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Abstract: Adequate medical nutrition therapy for critically ill patients has an impact on their prog-
noses. However, it requires an individualized approach that takes into account the activity (phases
of metabolic stress) and particularity of these patients. We propose a comprehensive strategy con-
sidering the patients’ nutritional status and the set of modifiable circumstances in these patients, in
order to optimize/support nutritional efficiency: (1) A detailed anamnesis and an adequate initial
nutritional assessment must be performed in order to implement medical nutrition therapy that is in
line with the needs and characteristics of each patient. Furthermore, risks associated with refeeding
syndrome, nutritrauma or gastrointestinal dysfunction must be considered and prevented. (2) A safe
transition between nutrition therapy routes and between health care units will greatly contribute to
recovery. The main objective is to preserve lean mass in critically ill patients, considering metabolic
factors, adequate protein intake and muscle stimulation. (3) Continuous monitoring is required for
the successful implementation of any health strategy. We lack precise tools for calculating nutritional
efficiency in critically ill patients, therefore thorough monitoring of the process is essential. (4) The
medical nutrition approach in critically ill patients is multidisciplinary and requires the participation
of the entire team involved. A comprehensive strategy such as this can make a significant difference
in the functional recovery of critically ill patients, but leaders must be identified to promote training,
evaluation, analysis and feedback as essential components of its implementation, and to coordinate
this process with the recognition of hospital management.

Keywords: intensive care units; critical illness; nutritional therapy; functional recovery

1. Introduction

The Smartfeeding project was conceived as a dynamic strategy to enhance the func-
tional recovery of critically ill patients. It aims to foster collaboration among any and all
healthcare workers who can have an influence on the efficiency of medical nutrition therapy
received by critically ill patients during and after their stay in the intensive care unit (ICU).
The strategy is led by the Metabolism and Nutrition Working Group of the Catalan Society
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of Intensive and Critical Care Medicine (GTMiN-SOCMiC), in collaboration with the Early
Mobilization Working Group (GTMP-SOCMiC).

2. Methodology

GTMiN-SOCMiC invited 12 hospitals to attend a discussion and positioning meeting.
Each hospital was to send three professionals involved in the nutritional management of
critically ill patients, one of whom was to be an intensive care unit physician and GTMiN
member, while the other two were to have other care profiles (physiotherapist, physical
medicine and rehabilitation physician, nurse, speech therapist, pharmacist, endocrinologist,
etc.) at the discretion of each center.

A face-to-face meeting was scheduled in two distinct sessions. In the first session,
following a brief introduction, there were seven topics of discussion:

- Introduction: Why we provide nutrition therapy to critically ill patients.
- The changing nature of critically ill patients: How many critically ill patients are there

in a critically ill patient?
- The quality of the nutritional process: Calculate, prescribe... and administer!
- Does more always mean better? Safety in prescribing medical nutrition therapy.
- Is it enough for the patient to just eat? Determinants of lean-mass accretion.
- Is it possible to monitor nutritional efficiency?
- Key elements transforming a care process.

Attendees were distributed into tables of eight participants who were necessarily from
different hospitals and had different care profiles. Each discussion topic was introduced
with a brief overview (10 min), and the objectives, strengths and weaknesses associated
with each topic were proposed to the tables to be discussed. The tables discussed each topic
internally for 30 min. After the discussion, each table agreed on a series of recommendations
in 15 min that were sent in writing to a central table where all recommendations from all
tables were integrated.

In the second session, the groups were dissolved and the degree of consensus that
the recommendations commanded was assessed through an interactive voting system
(Kahoot! [1]). The following degrees of consensus were defined [2]:

• Strong consensus: Agreement of >90% of participants.
• Consensus: Agreement of 75–90% of participants.
• Majority agreement: Agreement of 50–75% of participants.
• No agreement: Agreement of <50% of participants.

After each vote, when the degree of consensus was less than strong, it was discussed
and the conclusion was modified based on new assessments and input.

The conclusions were sent to the participants for validation prior to the drafting of the
positioning document. The 40 recommendations agreed by the meeting participants can be
found in Table 1.

Table 1. Recommendations and degree of consensus according to the ESPEN SOP.

Recommendations Section Degree of Consensus

1. The goal of nutrition therapy is to promote the
maintenance of normal body function and the functional

recovery of patients.

A. Objectives of clinical nutrition in
critically ill patients

Strong consensus
(98%)

2. The efficiency of nutrition therapy depends on
patient-related factors, the management of injury, the

quality of the nutritional prescription and the impact of
contributing or harmful factors.

A. Objectives of clinical nutrition in
critically ill patients

Strong consensus
(100%)
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Table 1. Cont.

Recommendations Section Degree of Consensus

3. The different evolutionary phases of critically ill
patients create changes in their metabolic pattern, some

of them without anabolism.
B. Critical patient phases Strong consensus

(98%)

4. The design of nutrition therapy is dynamic and
should be reassessed at each phase. B. Critical patient phases Strong consensus

(100%)

5. It would be useful to have a systematic assessment on
hand that would help us identify which metabolic phase

a critical patient is in.
B. Critical patient phases Strong consensus

(100%)

6. Life support techniques can alter nutritional efficiency
in critically ill patients. B. Critical patient phases Strong consensus

(92%)

7. The calculation of protein and caloric needs should be
done on an individual basis and in consideration of

co-morbidities, the patient’s usual weight, their BMI and
the time of development (including physical therapy).

C. The quality of the nutritional
process

Strong consensus
(100%)

8. Within each center’s nutritional formulary, there must
be a variety of formulas that are sufficient when it comes
to meeting the specific needs of critically ill patients at
each time point (hyperproteic, with or without fiber,

hypercaloric, organ-specific, etc.).

C. The quality of the nutritional
process

Consensus
(87%)

9. Nutritional history should be included in the critically
ill patient’s medical history: number of days without
eating, weight loss, previous physical activity, use of

“digestive” drugs, etc.

C. The quality of the nutritional
process

Strong consensus
(100%)

10. Caloric and protein intake calculation
should take into account non-nutritional calories (e.g.,

propofol, citrate, serum) and increases in
physiotherapy-related requirements.

C. The quality of the nutritional
process

Strong consensus
(97%)

11. Prescription does not guarantee that the patient’s
requirements are met, so strategies should be

implemented in order to ensure that the patient receives
the total amount of the prescribed nutrition.

C. The quality of the nutritional
process

Strong consensus
(100%)

12. The enteral route is the route of choice in critically ill
patients. Given the difficulty of achieving the prescribed
requirements by the enteral route, and after optimizing
tolerance, the parenteral route (complementary or total)

should be considered.

C. The quality of the nutritional
process

Strong consensus
(92%)

13. In patients receiving an oral diet, monitoring of
intake is recommended in order to identify patients in

need of supplementation.

C. The quality of the nutritional
process

Strong consensus
(95%)

14. A diverse menu choice that increases patient
satisfaction with food can help increase their intake and

thus help improve nutritional status.

C. The quality of the nutritional
process

Agreement in favor
(72% in first round; 85.7% after

review of the text)

15. Critically ill patients are at nutritional risk, which is
aggravated if there is prior malnutrition.

D. Safety in prescribing medical
nutrition therapy

Strong consensus
(100%)

16. Inadequate administration of nutrients can lead to
metabolic complications in critically ill patients

(nutritrauma). Prevention is essential, especially in the
early stages of nutrition therapy.

D. Safety in prescribing medical
nutrition therapy

Strong consensus
(100%)

17. Monitoring of physical, digestive or metabolic
complications is essential, continuous and should be

integrated into routine clinical practice.

D. Safety in prescribing medical
nutrition therapy

Strong consensus
(95%)
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Table 1. Cont.

Recommendations Section Degree of Consensus

18. Tissue hypoperfusion markers should be included in
the assessment at the beginning of enteral nutrition in

critically ill patients.

D. Safety in prescribing medical
nutrition therapy

Consensus
(87%)

19. Medical nutrition therapy should
not be initiated until critically ill patients are in a state of

stabilized shock.

D. Safety in prescribing medical
nutrition therapy

Strong consensus
(97%)

20. The transition between nutrient access routes (PN,
EN, ON) is a complex time that should follow protocol

and be monitored in a specific manner.

D. Safety in prescribing medical
nutrition therapy

Strong consensus
(97%)

21. Before starting oral nutrition, the patient’s clinical
condition must be adequate to test for dysphagia.

D. Safety in prescribing medical
nutrition therapy

Strong consensus
(21% in first round; 95% after

review of the text)

22. Referral to other care services is a time of risk in
which the continuity of medical nutrition therapy must

be ensured.

D. Safety in prescribing medical
nutrition therapy

Strong consensus
(90%)

23. During the anabolic phase, protein contribution
should be increased and combined with a rehabilitation
program that promotes nutrient transformation to lean

mass.

E. Determinants of food
transformation into lean mass

Strong consensus
(100%)

24. The use of high-quality proteins (digestibility, amino
acid composition, etc.) favors nutritional efficiency.

E. Determinants of food
transformation into lean mass

Favorable Agreement
(66%)

25. It is critical to assess muscle dysfunction
(MRC/MRC-SS, ICU mobility score, etc.) to categorize

ICU patients based on their rehabilitation needs.

E. Determinants of food
transformation into lean mass

Consensus
(87%)

26. Critical patient rehabilitation must be a process
integrated into their care, and it should follow protocol

and be progressive and based on objectives.

E. Determinants of food
transformation into lean mass

Strong consensus
(97%)

27. Muscle and functional recovery of critically ill
patients exceeds their ICU stay (and most likely their
hospital stay), so continued medical nutrition therapy

and rehabilitation outside the ICU is necessary.

E. Determinants of food
transformation into lean mass

Strong consensus
(100%)

28. Rehabilitation sessions range from passive treatment
to the recovery of maximum function in the patient.

E. Determinants of food
transformation into lean mass

Consensus
(86%)

29. Physiotherapy sessions should increase in intensity
in accordance with the patient’s tolerance at each time

point. Rest is an essential part of the rehabilitation
strategy.

E. Determinants of food
transformation into lean mass

Consensus
(58% in first round; 76.2% after

review of the text)

30. Devices that facilitate recovery of lean mass, e.g.,
cycloergometers, standing frames, walking slings, etc.,

must be incorporated.

E. Determinants of food
transformation into lean mass

Agreement in favor
(69%)

31. Currently, we do not have tools that would allow us
to adequately calculate nutritional efficiency in critically

ill patients.

F. Is it possible to monitor
nutritional efficiency?

Strong consensus
(94%)

32. In the absence of a key indicator of nutritional
efficiency, close monitoring of the nutritional process

should be performed to optimize its results.

F. Is it possible to monitor
nutritional efficiency?

Strong consensus
(94%)

33. Imaging techniques could play a very important
future role in the monitoring of muscle quantity and

functional quality.

F. Is it possible to monitor
nutritional efficiency?

Strong consensus
(94%)

34. Medical nutrition therapy is a care process that has
an impact on patient prognosis.

G. Key elements in transforming a
care process

Strong consensus
(91%)
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Table 1. Cont.

Recommendations Section Degree of Consensus

35. Medical nutrition therapy in critically ill patients is,
by necessity, multidisciplinary and requires the

dedication of intensivists, nutritionists, endocrinologists,
nurses, physiotherapists, physiatrists, speech therapists,
hospital pharmacists, etc., integrated into the team and

with experience in managing this type of patient.

G. Key elements in transforming a
care process

Strong consensus
(95.2%)

36. It is necessary that we go beyond following
protocols. To this end, the following aspects are critical:
1. The formation and motivation of the multidisciplinary

team involved in the process. 2. Having a simplified
version of the protocol and a definition of process

indicators on hand.

G. Key elements in transforming a
care process

Strong consensus
(95.2%)

37. It is necessary to identify leaders who promote
training, evaluation, analysis and feedback as essential

parts of the process.

G. Key elements in transforming a
care process

Strong consensus
(100%)

38. Each unit must have a reference person that
coordinates this process. This figure must be recognized

by managers.

G. Key elements in transforming a
care process

Consensus
(81%)

39. Adapting protocols to different formats or models of
care aids their implementation.

G. Key elements in transforming a
care process

Consensus
(82%)

40. Training through clinical practice is a useful tool
that benefits from different strategies: daily checklists,

weekly multidisciplinary sessions and periodic
safety rounds

G. Key elements in transforming a
care process

Strong consensus
(100%)

3. Conference Sections

a. Why we provide nutrition therapy to critically ill patients
Recovery from functional impairment in critically ill patients suffering from multi-

organ failure is a challenge that requires the intervention of multiple participants, including
critically ill patients themselves. This already complex scenario is aggravated by the
demographic trend of an aging population, which is expected to significantly increase the
number of elderly patients requiring ICU care [3].

A specific strategy for action is defined for each patient, with his/her own baseline
status, weight, height, age and injury determining his/her critical status. If we were to
describe it as a mathematical function, we could identify three components of a polynomial:
nutritional risk associated with the patient’s baseline status, injury and nutritional therapy.

F(x) = (1 − Nutritional Risk) − (Injury) + (Nutritional Therapy)

In these circumstances, there would be factors that would fortify each of the above fac-
tors (muscle relaxants, corticosteroid treatment, new infections, extracorporeal techniques,
loss of enteral route, early mobilization, etc.).

F(x) = (1 − Nutritional Risk) − (Injury × Sarcopenia Risk Factors) + (Nutritional Therapy × Anabolic
Factors)

If we add the individual susceptibility of each patient (an individual constant, Ki) that
would explain the different responses of patients to the same stimuli (or the same injury),
the polynomial would read as follows:

F(x) = {(1 − Nutritional Risk) − (Injury × Sarcopenia Risk Factors) + (Nutritional Treatment × Anabolic
Factors)} × Ki
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But once this polynomial is constructed, the underlying question would be, What is
the purpose of that function? What does F(x) mean in critically ill patients? What is that
polynomial equivalent to? Perhaps to survival, to the length of their stay in the ICU, to the
duration of weaning, to muscle strength, etc.?

Nutritional efficiency in critically ill patients could be defined as the recovery of the
body’s functional lean mass, both muscular and visceral, based on nutritional therapy and
contributing modifiable circumstances.

In a patient with low nutritional risk and minimal injury, the margin is high; therefore,
nutritional therapy and supportive anabolic measures, such as increased initial protein
contribution, may not be significant [4–6]. In fact, patients will tolerate fasting and recover
intake capacity, and it is highly likely that they will be able to return to their previous func-
tional status [7,8], but this may not be the outlook for the patients we are discussing here.

Moreover, critically ill patients with nutritional risk who suffer an injury experience a
systemic response that will develop over time, the impact of which will vary with different
treatments (hemodiafiltration, mechanical ventilation, ECMO, surgical revisions, etc.), and
it may or may not be possible to preserve the enteral route in these patients, and therefore
intestinal function in all its complexity, and this will always determine nutritional objectives.
Therefore, in terms of medical nutrition management, treatment for each patient must be
part of a strategy and objectives in line with the baseline status and the development of
the injury.

A strategy designed to bolster the efficiency of medical nutrition therapy in critically ill
patients in general should capture the particularities of each center. The circuits of care and
prescribing responsibilities are different in each unit or hospital. Ignoring the particularities,
deficits or strengths of the different care models reduces a strategy’s effectiveness. However,
considering the objective and how to reach it does indeed seem unique and particular
to us. That is why we are inviting everyone who forms part of one or another of the
modifiable variables in the equation to share the real difficulties they have in their routine
clinical practice, to find common solutions and to emphasize those factors that enhance the
patient’s functional recovery from a feasible and operational point of view.

We have called this strategy SMARTFEEDING. We are looking for a dynamic, progres-
sive and continuous nutritional design that seeks to understand the unique and changing
nature of critically ill patients, uses non-nutritional resources and is maintained over time
when a patient moves from a critical to a fragile condition.

b. The changing nature of critically ill patients: How many critically ill patients are
there in a critically ill patient?

Medical nutrition therapy should be a dynamic process and one that is adjusted to
the different phases of metabolic stress (see Table 2). Critically ill patients are subjected
to different types of injury and experience a systemic inflammatory response that results
in metabolic stress. This response is acutely divided into an early phase (ebb) with shock
(1–2 days) and a later phase (flow) of less determined duration and which is very dependent
on the management of the initial phase (see Figure 1).

Table 2. Definition of Disease Phases in the Course of Critical Illness.

Disease Phase Organ
Dysfunction Inflammation Metabolic State

Approximate
Duration/Period

(Days)

Acute phase

Early acute phase

Severe or
increasing

(multiple) organ
dysfunction

Progressive
inflammation Catabolic 1–3

Late acute phase
Stable or

improving organ
dysfunction

Regressive
inflammation Catabolic-anabolic 2–4
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Table 2. Cont.

Disease Phase Organ
Dysfunction Inflammation Metabolic State

Approximate
Duration/Period

(Days)

Post-acute phase

Convalescence/
rehabilitation

Largely restored
organ function

Resolution of
inflammation Anabolic >7

Chronic phase Persistent organ
dysfunction

Persistent immune
suppression Catabolic >7
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Through a “second hit” (a new disturbance of homeostasis), a step backwards from
the post-acute to the acute phase is possible at any time. The individual course of critical
illness must be considered in each patient at all times with regard to the inflammatory and
metabolic changes or changes in organ dysfunction, respectively.

Paradoxically, the nutritional goal in the acute phase is to avoid overfeeding since,
in response to injury, a large number of endogenous substrates are produced from the
patient’s [10] reserves [8–10], whereas in the stable phase, exogenous supply needs to be
increased in order to avoid underfeeding. This later phase is characterized by a hyper-
catabolic state that typically lasts for the first seven days and, if the injury is controlled,
there follows a subsequent phase of reconstruction in which an anabolic phase occurs.

It should be noted that some patients suffer a persistent inflammation, immunosup-
pression and catabolism syndrome (PICS) at this later stage [6,11]. This is a dynamic process
that may be conditioned by new injuries (reinfections, complications, surgical revisions,
etc.), thereby changing the injury phase the patient is in, including a well-known state in
which protein synthesis is blocked in persistent inflammatory processes.

On the other hand, we have to take into account the negative effects that different life
support techniques used to keep patients alive in their fight against injury can have on lean
mass, including lean mass loss associated with muscle rest, which can be extrapolated to
loss of intestinal function associated with digestive rest, as well as the depleting effect of
extracorporeal techniques, oversedation or immobility. These procedures or scenarios may
overlap with the different physiological phases the patient is in.

c. The quality of the nutritional process: Calculate, prescribe... and administer!
The prescription of medical nutrition therapy must be a directed process in which

a detailed medical history (prior weight loss, days without oral intake, physical activity,
digestive system drugs, etc.) is required and an adequate baseline nutritional assessment
must be recorded in the patient’s medical record. On the other hand, nutrition therapy is a
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dynamic and continuous process over time that requires a contribution of both macronu-
trients and micronutrients (trace elements and vitamins) [11,12], taking into account the
non-nutritional calories (glucose serum, propofol, citrate) provided. In light of the signifi-
cant risk that malnutrition and underfeeding pose for complications [11], the evaluation for
medical nutrition therapy should ideally begin prior to ICU admission. This preemptive ap-
proach is supported, for example, by the ESPEN guidelines for Clinical Nutrition in Surgery,
which recommends the administration of oral nutritional supplements (ONS) during the
preoperative period to patients unable to meet their energy needs through regular diet,
irrespective of their nutritional status [13]. It also encompasses the critical consideration of
maintaining adequate hydration, ensuring patients do not face the compounded difficulties
associated with dehydration during ICU care.

For the critically ill, the guidelines from the European Society for Parenteral and
Enteral Nutrition (ESPEN) recommend the initiation of early enteral nutrition (within 48 h)
if oral intake is not possible [11]. Of particular note are patients with high nutritional risk,
especially those with previous malnutrition, in whom progression in caloric prescription
should be slow and progressive to avoid refeeding syndrome by producing excessive
intracellular substrate consumption (especially phosphorus) after an excessive supply of
exogenous nutrients [11,14].

There is some consensus regarding the calculation of caloric and protein requirements.
The gold standard for energy expenditure measurement is indirect calorimetry (IC) [15]. If
this is not available, either the predictive formulas or the weight-based formulas, formulas
that are available to everyone prescribing nutrition therapy in the ICU, will be used [16].
Calculations will be based on weight prior to ICU admission, taking into account that, in
patients with obesity, calculations should be adjusted in accordance with the patient’s body
mass index (BMI) [17]. Explicitly, according to the recommendations of the Metabolism and
Nutrition Working Group (GTMyN) of SEMICYUC (Sociedad Española de Medicina Inten-
siva Crítica y Unidades Coronarias [Spanish Society of Critical Care Medicine and Coronary
Units]), an adequate caloric intake in the first week of ICU admission would be to reach 70%
of the IC measurement or between 15–20 kcal/kg/day [18]. After the initial phase, or in the
subgroup of malnourished patients, it is recommended that 25 kcal/kg be given initially
and increased to 30–35 kcal/kg in the anabolic phase [18]. In obese patients (BMI 30–50),
it will be adjusted to 11–14 kcal/actual weight/day, and for BMI > 50, 22–25 kcal/kg ad-
justed weight per day [18]. Recommended lipid doses are between 0.7–1.3 g/kg/day or
25–40% of caloric intake. It is recommended that, in case of total parenteral nutrition
(TPN), lipid emulsions enriched with fish oil should be used because they improve the
omega-6/omega-3 ratio and have anti-inflammatory effects [18].

In the later anabolic phase or in patients with extracorporeal clearance techniques, the
initial protein contribution will be 1.2–1.5 g/kg/day and will increase to 1.5–2 g/kg/day.
Obese patients with BMI > 30 require high-dose proteins (1.8–2.5 g/kg ideal weight/day) [8].
While excessive caloric prescription has been associated with increased morbidity in criti-
cally ill patients, the administered protein doses actually seem to have an anabolizing effect.

Administration of enteral nutrition is of choice in critically ill patients if oral feeding
is not possible. Early enteral nutrition (EN) should be initiated within the first 48 h
of progression, after the resuscitation phase and once a stable shock situation has been
reached (mean systolic blood pressure ≥65 mmHg after adequate resuscitation, stabilized
and/or decreasing lactate levels and doses of vasopressors, and improvement of systemic
perfusion) [19]. If, after the acute phase (7–10 days), 70% of the enteral protein-caloric needs
are not achieved, add-on parenteral nutrition (PN) should be considered [20]. If EN cannot
be administered due to intestinal failure, especially in patients at nutritional risk, TPN
should be administered in progressive doses [8,11]. Attempts should be made to maintain
trophic enteral nutrition at 10–20 kcal/h for its potential positive effects on maintaining
gastrointestinal structure and function.
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In patients who tolerate oral intake, excluding those with dysphagia, there should
be careful monitoring of the amount ingested, and patients who are candidates to receive
supplements should be identified if the calculated requirements are not met.

Despite the clarity with which clinical practice guidelines are expressed, one of the
main limitations in nutrition therapy, especially enteral, is not the design of the treatment
but rather the administration thereof. It is essential to try to implement strategies to
maximize enteral input and tolerance. In the recently published multicenter Spanish
ENPIC study, nutrient administration did not reach a mean intake of 16 kcal/kg/day and
0.81 g/kg/day protein, which is a figure observed even in clinical trials: a scenario that we
all associate with excellence in care [21].

d. Does more always mean better? Safety in prescribing medical nutrition therapy.
Inadequate nutrition therapy has been directly associated with increased morbidity

and mortality in critically ill patients [22]. In this regard, it is critical to take the follow-
ing actions:

(1) Perform an adequate nutritional assessment to optimally adjust nutritional re-
quirements. The clinical severity of critically ill patients per se causes them to be at
nutritional risk regardless of their previous nutritional status, and therefore they can
benefit from personalized and targeted medical nutrition therapy. A proper nutri-
tional assessment aims to identify patients at risk of or in a state of malnutrition, who
would especially benefit from optimal personalized nutrition therapy, as malnutrition
is associated with increased morbidity, mortality and healthcare costs [23,24]. There is
no validated tool for nutritional assessment in the ICU; however, a complete physical
examination of the patient is advised and should be supported by a good medical
history, determination of biochemical parameters such as albumin, pre-albumin and
cholesterol, and an assessment of anthropometric data such as BMI or recent variations
from usual weight [11,25].

(2) Detect patients at risk of refeeding syndrome. Refeeding syndrome is characterized
by the acute onset of severe and potentially lethal metabolic and functional alterations
resulting from the reintroduction of nutrients, especially carbohydrates, in patients
with severe malnutrition. Although relatively uncommon, when it occurs, it causes
increased morbidity and mortality in critically ill patients [26,27]. The presence of
baseline factors such as cancer, prolonged hospital stays, alcoholism, anorexia nervosa,
recent weight loss, poorly controlled diabetes or malabsorption syndromes may help
to detect patients at risk of refeeding syndrome [26,27].

(3) Initiate nutrition therapy at the appropriate time. An accumulated caloric and
protein deficit is associated with increased mortality in critically ill patients [22]. For
this reason, early initiation of nutrition therapy is recommended in ICU patients
(<48 h) as long as there are no contraindications [11,25]. This is a key aspect in the
care of critically ill patients because, despite the different studies showing that enteral
nutrition in critically ill patients with vasoactive drugs is safe [28], a non-negligible
percentage of unstable patients experience splanchnic hypoperfusion and are at risk
of mesenteric ischemia. For this reason, in order for nutrition therapy to be initiated,
especially when enteral, the patient needs to be in a state of stabilized shock, defined
as the presence of systolic blood pressure ≥65 mmHg after adequate resuscitation,
improvement of systemic perfusion, decrease in tissue hypoperfusion markers such
as lactate, and stability or decrease in doses of vasopressors.

(4) Avoid or minimize nutritrauma. Nutritrauma refers to any metabolic adverse effect
that occurs as a result of inadequate medical nutrition therapy, such as refeeding
syndrome, hypertriglyceridemia or hyperhydration [29]. Nutritrauma can appear
at any time during medical nutrition therapy in ICUs, but it is more common in the
earliest phases of nutrition initiation and in patients receiving parenteral nutrition.
The occurrence of nutritrauma has been associated with increased morbidity and
mortality in critically ill patients [26,27,30,31], making its prevention vital. To avoid
or minimize nutritrauma, a number of preventive measures are recommended, such
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as: adjusting the protein-caloric contribution to the patient’s clinical condition and the
degree of metabolic stress; detecting and taking into account extra-nutritional caloric
intake; maintaining the enteral route wherever possible, given its benefits for the
intestinal mucosa [32]; having an effective glycemic control protocol; and measuring
the fluid balance or analyzing the liver, lipid and electrolyte levels frequently [33].

(5) Avoid or minimize gastrointestinal dysfunction. Gastrointestinal dysfunction is
a common phenomenon in critically ill patients and it encompasses a number of
mechanical alterations of the gastrointestinal tract such as increased gastric residue,
vomiting, diarrhea, constipation or abdominal distension, which have been associ-
ated with increased morbidity and mortality [34,35]. There are multiple causes that
favor gastrointestinal dysfunction in critically ill patients, such as hypoperfusion and
ischemia of the digestive tract, the use of different drugs such as benzodiazepines,
opioids or neuromuscular blockers, or intestinal dysbiosis, among others. One of
the factors that we should not omit is alterations in the secretion of the different
gastrointestinal hormones that are related to intestinal motility [34]. Therefore, it is
essential to circumvent the predisposing factors discussed above and to monitor daily
for any clinical signs indicating occurrence in order to initiate specific early treatment
and to prevent its progression.

(6) Ensure a safe transition when there are changes in the access route for nutrition
therapy. As a result of the constant clinical changes that critically ill patients present
throughout their stay in the ICU, we often need to rethink nutrition therapy and
make changes to the access route for nutrition. The time of transition from one route
to another (enteral to parenteral, parenteral to enteral, or any of them to oral) is a
sensitive time during which poor nutritional monitoring can lead to significant errors
with important clinical consequences, such as over or underfeeding, hyperglycemia,
hyperhydration, etc. For this reason, it is advisable to have a clear protocol with
explicit guidelines on how to make a transition, as well as close monitoring of the
onset of any of these complications so that they can be treated and their progression
prevented. It is important to mention that one of the most common and serious
complications associated with transitioning nutrition therapy to the oral route is
aspiration secondary to dysphagia. Dysphagia is a common phenomenon in critically
ill patients who have required mechanical ventilation and/or tracheostomy, and its
presence has been associated with increased morbidity and mortality [36]. Early
diagnosis of dysphagia is essential for planning targeted multidisciplinary treatment
and implementing oral intake when it is safe. In this regard, screening for dysphagia
is essential for all patients who have undergone orotracheal intubation for more than
48 h, patients who have a tracheostomy cannula who need to start an oral diet, or
patients who have been decannulated before starting oral intake [36,37].

(7) Ensure continuity of appropriate nutrition therapy on discharge from the ICU.
While it is true that specific and appropriate medical nutrition therapy in critically
ill patients provides significant benefits to prognosis, when discharge from the ICU
to other conventional inpatient services or rehabilitation centers is considered, the
recovering patient requires more specific nutritional intake and in greater amounts
than in previous phases in order to satisfy and consolidate the anabolism and muscle
growth typical of this phase [38] However, the patient’s nutritional and functional
recovery may be compromised upon discharge from the ICU if there is a lack of
communication between different care teams and if the patient is not identified as
being at risk. For this reason, the continuity and adequacy of nutrition therapy should
be guaranteed during this period of development in the care of critically ill patients,
and, to this end, teamwork is essential by means of a multidisciplinary group that
understands and monitors the needs of this type of patient [38].

e. Is it enough for the patient to just eat? Determinants of lean-mass accretion
Preserving lean mass in critically ill patients is one of the main objectives of nutrition

therapy. Patient immobilization itself involves a loss of lean mass. Its deficit may compro-
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mise immunological function, functional capacity and recovery time, and it can increase
the mortality rate. The greater the loss of lean mass, the more difficult it is for the patient to
recover. That is why the key point of the critically ill patient’s nutrometabolic treatment will
be to slow down muscle destruction as much as possible so that food is transformed into
lean mass for functional recovery [39]. Muscle proteins are in a constant state of renewal,
and the balance between the rates of protein breakdown and synthesis determines whether
there is a net gain (anabolism) or a net loss (catabolism, wasting).

Protein anabolism is going to depend on a number of factors, which are discussed in
the following section.

3.1. Exit Phase of the Critical Situation

In the acute and stable phase of critical illness, protein catabolism will be increased
supraphysiologically, and nutritional intervention will be aimed at preventing muscle
proteolysis, if possible. The body implements mechanisms of protein synthesis that, at all
times, will be insufficient to compensate for loss. Furthermore, in this phase, patients are
inactive, which is partly due to the impact of disease severity, clinical instability, sedation,
delirium and the concomitant treatments they are receiving to try to save their lives.

In the exit phase of critical illness, anabolism occurs, but it remains insufficient when
it comes to compensating for all the protein degradation. Anabolic resistance occurs and is
explained by three major factors: splanchnic sequestration of exogenous amino acids (AA),
which decreases the AA available to muscles; insulin resistance, which limits the uptake of
AA in muscles and makes muscle protein maintenance difficult; and attenuated responses
to AA with anabolic properties such as leucine. In this anabolic phase, there seem to be
more possibilities to implement specific measures to increase protein synthesis in order to
achieve an increase in muscle mass and strength [40].

Other adjuvant strategies aimed at slowing down the catabolism of critically ill patients
(beta-blockers, oxandrolone, anabolic steroids, promoting the enteral route, controlling
intestinal dysbiosis, etc.) [38,41] have been considered, but none have demonstrated any
clear benefits. On the other hand, proteomic characterization of skeletal muscle tissue as an
endocrine organ directly involved in the regulation of metabolism has opened the door to a
wide field of research.

3.2. Suitable Quantity and Quality of Protein-Energy Intake

Protein quantity: In a stressful situation, catabolic muscle loss can be avoided only if
there is increased uptake of AA from the blood through intravenous infusion or digestion
of enterally administered proteins, peptides or AA. These sources of AA can then stimulate
protein synthesis to compensate for the accelerated rate of protein degradation and AA oxi-
dation. In the literature, the consistent recommendation for protein intake is >0.8 g/kg/day,
and the safe use of up to 2.5 g/kg/d is discussed [38,40–42]. Increasing protein doses
beyond this threshold seems not to provide measurable benefits in muscle gain, but, based
on studies in athletes, higher doses (4 g/kg/d) can be given without adverse effects [43].
It appears that the muscle synthesis process (MPS) is the main determinant of muscle
hypertrophy, as it shows a saturable dose–response relationship with increased protein
intake. We cannot give a single dose of protein to all patients, thus individualization on a
patient-by-patient basis is critical. The main problem is that prescribed protein doses are
not being administered, and we need to ensure adequate caloric intake (no overfeeding) so
that protein utilization is correct [43].

Protein quality: Although no studies with nutritional intervention have been shown
to be effective for improving any strength or function outcomes in critically ill patients at
this time, the use of proteins with a high biological value appears to be fundamental for
critically ill patients. Whey protein is the quintessential promoter of myofibrillar protein
synthesis (MPS). This beneficial effect is attributed to the high proportion of leucine along
with rapid digestibility and high bioavailability within plasma and muscle tissue. Whey
protein is widely available, affordable and offers a relatively good safety profile.
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Vitamin D, on the other hand, has varied functions in skeletal muscle, including
calcium homeostasis, cell proliferation and differentiation, prevention of fat degeneration,
protection against insulin resistance, and mobilization of arachidonic acid. The combination
of whey protein and vitamin D may protect against sarcopenia and chronic inflammation
in critically ill patients.

Essential amino acids (EAA) are the building blocks of muscle and play an impor-
tant role in MPS. BCAA (branched-chain amino acids: leucine, isoleucine and valine) are
considered fundamental, with leucine being the most important of these because it stim-
ulates MPS via the mammalian target of the rapamycin (mTOR) signaling pathway and
is also associated with the release of glyconeogenic precursors from the muscle. The dose
of leucine to be administered in critically ill patients is unclear, but the benefit of EAA
administration with high-dose leucine (5 g/day) has been demonstrated in diseases that
cause muscle wasting, such as chronic diseases and atrophy from disuse. The PROT-AGE
group’s recommendation for the anabolic threshold per meal of dietary protein/amino acid
intake for the elderly population is 25 to 30 g of protein per meal, with approximately 2.5 to
2.8 g of leucine [44].

There are studies aimed at demonstrating the beneficial effect of a specific intervention
such as hydroxymethylbutyrate (HMB) on muscle mass [45,46]. HMB is a product of leucine
transamination produced in skeletal muscle that has been shown to improve MPS by its
involvement in the mTOR pathway (similar to leucine), thereby decreasing the breakdown
of muscle proteins independently of insulin. Under normal conditions, a portion of leucine
is metabolized to HMB in the muscle cells; therefore, it would seem logical to think that
HMB is more efficient in skeletal muscle renewal, but there is conflicting evidence regarding
muscle strength and functional performance. HMB supplementation remains controversial
because other studies, where a combined HMB/arginine/glutamine intervention on muscle
loss was performed, do not demonstrate the same benefit [46].

Creatinine supplementation increases the availability of creatine and phosphocreatine
in the muscle and supports anabolism by promoting the expression of growth factors, such
as insulin growth factor (IGF)-1, and protein phosphorylation signaling.

3.3. Muscle Stimulation

Protein administration should be accompanied by resistance training for adequate
muscle mass and strength recovery. Physical exercise should be considered a primary
tool in the management of sarcopenia due to it having a significantly beneficial effect on
anthropometric parameters and muscle function [38,39,42,47].

Exercise is defined as a “planned, structured, repetitive body movement intended to
improve or maintain fitness”. Physical activity and exercise can be quantified in terms of
FITT [42]: frequency, intensity, time (duration of the individual session and total duration
of the program) and modality type (strength, endurance, etc.). In critically ill patients,
resistance exercise is more complex due to the mitochondrial dysfunction and the reduced
capacity for ATP regeneration/production, which is necessary for muscle contraction.

Preparing customized training programs for each patient and starting to talk about
exercise doses when in the ICU setting is starting to become critical to the clinical and
functional outcome of the patient. Any barriers to exercise in the ICU should be removed,
such as the design of ICUs not compatible with exercise or lack of physical therapists
(or nursing professionals) to perform mobilization. Monitoring of the anabolism and
mobilization program of critically ill patients is essential.

f. Is it possible to monitor nutritional efficiency?
As with any medical treatment, nutrition therapy aims to improve the clinical situation

of critically ill patients. This is something that seems simple on the surface, but in practice
it is not.

Classically, laboratory parameters have been used to assess the nutritional status
of critically ill patients, with the most commonly used parameters being total proteins,
albumin, prealbumin, transferrin, retinol-linked protein, transthyretin, nitrogen balance
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and inflammatory parameters such as lymphocytes, C-reactive protein, interleukin-6 and
tumor necrosis factor α [48]. None of them have been shown to be useful in assessing
nutritional efficiency in critically ill patients. There are other far more complex measures
that are currently not useful in routine clinical practice due to their inaccessibility and the
time that the results take. Their use is limited to research [49].

In recent times, imaging techniques have been proposed for the assessment of nutri-
tional performance, understood as the assessment of the amount of muscle mass, including
bone densitometry, magnetic resonance imaging [50] and computed tomography [51]. De-
spite the potential usefulness of these techniques, in practice, the need to perform series,
with the cost involved, and the need to mobilize patients, means that they are not often used.
However, using ultrasound to measure muscle mass is the most widely used technique, as
it is possible to perform it at the bedside, it is reproducible and all units have an ultrasound
device. Its use requires knowledge of the protocol and its limitations of use [52]. The
most examined muscle is the rectus femoris, for which both the quantity and quality of the
muscle can be measured with specific software [53].

Another potentially useful technique is bioimpedance, which analyzes resistance and
reactance to an alternating current being passed through the body. Hydration status and
body composition can be assessed from these measurements. In critically ill patients,
variations in acute hydration status limit its use [54].

In the absence of an accurate way to measure outcomes, monitoring of the nutritional
process remains the best option. This monitoring includes:

• Reviewing the adequacy of the nutritional risk assessment.
• Evaluating the adequacy of the time of initiating nutrition therapy.
• Evaluating the adequacy of the prescription of nutrition therapy at both baseline and

during treatment.
• Ensuring the adequate administration of prescribed doses or, otherwise, identifying

situations where this administration can be optimized (e.g., assessing whether fasting
is necessary before an imaging test).

• Ensuring monitoring of mechanical and metabolic complications associated with nutri-
tion therapy and to provide solutions to them (including adequate glycemic control).

• Developing an early mobilization protocol and adhering to it to minimize the loss of
lean mass.

On the other hand, the monitoring and optimization of nutrition therapy after dis-
charge from the ICU must be performed by the professionals in charge at each center, which
will allow for optimization of the nutritional process throughout the patient’s treatment.

Therefore, given the current limitations on the monitoring of nutrition therapy, close
monitoring of the nutritional process (each step of the process needed to perform nutrition
therapy) is recommended.

g. Key elements in transforming a care process
Medical nutrition therapy is a care process that has an impact on patient prognosis [55–57].

If we want to include the SMARTFEEDING strategy as a care process that aims to increase
the functional recovery of critically ill patients, we must consider three key aspects:

1. The purpose of the care process.
2. The key, unavoidable and applicable elements in the care process.
3. How to get the entire team to apply them, including team members who are not

experts in medical nutrition therapy.

Applying the SMARTFEEDING strategy will have organizational implications on
resource management at different levels of care, with clinical actions and attitudes beyond
the patient’s location, and mainly associated with appropriate medical nutrition therapy
and adjunctive physiotherapy. In addition, the multidisciplinary nature of this care process
must be taken into account, with the intervention of the various professionals involved in
clinical actions (physician, nurse, physiotherapist, dietitian, speech therapist, occupational
therapist) and the different care settings.
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Although the ultimate objective is the functional recovery of critically ill patients, the
transformation of the care process must take into account indicators of cost-effectiveness,
which can be understood as clinical effectiveness. Consequently, for the objective of the
change to be feasible, it must be appropriate to the resources, it must identify and address
a need, and the results must be measurable. The key elements of the care process to
be transformed are those that determine scientific evidence and consensus, which are
highlighted in the care protocol as key indicators of the process [58,59].

To facilitate the implementation of complex protocols by all care teams, different
strategies have been proposed. One of the most well-known and effective is the 4 Es
(Engage, Educate, Execute, Evaluate) [60], which can be defined in terms of the following
key points:

- Initiating a conceptual change in the care teams by circulating the care process to be
transformed as well as the objective and impact that said transformation may have on
the health of the patient.

- Educating non-experts on the essential processes of nutritional efficiency while un-
derstanding that many need to know a little (executors) and a few need to know a lot
(leaders or reference persons).

- Conducting the protocol in different formats. It is useful to have three versions of the
protocols available (extended, short and infographic), given that a simple format with
few instructions and another broad and more explicit format where professionals can
access more extensive information if needed is best suited to the different needs of
participating healthcare providers. The bundle or package strategy of no more than
five actions has been shown to be useful when applying some processes.

- Evaluating and defining which key indicators of the care process will be measured to
monitor the process.

- Strong leadership, clearly identified in each unit in which it is implemented, along with
resources and management recognition, is essential when carrying out transformation
of integrated care processes. Leadership should not only design the strategy to
facilitate implementation (motivation and education); it should be considered a visible
resource that acts as the ultimate point of reference. Likewise, leadership must be
responsible for analysis and evaluation, and may provide feedback to the care team
that highlights the advantages of this transformation in the care process. These analysis
actions should be considered as feeding into the motivation of the healthcare team
itself. Training through clinical practice (e.g., daily checklists, weekly multidisciplinary
sessions and periodic safety rounds) is intended to facilitate that purpose.

4. Concluding Remarks

Medical nutrition therapy is a care process that has an impact on patient prognosis. To
ensure adequate nutritional management of critically ill patients, it is vital that the particular
and changing nature of these types of patients is taken into account. Such uniqueness
and variability require a careful and individualized approach aimed at promoting optimal
functional recovery during and after the patient’s stay in the ICU. Our proposal is based
on a comprehensive and dynamic strategy to enhance the functional recovery of the
critically ill patient that considers both the nutritional status of the patient and modifiable
circumstances.

This strategy consists of several key aspects which are summarized in Figure 2. Firstly,
medical nutrition therapy must be a strategic and targeted process requiring a medical
history (prior weight loss, days without oral intake, physical activity, digestive system
drugs, etc.) and an adequate baseline nutritional assessment that is recorded in the patient’s
medical record and allows for timely initiation of medical nutrition therapy. In addition, this
nutritional assessment should take into account (enabling identification and prevention of)
associated risks, such as refeeding syndrome, gastrointestinal dysfunction or nutritrauma.
A safe transition between the different access routes (enteral, parenteral and oral) for
nutrition therapy should be ensured. Transfers between the ICU and other medical care
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units (care continuity) must ensure that information be included in the transfer in order to
ensure optimal nutritional and functional recovery.
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One of the primary objectives of the resulting nutritional strategy will be to preserve
lean mass in critically ill patients. Therefore, it is important to consider the different factors
that affect and contribute to protein anabolism: metabolic characteristics of the phase the
critically ill patient is in, adequate quantity and quality of protein intake, and adequate
muscle stimulation.

The correct implementation of such a strategy requires ongoing monitoring and sup-
port. However, we do not currently have any practical tools available that would allow us
to adequately calculate nutritional efficiency in critically ill patients. This lack of an accurate
measurement technique requires close and thorough monitoring of the nutritional process
that covers all of the aforementioned aspects (with reassessment throughout the process).

Finally, medical nutrition therapy in critically ill patients is, by necessity, multidisci-
plinary and requires the dedication of an experienced team of intensivists, nutritionists,
endocrinologists, nurses, physiotherapists, physiatrists, speech therapists, hospital pharma-
cists, etc. Following protocols is not enough; we need to focus on implementation, and the
whole team needs to be properly trained and motivated. We believe that such a strategy
has the potential to make a significant difference to the functional recovery of critically
ill patients.

Author Contributions: Conceptualization, J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C., I.M.D.L.Z., E.N.-M. and
L.S.-G.; methodology, J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C., I.M.D.L.Z., E.N.-M. and L.S.-G.; validation,
J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C., I.M.D.L.Z., E.N.-M. and L.S.-G.; investigation, J.C.Y., M.L.B.-L.,
J.C.L.-D., C.L.-C., I.M.D.L.Z., E.N.-M. and L.S.-G.; resources, J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C.,
I.M.D.L.Z., E.N.-M. and L.S.-G.; data curation, J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C., I.M.D.L.Z., E.N.-
M. and L.S.-G.; writing—original draft preparation, J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C., I.M.D.L.Z.,
E.N.-M. and L.S.-G.; writing—review and editing, J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C., I.M.D.L.Z.,
E.N.-M. and L.S.-G.; visualization, J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C., I.M.D.L.Z., E.N.-M. and L.S.-G.;



Nutrients 2024, 16, 1157 16 of 18

supervision, J.C.Y., M.L.B.-L., J.C.L.-D., C.L.-C., I.M.D.L.Z., E.N.-M. and L.S.-G. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: All the data supporting the findings of this study are fully included
within this published article. There are no additional datasets.

Acknowledgments: This work received logistic and scientific support from Carlos Masdeu (Profármaco2
S.L, Barcelona, Spain). This service was funded by Nestlé Health Science Spain. The authors would
like to thank Raquel Albertos-Martell, Nuria Almendros-Abad, Alba Caballer, Sandra Canelles-
Carrera, Helena Cabo Santos, Paola Cárdenas-Campos, Marivi Cobo Meroño, Roser Coll, Irene
Dot, Maria Forga, Anna Garcia-Segura, Montserrat Gil Ariño, Juliana Gonzalez-Londoño, Manuela
Gonzalez-Navarro, Ana Jiménez-Valenzuela, Mònica Magret, Mor Marco Esther, Beatriz Martínez
Castro, Aïda Martinez Fajarnes, Eric Mayor-Vázquez, Sergio Marin, Javier Mateu de Antonio, José
Luis Moreno González, Pere Leyes, Rafael López-Urdiales, Francesc Xavier Pujol Capel, Conxita
Rovira i Anglès, Laura Sáez Álvarez, María Salamero Amorós, Cristina Sangrador Pelluz, Cristina
Serrano Herrera, Cristina Soldevilla, Neus Sunyer-Esquerrà and Paula Vera-Artazcoz for their partici-
pation and contributions in the session and their invaluable efforts in achieving consensus for each of
the recommendations presented in this manuscript. Their assistance was crucial and without it, this
work would not have been possible.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Kahoot!. Kahoot! Available online: https://kahoot.com/ (accessed on 3 July 2023).
2. Bischoff, S.C.; Singer, P.; Koller, M.; Barazzoni, R.; Cederholm, T.; Van Gossum, A. Standard operating procedures for ESPEN

guidelines and consensus papers. Clin. Nutr. 2015, 34, 1043–1051. [CrossRef]
3. Jones, A.; Toft-Petersen, A.P.; Shankar-Hari, M.; Harrison, D.A.; Rowan, K.M. Demographic Shifts, Case Mix, Activity, and

Outcome for Elderly Patients Admitted to Adult General ICUs in England, Wales, and Northern Ireland. Crit. Care Med. 2020, 48,
466–474. [CrossRef] [PubMed]

4. Arabi, Y.M.; Aldawood, A.S.; Haddad, S.H.; Al-Dorzi, H.M.; Tamim, H.M.; Jones, G.; Mehta, S.; McIntyre, L.; Solaiman, O.;
Sakkijha, M.H.; et al. Permissive Underfeeding or Standard Enteral Feeding in Critically Ill Adults. N. Engl. J. Med. 2015, 372,
2398–2408. [CrossRef]

5. Tatucu-Babet, O.A.; Ridley, E.J. How much underfeeding can the critically ill adult patient tolerate? J. Intensive Med. 2022, 2, 69–77.
[CrossRef]

6. Mateos, A.G.d.L.Y. Séptima Lección Jesús Culebras. Respuesta inflamatoria sistémica y disfunción/ fracaso multiorgánico tras
una agresión: Implicaciones metabólicas. Nutr. Hosp. 2017, 34, 244. [CrossRef]

7. Blaser, A.R.; Padar, M.; Mändul, M.; Elke, G.; Engel, C.; Fischer, K.; Giabicani, M.; Gold, T.; Hess, B.; Hiesmayr, M.; et al.
Development of the Gastrointestinal Dysfunction Score (GIDS) for critically ill patients—A prospective multicenter observational
study (iSOFA study). Clin. Nutr. 2021, 40, 4932–4940. [CrossRef] [PubMed]

8. Blaser, A.R.; Poeze, M.; Malbrain, M.L.N.G.; Björck, M.; Oudemans-van Straaten, H.M.; Starkopf, J.; Gastro-Intestinal Failure
Trial Group. Gastrointestinal symptoms during the first week of intensive care are associated with poor outcome: A prospective
multicentre study. Intensive Care Med. 2013, 39, 899–909. [CrossRef]

9. Elke, G.; Hartl, W.H.; Kreymann, K.G.; Adolph, M.; Felbinger, T.W.; Graf, T.; de Heer, G.; Heller, A.R.; Kampa, U.; Mayer, K.; et al.
Clinical Nutrition in Critical Care Medicine—Guideline of the German Society for Nutritional Medicine (DGEM). Clin. Nutr.
ESPEN 2019, 33, 220–275. [CrossRef] [PubMed]

10. Arabi, Y.M.; Reintam Blaser, A.; Preiser, J.-C. Less is more in nutrition: Critically ill patients are starving but not hungry. Intensive
Care Med. 2019, 45, 1629–1631. [CrossRef]

11. Singer, P.; Blaser, A.R.; Berger, M.M.; Alhazzani, W.; Calder, P.C.; Casaer, M.P.; Hiesmayr, M.; Mayer, K.; Montejo, J.C.; Pichard, C.;
et al. ESPEN guideline on clinical nutrition in the intensive care unit. Clin. Nutr. 2019, 38, 48–79. [CrossRef]

12. Berger, M.M.; Shenkin, A.; Schweinlin, A.; Amrein, K.; Augsburger, M.; Biesalski, H.-K.; Bischoff, S.C.; Casaer, M.P.; Gundogan,
K.; Lepp, H.-L.; et al. ESPEN micronutrient guideline. Clin. Nutr. 2022, 41, 1357–1424. [CrossRef] [PubMed]

13. Weimann, A.; Braga, M.; Carli, F.; Higashiguchi, T.; Hübner, M.; Klek, S.; Laviano, A.; Ljungqvist, O.; Lobo, D.N.; Martindale, R.;
et al. ESPEN guideline: Clinical nutrition in surgery. Clin. Nutr. 2017, 36, 623–650. [CrossRef] [PubMed]

14. Yoshida, M.; Izawa, J.; Wakatake, H.; Saito, H.; Kawabata, C.; Matsushima, S.; Suzuki, A.; Nagatomi, A.; Yoshida, T.; Masui, Y.;
et al. Mortality associated with new risk classification of developing refeeding syndrome in critically ill patients: A cohort study.
Clin. Nutr. 2021, 40, 1207–1213. [CrossRef] [PubMed]

https://kahoot.com/
https://doi.org/10.1016/j.clnu.2015.07.008
https://doi.org/10.1097/CCM.0000000000004211
https://www.ncbi.nlm.nih.gov/pubmed/32205592
https://doi.org/10.1056/NEJMoa1502826
https://doi.org/10.1016/j.jointm.2022.01.002
https://doi.org/10.20960/nh.1001
https://doi.org/10.1016/j.clnu.2021.07.015
https://www.ncbi.nlm.nih.gov/pubmed/34358839
https://doi.org/10.1007/s00134-013-2831-1
https://doi.org/10.1016/j.clnesp.2019.05.002
https://www.ncbi.nlm.nih.gov/pubmed/31451265
https://doi.org/10.1007/s00134-019-05765-0
https://doi.org/10.1016/j.clnu.2018.08.037
https://doi.org/10.1016/j.clnu.2022.02.015
https://www.ncbi.nlm.nih.gov/pubmed/35365361
https://doi.org/10.1016/j.clnu.2017.02.013
https://www.ncbi.nlm.nih.gov/pubmed/28385477
https://doi.org/10.1016/j.clnu.2020.07.034
https://www.ncbi.nlm.nih.gov/pubmed/32828568


Nutrients 2024, 16, 1157 17 of 18

15. Tatucu-Babet, O.A.; Ridley, E.J.; Tierney, A.C. Prevalence of Underprescription or Overprescription of Energy Needs in Critically
Ill Mechanically Ventilated Adults as Determined by Indirect Calorimetry: A Systematic Literature Review. JPEN J. Parenter. Enter.
Nutr. 2016, 40, 212–225. [CrossRef] [PubMed]

16. Fraipont, V.; Preiser, J.-C. Energy Estimation and Measurement in Critically Ill Patients. JPEN J. Parenter. Enter. Nutr. 2013, 37,
705–713. [CrossRef] [PubMed]

17. Dickerson, R.N.; Andromalos, L.; Brown, J.C.; Correia, M.I.T.D.; Pritts, W.; Ridley, E.J.; Robinson, K.N.; Rosenthal, M.D.; van
Zanten, A.R.H. Obesity and critical care nutrition: Current practice gaps and directions for future research. Crit. Care 2022, 26,
283. [CrossRef] [PubMed]

18. Arbeloa, C.S.; de la Gándara, A.M.; Cinto, C.L.; Lasierra, J.F.; Vácaro, J.M. Recomendaciones para el tratamiento nutrometabólico
especializado del paciente crítico: Requerimientos de macronutrientes y micronutrientes. Grupo de Trabajo de Metabolismo y
Nutrición de la Sociedad Española de Medicina Intensiva, Crítica y Unidades Coronarias (SEMICYUC). Med. Intensiv. 2020, 44,
24–32. [CrossRef]

19. Flordelís Lasierra, J.L.; Pérez-Vela, J.L.; Montejo González, J.C. Nutrición enteral en el paciente crítico con inestabilidad
hemodinámica. Med. Intensiv. 2015, 39, 40–48. [CrossRef] [PubMed]

20. Heidegger, C.P.; Berger, M.M.; Graf, S.; Zingg, W.; Darmon, P.; Costanza, M.C.; Thibault, R.; Pichard, C. Optimisation of energy
provision with supplemental parenteral nutrition in critically ill patients: A randomised controlled clinical trial. Lancet 2013, 381,
385–393. [CrossRef]

21. González, C.A.; Navarro, C.; Martínez, C.; Quirós, J.R.; Dorronsoro, M.; Barricarte, A.; Tormo, M.J.; Agudo, A.; Chirlaque, M.D.;
Amiano, P.; et al. El estudio prospectivo europeo sobre cáncer y nutrición (EPIC) (#). Rev. Española Salud Pública 2004, 78, 167–176.

22. Villet, S.; Chiolero, R.L.; Bollmann, M.D.; Revelly, J.-P.; Cayeux, M.-C.; Delarue, J.; Berger, M.M. Negative impact of hypocaloric
feeding and energy balance on clinical outcome in ICU patients. Clin. Nutr. 2005, 24, 502–509. [CrossRef] [PubMed]

23. Giner, M.; Laviano, A.; Meguid, M.M.; Gleason, J.R. In 1995 a correlation between malnutrition and poor outcome in critically ill
patients still exists. Nutrition 1996, 12, 23–29. [CrossRef] [PubMed]

24. Ljungqvist, O.; De Man, F. Under nutrition: A major health problem in Europe. Nutr. Hosp. 2009, 24, 369–370. [PubMed]
25. Alonso, C.V.; Laguna, L.B.; Fernández-Ortega, J.F.; Laguna, M.B.; Ortega, J.F.; de Lorenzo, A.G.; de Lorenzo y Mateos, A.G.;

Carmona, T.G.; Meseguer, J.I.H.; Arizmendi, A.M.; et al. Recomendaciones para el tratamiento nutrometabólico especializado del
paciente crítico: Introducción, metodología y listado de recomendaciones. Grupo de Trabajo de Metabolismo y Nutrición de la
Sociedad Española de Medicina Intensiva, Crítica y Unidades Coronarias (SEMICYUC). Med. Intensiv. 2020, 44, 1–14. [CrossRef]

26. Van Zanten, A.R.H. Nutritional support and refeeding syndrome in critical illness. Lancet Respir. Med. 2015, 3, 904–905. [CrossRef]
[PubMed]

27. Koekkoek, W.A.C.; Van Zanten, A.R.H. Is refeeding syndrome relevant for critically ill patients? Curr. Opin. Clin. Nutr. Metab.
Care 2018, 21, 130–137. [CrossRef] [PubMed]

28. Lasierra, J.L.F.; González, J.C.M.; Delgado, J.C.L.; Chug, P.Z.; Lozano-Aranaga, F.M.; Cárdenas, C.L.; Laguna, M.L.B.; Maichle, S.;
Almanza, L.J.T.; Martínez, M.V.T.; et al. Enteral nutrition in critically ill patients under vasoactive drug therapy: The NUTRIVAD
study. J. Parenter. Enter. Nutr. 2022, 46, 1420–1430. [CrossRef] [PubMed]

29. Yébenes, J.C.; Campins, L.; de Lagran, I.M.; Bordeje, L.; Lorencio, C.; Grau, T.; Montejo, J.C.; Bodí, M.; Serra-Prat, M.; Working
Group on Nutrition and Metabolism of the Spanish Society of Critical Care. Nutritrauma: A Key Concept for Minimising the
Harmful Effects of the Administration of Medical Nutrition Therapy. Nutrients 2019, 11, 1775. [CrossRef]

30. Tian, Y.; Wang, R.; Zhang, M.; Li, T.; He, Y.; Wang, R. Stress-induced Hyperglycemia Ratio as an Independent Risk Factor of
In-hospital Mortality in Nonresuscitation Intensive Care Units: A Retrospective Study. Clin. Ther. 2023, 45, 31–39. [CrossRef]

31. Samoni, S.; Vigo, V.; Reséndiz, L.I.B.; Villa, G.; De Rosa, S.; Nalesso, F.; Ferrari, F.; Meola, M.; Brendolan, A.; Malacarne, P.; et al.
Impact of hyperhydration on the mortality risk in critically ill patients admitted in intensive care units: Comparison between
bioelectrical impedance vector analysis and cumulative fluid balance recording. Crit. Care 2016, 20, 95. [CrossRef]

32. McClave, S.A.; Lowen, C.C.; Martindale, R.G. The 2016 ESPEN Arvid Wretlind lecture: The gut in stress. Clin. Nutr. 2018, 37,
19–36. [CrossRef]

33. Reintam, A.; Parm, P.; Kitus, R.; Kern, H.; Starkopf, J. Gastrointestinal symptoms in intensive care patients. Acta Anaesthesiol.
Scand. 2009, 53, 318–324. [CrossRef] [PubMed]

34. Blaser, A.R.; Preiser, J.-C.; Fruhwald, S.; Wilmer, A.; Wernerman, J.; Benstoem, C.; Casaer, M.P.; Starkopf, J.; van Zanten, A.;
Rooyackers, O.; et al. Gastrointestinal dysfunction in the critically ill: A systematic scoping review and research agenda proposed
by the Section of Metabolism, Endocrinology and Nutrition of the European Society of Intensive Care Medicine. Crit. Care 2020,
24, 224. [CrossRef]

35. Padar, M.; Starkopf, J.; Uusvel, G.; Reintam Blaser, A. Gastrointestinal failure affects outcome of intensive care. J. Crit. Care 2019,
52, 103–108. [CrossRef]

36. Langmore, S.E.; Krisciunas, G.P.; Warner, H.; White, S.D.; Dvorkin, D.; Fink, D.; McNally, E.; Scheel, R.; Higgins, C.; Levitt,
J.E.; et al. Abnormalities of Aspiration and Swallowing Function in Survivors of Acute Respiratory Failure. Dysphagia 2021, 36,
831–841. [CrossRef]

37. Martínez De Lagrán Zurbano, I.; Laguna, L.B.; Soria, C.V.; Guisasola, C.P.; Marcos-Neira, P. Utility of the modified Volume-
Viscosity Swallow Test for bedside screening of dysphagia in critically ill patients. Clin. Nutr. ESPEN 2023, 53, 214–223.
[CrossRef]

https://doi.org/10.1177/0148607114567898
https://www.ncbi.nlm.nih.gov/pubmed/25605706
https://doi.org/10.1177/0148607113505868
https://www.ncbi.nlm.nih.gov/pubmed/24113283
https://doi.org/10.1186/s13054-022-04148-0
https://www.ncbi.nlm.nih.gov/pubmed/36127715
https://doi.org/10.1016/j.medin.2019.12.013
https://doi.org/10.1016/j.medin.2014.04.002
https://www.ncbi.nlm.nih.gov/pubmed/24907000
https://doi.org/10.1016/S0140-6736(12)61351-8
https://doi.org/10.1016/j.clnu.2005.03.006
https://www.ncbi.nlm.nih.gov/pubmed/15899538
https://doi.org/10.1016/0899-9007(95)00015-1
https://www.ncbi.nlm.nih.gov/pubmed/8838832
https://www.ncbi.nlm.nih.gov/pubmed/19721916
https://doi.org/10.1016/j.medin.2020.02.008
https://doi.org/10.1016/S2213-2600(15)00433-6
https://www.ncbi.nlm.nih.gov/pubmed/26597130
https://doi.org/10.1097/MCO.0000000000000449
https://www.ncbi.nlm.nih.gov/pubmed/29251692
https://doi.org/10.1002/jpen.2371
https://www.ncbi.nlm.nih.gov/pubmed/35274345
https://doi.org/10.3390/nu11081775
https://doi.org/10.1016/j.clinthera.2022.12.007
https://doi.org/10.1186/s13054-016-1269-6
https://doi.org/10.1016/j.clnu.2017.07.015
https://doi.org/10.1111/j.1399-6576.2008.01860.x
https://www.ncbi.nlm.nih.gov/pubmed/19243317
https://doi.org/10.1186/s13054-020-02889-4
https://doi.org/10.1016/j.jcrc.2019.04.001
https://doi.org/10.1007/s00455-020-10199-8
https://doi.org/10.1016/j.clnesp.2022.12.021


Nutrients 2024, 16, 1157 18 of 18

38. Van Zanten, A.R.H.; De Waele, E.; Wischmeyer, P.E. Nutrition therapy and critical illness: Practical guidance for the ICU, post-ICU,
and long-term convalescence phases. Crit. Care 2019, 23, 368. [CrossRef] [PubMed]

39. Wischmeyer, P.E.; Puthucheary, Z.; San Millán, I.; Butz, D.; Grocott, M.P.W. Muscle mass and physical recovery in ICU: Innovations
for targeting of nutrition and exercise. Curr. Opin. Crit. Care 2017, 23, 269–278. [CrossRef] [PubMed]

40. Weijs, P.J.M.; Cynober, L.; DeLegge, M.; Kreymann, G.; Wernerman, J.; Wolfe, R.R. Proteins and amino acids are fundamental to
optimal nutrition support in critically ill patients. Crit. Care 2014, 18, 591. [CrossRef]

41. Arabi, Y.M.; Casaer, M.P.; Chapman, M.; Heyland, D.K.; Ichai, C.; Marik, P.E.; Martindale, R.G.; McClave, S.A.; Preiser, J.-C.;
Reignier, J.; et al. The intensive care medicine research agenda in nutrition and metabolism. Intensive Care Med. 2017, 43,
1239–1256. [CrossRef]

42. Chapple, L.-A.S.; Parry, S.M.; Schaller, S.J. Attenuating Muscle Mass Loss in Critical Illness: The Role of Nutrition and Exercise.
Curr. Osteoporos. Rep. 2022, 20, 290–308. [CrossRef] [PubMed]

43. Nakamura, K.; Nakano, H.; Naraba, H.; Mochizuki, M.; Takahashi, Y.; Sonoo, T.; Hashimoto, H.; Morimura, N. High protein
versus medium protein delivery under equal total energy delivery in critical care: A randomized controlled trial. Clin. Nutr. 2021,
40, 796–803. [CrossRef] [PubMed]

44. Bauer, J.; Biolo, G.; Cederholm, T.; Cesari, M.; Cruz-Jentoft, A.J.; Morley, J.E.; Phillips, S.; Sieber, C.; Stehle, P.; Teta, D.; et al.
Evidence-based recommendations for optimal dietary protein intake in older people: A position paper from the PROT-AGE
Study Group. J. Am. Med. Dir. Assoc. 2013, 14, 542–559. [CrossRef] [PubMed]

45. Viana, M.V.; Becce, F.; Pantet, O.; Schmidt, S.; Bagnoud, G.; Thaden, J.J.; Have, G.A.T.; Engelen, M.P.; Voidey, A.; Deutz, N.E.; et al.
Impact of β-hydroxy-β-methylbutyrate (HMB) on muscle loss and protein metabolism in critically ill patients: A RCT. Clin. Nutr.
2021, 40, 4878–4887. [CrossRef] [PubMed]

46. Bear, D.E.; Rooyackers, O. HMB and leucine supplementation during critical illness and recovery. Curr. Opin. Clin. Nutr. Metab.
Care 2022, 25, 88–92. [CrossRef]

47. Heyland, D.K.; Stapleton, R.D.; Mourtzakis, M.; Hough, C.L.; Morris, P.; Deutz, N.E.; Colantuoni, E.; Day, A.; Prado, C.M.;
Needham, D.M. Combining nutrition and exercise to optimize survival and recovery from critical illness: Conceptual and
methodological issues. Clin. Nutr. 2016, 35, 1196–1206. [CrossRef] [PubMed]

48. Ferrie, S.T.E. Monitoring Nutrition in Critical Illness: What Can We Use? Nutr. Clin. Pract. 2018, 33, 133–146. [CrossRef] [PubMed]
49. Stoppe, C.; Wendt, S.; Mehta, N.M.; Compher, C.; Preiser, J.-C.; Heyland, D.K.; Kristof, A.S. Biomarkers in critical care nutrition.

Crit. Care 2020, 24, 499. [CrossRef] [PubMed]
50. Kuriyan, R. Body composition techniques. Indian J. Med. Res. 2018, 148, 648–658. [CrossRef]
51. Braunschweig, C.A.; Sheean, P.M.; Peterson, S.J.; Perez, S.G.; Freels, S.; Troy, K.L.; Ajanaku, F.C.; Patel, A.; Sclamberg, J.S.; Wang,

Z. Exploitation of diagnostic computed tomography scans to assess the impact of nutrition support on body composition changes
in respiratory failure patients. J. Parenter. Enter. Nutr. 2014, 38, 880–885. [CrossRef]

52. Hernández-Socorro, C.R.; Saavedra, P.; López-Fernández, J.C.; Ruiz-Santana, S. Assessment of muscle wasting in long-stay ICU
patients using a new ultrasound protocol. Nutrients 2018, 10, 1849. [CrossRef]

53. Formenti, P.; Umbrello, M.; Coppola, S.; Froio, S.; Chiumello, D. Clinical review: Peripheral muscular ultrasound in the ICU. Ann.
Intensive Care 2019, 9, 57. [CrossRef] [PubMed]

54. Moonen, H.P.F.X.; Van Zanten, A.R.H. Bioelectric impedance analysis for body composition measurement and other potential
clinical applications in critical illness. Curr. Opin. Crit. Care 2021, 27, 344–353. [CrossRef] [PubMed]

55. Heyeres, M.; McCalman, J.; Tsey, K.; Kinchin, I. The Complexity of Health Service Integration: A Review of Reviews. Front. Public
Health 2016, 4, 223. [CrossRef] [PubMed]

56. Folgueras, T.M. Management of clinical nutrition. Nutr. Hosp. 2015, 31 (Suppl. S5), 5–15. [CrossRef]
57. Cattani, A.; Teixeira, P.P.; Silva, F.M. A systematic review on the agreement between clinical practice guidelines regarding the

steps of the nutrition care process of adult patients who are critically ill. J. Parenter. Enteral. Nutr. 2022, 46, 1769–1786. [CrossRef]
[PubMed]

58. Folgueras, T.M.; Casariego, A.V.; Hernández, J.; Hernández, M.V.C.; Ochando, M.S.; Porras, I.C.; Penín, I.R.; Gimeno, C.V.; Pomar,
M.D.B.; Brito, N.B.; et al. Process of medical nutrition therapy. Nutr. Hosp. 2022, 39, 1166–1189. [CrossRef]

59. Gomis, R.; Cases, M.M.; Puente, D.M.; Menéndez, S.A.; Muñoz, J.E.; Bravo, J.M.; Fernández-Santos, C.M.; Beltrán, D.O.; Mañas,
L.R.; Villalba, C.S.; et al. Aspectos metodológicos de los procesos asistenciales integrados (PAI). Rev. Calid. Asist. 2017, 32, 234–239.
[CrossRef]

60. Pronovost, P.J.; Berenholtz, S.M.; Goeschel, C.A.; Needham, D.M.; Sexton, J.B.; Thompson, D.A.; Lubomski, L.H.; Marsteller, J.A.;
Makary, M.A.; Hunt, E. Creating High Reliability in Health Care Organizations. Health Serv. Res. 2006, 41, 1599–1617. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s13054-019-2657-5
https://www.ncbi.nlm.nih.gov/pubmed/31752979
https://doi.org/10.1097/MCC.0000000000000431
https://www.ncbi.nlm.nih.gov/pubmed/28661414
https://doi.org/10.1186/s13054-014-0591-0
https://doi.org/10.1007/s00134-017-4711-6
https://doi.org/10.1007/s11914-022-00746-7
https://www.ncbi.nlm.nih.gov/pubmed/36044178
https://doi.org/10.1016/j.clnu.2020.07.036
https://www.ncbi.nlm.nih.gov/pubmed/32800385
https://doi.org/10.1016/j.jamda.2013.05.021
https://www.ncbi.nlm.nih.gov/pubmed/23867520
https://doi.org/10.1016/j.clnu.2021.07.018
https://www.ncbi.nlm.nih.gov/pubmed/34358832
https://doi.org/10.1097/MCO.0000000000000809
https://doi.org/10.1016/j.clnu.2015.07.003
https://www.ncbi.nlm.nih.gov/pubmed/26212171
https://doi.org/10.1177/0884533617706312
https://www.ncbi.nlm.nih.gov/pubmed/28530846
https://doi.org/10.1186/s13054-020-03208-7
https://www.ncbi.nlm.nih.gov/pubmed/32787899
https://doi.org/10.4103/ijmr.IJMR_1777_18
https://doi.org/10.1177/0148607113500505
https://doi.org/10.3390/nu10121849
https://doi.org/10.1186/s13613-019-0531-x
https://www.ncbi.nlm.nih.gov/pubmed/31101987
https://doi.org/10.1097/MCC.0000000000000840
https://www.ncbi.nlm.nih.gov/pubmed/33967207
https://doi.org/10.3389/fpubh.2016.00223
https://www.ncbi.nlm.nih.gov/pubmed/27800474
https://doi.org/10.3305/nh.2015.31.sup5.9127
https://doi.org/10.1002/jpen.2434
https://www.ncbi.nlm.nih.gov/pubmed/35809189
https://doi.org/10.20960/nh.04265
https://doi.org/10.1016/j.cali.2016.12.003
https://doi.org/10.1111/j.1475-6773.2006.00567.x

	Introduction 
	Methodology 
	Conference Sections 
	Exit Phase of the Critical Situation 
	Suitable Quantity and Quality of Protein-Energy Intake 
	Muscle Stimulation 

	Concluding Remarks 
	References

