
from initial Na or
Na < 150 mmol/L

*U/S ratio at O hr

6/7/8 mL/kg 6/7/8 mL/kg
over 1hr  over1hr
q3hr

*U/S ratio at O hr

6/7/8 mL/kg Stop
over 1 hr

Stop

*U/S ratio at O hr

2.7/3.14/3.6 1.35
mL/kg/hr /1.57/1.8
mL/kg/hr

*U/S ratio at O hr

1.35 Stop
/1.57/1.8
mL/kg/hr

Stop

Serum Na at 30/36/42/48 hr

,

A4

:

Serum Na at 30/36/42/48 hr

.

A4

,

1 Na <12 mmol/L
from initial Na

1 Na 12—-24 mmol/L
from initial Na

| Na = 24 mmol/L
from initial Na or
Na < 150 mmol/L

| Na <12 mmol/L
from initial Na

| Na 12—-24 mmol/L
from initial Na

| Na =24 mmol/L
from initial Na or
Na < 150 mmol/L

*U/S ratio at 24 hr

*U/S ratio at 24 hr

*U/S ratio at 24 hr

*U/S ratio at 24 hr

Stop Stop
6/7/8 mL/kg 6/7/8 mL/kg 6/7/8 mL/kg  Stop 2.7/3.14/36  1.35 1.35 Stop
over1hr over1hr over 1 hr mb/kg/hr  /1.57/1.8 /1.57/1.8
q3hr mL/kg/hr mL/kg/hr
'8 mL/kg : Male < 65 kg (UNa + UK) 1.8 mL/kg : Male < 65 kg (UNa + UK)
7 mL/kg : Male = 65 kg, Female < 65 kg *U/Sratio= ——~ 1.57 mL/kg : Male = 65 kg, Female < 65 kg *U/Sratio= ———~
6 mL/kg : Female = 65 kg sNa 1.35 mL/kg : Female > 65 kg sNa

Figure 4. Treatment. (A) Rapid intermittent bolus with 5% dextrose water in patients with severe hypernatremia. (B) Slow continuous

infusion with 5% dextrose water in patients with severe hypernatremia.
sNa, serum sodium; g, quaque; uk, urine potassium; uNa, urine Na; U/S ratio, uNa + uK/sNa; |, decrease.
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mended. If the U/S ratio is >0.5, a continuous infusion of
5% dextrose water at the previous rate (1.35/1.57/1.80 mL/
kg per hour) is recommended. When target correction (de-
fined as a decrease of 6-11 mmol/L in the sNa level from
the initial level) develops, it will be also corrected accord-
ing to the U/S ratio at 0 hours. If the U/S ratio is <0.5, con-
tinuous infusion of 5% dextrose water at the previous rate
(1.35/1.57/1.80 mL/kg per hour) is recommended. If the U/
S ratio is 20.5, 5% dextrose water should be discontinued.
When overcorrection (defined as a decrease of >12 mmol/
L in the sNa level) or an absolute sNa level of <150 mmol/L
occurs, 5% dextrose water should be discontinued.

Between 24 and 48 hours

When undercorrection (defined as a decrease of <12
mmol/L in the sNa level from the initial level at 30, 36, 42,
or 48 hours) occurs, the correction rate should be adjusted
according to the U/S ratio at 24 hours. If the U/S ratio is
<0.5, continuous infusion of 5% dextrose water at twice the
previous rate (2.70/3.14/3.60 mL/kg per hour) is recom-
mended. If the U/S ratio is 0.5, continuous infusion of 5%
dextrose water at the previous rate (1.35/1.57/1.80 mL/kg
per hour) is recommended. When target correction (de-
fined as a decrease of 6-11 mmol/L in the sNa level from
the initial level) develops, it will be also corrected accord-
ing to the U/S ratio at 24 hours. If the U/S ratio is <0.5, con-
tinuous infusion of 5% dextrose water at the previous rate
(1.35/1.57/1.80 mL/kg per hour) is recommended. If the U/
S ratio is =0.5, 5% dextrose water should be discontinued.
When overcorrection (defined as a decrease of >24 mmol/
L in the sNa level or an absolute sNa level of <150 mmol/L)
occurs, 5% dextrose water should be discontinued.

Outcome measures

The primary outcome is the incidence of a rapid decrease
in the sNa level and aspects of efficacy, as follows: decrease
in sNa of 26 mmol/L or an absolute sNa level of <150
mmol/L within the first 24 hours. The secondary outcomes
are the 28-day survival rate after treatment for hypernatre-
mia with 5% dextrose water, difference in sNa levels 6 hours
after the initial test, volume of 5% dextrose water infused
during 48 hours, and incidence of the target correction rate
(defined as a decrease of 212 mmol/L in the sNa level or an
absolute sNa level of <150 mmol/L within 48 hours). Ad-

ditional outcomes are the target correction rate, incidence
of undercorrection, length of hospital stay, incidence and
number of desmopressin uses, incidence of overcorrection,
incidence of cerebral edema documented via brain com-
puted tomography (CT) at 48 hours, incidence of osmotic
demyelinating syndrome via International Classification
of Diseases 10 code or brain magnetic resonance imag-
ing, and GCS at baseline (pretreatment), 24 hours, and 48
hours.

Clinical and laboratory evaluations

The physical examination, laboratory evaluations, and
medication review will be performed before commence-
ment of the study. The laboratory evaluations will comprise
a complete blood count; tests for serum electrolytes, calci-
um, phosphate, blood urea nitrogen, creatinine, glucose,
total CO,, total protein, albumin, uric acid, and C-reactive
protein; liver function testing (aspartate transaminase, ala-
nine aminotransferase, alkaline phosphatase, and total bil-
irubin); lipid profile; serum osmolality; and urine analysis,
urine electrolytes, urine creatinine, and urine osmolality.
The sNa level will be measured every 6 hours (after being
measured at 0, 3, and 6 hours) for 2 days. Levels of urine
sodium and potassium will be measured at 0 and 24 hours.
The GCS score will be estimated at 0, 24, and 48 hours.
Brain CT will be conducted at 48 hours in patients who de-
velop overcorrection.

Safety issues

All serious side effects will be reported to the investigator
and the ethics committee. In this study protocol, safety in-
formation about each patient should be collected within 48
hours after treatment. Safety concerns in the treatment of
hypernatremia are caused by undercorrection and overcor-
rection, and we will check for those at every sample time
point. Interventions will be performed as follows: if the sNa
level is decreased by more than 12 mmol/L within 24 hours
or more than 24 mmol/L within 48 hours at any sample
time point, the ongoing active treatment will be discontin-
ued, but the sNa level should not be raised. If the decrease
in sNa levels is <6 mmol/L after 24 hours, 2 pg of intrave-
nous desmopressin can be administered according to the
judgment of the physician. When signs and symptoms of
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volume overload are observed, such as dyspnea, peripheral
edema, pulmonary edema, or pleural effusion, intravenous
or oral administration of furosemide will be considered.

Sample size calculation

In the literature, a low hypernatremia correction rate in
the first 24-hours (<0.25 mmol/L per hour or 6 mmol/L
per day) can be significant predictors of 30-day mortality
[20]. Therefore, as a surrogate marker for 30-day survival,
a rapid decrease in the sNa level (>0.25 mmol/L per hour
or 6 mmol/L per day) was chosen as the primary study
outcome. A previous study reported that 33% of hyperna-
tremic patients being treated with the SCI method of elec-
trolyte-free solution achieved a rapid decrease in their sNa
levels within the first 24 hours [20]. However, no informa-
tion is available on the incidence of a rapid decrease in sNa
levels with RIB treatment. We expect the frequency of rapid
decrease of sNa to increase by 1.8 times in the RIB group
compared with the SCI group. Therefore, we expect the
proportions of participants who achieve a rapid decrease
in their sNa levels to be 55% and 30% in the RIB and SCI
groups, respectively. We calculated the required sample
size for an estimated dropout rate of 15%, a two-sided level
of significance of a = 0.05, a power of 80%, and one interim
analysis and thus determined that 83 participants will be
needed in each group to find significant differences be-
tween the two groups using the chi-square test. Therefore,
a total of 166 participants will be enrolled. We considered
one interim analysis at the time when half of the subjects
have completed the study. The O’Brien-Fleming alpha
spending function will be used to test the primary out-
comes in the first interim analysis and final analysis.

Statistical analyses

The analysis of outcomes will be conducted on both the
intention-to-treat (ITT) and per-protocol (PP) bases be-
cause a considerable dropout rate can be expected due to
our sophisticated electrolyte-free water infusion protocol.
The ITT population is defined as all participants for whom
the primary endpoint will be available, and those partic-
ipants will be analyzed in accordance with the groups to
which they were randomly allocated, regardless of devi-
ation from the protocol. In the ITT analysis, all outcomes
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will be counted until the infusion protocol is well-adhered
to. The PP analysis will include only the participants who
complete the study without major protocol deviations to
evaluate the primary, secondary, and additional outcomes.
Continuous variables will be expressed as means and stan-
dard deviations, and categorical variables will be expressed
as frequencies or percentages for baseline characteristics
and laboratory findings.

The incidence of a rapid decrease in sNa levels within 24
hours, 28-day survival, target correction rate, a decrease
of 212 mmol/L in sNa level or an absolute sNa level of
<150 mmol/L within 48 hours, additional treatment, use
of desmopressin, cerebral edema, osmotic demyelination
syndrome, and in-hospital mortality will be compared be-
tween the two groups using the chi-square test, Fisher exact
test, odds ratios with logistic regression, and absolute risk
with a Poisson regression. The differences in sNa levels at 3
hours, volume of 5% dextrose water in 48 hours, number of
additional treatments, hospital stay, and number of desmo-
pressin uses will be analyzed between the two groups using
Student t test, Mann-Whitney U test, mean differences with
linear regression, and a mixed model to analyze the effects
of repeated sNa levels and the overall change in sNa level
from baseline with fixed effects for time, group, and inter-
actions between time and group. The marginal effect of sNa
and overall change in sNa from baseline by group will be
plotted. In the interim analysis, if the critical value is 2.96 (p
=0.003), early termination will be performed; if not, partic-
ipant recruitment will be continued. A value of p < 0.05 will
be considered statistically significant. Statistical analyses
will be performed using IBM SPSS version 27.0 (IBM Corp.,
Armonk, NY, USA), STATA version 14.0 (StataCorp LP, Col-
lege Station, TX, USA), and R version 3.5.3 (R Foundation
for Statistical Computing, Vienna, Austria; https://www.
r-project.org).

Data and safety monitoring

The paper data sheets and signed consents will be stored
in locked cabinets, and electronic databases will be stored
on secure servers with password protection. Unexpected
side effects during treatment will be reported to the IRBs
according to the procedures of the three participating hos-
pitals. All revised procedures will be submitted to the IRBs
of all three hospitals and ClinicalTrials.gov. The data will
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be maintained confidentially and will be accessible only to
research investigators.

Discussion

Recently, several cohort studies have suggested that rapid
correction of hypernatremia did not increase the mortality
rate or even that slow correction could increase mortality
[20,21,32]. Nonetheless, the current recommendation is
to reduce sNa by <0.5 mmol/L per hour (<10 mmol/L per
day) to prevent cerebral edema, seizure, and brain damage
during the treatment of hypernatremia [1,13-15]. In acute
hypernatremia, the correction rate can be increased to 1
mmol/L of sNa per hour [33]. However, those correction
rates reflect studies in children [11,19]. No previous, large-
scale, prospective, randomized controlled studies have
examined the correction rate for hypernatremia in adults.
This is thus the first clinical trial to provide qualified ev-
idence about administering electrolyte-free water to pa-
tients with severe hypernatremia. Additionally, our results
will allow a protocolized approach to the management of
hypernatremia to be established.

In acute hypernatremia, which develops within 48 hours,
cerebral edema does not occur even upon immediate cor-
rection because the accumulated electrolytes can rapidly
move out of brain cells [33,34]. In hypernatremia of >48
hours or unknown duration, rapid correction can lead to
brain edema because several days are required to remove
osmolytes from brain cells [34,35]. Therefore, expert opin-
ion suggests a decrease rate of <0.5 mmol/L per hour, with
an absolute change of <10 mmol/L per day to prevent brain
damage [1,13-15]. However, some studies have indicated
that rapid correction of hypernatremia was not associated
with increasing disease-related mortality or cerebral edema
and that excessively slow rates of correction were associat-
ed with increased short-term mortality [16,20,21,32]. Chau-
han et al. [16] found that rapid correction of >0.5 mmol/L
per hour or >12 mmol/L was not associated with increased
mortality or cerebral edema and that mortality rates were
consistently low with varying correction rates (>8, >10, and
12 mmol/L) at 24 hours. Bataille et al. [21] calculated the
correction rate of hypernatremia as the mean rate, which
implies that the difference in sNa between baseline and the
last known hypernatremia was divided by the total time.
Their correction rates were -0.1 + 0.15 mmol/L per hour

and -0.2 = 0.22 mmol/L per hour, and the proportions of
no improvement in hypernatremia were 44% and 21% in
patients who died and survived, respectively. In children,
the size of the cerebrum increases rapidly until age 6 years,
and it continues to grow until age 15 years; therefore, the
ratio of brain volume to cranial vault size reaches its maxi-
mum at 6 years. However, the brain size of adults gradually
decreases after age 45 years and is the lowest at age 86
years [36-38]. Therefore, we inferred that rapid correction
in adults might be tolerable [16].

However, the previous retrospective studies on hyper-
natremia had different definitions for rapid correction of
sNa [16,20,21]. The correction rate calculated by dividing
the difference in sNa levels by time [16,21] might also have
differed from the actual correction rate or been inaccurate.
Furthermore, it is difficult to determine in those studies
whether electrolyte-free water was given by the RIB or SCI
method, and it is also unclear whether hypernatremia was
improved by administering electrolyte-free water or hypo-
tonic solution or by treatment of the underlying disease.

In a randomized controlled trial (SALSA I) that we pub-
lished previously [24,25,39], 10 mL/kg of electrolyte-free
water was applied in 1 hour as a method of re-lowering
therapy in excessively rapid hyponatremia correction,
which complied with the European guidelines [23]. Be-
cause only one patient experienced pulmonary edema
and pleural effusion during the study period, we hold that
safety concerns about volume overload are negligible.
Therefore, we adopted our previous RIB method in devel-
oping this infusion protocol. According to the literature,
every 1 mmol/L decrease in sNa level requires 3 mL/kg of
electrolyte-free water in elderly female patients and 4 mL/
kg of electrolyte-free water in young male patients. We es-
timated a decrease of 2 mmol/L in sNa levels at every sam-
ple time by using 6/7/8 mL/kg infusions of electrolyte-free
water, for a maximum sNa decrease of 12 mmol/L/day. The
total amount of electrolyte-free water to be infused in the
RIB group was converted to a continuous infusion rate for
24 hours for the SCI group. Therefore, we expect that the
amount of electrolyte-free water infused into the patients
in both groups will be similar. Because hypernatremia is
commonly caused by a net water loss [1], we adjust the in-
fusion volume of electrolyte-free water by calculating the
U/S ratio, an indicator that conveniently reflects ongoing
urinary clearance of electrolyte-free water [31]. In addition,
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we plan to perform an interim analysis as a safety measure
because the RIB method is a novel protocol.

The primary outcome of this study is the incidence of a
rapid decrease in sNa levels. Prolonged hypernatremia can
cause death by inducing brain damage, decreasing cardiac
contractility, increasing peripheral insulin resistance, and
impairing hepatic gluconeogenesis [40]. Therefore, the
incidence of rapid correction is expected to be a good sur-
rogate outcome of efficacy and safety.

This study has some limitations. First, differences in the
expertise of doctors and nurses could cause protocol vi-
olations during the early period because of unfamiliarity
with the protocol. Therefore, the protocol is designed in a
simple way to prevent nonadherence among physicians.
Second, mild hypernatremia is not covered by this study,
which enrolls only patients whose absolute sNa levels
are >155 mmol/L. However, the higher the sNa levels, the
higher the incidence of neurologic symptoms due to high
cell shrinkage. Therefore, targeting severe hypernatremia
can maximize the efficacy of our rapid correction protocol.
Third, this study uses only electrolyte-free water as the
correction fluid, but various clinical situations can require
a hypotonic solution (0.45% sodium chloride), which war-
rants further research.

In conclusion, the SALSA II study is the first prospective,
multicenter, randomized, open-label, controlled clinical
trial to investigate the efficacy and safety of the RIB proto-
col compared with SCI in adult patients with severe hyper-
natremia.
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