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INTRODUCTION

undernutrition is a major public health problem, frequently found in intensive care patients.

Undernutrition results from an imbalance between energy and protein intake and requirements. It is

associated with increased mortality rates (1), and morbidity; mainly the occurrence of infections, suture

loosening, prolonged length of stay in intensive care and mechanical ventilation.(2,3)

Today in hospital, the cost of undernutrition is much higher than that of obesity. This makes it essential to

assess the nutritional status of all intensive care patients from the moment they are admitted, including

determining their nutritional risk, needs and protein-energy intake (4). This assessment makes it possible

to determine at an early stage the nutritional management strategy best suited to the patient.

According to the European Society for Clinical and Metabolic Nutrition (ESPEN), ICU patients'

aggression evolves in three phases: the acute phase, the post-acute phase and the rehabilitation phase, and

the objective of nutritional care differs according to these phases (5,6), with the need to introduce nutrition

in all ICU patients whose length of stay exceeds 48 hours.

Good nutrition practice will not only improve the nutritional status of patients hospitalized in the ICU, but

will also contribute to a better prognosis and effectively reduce mortality and morbidity, which are high

in cases of undernutrition.(7)

Our work has the following objectives:

e To define the criteria for diagnosing undernutrition, its incidence in the ICU, and its risk factors.

e Study nutrition in all patients hospitalized in the ICU.

e Comparison of parameters between undernourished and non-denourished patients.

e Define the impact of undernutrition on infection rates, average length of stay and mortality rates in the
ICU.

I. TYPE OF STUDY:

This is a retrospective observational study based on the analysis of 180 records from January 1, 2023 to
December 31, 2024 on nutrition practices in the intensive care unit P33 surgical emergency resuscitation
department of the Ibn Rochd University Hospital in Casablanca.

II1. PATIENT SELECTION :

A. Inclusion criteria

All adult patients over 15 years of age admitted to the surgical intensive care unit for more than 48 hours
during the study period.

IV. DATA COLLECTION

All patient files admitted to the department during the study period were analyzed, using a pre-established

data collection form containing various epidemiological, clinical, biological and nutritional data.

A. Diagnosis of undernutrition

In view of the retrospective nature of our study, we chose the following criteria for undernutrition:

e The notion of weight loss prior to admission.

e The presence of malabsorption/maldigestion.

e The presence of an aggressive situation (acute pathology/evolving chronic pathology/evolving
malignant pathology).

e Reduced food intake compared with usual food intake prior to hospitalization.
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e Albumin dosage (Table 1).

Table 1: Diagnosis of undernutrition according to albumin

Albumin Not Moderate undernutrition Severe undernutrition
undernourished

<70ans >30 20-29 <20

>T70ans >35 30-34 <30

E. Nutritional data

e Type of nutrition: enteral/parenteral/mixed.

e Approach: peripheral venous route, central venous route, nasogastric/nasojejunal tube, stoma
(jejunostomy/gastrostomy).

e Products used: Oliclinomel, Nutrison, preparations, fortimel, trace elements and vitamins.

¢ Filling solution: saline infusion, glycosylated serum.

e Medication management: antibiotics, insulin, vasopressors, sedation, transfusion of packed red blood
cells/albumin/fresh-frozen plasma/platelets.

V. STATISTICAL STUDY

Statistical analysis was carried out in the computer department of the Faculty of Medicine and Pharmacy,
Casablanca, using SPSS (Statistical Package for the Social Sciences) V23 software.

Univariate analysis was used to describe the characteristics of our population. Results for qualitative
variables are expressed as frequency and percentage, and results for quantitative variables are expressed
as mean and standard deviation. The median is used for widely dispersed values.

A two-for KIH test was used to compare percentages of categorical variables.

A p-value of less than 0.05 was considered statistically significant.

RESULTS
I. DESCRIPTIVE STUDY
A. Sample size

Out of 250 files, 180 (72%) were validated.

B. Rates of undernutrition in the ICU

In our sample, 75 patients (42%) were diagnosed as undernourished on admission, while 105 patients
(58%) were diagnosed as not undernourished .

C. Description of the general population

1. Epidemiological data

1.1. Age

The mean age of patients was 48 years, with extremes ranging from 15 to 91 years. The predominant age
group was between 40 and 65 (42%).

1.2. Gender

There was a predominance of males, 135 (75%) of whom were men and 45 (25%) of whom were women, with
an M/F sex ratio of 3.

1.3. Reasons for hospitalization

During the study period, 61 patients (34%) were admitted for post-operative management of
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digestive surgery. The other reasons are detailed below.

Figure 1: Distribution of patients by reason for hospitalization.
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1.4. Length of stay in intensive care

In our study, the average length of stay in intensive care was 14 days, with a standard deviation of 9 days
and extremes ranging from 3 to 59 days.

1.5. Risk factors for undernutrition

In our study, the most frequent risk factors for undernutrition were persistent symptoms related to digestive
pathology (abdominal pain, vomiting) (18%), age over 65 (17%), diabetes (14%) and cancer (13%).

2. Clinical data

On admission, vital signs were used to assess patient stability (heart rate, blood pressure, use of
vasopressors, Glasgow score, respiratory rate and use of intubation).

2.1. Respiratory status on admission

53% Ventilated and sedated vs 47% spontaneous ventilation

2.2 Hemodynamic status on admission

62% stable vs 38% unstable

2.3 Neurological status on admission

The mean Glasgow score was 13, with extremes ranging from 5 to 15 and a standard deviation of 2.

2.4. Temperature

— On admission: 149 patients (85%) were apyretic, 11 patients (6%) were febrile, and 15 patients (9%)
were hypothermic .

_ Temperature trends: During hospitalization, 96 patients (53%) remained apyretic, while 77 patients
(43%) developed hyperthermia and 7 patients (4%) hypothermia .

3. Biological data

3.1. Albumin

141 patients or 78% showed hypoalbuminemia, while 39 patients or 22% had normal levels.
3.2. Total protein

65 patients (87%) were hypoprotidemic, while 10 patients (13%) had normal levels.
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3.3 Creatinine levels

103 patients or 57% had normal creatinine levels, while 20% of patients had low levels and 23% had high
levels.

3.4. Hemoglobin

100 patients or 56% had anemia, while 70 patients or 39% had normal hemoglobin and 10 patients or 5%
had high hemoglobin.

3.5. White blood cells

101 patients (58%) had a normal white blood cell count, while 2% had leukopenia and 40%
hyperleukocytosis.

3.6. C-reactive protein (CRP)

In our study, almost all patients presented an inflammatory syndrome with CRP >12 mg/I.

3.7. Procalcitonin

46 patients (75%) had elevated procalcitonin levels.

3.8. Platelets

In our study, 75% of patients had normal platelet levels.

3.9. Venous blood glucose

113 patients or 63% had normal blood glucose levels, 61 patients or 34% had hyperglycemia and 3% had
hypoglycemia.

3.10. Electrolytes

The electrolyte balance returned to normal in the majority of patients.

4. Nutritional data

4.1. Approach

In our series, 103 patients or 57% had a parenteral approach (all patients had a central venous line) and
149 patients or 82% had an enteral approach, 95% with SNG and 5% with a stoma.

4.2 Type of nutrition

During hospitalization, all patients were fed. 77 patients (43%) received exclusive enteral nutrition, 31
patients (17%) parenteral nutrition alone, and 72 patients (40%) mixed nutrition.

4.3. Time of introduction of nutrition

For parenteral nutrition, 20% of patients received it on Day 1 and 16% on Day 2. For enteral nutrition,
30% received it on Day 1 and 14% on Day 2.

4.4. Duration of nutrition

The average duration of enteral nutrition was 10 days +/- 9D, with extremes ranging from 1 to 59 days.
For parenteral nutrition, the average duration was 5 days +/- 6D, with extremes ranging from 1 to 36 days.
4.5. Products used for nutrition

Table 1: Characteristics of products used for nutrition.

NUMBER OFAVERAGE TIME AVERAGE DOSEKcal/day
CASES (days) /day
NUTRISON 139 10,35 1L/ 1500
PREPARATION 70 14,81 250 ml /J -
FORTIMEL 38 12,13 1,2 flacon /J 634
OLICLINOMEL N7 102 8,66 1L /] 732
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5,78 1L /) 1272

4.6. Vitamin supplementation
In our series, multivitamin dietary supplements (Additiva) were used, while some patients were
supplemented with a single type of vitamin (VIT C, VIT B and VIT K).

Table 2: Vitamin supplementation.

‘N OMBER OF CASES AVERAGE DOSE /J

Complexe multivitaminique 120 1 cp/J
VIT C 109 1 cp/J
VIT K 58 1 injection de 10 mg/J
VIT B12 101 1 cp/J

4.7. Micronutrient supplementation
In our series, either a micronutrient complex or exclusive supplementation with iron, selenium or zinc was
used.

Table 3: Trace element supplementation.

‘NOMBRE DE CAS DOSE MOYENNE/PATIENT/J

NYTRYELT 3 1 flacon/J
FER 100 1 cp/J
ZINC/SELENIUM 11 1 cp/J

5. Medicines

5.1. Antibiotics

140 patients (78%) received antibiotic therapy, compared with 40 patients (22%) who did not. 18% were
on mono-antibiotics, 40% on bi-antibiotics and 42% on tri-antibiotics or more .

1.1 Insulin

137 patients (76%) received no insulin, while 43 patients (24%) received insulin. The distribution
according to the dose administered is shown below.

1.1. Vasopressors

In our study, 68 patients (38%) received vasopressors, of whom 40 patients (59%) were on enteral
nutrition; noradrenaline was the most commonly used vasoactive drug.

5.4. Transfusion

In our study, 46 patients (26%) received albumin, 89 patients (49%) received packed red blood cells, 20
patients (11%) received platelet packed red blood cells and 15 patients (8%) received fresh frozen plasma.
Figure 23 shows the distribution of patients by transfusion type.

5.5. Prokinetics

14 patients (8%) received prokinetics, while 166 patients (92%) did not.
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II. CORRELATION STUDY: DENUTRIS / NON-DENUTRIS PATIENTS

A. EPIDEMIOLOGICAL DATA

1. Age

In our study, the over-65 age group was the most affected by undernutrition, with a highly significant
correlation p< 0.001.

Undernourished patients had an average age of 59 +/- 16 years, whereas non-undernourished patients had
an average age of 40 +/- 17 years.

2. Gender

In our sample, the percentage of undernutrition by gender was higher in women than in men

A correlation between female gender and undernutrition was statistically significant (p=0.004).

3. Reasons for hospitalization

According to the reasons for hospitalization, we found that the reason most at risk of undernutrition is
Postoperative management of digestive surgery, with a highly significant correlation p< 0.01.

4. Length of stay in intensive care

The average length of stay for malnourished patients was 15 days+/- 9J. For patients without malnutrition,
the average length of stay was 13 days +/- 8 days.

No significant correlation between length of stay and malnutrition.

B. Clinical data

1. Type of ventilation

In our series, 47% of malnourished patients were ventilated/sedated, compared with 58% of non-
malnourished patients . We found no correlation between malnutrition and ventilation/sedation.

2. Temperature

In our series, we found no correlation between temperature and undernutrition.

C. Biological data

1. White blood cells

In our series, 78% of patients without malnutrition had a normal white blood cell count, compared with
25% of those with malnutrition

The correlation between malnutrition and white blood cells was statically significant p< 0.001.

2. C-reactive protein (CRP)

In our sample, 58% of non-undernourished patients showed elevated levels, compared with 42% of
undernourished patients. There was no significant correlation with undernutrition.

3. Haemoglobin

In our sample, 76% of malnourished patients had anaemia compared with 51% of non-malnourished
patients

A significant correlation was observed with malnutrition p= 0.002.

4. Creatinine levels

In our sample, 37% of malnourished patients had low creatinine levels, compared with 8% of non-
malnourished patients

We found a significant correlation with malnutrition p = 0.002.

5. Platelets

In our study, 40% of malnourished patients had thrombocytopenia compared with 14% of non-
malnourished patients, with a significant correlation p<0.001.
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6. Venous glycemia

We found that the malnourished population presented more glycemic disturbances than the non-
malnourished population.

The correlation was highly significant (p=0.001).

7. Electrolytes

In our series, 51% of malnourished patients presented hydroelectrolytic disorders compared with 15% of
non-malnourished patients

There was a significant correlation with malnutrition p< 0.001

D. DRUG MANAGEMENT & UNDERNUTRITION

1. Antibiotic therapy

We found that 59% of patients who received antibiotic therapy were not undernourished, compared with
41% of undernourished patients

No significant correlation between undernutrition and antibiotic use.

2. Insulin therapy

In our study, 54% of patients who received insulin therapy were undernourished compared with 46% of
patients who were not.

No significant correlation between undernutrition and insulin consumption.

3. Red blood cell transfusion

In our sample, we found a significant correlation between undernutrition and red blood cell transfusion p=
0.017.

4. Albumin transfusion

In our series, 87% of patients transfused with albumin were undernourished, compared with 13% of non-
undernourished patients

There was a statically significant correlation between albumin transfusion and undernutrition p< 0.001.
E. Nutrition-related complications

1. Digestive complications

In our series, 40 patients (22%) developed digestive complications, including :

e 17 patients (9%) presented with diarrhea,

e 13 patients (7%) presented with vomiting

e 10 patients (6%) experienced constipation.

There was no significant correlation between these digestive complications and enteral nutrition.

2. Hyperglycemia

Of the 61 patients who presented with hyperglycemia, 41 patients or 67% were on parenteral nutrition
alone or mixed, compared with 20 patients or 33% on enteral nutrition, 24 of whom were diabetic.

The correlation between parenteral nutrition and hyperglycemia was significant (p=0.04).

F. Nosocomial infections & undernutrition

97 patients (54%) developed a nosocomial infection, while 83 patients (46%) did not.

In our sample, we found a significant correlation between the occurrence of nosocomial infection and
undernutrition p < 0.001

G. Mortality & undernutrition

All pathologies combined, the prevalence of overall mortality reached 56% , with a mortality rate of 76%
for patients diagnosed as undernourished on admission and 40% for those who were not.

The correlation between mortality and undernutrition was statistically significant (p<0.001).
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Table 4: Summary table.

‘Undernourished patients Non-denourished patients

Age 59 ans +/- 16J 40 ans +/- 17J

Gender W (60%) W (40%)
M (36%) M (64%)

Reason for hospitalization Postoperative  management  of[Polytrauma Traumatic brain injury
digestive surgery

Length of stay 15 jours +/- 9J 13 jours +/- 8]

Intubated / Ventilated 47% (NS) 58%

Nosocomial infection 71% (p=0,001) 42%

Mortality 76% (p<0,001) 40%

DISCUSSION

I. DENUTRITION

A. Definition and pathophysiology:

Undernutrition is a condition in which the body is nutritionally unbalanced.

An imbalance between the body's protein-energy intake and requirements leads to involuntary tissue loss,
with deleterious functional consequences for the body and a worsening of disease prognosis.(8)

There are 2 main forms of undernutrition, each at the end of the same pathophysiological continuum, and
the 2 forms may coexist.

1. Intake-deficiency undernutrition =Exogenous undernutrition

This is mainly reflected in anthropometric terms (weight loss and/or low BMI), and is accompanied by
improved metabolic adaptation to insufficient energy and protein intake, through stimulation of lipolysis-
related ketogenesis and reduced recourse to gluconeogenesis, while preserving protein capital.(9)
Situations characterized essentially by reduced intake (known as anorexia) are :

Chronic pathologies such as algic, depressive, maldigestion or malabsorption syndromes, cirrhosis,
alcoholism, AIDS, bronchopneumopathy, renal failure..

Heavy therapeutic consequences such as chemotherapy, radiotherapy or surgery.

The elderly / polymedication...

2. Hypermetabolic undernutrition = endogenous undernutrition

Even if there is a certain heterogeneity in patients staying in intensive care (polytrauma/ sepsis/ burns/
cancer/ organ failure: cardiac or respiratory failure...), there is a common metabolic picture linked to severe
aggression. This is responsible for a systemic inflammatory response syndrome (SIRS).(10)

In situations of severe aggression, a deterioration in protein reserves with muscle wasting is observed,
leading to a negative nitrogen balance resulting from an imbalance between increased proteolysis and
decreased protein synthesis. (11)

This hypercatabolic state is activated by the secretion of pro-inflammatory cytokines (mainly TNF, IL-1,
IL-6) and so-called counter-regulatory hormones (cortisol, glucagon, catecholamines), the latter
contributing to insulin resistance, which in turn activates gluconeogenesis from circulating amino
acids(12).

B. Risk factors for undernutrition:

These are essentially risk factors related to the patient and/or associated therapies.
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1. patient-related risk factors:

Age

Undernutrition is common after the age of 60. Its prevalence varies between 2% and 4% in subjects aged
between 60 and 80 living at home. Over the age of 80, the prevalence exceeds 10%.

The main mechanism of undernutrition in the elderly is a deficit in protein-energy intake, for a variety of
reasons: changes in taste and dentition, loneliness, depression, overuse of medication and diets, and
numerous fears and taboos.

Age over 70 is often considered the most relevant factor in predicting undernutrition(13,14)

Cancer

Cancer is often associated with undernutrition. The prevalence of undernutrition depends on the location
and stage of the cancer in question. It is around 60% in ENT and upper digestive tract cancers (esophagus,
stomach and pancreas). Prevalence in breast, prostate and colorectal cancers varies from 12 to 30%, and
is much higher in metastatic cancers(15,16).

Finally, between 1/5 and 1/2 of patients with haematological malignancies are malnourished. Prevalence
varies according to the type and stage of haemopathy.(17)

Chronic diseases

All chronic diseases, particularly organ failure (respiratory, cardiac, renal, intestinal, pancreatic, hepatic),
are associated with a risk of undernutrition. Their progression is accompanied by an increase in resting
energy expenditure (REE) and a reduction in oral protein-energy intake. This is also the case for diabetic
patients, patients with chronic digestive pathologies, or patients undergoing treatment for inflammatory
syndromes.(18)

Patients infected with the human immunodeficiency virus (HIV) are also at particularly high risk of
undernutrition.(19)

Finally, in almost half of all cases, depression is complicated by reduced food intake and undernutrition.
Persistent symptoms

The presence of digestive symptoms (anorexia, nausea, vomiting, diarrhea, abdominal pain, dysphagia)
lasting more than 15 days is associated with a high risk of undernutrition.(20)

Similarly, the presence of chronic dyspnea secondary to chronic obstructive pulmonary disease (COPD)
or chronic obstructive pulmonary insufficiency (COPF) is associated with a high risk of undernutrition is
responsible for a reduction in food intake, leading to undernutrition(21).

2. Treatment-related risk factors:

Anti-cancer treatments (radiotherapy and chemotherapy)

Radiotherapy and chemotherapy have a major nutritional impact. They are carried out on patients who are
usually malnourished as a result of their cancer.(16,22)

Malnutrition is present in 90% of patients receiving cervical or mediastinal irradiation for cancers of the
ENT sphere, oesophagus or bronchial cancers.(23,24)

Radiation-induced stomatitis or oesophagitis, changes in taste and saliva production are the main causes
of reduced food intake.(23)

Combined radio-chemotherapy induces malnutrition in half of patients.

Nevertheless, the complications and side-effects of chemotherapy, such as stomatitis, esophagitis, nausea
and vomiting, dysgeusia or diarrhea, are associated with reduced food intake, and therefore a high risk of
undernutrition(25).
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Oral corticosteroids

It is well established that systemic corticosteroids induce protein hypercatabolism, leading to muscle
wasting. Corticosteroids can affect muscle protein metabolism in several ways. They activate certain
proteolysis pathways and inhibit protein synthesis by limiting ribosomal activity and inhibiting the
synthesis of anabolic proteins such as IGF1 (insulin-like growth factor-1) and growth hormone (GH).(26)
Long-term corticosteroid therapy is thus responsible for chronic myopathy, characterized by a reduction
in muscle mass, strength and endurance. It is associated with a risk of undernutrition.(26,27)
Polymedication

Polymedication is defined as taking more than five drugs a day. Over-medication increases the risk of
protein-energy deficiency, particularly in the elderly.(28)

At the same time, some drugs, such as antidepressants, are anorectic.

C. Consequences and complications of malnutrition

Malnutrition is accompanied by its own complications. Severe malnutrition, with depletion of lipid and
protein reserves in muscle and organs, is life-threatening.

All tissues undergoing rapid protein renewal are affected by a shortage of synthetic materials, particularly
in:(29)

¢ Exocrine pancreas: -Secretory insufficiency

e Bone marrow: -Anemia / Leukopenia

e Small intestine: - Partial villous atrophy

e Functional abnormalities of intestinal epithelium

e Risk of microbial pullulation favored by relative immunoglobulin deficiency

Immunocompetence is compromised, resulting in an increase in the frequency and severity of infections,
which in turn increase undernutrition, leading to a veritable vicious circle (Figure 45), as well as a
predisposition to artificial ventilation in the event of respiratory illness, and delayed weaning.(30,31)
Protein-energy substrates and micronutrients are essential for wound healing. Undernutrition is the cause
of delayed wound healing. This delay affects both dermal healing processes and bone repair.(32)
Malnutrition alters collagen synthesis, immune function, and oxygen supply to tissues (by impairing red
blood cell production and cardiovascular and respiratory function). These changes are responsible for
delayed healing(33).

Skeletal muscle damage is responsible for reduced muscle strength and fatigability, leading to physical
asthenia and, later, immobilization complicated by pressure sores. (34,35)

Responses to aggression and heavy therapy are inadequate, which explains the increase in morbidity and
mortality among undernourished patients hospitalized in intensive care units.(36)

Undernutrition is correlated with a poor survival prognosis in patients with chronic pathologies, such as
chronic respiratory failure and chronic renal failure.(37,38)
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I1. ASSESSMENT OF NUTRITIONAL STATUS / DIAGNOSIS OF UNDERNUTRITION

A. EVALUATION OF NUTRITION

Because of the serious consequences of undernutrition: reduced functional capacity, increased morbidity,
delayed wound healing, increased secondary infections and, above all, mortality, the ultimate consequence
of undernutrition. Assessing and monitoring nutritional status is playing an increasingly important role in
the management of undernourished patients.

However, as no single parameter is highly specific in assessing nutritional status, many different tools are
used. These are anthropometric and biological, and composite indices are available to increase the
sensitivity of these markers(39).

1. Anthropometric data

1.1. Weight/height:

The main clinical warning sign is weight loss.

Measurements of weight and height should be taken in underclothing, if possible in the morning on an
empty stomach, using a method appropriate to the patient's degree of autonomy: bathroom scale, chair
scale or weighing system coupled to a patient 1ift(40).

In patients who cannot be placed in an orthostatic position, or in whom height measurement may be
distorted (kyphosis, scoliosis, vertebral compression), heel-knee height measurement can be estimated
with the aid of a specific equation.(8)

Chumlea formulas:

- Male height (cm) = (2.02 x dTG cm) - (0.04 x age years) + 64.19

- Female height (cm) = (1.83 x dTG cm) - (0.24 x age years) + 84.88

Percentage weight loss is calculated using the formula:(41) [Usual weight - current weight)/Usual weight
x 100]

This is the simplest criterion for undernutrition. Weight loss of more than 10% is predictive of
postoperative complications in major surgery (nosocomial infections/suture loosening)(42,43).

1.2 Body Mass Index (BMI)

Body Mass Index (BMI) is the ratio of weight (kg) to height squared (m) = P/T2, and is used to specify
the level of corpulence and quantify the level of thinness.

BMI is normally between 18.5 and 25. Undernutrition is defined as BMI < 18.5 kg/m2 (44).

The Club francophone gériatrie et nutrition used a BMI threshold of 21 to define undernutrition in people
over 70(45).
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1.3 Lean mass/muscular strength

In the presence of oedematous syndrome, calculations of weight loss and BMI are flawed. In this situation,
measurement of brachial circumference has been shown to provide a good assessment of nutritional status,
as arm circumference correlates well with BMI.(46)

Normal values are: 20-30cm (women) and 25-27cm (men).

Estimated muscle strength can also be used to assess nutritional status and its evolution, using a manual
dynamometer(47).

2. Biological data

The interpretation of a nutritional protein balance, transthyretinemia or albuminemia, must take into
account the existence of interfering factors, notably excessive losses from the digestive tract
(malabsorption), kidney (nephrotic syndrome), skin (severe burns) and inflammation, which lead to a
reduction in plasma protein concentrations. (48)

In practice, it is essential to measure CRP in parallel with albumin and transthyretin, in order to be able to
interpret variations in the latter.

2.1. Albumin

Albumin accounts for 55% to 65% of circulating proteins. It plays a major role in maintaining oncotic
pressure, and is involved in the transport of many endogenous ligands.

Its normal serum concentration is between 35 and 45 g/, with a half-life of 20 days. Inflammatory
syndromes, hepatocellular insufficiency and glomerular or digestive leakage can lead to
hypoalbuminemia. In isolation, albumin levels are unsuitable for monitoring rapidly fluctuating situations,
but remain the benchmark for long-term evolution.

Albuminemia reflects the risk of undernutrition-related complications. The risk of undernutrition-related
complications is moderate when albuminemia is between 30 and 35 g/L, and severe when it is below 30
g/L.(49)

However, numerous studies demonstrate the increased morbidity and mortality in patients with
hypoalbuminemia.(50)

2.2. Transthyretin (TTR)

Transthyretin, previously known as prealbumin, is responsible for transporting retinol and thyroid
hormones. It has a short half-life of 2 days, and its normal serum concentration is between 250 and 350
mg/l, with significant physiological variations linked to sex and age(51).

It 1s a sensitive marker of protein-energy malnutrition, but is nonetheless not very specific, and its
concentration falls in liver failure and inflammatory syndromes(52). It can be used to identify rapid
fluctuations in nutritional status(53). Like albumin, a low concentration is associated with excess
morbidity(54). Undernutrition is said to be moderate if transthyretin is below 160 mg/l, severe if below
107 mg/1(55).

2.3 Transferrin

Transferrin is a protein with an intermediate half-life of 8 days, and a usual value of 2 to 4 g/L. In the
absence of protein-energy malnutrition, martial deficiency will stimulate hepatic transferrin synthesis to
spare residual iron stores and facilitate metabolic utilization. In this case, transferrin concentrations rise.
In undernourished patients, however, transferrin levels may fall if the workup does not reveal iron
deficiency. If iron deficiency does exist, the variation in transferrinemia can no longer be interpreted in
the undernutrition work-up(56).
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2.4. Markers of the inflammatory response

Inflammation induces a decrease in hepatic synthesis of nutritional proteins in order to increase the
bioavailability of amino acids for the synthesis of inflammatory response proteins. For this reason,
assessment of the inflammatory state is inseparable from biological exploration of the nutritional state.(57)
An inflammatory state is biologically objectified by an increase in CRP (half-life 19 h, usual value < 5
mg/1), defining an acute inflammatory syndrome, or in orosomucoid (half-life 72 h, usual values 0.5 to 1.2
g/1) for the exploration of a chronic inflammatory syndrome.

Hematology results can also be consulted. The most relevant parameters are increased fibrinogen and
neutrophil concentrations.

2.5. Creatininemia/Creatinine index

The assessment of muscle mass has also been one of the mainstays of nutritional assessment.

In addition to its vital role in assessing renal function, creatinine is also useful in assessing muscle mass,
decreasing in parallel with the degree of amyotrophy.

The creatinine index (creatininuria/height) may reflect muscle mass. One kilogram of muscle corresponds
to 23 mg of creatinine eliminated daily in men and 18 mg in women. This index is unusable in cases of
renal failure and rhabdomyolysis(58,59).

2.6. Nitrogen balance

Nitrogen balance is used to monitor the effectiveness of nutritional management and to adapt nitrogen
intake to the needs of a given patient. The nitrogen balance represents the difference between ingesta and
excreta; a positive nitrogen balance reflects an anabolic state, a negative nitrogen balance reflects a
catabolic state(60).

2.7. multiparametric indexes

The aim of these indexes is to identify patients at risk of undernutrition-related complications, particularly
infectious ones.

- Buzby Nutritional Risk Index (NRI)

This index takes into account variations in weight and albumin levels.

The NRI is defined by the following equation:(61)

NRI = 1.519x albuminemia (g/l) + 41.7 x (current weight/usual weight).

The results enable us to classify patients into 4 categories according to their risk of morbimortality:

NRI > 100 no risk

97.5 {NRI {100 low risk

83.5 {NRI ¢97.5 moderate risk

e NRI <83.5 major risk
To this end, the Buzby index must be integrated into a strategy for screening for and managing

undernutrition.(62)

- Nutritional and inflammatory prognostic index (PINI)

This combines the determination of two inflammation proteins, CRP and orosomucoid (Oroso), and two
nutrition proteins, albumin and TTR.

PINI = [CRP (mg/L) x Oroso (g/L)] / [Alb (g/L) x TTR (g/L)

PINI is normally close to 1, and correlates well with the clinical course of patients:

e 1to 10 Low risk of complication

e 11 to 20 Moderate risk of complication

e 21 to 30 High risk of complication
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e > 30 Life-threatening

These threshold values apply to chronically malnourished patients, children, adults and the elderly. Much

higher threshold values have been defined for patients suffering from aggression(63). This is not a

nutritional index, but an index of the risk of morbidity and mortality associated with undernutrition.

Several studies have found an association between a high PINI value and increased short-term

mortality(64).

B. Diagnosis of undernutrition

1. Diagnosis of undernutrition in adults (>18 years and<70 years)

The diagnosis of undernutrition requires the presence of at least: 1 phenotypic criterion and 1 etiological

criterion.(49)

Phenotypic criteria: 1 single criterion is sufficient

e BMI<18.5kg/m2

¢ Quantified reduction in muscle mass and/or function

o Weight loss > 5% in 1month or > 10% in 6months or loss > 10% compared with usual weight before
disease onset.

Etiological criteria: only 1 criterion is required

e Reduced absorption (maldigestion/malabsorption)

e Aggressive situation: acute pathology

e Evolving malignant pathology or

e Evolving chronic pathology.

e Reduction in food intake > 50% for more than a week, or any reduction in intake for more than 2
weeks compared:

usual food intake or protein-energy requirements.

When the diagnosis of undernutrition is established, and only when it is established, it is recommended to

determine its degree of severity.

Moderate: (1 single criterion is sufficient):

e 17<IMC<18.5KG/M2

e 30g/L <albumin < 35g/1

e  Weight loss > 5% in 1month or > 10% in 6months or compared with usual weight.

Severe :( 1seul critére suffit) :

o BMI<17kg/m2

o Albumin < 30g/1

o Weight loss > 10% in Imonth or > 15% in 6months or relative to usual weight.

When a single criterion of severe undernutrition and one or more criteria of moderate undernutrition are

observed simultaneously, undernutrition is qualified as severe.

2. Diagnosis of undernutrition in the elderly (= 70 years)

The diagnosis of undernutrition is based on the presence of one or more of the following criteria (49):

Weight loss: > 5% in 1 month, or 10% in 6 months

BMI <21

Albuminemia < 35 g/l

Global MNA < 17

Severe undernutrition is defined by the presence of one or more of the criteria below:
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o Weight loss: > 10% in 1 month, or 15% in 6 months
o BMI<18
o Albuminemia < 30 g/l

II1I. NUTRITIONAL ASSISTANCE IN INTENSIVE CARE

A. Nutritional intake

Accurate estimation of energy requirements and assessment of the energy target in intensive care are based
on indirect calorimetry; when the latter is not available or not feasible, predictive formulas can be used,
despite their lack of precision.(65,66)

Among these is the Harris and Benedict equation weighted by correction factors.

o MB (Male)=66.47+ (13.75xP)+(5.00x T) - (6.75 x A)

o MB (Female) =655.10 + (9.56 x P) + (1.85x T) - (4.68 x A)

MB: Basal Metabolism, P: Weight in Kg,

T: Height in cm,

A: Age in years.

Correction factors are (MB x factor =energy expenditure):

o Post-operative period =1 to 1.1

o Severe fractures =1.1 to 1.3

o Severe infection =1.3 to 1.6

o Burns=1.5to0 2.1

The use of these formulas depends on the presence or absence of undernutrition. In the absence of
undernutrition, total caloric intake should be 20-25 kcal/kg current weight per day in the acute phase of
the attack, then 25-30 kcal/kg current weight per day in the post-acute phase. In cases of severe
undernutrition and/or prolonged fasting lasting more than a week, artificial nutrition should probably be
started with an energy intake of 10 kcal/kg per day, then gradually increased according to the patient's
tolerance, up to a maximum of 25-30 kcal/kg current weight per day. In obese or overweight patients,
energy requirements could be estimated at 15 kcal/kg current weight per day or 20 kcal/kg adjusted weight
per day. Adjusted weight is calculated according to the formula :

ideal weight+0.33(current weight- ideal weight)(67)

1. Macronutrient and micronutrient requirements

Recommended caloric intake should be ensured by a combination of carbohydrates, providing 50-70% of
total energy requirements. Persistent hyperglycemia above 10mmol/L has been blamed for an increased
risk of nosocomial infection, and insulin therapy is required to maintain blood sugar levels within
subnormal limits. Protein intake should be between 15 and 20%, with a daily protein intake of between
1.3 and 1.5 g/kg/d. Lipid intake (15 to 30%) should include essential fatty acids. An intake of omega-3
fatty acids, capable of generating the synthesis of eicosanoids with anti-inflammatory potential, unlike
those derived from the omega-6 fatty acid series, is proposed to modulate inflammation.(68)

Certain vitamins, notably B12, C, D and K, and trace elements such as iron, zinc and selenium, are
specifically involved in multiple biological mechanisms to combat oxygenated free radicals. In the
intensive care patient, these micronutrients may be in short supply, due to previous depletion as a result of
deficiency, acute increase in losses (capillary or digestive leakage) or increased requirements as a result
of inflammatory processes.(69)
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Phosphorus requirements can be up to ten times higher than normal in patients in respiratory distress and
when glucose intake is high, as well as during renutrition syndromes (70). Some consider that iron
deficiency is an adaptive defensive response to infection or trauma, and that attempts to correct it could
facilitate its availability to microorganisms. For other authors, iron deficiency impairs resistance to
infection and should be corrected if very high (71).

Zinc deficiency may be responsible for the persistence, and even the onset, of septic states due to immune
deficiency (72). Zinc requirements can reach 20-30 mg/d when protein intake is not from natural proteins
(enteral nutrition), but from crystalline amino acid solutions (parenteral nutrition). Circulating selenium
concentrations drop rapidly in severe infectious states. A minimum daily intake of approx 200 ug may be
required to normalize serum concentration and selenium-dependent enzyme activity.(73)

Basic daily micronutrient requirements should therefore be met. Patients undergoing extra-renal
purification should be given increased intakes of water-soluble vitamins and trace elements, as their losses
are significantly increased(68,74).

2. Immunonutrition

The term immunonutrition is used to describe specific solutions enriched with a number of nutrients
designed to modulate the immune system.

These solutions combine immunonutrients with specific effects: arginine stimulates the immune response,
thus promoting resistance to infection and healing processes; omega-3 fatty acids limit the exacerbation
of the inflammatory response; nucleotides stimulate cell proliferation, particularly intestinal and immune
cells. (6)

Preoperative administration of a pharmaconutrition comprising arginine, omega-3 fatty acids and
nucleotides helps to limit postoperative complications after digestive carcinological surgery. When the
patient requires artificial nutrition in the postoperative period, this administration should be
continued(75,76).

On the other hand, the administration of arginine-enriched mixtures in septic patients increases the risk of
complications, prolongs length of stay and, in some studies, increases mortality(77).

In severely malnourished cancer patients who have not benefited from preoperative enteral nutrition,
parenteral nutrition supplemented with glutamine may be considered(78). Glutamine supplementation is
associated with shorter hospital stays and lower costs than standard parenteral nutrition(79). It also boosts
the immune system, stimulating the production of anti-inflammatory cytokines and reducing that of pro-
inflammatory cytokines, stimulating protein synthesis, strengthening the mucosal barrier and protecting
intracellular glutathione content (80- 81-82).

B. How nutrition is administered

There are 2 types of artificial nutrition: parenteral nutrition, administered via the venous route, and enteral
nutrition, administered directly into the digestive tract, via a nasogastric tube or
gastrostomy/jejunostomy.(80)

The enteral route is preferred wherever possible, and should be preferred to parenteral nutrition in the
absence of contraindications.

1. Enteral nutrition

Enteral nutrition should be started within the first 24 hours in patients who are malnourished or judged
unable to eat sufficiently within three days of admission.(67)

This early initiation must be balanced, bearing in mind that nutritional assistance is not a priority in
hemodynamically unstable patients with the risk of developing intestinal ischemia. (81,82)
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In stable patients at low nutritional risk, whose length of stay in the intensive care unit should not exceed
a few days, enteral feeding offers little benefit, and maintenance of oral nutrition, even if reduced, should
be preferred(83).

1.1 Indications

The advantages of enteral nutrition over parenteral nutrition:

o Is more physiological ;

o Prevents atrophy of the digestive mucosa, intestinal bacterial translocation and maintains digestive
functions;(84)

o Less complication ;

o Integrates all nutrients (macro and micronutrients) in a single solution;

o is less expensive.

1.2 Contraindications

o Intestinal obstruction ;

o Active digestive hemorrhage;

o High-flow digestive fistula;

o Intestinal ischemia;

o Uncontrolled shock(85).

1.3 Mixtures

Standard solutions

o Are polymeric: contain nitrogen in the form of proteins or long polypeptides, lipids in the form of
long-chain triglycerides and carbohydrates, usually in the form of partially hydrolyzed starch;

o Normo caloric (1 kcal/ml), hypocaloric (< 1 kcal/ml) or hypercaloric (>1 kcal/ml) and/or
hyperproteinic (> 19% nitrogen intake). All these mixes contain electrolytes, vitamins and trace
elements(86).

o Contain fiber (soluble and insoluble) to improve digestive tolerance.(87)

Specific solutions

o Are semi-elemental: contain nitrogen in the form of partially hydrolyzed proteins and, more often than
not, lipids in the form of medium-chain triglycerides.

o In the case of malabsorption syndrome, short-grain syndrome or acute pancreatitis, nutrient absorption
capacity is limited. The use of a semi-elemental blend can ensure better absorption(88).

1.4. Administration equipment and techniques

o Nasogastric or nasojejunal microprobes are the most frequently used.(89)

e The use of small-calibre silicone or polyurethane probes improves tolerance.

o Gastrostomy tubes should be considered for any foreseeable duration of enteral nutrition exceeding 1
month. (90)

They provide greater physical and psychological comfort.

However, they do not prevent gastro-oesophageal reflux.

There are three types of insertion:(91)

o Endoscopic

Radiological

Surgical

In some cases, when gastrostomy is not possible, a jejunostomy tube is used(92).

The volume administered should be increased progressively, using a pump and continuously, 24 hours

O O O O
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a day, to avoid bloating and intestinal problems.(93,94)
While avoiding the strict supine position (risk of regurgitation), the patient should be placed in a 1/2 seated
position (at least 30° inclination) in the absence of contraindications (spinal trauma, hemodynamic
instability).(95,96)
1.5. Complications
Inappropriate renutrition syndrome (IRS):
Can occur with both enteral and parenteral nutrition. It is defined by the set of deleterious biological and
clinical manifestations that occur during the renutrition of undernourished patients or those who have
undergone prolonged malnutrition. Overly rapid, poorly managed renutrition can lead to
hypophosphatemia, hypomagnesemia, hypokalemia, hyperglycemia, hypovitaminosis B1, hydrosodium
overload and the collapse of various organ functions, in particular cardiac, neurological, respiratory, renal,
hepatic, muscular and hematological. Death may occur in the context of multivisceral failure
syndrome(97). The serious consequences of IBS mean that it must be prevented by the gradual
introduction of intakes, while monitoring
daily monitoring of phosphatemia, magnesemia and kalemia, particularly during the first 72 hours of the
intensive care unit stay, whatever the route of administration(98).
Transit disorders: Diarrhea / Constipation
Several factors are incriminated in the appearance of these disorders: tube position, type of feeding, too
rapid flow rate, bacterial contamination of solutions, use of antibiotics or transit gas pedals, prolonged bed
rest, fiber-free solutions, insufficient hydration, excessive use of sedation and morphine derivatives....
(99,100)
Nausea/vomiting/inhalation pneumonia:
Favored by too rapid administration, slow gastric emptying, poor tube positioning, strict prone position,
displaced tube. (101,102)
The administration of prokinetics (metoclopramide and/or erythromycin) can improve overall caloric
intake in the event of disturbed gastric emptying (103,104), but if these disturbances persist, the post-
pyloric site may be considered.(105,106)
— Clogged catheter:
Promoted by the use of insoluble drugs, inadequate rinsing, excessive solution viscosity.(107)

2. Parenteral nutrition

2.1 Indications

When available, enteral nutrition should always be preferred.(108)

Parenteral nutrition is an alternative in cases of contraindication, failure of well-managed enteral nutrition
and/or if oral or enteral intake is below 50% of theoretical requirements, for at least 5 to 7 consecutive
days. (109,110)

The systematic use of parenteral nutrition during the first 48 hours after admission is not recommended,
as it increases morbidity.(111)

The reasonable attitude would be to start parenteral nutrition at 7 days. This is in line with the fact that it
seems preferable to limit rather than completely correct early energy deficits. Excessive over- or under-
compensation of energy requirements increases the risk of complications(112).

2.2 Mixtures

o Asageneral rule, preference is given to ready-to-use solutions known as (ternary) because they contain
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a mixture of the 3 types of macronutrients (proteins, lipids and carbohydrates).(113)

o If lipid-containing ternary solutions are contraindicated, so-called (binary) solutions composed of
amino acids and carbohydrates can be used.

e These are administered either alone, or with the required lipids administered simultaneously(87).

o In the case of exclusive parenteral nutrition, macronutrient metabolism is impossible in the absence of
vitamins and trace elements. They must therefore be supplemented in the bag or by means of a Y
infusion.(112,114)

2.3 Administration equipment and techniques

o Parenteral nutrition should be administered continuously using a flow-controlled electric nutrition
pump, avoiding cyclic administration in order to limit significant variations in blood glucose and
triglyceridemia.

o Because of their high osmolarity >850mOsm/l, most solutions must be administered via a central
venous line. This route, dedicated to the administration of parenteral nutrition, cannot be used for drug
injection or transfusion. (86), only parenteral nutrition solutions with low osmolarity <850mOm/I can
be administered by the peripheral route.(115)

2.4. Complications

Inappropriate renutrition syndrome.(116)

Metabolic disorders:

Hyperglycemia, hypertri-glyceridemia, dysnatremia and hepatopathy, including hepatic steatosis, can

occur with parenteral nutrition, regardless of the duration of nutritional support.

o Preventing hyperglycemia is an important aspect of nutritional management in the ICU, as
hyperglycemia is associated with increased morbidity and mortality. The aim of glycemic control is to
keep blood glucose levels below 10 mmol/l.(117)

o Optimization of glycemic control is based on the preferential use of enteral nutrition, which is
associated with a reduced risk of hyperglycemia and lower insulin requirements than parenteral
nutrition(118,119).

o Lipid intake should be less than 1.5g/kg/day, in order to reduce the risk of hepatic steatosis occurring
with prolonged parenteral nutrition(112).

Catheter infection:

Remains a frequent and serious complication of parenteral nutrition, making it essential to observe aseptic

practices when handling catheters and administering solutions.(120)

Venous thrombosis:

Central catheter-related is a potentially serious and probably underestimated complication. Low-dose oral

anticoagulants may reduce the risk of central venous thrombosis in patients on prolonged parenteral

nutrition.(121)

LIMITS AND RECOMMENDATIONS

A. LIMITATIONS

o Retrospective nature of the study.

Lack of anthropometric (weight/height) and biological (transthyretin) data on admission.
Lack of clinical monitoring of the nutritional status of patients on artificial nutrition.
Heterogeneity of the study population:

Polytrauma

o O O
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o Head trauma

o Post-operative follow-up

o Medical pathologies.

B. RECOMMENDATIONS

o Evaluate and monitor the nutritional status of all patients entering intensive care by measuring weight
(bed with weighing system) and height, and measuring transthyretin.

o Carry out a comparable prospective study on a large sample over a long period.
Ensure early nutritional management of malnourished patients.

o Consider training sessions on nutritional concepts to help improve prognosis and reduce mortality and
morbidity.

o Systematic collaboration between the entire medical team - resuscitators, nurses and dieticians - is
essential to ensure that patients are in an adequate nutritional state.

CONCLUSION

The impact of undernutrition on morbidity and mortality is a proven cause for concern. Its prevalence is
probably underestimated.

Assessment of nutritional status should be a routine part of the clinical examination on admission.

In our study, although it was difficult to assess nutritional status due to a lack of clinical (weight/height)
and biological (transferrin) data, the incidence of undernutrition was 42%, although this varies
considerably between authors due to the different means used to diagnose protein-energy undernutrition.
Our study showed a high mortality rate among undernourished patients (76%). Nosocomial infection,
hydroelectrolytic disorders and hyperglycemia were identified as predictive factors for the severity of
undernutrition.

All patients hospitalized in the ICU require early and appropriate nutritional management, in order to
maintain an adequate nutritional status.

Nutritional management in the ICU is an important issue for medical teams, and is now an integral part of
patient care, with the need to involve dieticians with medical staff in the ICU, and to make available the
elements required for optimal nutritional management.

BIBLIOGRAPHY

1. Surgical Site Infections: Reanalysis of Risk Factors - ScienceDirect [Internet]. [cited 2021 Jun 26].
Available from: https://www.science direct.com/science/article/abs/pii/S0022480401963437

2. Gupta R, Knobel D, Gunabushanam V, Agaba E, Ritter G, Marini C, et al. The Effect of Low Body
Mass Index on Outcome in Critically Il Surgical Patients. Nutr Clin Pract. 2011 Oct;26(5):593—7.

3. Goiburu ME, Goiburu MMJ, Bianco H, Diaz JR, Alderete F, Palacios MC, et al. The impact of
malnutrition on morbidity, mortality and length of hospital stay in trauma patients. Nutr Hosp. 2006
Oct;21(5):604-10.

4.  Sci-Hub | Negative impact of hypocaloric feeding and energy balance on clinical outcome in ICU
patients. Clinical Nutrition, 24(4), 502—509 | 10.1016/j.cInu.2005.03.006 [Internet]. [cited 2021

5. Jun 26]. Available from: https://sci-hub.se/https://doi.org/ 10.1016/;.cInu.2005.03.006

6.  Sci-Hub | Controversies in Critical Care Nutrition Support. Critical Care Clinics, 32(2), 173-189 |
10.1016/j.ccc.2015.11.002 [Internet]. [cited 2021 Jun 26]. Available from: https://sci-
hub.se/https://doi.org

IJFMR250347327 Volume 7, Issue 3, May-June 2025 20



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

7. /10.1016/j.ccc.2015.11.002

8.  Chrostek H, Flori N, Senesse P. Prise en charge nutritionnelle périopératoire en chirurgie digestive
carcinologique. :6.

9.  Prins A. Nutritional assessment of the critically ill patient. South Afr J Clin Nutr. 2010 Jan 1;23.

10. 8. 9court-evaluation diagnostique denutrition proteino-energetique
adultes_hospitalises.pdf [Internet]. [cited 2021 Jun 27]. Available
from:https://www.sfncm.org/images/stories/pdf referenciel/  has/ 9court-
evaluation_diagnostique denutrition proteino-energetique adultes hospitalises.pdf

11. De Bandt J-P. Comprendre la physiopathologie de la dénutrition pour mieux la traiter. Ann Pharm
Fr. 2015 Sep;73(5):332-5.

12.  Cellular stress response and innate immune signaling: integrating pathways in host defense and
inflammation - Muralidharan - 2013 - Journal of Leukocyte Biology - Wiley Online Library
[Internet]. [cited 2021 Jun 28]. Available from:
https://jlb.onlinelibrary.wiley.com/doi/full/10.1189/j1b.0313153

13. Cynober L. Physiopathologie de la dénutrition. Rev Francoph Lab. 2014 Sep;2014(465):47-52.

14. Wilmore DW, Long JM, Mason AD, Skreen RW, Pruitt BA. Catecholamines: mediator of the
hypermetabolic response to thermal injury. Ann Surg. 1974 Oct;180(4):653—69.

15. Drevet S, Gavazzi G. Dénutrition du sujet age. :18.

16. Blanc-Bisson C, Fonck M, Rainfray M, Soubeyran P, Bourdel- Marchasson I. Undernutrition in
elderly patients with cancer: Target for diagnosis and intervention. Crit Rev Oncol Hematol. 2008
Sep;67(3):243-54.

17. Wie G-A, Cho Y-A, Kim S-Y, Kim S-M, Bae J-M, Joung H. Prevalence and risk factors of
malnutrition among cancer patients according to tumor location and stage in the National Cancer
Center in Korea. Nutrition. 2010 Mar;26(3):263-8.

18. Bozzetti F, on behalf of the SCRINIO Working Group. Screening the nutritional status in oncology:
a preliminary report on 1,000 outpatients. Support Care Cancer. 2009 Mar;17(3):279-84.

19. Raynard B. Nutrition et hémopathies malignes. In: Traité de nutrition artificielle de I’adulte
[Internet]. Paris: Springer Paris; 2007 [cited 2021 Jun 27]. p. 777-85. Available from:
http://link.springer.com/ 10.1007/978-2-287-33475-7 58

20. Muscaritoli M, Anker SD, Argilés J, Aversa Z, Bauer JM, Biolo G, et al. Consensus definition of
sarcopenia, cachexia and pre-cachexia: Joint document elaborated by Special Interest Groups (SIG)
“cachexia-anorexia in chronic wasting diseases” and “nutrition in geriatrics.” Clin Nutr. 2010
Apr;29(2):154-9.

21. Schwenk A, Biiger B, Wessel D, Stiitzer H, Ziegenhagen D, Diehl V, et al. Clinical risk factors for
malnutrition in HIV-1-infected patients. AIDS Lond Engl. 1993 Sep;7(9):1213-9.

22. Jeejeebhoy KN, Keller H, Gramlich L, Allard JP, Laporte M, Duerksen DR, et al. Nutritional
assessment: comparison of clinical assessment and objective variables for the prediction of length
of hospital stay and readmission. Am J Clin Nutr. 2015 May 1;101(5):956-65.

23. Masson E. Evaluation de 1’état nutritionnel du patient BPCO [Internet]. EM-Consulte. [cited 2021
Jun 27]. Available from: https://www.em-consulte.com/article/56276/evaluation-de-1-etat-
nutritionnel-du-patient-bpco

24. Andreyev HJ, Norman AR, Oates J, Cunningham D. Why do patients with weight loss have a worse

outcome when undergoing chemotherapy for gastrointestinal malignancies? Eur J Cancer Oxf Engl

IJFMR250347327 Volume 7, Issue 3, May-June 2025 21



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1990. 1998 Mar;34(4):503-9.

Vlooswijk CP, van Rooij PHE, Kruize JC, Schuring HA, Al- Mamgani A, de Roos NM. Dietary
counselling and nutritional support in oropharyngeal cancer patients treated with radiotherapy:
persistent weight loss during 1-year follow-ups. Eur J Clin Nutr. 2016 Jan;70(1):54-9.

Masson E. Nutrition du patient cancéreux : la pratique clinique [Internet]. EM-Consulte. [cited 2021
Jun 27]. Available from: https://www.em-consulte.com/article/79060

Bozzetti F, SCRINIO Working Group. Screening the nutritional status in oncology: a preliminary
report on 1,000 outpatients. Support Care Cancer Off J] Multinatl Assoc Support Care Cancer. 2009
Mar;17(3):279-84.

Fardet L, Flahault A, Kettaneh A, Tiev K-P, Tolédano C, Lebbe C, et al. [Systemic corticosteroid
therapy: patients’ adherence to dietary advice and relationship between food intake and
corticosteroid- induced lipodystrophy]. Rev Med Interne. 2007 May;28(5):284-8.

Impact of nutritional support on functional status during an acute exacerbation of chronic obstructive
pulmonary disease - PubMed [Internet]. [cited 2021 Jun 27]. Available from: https://pubmed.ncbi.
nlm.nih.gov/9309995/

Amer MS, Mousa SM, Abdel Rahman TT, Saber HG. Malnutrition and Its Risk Factors in Nursing
Home Residents in Cairo: LETTERS TO THE EDITOR. J Am Geriatr Soc. 2009 Sep;57(9):1716—
8.

Cours [Internet]. [cited 2021 Jul 1]. Available from:
http://campus.cerimes.fr/hepato-gastro-enterologie/enseignement/ item110/site/html/3_2.html
30Solomons NW. Malnutrition and infection: an update. Br J Nutr. 2007 Oct;98 Suppl 1:S5-10.
Koontalay A, Suksatan W, Sadang JM, Prabsangob K. Optimal Nutritional Factors Influencing the
Duration of Mechanical Ventilation Among Adult Patients with Critical Illnesses in an Intensive
Care Unit. J Multidiscip Healthc. 2021;14:1385-93.

0414AbmalnutrconsclinPMraynaud.pdf [Internet]. [cited 2021 Jun 30]. Available from:
http://www.chups.jussieu.fr/polys/ capacites/
capagerontodocs/docdeuxannee/0414AbmalnutrconsclinPMraynau d.pdf
Yumpu.com.the-role-of-nutrition-in-tissue-viability-wounds- international [Internet]. yumpu.com.
[cited 2021 Jun 30]. Available from: https://www.yumpu.com/en/document/view/43001813/the-
role-of-nutrition-in-tissue-viability-wounds-international

izaka S, Okuwa M, Sugama J, Sanada H. The impact of malnutrition and nutrition-related factors on
the development and severity of pressure ulcers in older patients receiving home care. Clin Nutr
Edinb Scotl. 2009 Jul 1;29:47-53.

Brown M, Sinacore DR, Host HH. The relationship of strength to function in the older adult. J
Gerontol A Biol Sci Med Sci. 1995 Nov;50 Spec No:55-9.

Sueta D, Hokimoto S, Sakamoto K, Akasaka T, Tabata N, Kaikita K, et al. Validation of the high
mortality rate of Malnutrition- Inflammation-Atherosclerosis syndrome: -Community-based
observational study. Int J Cardiol. 2017 Mar 1;230:97-102.

Boncompain-Gérard M, Gelas P, Liateni Z, Guérin C. Dénutrition de I'insuffisant respiratoire
chronique : physiopathologie et prise en charge. Réanimation. 2005 Mar;14(2):79-86.

Masson E. Dénutrition et insuffisance rénale chronique [Internet]. EM-Consulte. [cited 2021 Jul 1].
Available from: https://www.em- consulte.com/article/74458/denutrition-et-insuffisance-renale-
chronique

IJFMR250347327 Volume 7, Issue 3, May-June 2025 22



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Melchior J-C. Evaluation de 1’état nutritionnel. EMC - Endocrinol - Nutr. 2009 Jan;6(2):1-9.

Cederholm T, Bosaeus I, Barazzoni R, Bauer J, Van Gossum A, Klek S, et al. Diagnostic criteria for

malnutrition — An ESPEN Consensus Statement. Clin Nutr. 2015 Jun;34(3):335-40.

Haute Autorité de Santé - Authentication [Internet]. [cited 2021 Jun 30].  Available from:

https://www.has-sante.fr/jcms/fc_ 2874863/ en/portail-has-

professionnels?redirect=https%3 A%2F%2Fwww. has-

sante.fr%2Fupload%2Fdocs%2Fapplication%2Fpdf%2F denutrition_recos 2006 09 25
14 20 46 375.pdf&jsp=front%2Flogin.jsp

Wang D, Dong D, Wang C, Cui Y, Jiang C, Ni Q, et al. Risk factors and intestinal microbiota:

Clostridioides difficile infection in patients receiving enteral nutrition at Intensive Care Units. Crit

Care Lond Engl. 2020 Jul 13;24(1):426.

Bozzetti F, Gianotti L, Braga M, Di Carlo V, Mariani L. Postoperative complications in

gastrointestinal cancer patients: the joint role of the nutritional status and the nutritional support.

Clin Nutr Edinb Scotl. 2007 Dec;26(6):698-709.

Bailey KV, Ferro-Luzzi A. Use of body mass index of adults in assessing individual and community

nutritional status. Bull World Health Organ. 1995;73(5):673—80.

Nutrition de la personne agée | Livre | 9782294711251 [Internet]. [cited 2021 Jun 30]. Available

from: https://www.elsevier- masson.fr/nutrition-de-la-personne-agee-9782294711251.html

Chakraborty R, Bisai S. Mid-upper arm circumference as a measure of nutritional status among adult

Bengalee male slum dwellers of Kolkata, India: Relationship with self reported morbidity. Anthropol

Anz Ber Uber Biol-Anthropol Lit. 2009 Jun 1;67:129-37.

ebb AR, Newman LA, Taylor M, Keogh JB. Hand grip dynamometry as a predictor of postoperative

complications reappraisal using age standardized grip strengths. JPEN J Parenter Enteral Nutr. 1989

Feb;13(1):30-3.

Lesourd B, Ziegler F, Aussel C. La nutrition des personnes agées : place et pieges du bilan

biologique. Ann - Recherche Google [Internet]. [cited 2021 Jul 1].

Alexandre P. Haute Autorité de santé. 2019;25.

McClave SA, Mitoraj TE, Thielmeier KA, Greenburg RA. Differentiating subtypes

(hypoalbuminemic vs marasmic) of protein- calorie malnutrition: incidence and clinical significance

in a university hospital setting. JPEN J Parenter Enteral Nutr. 1992 Aug;16(4):337-42.

Devoto G, Gallo F, Marchello C, Racchi O, Garbarini R, Bonassi S, et al. Prealbumin serum

concentrations as a useful tool in the assessment of malnutrition in hospitalized patients. Clin Chem.

2006 Dec;52(12):2281-5.

Ingenbleek Y, Young V. Transthyretin (prealbumin) in health and disease: nutritional implications.

Annu Rev Nutr. 1994;14:495-533.

Ingenbleek Y, Young VR. Significance of transthyretin in protein metabolism. Clin Chem Lab Med.

2002 Dec;40(12):1281-91.

Ferguson RP, O’Connor P, Crabtree B, Batchelor A, Mitchell J, Coppola D. Serum albumin and

prealbumin as predictors of clinical outcomes of hospitalized elderly nursing home residents. ] Am

Geriatr Soc. 1993 May;41(5):545-9.

Potter MA, Luxton G. Prealbumin measurement as a screening tool for protein calorie malnutrition

in emergency hospital admissions: a pilot study. Clin Investig Med Med Clin Exp. 1999

Apr;22(2):44-52.

IJFMR250347327 Volume 7, Issue 3, May-June 2025 23



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

58. Harvey KB, Blumenkrantz MJ, Levine SE, Blackburn GL. Nutritional assessment and treatment of
chronic renal failure. Am J Clin Nutr. 1980 Jul;33(7):1586-97.

59. Raguso CA, Dupertuis YM, Pichard C. The role of visceral proteins in the nutritional assessment of
intensive care unit patients. Curr Opin Clin Nutr Metab Care. 2003 Mar;6(2):211-6.

60. Mackenzie TA, Clark NG, Bistrian BR, Flatt JP, Hallowell EM, Blackburn GL. A simple method
for estimating nitrogen balance in hospitalized patients: a review and supporting data for a previously
proposed technique. J Am Coll Nutr. 1985;4(5):575-81.

61. Stam SP, Eisenga MF, Gomes-Neto AW, van Londen M, de Meijer VE, van Beek AP, et al. Muscle
mass determined from urinary creatinine excretion rate, and muscle performance in renal transplant
recipients. J Cachexia Sarcopenia Muscle. 2019 Jun;10(3):621-9.

62. Aussel C, Coudray-Lucas C, Giboudeau J. Place du bilan d’azote en nutrition artificielle. Nutr Clin
Métabolisme. 1992 Jan 1;6(2):77-81.

63. Buzby GP, Knox LS, Crosby LO, Eisenberg JM, Haakenson CM, McNeal GE, et al. Study protocol:
a randomized clinical trial of total parenteral nutrition in malnourished surgical patients. Am J Clin
Nutr. 1988 Feb;47(2 Suppl):366-81.

64. Bernard M, Aussel C, Cynober L. Marqueurs de la dénutrition et de son risque ou marqueurs des
complications liées a la dénutrition? Nutr Clin Métabolisme. 2007 Mar;21(1):52-9.

65. Gottschlich MM, Baumer T, Jenkins M, Khoury J, Warden GD. The prognostic value of nutritional
and inflammatory indices in patients with burns. J Burn Care Rehabil. 1992 Feb;13(1):105-13.

66. Bonnefoy M, Ayzac L, Ingenbleek Y, Kostka T, Boisson RC, Bienvenu J. Usefulness of the
prognostic inflammatory and nutritional index (PINI) in hospitalized elderly patients. Int J Vitam
Nutr Res Int Z Vitam- Ernahrungsforschung J Int Vitaminol Nutr. 1998;68(3):189-95.

67. Jéquier E, Felber J-P. 7 Indirect calorimetry. Bailliéres Clin Endocrinol Metab. 1987 Nov
1;1(4):911-35.

68. Faisy C, Guerot E, Diehl J-L, Labrousse J, Fagon J-Y. Assessment of resting energy expenditure in
mechanically ventilated patients. Am J Clin Nutr. 2003 Aug 1;78(2):241-9.

69. Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP, et al. ESPEN guideline on
clinical nutrition in the intensive care unit. Clin Nutr. 2019 Feb;38(1):48-79.

70. Nitenberg G. Apports nutritionnels en réanimationNutritional supply in the critically ill.
Réanimation. 2003 Jul;12(5):340-9.

71. Dabhi: The role of micronutrients in ICU - Google Scholar [Internet]. [cited 2021 Jun 30].

Available from: https://scholar.google.com/scholar lookup?journal=GMJ&title=Th
etroletof+micronutrients+in+ICU&author=L+Dabhi&author=A+
Dabhi&volume=69&publication_year=2014&pages=32-4&

72. Thomas C, Fourrier F. Hypophosphorémies en réanimation
Hypophosphatemia in the ICU. Réanimation. 2003 Jun;12(4):280-7.

73. Brock JH. Benefits and dangers of iron during infection. Curr Opin Clin Nutr Metab Care. 1999
Nov;2(6):507-10.

74. Impact of Zinc Supplementation on the Clinical Outcomes in Critically Il Patients : A Systematic

Review and Meta-Analysis | B105. CRITICAL CARE: COUNTERPARTS - NON- PULMONARY
CRITICAL CARE AND MULTI-ORGAN FAILURE. Am Thorac Soc Int Conf Meet Abstr Am
Thorac Soc Int Conf Meet Abstr [Internet]. [cited 2021 Jun 29]; Available from:
https://www.atsjournals.org/doi/pdf/10.1164/ajrccm-

IJFMR250347327 Volume 7, Issue 3, May-June 2025 24



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

conference.2019.199.1 MeetingAbstracts.A4129

Forceville X, Vitoux D, Gauzit R, Combes A, Lahilaire P, Chappuis P. Selenium, systemic immune
response syndrome, sepsis, and outcome in critically ill patients. Crit Care Med. 1998
Sep;26(9):1536-44.

Berger MM, Spertini F, Shenkin A, Wardle C, Wiesner L, Schindler C, et al. Trace element
supplementation modulates pulmonary infection rates after major burns: a double-blind, placebo-
controlled trial. Am J Clin Nutr. 1998 Aug;68(2):365-71.

Marik PE, Zaloga GP. Immunonutrition in critically ill patients: a systematic review and analysis of
the literature. Intensive Care Med. 2008 Nov;34(11):1980-90.

Heys SD, Walker LG, Smith I, Eremin O. Enteral nutritional supplementation with key utrients in
patients with critical illness and cancer: a meta-analysis of randomized controlled clinical trials. Ann
Surg. 1999 Apr;229(4):467-77.

Jones NE, Heyland DK. Pharmaconutrition: a new emerging paradigm. Curr Opin Gastroenterol 24,
215-222 [Internet]. [cited 2021 Jul 2]. Available from: https://www.researchgate.net/
publication/5551660 Jones NE Heyland DK Pharmaconutrition_a new_emerging paradigm C
urr_ Opin_Gastroenterol 24 215-222

Novak F, Heyland DK, Avenell A, Drover JW, Su X. Glutamine supplementation in serious illness:
a systematic review of the evidence. Crit Care Med. 2002 Sep;30(9):2022-9.

Mertes N, Schulzki C, Goeters C, Winde G, Benzing S, Kuhn KS, et al. Cost containment through
L-alanyl-L-glutamine supplemented total parenteral nutrition after major abdominal surgery: a
prospective randomized double-blind controlled study. Clin Nutr Edinb Scotl. 2000 Dec;19(6):395—
401.

Heyland D, Cook DJ, Winder B, Brylowski L, Van deMark H, Guyatt G. Enteral nutrition in the
critically ill patient: a prospective survey. Crit Care Med. 1995 Jun;23(6):1055-60.

Yang S, Wu X, Yu W, Li J. Early enteral nutrition in critically ill patients with hemodynamic
instability: an evidence-based review and practical advice. Nutr Clin Pract Off Publ Am Soc Parenter
Enter Nutr. 2014 Feb;29(1):90-6.

Flordelis Lasierra JL, Pérez-Vela JL, Montejo Gonzalez JC. Enteral nutrition in the
hemodynamically unstable critically ill patient. Med Intensiva. 2015 Feb;39(1):40-8.

McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR, Braunschweig C, et al.
Guidelines for the Provision and Assessment of Nutrition Support Therapy in the Adult Critically I11
Patient: Society of Critical Care Medicine (SCCM) and American Society for Parenteral and Enteral
Nutrition (A.S.P.E.N.). J Parenter Enter Nutr. 2016 Feb;40(2):159-211.

Schorghuber M, Fruhwald S. Effects of enteral nutrition on gastrointestinal function in patients who
are critically ill. Lancet Gastroenterol Hepatol. 2018 Apr;3(4):281-7.

Adeyinka A, Rouster AS, Valentine M. Enteric Feedings. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2021 [cited 2021 Jun 30]. Available from: http://www.ncbi.nlm.
nih.gov/books/NBK 532876/

Sci-Hub | Nutrition artificielle en réanimation. Annales Francaises d’ Anesthésie et de Réanimation,
33(3), 202-218 | 10.1016/j.annfar.2014.01.008 [Internet]. [cited 2021 Jul 1]. Available from:
https://sci-hub.se/https://doi.org/ 10.1016/j.annfar.2014.01.008

guide l.pdf  [Internet]. [cited 2021 Jun  30]. Available from:
https://www.chu.ulg.ac.be/upload/docs/application/pdf/2009- 01/guide 1.pdf

IJFMR250347327 Volume 7, Issue 3, May-June 2025 25



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
90. peptamen-08 decembre 20009 2237.pdf [Internet]. [cited 2021 Jun 30]. Available from:

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

https://www.has-sante.fr/upload/docs/ application/pdf/2010-06/peptamen-
08 decembre 20009 2237.pdf

McClave SA, DiBaise JK, Mullin GE, Martindale RG. ACG Clinical Guideline: Nutrition Therapy
in the Adult Hospitalized Patient. Am J Gastroenterol. 2016 Mar;111(3):315-34.

Gopalan S, Khanna S. Enteral nutrition delivery technique. Curr Opin Clin Nutr Metab Care. 2003
May;6(3):313-7.

Marks JM, Ponsky JL. Access routes for enteral nutrition. The Gastroenterologist. 1995
Jun;3(2):130-40.

DiSario JA. Endoscopic approaches to enteral nutritional support. Best Pract Res Clin Gastroenterol.
2006;20(3):605-30.

Forbes A, Valentini L, Berlin C-U. Formulae for Enteral Nutrition. 2016;15.

MacLeod JBA, Lefton J, Houghton D, Roland C, Doherty J, Cohn SM, et al. Prospective randomized
control trial of intermittent versus continuous gastric feeds for critically ill trauma patients. J Trauma.
2007 Jul;63(1):57-61.

van Nieuwenhoven CA, Vandenbroucke-Grauls C, van Tiel FH, Joore HCA, van Schijndel RIMS,
van der Tweel I, et al. Feasibility and effects of the semirecumbent position to prevent ventilator-
associated pneumonia: a randomized study. Crit Care Med. 2006 Feb;34(2):396-402.

Supine body position as a risk factor for nosocomial pneumonia in mechanically ventilated patients:
a randomised trial - PubMed [Internet]. [cited 2021 Jun 30]. Available from:
https://pubmed.ncbi.nlm.nih.gov/10584721/

Weinsier RL, Krumdieck CL. Death resulting from overzealous total parenteral nutrition: the
refeeding syndrome revisited. Am J Clin Nutr. 1981 Mar;34(3):393-9.

Sci-Hub | Refeeding Syndrome in the Critically Ill: a Literature Review and Clinician’s Guide.
Current Gastroenterology Reports, 21(11) | 10.1007/s11894-019-0724-3 [Internet]. [cited 2021 Jun
25].Available from: https://sci-hub.se/https://doi.org/10.1007/s11894- 019-0724-3

Chang S-J, Huang H-H. Diarrhea in enterally fed patients: blame the diet? Curr Opin Clin Nutr
Metab Care. 2013 Sep;16(5):588-94.

Wanden-Berghe C, Patino-Alonso M-C, Galindo-Villardon P, Sanz- Valero J. Complications
Associated with Enteral Nutrition: CAFANE Study. Nutrients. 2019 Sep 1;11(9):E2041.

Marik PE. Aspiration Pneumonitis and Aspiration Pneumonia. N Engl J Med. 2001 Mar
1;344(9):665-71.

Son YG, Shin J, Ryu HG. Pneumonitis and pneumonia after aspiration. J Dent Anesth Pain Med.
2017;17(1):1.

MacLaren R, Kiser TH, Fish DN, Wischmeyer PE. Erythromycin vs metoclopramide for facilitating
gastric emptying and tolerance to intragastric nutrition in critically ill patients. JPEN J Parenter
Enteral Nutr. 2008 Aug;32(4):412-9.

Lu N-F, Zheng R-Q, Lin H, Yang D-G, Chen Q-H, Shao J, et al. [Study of erythromycin and
metoclopramide in treatment of feeding intolerance of critically ill patients in intensive care unit].
Zhongguo Wei Zhong Bing Ji Jiu Yi Xue Chin Crit Care Med Zhongguo Weizhongbing Jijiuyixue.
2010 Jan;22(1):36-9.

Heyland DK, Drover JW, MacDonald S, Novak F, Lam M. Effect of postpyloric feeding on
gastroesophageal regurgitation and pulmonary microaspiration: results of a randomized controlled

IJFMR250347327 Volume 7, Issue 3, May-June 2025 26



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

108.

109.

110.

I11.

112.

113.

114.

115.

116.
117.

118.

119.

120.

121.

122.

123.

124.

125.

trial. Crit Care Med. 2001 Aug;29(8):1495-501.

Lien HC, Chang CS, Chen GH. Can percutaneous endoscopic jejunostomy prevent gastroesophageal
reflux in patients with preexisting esophagitis? Am J Gastroenterol. 2000 Dec;95(12):3439-43.
Garrison CM. Enteral Feeding Tube Clogging: What Are the Causes and What Are the Answers? A
Bench Top Analysis. Nutr Clin Pract Off Publ Am Soc Parenter Enter Nutr. 2018 Feb;33(1):147—
50.

Advantages of enteral nutrition over parenteral nutrition [Internet]. [cited 2021 Jun 29]. Available
from: https://www.ncbi.nlm. nih.gov/pmc/articles/PMC3589130/

Heidegger CP, Berger MM, Graf' S, Zingg W, Darmon P, Costanza MC, et al. Optimisation of energy
provision with supplemental parenteral nutrition in critically ill patients: a randomised controlled
clinical trial. Lancet Lond Engl. 2013 Feb 2;381(9864):385-93.

Pradelli L, Graf S, Pichard C, Berger MM. Supplemental parenteral nutrition in intensive care
patients: A cost saving strategy. Clin Nutr. 2018 Apr;37(2):573-9.

Heyland DK. Early supplemental parenteral nutrition in critically ill adults increased infections, ICU
length of stay and cost. Evid Based Med. 2012 Jun;17(3):86-7.

Singer P, Berger MM, Van den Berghe G, Biolo G, Calder P, Forbes A, et al. ESPEN Guidelines on
Parenteral Nutrition: intensive care. Clin Nutr Edinb Scotl. 2009 Aug;28(4):387—400.

Influence of parenteral nutrition delivery system on the development of bloodstream infections in
critically ill patients: an international, multicenter, prospective, open-label, controlled study--
EPICOS study - PubMed [Internet]. [cited 2021 Jun 30]. Available from:
https://pubmed.ncbi.nlm.nih.gov/22269899/

Chowdary KVR, Reddy PN. Parenteral nutrition: Revisited. Indian J Anaesth. 2010;54(2):95-103.
Hamdan M, Puckett Y. Total Parenteral Nutrition. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2021 [cited 2021 Jun 30]. Available
from:http://www.ncbi.nlm.nih.gov/books/NBK 559036/

Barras-Moret A-C, Guex E, Coti Bertrand P. Le syndrome de renutrition inappropriée : la clé du
traitement est la prévention. Nutr Clin Métabolisme. 2011 Jun;25(2):86—-90.

Olveira G, Tapia MJ, Ocon J, Cabrejas-Gomez C, Ballesteros-Pomar MD, Vidal-Casariego A, et al.
Parenteral Nutrition—Associated Hyperglycemia in Non—Critically Ill Inpatients Increases the Risk
of In-Hospital Mortality (Multicenter Study). Diabetes Care. 2013 May;36(5):1061-6.

Miller KR, Lawson CM, Smith VL, Harbrecht BG. Carbohydrate provision in the era of tight glucose
control. Curr Gastroenterol Rep. 2011 Aug;13(4):388-94.

Cook AM, Peppard A, Magnuson B. Nutrition considerations in traumatic brain injury. Nutr Clin
Pract Off Publ Am Soc Parenter Enter Nutr. 2008 Jan;23(6):608-20.

O’Connor A, Hanly AM, Francis E, Keane N, McNamara DA. Catheter associated blood stream
infections in patients receiving parenteral nutrition: a prospective study of 850 patients. J Clin Med
Res. 2013 Feb;5(1):18-21.

Duerksen DR. Central venous thrombosis in patients receiving long- term parenteral nutrition. Appl
Physiol Nutr Metab Physiol Appl Nutr Metab. 2008 Feb;33(1):32-8.

Rogghe P-A, Pages V, Rousseau F, Vanderlinden T. Prévalence de la dénutrition a I’admission et
impact sur la mortalité en réanimation, expérience dans un service de réanimation polyvalente. Nutr
Clin Métabolisme. 2019 Mar;33(1):72-3.

Hudson L, Chittams J, Griffith C, Compher C. Malnutrition Identified by Academy of Nutrition and

IJFMR250347327 Volume 7, Issue 3, May-June 2025 27



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

126.

127.

128.

129.

130.
131.

132.

133.

134.

135.

136.

137.

138.

Dietetics/American Society for Parenteral and Enteral Nutrition Is Associated With More 30-Day
Readmissions, Greater Hospital Mortality, and Longer Hospital Stays: A Retrospective Analysis of
Nutrition Assessment Data in a Major Medical Center. JPEN J Parenter Enteral Nutr. 2018
Jul;42(5):892-7.

Ceniccola GD, Okamura AB, Sepulveda Neta J da S, Lima FC, Santos de Deus AC, de Oliveira JA,
et al. Association Between AND-ASPEN Malnutrition Criteria and Hospital Mortality in Critically
Il Trauma Patients: A Prospective Cohort Study. JPEN J Parenter Enteral Nutr. 2020
Sep;44(7):1347-54.

Marchetti J, Reis AM dos, Santos AF dos, Franzosi OS, Luft VC, Steemburgo T. High nutritional
risk is associated with unfavorable outcomes in patients admitted to an intensive care unit. Rev Bras
Ter Intensiva [Internet]. 2019 [cited 2021 Jun 30];31(3). Available from:
http://www.gnresearch.org/doi/10.5935/0103-507X.20190041

Abahuje E, Niyongombwa I, Karenzi D, Bisimwa JDA, Tuyishime E, Ntirenganya F, et al.
Malnutrition in Acute Care Surgery Patients in Rwanda. World J Surg. 2020 May;44(5):1361-7.
Mjid M, Snene H, Basly J, Cheikhrouhou S, Hedhli A, Kacem M, et al. Evaluation de la composition
corporelle au cours de la tuberculose pulmonaire. Rev Mal Respir. 2021 Jan;38(1):34—40.
IMPACT DE LA DENUTRITION SUR LA MORTALITE -

Recherche Google [Internet]. [cited 2021 Jul 14]. Available from:
https://www.google.com/search?q=IMPACT+DE+LA+DENUTRITION+SUR+LA+MORTALIT
E&o0q=IMPACT+DE+LA+DENUTRITION+SUR+LA+MORTALITE&aqgs=chrome..69157;33116
0.18266j0j4&sourceid=chrome&ie=UTF-8

Bendavid I, Singer P, Theilla M, Themessl-Huber M, Sulz I, Mouhieddine M, et al. NutritionDay
ICU: A 7 year worldwide prevalence study of nutrition practice in intensive care. Clin Nutr Edinb
Scotl. 2017 Aug;36(4):1122-9.

Bagnoud GE, Martinez A, Favre E, Charricre M, Favre D, Kelevina T, et al. Caractéristiques
nutritionnelles des patients sé¢journant plus de 2 semaines en réanimation : identification de facteurs
de risque liés au pronostic chez 120 patients. Nutr Clin Métabolisme. 2019 Mar 1;33(1):64-5.
Department of Anesthesiology and Intensive Care, Ege University School of Medicine, Izmir,
Turkey, Demirag K, Kilicturgay S, Department of General Surgery, Uludag University School of
Medicine, Bursa, Turkey, Hopanci Bicakli D, Department of Oncology, Ege University School of
Medicine, Izmir, Turkey, et al. Nutritional support practices among intensive care units in Turkey:
One-day cross-sectional study. Clin Sci Nutr. 2020 Jan 7;1(3):123- 8.

Osooli F, Abbas S, Farsaei S, Adibi P. Identifying Critically Ill Patients at Risk of Malnutrition and
Underfeeding: A Prospective Study at an Academic Hospital. Adv Pharm Bull. 2019 Jun;9(2):314—
20.

Gharsallah H, Hajjej Z, Naas I, Aouni Z, Stambouli N, Labbéne I, et al. Assessment of Nutritional
Status and Prognosis in Surgical Intensive Care Unit: The Prognostic and Inflammatory Nutritional
Index (PINI). Int J Nutr Food Sci. 2014 Sep 30;3(5):477.

Comerlato PH, Stefani J, Viana MV, Viana LV. Infectious complications associated with parenteral
nutrition in intensive care unit and non-intensive care unit patients. Braz J Infect Dis Off Publ Braz
Soc Infect Dis. 2020 Apr;24(2):137-43.

Valizadeh Hasanloei MA, Shariatpanahi ZV, Vahabzadeh D, Vahabzadeh Z, Nasiri L, Shargh A.
Non-diabetic Hyperglycemia and Some of Its Correlates in ICU Hospitalized Patients Receiving

IJFMR250347327 Volume 7, Issue 3, May-June 2025 28



https://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Enteral Nutrition. Maedica. 2017 Sep;12(3):174-9.

Schneider SM, Veyres P, Pivot X, Soummer A-M, Jambou P, Filippi J, et al. Malnutrition is an
independent factor associated with nosocomial infections. Br J Nutr. 2004 Jul;92(1):105—11.

Lee S, Choi M, Kim Y, Lee J, Shin C. Nosocomial infection of malnourished patients in an intensive
care unit. Yonsei Med J. 2003 Apr 30;44(2):203-9.

Merker M, Felder M, Gueissaz L, Bolliger R, Tribolet P, Kdgi-Braun N, et al. Association of
Baseline Inflammation With Effectiveness of Nutritional Support Among Patients With Disease-
Related Malnutrition: A Secondary Analysis of a Randomized Clinical Trial. JAMA Netw Open.
2020 Mar 10;3(3):¢200663.

Takele Y, Adem E, Getahun M, Tajebe F, Kiflie A, Hailu A, et al. Malnutrition in Healthy
Individuals Results in Increased Mixed Cytokine Profiles, Altered Neutrophil Subsets and Function.
Ahmad R, editor. PLOS ONE. 2016 Aug 22;11(8):e0157919.

Felder S, Braun N, Stanga Z, Kulkarni P, Faessler L, Kutz A, et al. Unraveling the Link between
Malnutrition and Adverse Clinical Outcomes: Association of Acute and Chronic Malnutrition
Measures with Blood Biomarkers from Different Pathophysiological States. Ann Nutr Metab.
2016;68(3):164-72.

Dethlefsen L, Relman DA. Incomplete recovery and individualized responses of the human distal
gut microbiota to repeated antibiotic perturbation. Proc Natl Acad Sci U S A. 2011 Mar 15;108 Suppl
1:4554-61.

Dethlefsen L, Huse S, Sogin ML, Relman DA. The Pervasive Effects of an Antibiotic on the Human
Gut Microbiota, as Revealed by Deep 16S rRNA Sequencing. PLOS Biol. 2008 Nov 18;6(11):e280.
Willing BP, Russell SL, Finlay BB. Shifting the balance: antibiotic effects on host-microbiota
mutualism. Nat Rev Microbiol. 2011 Apr;9(4):233-43.

the use of empirical antibiotics in icu and relationship between nutrition and the incidence of
infection - Recherche Google [Internet]. [cited 2021 Jul 15]. Available from:
https://www.google.com/search?q=the+use+oft+empirical+antibioti
cstinticutand+relationship+between+nutrition+and-+the+incidenc
etoftinfection&oq=THE+USE+OF+EMPI&aqgs=chrome.1.69157;3
5139j0i2213018.10881j0j7&sourceid=chrome&ie=UTF-8

MODULATION DU MICROBIOTE INTESTINAL : VERS UNE MEDECINE
PERSONNALISEE [Internet]. Société Francaise de Microbiologie. 2020 [cited
2021Jull5].Available from: https://www.sfm-microbiologie.org/2020/10/28/modulation-du-

microbiote-intestinal-vers-une-medecine-personnalisee/

The efficacy and safety of prokinetic agents in critically ill patients receiving enteral nutrition: a
systematic review and meta-analysis of randomized trials - PubMed [Internet]. [cited 2021 Jul 15].
Available from: https://pubmed.ncbi.nlm.nih.gov/27527069/

Vercoza Viana M, Vercoza Viana L, Tavares AL, de Azevedo MJ. Insulin Regimens to Treat
Hyperglycemia in Hospitalized Patients on Nutritional Support: Systematic Review and Meta-
Analyses. Ann Nutr Metab. 2017;71(3—4):183-94.

Reignier J, Boisramé-Helms J, Brisard L, Lascarrou J-B, Ait Hssain A, Anguel N, et al. Enteral
versus parenteral early nutrition in ventilated adults with shock: a randomised, controlled,
multicentre, open-label, parallel-group study (NUTRIREA-2). Lancet Lond Engl. 2018 Jan
13;391(10116):133-43.

IJFMR250347327 Volume 7, Issue 3, May-June 2025 29



https://www.ijfmr.com/

