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Abstract
Introduction: Current guidelines recommend limiting the rate of correction in patients with severe hyponatremia 
to avoid severe neurologic complications such as osmotic demyelination syndrome (ODS). However, published data 
have been conflicting. We aimed to evaluate the association between rapid sodium correction and ODS in patients 
with severe hyponatremia.
Materials and methods: We searched PubMed, Embase, Scopus, Web of Science, and Cochrane Central Register of 
Controlled Trials from inception to November 2023. The primary outcome was ODS and the secondary outcomes 
were in-hospital mortality and length of hospital stay.
Results: We identified 7 cohort studies involving 6,032 adult patients with severe hyponatremia. Twenty-nine pa-
tients developed ODS, resulting in an incidence rate of 0.48%. Seventeen patients (61%) had a rapid correction of 
serum sodium in the first or any 24-hour period of admission. Compared with a limited rate of sodium correction, a 
rapid rate of sodium correction was associated with an increased risk of ODS (RR, 3.91 [95% CI, 1.17 to 13.04]; I2 = 
44.47%; p = 0.03). However, a rapid rate of sodium correction reduced the risk of in-hospital mortality by approxi-
mately 50% (RR, 0.51 [95% CI, 0.39 to 0.66]; I2 = 0.11%; p < 0.001) and the length of stay by 1.3 days (Mean differ-
ence, -1.32 [95% CI, -2.54 to -0.10]; I2 = 71.47%; p = 0.03).
Conclusions: Rapid correction of serum sodium may increase the risk of ODS among patients hospitalized with severe 
hyponatremia. However, ODS may occur in patients regardless of the rate of serum sodium correction. 
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 �Introduction

Hyponatremia is one of the most common electro-
lyte disorders in hospitalized patients. Current guide-
lines, based on data reported by small retrospective 
case series, recommend limiting the rate of correction 
in patients with severe hyponatremia to avoid severe 
neurologic complications, most notably osmotic de-
myelination syndrome (ODS) [1, 2]. However, in a 
recent large cohort study, rapid correction of sodium 
was not associated with an increased risk of ODS in 
patients with severe hyponatremia [3]. Given this con-
flicting data, we conducted a systematic review and 

meta-analysis to evaluate the association between rapid 
sodium correction and ODS in patients with severe hy-
ponatremia. 

 �Methods
We performed a comprehensive search in PubMed, 
Embase, Scopus, Web of Science, and Cochrane Cen-
tral Register of Controlled Trials from inception to 
November 2023. The literature search was conducted 
using the patient, intervention, comparison, outcome 
(PICO) framework as summarized in Supplemental 
Table 1. We performed this study in accordance to the 
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Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [4]. We included 
randomized controlled trials or observational studies 
that reported adult patients admitted with severe hy-
ponatremia, defined as serum sodium of less than 120 
mmol/L on admission. We excluded case series or case 
reports. The primary outcome was ODS diagnosed by 
brainstem auditory evoked response [5], neuroimaging 
(magnetic resonance imaging) [3, 6-9], or pathology 
(postmortem examination) [5], and the secondary out-
comes were in-hospital mortality and length of hospi-
tal stay. Rapid correction was defined as a sodium cor-
rection rate of more than 10 or 12 mmol/L within the 
first or any 24-hour period after admission [1, 2]. Two 
reviewers (XY See and YC Chang) independently ex-
tracted the study demographics and outcome data. Risk 
of bias was performed by two reviewers independently 
(XY See and CY Peng) using the Risk of Bias In Non-
randomized Studies-of Interventions (ROBINS-I) tool 
[10]. In cases of disagreements, consensus was reached 
by discussing with the third reviewer (CHa Chiang). 
Meta-analysis was performed using a random-effects 
model based on the Hartung-Knapp-Sidik-Jonkman 
approach. Results were presented as forest plots with 
risk ratios (RRs) for dichotomous outcomes and mean 
differences for continuous outcomes. In studies report-
ing only the median, range, and size of the study, we 
approximated the means and standard deviations [11]. 
We also summarized the prevalence of patients who 
had one of the following risk factors associated with 
ODS: alcohol use disorder, hypokalemia, cirrhosis, or 
an initial serum sodium of less than 105 mmol/L on 
admission [1, 2]. All analyses were performed using 
STATA 16.0 (StataCorp, College Station, Texas).

 �Results
Our systematic review identified 7 cohort studies in-
volving 6,032 adult patients with severe hyponatremia 
[3, 5-9, 12] (Table 1 and Supplemental Figure 1). No 
randomized controlled trials were identified. All stud-
ies had moderate or serious risk of bias (Supplemental 
Table 2). Five studies used 10 mmol/L/24 h [3, 6-8, 12] 
while one study used 12 mmol/L/24 h [9] as cutoffs for 
rapid correction of serum sodium. One study used 0.55 
mmol/L/h to define rapid correction [5]. Among these 
studies, 29 patients developed ODS, resulting in an in-
cidence rate of 0.48%. Only 28 out of 29 patients with 
osmotic demyelination syndrome had available data. 
Among 28 cases of ODS with available data, 14 (50%) 

were male, 21 (75%) had alcohol use disorder, 18 (64%) 
had hypokalemia on admission, 3 (11%) had liver cir-
rhosis, 9 (32%) had a serum sodium level of less than 
105 mmol/L on admission, and 17 (61%) had a rapid 
correction of serum sodium in the first or any 24-hour 
period (Supplemental Table 3). Twenty-five cases of 
ODS (89%) had at least one of the following risk factors: 
alcohol use disorder, hypokalemia on admission, cir-
rhosis, or serum sodium level of less than 105 mmol/L 
on admission. The remaining 3 ODS cases (Patient 3, 
26 and 27) without these risk factors did not experience 
a rapid correction of serum sodium. Compared with a 
limited rate of sodium correction, a rapid rate of so-
dium correction was associated with an increased risk 
of ODS (RR, 3.91 [95% CI, 1.17 to 13.04]; I2 = 44.47%; 
p = 0.03) (Figure 1). However, a rapid rate of sodium 
correction reduced the risk of in-hospital mortality by 
approximately 50% (RR, 0.51 [95% CI, 0.39 to 0.66]; I2 
= 0.11%; p < 0.001) and the length of stay by 1.3 days 
(Mean difference, -1.32 [95% CI, -2.54 to -0.10]; I2 = 
71.47%; p = 0.03) compared to a limited rate of sodium 
correction (Supplemental Figure 2 and 3). 

 �Discussion

In this systematic review and meta-analysis, ODS oc-
curred in less than 5 per 1000 patients with an initial 
serum sodium of less than 120 mmol/L. A sodium cor-
rection rate of more than 10 or 12 mmol/L within the 
first or any 24-hour period after admission appeared to 
increase the risk of ODS by nearly 4-fold though it also 
led to a reduction in in-hospital mortality and length of 
stay among patients hospitalized with severe hypona-
tremia. Importantly, ODS was observed in both rapid 
and limited correction of serum sodium. Furthermore, 
the majority (89%) of the ODS cases occurred in pa-
tients with a history of alcohol use disorder, associated 
hypokalemia, cirrhosis, or an initial serum sodium of 
less than 105 mmol/L, regardless of the rate of serum 
sodium correction.  

This study has several limitations. All the included 
studies were observational, and as such there were like-
ly baseline differences between the groups who under-
went rapid and limited sodium correction. Because we 
did not have access to patient-level data, we were unable 
to adjust for potential underlying confounders. These 
differences could either underestimate or overestimate 
the association between the rate of sodium correction 
and ODS. Furthermore, it was unclear if the included 

https://jccm.ro/wp-content/uploads/2024/07/See_JCCM_2024_supplemental.pdf
https://jccm.ro/wp-content/uploads/2024/07/See_JCCM_2024_supplemental.pdf
https://jccm.ro/wp-content/uploads/2024/07/See_JCCM_2024_supplemental.pdf
https://jccm.ro/wp-content/uploads/2024/07/See_JCCM_2024_supplemental.pdf
https://jccm.ro/wp-content/uploads/2024/07/See_JCCM_2024_supplemental.pdf


The Journal of Critical Care Medicine 2024;10(3) • 211Available online at: www.jccm.ro
Ta

bl
e 

1.
 S

tu
dy

 c
ha

ra
ct

er
is

tic
s

Tr
ia

l (
St

ud
y,

 Y
ea

r)
N

um
be

r o
f 

pa
tie

nt
s

Co
un

tr
y

St
ud

y 
 

de
si

gn
In

cl
us

io
n 

 
cr

ite
ria

Ra
pi

d 
so

di
um

  
co

rr
ec

tio
n 

de
fin

iti
on

Ca
se

s o
f 

O
DS

, n
 (%

)
Di

ag
no

si
s  

of
 O

DS
St

er
ns

, 1
98

7
62

 
U

SA
 

Re
tr
os
pe

cti
ve
	

co
ho

rt
Pa
tie

nt
s	
w
ith

	s
er
um

	s
od

iu
m
	c
on

ce
n-

tr
ati

on
	o
f	≤

11
0	
m
m
ol
/L
	

Th
e	
ra
te
	o
f	c
or
re
cti
on

	to
	

in
cr
ea
se
	th

e	
se
ru
m
	s
od

iu
m
	

to
	≥
12

0	
m
m
ol
/L
	e
xc
ee

ds
	0
.5
5	

m
m
ol
/L
/h

3	
(4
.8
)

Po
st
m
or
te
m
	e
xa
m
in
a-

tio
n,
	b
ra
in
st
em

	a
ud

ito
ry
	

ev
ok
ed

	re
sp
on

se
s	

El
lis

, 1
99

5
18

4 
U

SA
, U

K 
Re

tr
os
pe

cti
ve
	

co
ho

rt
Al
l	a
du

lt	
pa

tie
nt
s	
(≥
16

	y
ea
rs
)	w

ith
	

se
ru
m
	s
od

iu
m
	≤
12

0	
m
m
ol
/L
	a
t	a

ny
	

st
ag
e	
of
	th

ei
r	h

os
pi
ta
liz
ati

on

>1
0	
m
m
ol
/L
/2
4h

1	
(0
.5
)a

M
RI

Vu
,	2

00
9

24
7 

Au
st

ra
lia

 
Re

tr
os
pe

cti
ve
	

co
ho

rt
Al
l	p
ati

en
ts
	w
ith

	se
ru
m
	so

di
um

	≤
12

0	
m
m
ol
/L
	o
n	
ad

m
iss

io
n

>1
2	
m
m
ol
/L
	w
ith

in
	th

e	
fir
st
	2
4h

4	
(1
.6
)

M
RI

  

G
eo

gh
eg
ha

n,
	2
01

5
41

2
U

SA
 

Re
tr
os
pe

cti
ve
	

co
ho

rt
Al
l	h
os
pi
ta
liz
ed

	p
ati

en
ts
	w
ith

	s
er
um

	
so
di
um

	≤
12

0	
m
m
ol
/L
	a
fte

r	c
or
re
c-

tio
n	
fo
r	s
er
um

	g
lu
co
se

>1
0	
m
m
ol
/L
/2
4h

1	
(0
.2
)	

Cl
in

ic
al

ly
 o

r r
ad

io
gr

ap
hi

-
ca
lly
	c
on

fir
m
ed

b

G
eo

rg
e,
	2
01

8
14

90
	

U
SA

 
Re

tr
os
pe

cti
ve
	

co
ho

rt
Ad

ul
ts
	≥
18

	y
ea
rs
	o
f	a

ge
	a
dm

it-
te
d	
w
ith

	a
n	
in
iti
al
	s
er
um

	s
od

iu
m
	

<1
20

m
Eq

/L

>8
	m

Eq
/L
/2
4h

,	>
10

	m
Eq

/L
/2
4h

,	
or
	>
18

		m
Eq

/L
/4
8h

c
9	
(0
.6
)d

M
RI

M
us
ta
jo
ki
,	2

02
3

36
3 

Fi
nl

an
d

Re
tr
os
pe

cti
ve
	

co
ho

rt
Al
l	p
ati

en
ts
	a
dm

itt
ed

	to
	th

e	
ED

	w
ith

	
pl
as
m
a	
so
di
um

	c
on

ce
nt
ra
tio

ns
	<
11

6	
m
m
ol
/L

>1
0	
m
m
ol
/L
/2
4h

5	
(1
.4
)

M
RI

Se
et
ha

pa
th
y,	
20

23
32

74
 

U
SA

 
Re

tr
os
pe

cti
ve
	

co
ho

rt
Pa
tie

nt
s	
(a
t	l
ea
st
	1
8	
ye
ar
s	
of
	a
ge
)	

ho
sp
ita

liz
ed

	w
ith

	s
er
um

	s
od

iu
m
	

le
ve
l	<
12

0m
Eq

/L
	in
	th

e	
24

	h
ou

rs
	

pr
ec
ed

in
g	
or
	2
4	
ho

ur
s	
aft

er
	th

e	
re
co
rd
ed

	ti
m
e	
of
	a
dm

iss
io
n

>1
0	
m
Eq

/L
/2
4h

7	
(0
.2
)

M
RI

a 
Th

er
e 

is 
no

 d
et

ai
le

d 
in

fo
rm

ati
on

 a
va

ila
bl

e 
ab

ou
t t

he
 p

ati
en

t w
ith

 O
DS

; b 
N

o 
de

ta
ile

d 
in

fo
rm

ati
on

 is
 a

va
ila

bl
e 

re
ga

rd
in

g 
th

e 
cl

in
ic

al
 o

r r
ad

io
gr

ap
hi

c 
di

ag
no

sis
 o

f O
DS

. T
he

re
 w

as
 o

nl
y 

on
e 

pa
tie

nt
 d

ia
gn

os
ed

 
w

ith
 O

DS
 in

 th
is 

st
ud

y;
 c 

Th
e 

st
ud

y 
ha

s d
iff

er
en

t d
at

a 
av

ai
la

bl
e 

fo
r d

iff
er

en
t d

efi
ni

tio
ns

 o
f r

ap
id

 c
or

re
cti

on
; d 

O
ne

 p
ati

en
t h

ad
 O

DS
 o

cc
ur

rin
g 

be
fo

re
 h

os
pi

ta
liz

ati
on

 w
ith

 se
ve

re
 h

yp
on

at
re

m
ia

 a
nd

 w
as

 e
xc

lu
de

d 
fr

om
 o

ur
 ta

bl
e 

1.



 212 • The Journal of Critical Care Medicine 2024;10(3) Available online at: www.jccm.ro

patients had chronic or acute hyponatremia. Current 
guidelines on limiting the rate of serum sodium cor-
rection apply to patients with chronic hyponatremia 
(defined as hyponatremia for more than 48 hours) in 
which the risk of ODS in rapid correction is postulated 
to be greater [1, 2]. Finally, these results only apply to 
patients with an initial serum sodium of less than 120 
mmol/L. 

In conclusion, rapid correction of serum sodium 
may increase the risk of ODS among patients hospital-
ized with severe hyponatremia. Nevertheless, ODS typ-
ically occurs in patients with predisposing risk factors 
regardless of the rate of serum sodium correction. Ex-
isting evidence is based on observational studies which 
are susceptible to biases and well-designed randomized 
controlled trials are needed to validate these results.
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Fig. 1. Forest plot showing the association between rapid serum sodium correction and osmotic demyelination 
syndrome


