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Abstract

Disorders of serum sodium are common findings in patients presenting to the emergency department (ED). The aim of
this study was to systematically investigate the prevalence, symptoms, etiology, treatment as well as the course of hyper-
natremia present on admission to the ED. All adult patients with measurements of serum sodium presenting to the ED
between 01 January 2017 and 31 December 2020 were included in this retrospective cohort study. Chart reviews were
performed for all patients with hypernatremia defined as serum sodium > 147 mmol/L. 376 patients (0.7%) had a serum
sodium > 145 mmol/L on admission and 109 patients (0.2%) had clinically relevant hypernatremia > 147 mmol/L. Main
symptoms included somnolence (42%) followed by disorientation (30%) and recent falls (17%). An impaired sense of thirst
was the main cause of hypernatremia as present in 76 patients (70%), followed by a lack of free access to water in 50 patients
(46%). Regarding treatment, only one patient received targeted oral hydration and 38 patients (35%) experienced inadequate
correction of hypernatremia as defined as either a correction of <2 mmol/L or further increasing sodium during the first
24 h. 25% of patients with hypernatremia died during the course of their hospital stay. Patients who died had significantly
lower correction rates of serum sodium (0 mmol/L (-3 — 1.5) versus — 6 mmol/L (—10 — 0), p <0.001). Hypernatremia is
regularly encountered in the ED and patients present with unspecific neurologic symptoms. Initial treatment and correction
of hypernatremia are frequently inadequate with no decrease or even increase in serum sodium during the first 24 h.
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Introduction

Disorders of serum sodium are common in hospitalized
patients as well as in patients presenting to the emergency
department (ED) [1-3]. Hypo- as well as hypernatremia
were identified as predictors for adverse outcome in the criti-
cally ill [4, 5]. Furthermore, evidence is growing that sodium
disorders are not only markers for disease severity but also
impede physiologic functions themselves [6, 7].

In terms of hypernatremia, available data remains
scarce. Imai and colleagues found that the prevalence of
hypernatremia in elderly patients presenting to the ED
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was highest in wintertime, suggesting seasonal differences
[8]. In a review on dysnatremias in the ED, hypernatremia
was predominantly described in the elderly or in patients
depending on others such as infants, patients with men-
tal impairment or the critically ill [9]. Severity of hyper-
natremia mainly depends on the clinical presentation and
community-acquired hypernatremia was defined as serum
sodium > 147 mmol/L by Jung and colleagues [10].

While hyponatremia has a broad spectrum of etiologies,
of which the syndrome of inadequate antidiuretic hormone
secretion, low effective circulating volume through heart
failure or cirrhosis of the liver or diuretics are amongst the
most common [11, 12]. Hypernatremia in outpatients on
the other hand, is mainly caused by an inadequate intake
of electrolyte-free water, due to a lack of access or an
impaired sense of thirst, caused by a central nervous sys-
tem pathology, medication or intoxication [13, 14]. For
hospitalized and critically ill patients the pathophysiology
differs relevantly: here, substitution of hypotonic fluid loss
by isosmotic or even hyperosmotic fluids is the main cause
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of hypernatremia as was shown by tonicity balance studies
[15]. Given these mechanisms leading to hypernatremia, it is
not surprising that hypernatremia is considered an indicator
of the quality of care in the critically ill, although this most
certainly is also true for people in nursing homes or non-
critically ill, hospitalized patients [16].

However, despite the fact that hypernatremia is frequently
encountered, has serious effects on multiple physiologic
functions and represents an independent predictor for an
adverse outcome as outlined above, there is a scarcity of
studies systematically investigating its etiology, adequacy
of treatment as well as the course of the electrolyte disorder.

In the present study, our aim was to evaluate (A) preva-
lence, (B) symptoms, (C) etiology, (D) treatment as well as
(E) outcome of hypernatremia in a series of patients present-
ing to the emergency department of a large, public hospital
with clinically relevant hypernatremia on admission.

Materials and methods
Setting and design

This retrospective cohort analysis of patients with clini-
cally relevant on-admission hypernatremia was conducted
at the Department of Internal and Emergency Medicine of
the Buergerspital Solothurn, a large, public hospital in cen-
tral Switzerland. The interdisciplinary ED is the main point
of access for patients in need of emergency care 24/7 with
approximately 40,000 annual consultations.

Patients selection

All patients admitted to the ED between January 1% 2017
and December 31st 2020 with measurement of serum
sodium were eligible for this retrospective analysis. Exclu-
sion criteria were age younger than 18 years or an oral or
written withdrawal of consent.

Data collection

Of all patients, data on age, sex, medical history, medication,
length of stay and mortality were gathered. Patients were
screened for the presence of hypernatremia as defined by
serum sodium > 145 mmol/L. To rule out clinically less rel-
evant hypernatremia, the cohort analysis was performed on
patients with serum sodium > 147 mmol/L, also described as
community-acquired hypernatremia [4, 10]. Chart reviews
were performed by two members of the study group (SR,
VR) to obtain daily serum sodium levels from day one to
five of the hospitalization and at discharge. Furthermore,
domicile on admission and destination at discharge were
extracted. Etiology of hypernatremia was evaluated on basis
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of medical history, medication review as well as clinical data
such as volume status and vital signs if available. In case
of uncertainty concerning the etiology of hypernatremia,
the chart was discussed with a senior consultant. Treatment
measures were analyzed for the first 24 h after ED admis-
sion. Additional outcome measures in patients with hyper-
natremia were need for intermediate care (IMC) or intensive
care (ICU) admission and sodium correction rate.

Statistical analysis

Data were exported to a statistical software package (SPSS
for Windows, version 28; SPSS Inc; Chicago, IL) for analy-
sis. Continuous data are presented as median and interquar-
tile ranges or as mean and standard deviation (+SD). Distri-
bution of continuous variables was assessed using normal.
Categorical data is presented as absolute counts and percent.
Between-group comparisons of continuous variables were
performed using Students 7 test or Mann—Whitney-U tests,
respectively. Categorical variables were compared using the
x2 test. A two-sided p value < 0.05 was considered statisti-
cally significant.

Ethical considerations

This was a retrospective project so no intervention to the
patient was conducted. The study was approved by the local
ethics committee “Ethikkommission der Nordwest- und Zen-
tralschweiz” (www.EKNZ.ch) and the need for individual
informed consent was waived due to the retrospective nature
of the study (2021-02186).

Results

During the study period, 53,674 patients with measurements
of serum sodium presented to the ED. Mean age of patients
overall was 60 years (+22) and 27,014 (50%) were women.
Mean serum sodium was 138 mmol/L (+3.8), potassium was
3.9 mmol/L (+0.5) and creatinine was 89 pmol/L (+ 60),
respectively. Mean length of stay was 4.1 days (£5.7).

Hypernatremia in the emergency department

In total, 376 patients (0.7%) had a serum sodium exceed-
ing 145 mmol/L and were thus included in the analysis.
Maximum serum sodium observed on admission was
175 mmol/L. Mean age of hypernatremic patients was
67 years (£22) and 178 (47%) were women. Mean length of
stay was 5.6 days (£ 6.7). Of these, 109 patients (0.2%) had
clinically relevant hypernatremia, defined as a serum sodium
exceeding 147 mmol/L. Patients with relevant hypernatremia
were significantly older than those with mild hypernatremia
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(72 years (+22) versus 67 (+22), p=0.002). There was no
difference in the distribution of sex between relevant and
mild hypernatremia (50% versus 46%, p =0.6), but patients
with relevant hypernatremia had a significantly longer length
of stay (7.4 (£ 6.7) versus 4.9 (£6.2), p<0.001).

Characteristics of patients with clinically relevant
hypernatremia

Of all patients with hypernatremia > 147 mmol/L (i.e., 109),
47 patients (43%) were referred to the ED from home, while
51 (47%) were referred from a nursing home and 11 (10%)
from a different hospital including psychiatry wards or reha-
bilitation institutions. The main reasons for ED presentation
in hypernatremic patients were infection (44%), mainly sep-
sis (18%) or pneumonia (16%), trauma (9%) and intoxication
(9%). 4 out of 109 patients (4%) were tested positive for
COVID-19 on admission. Hypernatremia was also present
in patients referred to the ED with neurologic symptoms
including seizures (9%), gastrointestinal problems (7%) and
respiratory problems including pulmonary embolism (6%).
In 23 patients (21%), no symptoms typically attributable to
hypernatremia were present on ED admission as identified
by chart review. Somnolence was the most common symp-
tom, present in 46 hypernatremic patients (42%), followed
by disorientation 33 (30%), history of fall in 18 (17%) and
severe fatigue in 11 patients (10%), respectively. A detailed
overview of symptoms attributable to hypernatremia is given
in Fig. 1. In total, 70 patients (64%) were clearly described
to be hypovolemic on admission by the ED physicians in
charge. In 36 patients (33%), diuretic medication was pre-
sent on admission to the ED of which 30 (28%) were loop
diuretics.

Fig.1 Symptoms of hyper-
natremia on admission to the
emergency department 45

Etiology of hypernatremia

Concerning the etiology of hypernatremia, 76 patients
(70%) suffered from an impaired sense of thirst whereas 50
patients (46%) had no access to free water due to immobil-
ity for example. Renal loss of free water caused by diuretics
was present in 35 patients (32%) and 14 patients (13%) had
increased gastrointestinal fluid loss. 11 patients (12%) had
other identifiable causes for hypernatremia, such as severe
dehydration due to massive blood loss, intoxication with
lithium or impossibility to swallow due to bolus impaction.

Treatment of hypernatremia

In the ED, only one patient explicitly received targeted oral
hydration as a treatment for hypernatremia. 98 patients
(90%) received intravenous hydration: 53 patients (49%)
received a balanced crystalloid solution, 9 patients (8%)
solely received a glucose 5% solution and 2 patients (2%)
received a 0.9% saline solution. 31 patients (28%) received
a combination of a balanced crystalloid and 5% glucose and
3 patients (3%) had a combination of a balanced crystalloid
and 0.9% saline. 11 patients (10%) did not receive hydration
at all. Median total fluid volume infused during the first 24 h
after admission was 1500 ml (800-2500).

Course and outcome of hypernatremia

In total, 38 patients (35%) were considered inade-
quately corrected during the first 24 h after admission:
in 20 patients (18%) a further rise of serum sodium was
detected, while 8 patients (7%) had no decline of serum
sodium and 7 patients (6%) had a decline of less than
2 mmol/L/24 h. In 3 patients (3%) an overcorrection of
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serum sodium of > 10 mmol/L was measured. The course
of serum sodium over the first 5 days after hospitalization
is depicted in Fig. 2.

3 patients (3%) were admitted to the intermediate care
unit and 17 patients (16%) to the intensive care unit. 27
patients (25%) with hypernatremia died during hospitaliza-
tion. Serum sodium on admission was not different between
the patients that survived and the deceased (150 mmol/L
(148-152) versus (151 mmol/L (148-156), p=0.32). Delta
serum sodium between admission and discharge/death was
significantly higher in patients who survived (-6 mmol/L
(-10-0) versus 0 mmol/L (-3-1.5), p <0.001). Table 1 gives
an overview of patients who survived compared to those
who died.

Fig.2 Course of serum sodium
in mmol/L during first 5 days of

Of the 82 patients discharged from the hospital, 33
patients (40%) were still hypernatremic at the time of dis-
charge. Of the 37 surviving patients being admitted from
home, 7 (19%) were newly discharged to a nursing home
and 9 (24%) were discharged to another hospital including
rehabilitation or psychiatry. All 34 survivors admitted from
a nursing home were discharged to the same destination.

Discussion

The present study showed that on-admission hypernatremia
is by far less common than hyponatremia but still frequently
observed in the ED. It was shown that the disorder is not

Course of serum sodium during hospitalization

hospitalizations 185
175
165 <
155
145
135
125
Na0 Na1 Na2 Na3 Na4 Na5
Table 1 Comparisqn of course Deceased Survivors p value
and outcome of patients
with clinically relevant N 27 (25%) 82 (75%) _
hypernatremia Median serum sodium (mmol/L) 151 (148-156) 150 (148-152) 0.32
Median delta sodium in 24 h (mmol/L) —1(—2.25-225) -2(-4-1) 0.19
Median delta sodium at discharge (mmol/L) 0(-3-15) -6(-10-0) <0.001
Median length of hospital stay (days) 52-7) 6 (2-10) 0.2
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exclusive to the very elderly population living in nursing
homes as can be seen by the mean age of 67 years of hyper-
natremic patients and almost half of them being referred
from home. Most common reasons for ED referral in
patients with clinically relevant hypernatremia were infec-
tions, mainly sepsis and pneumonia, followed by trauma
and intoxications. Furthermore, it was found that hyperna-
tremia treatment was inadequate in many cases with serum
sodium either remaining constant or even increasing dur-
ing the first 24 h after ED admission. Mortality in hyperna-
tremia > 147 mmol/L was high at 25%, while patients with
adverse outcome had significantly less decline in serum
sodium than those who survived.

The results of this study including the prevalence of
hypernatremia defined as serum sodium of > 145 mmol/L of
0.7% and the prevalence of clinically relevant on-admission
hypernatremia defined as > 147 mmol/L of 0.2% are con-
sistent with previous findings [2, 8]. No statistically signifi-
cant rise in hypernatremia prevalence was found during the
COVID-19 pandemic as could have been suspected due to
staff shortages in nursing homes and consequent deteriora-
tion in the quality of care of inhabitants (data not shown).

The main symptoms attributable to hypernatremia were
somnolence, disorientation as well as falls. These findings
stand in line with the limited evidence available [2]. These
symptoms can be well explained by the effect of hyperna-
tremia and its associated hyperosmolarity on the central
nervous system [13]: extracellular hyperosmolarity leads to
a shift of free water from the intra- to the extracellular space
and consequent cerebral dehydration, which is counteracted
over the longer term.

Although several reviews discussed the mechanisms lead-
ing to hypernatremia, there is a lack of systematic investiga-
tions of the etiology of on-admission hypernatremia. In the
present study, an impaired sense of thirst paired with limited
access to free water was the main reason for the development
of hypernatremia, often as a combination of both. However,
increased fluid loss caused by diuretics was also an identifi-
able cause in one in three patients. Very similar to critically
ill patients, these results imply that hypernatremia and its
prevalence can be considered an indicator of neglect in per-
sons living in institutions such as nursing homes [16].

One of the most intriguing findings of the present study is
the commonly encountered insufficient treatment of hyper-
natremia: as many as 35% of patients experienced stable or
even rising serum sodium levels during the first 24 h after
admission to the ED. This might be caused on the one hand
by a lack of awareness of hypernatremia itself or underesti-
mating its adverse effects. On the other hand, an inadequate
choice of fluid therapy might be an explanation for our
findings: hypotonic fluids were part of the initial hydration
therapy in only a third of the patients while targeted oral
hydration was used in one single patient only. Strikingly,

many patients had only small or lacking corrections of serum
sodium during the entire course of hospitalization. On the
other end of the spectrum, three patients (3%) were even
found to be overcorrected with a decline in serum sodium
exceeding 10 mmol/L during the first 24 h after admission.
These results underline that the creation of awareness for
hypernatremia as well as its adverse effects on patients must
be enforced, especially in physicians working in internal and
emergency medicine.

The finding that deceased patients had a significantly
lower reduction of serum sodium than those who survived
could be interpreted as insufficient treatment, but may as
well be an expression of a more severe underlying disease.
This question cannot be answered on basis of the present
analysis.

The present study is limited by its retrospective design.
Therefore, insufficient documentation cannot be excluded in
some cases. Moreover, we were dependent on detailed docu-
mentation as well as the correctness of the clinical evalu-
ation of the physicians in charge of the included patients.

In conclusion, we could find that relevant on-admission
hypernatremia is encountered on a low but regular basis in
the ED, mainly caused by an impaired sense of thirst and/
or lack of access to free water. Despite the measurement
of serum sodium hypernatremia appears to be frequently
neglected and treatment was often inadequate during the
first 24 h after admission.
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