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BACKGROUND: Hyponatremia is the most common
electrolyte disturbance amongst hospitalized pa-
tients. An overly rapid rate of correction of chronic
hyponatremia is believed to increase the risk of poor
clinical outcomes including osmotic demyelination
syndrome (ODS). There is disagreement in the liter-
ature regarding the definition of hyponatremic
overcorrection.
METHODS: We performed a systematic review of all En-
glish language studies to identify those that calculated
sodium correction rate and classified patients ’
overcorrection status. We then identified all patients who
presented to our hospital’s emergency department be-
tween 2003 and 2015 with a corrected serum sodium ≤
116 mmol/L. All methods from the systematic review for
sodium correction rate calculation and overcorrection
status were applied to this cohort.
RESULTS:We identified 24 studies citing 9 distinct sodi-
um correction rate methods and 14 criteria for
overcorrection. Six hundred twenty-four patients pre-
senting with severe hyponatremia (median initial value
113 mMol) were identified. Depending on the method
used, the median sodium correction rates in our cohort
ranged from 0.271 to 1.13 mmol/L per hour. The propor-
tion of patients classified with overcorrection with the
different criteria varied almost 11-fold, ranging from 8.5
to 89.9%.
CONCLUSION: Publishedmethods disagree regarding the
calculation of sodium correction rates and the definition
of hyponatremic overcorrection. This leads to wide varia-
tions in sodium correction rates and the prevalence of
overcorrection in patient cohorts. Definitions based on
ODS risk are needed.
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INTRODUCTION

Hyponatremia is the most common electrolyte disorder en-
countered in the hospital, affecting more than 1 in 4 patients.1

Hyponatremia presents clinically from mild changes in cogni-
tion to potentially fatal comas that necessitate emergent treat-
ment. The gravest outcome of hyponatremic treatment is os-
motic demyelination syndrome (ODS) or central pontine
myelinolysis. Studies have identified certain non-modifiable
patient characteristics including a profoundly low initial serum
sodium, cirrhosis, malnutrition, and hypokalemia that increase
the risk of ODS when hyponatremia is corrected.2, 3 The most
recognized modifiable risk factor for ODS is the sodium
correction rate.4 Since physicians can influence the sodium
correction rate, clinicians usually commit a great deal of
energy and concern to avoid hyponatremic overcorrection.
However, the definition of hyponatremic overcorrection is

unclear. Such a definition must describe both a method by
which the sodium correction rate is calculated and an
overcorrection threshold (i.e., a value that categorizes the
former into the presence or absence of overcorrection). For
example, American guidelines4 recommend that sodium cor-
rection rates are calculated by simply determining the change
in serum sodium over the specified period to return an average
rate of sodium change; overcorrection is present if this rate
exceeds 10–12 mMol/L per 24 h or 18 mMol/L per 48 h with
an even more stringent target of 8 mMol/L per 24 h for those
patients at highest risk of developing osmotic demyelination
syndrome. However, European guidelines5 define
overcorrection as a rate exceeding 10 mmol/L during the first
24 h or 8 mMol/L in any 24-h period thereafter, but do not
explicitly state themethod bywhich the sodium correction rate
is calculated. Both sets of guidelines acknowledge the limited
evidence behind these recommendations.
The distinctions in the American4 and European5 guidelines

alone indicate that variation exists in the definition of accept-
able hyponatremia correction rates. However, the extent of this
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variation and its influence on the prevalence of hyponatremic
overcorrection is unknown. In this study, we conducted a
systematic review of the English literature to identify all
studies that calculated sodium correction rates and provided
a definition of overcorrection. We then applied each of these
criteria to a cohort of patients with severe hyponatremia seen
in our hospital’s emergency department to measure the agree-
ment between the correction rates and overcorrection status
from these studies.

METHODS

Systematic Review

After consulting a library information specialist, we developed
a search strategy for the MEDLINE, EMBASE, and Cochrane
Central Register of Controlled Trials databases (Appendix A).
JDW reviewed each citation’s abstract to eliminate those
which clearly did not meet our final inclusion criteria. We
reviewed the full text of the remaining citations to identify
those meeting our final inclusion criteria which included (a)
cohort or randomized controlled study design; (b) explicit
definition of sodium correction rate and criteria for sodium
overcorrection; (c) inclusion of at least 10 patients; and (d)

published in English since 1975. We used these criteria be-
cause a cohort design was required to measure changes in
sodium concentration over time; explicit definitions of correc-
tion rates and criteria were required to apply them to our
cohort; the study sample needed to be large enough for us to
compare our results; and we found very few studies meeting
our criteria prior to 1985, so we reasoned that limiting our
search to post 1975 had very little risk of missing important
papers. We did not publish a protocol for this study.
From each included study, we used a spreadsheet package

to abstract the methods used to calculate the sodium correction
rate. We also identified thresholds for sodium correction rates
which defined overcorrection and reasons why these methods
or criteria were used (if provided). If a range was used for the
overcorrection threshold, the upper limit of the range was
recorded.

Cohort Study

This study took place at a 1000-bed teaching hospital that is
the primary referral center in our region of Ontario, Canada.
Publicly funded health insurance covered all fees for physician
activities, investigations, emergency department visits, and
hospitalizations.6

Table 1 Measurement of Serum Sodium Correction Rates and Threshold for Overcorrection

Sodium correction rate Overcorrection threshold

1 2 3 4 5 6

Name Formula 0.5mmol
L per hour 8mmol

L per 8 h 8mmol
L per day 10mmol

L per day 12mmol
L per day 18mmol

L per 2 days
A

Nafinal−Nainitial
hours

10, 11*

B
Nat¼1 day−Nat¼0

1 day

12, 13 10, 12–19

C
Nat¼2 days−Nat¼0

2 days

14–17

D
Namaximum−Nat¼0

8 hours

20, 21

E
Namaximum−Nat¼0

1 day

22, 23 24–26 20, 21, 27–31

F
Namaximum−Nat¼0

2 days

27–31

G
Naestimated−Nat¼0

1 day *
22 22, 32

H
Naestimated−Nat¼0

2 days *
22, 32

I Average daily area
under the Na vs.
Time curve

33, 34 34

€Nat = 0 represents the first serum sodium measurement
£Nat = X represents the serum sodium measurement closest in proximity to time X
¥Namaximum represents the largest serum sodium measurement during the observation period
μNaestimated represents the time-weighted estimate of the serum sodium measurement at a particular timepoint (specified in the denominator). This
method imputed the Na at the timepoint using linear interpolation between Na values prior to and following the timepoint (George et al. CJASN 2018).
Similar methods were used if Na was measured only once within 12 h of the timepoint, in which case linear interpolation was calculated using the
baseline Na. This rate was undefined for patients without Na measures within 12 h of the timepoint
Rates will be undefined for D, E, and F if patients did not have a Na measured between the initial measure and the timepoint indicated in the
denominator of the equation
*Reference 10 calculated this rate using any sequential sodium measures throughout the first 72 h of the admission (such that Nainitial was the n

th sodium
and Nafinal was the (n + 1)th sodium). Reference 11 used this formula (with Nainitial being the sodium prior to the correction intervention and Nafinal being
the sodium at the end of correction) but did not apply any overcorrection threshold
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We used our hospital’s admission registry to identify all
patients who presented to our hospital’s emergency depart-
ment between 1 January 2003. These dates correspond to the
time when data were first complete and long-term follow-up
was available. Of these patients, we identified the initial serum
sodium measurement during their emergency department en-
counter and used concurrent serum glucose measures to cal-
culate the corrected serum sodium using a modification of the
correction equation from Katz.7

Corrected Nað Þ ¼ Naþ 2*
Glucose mMolð Þ−5:5

5:5

We increased the coefficient in Katz’s equation from 1.6 to
2 to ensure that patients included in our study truly had
hypotonic hyponatremia. Patients without a serum glucose
measure were imputed a normal value. Patients were included
in our study if their initial corrected serum sodium was less
than 116 mMol/L and had their sodium measurement repeated
at least once during their encounter, either in the emergency
department or the subsequent hospitalization. We chose this
threshold of 116 mMol/L because we were primarily interest-
ed in studying ODS in our cohort and this outcome is exceed-
ingly rare in patients whose sodium concentrations are above
this threshold. We included only the patient’s first encounter
with our hospital for severe hyponatremia. We identified all
serum sodium measurements on each patient during their
emergency department and hospital encounter.

Analysis

We applied all methods identified in our systematic review for
calculating sodium correction rate and defining overcorrection
to each patient in our cohort study. Rates were standardized to
change in mmol/L per hour to permit comparisons between
rates. We used the Pearson correlation coefficient to calculate
correlation between sodium correction rates. Mean absolute
differences with 95% confidence intervals were used to quan-
tify agreement between rates. Because the prevalence of
overcorrection was less than 5% for some methods, we used
the prevalence-adjusted bias-adjusted kappa (PABAK) statis-
tic to measure agreement between methods for classifying
overcorrection.8

RESULTS

Systematic Review

Our search strategy (Appendix A) returned 495 citations. Man-
ual review of these citations revealed 84 that were potentially
relevant. Twenty-four of these studies met our inclusion criteria
(Appendix B) 10, 22, 12–34. Most studies evaluated patients in the
emergency department or hospital setting (n = 20). A justifica-
tion for the chosen overcorrection criteria was provided in all 24
(100%) studies; however, these justifications relied predomi-
nantly on information provided in textbooks or guidelines. A
single study justified their overcorrection criteria with a citation
of an article which found an association between ODS and
change in serum sodium concentration of more than
25 mmol/L in the first 48 h. Oddly, this study found no associ-
ation between this correction rate and ODS risk.9

Within these studies, we identified 9 sodium correction rate
formulae and 14 sodium correction rate-overcorrection thresh-
olds combinations (Table 1). Sodium correction rate formulae
ranged from simply dividing the difference between each
sodium and its subsequent value by the number of hours
between the measures (Table 1, rate A) to calculate the area
under the Na vs. time curve (Table 1, rate I). The observation
periods chosen for calculating rates included 8 h (rate D),

Table 3 Comparison of Sodium Correction Rates in 624 Patients

Sodium correction rate Patients with
incalculable rates

Rate (mmol/h)

Minimum 5th %ile 25th %ile Median 75th %ile 95th %ile Maximum

A* 0 (0%) − 2.286 0.398 0.741 1.131 1.907 6.000 360
B 0 (0%) − 0.167 0.042 0.208 0.333 0.50 0.792 2.250
C 0 (0%) − 0.083 0.063 0.188 0.271 0.354 0.479 1.062
D 104 (16.7%) − 0.500 − 0.125 0.125 0.375 0.625 1.250 4.000
E 2 (0.3%) − 0.167 0.083 0.208 0.333 0.458 0.792 2.250
F 0 (0%) − 0.083 0.083 0.188 0.271 0.354 0.479 1.208
G 11 (1.8%) − 0.080 0.053 0.228 0.360 0.510 0.819 2.281
H 71 (11.3%) − 0.185 0.131 0.379 0.576 0.714 0.960 2.127
I1 0 (0%) − 0.167 0.051 0.225 0.354 0.503 0.798 2.281
I2 0 (0%) − 0.092 0.063 0.188 0.274 0.354 0.475 1.064

Values are change in mmol serum sodium per hour of observation. Please see Table 1 for definition of how each rate was calculated
*The maximal sodium correction rate calculated during the initial 72 h of the admission is reported

Table 2 Description of 624 Emergency Department Patients with
Severe Hyponatremia

Factor Value

Mean patient age (SD) 68.2 ± 15.5
Female 379 (60.7%)
Median initial Na (IQR) 113 (110–114)
Malnourished* 40 (6.4%)
Serum K < 3.0 mMol 144 (23.1%)
eGFR < 30 mL/min/1.73 m2 80 (12.8%)
Admitted to hospital 616 (98.7%)
Died in ED or hospital 59 (9.5%)
Median encounter duration in days (IQR) 7 (3–13)

*Stated in any consult note. SD, standard deviation; IQR, interquartile
range; K, potassium; eGFR, estimated glomerular filtration rate; ED,
emergency department
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1 day (rates B, E, G, I), 2 days (rates C, F, H, I), or the time
period between two sequential sodium measures (rate A). The
final sodium value selected for the calculation varied from the
maximum value during the observation period (rates D, E, F)
or the value at the end of the observation period, which was
defined either as that closest to the observation end (rates A, B,
C) or an imputed value using linear interpolation (rates G, H).
Significant variations in overcorrection thresholds were also
identified, varying from as low as 8 mmol/L per day (i.e.,
0.333 mmol/L per hour) to 8 mmol/L per 8 h (i.e., 1 mmol/L
per hour).

Cohort Study

We identified 624 patients who were seen in the emergency
department between 1 March 2003 and 12 December 2015
with an initial corrected serum sodium value less than
116 mmol/L (Table 2). These patients were older (mean age
68 years) and mostly female. Hyponatremia was very severe
with a median initial serum sodium of 113 mmol/L (IQR 110–
114) and almost a quarter of patients having a serum potassi-
um less than 3 mmol/L. Renal dysfunction (eGFR < 30 mL/
min) was noted in 12.8% of patients. Almost all patients were
admitted to hospital. These hyponatremic patients had an
incidence of death in hospital of 9.5%, notably exceeding the
overall crude in-patient death risk during this time of 3.4%.
When we applied the sodium correction rates identified in

our systematic review (Table 1) to our study cohort, notably
different rates resulted (Table 3). Four methods were incalcu-
lable for some patients, with rate D being so in one-sixth of
patients, which was due to the sodium not being repeated
within 8 h of the initial value in 104 (16.7%) patients. The
median sodium correction rates varied extensively from
0.131 mmol/L per hour (rate A) to 1.131 mmol/L per hour
(rate A). Using rate A, one patient had an extraordinarily high
outcome of 360 mmol/h when their sodium increased from
125 to 131 mmol/L when measured 1 min apart. As a result,
the range within specific correction rates also varied tremen-
dously from 1.145 mmol/L per hour (rate C) to 359 mmol/L
per hour (rate D).

Agreement Between Criteria

The correlations and differences between the sodium correction
rates indicated that several of the rate calculation methods
produced results that were notably distinct from the others
(Table 4). Rate A had the largest values and lowest correlations
with the other rate calculation methods (mean Pearson corre-
lation coefficient 0.065), although they remained statistically
distinct from 0with rates E and F. Values calculated with rate H
also differed extensively in values compared with the other
methods. Several methods returned rates that were almost
identical, such as rates B and E. Some rates were strongly
correlated but returned large differences, such as rates H and I2.
The proportion of patients classified as overcorrected also

varied extensively between the different criteria (Table 5).

T
ab

le
4

C
or
re
la
ti
on

s
an

d
D
if
fe
re
nc
es

B
et
w
ee
n
S
od

iu
m

C
or
re
ct
io
n
R
at
es

R
at
e

A
B

C
D

E
F

G
H

I1
I2

A
–

3.
89

(2
.2
1,

5.
57
)

4.
00

(2
.3
2,

5.
68
)

4.
23

(2
.2
7,

6.
19
)

3.
91

(2
.2
3,

5.
60
)

4.
00

(2
.3
2,

5.
67
)

3.
95

(2
.2
4,

5.
66
)

3.
71

(1
.8
8,

5.
55
)

3.
89

(2
.2
1,

5.
57
)

4.
00

(2
.3
2,

5.
68
)

B
0.
05
7

–
0.
11

(0
.1
0,

0.
12
)

−
0.
08

(−
0.
1,

−
0.
05
)

0.
01

(0
.0
0,

0.
02
)

0.
11

(0
.1
0,

0.
12
)

0.
00

(−
0.
0
1,

0.
0)

−
0.
18

(−
0.
2,

−
0.
17
)

0.
00

(0
.0
0,

0.
00
)

0.
11

(0
.1
0,

0.
12
)

C
0.
06
5

0.
80
7

–
−
0.
19

(−
0.
2,

−
0.
16
)

−
0.
10

(−
0.
1,

−
0.
09
)

0.
00

(−
0.
01
,0

.0
)

−
0.
11

(−
0.
13
,−

0.
1)

−
0.
29

(−
0.
3,

−
0.
28
)

−
0.
11

(−
0.
12
,−

0.
1)

0.
00

(0
.0
0,

0.
00
)

D
0.
03
2

0.
60
1

0.
45
8

–
0.
09

(0
.0
6,

0.
12
)

0.
19

(0
.1
5,

0.
22
)

0.
08

(0
.0
4,

0.
11
)

−
0.
12

(−
0.
2,

−
0.
08
)

0.
08

(0
.0
5,

0.
11
)

0.
19

(0
.1
5,

0.
23
)

E
0.
09
6

0.
88
9

0.
73
6

0.
68
5

–
0.
10

(0
.0
8,

0.
11
)

−
0.
01

(−
0.
02
,−

0.
0)

−
0.
19

(−
0.
2,

−
0.
18
)

−
0.
01

(−
0.
02
,0

.0
)

0.
10

(0
.0
8,

0.
11
)

F
0.
09
2

0.
83
9

0.
90
9

0.
54
7

0.
81
4

–
−
0.
11

(−
0.
12
,−

0.
1)

−
0.
28

(−
0.
29
,−

0.
3)

−
0.
11

(−
0.
12
,−

0.
1)

0.
00

(0
.0
0,

0.
01
)

G
0.
06
2

0.
98
2

0.
80
5

0.
61
5

0.
91
7

0.
84
4

–
−
0.
18

(−
0.
2,

−
0.
17
)

0.
00

(0
.0
0,

0.
01
)

0.
11

(0
.1
0,

0.
12
)

H
0.
05
5

0.
81
2

0.
98
3

0.
48
3

0.
75

0.
91
6

0.
82
2

–
0.
18

(0
.1
7,

0.
20
)

0.
28

(0
.2
7,

0.
29
)

I1
0.
06
3

0.
98
5

0.
81
9

0.
61
5

0.
91
9

0.
85
5

0.
99
5

0.
82
1

–
0.
11

(0
.1
0,

0.
12
)

I2
0.
06
4

0.
81
8

0.
98
9

0.
46
2

0.
74
5

0.
92
2

0.
81
5

0.
99
3

0.
83

–

Th
e
P
ea
rs
on

co
rr
el
at
io
n
co
ef
fic
ie
nt

be
tw
ee
n
ra
te
s
is
pr
es
en
te
d
in

ita
lic
s.
Th

e
m
ea
n
di
ffe
re
nc
e
(c
al
cu
la
te
d
as

th
e
ra
te

in
co
lu
m
n
1
m
in
us

ra
te

in
ro
w
1)

w
ith

95
%

co
nf
id
en
ce

in
te
rv
al

is
pr
es
en
te
d
in

bo
ld

Woodfine and Walraven: Measurement of serum sodium correction rate in hyponatremia JGIM318



Overcorrection prevalence ranged almost 11-fold, from a min-
imum of 8.5% of patients (criterion D2) to more than almost
90% of all patients (89.9%, criterion A1) with a median
proportion of 24.9%. Fifty-nine patients (9.5%) met no criteria
for overcorrection; excluding the strictest criterion A1, 268
patients (43.0%) met no criteria. Twenty patients (3.2%)
met all 14 criteria. Excluding patients who met none of the
overcorrection criteria, the distribution for the proportion of
criteria for overcorrection was uniform. Agreement for classi-
fying overcorrection also varied widely between the criteria
(Table 6). Criteria that used the same rate correction equation
but different thresholds (e.g., criteria B3 and B5, criteria G3
and G4) tended to have greater agreement. Criteria A1 had the
least agreement with other criteria (mean PABAK= − 0.25)
while criteria B5 and I5 had the highest agreement with the
other criteria (mean PABAKs of 0.56 and 0.57, respectively).

DISCUSSION

To our knowledge, this is the most extensive examination of
methods used to calculate hyponatremia correction rates and
defining hyponatremic overcorrection. Our systemic review of

the English literature identified 14 distinct methodologies used
to determine hyponatremic overcorrection.When these criteria
were applied to over six hundred patients presenting to our
emergency department with severe hyponatremia, we found
large variations in, and disagreements between, sodium cor-
rection rates. Depending on the criterion used, prevalence of
overcorrection varied more than 12-fold.
Our study has several important findings. First, there are

few data available to guide definitions of overcorrection. Of
the articles identified in our systematic review, only one cited
actual data measuring the association between sodium correc-
tion rate and ODS risk to support their definition of
overcorrection. It is notable that this study found the develop-
ment of ODS was actually independent of the sodium correc-
tion rate.9 As for the guidelines that were cited as justification
for the chosen overcorrection definitions, they too make note
of the paucity of evidence guiding selection of an
overcorrection definition. An evidence-based definition of
hyponatremic overcorrection will require a cohort study that
measures serial sodium values and ODS risk. Second, our
study identified an extensive heterogeneity of overcorrection
definitions which resulted in extensive variations in preva-
lence estimates for overcorrection that was almost 11-fold in
our cohort. Therefore, without standardization amongst defi-
nitions, it is difficult to actually label a patient as
overcorrected. This may have important medico-legal impli-
cations, particularly in cases where patients developed ODS. It
will also complicate studies attempting to measure the associ-
ation of baseline factors with overcorrection risk.
Several issues should be considered when interpreting our

study. First, our systemic review did not include literature
published in languages other than English. We are confident
that we have included the vast majority of studies regarding
the correction of hyponatremia but are uncertain how many
other such studies have been conducted in other languages.
However, we are certain that the essential conclusion of our
study, namely that criteria for calculating correction rates and
defining overcorrection are heterogeneous, would not change
if studies in other languages were included in our study.

Table 5 Prevalence of Overcorrection by Different Criteria

Rate N Overcorrected % (95% CI)

A1 624 561 89.9 (87.5, 92.3)
B3 624 310 49.7 (45.7, 53.6)
B5 624 152 24.4 (21, 27.7)
C6 624 102 16.3 (13.4, 19.3)
D2 520 44 8.5 (6.1, 10.9)
E3 622 292 46.9 (43, 50.9)
E4 622 193 31 (27.4, 34.7)
E5 622 125 20.1 (16.9, 23.3)
F6 624 109 17.5 (14.5, 20.5)
G3 613 326 53.2 (49.2, 57.1)
G4 613 245 40 (36.1, 43.9)
H6 552 110 19.9 (16.6, 23.3)
I5 624 159 25.5 (22.1, 28.9)
I6 624 111 17.8 (14.8, 20.8)

The criterion used to define overcorrection is based on a sodium
correction rate method (letter) and overcorrection threshold (number)
defined in Table 1

Table 6 Agreement Between Criteria Identifying Overcorrection of Patients with Severe Hyponatremia

Criterion A1 B3 B5 C6 D2 E3 E4 E5 F6 G3 G4 H6 I5 I6

A1 –
B3 0.176 –
B5 − 0.311 0.494 –
C6 − 0.471 0.288 0.724 –
D2 − 0.737 − 0.048 0.304 0.388 –
E3 0.135 0.792 0.49 0.317 − 0.019 –
E4 − 0.183 0.59 0.737 0.571 0.212 0.683 –
E5 − 0.401 0.385 0.865 0.724 0.375 0.465 0.782 –
F6 − 0.449 0.311 0.747 0.875 0.381 0.346 0.619 0.76 –
G3 0.218 0.872 0.404 0.205 − 0.119 0.766 0.51 0.308 0.24 –
G4 − 0.022 0.753 0.657 0.439 0.077 0.724 0.724 0.548 0.468 0.74 –
H6 − 0.474 0.221 0.538 0.689 0.237 0.221 0.436 0.519 0.606 0.199 0.394 –
I5 − 0.288 0.516 0.92 0.702 0.304 0.538 0.798 0.83 0.737 0.426 0.686 0.519 –
I6 − 0.442 0.33 0.734 0.946 0.362 0.353 0.599 0.721 0.859 0.253 0.474 0.74 0.712 –

Agreement was quantified using prevalence-adjusted bias-adjusted Kappa
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Second, our cohort study was retrospective. As such, there
were patients in whom insufficient data were collected to
calculate the serum sodium correction rate (most notably
sodium correction rate D). However, this reflects real life
and would be found if the calculation rates in Table 3 were
applied to other observational data. Third, while we were able
to illustrate the heterogeneity in these criteria, we are unable to
determine which method was best. We believe that such a
determination would require a study designed to determine
which of these sodium correction rate methods (Table 3) is
most closely associated with ODS risk. Given the perceived
low risk of this outcome, such a study would need to be very
large to have the statistical power to accurately determine the
association of each sodium correction rate method with ODS
risk.
In conclusion, clinicians, researchers, and administrators

need to be aware that extensive variations in how
hyponatremia correction rates are calculated and how
overcorrection is defined will have important impacts on
metrics in this field. Further research is required to determine
which calculation rate best predicts ODS risk.
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