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Objective Hyponatremia and hypernatremia are common electrolyte disorders. Few studies to
date have focused on patients presenting to the emergency department (ED) with sodium (Na)
disorders. Qur objective was to determine the incidence and outcomes of hyponatremia and hy-
pernatremia in ED patients.

Methods This study was a retrospective, single-center review of electronic medical records at an
academic suburban ED with approximately 100,000 annual visits. Subjects included consecutive
adult ED patients with Na levels measured while in the ED in 2019. Demographic, clinical, and
laboratory data were recorded. Outcomes data, including hospital admission, intensive care unit
(ICU) admission, mortality, and length of stay (LOS), were recorded. The primary outcome was in-
hospital death. Secondary outcomes were hospital admission, ICU admission, ED LOS, and hospi-
tal LOS. Univariable and multivariable linear and logistic regression analyses were performed to
explore the association of candidate predictor variables and outcomes.

Results Na was measured in 57,427 adults (54%) among a total of 106,764 assessed ED visits in
2019. The mean * standard deviation age was 54+ 21 years, and 47% of participants were male.
Mild, moderate, and severe hyponatremia and hypernatremia occurred in 8%, 2%, and 0.1% of
patients and 1%, 0.2%, and <0.1% of patients, respectively. Hospital and ICU admission and
mortality rates increased as Na levels increased or decreased further from normal. Adjusted odds
ratio (95% confidence interval) values for hospital mortality were 2.39 (1.97-2.90) for mild hy-
ponatremia, 3.93 (2.95-5.24) for moderate hyponatremia, 6.98 (2.87-16.40) for severe hypona-
tremia, 3.65 (2.47-5.40) for mild hypernatremia, 8.58 (4.92-14.94) for moderate hypernatremia,
and 55.75 (11.37-273.30) for severe hypernatremia. Hypernatremia was associated with a great-
er risk of death than hyponatremia. Patients with hyponatremia and hypernatremia had increased
LOS times compared to those with normal Na levels.

Conclusion Hyponatremia and hypernatremia were associated with greater rates of hospital ad-
mission, ICU admission, mortality, and prolonged hospital LOS times.
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What is already known

Capsule
Summary

What is new in the current study

with increased length of stay.

Hyponatremia and hypernatremia are common electrolyte disorders; however, there is a paucity of research pertaining
to outcomes of sodium derangements in emergency department patients.

Both hyponatremia and hypernatremia were associated with increased rates of hospital admission, intensive care unit
admission, and mortality. Outcomes worsened, and were proportional to, increases or decreases from normal sodium
level. Outcomes were worse in hypernatremia compared to hyponatremia. The presence of dysnatremia was associated

INTRODUCTION

Electrolyte disorders are common in patients presenting to the
emergency department (ED). Hyponatremia is the most common
electrolyte abnormality observed and is found in approximately
3% to 6% of ED patients [1,2]. Hyponatremia is important to rec-
ognize as it has been associated with increased hospital length of
stay (LOS) times, increased morbidity or mortality, and increased
health care costs [3-7]. Although there are several causes of hy-
ponatremia, some of the more common risk factors include heart
failure, chronic kidney disease, hepatic failure, body fluid losses,
and disorders that increase the total body water content like the
syndrome of inappropriate antidiuretic hormone and adrenal in-
sufficiency.

Hypernatremia is less common than hyponatremia and is un-
common in previously healthy patients, as most cases are due to
a total body water deficit from either poor access to water or an
impaired thirst mechanism [1]. As such, hypernatremia is more
commonly seen in elderly patients and patients with mental or
physical impairment. Other risk factors include heat illness, in-
creased fluid losses, excessive salt intake, and disorders that fa-
cilitate a reduction in total body water content such as diabetes
insipidus. Hypernatremia is associated with increased morbidity
and mortality rates among hospitalized patients [8]. One large
retrospective study found that, in patients with severe hyperna-
tremia (sodium [Na] > 160 mmol/L), the mortality rate during hos-
pitalization was almost 50% [9].

Although mild cases in asymptomatic patients may not require
acute intervention, prompt recognition and treatment are required
to prevent the morbidity and mortality associated with more se-
vere cases of hyponatremia and hypernatremia. As the life expec-
tancy in the United States continues to rise [10] and many of the
disorders that cause Na abnormalities are common in the elderly,
we can expect that hyponatremia and hypernatremia will contin-
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ue to place a significant burden on our health care system in the
decades to come.

Although Na derangements are common and potentially dan-
gerous, there is a paucity of ED literature. Many of the studies
pertaining to Na derangements involve hospitalized or ambulato-
ry care patients [11-13]. Some studies exist that evaluated hypo-
natremia or hypernatremia not in general ED patients but instead
under specific circumstances, such as acute kidney injury [14],
sepsis [15], or pneumonia [16]. Other ED-based studies have eval-
uated risk factors for hyponatremia and hypernatremia, including
season and age [17-20]. There are ED-based studies that have
compared the severity and outcomes of potassium disturbances
[21]; however, our review of the literature did not yield many stud-
ies comparing the prevalence and outcomes of hyponatremia and
hypernatremia in ED patients.

Our study aims to evaluate the incidence rates of mild, moder-
ate, and severe hyponatremia and hypernatremia amongst ED
patients and to compare the outcomes across those groups. We
also explored the association of predictor variables and outcomes.
Lastly, we examined the impact of Na derangement on ED and
total hospital LOS. This study is unique in that it directly com-
pares the mortality rates of hyponatremia and hypernatremia in
ED patients.

METHODS

Ethics statements
As a retrospective chart review, the requirement for informed con-
sent was waived.

Study design, setting, and patients

This study was a structured, retrospective review of electronic
medical records for consecutive adult ED patients with Na levels
measured while in the ED in 2019. All adult patients (> 18 years
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of age) who had a Na level measured were included. There were
no exclusion criteria other than adult patients without a Na level
measurement. This was a single-center study that took place at a
tertiary care, level | trauma center, which is an academic subur-
ban ED located in Long Island, NY, USA, with approximately 100,000
annual visits.

Data collection and laboratory testing

Demographic, clinical, and laboratory data were recorded. Na was
measured using a Cobas ¢501 analyzer (Roche), with a normal
range defined as 130 to 145 mEg/L. Hyponatremia was defined
as mild, moderate, and severe at < 130-134, 120-129, and < 120
mEq/L, respectively. Mild, moderate, and severe hypernatremia
were defined as 146-149, 150-169, and > 170 mEq|/L, respec-
tively. The mortality rate was defined by the number of deaths
that occurred in the hospital.

QOutcomes

Our primary outcome was in-hospital death. Secondary outcomes
were hospital admission, intensive care unit (ICU) admission, ED
LOS, and hospital LOS.

Data analysis
We used descriptive statistics to summarize the data. Binary and
categorical data are presented as numbers and percentages fre-

Table 1. Demographic data and the incidence of sodium disturbance
(n=57,427)

Variable Value
Age (yr) 54+21
Male sex (%) 26,990 (47)
Charlson comorbidity Index 1.4+1.8
Sodium level
Hyponatremic 5,512 (10)
Normal 51,193 (89)
Hypernatremic 722 (1)

Values are presented as mean + standard deviation or number (%).

Hyponatremia and hypernatremia in the ED

quencies of occurrence and compared across groups with the
chi-squared or Fisher exact test as appropriate. Continuous data
are presented as means and standard deviations or medians and
interquartile ranges. Univariable analysis and multivariable linear
regression were used to compare outcomes by Na level and are
presented as adjusted odds ratios (aORs). Multivariable models
adopted linear regression for LOS data and logistic regression for
admission, ICU, and mortality data, with coefficients for the for-
mer and ORs for the latter. Multivariable outcome predictors, in-
cluding sex, age, and the presence and severity of dysnatremia,
were analyzed, and ORs were calculated to determine the impact
on hospital admission, ICU admission, and mortality. Coefficients
were calculated for various LOS predictors, including age, sex, Na
level, and Charlson Comorbidity Index (CCI). All analyses were con-
ducted using IBM SPSS ver. 27 (IBM Corp).

RESULTS

A total of 106,764 ED visits occurred in 2019 and, during these
visits, Na was measured in 57,427 adults (54%). Forty-six percent
of these patients were male, and their mean + standard deviation
age was 54+ 21 years. The mean CCl was 1.4+ 1.8 points. A sum-
mary of results is presented in Table 1.

As seen in Table 2, mild, moderate, and severe hyponatremia
occurred in 8%, 2%, and 0.1% of patients, respectively, while mild,
moderate, and severe hypernatremia occurred in 1%, 0.2%, and
<0.1% of patients. For mild and moderate hyponatremia, rates
were similar in men and women (49% vs. 51%): however, we
found a female sex predominance in the group of patients with
severe hyponatremia (64% female vs. 36% male). In the mild and
moderate hypernatremia groups, we found a slight male predom-
inance; conversely, 57% of the cases of severe hypernatremia
were observed in women. The mean age was higher in patients
with hyponatremia compared to normal Na levels. The mean age
was also higher in patients with hypernatremia compared to nor-
mal Na levels, with the most drastic difference observed in the

Table 2. Demographic data according to the severity of hyponatremia and hypernatremia (n=57,427)

Hyponatremia Normal Hypernatremia
Variable
Mild Moderate Severe Na level Mild Moderate Severe

No. of cases 4,412 (8) 1,028 (2) 72 (0.1) 51,193 (89) 603 (1) 112 (0.2) 7(<0.1)
Sex

Male 2,179 (49) 505 (49) 26 (36) 23,560 (46) 321 (53) 60 (54) 3(43)

Female 2,233 (51) 523 (51) 46 (64) 27,633 (54) 282 (47) 52 (46) 4(57)
Age (yr) 6119 65+17 65+ 16 53+21 61+21 69+22 82+15
CCl 2.1+20 22+2.1 1.7+1.8 13+£1.7 1.4+£1.7 19+1.6 1.7+1.6

Values are presented as number (%) or mean * standard deviation.
Na, sodium; CCl, Charlson Comorbidity Index.

174

www.ceemjournal.org



Karalynn Otterness, et al.

severe hypernatremia category (mean age, 82 years vs. 53 years
for the normal Na population). The mean CCl score was higher in
all groups of hyponatremia and hypernatremia compared to pa-

Table 3. Multivariable predictors of outcomes

Predictor Odds ratio 95% Confidence interval
Admission
Sex
Male Reference
Female 0.90 0.87-0.93
Age 1.02 1.02-1.03
Na level
Normal Reference
Hyponatremia
Mild 2.01 1.88-2.15
Moderate 4.87 4.14-5.73
Severe 16.88 6.75-42.23
Hypernatremia
Mild 1.50 1.27-1.78
Moderate/severe? 6.43 3.79-10.89
CCl 1.21 1.19-1.22
Intensive care unit (admitted only)
Sex
Male Reference
Female 0.79 0.74-0.84
Age 1.00 0.99-1.00
Na level
Normal Reference
Hyponatremia
Mild 1.06 0.96-1.16
Moderate 1.18 1.01-1.39
Severe 3.35 2.07-5.42
Hypernatremia
Mild 0.91 0.69-1.18
Moderate 1.20 0.76-1.90
Severe 1.39 0.27-7.20
CCl 0.95 0.94-0.98
Mortality
Sex
Male Reference
Female 0.70 0.60-0.81
Age 1.05 1.04-1.05
Na level
Normal Reference
Hyponatremia
Mild 2.39 1.97-2.90
Moderate 3.93 2.95-5.24
Severe 6.98 2.87-16.40
Hypernatremia
Mild 3.65 2.47-5.40
Moderate 8.58 4.92-14.94
Severe 55.75 11.37-273.30
CCl 1.03 0.99-1.07

Na, sodium; CCl, Charlson Comorbidity Index.
“The severe hypernatremia group was combined with the moderate hypernatre-
mia group due to the O nonadmissions in the former group.
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tients with normal Na levels.

Outcome data are summarized in Table 3 and Figs. 1 and 2. Ad-
mission, ICU admission, and mortality rates increased as Na levels
increased or decreased further from normal. Hypernatremia was
associated with a greater risk of death than hyponatremia. Com-
pared to patients with normal Na levels, the aOR (95% confi-
dence interval [Cl]) values of mortality in patients with hypona-
tremia were as follows: mild, 2.39 (1.97-2.90); moderate, 3.93
(2.95-5.24); and severe, 6.98 (2.87-16.40). In comparing the hy-
pernatremia group to patients with normal Na levels, the aOR
(95% Cl) values of mortality were as follows: mild, 3.65 (2.47-
5.40); moderate, 8.58 (4.92-14.94); and severe, 55.75 (11.37-
273.30). Age (aOR, 1.048; 95% Cl, 1.043-1.053) and female sex
(aOR, 0.70; 95% Cl, 0.60-0.81) were also associated with mortal-
ity, and the CCl was associated with admission rate (aOR, 1.21;
95% Cl, 1.19-1.22).

LOS data are reported in Table 4. Multivariable linear regres-
sion was used to analyze the data. Coefficients indicate the incre-
ased number of LOS hours if the factor is present. Stepwise linear
regression was performed with potential predictors such as age,
sex, Na level, and CCl. Patients with moderate and severe hyper-

100 93
90 - a1 = Mild
80 |- Moderate
g 70 - Severe
= 60 |-
2 sof 46
2 40|
e
o 30 - 21
20 L 15 ;8
10 . 3
0 —
Admission ICU admission Mortality

Fig. 1. Severity of hyponatremia and patient outcomes. P<0.001 for all
outcomes. ICU, intensive care unit.
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80 - Moderate
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[ —
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Fig. 2. Severity of hypernatremia and patient outcomes. P<0.001 for ad-
missions, P=0.004 for intensive care unit (ICU) admissions, and P<0.001
for mortality.
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Table 4. LOS predictors

Predictor Coefficient 95% Confidence interval
Total LOS (ED discharges and admits)?
Age (per yr) 0.9 0.8-1.0
Sex
Female Reference
Male 18.0 14.4-215
CCl (per point) 8.8 7.7-9.9
Na level
Normal Reference

Hyponatremia

Mild 38.3 31.6-45.0
Moderate 86.9 73.4-100.5
Severe 169.2 117.8-220.6
Hypernatremia
Mild 56.9 39.3-74.4
Moderate/severe® 112.6 70.6-154.6
Total LOS (admits only)?
Age (per yr) 04 0.2-0.6
Sex
Female Reference
Male sex 33.8 25.7-41.8
CCl (per point) 49 2.8-7.1
Na level
Normal Reference
Hyponatremia
Mild 29.6 16.8-42.4
Moderate 55.1 32.6-77.5
Severe 112.5 34.6-190.4
Hypernatremia
Mild 84.2 48.2-120.1
Moderate/severe? 70.7 40-137.4
ED LOS (nonadmits only)?
Age (per yr) 0.03 0.03-0.04
Sex
Female Reference
Male 0.9 0.6-1.1
CCl (per point) 0.2 0.1-0.2
Na level
Normal Reference
Hyponatremia
Mild 1.1 0.6-1.6
Moderate 2.6 1.2-39
Severe 1.3 0.5-22.1
Hypernatremia
Mild 3.7 2.6-49
Moderate/severe? 6.6 1.5-11.8

LOS, length of stay; ED, emergency department; CCl, Charlson Comorbidity Index;
Na, sodium.

JExcludes deaths. YCases of moderate and severe hypernatremia were combined
due to the small number of severe cases.

natremia were combined into a single group due to the small num-
ber of severe cases. For all calculated LOS data, increased age led
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to increased LOS times. Excluding deaths, for the total LOS (ED
discharges and admissions), male sex and CCl were associated
with greater LOS times with coefficients of 18.0 and 8.8, respec-
tively. All severities of hyponatremia and hypernatremia increased
the LOS, and the increase in LOS was proportional to the degree
of Na derangement, with the largest coefficients seen in severe
hyponatremia (169.2) and moderate/severe hypernatremia (112.6).
Total LOS data for admitted patients showed similar yet less dras-
tic trends, with male sex (coefficient, 33.8), CCl (coefficient, 4.9),
and Na derangement (severe hyponatremia coefficient, 112.5;
moderate hyponatremia coefficient, 55.1; mild hyponatremia co-
efficient, 29.6; mild hypernatremia coefficient, 84.2; moderate/
severe hypernatremia coefficient, 70.7) leading to increased LOS
times. For ED LOS, similar associations were found, yet the effect
of all predictors on ED LOS was smaller than that on total LOS.
For ED LOS, coefficients were as follows: male sex, 0.85; CCl, 0.151;
severe hyponatremia, 11.3; moderate hyponatremia, 2.6; mild hy-
ponatremia, 1.1; mild hypernatremia, 3.7; and moderate/severe
hypernatremia, 6.6.

Table 5 shows the rates of hospital admission, ICU admission,
death, and LOS for patients with varying degrees of hyponatre-
mia, hypernatremia, and normal Na levels. As expected, the pres-
ence of hyponatremia and hypernatremia led to increased rates
of hospital admission, which were proportional to the severity of
the dysnatremia. Ninety-three percent of patients with severe
hyponatremia and 100% of patients with severe hypernatremia
were admitted compared to 39% of patients with normal Na
levels. This trend was also reflected in ICU admission rates, with
severe, moderate, and mild hyponatremia ICU admission rates of
499%, 26%, and 24% recorded, respectively, compared to the
lower rate of ICU admission of patients with normal Na levels
(239%). For patients with severe, moderate, and mild hypernatre-
mia, the ICU admission rates were 29%, 26%, and 21%, respec-
tively. Rates of death were higher in patients with dysnatremia
compared to normal Na levels. For patients with severe, moder-
ate, and mild hyponatremia, death rates were 8%, 5%, and 3%,
respectively, while, for those with severe, moderate, and mild hy-
pernatremia, death rates were 57%, 14%, and 5%, respectively.
Only 1% of deaths occurred in patients with normal Na levels.
Lastly, the LOS data in Table 4 show that abnormal Na levels
contributed to increased total and ED LOS times. For all catego-
ries (total LOS [all patients], ED LOS, and total LOS [admitted pa-
tients]), patients with mild, moderate, and severe hyponatremia
and hypernatremia had more LOS hours than those with normal
Na levels.

www.ceemjournal.org
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Table 5. Disposition and LOS (n=57,427)

CEEM

Hyponatremia

Hypernatremia

Rate Normal
Mild Moderate Severe Mild Moderate Severe

Admitted 2,772 (63) 837 (81) 67 (93) 20,148 (39) 323 (54) 95 (85) 7 (100)
Intensive care unit

All patients 668 (15) 215 (21) 33 (46) 4,662 (9) 69 (11) 25(22) 2 (29)

Admitted patients only 668 (24) 215 (26) 33 (49) 4,662 (23) 69 (21) 25 (26) 2 (29)
Died 138 (3) 56 (5) 6(8) 511 (1) 29 (5) 16 (14) 4(57)
Total LOS (hr)

All patients“] 115 (287) 169 (257) 243 (272) 62 (195) 128 (679) 198 (261) 154 (92)

Admitted patientsa] 179 (349) 204 (273) 254 (274) 145 (294) 233 (929) 226 (271) 154 (159)
ED LOS (hr) 1 (11) 13(12) 21(23) 9(9) 13 (11) 16 (17) No cases

Values are presented as number (%).
LOS, length of stay; ED, emergency department.
JExcludes deaths (since it censors LOS).

DISCUSSION

Sodium disorders are common—one population-based cross-sec-
tional study of > 14,000 adults recorded a hyponatremia preva-
lence rate of 1.72% in the general population and determined
that hyponatremia predicted mortality independent of comorbidi-
ties, age, or sex [22]. Multiple studies show that severe hypona-
tremia and hypernatremia in hospitalized patients is associated
with increased morbidity and mortality rates [3-9]. Despite the
prevalence and clinical importance of dysnatremia, there is a pau-
city of literature pertaining to hyponatremia and hypernatremia
in the ED. One retrospective study from 2012 evaluated the prev-
alence and symptoms of hyponatremia and hypernatremia in the
ED as well as the correction rates once hospitalized [23] and re-
corded prevalence rates of 10% and 2% for hyponatremia and
hypernatremia in the ED, respectively. Severe hyponatremia (Na <
121 mmol/L) was present in 0.38% of patients who had their Na
levels checked, while severe hypernatremia (Na> 149 mmol/L)
was present in 0.17%. However, this study was conducted at a
single hospital in Switzerland, and its results may not be general-
izable to the US population.

Our study found that hyponatremia was more common than
hypernatremia in ED patients and determined that mild dysna-
tremia was more common than severe dyshatremia. Mild, mod-
erate, and severe hyponatremia occurred in 8%, 2%, and 0.1%
of patients, respectively, whereas mild, moderate, and severe hy-
pernatremia occurred in 1%, 0.2%, and <0.1% of patients.
When assessing mild and moderate hyponatremia cases, the
rates were nearly equal in men and women. In contrast, severe
hyponatremia was more common in women (64% vs. 36% in
men), which is consistent with findings observed in prior studies
[5,22,24]. Although not entirely clear, the reasons for this differ-
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ence are likely multifactorial and may include sex-related differ-
ences in Na metabolism due to estrogen stimulation of arginine
vasopressin and increased expression of renal vasopressin recep-
tors leading to greater sensitivity to antidiuretic hormone in
women [24-26).

Literature pertaining to sex differences in ED patients with hy-
pernatremia is lacking. More data exist for hospital-acquired hy-
pernatremia, but they are controversial, with some studies show-
ing a female sex predominance [20,27,28] and other studies
showing a male sex predominance [23,29]. In our study, there
was a slight male sex predominance for mild and moderate hy-
pernatremia, while women were predominant in the severe hy-
pernatremia group (57% female vs. 43% male). However, severe
hypernatremia was relatively rare, so an absolute difference of
one patient (four women vs. three men) accounted for that ob-
served difference. Nonetheless, we found proportionally more fe-
male patients in the extreme ranges of Na derangement (i.e., se-
vere hyponatremia and severe hypernatremia). As expected, the
CCl score was greater in all groups of hyponatremia and hyper-
natremia compared to patients with normal Na levels.

Our study found that patients with dysnatremia were older
than those with normal Na levels. The difference was most pro-
nounced in the severe hypernatremia category, with a mean age
of 82+ 15 years compared to mean age of 53+21 years among
those with normal Na levels. Our data are consistent with what is
already known in the literature, as hypernatremia is more com-
mon in patients with impaired thirst or poor access to water, put-
ting elderly patients at particularly high risk. On the other end of
the spectrum, hyponatremia is also more common in elderly pa-
tients due to increased comorbidities (renal insufficiency, heart
failure, etc.), diuretic use, and the syndrome of inappropriate an-
tidiuretic hormone [7].
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Our outcomes data demonstrate that both hyponatremia and
hypernatremia in the ED are associated with increased risks of
hospitalization, ICU admission, and death. The increases in ad-
verse outcomes are proportional to the severity of Na derange-
ment. Due to the retrospective and observational nature of this
study, it is unclear whether the abnormality in Na concentration
itself is the cause of the increased morbidity and mortality rates.
Dysnatremia may also be a marker of disease severity, where the
associated morbidity and mortality result from the underlying
disease leading to the abnormal Na level. In some patients, both
a deranged Na level and underlying diseases may have contribut-
ed to worse outcomes. These findings are not surprising, as prior
studies have also shown that Na derangements are associated
with higher rates of hospitalization and morbidity/mortality [3-9].
A study by Arampatzis et al. [23] found that > 20% of ED patients
with severe hyponatremia (Na< 121 mmol/L) and hypernatremia
(Na> 149 mmol/L) required ICU admission and that morbidity
was greater in patients with severe hypernatremia (28%) than
those with severe hyponatremia (13%). Surprisingly, 46% of pa-
tients with severe hypernatremia had no Na level checked the
next day, and 18% received no treatment for their hypernatremia.
These rates were higher than those of patients with severe hypo-
natremia (among whom 149% had no Na level checked the next
day and only 4% received no treatment). Although this study was
performed at a hospital in Switzerland, it highlights the impor-
tance of recognizing and properly treating severe dysnatremia.
Similarly, our study found that, although hyponatremia was more
common, patients with hypernatremia had worse outcomes. While
the aORs of mortality were higher for all categories of hyperna-
tremia compared to hyponatremia, the difference was most pro-
nounced in the severe category. Compared to those for a normal
Na level, the aOR (95% Cl) values of mortality for severe hyper-
natremia were 55.75 (11.37-273.30) compared to 6.98 (2.87-16.40)
for severe hyponatremia. We also found that age (OR, 1.048; 95%
Cl, 1.043-1.053) and female sex (OR, 0.70; 95% Cl, 0.60-0.81)
were associated with mortality.

Our LOS data revealed that, for all severities of hyponatremia
and hypernatremia, the LOS was increased compared to that of
patients with normal Na levels. In general, the severity of Na de-
rangement was proportional to the increase in LOS time, with
more severe Na derangements leading to even longer LOS times.
An exception to this can be seen in the total LOS (admits only) in
Table 3, where the coefficient for mild hypernatremia was 84.2
compared to that of 70.7 for moderate/severe hypernatremia. The
reason for this is unclear, as deaths were excluded. Regardless, it
remains clear that both hyponatremia and hypernatremia, when
present, lead to an increased LOS.
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Our study has several important limitations. A major limitation
of our study is its retrospective nature, which is subject to nu-
merous biases. Thus, our results demonstrate associations and
cannot establish causality. As such, the results should be consid-
ered exploratory or hypothesis-generating only. As a single-center
study at a large suburban academic hospital, our results may not
be generalizable to different patient populations and other clini-
cal settings. Additionally, as a retrospective chart review, our re-
sults are susceptible to selection bias. Although not a unique lim-
itation to our study, different studies use different cutoffs to de-
fine mild, moderate, and severe dysnatremia. As such, the defini-
tions we used may differ from those of other studies, which could
impact how the data are interpreted. We did not evaluate the
causes or chronicity of hyponatremia or hypernatremia in our
study cohort. As these factors may significantly impact patient
outcomes, future studies could yield more robust information by
collecting these data. It is impossible to know the degree to which
the mortality observed in our study was attributable to the dys-
natremia versus other comorbid conditions, so our results are sub-
ject to residual confounding.

Hyponatremia and hypernatremia are commonly discovered in
the ED, and both were associated with higher rates of hospital
admission, ICU admission, and mortality. They are also associated
with prolonged hospital LOS times. The study outcomes worsened
according to the severity of Na derangement.
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