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Abstract: Background: Electrolyte imbalances strongly impact on morbidity and mortality rate in elderly
adults. In particular, residents of long-term care facilities may develop life-threatening conditions as a result
of altered serum electrolyte concentration. European nursing homes have restricted availability of general
practitioner, therefore the role of nurses in medical care, prevention practices, early symptoms identification and
communication with physicians is indispensable. Many of the risk factors associated with electrolyte imbalances
are modifiable or preventable and have to be adequately recognized and managed by health professionals
in nursing home settings. Objective: The aim of this review is to discuss prevalence and management of
electrolyte imbalances in long-term care facilities with focus on nursing homes. Design: Narrative literature
review. Methods: Search was performed in MEDLINE/PubMed and CINAHL databases. Key search terms
associated with electrolyte imbalances including hyper- and hypo-states of sodium, potassium and magnesium
were utilized in the subject search in combination with nursing homes, long-term care and older adults. Results
and Conclusions: Published research studies reported higher prevalence of electrolyte imbalances and related
mortality rate in nursing home residents when compared to older community adults. Serum sodium imbalances,
hyponatremia and hypernatremia, were the most commonly identified. High incidence was also documented
for hypomagnesemia and associated hypokalemia. Risk factors strongly associated with electrolyte imbalances
included nursing home resident’s dietary/ hydration status, presence of comorbidities and type of prescribed
medications. In this review we also summarise early signs of electrolyte imbalances and assessments that can
be performed locally by nursing personnel. Strengthening awareness for electrolyte imbalances is an important
quality-improvement effort from the perspective of nursing home residents and their families that might lower

unnecessary hospital transfers, EI complication rates and residents’ mortality.
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Introduction

The European population aged 65 years and older has
grown from 10% in 1960 to 19% in 2015 and is expected to
further increase (1). This remarkable rise is predicted to be a
significant driver for the expansion for long-term care (LTC)
and care in nursing homes (NHs). According to European
Health Information Gateway, numbers of nursing and elderly
home beds in EU account for more than 3 million with the
highest numbers in Germany (902.882 beds) and in France
(642.168 beds) (2). NH residents are often in a weak health
condition, have multiple co-morbidities and strong cognitive
impairments and therefore are repeatedly admitted into the
hospital (3). Higher incidence of acute hospital admissions
among NH residents versus community dwellers has been
reported (4). However, a systematic review by Arendts and
Howard (5) showed that 40% of NH residents after being
transferred to an emergency department were sent back to
the NH without admission to hospital. Other published data
on avoidable hospital admissions varies from 1.6% to 77%
in different countries and settings (6), an Austrian study
performed in 2015, reported a 22% rate of avoidable NH-to-
hospital transfers (7, 8). Fluid and electrolyte imbalances (EI)
are among health conditions that can be often prevented and to

some extend managed locally at the NH. It has been previously
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acknowledged that prevention of electrolyte disorders in LTC
facilities decreases unnecessary rehospitalisation rates (9—11).
In NHs, prevention of electrolyte imbalances goes hand in
hand with prevention of other nonspecific complications such
as malnutrition, dehydration, depression, cognitive decline or
falls. However, there exist important nursing considerations
that are explicit to the EI management. The aim of this review
is to discuss the EI specificities, prevention, monitoring and
perspectives in long-term care facilities with focus on NHs.

Specificities of Electrolyte Imbalances in Nursing Home
Residents

Prevalence

Fluid and electrolyte imbalances have strong impact on
morbidity and mortality rates in older adults. Hypo- as well
as hyper states of sodium and potassium are often forms of
EI, whereas other electrolyte disorders are less abundant (12,
13). Older people with diagnosed EI repeatedly attend the
emergency department, exhibit increased hospitalization and a
higher admission rate to NHs (14-17).

Decreased serum sodium, hyponatremia, is the most
common EI in hospitalized patients (18) that is associated with
high morbidity and mortality (19) and is particularly frequent
in the institutionalized older adults (15). Choudhury and
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co-authors examined NH and older community residents with
diagnosed hyponatremia during hospitalization and analyzed
risk factors for adverse outcome of this EI. It was found that
NH residents were 43-fold more likely to be hospitalized with
hyponatremia (Na <135mmol/L) and 16-fold more likely to be
admitted with serum Na <125mmol/L than older community
patients (14). Miller et al. reported 18% prevalence of
hyponatremia among NH residents, whereas solely a prevalence
of 8% was recorded in the age-matched ambulant population.
The incidence in this study for hyponatremia in NH residents
was detected with 53% (20).

Hypernatremia (Na>145mmol/L) is another common EI
associated with a high mortality rate (21, 22). In most cases
increased serum sodium reflects total body water loss (23-25).
In NH residents, hypernatremia is considered avoidable as it
goes hand in hand with the prevention of dehydration. Despite
this, dehydration was shown as a common reason of admission
to hospital in NH residents (26, 27). Wolff et al. collected
data from 21.610 emergency patients older than 65 years
and determined a 10-fold higher prevalence of hypernatremia
(Na>145mmol/L) in patients admitted from NHs compared to
those living at their private homes. These NH patients were
dehydrated at admission to the hospital and, as a result, appear
to be at a significantly greater risk of in-hospital mortality (28).

High serum potassium, hyperkalemia (K>5.0 mmol/L), is a
life-threatening electrolyte disorder that can lead to arrhythmias
and sudden cardiopulmonary arrest (29). Previous studies in
older adults with chronic kidney disease showed up to 50%
incidence of hyperkalemia (30). However, no prevalence of
hyperkalemia was directly acquired in NH residents so far and
this disorder is mainly discussed in association with chronic
kidney impairment and RAAS-targeting medications (renin-
angiotensin-aldesterone system) (31). Hypokalemia (K<3.5
mmol/L) is occasionally seen in elderly patients and is often
attributed to decreased potassium intake, loss through the
gastrointestinal tract or urinary loss as a side effect of diuretic
medication (21, 32, 33).

Hypokalemia is often associated with hypomagnesemia and
hypocalcemia (34). Hypomagnesemia (Mg< 0.66 mmol/L)
does not lead to clinically important symptoms until serum
levels fall below 0.5 mmol/L. Life-threatening complications
of hypomagnesemia arise when associated with hypostates of
other electrolytes, such as calcium, phosphorus and potassium
(35). The hypomagnesemia was found in 36% of the LTC
patients; and amongst them 18% had severe hypomagnesemia
(36). The same study found strong association between
hypomagnesemia, hypokalemia, hypophosphatemia and
hypokalemia and also increased mortality rates in El-affected
residents (36).

Dietary and hydration status

Dehydration and malnutrition were often reported in older
adults (24, 37). Thirst response, taste sensation, appetite and
food consumption decline with increasing age. Older people
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are less hungry, consume a smaller amount of meals, eat more
slowly, have fewer snacks between meals and become satiated
more rapidly after meals. NH residents may not like the offered
food due to visual appearance, lack of variety or the inability
to address individual food preferences (13). It was suggested
that also social factors and psychological stress contribute to
malnutrition and decreased fluid intake (38).

Dehydration is acknowledged as a frequently occurring issue
among NH residents (39). Dehydration was also reported as
one of the most common reasons for emergency hospitalization
of NH residents (40). Impairments of mental health, such as
dementia, can also affect the sense of thirst resulting in an
insufficient liquid supply. A further contributing factor is
the immobility to independently gain access to drinks (24).
Even with adequate drinking, fluid volume deficits may
result from polyuria related to chronical diseases like kidney
failure or diabetes (41). Additionally to the abovementioned
factors, NH residents may fail to obtain enough liquids as
they are depended on water supply and the support in drinking
by nursing personnel (28, 42). Contributing psychological
factors like a new living situation or shame and fear to express
intimate needs may lead to dehydration (40). Several excellent
reviews describe the essential importance of drinking and
eating especially for older adults and NH residents and thus
addressing the complex and challenging matter for nurses to
ensure the aforementioned (38, 43).

Multimorbidity

The prevalence of multimorbidity in NH residents was
shown to reach up to 82% (44). The presence of multimorbidity
strongly increases the risk to develop EI (45, 46). Clearly,
acute and chronic kidney diseases lead to imbalances of all
body electrolytes (24, 47). Diabetes mellitus was shown
to be associated with hyponatremia and hypomagnesemia
(48). Both hypertension and hypotension are strong risk
factors for development of Els. Chronic hypertension was
identified as a significant risk factor for hypokalemia and
hyponatremia (47, 48). Hypertension itself may also be not a
cause, albeit a consequence of hypernatremia, hypercalcemia
and hypomagnesaemia (49).The syndrome of inadequate
antidiuretic hormone secretion is strongly associated with
hyponatremia in the older population (24). Serious
hypernatremia and hypomagnesemia may also be a result
of an increased loss of water in course of acute infections,
emesis or diarrhea (50). Among other important factors,
swallowing difficulty (dysphagia), dental problems, alcohol
abuse, impaired mental cognition (for example dementia),
should alert nurses as these conditions are associated with
an increased risk of developing Els and dehydration (51).
Another recurrent problem, urine and bowel incontinence, is
a common condition in NH residents and a significant health
problem. The prevalence of incontinence worldwide is ranging
from 3% to 17% with a high rate of unrecorded cases (52).
Frequently going to the toilet, particularly at night, can result
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Figure 1

Prevention and early detection of electrolyte imbalances. Risk assessment categories, additional tests currently available at NH,
perspectives and outcome of EI management are illustrated
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in a heavy burden for older NH residents. Feelings of shame
or anxiety can lead, consciously or unconsciously, to little
or no drinking in order to reduce incontinence and toilet use.
As a consequence this may lead to dehydration and sodium
imbalance (16, 38).

Polypharmacy

NH residents with chronical diseases receive multiple
medications. It was shown that more than 70% of NH residents
from eight European countries obtain five or more medications
regularly (53). Many medications commonly used in NHs
may cause strong Els: diuretic drugs, medicaments against
cardiovascular diseases, analgesics, non-steroidal anti-
inflammatory drugs, laxatives and antidepressants were shown
to cause Els (48, 54). It was revealed that administration
of psychotropic drugs (phenothiazines, butyrophenones,
benzodiazepines, tricyclics, serotonin-reuptake inhibitors), anti-
epileptic drugs (carbamazepine, oxcarbazepine), anti-cancer
drugs (prostaglandin-synthesis inhibitors, cyclophosphamide),
opiate derivatives, thiazide diuretics and desmopressin are
associated with hyponatremia, whereas lithium, vasopressin
V2 receptor antagonists, loop diuretics and mannitol may
induce hypernatremia (55). Thiazide and loop diuretics were
also linked to hypokalemia as well as hypomagnesemia (48).
Medications to treat hypertension (angiotensin converting
enzyme inhibitors, renin inhibitors, angiotensin receptor
blockers), heparin and nonsteroidal anti-inflammatory drugs
were shown to interfere with urinary excretion of potassium
(55).

Management of Electrolyte Imbalances in Nursing Homes

In many European countries, NHs are not required to employ
GP and are not equipped with diagnostic and therapeutic
resources (7, 8, 56). In Norway for instance, roles or duties
of physician in NH are not specified in legal protocols and
they are not obliged to provide medical service at all times
(57). In Germany and Austria, NH residents can choose their
physician freely but the availability of GP is often limited (8,
57, 58). Only 25% of German NHs were reported to have a
contract with GP and accessibility of physician outside working
hours is not organized (57). Thus, nursing personnel is solely
responsible for residents’ care, prevention practices, early
symptoms identification and communication with physician.
Current EI management and perspectives in the NH setting are
summarized in Figure 1 and discussed below.

Initial Management

A new admission into a NH is the essential moment to
review and document resident’s medical history. In case
of unclear documentation and/or cognitive impairment of
residents, it is important to contact the family and GP. Medical
history records have to include questions about chronic
diseases, injuries, use and dosage of specific medication
received up to the day of NH admission. In some cases existing
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prescription of medication might be reconsidered to decrease
strong side effects and optimize the NH resident’s quality of
life (59). Thorough analysis of NH resident medical history
and protocol of current health status will not only support the
estimation of a given risk for EI, but also in many cases help
nurses to prevent potential future problems.

In clinical practice, it is recommended to regularly monitor
serum electrolytes in diseased and older adults. Laboratory
tests are performed in hospital settings or are prescribed by GP.
However, diagnostic options, medical care and availability of
GP at NHs vary among different countries and even within one
county. Therefore, it should be recommended to perform blood/
urine biochemical testing short after NH admission and also
plan future monitoring schedules.

Monitoring and Prevention Practices

Regular practices should be applied locally in the NH
settings in order to avoid unnecessary stress of hospital transfer.
Moreover, NH nurses cannot rely on one-time procedure/
test, but instead they should have the possibility to perform
electrolyte EI checks at a regular basis in order to monitor
changes. Thus, compared to hospital settings, the system of EI
management in NHs may be absent or not clearly stated.

Nursing considerations in EI management include
recognition of multiple factors, in case of noticed abnormalities
interaction with/report to GP is obligatory:
e Assessment of hydration and nutrition status

dehydration and malnutrition can be prevented and to

some extend improved by nursing stuff, assessment and

monitoring can be performed in NH

assessment includes monitoring of food and fluid intake/

output, body weight measurements, checking vital signs as

well as skin, mouth and eye assessments, blood pressure and

pulse rate, capillary and foot vein refill, and analysis of urine

colour and volume (43);

hydration status can be also assessed by bioelectrical

impedance analysis (BIA) and checklists /assessment tools

such as Dehydration Risk Appraisal Checklist (DRAC)

(60), The Mini Nutritional Assessment (MNA) (61) or as a

part of more general assessment tools, for instance Resident

Assessment Instrument RAI-MDB (62)

assessment can be performed monthly/weekly or more often

according to the GP prescription for the high risk residents;

e Clinical signs and symptoms of dehydration

checking of dehydration clinical signs and symptoms can
be performed in NH (see above); clinical signs include
dryness of tongue, oral mucosa and/or lips, decreased
saliva, dryness of skin and loss of elasticity, hypotonia of
ocular globes, changes in urine including low volume, dark
colour, increased pulse rate, low blood pressure, increasing
confusion, lethargy, agitation or headache.
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* Monitoring of kidney function
additional to weight/fluid monitoring, renal function
laboratory values should be checked annually, interaction
with GP is required for monitoring schedules and
prescription

e Cardiovascular symptoms
blood pressure, pulse and heart rhythm measurements can be
performed in NH

 Vital signs and neurological assessment
regular monitoring of vital signs can be performed in NH,
nurses should be educated also about neurological signs of
Els and encouraged to check recurrently for warning signs

Education and Training

Since the capacity of NHs to manage EIs can be limited
due to the absence of diagnostic equipment and lack of GP
professional input, the role of nurses becomes indispensable
(7,8,56). Nurses are often responsible for the decision-making
of resident transfer to hospital. Previous studies showed that
registered nurses (RNs) and to some extend assistant nurses
(ANs) possess a high degree of self-responsibility in ensuring
NH medical care and hospital transfer (63).

Insufficient geriatric knowledge of nurses results in
difficulties in early sign interpretation and delays in symptom
recognition. A critical review of nursing staff education showed
a strong need to improve training in NH settings (64, 65). It
has been documented that the professional knowledge of fluid
and electrolyte balance amongst nurses is insufficient (66,
67). There is a major gap in the way Els are managed (68) and
nursing staff fail to appreciate the susceptibility of NH residents
with electrolyte abnormalities to poor health outcomes (69).
Our preliminary data from a survey performed among Austrian
NH staff (RNs and ANs) revealed that 86% of nurses described
their knowledge about body electrolytes as “insufficient” and
93% of participants have high interest in further professional
training to this topic (our unpublished data).

Under these circumstances, prevention and early detection
become crucial. As long as there is no legal obligation to
organize regular presence of physician, more emphasis should
be given on educational initiatives for NH nurses. Training
courses should include information and advice relating
the risk factors for Els, drinking and dietary principles as
well as possible complications. Nurses also need decision-
support tools, strong interprofessional communication skills
and possibility to contact GP at any time. Residents with
re-occurring EI or recognized high risk to develop the latter
should undergo regular assessments, which are preferably
performed within the NH. Availability of point-of-care testing
could provide a good opportunity for consistent electrolyte
monitoring. Consequently, revision of the dietary plan and
drinking protocols should be addressed. It is important not
only to monitor for symptomatic improvement or signs of

deterioration but also to track the rate of correction. It may also
be suggested to establish robust outcome measures to assess
the EI management within NH including hospital transfer rates,
complication rates, residents’ mortality and costs calculation.

Conclusions and Perspectives

Older residents of NH are at high risk to develop Els.
Compared to hospital settings, EI prevention and management
in NH is the responsibility of nursing personal. Regular
assessments performed locally in NH, additional educational
and training initiatives for nursing personnel and improved
interprofessional communication are strongly suggested to
ensure good quality of long-term care in NH settings.

Methods, Data Sources: Search was performed in MEDLINE/PubMed and CINAHL
databases. Key search terms associated with electrolyte imbalances including hyper- and
hypo-states of sodium, potassium and magnesium were utilized in the subject search in
combination with nursing homes, long-term care and older adults. The full texts of research
papers were reviewed prior to their inclusion according to the Strobe guidelines.
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