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Abstract: Swallowing difficulties, also called dysphagia, can have various causes and may occur at
many points in the swallowing process. The treatment and rehabilitation of dysphagia represent
a major interdisciplinary and multiprofessional challenge. In dysphagic patients, dehydration is
frequent and often accelerated as a result of limited fluid intake. This condition results from loss of
water from the intracellular space, disturbing the normal levels of electrolytes and fluid interfering
with metabolic processes and body functions. Dehydration is associated with increased morbidity
and mortality rates. Dysphagic patients at risk of dehydration thus require close monitoring of their
hydration state, and existing imbalances should be addressed quickly. This review gives an overview
on dehydration, as well as its pathophysiology, risk factors, and clinical signs/symptoms in general.
Available management strategies of dehydration are presented for oral, enteral, and parenteral
fluid replacement.
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1. Introduction

Dysphagia is a dysfunction of the digestive system, consisting of a difficulty in swallowing.
It affects the proper transit of the bolus in the upper digestive tract, preventing a safe oral feeding
process. The main complications of dysphagia are aspiration (i.e., the passage of solid and liquid
food into the respiratory tract, which can be “silent” in the absence of the protective cough reflex),
aspiration pneumonia (pneumonia caused by food in the lungs), malnutrition, and dehydration.
Because symptoms are very unspecific, dysphagia is frequently undetected, and either untreated or
undertreated. Nevertheless, prevalence of dysphagia is high, especially among older patients with
neurological disorders due to multifactorial changes of swallowing physiology, affecting at least 50%
of the acute stroke population and 60% of those who suffer a severe traumatic brain injury [1,2]. In
a recent systematic review with six high quality studies, the average prevalence of dysphagia in the
community dwelling elderly population was 15% [3]. The same authors defined the risk factors for
dysphagia as a history of clinical disease, physical frailty, and reduced ability to accomplish activities
of daily living [3]. Dysphagia and the subsequent reduction of the coordination of pharyngeal muscles
increase the risk of dehydration, malnutrition, pneumonia, and mortality [2]. Consequently, dysphagia
may lead to dehydration—a shortage of body water due to either insufficient drinking or excess losses,
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or a combination of both [4]. Water and electrolyte balance is crucial for body homeostasis and is
one of the most protected mechanisms in the body. Organisms can survive months without eating,
but not many days without drinking, as fluid and electrolytes play major regulatory roles in many
mechanisms, for example, transport systems, signal transduction, and body temperature [5].

This review highlights and discusses dehydration, as well as its pathophysiology, risk factors, and
clinical signs/symptoms, focusing on dysphagic patients in particular. Possible management strategies
of dehydration are presented for oral, enteral and parenteral fluid replacement.

2. Dysphagia

Swallowing is an essential and highly complex process of movements. This physiological process
requires an exact coordination of nerval and muscular structures as well as an intact sensitivity of
the mouth and throat area. The deglutition can be divided into five phases (preoral, two oral phases,
pharyngeal, and oesophageal), whereby the phases run smoothly into each other and work together as
muscle chains. Normally, the act of swallowing proceeds unnoticed and highly automated [6,7]. The
muscle strength and the temporal orientation of the movement sequence are regulated in relation to the
food/drink in the mouth (consistency and quantity). The system can be severely disturbed by diseases
such as strokes, degenerative diseases, traumas, or tumours. A swallowing disorder (dysphagia)
can occur in different forms. A healthy person swallows about 1,000 to 2,000 times a day [8]. The
adaptation of food/drink, for example, balanced soft food or thickened liquids, may be needed to
enable the patient to eat orally without an additional risk of aspiration.

Motor and cognitive performance decreases with increasing age [9,10]. Changes in the age-related
swallowing disorder (presbyphagia) are the reduction of the sense of taste and smell, a reduced
chewing function due to lack of oral hygiene/prosthesis, and the loss of strength to swallow food and
liquids effectively and safely [10]. More than 40% of muscle mass is lost in old age [11]. Cancer patients
are also severely impaired in their food intake owing to severe surgery, subsequent chemotherapy,
and/or radiation. All these factors make the patients highly dependent [9,12], which leads to further
health problems such as dehydration, malnutrition, anorexia, sarcopenia, and pneumonia. Older
people and patients with dementia are more susceptible to stroke, pneumonia, and dehydration, which
are among the most common causes of death in this population [9].

Dysphagia is associated with malnutrition, dehydration, pneumonia, reduced functional outcome,
and mortality [13]. Therefore, similarly to nutritional management, populations at risk should
regularly be screened for dysphagia and, when needed, further assessed by a clinical specialist (e.g., a
speech-language pathologist). Patients suspected to have dysphagia after a screening test undergo
assessment to determine the degree of severity of dysphagia and further treatment. Individual
screening tests are performed by speech-language pathologists or trained nursing staff. They serve to
identify symptoms and differentiate dysphagic patients from non-dysphagic patients. This procedure
is non-invasive and can be performed quickly (in 10–15 min) while the patient is sitting in an upright
position. There are several criteria that indicate that the screening test should be ceased in order to
minimize the risk of aspiration (i.e., the involuntary passage of food or liquid through the vocal folds,
to the lungs). Nonetheless, this test shows a sensitivity and specificity between 50% and 80% and fails
to detect a significant number of aspirations [14,15].

The clinical swallowing examination is performed by speech-language pathologists. The patient
sits upright at 90◦. The inspection of the facial-oral structures, the oral skills, and sensitivity, as well as
the oral motor arbitrary movements; the oral reflexes in the pharynx area (gag reflex, palata reflex,
and so on); and the existing protective mechanisms, such as coughing and deliberate coughing, are
included [16]. According to Daniels et al., liquid is gradually swallowed, thus single sips ≤20 mL
of water up to 100 ml are examined (timed test) [17]. Soft and solid consistencies are also examined.
Pathomechanisms like leaking anterior, nasal penetration, signs of aspiration, and residuals in the oral
cavity are observed and described. Finally, an inspection of the oral cavity and a longer phonation
sample are performed to clarify a sizzling voice and possibly the suspicion of penetration with
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aspiration [16]. In addition, instrumental examinations such as, for example, fiber optic endoscopic
evaluation of swallowing (FEES; a transnasal procedure) and the video fluoroscopic swallowing study
(a radiographic procedure), can be carried out.

FEES is a reportable procedure that may be completed in an outpatient clinic setting or at the
bedside by passing an endoscope transnasally. It requires minimal positioning of the patient, and is
thus commonly used [18]. In contrast, the video-fluoroscopy swallowing study, the gold standard
for diagnosis of dysphagia, is a radiographic procedure that provides a direct, dynamic view of oral,
pharyngeal, and upper oesophageal function. It, however, requires the use of a radiology suite (which
can be very costly) and includes radiation exposure of the patient, who must be able to follow verbal
commands (i.e., requires adequate cognitive functioning) [18]. All results will be brought together
and the individual therapy plan will be defined. Regular repetitive examinations are needed to adapt
swallowing treatment and the nutrition and hydration care plan.

Dysphagia therapy may be split into two categories: compensatory and rehabilitative therapies.
Compensative strategies aim to maintain patient’s safety when eating, while rehabilitative strategies
aim to speed up the recovery process (e.g., swallowing training). Patients may be treated first with
compensatory therapy and later with rehabilitation treatments. Functional oriented swallowing
therapy, defined and applied by a trained speech-language pathologist, aims to create muscular
conditions for largely normal swallowing and, therefore, to recover the physiological swallowing
function, maintaining or improving quality of life by reducing morbidity and mortality associated
with chest infections (pneumonia) and reduced nutritional status. There are also several supportive
technical stimulation treatment methods available such as thermal tactile stimulation, transcranial
magnetic stimulation, or transcranial direct current stimulation [19].

On the basis of the severity of dysphagia complaints and the level of alertness, the adequate
food support with modified texture diets and thickened fluids will be proposed. The change of food
consistency is mandatory in dysphagia, in order to reduce the need of oral manipulation, to make the
swallowing process slower and safer, and to increase food and fluid intake [20]. Nevertheless, such
diets lean towards less acceptance by patients, less nutritionally dense meals, less food choices, and less
appealing meals than normal, leading to insufficient nutritional and fluid intake [21,22]. That is why it
makes sense to make use of food fortification as well as supplemental enteral feed and fluids in these
patients. Thickening agents, which are used to thicken a variety of fluids (e.g., water, tea, coffee, fruit
juice), are supposed to induce a “coating feeling” in the mouth, suppressing flavour without reducing
the sensation of thirst [23]. Hence, swallowing safety may be improved, but fluid intake does not
substantially improve [1]. Liquid thickening is recommended in patients with dysphagia aspirating on
liquids, as a way to slow the flow of the swallowed liquids, which should allow more time for airway
closure and eventually reduce the risk of aspiration [24,25]. However, thickening fluids significantly
decreases of the acceptance of the beverages, and thus is a practice that needs to be closely monitored.
Whelan et al. showed in their study of 24 acute stroke patients with dysphagia that the intake of
thickened fluids per day amounted to only 30% of the recommended 1500 mL/day [22]. The other 70%
of the hydration needs had to be met through supplementary (parenteral and enteral) fluids. The group
of patients who received pre-thickened fluids consumed almost double the amount of fluids than
the group of patients receiving powder-thickened fluids, suggesting that the commercially available
pre-thickened ready-to-drink beverages have better acceptability and can be used as a strategy to
increase fluid intake among dysphagic patients (although the costs may he higher) [22].

Different food consistencies have been defined and numerous guidelines exist in many countries
describing the various types of texture-modified diets and thickened fluids. These recommendations,
aiming to improve patient’s safety and nutritional status while avoiding aspiration pneumonia, are,
however, based on best practice and are not evidence-based [26,27]. Modification of food texture and
liquid thickness is a mainstay of dysphagia management. As there are only a few high-quality studies,
the evidence is weak [28]. A couple of years ago, the “International Dysphagia Diet Standardisation
Initiative” (IDDSI) published new global standardized definitions describing texture-modified foods
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and thickened liquids [29]. This terminology allows the use of a common language on multiprofessional
teams (therapists, nurses, chiefs, patients, and relatives), which will support scientists working in this
field, thus generating comparable research data worldwide. When applying the IDDSI definitions in
each clinical setting, the food and drinks should always be tested under serving conditions. Drinks
and liquidized foods are evaluated by a gravity flow test with a 10 ml syringe. This classifies beverages
based on their flow rate, representing the process of drinking through a straw [29].

It is important to note that thickened liquids and adapted food consistencies are only a start to
increase the quality of life of the dysphagic patients, as they work as a motivation tool and prepare
them to eventually swallow food and fluid with normal consistency. Given the disadvantages of the
use of thickened fluids and adapted food consistencies (which may lead to insufficient nutritional and
fluid intake), it is important to control the progression of the dysphagia in order to adapt the food/drink
consistency and protect the patient from being restricted to a certain consistency for too long [30].

3. Dehydration

Adequate water supply is indispensable to maintain cellular homeostasis and several physiological
functions. Historically, total body water loss is differentiated into two types: dehydration and volume
depletion [31]. Dehydration occurs when the body water losses, mostly from the intracellular volume
(ICV), are higher than the intake. Low-intake dehydration is a shortage of pure water, leading to loss
of both intracellular and extracellular fluid, and to raised osmolality in both compartments. Volume
depletion is the result of excess losses of fluid and salts (especially sodium and sometimes other
components), primarily related to a loss of extracellular volume (ECV), and clinically affecting the
interstitial compartment; the fluid is lost primarily, not intracellular fluid, and serum osmolality will be
normal or low. From the physiological view point, it makes sense that many physicians tend to use the
term of dehydration for any loss of total body water in daily clinical practice [32].

There are numerous definitions for dehydration hampering the diagnosis. The best diagnostic
approach for this complex condition thus includes history, clinical observations, laboratory tests, and
physical assessment [33]. From a clinical point of view, dehydration may be defined as the rapid
decrease of >3% of body weight [34]. Pathophysiologically, however, dehydration is a loss of water,
resulting in a relative deficit of body water referring to sodium [35]. Consequently, increased sodium
values cause the plasma osmolality to rise, reducing the ICV. This is often referred to as hypovolemic
hypernatremia or hypertonic dehydration. Even if commonly used, “isotonic dehydration” and
“hypotonic dehydration” differ from a pathophysiologic point of view, rather characterizing a volume
depletion (loss of sodium from the ECV) than dehydration [35]. This distinction is especially relevant
for the therapeutic approach [33].

If the fluid intake is too low, fluid in and around body cells concentrates, raising plasma and serum
osmolality [36]. This consecutively triggers protection mechanisms (e.g., thirst and increased urine
concentration by the kidney). In the elderly, with kidney function being mostly low, renal parameters
do not truthfully indicate dehydration [36]. The U.S. Panel on Dietary Reference Intakes for Electrolytes
and Water hence considers the plasma or serum osmolality as the main factor of hydration status, thus
setting the reference standard for dehydration in older adults [37]. This is based on physiological and
biochemical considerations and is accepted by experts [36]. Extracellular water loss due to diarrhoea,
vomiting, or renal sodium loss (volume depletion) is, however, linked to normal or decreased plasma
osmolality. While severe dehydration is not exactly defined, there are indicators of a distinctive lack of
water: serum osmolality ≥300 mOsm/kg, serum sodium concentration ≥150 mmol/L, or blood urea
nitrogen (BUN) to creatinine ratio ≥20. In the case of hypernatremia, free water shortage may be
estimated with the following formula [35]:

free water shortage (L) = 0.6 × body weight (kg) × ((plasma sodium (mmol/L)/140) − 1)
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3.1. Adequate Intake

The recommendations for adequate fluid intake show great variation (from 1.0 L/day in the
Nordic countries to 2.2 L/day in the USA in women, 1.0–3.0 L/day in men) [36]. The European Food
Safety Authority recommends an adequate intake of 2.0 L/day for women and 2.5 L/day for men of all
ages [38]. Because 80% of the fluids come from beverages, adequate intake is 1.6 L/day in women and
2.0 L/day in men. Fluid requirements need to be adapted individually, for example, increased with
higher activity level, fever, diarrhoea, and vomiting, or decreased in the case of heart and renal failure.

3.2. Prevalence

As dehydration is not properly defined, it is problematic to accurately assess its prevalence.
Dehydration is, however, especially common in the elderly (up to 60%), depending on the definition
used [39]. Bennett et al. showed that laboratory parameters indicated dehydration in 48% of
elderly people admitted to an emergency department, while proper assessment of dehydration was
documented only in 26% [40]. Dehydration is one of the ten most frequent diagnoses for hospital
admission in older adults [41], and has been reported to be the most common fluid and electrolyte
imbalance in older adults [42]. A study showed that 6.7% of inpatients aged ≥65 years were diagnosed
with dehydration, with it being the principal diagnosis in 1.4% [43]. Among those suffering from
swallowing difficulties, the prevalence of dehydration ranges from 44% [44] to 75% depending on the
patient population, setting, and criteria used to define dehydration [45]. Nevertheless, Thomas et al.
revealed that physicians misdiagnose dehydration in at least 30% of older adult inpatients [46].

3.3. Impact and Risk Factors

Elderly people tend to have diminished feeling of thirst owing to the decrease of sensitivity to
the antidiuretic hormone (ADH) [47]. Numerous studies showed that adequate hydration status is
normally maintained in healthy older people. Nevertheless, mental and/or physical illnesses, trauma, or
operation, among others, may increase the risk of dehydration [48]. A six-month study among nursing
home residents found 31% to be dehydrated during that period, and thereof, two-thirds had prior
episodes of dehydration [49]. Risk factors for dehydration in dysphagic nursing home residents were,
among others, severe impairment of the functional and/or cognitive function, speech disorders [45],
and insufficient support at mealtime [50]. Inadequate nursing staff training, multiple medication, and
being of female gender have also further been shown to increase the risk of dehydration [51]. Elderly
people affected by acute infections and or chronic diseases (cardiovascular disease, diabetes, cancers),
especially polymorbid patients, are at high risk of dehydration [40,41,43,51]. Dysphagia was shown
to be directly linked with dehydration [4]. Evidence has shown that the clinical outcome of elderly
people is worse in the presence of dysphagia [36]. High serum osmolality (>300 mOsm/kg) has been
linked to an increased disability and mortality risk [36].

There are many physiological age-related alterations increasing the risk of dehydration
(Figure 1) [36]. Growing age seems to dampen the two main physiological answers to reduced
fluid intake: thirst and primary urine concentration (through the kidney) [36]. Moreover, fluid reserves
are decreased, as body water decreases with age. In addition, common drug therapies in older people
may further aggravate fluid loss, such as diuretics and laxatives therapies [36]. However, the severity
of cognitive and functional impairment appears to be more relevant than only older age [36]. A study
with patients suffering from dysphagia and receiving thickened fluids assessed water supply, including
that from food and drinks (thickened beverages), as well as from artificial nutrition (enteral and
parenteral nutrition). This study showed that estimated fluid requirements were not met for any of the
patients without the use of enteral or parenteral fluids [4]. Another surprising finding of this study
is that food, not thickened beverages, provided the greatest contribution to oral fluid intake, which
probably reflects the general low level of acceptance of and compliance with thickened fluids. It is very
important for the medical and nursing staff to be aware not only of the risk of dehydration in patients
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with dysphagia, but also of its clinical signs and symptoms. In collaboration with speech-language
pathologists and dietitians, an individual nutrition and hydration care plan must be placed in a timely
manner, as dehydration may cause severe complications and increase medical costs, morbidity, and
the mortality rate [43].

Figure 1. Risk factors for dehydration in dysphagia, modified after the work of [8].

4. Pathophysiological Considerations

4.1. Body Compartments

Water distribution into the different body compartments in healthy individuals is shown in
Figure 2. Body water fulfils many physiological functions: it regulates body temperature and absorbs
shocks, it is a solvent for chemical reactions, it serves as transport medium, and it contributes to the
removal of waste products. Water accounts for about 60% of body weight. This proportion may vary
according to gender and age. Body water is generally somewhat less in women than in men owing to
differences in body composition. The body water is divided intracellular (two-thirds of body water) and
extracellular (one-third of body water) space. The water within the extracellular space is further divided
into intravascular (1/12 of body water) and extravascular (3/4 of body water) fluid by the capillary wall.
The extravascular compartment may be further divided into interstitial/transcellular fluids.
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Figure 2. The repartition of body water within the different compartments as percentage of body
weight [35]. ICV: Intracellular volume; ECV: Extracellular volume; ISF: Interstitial fluid; IVF:
Intravascular fluids.

4.2. External Fluid Balance

Fluid balance is a complex interplay of numerous organs (e.g., skin, respiratory tract, kidneys,
and gastrointestinal tract). The typical daily fluid turnover amounts to approximately 2600 mL
(30–40 mL/kg body weight). Liquids represent about 1500 mL of daily input; 800 mL comes from
liquids within solid food and a further 300 mL comes from oxidation water (Figure 3). The main
water output (1500 mL) passes through the kidneys. The insensible perspiration composed of water
losses from respiration and transpiration accounts for a substantial loss (Figure 3), while faeces alone
represent a loss of 100–150 mL per day. The regulation of the sodium balance is essential for the
maintenance of normal blood volume. The regulation of the water balance, however, relies on the
maintenance of osmolarity. Volume maintenance has priority at any time on osmolality. The regulation
of water balance also strongly relies on the capability of the kidney to excrete urine with an osmolality
different from plasma, as kidneys are very efficacious in retaining sodium, but only hardly evacuate
its surplus.

Figure 3. Fluid balance [35]. This figure shows the sites involved in fluid loss.
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4.3. Internal Fluid Balance

The distribution of water within the body compartments undergoes strict control. Semipermeable
cell membranes separating the intracellular and extracellular space enable the passage of water and
selected molecules. The quantity of solutes per kilogram of solution is referred to as osmolality and
usually fluctuates around 275 to 290 mOsm/kg. It may be directly measured or calculated with the
following equation:

2 × (serum sodium (mmol/L)) + BUN (mg/dL)/2.8 + plasma glucose (mg/dL)/18.

Tonicity is defined by the solutes determining the transcellular distribution of water, referred
to as effective osmoles. Inactive osmole (e.g., urea) can freely pass the membrane and their rise in
serum does not trigger water movement toward extracellular space. Nevertheless, inactive osmoles
contribute to osmolality. Plasma osmolality is mostly determined by sodium (extracellular) and
potassium (intracellular). Potassium in the extracellular fluid reaches 2% of the total body potassium.
Anions such as chloride and bicarbonate and proteins grant the electroneutrality (Table 1). The first
determining factor for the distribution of body water is the osmotic forces. Osmotic changes will
immediately trigger the movement of water from lower to higher osmolarity, which has to be similar
on both sides of the cell membrane.

Table 1. Electrolyte concentrations in the human body [5,52].

Electrolyte Plasma (mmol/L) Extracellular Volume (mmol/L) Intracellular Volume (mmol/L)

Sodium 135–145 142–155 10–18
Potassium 3.5–5.3 4.0–5.5 120–145
Calcium 2.2–2.6 2.2–2.5 1.5
Chloride 95–105 98–108 2–6

Magnesium 0.8–1.2 0.7–1.2 15–25
Phosphate 0.81–1.45 0.7–1.3 8–20

Bicarbonate 22–30 22–30 10

5. Disorders of Fluid Balance

5.1. Isotonic and Hypotonic Dehydration

The term “isotonic dehydration” may be confusing to a certain degree as it in fact more refers to
volume depletion than to dehydration. Isotonic dehydration occurs when the loss of water and solutes
is balanced, reducing the volume of extracellular fluid, leading to reduced perfusion of the tissues,
while osmolality and thus the intracellular fluid volume are kept normal (Figure 4). The reasons
for this are manifold: fasting, haemorrhage, burns, gastrointestinal symptoms (vomiting, diarrhoea),
drugs (sedative, diuretics), and so on. Renal perfusion is decrease owing to volume depletion and the
renin–angiotensin–aldosterone system is thus activated, resulting in greater reabsorption of sodium
and water. Secretion of ADH moreover causes water retention, aiming to correct volume depletion.

When sodium losses are greater than water losses, causing serum osmolality >270 mOsm/kg
and sodium concentration >135 mmol/L in serum, “hypotonic dehydration” occurs. When fluids and
sodium losses are partly replaced using hypotonic fluids, the extracellular space is reduced, owing to
the low serum osmolality (Figure 4).

Both forms must be treated by means of isotonic fluids.



J. Clin. Med. 2019, 8, 1923 9 of 19

Figure 4. Water balance disturbances.

5.2. Hypertonic Dehydration

“Hypertonic dehydration” represents the pathophysiologic type of dehydration, where BUN to
creatinine ratio is ≥20 and serum sodium concentrations exceed ≥150 mmol/L. Loss of water is higher
than loss of sodium. The succeeding rise of sodium concentration in serum induces a rise in osmolality,
which consecutively causes water to move towards the extracellular compartment, causing acute
hypernatremia (Figure 4). Theses water movements also affect the brain, possibly causing a diminution
in brain volume, and eventually causing rupture of veins and subsequent intracerebral or subarachnoid
haemorrhage. Brain cells initially accumulate sodium and potassium, and later osmolytes (mainly
myoinositol, glutamine, and glutamate), to compensate for water loss and restore volume [53,54]. As in
dysphagia, hypertonic dehydration happens because of decreased water intake or as a result of either
excessive (extra) renal water losses. Many factors may cause renal water losses such as renal or central
diabetes insipidus, polyuric phase of acute renal failure, loop or osmotic diuretics, post obstructive
disease, and so on. Extra renal water losses are the result of transcutaneous losses (e.g., sweat, fever,
burns) or losses over the respiratory tract (e.g., hyperventilation). The consecutive rise in osmolality
activates ADH release, and thus thirst (Figure 5). ADH secretion may be triggered by non osmolar
volume-depending receptors or by supraoptic and paraventricular nuclei of the thalamus. The latest
causes a reduced free water excretion. Above the threshold for ADH secretion in humans, which is
280–285 mOsm/kg, ADH secretion rises in a linear manner with rising osmolality (Figure 6). The
threshold value for thirst, the major protective physiological mechanism of the body to compensate for
hypernatremia, is higher than the ADH threshold [55].
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Figure 5. Regulation mechanisms of sodium and water. s-Na: Serum sodium; s-osmolarity: Serum
osmolarity; ADH: Antidiuretic hormone.

Figure 6. ADH release and thirst [56]. ADH: Antidiuretic hormone.

Hypotonic fluids represent the best treatment option for hypertonic dehydration.

6. Clinical and Biochemical Diagnostic Features

The sensitivity and specificity of dehydration signs largely depend on the volume of blood loss,
where the clearest signs are heart rates changes (30 beats per minute) or severe postural dizziness
leading to a lack of ability to stand [57]. Medication (e.g., beta-blockers) and older age may further
influence sensitivity and specificity of these signs. Signs consecutive to fluid and electrolyte losses
(e.g., due to vomiting or diarrhoea) are less clear.

Clinical signs taken alone are not very useful. A combination of at least four signs described
hereafter indicates moderate to severe volume depletion. Typical clinical signs of dehydration with
high scientific value are listed in Table 2. Absence of tears, transpiration, and/or thirst are among
others symptoms of dehydration [33,58,59]. Clinical features with poor sensitivity and specificity are as
follows: dry mucous membrane, low skin turgor, long nail bed refill time, altered respiratory pattern,
changes in heart rate, dry or furrowed tongue, dry axilla, absence of tears, sunken eyes, high palpated
ocular pressure, and weight loss [33,57]. The highest diagnostic utility was given by systolic blood
pressure <100 mmHg in a clinical trial [58]. Owing to the loss of subcutaneous tissue with aging skin,
turgor is not reliable in the elderly population. If present, dry axilla is fairly used with an appositive
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likelihood ratio of 2.8 (sensitivity 50%, specificity 82%) [60]. Symptoms that have a sensitivity over
80% are furrows on the tongue, dry mucous membranes, speech incoherence, extremity weakness, and
orthostasis. Sunken eyes show a specificity greater than 80% and a sensitivity of 62% [32]. Central
nervous system symptoms like confusion, speech difficulty, or weakness in the extremities are manifest
when dehydration results in a 1% loss of body weight and are more notable at a 5% loss [32,58,61].
The development of neurologic effects is more likely to occur in acute hypernatremia developing within
48 hours than in chronic cases. Severe dehydration may cause hypotension, including the related risk
of falls, reduced cardiac output, as well as consecutive reduced blood flow through organs and tissues.
It may also escalate to hypovolemic shock. The risk for chronic renal disease, morbidity, and mortality
are increased in the case of chronic dehydration (mild to severe) if not treated [62–64].

Table 2. Single signs, symptoms, and laboratory tests to identify dehydration [33,58,59].

Assessment of Hydration Status Feasibility of Test Scientific Value

Signs and symptoms

Seated systolic blood pressure ≤100 mmHg H H

Blood pressure change supine/standing ≥20 mmHg H H

Thirst sensation H M

Dark urine colour H M

Laboratory tests

Urine specific gravity ≥1.025 H H

Blood urea nitrogen/creatinine ratio ≥20 M H

Blood osmolality calculated ≥300 mmol/kg M H

Haematocrit/haemoglobin ratio M M

Mean corpuscular volume M M

Serum sodium concentration >150 mmol/L M M

Additional measurements (mainly for scientific purposes)

Total body water (isotope dilution) L M

Total body water (bioelectrical impedance analysis) H M

Fluid volumes and ionic content (neutron activation analysis) L M

Blood osmolality (measured) M H

Urine osmolality H H

Salivary osmolality H H

Tear osmolality M M

Intraocular pressure (measured) M L

H = high; M = medium; L = low.

Although the patient’s history and physical examination may indicate the appearance of
dehydration (symptoms and signs), it is obvious that medical staff should not only rely on these clinical
data, but also have to integrate biochemical parameters to enable the diagnosis (Table 2) [33,58,59].
Plasma osmolarity ≥300 mOsm/kg, plasma sodium, urine specific gravity, tear, and saliva osmolality
have all been shown to be suitable to diagnose dehydration [58,65,66]. For an optimal diagnostic
strategy, you need at least calculate or measure BUN, glucose, creatinine, sodium, bicarbonate, and
osmolality [32].
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7. Management of Dehydration

7.1. General Recommendations

The identification of acute situations potentially leading to dehydration, as well as the monitoring
of vital parameters, clinical signs and symptoms, and laboratory parameters (Table 2), are of
utmost importance. Fluid balance (including intake and output) should additionally be monitored.
Skin integrity (including mucous membranes) and drug treatments (mainly diuretics) may impact the
water and electrolyte balance, as well as diseases or conditions affecting renal perfusion (e.g., heart
failure, chronic kidney disease) [33,67,68]. The evidence suggests that multicomponent interventions
(including increased staff awareness, assistance with drinking, support using the toilet, and a greater
variety of drinks on offer) may be effective [69]. Fluid therapy may be used for resuscitation, replacement,
or maintenance of the fluid balance depending on the stage of illness. The National Institute for Health
and Care Excellence (NICE) provides a set of interrelated algorithms for assessment, fluid resuscitation,
routine intravenous maintenance, and replacement and redistribution of fluid and electrolytes [70].
Resuscitation may be needed in the case of considerable blood loss (e.g., surgery, injury) or plasma
loss (e.g., burns, acute pancreatitis). Fluids are then immediately needed to maintain circulation and
organ vital function [70]. Fluid maintenance may be initiated once the vital signs and urine output
are normalized.

The maintenance of fluid and electrolyte balance is the key to prevent and treat dehydration.
Maintenance aims to restore insensible losses and provide sufficient water and electrolytes to maintain
the normal status of body fluid compartments and sufficient water to enable the kidneys to excrete
waste products. Maintenance fluid prescriptions should target the daily requirements and replace
ongoing abnormal losses. Requirements of patients receiving artificial nutrition are mostly covered
though the artificial nutrition itself. Special attention is needed regarding overhydration, particularly
in patients suffering congestive heart failure. The best route/method/fluid for administration depends
on the severity/nature/acuteness of dehydration. Oral administration should be the preferred option,
although parenteral administration of fluids may be mandatory in some cases. Such prescriptions
must be changed to oral administration as soon as possible, as fluids prescriptions are often maintained
too long, causing infects and oedema, especially in the postoperative phase. Subcutaneous infusions
should be considered to manage chronic problems, particularly in the elderly [5]. A calculation of
fluids requirements has been proposed by Chidester et al. [71], suggesting the prescription of 100 mL
per kilogram body weight for first 10 kg, 50 mL per kilogram for next 10 kg, and 15 mL for the
remaining kilograms of body weight. When body temperature is higher than 37 ◦C, 100–150 mL should
additionally be given.

7.2. Oral/Enteral Replacement

Fluid and electrolyte requirements should be met via oral or enteral routes as far as possible
when fluid resuscitation is not needed [70]. The first measure to replace fluid loss should be offering
thickened liquids or food with high fluids content, whereas sodium-containing food and liquids must
be avoided. As previously mentioned, the evidence level for such interventions is, however, weak [72].
Enteral liquid administration (via feeding tube) may be appropriate in the case of severe dysphagia
or if maintaining fluid balance is not possible. Moderate dehydration (loss of 1.5–2% body weight)
may easily be corrected with the administration of oral or enteral fluids, but already alters moods
and causes decreased physical and cognitive performance [62,63,73,74]. Treatment for low-intake
dehydration involves administration of hypotonic fluids [36], which will help correct the fluid deficit
while diluting the raised osmolality. Oral rehydration therapy (aiming the replacement of electrolytes
lost in volume depletion by diarrhoea or vomiting) and sports drinks are not indicated. Hydration
status should be reassessed regularly until corrected, and then regularly monitored.
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7.3. Parenteral Replacement

The parenteral administration of (low sodium-containing) fluids is the method of choice in the
case of severe dehydration (high amounts of fluid needed) or when intravenous access is anyway
given for administration of medication or nutrition [36,70]. Intravenous hydration must, however,
always be regarded to as a medical treatment and not as basic care. The risk and benefit balance
must be cautiously considered. Figure 7 illustrates the distribution of different fluids within body
compartments after infusion. Deficits in free water must be substituted quickly if hypernatremia lasts
for shorter than 48 hours. To avoid oedemas, caused by fluids shifts, high-rate administration of
intravenous hypotonic solutions must be prevented. As its cells accumulate osmolytes to maintain
normal cell volume, the brain is especially endangered. Brain oedema may develop as a result of
hasty administration of hypotonic solutions. Fluids must hence be administered progressively, over
12 to 48 h. Hyponatraemia lasting for more than 48 h have to be corrected slowly. Not more than
half of the replacement should occur in the first 24 hours of treatment, during which one should look
out extremely cautiously for brain oedema, the symptoms of which may be headache or seizures.
The residual replacement may occur within the next 48 to 72 h. In the case of hypernatremia, fluid
replacement is considered adequate when the urine sodium concentration is over 25 mmol/L.

Figure 7. Infused fluids across the body compartments. ECV: Extracellular volume, ICV: Intracellular
volume, IVF: Intravascular fluids, ISF: Interstitial fluids, NaCl: Sodium chloride.

8. Hypodermoclysis

Evidence has shown that adequate volumes of subcutaneous infusions are an effective treatment
for dehydration, showing comparable rates of adverse effects to parenteral administration [36,75].
Many clinical trials have shown the safety and effectiveness of fluid infusion into the subcutaneous
space using a fine cannula, called hypodermoclysis (HDC), making it a possible alternative to parenteral
administration. HDC is particularly useful for the rehydration of patients with mild to moderate
dehydration, who are cannot keep their fluid balance via the oral route [76–78]. Preferred sites for
HDC are, for example, the anterior chest wall, lateral abdominal wall, inner tight, and back above
or below shoulder blade. Recommendations for fluid infusion rates differ; that is, using gravity, up
to 1,500 mL may be infused over 24 h at one site (rate of 20–80 mL/h), while rates of 82–148 mL/h
have been recommended as well [32,79–81]. The authors’ clinical experience indicates the safety of
infusion of 500 mL per hour. A study using radioactive labelled injection showed that absorption into
the blood occurs within one hour [82]. Infusion solutions are chosen regarding the clinical condition of
the patient (balanced solutions, saline solutions, dextrose solutions, or their combination). A study
among dement nursing home residents suffering dehydration showed more agitation (80%) in subjects
receiving parenteral fluids compared with those receiving subcutaneous fluids (37%), regardless of the
volume of administered fluid or the improvement of dehydration [83].

Subcutaneous infusions with hyaluronidase (useful enzyme to break down hyaluronic acid, thus
opening the interstitial space) usually permit a more rapid infusion rate, lower rate of moderate oedema,
and more comfort for the patient. Even though there are no systematic studies available, administering
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up to 20 mmol/L potassium chloride appears unproblematic. Local adverse effects (e.g., oedema,
erythema, and cellulitis) and systemic adverse effects (e.g., heart failure or hyponatremia) occur rarely
and at similar rates compared with parenteral administration [78]. The effectiveness of both methods
appears to be the same. The expense for HDC is about four times less than intravenous administration
and demands reduced nursing care [83,84]. HDC use may be easily used in a community setting
(nursing home or home), by patients and/or their caregivers [77]. HDC is suitable to prevent dehydration
or to treat mild to moderate dehydration. Intravenous fluid replacement remains mandatory, however,
to treat hypovolemic shock or severe dehydration.

Colloids and (Balanced) Crystalloids

The volume of distribution and the metabolization of the solute are the two main factors to
determine the plasma expansion capacity of a solution. Colloids are principally distributed within
the intravascular space, while dextrose solutions are first metabolized and then distributed within
the whole body water. Their volume expansion ability is hence limited and temporary. Resuscitation
should thus be undertaken using colloids. Intravascular volume expansion is mostly done using
crystalloids. If appropriated, dextrose solutions (5% or combined with saline) are used to provide free
water. The expansion capacity of isotonic crystalloids, distributed within the extracellular fluids, is
20% to 25%. The remaining crystalloid volume is kept within the interstitial space. This overload
of interstitial fluid has to be eliminated after the acute phase of the disease is over. Even if the use
of crystalloid solutions is effective, the price to pay remains quite high. Additionally, the excessive
use of sodium-containing crystalloids may cause oedema and further impair the clinical outcome.
Dextrose solutions may cause potential harmful effects as well (e.g., hyponatraemia <130 mM).
Hypochloraemic acidosis may occur as a result of the administration of saline, as they contain much
higher concentrations of chloride compared with plasma. This may seriously impair the kidney
function (reduced perfusion and glomerular filtration rates), the gastrointestinal function (mucosal
acidosis, ileus), or other cellular dysfunction including impairment of mitochondrial function. Recent
studies have shown the superiority of balanced electrolyte solutions (Hartmann’s or Ringer’s) on
saline solutions replacing water and salt deficits, except for cases of gastric juice losses, where chloride
losses are high [5]. Isotonic dextrose solutions should be used to replace deficits in free water. Colloid
solutions such as albumin or hydroxyethyl starch should be used to expand volume, as they induce
less salt/water overloads and oedemas than crystalloid solutions (e.g., dextrose 5%, 0.9% NaCl, and
balanced crystalloids). The combination of both in varying proportions may be used in the clinical
practice, depending on the patient’s condition. Newly published trials show balanced crystalloids to
be superior on saline solutions in critical and non-critical care [85,86]. These trials showed a lower rate
of the composite outcome of death from any cause, new renal-replacement therapy, or persistent renal
dysfunction with balanced crystalloids than with saline (number needed to treat 1/94).

9. Conclusions

Dehydration is a relevant clinical problem with severe consequences, particularly in patients
suffering from dysphagia, whose fluids’ intake is very restricted by the use of thickeners. At least in
one-third of inpatients, dehydration is misdiagnosed and thus underestimated as well as undertreated.
It is very important for the medical and nursing staff dealing with patients suffering dysphagia to be
aware of dehydration, and work closely with speech-language pathologists and dietitians to place a
nutrition and hydration care plan tailored to the needs and condition of each patient. Volume depletion,
treated with isotonic fluids, and dehydration treated with hypotonic fluids, must be clearly taken apart.
Rehydration should be treated by the oral (or enteral) route whenever possible. Parenteral rehydration
must be used in severe cases. The use of HDC may be considered in the case of mild dehydration when
there are contraindications for oral/enteral treatment. It represents an effective and safe treatment
option, especially in patients with dysphagia.



J. Clin. Med. 2019, 8, 1923 15 of 19

Author Contributions: Conceptualization, E.R. and Z.S.; writing—original draft preparation, E.R.;
writing—review and editing, F.G., I.A.D., M.F.V. and Z.S.; supervision, Z.S.

Funding: The APC was funded by the Research Found of the Department of Diabetes, Endocrinology, Nutritional
Medicine, and Metabolism and in part by Nestlé Health Science.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Burgos, R.; Breton, I.; Cereda, E.; Desport, J.C.; Dziewas, R.; Genton, L.; Gomes, F.; Jesus, P.; Leischker, A.;
Muscaritoli, M.; et al. ESPEN guideline clinical nutrition in neurology. Clin. Nutr. 2018, 37, 354–396.
[CrossRef] [PubMed]

2. Geeganage, C.; Beavan, J.; Ellender, S.; Bath, P.M. Interventions for dysphagia and nutritional support in
acute and subacute stroke. Cochrane. Database Syst. Rev. 2012. [CrossRef] [PubMed]

3. Madhavan, A.; LaGorio, L.A.; Crary, M.A.; Dahl, W.J.; Carnaby, G.D. Prevalence of and Risk Factors for
Dysphagia in the Community Dwelling Elderly: A Systematic Review. J. Nutr. Health Aging 2016, 20, 806–815.
[CrossRef] [PubMed]

4. Vivanti, A.P.; Campbell, K.L.; Suter, M.S.; Hannan-Jones, M.T.; Hulcombe, J.A. Contribution of thickened
drinks, food and enteral and parenteral fluids to fluid intake in hospitalised patients with dysphagia. J. Hum.
Nutr. Diet 2009, 22, 148–155. [CrossRef] [PubMed]

5. Lobo, D.; Lewington, A.; Allison, S. Basic concepts of fluid and electrolyte therapy. Clin. Med. 2013.
[CrossRef]

6. Bartolome, G.; Schröter-Morasch, H. Schluckstörungen: Diagnostik und Rehabilitation; Elsevier, Urban & Fischer:
Munich, Germany, 2013.

7. Prosiegel, M.; Weber, S. Dysphagie: Diagnostik und Therapie: Ein Wegweiser für Kompetentes Handeln; Springer:
Berlin, Germany, 2018.

8. Wirth, R.; Dziewas, R.; Beck, A.M.; Clave, P.; Hamdy, S.; Heppner, H.J.; Langmore, S.; Leischker, A.H.;
Martino, R.; Pluschinski, P.; et al. Oropharyngeal dysphagia in older persons—From pathophysiology to
adequate intervention: A review and summary of an international expert meeting. Clin. Interv. Aging 2016,
11, 189–208. [CrossRef]

9. Amella, E.J. Feeding and hydration issues for older adults with dementia. Nurs. Clin. North Am. 2004, 39,
607–623. [CrossRef]

10. Kolb, C. Nahrungsverweigerung bei Demenzkranken: PEG-Sonde-Ja oder Nein? Mabuse-Verlag: Frankfurt am
Main, Germany, 2004.

11. Schreier, M.M.; Bartholomeyczik, S. Mangelernährung bei Alten und Pflegebedürftigen Menschen: Ursachen und
Prävention aus Pflegerischer Perspektive-Review/Literaturanalyse; Schlütersche: Hannover, Germany, 2004.

12. Baijens, L.W.; Clave, P.; Cras, P.; Ekberg, O.; Forster, A.; Kolb, G.F.; Leners, J.C.; Masiero, S.; Mateos-Nozal, J.;
Ortega, O.; et al. European society for swallowing disorders—European union geriatric medicine society
white paper: Oropharyngeal dysphagia as a geriatric syndrome. Clin. Interv. Aging 2016, 11, 1403–1428.
[CrossRef]

13. Tagliaferri, S.; Lauretani, F.; Pela, G.; Meschi, T.; Maggio, M. The risk of dysphagia is associated with malnutrition
and poor functional outcomes in a large population of outpatient older individuals. Clin. Nutr. 2018. [CrossRef]

14. Logemann, J.A.; Veis, S.; Colangelo, L. A screening procedure for oropharyngeal dysphagia. Dysphagia 1999,
14, 44–51. [CrossRef]

15. Sonies, B.C. Swallowing disorders and rehabilitation techniques. J. Pediatr. Gastroenterol. Nutr. 1997, 25,
S32–S33. [CrossRef] [PubMed]

16. Ickenstein, G.; Hofmayer, A.; Lindner-Pfleghar, B.; Pluschinski, P.; Riecker, A.; Schelling, A.; Prosiegel, M.
Standardisierung des Untersuchungsablaufs bei neurogener oropharyngealer Dysphagie (NOD). Neurol.
Rehabil. 2009, 15, 290–300.

17. Wu, M.-C.; Chang, Y.-C.; Wang, T.-G.; Lin, L.-C. Evaluating swallowing dysfunction using a 100-mL water
swallowing test. Dysphagia 2004, 19, 43–47. [CrossRef] [PubMed]

18. Marcotte, P. Critical Review: Effectiveness of FEES in Comparison to VFSS at Identifying Aspiration. Available
online: https://www.uwo.ca/fhs/lwm/teaching/EBP/2006_07/Marcotte.pdf (accessed on 7 November 2007).

http://dx.doi.org/10.1016/j.clnu.2017.09.003
http://www.ncbi.nlm.nih.gov/pubmed/29274834
http://dx.doi.org/10.1002/14651858.CD000323.pub2
http://www.ncbi.nlm.nih.gov/pubmed/23076886
http://dx.doi.org/10.1007/s12603-016-0712-3
http://www.ncbi.nlm.nih.gov/pubmed/27709229
http://dx.doi.org/10.1111/j.1365-277X.2009.00944.x
http://www.ncbi.nlm.nih.gov/pubmed/19302120
http://dx.doi.org/10.7861/clinmedicine.13-5-524
http://dx.doi.org/10.2147/CIA.S97481
http://dx.doi.org/10.1016/j.cnur.2004.02.014
http://dx.doi.org/10.2147/CIA.S107750
http://dx.doi.org/10.1016/j.clnu.2018.11.022
http://dx.doi.org/10.1007/PL00009583
http://dx.doi.org/10.1097/00005176-199700002-00016
http://www.ncbi.nlm.nih.gov/pubmed/9285863
http://dx.doi.org/10.1007/s00455-003-0030-x
http://www.ncbi.nlm.nih.gov/pubmed/14745645
https://www.uwo.ca/fhs/lwm/teaching/EBP/2006_07/Marcotte.pdf


J. Clin. Med. 2019, 8, 1923 16 of 19

19. Yamamura, K.; Kurose, M.; Okamoto, K. Guide to Enhancing Swallowing Initiation: Insights from Findings
in Healthy Subjects and Dysphagic Patients. Curr. Phys. Med. Rehabil. Rep. 2018, 6, 178–185. [CrossRef]
[PubMed]

20. Dennis, M.; Lewis, S.; Cranswick, G.; Forbes, J. FOOD: A multicentre randomised trial evaluating feeding
policies in patients admitted to hospital with a recent stroke. Health Technol. Assess. 2006, 10, 1–120.
[CrossRef]

21. Foley, N.; Finestone, H.; Woodbury, M.G.; Teasell, R.; Greene Finestone, L. Energy and protein intakes of
acute stroke patients. J. Nutr. Health Aging 2006, 10, 171–175.

22. Whelan, K. Inadequate fluid intakes in dysphagic acute stroke. Clin. Nutr. 2001, 20, 423–428. [CrossRef]
23. Cichero, J.A. Thickening agents used for dysphagia management: Effect on bioavailability of water,

medication and feelings of satiety. Nutr. J. 2013. [CrossRef]
24. Clave, P.; de Kraa, M.; Arreola, V.; Girvent, M.; Farre, R.; Palomera, E.; Serra-Prat, M. The effect of bolus

viscosity on swallowing function in neurogenic dysphagia. Aliment. Pharmacol. Ther. 2006, 24, 1385–1394.
[CrossRef]

25. Steele, C.M.; Alsanei, W.A.; Ayanikalath, S.; Barbon, C.E.; Chen, J.; Cichero, J.A.; Coutts, K.; Dantas, R.O.;
Duivestein, J.; Giosa, L.; et al. The influence of food texture and liquid consistency modification on swallowing
physiology and function: A systematic review. Dysphagia 2015, 30, 2–26. [CrossRef]

26. Cichero, J.A.; Lam, P.; Steele, C.M.; Hanson, B.; Chen, J.; Dantas, R.O.; Duivestein, J.; Kayashita, J.; Lecko, C.;
Murray, J.; et al. Development of international terminology and definitions for texture-modified foods
and thickened fluids used in dysphagia management: The IDDSI framework. Dysphagia 2017, 32, 293–314.
[CrossRef] [PubMed]

27. Marcason, W. What is the international dysphagia diet standardisation initiative? J. Acad. Nutr. Diet 2017.
[CrossRef] [PubMed]

28. Cichero, J.A.; Steele, C.; Duivestein, J.; Clave, P.; Chen, J.; Kayashita, J.; Dantas, R.; Lecko, C.; Speyer, R.;
Lam, P.; et al. The need for international terminology and definitions for texture-modified foods and
thickened liquids used in dysphagia management: Foundations of a global initiative. Curr. Phys. Med.
Rehabil. Rep. 2013, 1, 280–291. [CrossRef] [PubMed]

29. International Dysphagia Diet Standardisation Committee. Complete International Dysphagia Diet
Standardisation Initiative (IDDSI) Framework: Detailed Definitions. Available online: https://iddsi.org/

Documents/IDDSIFramework-CompleteFramework.pdf (accessed on 29 July 2019).
30. Lippert, W.C.; Chadha, R.; Sweigart, J.R. Things We Do for No Reason: The Use of Thickened Liquids in

Treating Hospitalized Adult Patients with Dysphagia. J. Hosp. Med. 2019, 14, 315–317. [CrossRef] [PubMed]
31. Mange, K.; Matsuura, D.; Cizman, B.; Soto, H.; Ziyadeh, F.N.; Goldfarb, S.; Neilson, E.G. Language guiding

therapy: The case of dehydration versus volume depletion. Ann. Intern. Med. 1997, 127, 848–853. [CrossRef]
32. Thomas, D.R.; Cote, T.R.; Lawhorne, L.; Levenson, S.A.; Rubenstein, L.Z.; Smith, D.A.; Stefanacci, R.G.;

Tangalos, E.G.; Morley, J.E. Understanding clinical dehydration and its treatment. J. Am. Med. Dir. Assoc.
2008, 9, 292–301. [CrossRef]

33. Armstrong, L.E.; Kavouras, S.A.; Walsh, N.P.; Roberts, W.O. Diagnosing dehydration? Blend evidence with
clinical observations. Curr. Opin. Clin. Nutr. Metab. Care. 2016, 19, 434–438. [CrossRef]

34. Weinberg, A.D.; Minaker, K.L. Dehydration. Evaluation and management in older adults. Council on
Scientific Affairs, American Medical Association. JAMA 1995, 274, 1552–1556. [CrossRef]

35. Stanga, Z.; Aubry, E. Dehydration in Dysphagia. In Dysphagia: Diagnosis and Treatment; Ekberg, O., Ed.;
Springer International Publishing: Cham, Switzerland, 2019; pp. 859–871.

36. Volkert, D.; Beck, A.M.; Cederholm, T.; Cruz-Jentoft, A.; Goisser, S.; Hooper, L.; Kiesswetter, E.; Maggio, M.;
Raynaud-Simon, A.; Sieber, C.C.; et al. ESPEN guideline on clinical nutrition and hydration in geriatrics.
Clin. Nutr. 2019, 38, 10–47. [CrossRef]

37. Institute of Medicine; Food and Nutrition Board; Panel on Dietary Reference Intakes for Electrolytes and
Water; Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. DRI, Dietary Reference
Intakes for Water, Potassium, Sodium, Chloride, and Sulfate; The National Academy Press: Washington, DC,
USA, 2005.

38. EFSA Panel on Dietetic Products; Nutrition; Allergies (NDA). Scientific opinion on dietary reference values
for water. EFSA J. 2010. [CrossRef]

http://dx.doi.org/10.1007/s40141-018-0192-y
http://www.ncbi.nlm.nih.gov/pubmed/30147997
http://dx.doi.org/10.3310/hta10020
http://dx.doi.org/10.1054/clnu.2001.0467
http://dx.doi.org/10.1186/1475-2891-12-54
http://dx.doi.org/10.1111/j.1365-2036.2006.03118.x
http://dx.doi.org/10.1007/s00455-014-9578-x
http://dx.doi.org/10.1007/s00455-016-9758-y
http://www.ncbi.nlm.nih.gov/pubmed/27913916
http://dx.doi.org/10.1016/j.jand.2017.02.004
http://www.ncbi.nlm.nih.gov/pubmed/28343526
http://dx.doi.org/10.1007/s40141-013-0024-z
http://www.ncbi.nlm.nih.gov/pubmed/24392282
https://iddsi.org/Documents/IDDSIFramework-CompleteFramework.pdf
https://iddsi.org/Documents/IDDSIFramework-CompleteFramework.pdf
http://dx.doi.org/10.12788/jhm.3141
http://www.ncbi.nlm.nih.gov/pubmed/30794132
http://dx.doi.org/10.7326/0003-4819-127-9-199711010-00020
http://dx.doi.org/10.1016/j.jamda.2008.03.006
http://dx.doi.org/10.1097/MCO.0000000000000320
http://dx.doi.org/10.1001/jama.1995.03530190066035
http://dx.doi.org/10.1016/j.clnu.2018.05.024
http://dx.doi.org/10.2903/j.efsa.2010.1459


J. Clin. Med. 2019, 8, 1923 17 of 19

39. Stookey, J.D.; Pieper, C.F.; Cohen, H.J. Is the prevalence of dehydration among community-dwelling older
adults really low? Informing current debate over the fluid recommendation for adults aged 70+years. Public
Health Nutr. 2005, 8, 1275–1285. [CrossRef] [PubMed]

40. Bennett, J.A.; Thomas, V.; Riegel, B. Unrecognized chronic dehydration in older adults: Examining prevalence
rate and risk factors. J. Gerontol. Nurs. 2004, 30, 22–28. [CrossRef] [PubMed]

41. Xiao, H.; Barber, J.; Campbell, E.S. Economic burden of dehydration among hospitalized elderly patients.
Am. J. Health Syst. Pharm. 2004, 61, 2534–2540. [CrossRef] [PubMed]

42. Martin, J.H.; Larsen, P.D. Dehydration in the elderly surgical patient. AORN J. 1994, 60, 666–671. [CrossRef]
43. Warren, J.L.; Bacon, W.E.; Harris, T.; McBean, A.M.; Foley, D.J.; Phillips, C. The burden and outcomes

associated with dehydration among US elderly, 1991. Am. J. Public Health 1994, 84, 1265–1269. [CrossRef]
44. Murray, J.; Doeltgen, S.; Miller, M.; Scholten, I. A Descriptive Study of the Fluid Intake, Hydration, and

Health Status of Rehabilitation Inpatients without Dysphagia Following Stroke. J. Nutr. Gerontol. Geriatr.
2015, 34, 292–304. [CrossRef]

45. Leibovitz, A.; Baumoehl, Y.; Lubart, E.; Yaina, A.; Platinovitz, N.; Segal, R. Dehydration among long-term
care elderly patients with oropharyngeal dysphagia. Gerontology 2007, 53, 179–183. [CrossRef]

46. Thomas, D.R.; Tariq, S.H.; Makhdomm, S.; Haddad, R.; Moinuddin, A. Physician misdiagnosis of dehydration
in older adults. J. Am. Med. Dir. Assoc. 2003, 4, 251–254. [CrossRef]

47. Phillips, P.A.; Johnston, C.I.; Gray, L. Disturbed fluid and electrolyte homoeostasis following dehydration in
elderly people. Age Ageing 1993, 22, S26–S33. [CrossRef]

48. Luckey, A.E.; Parsa, C.J. Fluid and electrolytes in the aged. Arch. Surg. 2003, 138, 1055–1060. [CrossRef]
49. Mentes, J. Oral hydration in older adults: Greater awareness is needed in preventing, recognizing, and

treating dehydration. Am. J. Nurs. 2006, 106, 40–49. [CrossRef] [PubMed]
50. Kayser-Jones, J.; Schell, E.S.; Porter, C.; Barbaccia, J.C.; Shaw, H. Factors contributing to dehydration in

nursing homes: Inadequate staffing and lack of professional supervision. J. Am. Geriatr. Soc. 1999, 47,
1187–1194. [CrossRef] [PubMed]

51. Lavizzo-Mourey, R.; Johnson, J.; Stolley, P. Risk factors for dehydration among elderly nursing home residents.
J. Am. Geriatr. Soc. 1988, 36, 213–218. [CrossRef] [PubMed]

52. Lubos, S.; Simon, A.; Zeno, S. Water and electrolytes in health and disease. In Basics in Clinical Nutrition, 5th
ed.; Luboš, S., Ed.; Galen: Belfast, Ireland, 2019.

53. Heilig, C.W.; Stromski, M.E.; Blumenfeld, J.D.; Lee, J.P.; Gullans, S.R. Characterization of the major brain
osmolytes that accumulate in salt-loaded rats. Am. J. Physiol. 1989, 257, F1108–F1116. [CrossRef]

54. Lien, Y.H.; Shapiro, J.I.; Chan, L. Effects of hypernatremia on organic brain osmoles. J. Clin. Invest. 1990, 85,
1427–1435. [CrossRef]

55. Robertson, G.L. Physiology of ADH secretion. Kidney Int. Suppl. 1987, 21, S20–S26.
56. Robertson, G.L.; Aycinena, P.; Zerbe, R.L. Neurogenic disorders of osmoregulation. Am. J. Med. 1982, 72,

339–353. [CrossRef]
57. McGee, S.; Abernethy, W.B., 3rd; Simel, D.L. The rational clinical examination. Is this patient hypovolemic?

JAMA 1999, 281, 1022–1029. [CrossRef]
58. Fortes, M.B.; Owen, J.A.; Raymond-Barker, P.; Bishop, C.; Elghenzai, S.; Oliver, S.J.; Walsh, N.P. Is this elderly

patient dehydrated? Diagnostic accuracy of hydration assessment using physical signs, urine, and saliva
markers. J. Am. Med. Dir. Assoc. 2015, 16, 221–228. [CrossRef]

59. Hooper, L.; Abdelhamid, A.; Attreed, N.J.; Campbell, W.W.; Channell, A.M.; Chassagne, P.; Culp, K.R.;
Fletcher, S.J.; Fortes, M.B.; Fuller, N.; et al. Clinical symptoms, signs and tests for identification of impending
and current water-loss dehydration in older people. Cochrane. Database Syst. Rev. 2015. [CrossRef]

60. Eaton, D.; Bannister, P.; Mulley, G.P.; Connolly, M.J. Axillary sweating in clinical assessment of dehydration
in ill elderly patients. BMJ 1994. [CrossRef] [PubMed]

61. Lieberman, H.R. Hydration and cognition: A critical review and recommendations for future research.
J. Am. Coll. Nutr. 2007, 26, 555–561. [CrossRef] [PubMed]

62. Armstrong, L.E. Challenges of linking chronic dehydration and fluid consumption to health outcomes.
Nutr. Rev. 2012, 70, S121–S127. [CrossRef] [PubMed]

http://dx.doi.org/10.1079/PHN2005829
http://www.ncbi.nlm.nih.gov/pubmed/16372923
http://dx.doi.org/10.3928/0098-9134-20041101-09
http://www.ncbi.nlm.nih.gov/pubmed/15575188
http://dx.doi.org/10.1093/ajhp/61.23.2534
http://www.ncbi.nlm.nih.gov/pubmed/15595228
http://dx.doi.org/10.1016/s0001-2092(07)63314-6
http://dx.doi.org/10.2105/AJPH.84.8.1265
http://dx.doi.org/10.1080/21551197.2015.1054573
http://dx.doi.org/10.1159/000099144
http://dx.doi.org/10.1016/S1525-8610(04)70368-0
http://dx.doi.org/10.1093/ageing/22.suppl_1.S26
http://dx.doi.org/10.1001/archsurg.138.10.1055
http://dx.doi.org/10.1097/00000446-200606000-00023
http://www.ncbi.nlm.nih.gov/pubmed/16728843
http://dx.doi.org/10.1111/j.1532-5415.1999.tb05198.x
http://www.ncbi.nlm.nih.gov/pubmed/10522951
http://dx.doi.org/10.1111/j.1532-5415.1988.tb01803.x
http://www.ncbi.nlm.nih.gov/pubmed/3339229
http://dx.doi.org/10.1152/ajprenal.1989.257.6.F1108
http://dx.doi.org/10.1172/JCI114587
http://dx.doi.org/10.1016/0002-9343(82)90825-7
http://dx.doi.org/10.1001/jama.281.11.1022
http://dx.doi.org/10.1016/j.jamda.2014.09.012
http://dx.doi.org/10.1002/14651858.CD009647.pub2
http://dx.doi.org/10.1136/bmj.308.6939.1271
http://www.ncbi.nlm.nih.gov/pubmed/8205020
http://dx.doi.org/10.1080/07315724.2007.10719658
http://www.ncbi.nlm.nih.gov/pubmed/17921465
http://dx.doi.org/10.1111/j.1753-4887.2012.00539.x
http://www.ncbi.nlm.nih.gov/pubmed/23121346


J. Clin. Med. 2019, 8, 1923 18 of 19

63. Armstrong, L.E.; Ganio, M.S.; Casa, D.J.; Lee, E.C.; McDermott, B.P.; Klau, J.F.; Jimenez, L.; Le Bellego, L.;
Chevillotte, E.; Lieberman, H.R. Mild dehydration affects mood in healthy young women. J. Nutr. 2012, 142,
382–388. [CrossRef]

64. Cowen, L.E.; Hodak, S.P.; Verbalis, J.G. Age-associated abnormalities of water homeostasis. Endocrinol.
Metab. Clin. North Am. 2013, 42, 349–370. [CrossRef] [PubMed]

65. Cheuvront, S.N.; Kenefick, R.W.; Charkoudian, N.; Sawka, M.N. Physiologic basis for understanding
quantitative dehydration assessment. Am. J. Clin. Nutr. 2013, 97, 455–462. [CrossRef] [PubMed]

66. Sollanek, K.J.; Kenefick, R.W.; Walsh, N.P.; Fortes, M.B.; Esmaeelpour, M.; Cheuvront, S.N. Assessment of
thermal dehydration using the human eye: What is the potential? J. Therm. Biol. 2012, 37, 111–117. [CrossRef]

67. Clark, W.F.; Sontrop, J.M.; Huang, S.H.; Moist, L.; Bouby, N.; Bankir, L. Hydration and Chronic Kidney
Disease Progression: A Critical Review of the Evidence. Am. J. Nephrol. 2016, 43, 281–292. [CrossRef]

68. Sontrop, J.M.; Dixon, S.N.; Garg, A.X.; Buendia-Jimenez, I.; Dohein, O.; Huang, S.H.; Clark, W.F. Association
between water intake, chronic kidney disease, and cardiovascular disease: A cross-sectional analysis of
NHANES data. Am. J. Nephrol. 2013, 37, 434–442. [CrossRef]

69. Bunn, D.; Jimoh, F.; Wilsher, S.H.; Hooper, L. Increasing fluid intake and reducing dehydration risk in older
people living in long-term care: A systematic review. J. Am. Med. Dir. Assoc. 2015, 16, 101–113. [CrossRef]

70. National Clinical Guideline Centre (UK). Intravenous Fluid Therapy: Intravenous Fluid Therapy in Adults
in Hospital. Available online: https://www.nice.org.uk/guidance/cg174 (accessed on 10 December 2013).

71. Chidester, J.C.; Spangler, A.A. Fluid intake in the institutionalized elderly. J. Am. Diet Assoc. 1997, 97, 23–28.
[CrossRef]

72. Beck, A.M.; Kjaersgaard, A.; Hansen, T.; Poulsen, I. Systematic review and evidence based recommendations
on texture modified foods and thickened liquids for adults (above 17 years) with oropharyngeal
dysphagia—An updated clinical guideline. Clin. Nutr. 2018, 37, 1980–1991. [CrossRef] [PubMed]

73. Bardis, C.N.; Kavouras, S.A.; Kosti, L.; Markousi, M.; Sidossis, L.S. Mild hypohydration decreases cycling
performance in the heat. Med. Sci. Sports Exerc. 2013, 45, 1782–1789. [CrossRef] [PubMed]

74. Watson, P.; Whale, A.; Mears, S.A.; Reyner, L.A.; Maughan, R.J. Mild hypohydration increases the frequency
of driver errors during a prolonged, monotonous driving task. Physiol. Behav. 2015, 147, 313–318. [CrossRef]
[PubMed]

75. Turner, T.; Cassano, A.M. Subcutaneous dextrose for rehydration of elderly patients–An evidence-based
review. BMC Geriatr. 2004. [CrossRef] [PubMed]

76. Dasgupta, M.; Binns, M.A.; Rochon, P.A. Subcutaneous fluid infusion in a long-term care setting. J. Am. Geriatr.
Soc. 2000, 48, 795–799. [CrossRef]

77. Remington, R.; Hultman, T. Hypodermoclysis to treat dehydration: A review of the evidence. J. Am. Geriatr.
Soc. 2007, 55, 2051–2055. [CrossRef]

78. Slesak, G.; Schnurle, J.W.; Kinzel, E.; Jakob, J.; Dietz, P.K. Comparison of subcutaneous and intravenous
rehydration in geriatric patients: A randomized trial. J. Am. Geriatr. Soc. 2003, 51, 155–160. [CrossRef]

79. Jain, S.; Mansfield, B.; Wilcox, M.H. Subcutaneous fluid administration–Better than the intravenous approach?
J. Hosp. Infect. 1999, 41, 269–272. [CrossRef]

80. Sasson, M.; Shvartzman, P. Hypodermoclysis: An alternative infusion technique. Am. Fam. Physician. 2001,
64, 1575–1578.

81. Walsh, G. Hypodermoclysis: An alternate method for rehydration in long-term care. J. Infus. Nurs. 2005, 28,
123–129. [CrossRef] [PubMed]

82. Lipschitz, S.; Campbell, A.J.; Roberts, M.S.; Wanwimolruk, S.; McQueen, E.G.; McQueen, M.; Firth, L.A.
Subcutaneous fluid administration in elderly subjects: Validation of an under-used technique. J. Am. Geriatr.
Soc. 1991, 39, 6–9. [CrossRef] [PubMed]

83. O’Keeffe, S.T.; Lavan, J.N. Subcutaneous fluids in elderly hospital patients with cognitive impairment.
Gerontology 1996, 42, 36–39. [CrossRef] [PubMed]

84. Pershad, J. A systematic data review of the cost of rehydration therapy. Appl. Health Econ. Health Policy 2010,
8, 203–214. [CrossRef]

http://dx.doi.org/10.3945/jn.111.142000
http://dx.doi.org/10.1016/j.ecl.2013.02.005
http://www.ncbi.nlm.nih.gov/pubmed/23702406
http://dx.doi.org/10.3945/ajcn.112.044172
http://www.ncbi.nlm.nih.gov/pubmed/23343973
http://dx.doi.org/10.1016/j.jtherbio.2011.12.006
http://dx.doi.org/10.1159/000445959
http://dx.doi.org/10.1159/000350377
http://dx.doi.org/10.1016/j.jamda.2014.10.016
https://www.nice.org.uk/guidance/cg174
http://dx.doi.org/10.1016/S0002-8223(97)00011-4
http://dx.doi.org/10.1016/j.clnu.2017.09.002
http://www.ncbi.nlm.nih.gov/pubmed/28939270
http://dx.doi.org/10.1249/MSS.0b013e31828e1e77
http://www.ncbi.nlm.nih.gov/pubmed/23470313
http://dx.doi.org/10.1016/j.physbeh.2015.04.028
http://www.ncbi.nlm.nih.gov/pubmed/25890276
http://dx.doi.org/10.1186/1471-2318-4-2
http://www.ncbi.nlm.nih.gov/pubmed/15086959
http://dx.doi.org/10.1111/j.1532-5415.2000.tb04755.x
http://dx.doi.org/10.1111/j.1532-5415.2007.01437.x
http://dx.doi.org/10.1046/j.1532-5415.2003.51052.x
http://dx.doi.org/10.1053/jhin.1998.0537
http://dx.doi.org/10.1097/00129804-200503000-00006
http://www.ncbi.nlm.nih.gov/pubmed/15785333
http://dx.doi.org/10.1111/j.1532-5415.1991.tb05898.x
http://www.ncbi.nlm.nih.gov/pubmed/1846157
http://dx.doi.org/10.1159/000213768
http://www.ncbi.nlm.nih.gov/pubmed/8641599
http://dx.doi.org/10.2165/11534500-000000000-00000


J. Clin. Med. 2019, 8, 1923 19 of 19

85. Self, W.H.; Semler, M.W.; Wanderer, J.P.; Wang, L.; Byrne, D.W.; Collins, S.P.; Slovis, C.M.; Lindsell, C.J.;
Ehrenfeld, J.M.; Siew, E.D.; et al. Balanced Crystalloids versus Saline in Noncritically Ill Adults. N. Engl. J.
Med. 2018, 378, 819–828. [CrossRef]

86. Semler, M.W.; Self, W.H.; Wanderer, J.P.; Ehrenfeld, J.M.; Wang, L.; Byrne, D.W.; Stollings, J.L.; Kumar, A.B.;
Hughes, C.G.; Hernandez, A.; et al. Balanced Crystalloids versus Saline in Critically Ill Adults. N. Engl. J.
Med. 2018, 378, 829–839. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1056/NEJMoa1711586
http://dx.doi.org/10.1056/NEJMoa1711584
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

