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ABSTRACT 

 

Critically ill patients admitted to the intensive care unit (ICU) are subjected to catabolic 

stress. To compensate for the severe loss of muscles, international guidelines stress on the 

importance of supplementing ICU patients with higher protein and energy. There is 

however a controversy about the adequate amount and progression of protein and energy 

administration. The present study therefore aimed to investigate the association between 

protein and energy intake and ICU length of stay (LOS). A retrospective data analysis was 

conducted on ICU patients (53.6% males and 46.4% females, age 70.43±14.74) who 

resided in the intensive care of the LAU Medical Center Rizk Hospital for more than three 

days.  Day to day protein and caloric intakes, clinical, and demographic information were 

collected from the patients’ charts. Binary logistic regressions were used to examine the 

relationship between LOS and intakes, as well as other covariates. Protein and caloric 

intake on days three and five showed no significant association with LOS. However, 

intakes on day five showed a significant inverse association with sepsis (p=0.019 for 

protein and p=0.042 for energy). Logistic regression analyses assessing the determinants 
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of sepsis showed that it was significantly associated with protein and energy intake 

(R2=5.9%), mechanical ventilation, and presence ulcers. The present study findings 

suggest that sepsis could be a possible mediator in how protein and energy intake can 

affect ICU LOS.  

Keywords: Intensive care unit, Protein intake, Energy intake, Length of Stay, Sepsis, 

Pressure Ulcer, Lebanon 
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Chapter One 

Literature Review 

1.1 Intensive Care Unit Patients 

1.1.1 Critically ill patients in ICU 

The intensive care unit (ICU) is a specific ward in hospitals that provides extensive 

observational and invasive services to critically ill patients that cannot be provided in 

general wards (Smith & Nielsen, 1999).  

Patients admitted to the ICU present a number of metabolic and nutritional challenges. 

These critically ill patients require more time to be physiologically independent in order 

to recover. The main characteristics of critically ill patients are episodes of infection and 

shock during their stay at the ICU. Medically speaking, being critically ill encloses 

complex manifestations: metabolic, immunologic, and neuroendocrine complications 

(Boniatti et al., 2011). All of the latter heighten the pro-inflammatory state of patients 

(Lew et al., 2016). Pro-inflammation can significantly worsen the nutritional status which, 

in case of critically ill patients, is already characterized by being malnourished (Lew et 

al., 2016).  

1.1.2 Metabolic Changes 

 

As a survival response to illness, the body undergoes metabolic changes for energy 

provision to provide for vital tissues (Figure 1).  Changes include activation of the 

sympathetic nervous system, pituitary hormone release, and peripheral resistance to 

accommodate for anabolism. Because of these changes, the body does not only rely on 
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energy substrate availability. Thus, the body alters energy production pathways in order 

to find alternative substrates. Under these complex metabolic stressors, the body 

undergoes an increase in energy expenditure (EE), hyperglycemia, and muscle wasting 

(Preiser et al 2015). 

Stress induced hyperglycemia increases production and/or expression of pro-

inflammatory markers: leukocyte release, suppressed chemotaxis and phagocytosis, and 

reactive oxygen species release (Preiser et al 2015). In return, the excessive release of 

counter-regulatory hormones, pro-inflammatory mediators, and exogenous administration 

of drugs (corticosteroids and vasopressors) can furthermore exacerbate hyperglycemia 

(Figure 1). In this viscous cycle, the body’s immunity and inflammatory response becomes 

unbalanced, increasing oxidative stress and ultimately causing organ dysfunction. (Viana 

et al, 2014). One of the most common adaptive mechanisms is peripheral insulin resistance 

and hepatic gluconeogenesis. The severity of insulin resistance is directly related to the 

severity of the disease (Preiser et al 2016), although studies are showing that 

hyperglycemia has more of a protective role in survival (Ndahimana et al, 2018). Moderate 

hyperglycemia has been shown to maximize glucose uptake by enhancing the expressions 

of plasma membrane glucose transporters (GLUTs). Hyperglycemia and GLUT 

expression both aid in the activation of macrophages and neutrophils. Hyperglycemia also 

plays a protective role in promoting angiogenesis and improving systolic function. (Marik 

& Bellomo, 2013) 

Hormones are also part of the adaptive mechanisms, whereby glucagon, norepinephrine, 

epinephrine, cortisol, and thyroid hormones accelerate hyper-catabolism. Other 

physiological conditions also exacerbate the energy expenditure such as fever, 

hypothermia, and tachycardia (Preiser et al 2016). Catecholamines not only increase 
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metabolic rate, but also stimulate gluconeogenesis, fatty acid breakdown, and glucagon 

secretion (Ndahimana et al, 2018). 

Rapid muscle wasting is a common phenomenon in catabolic stress that can result in a 

negative protein balance. Resistance is found at the level of the periphery (muscles) in 

order to shunt the amino acids towards the liver for gluconeogenesis to preserve vital organ 

function. Severe muscle loss is furthermore exacerbated by insulin resistance and physical 

inactivity (Preiser et al 2015). The state of muscular atrophy indicates loss of appropriate 

structure and therefore function of muscles. Sepsis, medications, and systematic 

inflammation are all confounders in muscle loss, not to mention the bed-ridden state of 

ICU patients, rendering them incapable of mobilization, which can exacerbate muscle 

atrophy (Koukourikos et al., 2014) 

As for septic patients, muscle wasting is also considered to be a prominent consequence 

due to increases in proteolysis and decreases in protein synthesis pathways. The main line 

of action of how sepsis triggers muscle weakness is via mitochondrial alterations. It has 

been shown that sepsis induces dysfunctions at the level of mitochondria of both 

respiratory and limb muscles by reducing respiratory chain complex activity and energy 

production, respectively. (Callahan & Supinski, 2009). Excessive damage to the 

powerhouse of the muscle cells triggers muscle weakness by the loss of muscle quality 

rather than just wasting (Owen et al., 2019).  
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Figure 1. Metabolic Changes that the body undergoes during illness 
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1.2 Nutrition in Critically Ill Patients 

1.2.1 Malnutrition: Definition, Prevalence, and Triggers 

With all the uncontrollable stress that the body is under, an external crucial factor can 

mediate the clinical outcomes of ICU patients; this factor being nutrition. Inappropriate 

nutritional therapy can exacerbate physiological disequilibrium by increasing the risk of 

infections, metabolic alterations, or even muscular abnormalities (Berger, et al. 2018).  

 The European Society of Enteral and Parenteral Nutrition (ESPEN) defines malnutrition 

as a “state of imbalance between nutrition intake and requirements that ultimately leads to 

alterations in body composition that affect physical and mental function and impair 

clinical outcome from disease” (Cederholm, et al., 2017). According to Berger et al, the 

prevalence of malnourished patients in ICU ranges from 17 to 78% (Berger, et al. 2018). 

In general, ICU patients have higher odds of being malnourished compared to general 

ward patients. This high prevalence of malnutrition is attributed to inadequate feeding 

practices (Lew et al., 2016). A worldwide cross-sectional study on 880 ICUs revealed that 

patients are either: 

 (1) Being administered calories independently from their actual body weight  

 (2) Receiving slightly less calories than their needs in case of a body mass index (BMI) 

less than 18.5 or over 40 kg/m2 

(3) Waiting longer than 24 hours to be fed; over 40% of patients were not fed within the 

first day of admission (Bendavid et al., 2017).  

Several other factors can contribute to the prognosis of malnutrition. For instance, two-

thirds of differences in requirement and delivery are due to under-prescription of the 

needed energy and protein compared to the recommendations, whereas one-third is due to 
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under-delivery of energy and protein. Even among the prescribed protein and calories, the 

consumed amount is significantly lower (p<0.001). Other factors also include the reason 

of admission, whereby surgical patients have higher needs making them more prone to 

underfeeding compared to medical patients (Osooli et al., 2019). Septic patients are also 

considered hypermetabolic, whereby their total energy expenditure to resting energy 

expenditure ratio is 1.0 while it’s 1.1 for trauma patients (Wischmeyer, 2018).  

1.2.2 Diagnosis and Effects of Malnutrition 

Malnutrition increases patients’ length of stay (LOS) in both ICU and hospital. (Lew et 

al., 2016). In a systematic review, Lew et al found that malnutrition alone can be an 

independent factor that can extend the LOS in the ICU of patients, partly by increasing 

their incidence of infection in the ICU (Lew et al., 2016). Malnutrition also impairs cellular 

immunity, which increases ICU mortality and prolong general hospital stays (Hung et al., 

2019). In their prospective cohort, Lew et al furthermore showed that malnutrition was 

solely responsible for increasing the risk of 28-day mortality by 33% (Lew et al., 2017). 

In their study, they aimed to associate malnutrition and mortality among ICU patients by 

using the subjective global assessment (SGA) parameter. The study showed a dose 

dependent relationship between SGA and mortality; each one- point increase in SGA was 

associated with an eight percent higher risk of 28-day mortality (Lew et al., 2017). 

Similarly, severe underfeeding was associated with both ICU and hospital mortality 

(p=0.005 and p=0.003, respectively) (Osooli et al., 2019).  

ESPEN diagnosis criteria for the risk of malnutrition include diseases related to 

malnutrition with risk of inflammation, which can be either acute or chronic (like cancer 

cachexia). It also encompasses developing diseases related malnutrition without having a 

risk of developing an inflammation. High risk of malnutrition could also involve patients 
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who do not have a disease, yet their socioeconomic or psychological status can contribute 

to the prognosis of malnutrition. As for the clinical setting, ESPEN clearly emphasizes 

than any critically ill patient residing more than 48 hours in the ICU is a high malnutrition 

risk patient (ESPEN, 2019). 

However, ASPEN guidelines are currently being updated regarding nutrition support and 

diagnosis for critically ill patients. The last guidelines stress on nutritional screening for 

all ICU patients upon admission. High risk patients are those with a nutritional risk 

screening (NRS) or The Nutrition Risk in Critically ill (NUTRIC) scores exceeding five 

(ASPEN, 2016). 

1.2.3 Nutritional Requirements 

With the physiological complications of catabolic stress, predictive equations fail to 

estimate energy expenditure in about 80% of patients. This is translated into having a 

higher incidence of unintentional underfeeding. Low protein and energy intake affects 

outcome variables, be it ICU LOS or mortality. Conversely, higher protein intake was 

shown to go in parallel with better survival rates (Preiser et al 2015). As for resorting to 

indirect calorimetry, preliminary studies are showing it as a superior to equations for the 

long-term clinical outcomes of patients. However, further studies are needed in order to 

validate this claim in randomized clinical trials (RCTs) (Moonen et al., 2021). ESPEN has 

a high consensus on resorting to indirect calorimetry, especially among mechanically 

ventilated patients (ESPEN, 2019). ASPEN guidelines however have a weak consensus 

regarding resorting to indirect calorimetry in determining energy requirements (ASPEN, 

2016).  

To avoid complications, the Medical Nutrition Therapy (MNT) Goals in the ICU shed 

light on assuring that adequate nutritional support is being met by reaching estimated 
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protein and energy needs. It also recommends that close assessment is performed to 

feeding response and potential deficiency risks (Hasanloei, et al 2018).  

Protein intake is one of the most important nutritional parameters among critically ill 

patients. Protein is not only important in the provision of substrates to maintain muscle 

mass, but also in controlling infection rate during the ICU stay. This, in return, would be 

reflected on clinical outcomes (Weijs, 2014). Low protein intake exacerbates muscle 

wasting, lowers immunity, and increases the risk of infection. On the other hand, excessive 

protein intake increases load on kidneys and delays the much-needed autophagy that clears 

the body from toxins and provides it with substrates (Weijes et al, 2014). 

ESPEN categorizes protein feedings into:  low if intake is <0.8g/kg body weight, normal 

if intake ranges between 0.8-1.2 g/kg body weight, and high when intake >1.2g/kg body 

weight. And since ICU patients are subjected to severe catabolic stress, the latter protein 

intake is said to be the desired amount among ICU patients. Actual weight of patients is 

used unless patients are obese, whereby ideal body weight is used for the calculation 

(ESPEN,2019).  

The American Society of Parenteral and Enteral Nutrition (ASPEN), however, based their 

recommendations on BMI. According to ASPEN, patients with BMI < 30 kg/m2 should 

be given 1.2-2 g/kg actual body weight. For BMI 30-50 kg/m2 and BMI> 50 kg/m2, protein 

intakes should be 2 g/kg/ideal body weight and 2.6 g/kg/ideal body weight, respectively 

(ASPEN,2010).  

With excess catabolic stress, increase in basal metabolic rate (BMR), infection, and 

muscle wasting, the body lacks enough supply of energy to fight the illness, hence the 

importance of energy intake and the administered calories (Singer, 2019). Undernutrition 

can result in a higher LOS, infection, dependence on mechanical ventilation, and/or 
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mortality, while overnutrition would result in prolonged dependence on mechanical 

ventilation (MV), infection, higher hyperglycemia, urea excretion, and/or mortality 

(Singer, 2019). 

ESPEN recommendations state that during the acute phase of illness, feedings should not 

exceed 20-25 kcal/kg/body weight, while during recovery feedings can reach 25-30 

kcal/kg/actual body weight (Hasanloei, et al 2018). Moreover, according to ESPEN, any 

energy feeding below 70% of the target is referred to as hypocaloric feeding, whereas 

energy administration around the target is defined as isocaloric feeding.  

ASPEN also has energy recommendations based on BMI, whereby patients with BMI < 

30 kg/m2, BMI 30-50 kg/m2, and BMI> 50 kg/m2, should receive 25-30 kcals/kg actual 

body weight, 22-25 kcals/kg actual body weight, and11 – 14 kcals/kg ideal body weight, 

respectively (ASPEN,2010).  

As for mechanically ventilated patients, neither guideline has specific recommendations 

for either protein or energy, meaning that these patients abide by the critically ill patients 

guidelines (ESPEN, 2019; ASPEN, 2016).  

Guidelines by ESPEN clearly emphasize that patients who are not expected to receive 

their diet orally within the first 48 hours of admission, should be placed on enteral 

nutritional feeding within said timeframe of ICU admission (ESPEN, 2019). This may be 

implemented, if possible, within the first 24 hours after ICU admission (Kreymann et al., 

2006) after ensuring hemodynamic stability. The American Society of Parenteral and 

Enteral Nutrition (ASPEN) also recommends initiation of feedings within the first 24-48 

hours, while ensuring that at least 80% of the patient’s energy and protein needs are met 

within the first 48-72 hours of admission. 
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1.3 Recent observational studies and clinical trials 

Despite the existence of nutritional guidelines, discrepancies exist between research and 

clinical practice.  

1.3.1 Early High Intake 

As per ESPEN guidelines, a high-energy intake was associated with lower mortality risk 

but a higher length of stay in the ICU (Singer et al, 2011). A prospective study in Malaysia 

showed that patients receiving over two-thirds of their prescribed energy and protein, 

showed a higher 60-day mortality risk (Lee, Airini, & Barakatun-Nisak, 2018). Wang et 

al observed a higher mortality rate among patients who received less than 65% of their 

energy requirement (Ndahimana & Kim, 2018).  A retrospective cross-sectional study 

categorized patients as high or low nutrition risk via Nutrition Risk in Critically Ill score. 

Among patients defined as having high nutritional risk, higher energy intake lowered LOS, 

14 and 28-day mortality rates, while no effect was detected among the low-risk group 

(Wang et al., 2018). A retrospective study revealed lower 6-month mortality among 

patients with early protein feedings of 1.2g/kg (Looijaard, et al., 2019), while high protein 

intake of 1.5 g/kg led to significantly low mortality among septic patients. Moreover, 

feedings more than 0.7g/kg body weight compared to lower intakes during early days have 

shown better rates of survival (p = 0.017) (de Koning, Koekkoek, Kars, & Van Zanten 

2019). 

 In a single center cohort in Amsterdam, ICU patients were studied retrospectively to 

reveal that the higher the protein delivery, the lower the mortality 90 days post discharge. 

In a dose dependent manner, each daily increase in protein intake by 1g/kg was 

accompanied by an 18% lower risk (OR 0.82, 95% CI 0.73–0.92). Among patients 
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diagnosed with malnutrition, the mortality risk was furthermore lowered to reach 30% 

with each daily increase of 1g/kg of protein (Weijs et al., 2019). A prospective database 

among mechanically ventilated ICU patients showed that among overfed, non-septic 

patients mortality decreased with the increase in protein intake. Patients receiving 

<0.8g/kg had a 37% mortality risk, intakes from 0.8-1g/kg were associated with 27% risk, 

while the lowest mortality risk (19%) was detected among patients having a protein intake 

equal to or exceeding 1.2g/kg. This indicates that protein intake ≥ 1.2g/kg was 

significantly associated with lower mortality (p=0.013) (Weijs et al., 2014). 

1.3.2 Late High Intake 

Studies have shown that delaying the increase of protein intake until days three and four 

of ICU admission increases survival. Septic patients showed a low mortality rate with 

high-energy intake (>110% of needs) in days 4-7 while late medium energy intake (80-

110%) among non-septic patients showed similar results (de Koning, Koekkoek, Kars, & 

Van Zanten 2019). 

In a randomized clinical trial (RCT) conducted by Arabi et al, patients who were 

permissively underfed (receiving 60-70% of their caloric intake) showed a 30% hospital 

mortality risk compared to a 42.5% risk in the those receiving their needs (p=0.04). 

However, the same study showed that septic patients with early protein intake higher than 

1.2g/kg body weight showed higher risk of mortality and that late high protein initiation 

(0.8-1.2 g/kg body weight) showed low mortality (de Koning, Koekkoek, Kars, & Van 

Zanten 2019). Thus, despite ESPEN guidelines, septic patients with a medium protein 

intake of 0.8-1.2 g/kg body weight of protein showed a lower 6-month mortality rate. In 

non-septic patients, early (within the first three days of admission) high protein intake 

increased mortality.  In specific, higher 6-month mortality rate was observed when early 
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protein feedings were high (>1.2g/kg) or when they were low (<0.8g/kg) during the late 

phase (days 4-7) (de Koning, Koekkoek, Kars, & Van Zanten 2019). Consistently, lower 

protein intake within the first days of admissions and increasing them after three days was 

associated with lower 6-month mortality compared to patients with overall high protein 

intake (p < 0.001). (Lambell, Tatucu-Babet, Chapple, Gantner, & Ridley, 2020)   

1.3.3 Protein intake and muscle wasting 

Not only does nutritional status affect mortality and LOS, it surpasses them to affect 

muscle wasting. A retrospective study in Japan aimed to associate protein intake with 

physical abilities among patients admitted to the ICU. Patients were divided as low protein 

group (receiving less than 1 g/kg/day) or high protein group (receiving more than 1 

g/kg/day). The high protein group had significantly better upper body score and handgrip 

strength (p=0.004 and 0=0.035). Moreover, only 10% in the high protein group were 

diagnosed to have ICU acquired weakness, whereas the prevalence among the low protein 

group reached 35%. Independent walk pre-hospital discharge was detected among 80% of 

the high protein group, while that of the low protein group reached 40% (p=0.032). 

Differences in other clinical outcomes however were not detected. (Matsushima et al., 

2021). In another attempt for associating protein intake with muscle wasting and mortality, 

Looijaard et al conducted a retrospective study on mechanically ventilated ICU patients. 

No association with protein intake was detected among patients with normal skeletal 

muscle. However, high early protein intake decreased both 60-day mortality and six-

month mortality risk (adjusted hazard ratio per 0.1g/kg/day 0.82 95%CI 0.73–0.94) (HR 

0.88, 95%CI 0.79–0.98) among low skeletal muscle patients. Additionally, among patients 

with low skeletal muscle and density, lower 60-day mortality (HR 0.76, 95%CI 0.64–0.90) 
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and six-month mortality was detected (HR 0.80, 95%CI 0.68–0.93) (Looijaard et al., 

2020). 

1.4 Pathophysiology 

1.4.1 Pros of Delay in High Intakes: 

Septic patients have higher catabolic stress compared to non-septic ones. Other than a 

variation in the degree of catabolism, difference in absorption rate is also detected, 

rendering them to have a different timing in the activation of autophagy. (Koning et al., 

2019) 

Nutrition inhibits autophagy, the housekeeping system that aims in cleansing the body 

from toxic proteins and providing the body with substrates for energy production. Septic 

patients have different autophagy behavior that leads to clearing the body from 

intracellular microorganisms (Weijes et al, 2014). Impairments in autophagy activation 

have shown to diminish the expression of chaperones related to protein synthesis, which 

in return exacerbates proteolysis and diseases progression. Blunting autophagy also means 

no clearance of the body from cellular damage (Preiser et al., 2015). When patients are 

calorically deprived, the cell activates a survival mechanism via regulating inflammatory 

pathways. Thus, during the acute phase of infection, low caloric intake can relieve 

inflammatory response and its damage by altering the metabolic, hormonal, and 

inflammatory pathways. During the early phase, hyper catabolism ensures production of 

endogenous energy and pro-inflammatory mediators. This will cause chronic state of 

hyperglycemia, which is controlled under caloric restriction feedings. (Looijaard et al., 

2018). According to the EAT-ICU trial, early high protein increases ureagenesis, which 

adds more load on the kidneys. It was proposed that high protein intake has no effect on 
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muscle breakdown in the early critical phase, during which the body is blunted to anabolic 

stimulus in order to support gluconeogenesis to stop auto digestion (Preiser, 2018) 

1.4.2 Pros of Early in High Intakes: 

Early high protein intake shows more pronounced advantages among patients with low 

skeletal muscle density that already have a high risk of myostetosis. This condition can 

not only cause a low-grade inflammation but also insulin resistance than can blunt any 

anabolic response. Early high protein can control the body’s resistance to anabolic 

stimulus. (Looiijaard et al, 2020), therefore lowering insulin resistance and inflammation. 

Providing catabolic patients high protein regimens early on provides the body with the 

required amino acids, thus, downgrading the rate of muscle turnover and promoting 

muscle synthesis, and, on the long run, lowering the risk of developing ICU acquired 

muscle weakness (Preiser, 2018). In prospective RCTs, an early protein intake of 

1.2g/kg/d has been shown to not only preserve muscle mass, but also, a positive nitrogen 

balance. No associations were detected among higher levels. Moreover, intakes from 0.8-

1.2g/kg/d were associated with lower overall handgrip strength and thigh muscle thickness 

(Rooyackers et al., 2017). Moreover, early high protein intake provides support to the 

immune system and aids in wound healing and signal regulation (Sweify, 2016).  

As previously mentioned, malnutrition among ICU patients entails either under or over 

feeding, which irrespective of feeding initiations, can also cause adverse effects. Thus, 

quoting Yatabe “it is important to switch from the strategy of “defense” (underfeeding) to 

that of “offense” (adequate feeding) at the right time” 

1.4.3 Cons of overfeeding: 

 One of the most prominent clinical features of overfeeding is hypercapnia and re-feeding 

syndrome. High protein particularly promotes dehydration and metabolic acidosis, while 
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high caloric intake promotes hyperglycemia, hepatic steatosis, and lower immunity 

(Preiser et al., 2015) (Yatabe,2019). The normal suppression of fat and muscle breakdown 

post-prandially is blunted during catabolic stress, which can cause furthermore stressful 

load on the body. Excess calories can cause damage to the mitochondria by the increase 

in oxygen radical production and gastrointestinal intolerance which increases the risk of 

infection. (Al-Dorzi et al., 2016) 

1.4.4 Cons of underfeeding:  

Not only does it cause hypoglycemia and hypothermia, but underfeeding can also alter the 

LOS by lowering immunity, increasing infection risk, and delaying wound healing. 

Underfeeding can also increase catabolism of muscles leading to impairment in muscle 

function. (Yatabe, 2019) 
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Chapter Two 

Relevance to the Field, Aim, and Study Hypothesis 

2.1 Relevance to the Field 

Several studies have shown the benefits of high protein and energy regimens in decreasing 

mortality, infection, and length of hospitalization among ICU patients. There is however 

a controversy about the adequate amount, initiation and progression of protein and energy 

administration.  

2.2 Research Question 

The main question to be answered in this research is “can high protein and energy intake 

within the early phase of admission alter the LOS of patients in the ICU?”. 

2.3 Objective 

The objective of the present study is to investigate the association of protein and energy 

quantity and timing administration with LOS and other clinical parameters in the ICU. 

The aims are: 

1. To describe the protein and caloric intake, initiation, and progression of patients in the 

ICU 

2. To, primarily, investigate the association of these intakes with LOS 

3. To, secondarily, examine the impact of these intakes on other clinical outcomes 

(sepsis, pressure ulcer) 
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Chapter Three 

Methodology 

3.1 Study Design and Sample Size Calculation 

A retrospective analytical study was conducted among 140 patients admitted or transferred 

to the ICU at the Lebanese American University Medical Center-Rizk Hospital. Based on 

sample size calculations, the desired sample size would be 140 participants (at a 

confidence interval of 95%, margin of error at 5, and population proportion at 10%) 

(Daniel, 1995). 

3.2 Population: 

All patients who were hospitalized at LAUMC ICU from March to July 2020 were 

retrospectively assessed.  

Exclusion criteria included patients who:   

 Resided less than 3 days in the ICU 

 Had their length of stay related to their underlying condition (head trauma), 

pregnancy, and paresis. 

 Received their dietary intake orally  

 Infected with the novel coronavirus (COVID-19) 

Eligibility criteria included: 

 ≥18 years old  

  Received enteral and/or parenteral nutritional feeding  

 Resided more than 3 days at the ICU.  
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3.3 Research Procedure 

Data was drawn from a computerized patient record system (Laserfiche, 2020). Patients’ 

charts and medical records from the nursing daily monitoring sheets were retrospectively 

revised to extract data on demographics, reason of ICU admission and medical progress 

(mechanical ventilation days, sepsis, infection).  Anonymity was ensured whereby each 

patient was given a code enclosed by the researcher.   

Demographic data collected included age, sex, height, and weight. ICU scores (SOFA, 

BRADEN, APACHE, and NUTRIC), and admission diagnosis were also retrieved. 

Nutritional parameters included route of feeding and daily protein and energy 

administered from admission until ICU transfer, discharge, or death.  

3.4 Nutritional Assessment 

Based on the given anthropometry, BMI was calculated by dividing the weight (Kg) by 

the height (meter2). Then it was categorized as either underweight (>18 kg/m2), normal 

(18-24.9 kg/m2), overweight (25-30 kg/m2), and obese (>30 kg/m2).  

Manufacturers’ information of the formulas from Nutrison were used to calculate the 

amount of protein and energy in the given enteral nutrition formula. Non-nutritional 

calories such as propofol was also included in the daily intake calculations.   

The received amounts of protein and energy /kg of actual body weight for normal and 

overweight and Ideal body weight (IBW) for obese/ day were calculated for days one, 

three, and five of feeding initiations, irrespective of day of admission. In case patients had 

discontinued feedings on days three and five, their data was excluded from the analysis.  
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3.5 Outcomes: 

Primary outcome was the total length of stay (LOS) of patients in ICU before being 

transferred to a regular floor or discharged home. The count of length of stay started at the 

first day of arrival or transfer to ICU.  

Secondary outcomes were sepsis and pressure ulcers.  

3.6 Ethics: 

The study was approved by the LAU institutional review board who waived the 

requirement for consent (IRB #: LAU.SAS.MB2.11/May/2020). Prior to conducting the 

study, all researchers had completed the Collaborative Institutional Training Initiative 

(CITI) training.  
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Chapter Four 

Statistics 

4.1 Variables, Outcome, Exposures, and Confounders 

At the beginning of the study, intake was to be assessed in relation with LOS. Both protein 

and energy intake were the independent variables, whereas the LOS in the ICU was the 

dependent variable. This association was adjusted for gender, age, previous medical 

condition (PMH), sepsis, and ventilation. 

When assessing the development of sepsis as the dependent variable, energy and protein 

intake (calculated as an interaction factor), mechanical ventilation (MV), and pressure 

ulcer (PU) were adjusted for. 

4.2 Statistical analysis 

Data was analyzed using SPSS software version 26 (SPSS Inc., Chicago, IL, USA). For 

the descriptive analysis, categorical data were reported as frequencies and percentages. As 

for continuous data, the normality was assessed using the Shapiro-Wilk test. Normally 

distributed data were reported in terms of mean ± standard deviation (SD), whereas 

skewed data were reported as median (interquartile range). After accounting for BMI and 

before conducting bivariate analysis, received energy and protein were divided by body 

weight to calculate the received grams of protein and calorie per actual kg body weight of 

normal and overweight subjects. However, for obese patients, intakes were divided by 

their ideal body weight. Ideal body weight was based on ESPEN that recommends using 
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the patient’s height calculated at BMI= 25kg/m2 (ESPEN,2019).  Then, the intakes of the 

cohort were categorized based on ESPEN and ASPEN guidelines in order to detect 

abidance to guidelines.  

Protein and energy intake were analyzed as both categorical and continuous. Previous 

observational studies categorize time intervals as early if within day one to three and late 

for days four to seven after ICU admission (de Koning, Koekkoek, Kars, & Van Zanten 

2019). Categorical stratifications were based on the mentioned ASPEN and ESPEN 

guidelines.  

In the bivariate analysis, our primary outcome was to detect an association between LOS 

and intakes. As two ordinal continuous variables, the spearman correlation test showed no 

association between the intended independent variable and LOS. Thus, LOS was 

converted into a categorical data as per the median of the collected LOS which was eight 

days. Patients were categorized as either residing less or more than eight days at the ICU. 

After resorting to LOS as categorical in the bivariate analysis, the Mann Whitney test 

showed no associations with intakes on either day three and five. Thus, energy and protein 

intake were categorized as per both ASPEN and ESPEN guidelines and compared with 

LOS as a categorical variable via Chi square.  

The secondary outcomes of interest were sepsis and PU. Patients were categorized 

whether they developed sepsis or not during their ICU stay. Bivariate analysis used Chi 

square tests to compare sepsis and LOS, gender, PU, MV, reason of admission (ROA), 

PMH, and BMI. As for the intakes, Mann Whitney was used to compare sepsis 

development with protein and energy intake on the third day and protein intake on the 

fifth, whereas Independent T- test was used for the fifth day of energy intake. Variables 
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with a p-value < 0.2 at the bivariate level were considered eligible to be included in the 

logistic regression model. For variables less than five in the model, the Fischer’s exact p-

value was used. Sepsis was the dependent variable and protein and energy intakes on the 

fifth day, MV, and PU development were the independent variables. An interaction was 

observed between energy and protein intakes in the logistic regression model. 

Accordingly, an interaction term (energy intake* protein intake) was created and used in 

the analysis. In the multiple logistic regression model, significance was set at p<0.05.  

Furthermore, in order to assess the goodness of fit of the model, area under the curve was 

calculated.  

As for PU, patients were categorized as either developing PU or not during their ICU stay. 

Bivariate analysis used Chi square to compare PU and LOS, gender, sepsis, MV, ROA, 

PMH, and BMI. As for the intakes, Mann Whitney was used to compare sepsis 

development with protein and energy intake on the third day and protein intake on the 

fifth, whereas Independent T- test was used for the fifth day of energy intake. Variables 

with a p-value < 0.2 at the bivariate level were considered eligible to be included in the 

logistic regression model. PU was the dependent variable and energy and protein intakes 

at day five were the independent variables.  An interaction was observed between energy 

and protein intakes when both entered the model separately. Accordingly, the interaction 

term was used alone in the model and how much it explained in terms of PU development 

was reported.   
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Chapter Five 

Results 

 

5.1 Population Characteristics 

A total of 210 patients were admitted to the ICU during the study period. After excluding 

patients with a LOS less than 3 days, head traumas, and COVID; a total 140 patients 

fulfilled the inclusion criteria.  

Table 1 shows the characteristics of the study participants. The mean age of the admitted 

patients was 70.43 (±14.74) years with 53.6% being males. Half of the patients suffered 

from two or more chronic non-communicable comorbidities: diabetes, hypertension, 

hyperlipidemia, coronary heart disease, cancer, and thalassemia. Pulmonary 

complications were the main ICU reasons of admission (35.7%). The majority of patients 

suffered from pressure ulcer (66.4%) but only 34.3% developed sepsis during their ICU 

stay. A total of 65% of patients admitted to the ICU required the assistance of mechanical 

ventilation during their stay. As for anthropometrics, admitted patients had a mean height 

and weight of 166.19 (±9.04) cm and 75.068 (±18.02) kg respectively. The majority of 

patients had a BMI ranging from 18.5-24.9 kg/m2. 

5.2 Energy and Protein Intake: 

5.2.1 Initiation  

The majority (87.1%) of participants were hemodynamically stable to have their feedings 

initiated within the first 72 hours of admission to the ICU, as per guideline 

recommendations. (Table 2) 
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Table 1: Characteristics of study participants 

Gender Male 75 (53.6) 

Female 65 (46.4) 

ROA Pulmonary  51 (36) 

 Cardiac  

 

20(14.3) 

 General Status 

Alterations 

48(34.3) 

 Gastrointestinal  12 (8.6) 

 Cancer  3 (2.1) 

 Fracture 1 (0.7) 

PMH PH 18 (12.9) 

 One NCD/ Cancer/ 

Rare Disease 

52(36.7) 

 Two or more NCDs 70 (50.4) 

Mortality No 92 (65.7) 

 Yes 48 (34.3) 

Ventilation No 49(35) 

 Yes 91(65) 

Sepsis No 92 (65.7) 

 Yes 48 (34.3) 

Ulcer No 47 (33.6) 

 Yes 93 (66.4) 

BMI >18.5 

18.5-24.9 

25-29.9 

>30 

2 (33.3) 

28 (58.3) 

25 (55.6) 

19 (46.3) 

Age a  70.43 (14.74) 

All values are reported as n(%) except for age that was reported as mean (±SD)  

ROA: reason of admission  PMH: previous medical history  PH: previously healthy 

NCD: non-communicable disease 
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Table 2: Timings of initiation of feeding of patients 

      N=140           Feeding Initiation 

                                            N(%) 

Day 1-3 122 (87.1) 

3+ 18 (12.9) 

 

 5.2.2 Intake  

Irrespective on what day feeding was initiated, intakes were assessed at days one, three, 

and five. On the first day participants received on average 0.59 (0.23) g/kg of actual or 

IBW/d of proteins and 11.53 (6.78) kcal/kg/d of energy. The amounts were gradually 

increased to  reach 0.97 (±0.34) g/kg/d of proteins and 20.86 (10.56) kcal/kg/d of energy 

on day 3 and 1.15 (± 0.40) g/kg/d of proteins and 23.75 (± 7.70) kcals/kg/d of energy on 

day 5 respectively. (Table 3) 

 

Table 3: Average intake of patients on one, three, and five of feeding initiation 

 
N Protein (g/kg) Energy 

Day of 

Feeding 

1  140 0.59 (0.23) 11.53 (6.78) 

3  94 0.97 (±0.34) 20.86 (10.56) 

5  71 1.15 (± 0.40) 23.75 (± 7.70) 

Normal values were reported as M (±SD) while skewed data was presented as median (Q3-Q1) 

 

5.2.3 Intake vs ESPEN 

On days three and five respectively, 34% and 21.1% of the ICU patients had a low protein 

intake while 27.9% and 49.3% had an optimal protein intake.  
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As for the energy intake, ESPEN categorizes energy intakes based on days of feeding 

initiations. Within the first three days, energy intake should range from 20-25 kcal/kg body 

weight: 32.7% of patients’ feeding abided by these guidelines. However, energy intake 

should increase after 72 hours to range from 25-30 kcal/kg body weight, whereby 29.6% 

received it. (Table 4) 

5.2.4 Intake vs ASPEN: 

From our cohort, among patients with BMI <30 g/m2, 73.8% were consuming less than 

the recommended amount of 1.2-2g of protein/kg and 76.9% were not given the 

recommended 22-25 kcals/kg on the third day. On the fifth day, 42% were consuming the 

recommended amount of 1.2-2g of protein/kg and 30.6% reached the recommended 22-

25 kcals/kg (Table 4).  

As for patients with 30<BMI<50 BMI g/m2, all patients did not reach the recommended 

intake of protein on both days three and five. On the other hand, 25.8% followed the 

recommended energy intake on day three and 18.2% on day five (Table 4)..  

   Table 4: Actual intakes of protein and energy compared to guidelines 

           Protein and Energy intake 

             as per guidelines                                        Day 3                        Day 5 

ESPEN 

 

Protein g/kg 

<0.8 33 (44) 15 (21.1) 

 

0.8-1.2 37 (38.1) 

 

21 (29.6) 

 

>1.2 27 (17.9) 35 (49.3) 

Energy 

Kcal/kg 

<20 45 (46.6) 20 (28.2) 

 20-25 29 (32.7) 18 (25.4) 

 25-30 23 (29.9) 21 (29.6) 
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ASPEN 

 

Protein g/kg 

 BMI <30 

 

<1.2 

 

1.2-2 

 

>2 

48 (73.8) 

 

 

17 (26.2) 

 

 

0(0) 

26 (53.0) 

 

 

21 (42.8) 

 

 

2 (4.2) 

 

Protein g/kg 

30<BMI <50 

 

 

<2 

 

 

 

 

32 (100) 

 

 

 

 

 

22 (100) 

 

 

 

Energy 

Kcal/kg 

 BMI <30 

 

>25 

 

25-30 

 

>30 

47 (72.3) 

 

 

15(23.1) 

 

4(4.6) 

24 (48.9) 

 

 

15(30.6) 

 

10(20.4) 

Kcal/kg 

30< BMI<50 

 

<22 

 

22-25 

 

>25 

18 (58.1) 

 

 

8(25.8) 

 

 

5(16.1) 

 

10 (45.5) 

 

 

4(18.2) 

 

 

8(36.4) 

 
               All values are reported as n(%) 

5.3 Length of stay and clinical characteristics: 

A statistically significant difference was detected between length of stay and gender, 

whereby the longer stay in the ICU was associated with males more than females 

(p=0.028). A total of 70% of septic patients resided in the ICU for more than eight days, 

whereas 66.3% of those MV had a similar LOS. Both were significantly different from 

non-septic patients and patients that did not require MV (p<0.001). No difference, 

however, was found between the different BMI categories or pressure ulcer with LOS 

(p=0.45 and 0.32 respectively).  (Table 5) 
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Table 5: Clinical characteristics of participants based on their length of stay  

                                                                   <8 days                        >8 days                P value§ 

Gender Male 33 (44) 42 (56) 0.028 * 

Female 41 (63.1) 24 (36.9)  

PMH Previously 

Healthy 

10(55.6) 8(44.4) 0.14* 

 1 NCD/ Cancer/ 

Rare Disease 

42(60) 28(40)  

 2+ NCD 22(42.3) 30(57.7)  

Sepsis No 59(65.6) 31(34.4) <0.001* 

 Yes 15(30.0) 35(70.0)  

Ulcer No 24(51.1) 23(48.9) 0.45 

 Yes 50(53.8) 43(46.2)  

Ventilation No 44(86.3) 7(13.7) <0.001* 

 Yes 30(33.7) 59(66.3)  

Age a  74 66 0.2* 

BMI >18.5 

18.5-24.9 

25-29.9 

>30 

2 (33.3) 

28 (58.3) 

25 (55.6) 

19 (46.3) 

4 (66.7) 

20 (41.7) 

20 (44.4) 

22 (53.7) 

0.32 

Day 3 Protein 

 

Energy 

0.95 (0.55) 

 

20.04 (+/ 6.22) 

1.01(0.54) 

 

20.36 (6.89) 

0.38 

 

0.821 

Day 5 Protein 1.13 (+/-0.42) 1.15 (0.41) 0.90 
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Energy 

 

24.08 (8.23) 

 

23.71 (7.72) 

 

0.88 
All data are presented as n (%) except for age where mean (SD) was presented.  

§ Differences were tested by Mann-Whitney or chi square tests depending on the type of the variable.  *: 

eligible to be entered into the model, p<0.2  
 

5.4 Sepsis and clinical characteristics: 

As shown in table 6, intakes of protein and energy on the third day of feeding showed no 

associations with the risk of sepsis development (p=0.54 and p=0.72). However, five 

days into feeding initiation, differences between protein and energy intake among septic 

and non-septic patients was detected. Septic patients were consuming fewer grams of 

protein per kg body weight per day compared to non-septic patients (1.02±0.36 and 

1.25±0.41 respectively, p=0.019 *). The received caloric intake per kg body weight was 

also lower among septic patients (21.72±7.25) compared to non-septic patients 

(25.4±7.70) (p=0.042).  

Developing pressure ulcer during ICU stay was significantly associated with the risk of 

sepsis (p<0.001). The usage of mechanical ventilation during the ICU stay also showed a 

positive association with sepsis (p=0.003). 

No difference between gender and previous medical history was detected between septic 

and non-septic patients (p=0.21 and p=0.28 respectively). Among patients who developed 

sepsis, on the fifth day of feeding initiation, 54.5% died.  As for the goodness of the fit of 

the model, the area under the curve of the model was 0.652.  
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Table 6: Unadjusted Clinical characteristics of participants based on the existence or 

absence of sepsis diagnosis 

                                                            Non-Septic                      Septic                    P value§ 

Gender Male 52 (69.3) 23 (30.7) 0.21 

Female 38 (58.5) 2 7(41.5)  

PMH Previously 

Healthy 

13 (72.2) 5(27.8) 0.28 

 1 NCD/ 

Cancer/ 

Rare 

Disease 

32 (71.1) 13 (28.9)  

 2+ NCD 45(58.4) 32(41.6)  

LOS Below 8 

days 

61 (82.4) 13 (17.6) <0.001* 

 Above 8 

days 

31 (47) 35 (66)  

Ulcer No 43(91.5) 4(8.5) <0.001* 

 Yes 46(49.5) 47(50.5)  

Ventilation No 41(80.4) 10(19.6) 0.003* 

 Yes 40(44.9) 49(55.1)  

Age a  67.57 75.77 0.25 

BMI >18.5 

18.5-24.9 

25-29.9 

>30 

3 (50) 

34 (70.8) 

27 (60) 

26 (63.4) 

3 (50) 

14 (29.2) 

18 (40) 

15 (36.6) 

0.57 
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Day 3 Protein 

 

Energy 

1.00 (0.50) 

 

20.05 (+/- 6.54) 

0.90 (0.59) 

 

19.55 (+/-6.88) 

0.54 

 

0.72 

Day 5 Protein 

 

Energy 

1.25 (+/-0.41) 

 

25.4 (+/- 7.7) 

1.02 (+/- 0.36) 

 

21.72 (+/-7.25) 

0.019 * 

 

0.042 * 
All data are presented as n (%) except for age where mean (SD) was presented.  

§ Differences were tested by Mann-Whitney or chi square tests depending on the type of the variable.  *: 

eligible to be entered into the model, p<0.2  

 

5.5 Association between Sepsis, protein and energy intake, mechanical ventilation, 

and ulcer 

The interaction factor (energy x protein) showed a significant negative influence on sepsis 

development (p=0.023), whereby the higher the energy and protein intake, the lower the 

risk of developing sepsis. After entering mechanical ventilation in the model, the 

significant influence of both energy and protein remained (p=0.025) with the positive 

influence of sepsis from mechanical ventilation (p=0.017). Thus, dependence on MV 

increases the risk of sepsis. However, when ulcer was entered in the final model, both the 

interaction factor and mechanical ventilation lost their significant influence with respect 

to sepsis (p=0.13 and p=0.096 respectively), while ulcer showed a positive significant 

association with sepsis development (p<0.001). (Table 7) 

 

Table 7: Adjusted Association between sepsis, MV, ulcer, and intake 

         95% Confidence                 

                                                   Interval for B  

Model  B Lower 

Bound 

Upper 

Bound 

P value§ 

1 Constant 

 

Interaction Factor 

1.669 

 

-.007 

1.449 

 

-.013 

1.889 

 

-0.001 

<0.001* 

 

0.023* 

2 Constant 

 

.930 

 

0.291 

 

1.569 

 

0.005* 
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Interaction Factor 

 

Mechanical 

Ventilation 

-.007 

 

.392 

-0.013 

 

0.73 

-0.001 

 

0.712 

 

0.025* 

 

0.017* 

3 Constant 

 

Interaction Factor 

 

Mechanical 

Ventilation 

 

0.867 

 

-0.007 

 

0.356 

 

 

0.204 

 

-0.013 

 

0.020 

 

 

1.531 

 

-0.001 

 

 

0.692 

 

 

0.05 

 

0.025 

 

 

0.017 

 

 

4 Constant 

 

Interaction Factor 

 

Mechanical 

Ventilation 

 

Ulcer 

 

.224 

 

-.004 

 

.207 

 

 

.560 

-.0354 

 

-0.009 

 

-0.073 

 

 

0.366 

0.821 

 

0.001 

 

0.488 

 

 

0.754 

0.358 

 

0.130 

 

0.096 

 

 

<0.001* 

p-values: one-way analysis of variance (ANOVA) as appropriate; *p-value < 0.05 was considered 

significant 

 

R2 model 1: 7.3% 

R2 model 2: 14.8% 

R2 model 3: 43.6% 

 

 

5.6 Ulcer and clinical characteristics: 

Patients were categorized as developing PU or not during their ICU stay. Intakes of energy 

and protein on the fifth day of feeding initiation, showed borderline association with the 

risk of PU (p=0.057 and p=0.099). PU patient were consuming 1.02±0.36 g/kg/d of 

proteins and 21.72±7.25 kcal/kg/day versus 1.25± 0.41g/kg/d and 25.4±7.7 kcals/kg/d for 

patients with no PU. Significant difference among patients with PU and no PU was 

detected among sepsis (p<0.001). (Table 8) 
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Table 8: Unadjusted Clinical characteristics of patients based on the existence or absence 

of  PU on the fifth day of feedings 

 

     No PU    PU 

LOS Below 8 

days 

5 (38.5) 8 (61.5) 0.764 

 Above 8 

days 

26 (44.8) 32 (55.2)  

Sepsis No 28 (71.8) 11 (28.2) <0.001* 

 Yes 3 (9.4) 29 (90.6)  

Ventilation No 9(90.0) 1 (10) 0.092* 

 Yes 30 (49.2) 31 (50.8)  

Day 5 Protein 

 

Energy 

1.25 (±0.41) 

 

25.4 (± 7.7) 

1.02 (± 0.36) 

 

21.72 (±7.25) 

0.057 * 

 

0.099 * 
All data are presented as n (%) except for age where mean (SD) was presented.  

§ Differences were tested by Mann-Whitney or chi square tests depending on the type of the variable.  *: 

eligible to be entered into the model, p=0.2  

  

In the model summary, the interaction factor was able to explain 4.5% of the development 

of pressure ulcer (R2=4.5%).  
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Chapter Six 

Discussion 

6.1 Summary of Results 

 

Although, the majority of literature reviews detected controversial associations, our 

results, unexpectedly, showed an absence in association between LOS and both energy 

and protein intakes. This might be due to the small sample size that was not sufficient to 

show an association or lack of variability of intake among patients. Moreover, on the fifth 

day of feeding initiation, the average amount of protein intake the patients were receiving 

1.15(± 0.40) g/kg was less than what the guidelines recommend, which is a minimum of 

1.2g/kg.  

At the beginning of the study, the main aim was to detect an association between LOS at 

the ICU with protein and energy intake patients were receiving. However, LOS showed a 

significant association (p<0.001) with sepsis development during ICU stay, which was a 

secondary outcome in the study. Thus, the study shifted from detecting an association 

between energy and protein intake with LOS to sepsis and PU development. 

The combined effect of protein and energy intake, the interaction factor, showed a 

significant association with sepsis with or without mechanical ventilation. However, when 

ulcer was entered, both the interaction factor and mechanical ventilation lost their 

significance to PU, indicating a confounding effect. In other words, deficiencies in energy 

and protein intake leads to PU development, which might increase LOS.   

 

 



35 

 

 

6.2 Sepsis: 

Sepsis is an unregulated response by the body due to infection that causes severe 

abnormalities in immunity, metabolism, and hemodynamic parameters. Septic patients 

have a longer and more complex stay at the ICU. Nutritionally speaking, sepsis goes hand 

in hand with severe protein catabolism and cachexia. Septic patients can have either a 

hypo or hyper-metabolic activity.  (De Waele et al., 2020). To our knowledge, minimal 

studies have ventured into ICU septic patients and clinical associations, even more so, 

such studies had a small representative sample size. 

In our cohort, protein and energy intake have shown beneficial effects in the prognosis of 

sepsis, even after adjusting for MV. Comparing the intakes of septic to non-septic patients, 

our cohort revealed a significant difference in the protein and caloric intakes on the fifth 

day. Non-septic patients were on a high protein (1.25±0.41 g/kg/d) and energy 

(25.4±7.7kcal/kg/d) regimen, whereas septic patients were on a moderate protein 

(1.02±0.36g/kg/d) and energy (21.72±7.25kcal/kg/d) regimen (Table 6). This was 

translated into having significant differences in the clinical outcomes, LOS and MV (Table 

6). In other studies, PROCASPT study specifically, septic patients receiving amounts 

within the same range of our cohort (0.8-1.2 g/kg/d) on the same day showed a significant 

lower six-month mortality compared to protein intakes exceeding 1.2g/kg/d (p=0.048). 

Even better survival rates (p=0.015), lower MV days, and in hospital mortality were 

recorded. Moreover, patients who had a protein intake of 0.8-1.2 g/kg/d during the entire 

week had better survival rates compared to those on an overall low intake (p=0.015). 

(Koning et al., 2019). In the PROCASPT study, day four and onward, medium and high 

energy intake showed better results compared to low intakes (p=0.046 and p=0.002, 
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receptively) (Koning et al., 2019). A post-hoc observational study showed that in the 

presence of sepsis, the mean intake on day four of 1g/kg/d was not associated with 

mortality, neither did caloric overfeeding (Weijes et al, 2014). In line with this, the 

PROTINVENT retrospective cohort also showed no effect on LOS in the ICU with neither 

quantity of protein nor its feeding initiation. However, they depicted better clinical 

outcomes among non-septic patients who had their protein feedings advanced on the 

fourth day compared to those who had an overall high intake (Looijaard et al., 2018).  Such 

progression was detected in our cohort. Furthermore, they compared patients who had less 

than 0.8g/kg/day feeding for a week, to those who had advanced on the fourth day. Patients 

in the latter group had better clinical outcomes. (Looijaard et al., 2018). They also revealed 

a time dependent trend whereby increasing protein intakes at the rate of 0.8 g/kg/d on days 

one to two, to 0.8-1.2g/kg/d on days three to five, to reach intakes >1.2g/kg/d showed 

superior long-term outcomes (Looijaard et al., 2018). In our cohort, patients that did not 

develop sepsis reached 1.25 (+/-0.41) g/kg actual or ideal body weight/day. The 

PROTINVENT retrospective cohort showed a lower six-month survival rate (65.6%) 

among patients consuming 0.8g/kg/day of protein compared to patients consuming 0.8-

1.2g/kg/d and more (68.9% and 55.6%, respectively) in the early phase. In our cohort, on 

the third day of feeding initiation, patients were receiving 1g/kg/d.  

The PROCASPT cohort, however, showed that early high protein feedings was related to 

higher six month mortality compared to low intake (p=0.005). Nevertheless, better overall 

survival outcomes were detected among patients who had feedings below 0.8g/kg/d on the 

first three days that was advanced to above 0.8g/kg/d from days four to seven compared 

to those on an overall low intake (p=0.065).  The post hoc analysis by Wejis et al showed 

that non-overfed patients had a lower mortality rate on day four as the protein intake was 
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higher. The highest end of intake (1.2g/kg/d) was significantly associated with low 

mortality (p=0.013) (Weijes et al, 2014) 

As for energy intake, non-septic patients in our study were consuming a borderline high 

caloric intake (25.4kcal/kg/d). The PROCASPT study showed that energy intake of 80-

110% (medium to high) of needs on days four to seven were associated with a lower six-

month mortality compared to low energy intake (p=0.014) (Koning et al., 2019). Similar 

to our study, a multicentre double blinded RCT in Australia and New Zealand showed no 

significant difference among mortality, LOS, and survival between high calorie vs. 

moderate energy delivery. (New England Journal of Medicine, 2018). Additionally, a 

systematic review and meta-analysis aimed to compare the difference in outcomes 

between low and high caloric intake patients. No difference was detected between caloric 

restriction and high caloric intake on mortality (p=0.19). However, the risk of bloodstream 

infection and pneumonia were lower among caloric restricted patients. Hospital LOS was 

significantly longer among patients who were underfed (Al-Dorzi et al., 2016) 

 

6.3 Pressure Ulcer 

It is defined as skin ulcerations that are not only linked to higher LOS in hospitals, but 

also morbidity and premature mortality. Epidemiological studies revealed that 12-50% of 

hospitalized patients with ulcer are malnourished. Weight loss, dehydration, and protein 

energy malnutrition are all risk factors that increase susceptibility in developing pressure 

ulcer. In general, patients with pressure ulcers (PU) are already in hypercatabolic state, 

but that doesn’t necessitate having a high REE than those who do not have PU. Another 

independent risk factor is age, whereby people above the age of 65 have a higher risk of 

developing PU. (Mahmoodpoor et al., 2018). In our cohort the mean age of the participants 
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was 70.3 (Table 1) making them already prone to PU development irrespective of other 

clinical variables. Patients on bed rest have a 17-fold higher prevalence of developing PU 

(Tsaousi et al, 2014), which is evident in our cohort. 

The Cochrane review on eight RCTs targeting nutritional interventions as treatments or 

preventative measure of PU showed no promising results. However, a trial was mentioned 

that showed improved wound healing time (twelve weeks) among tube fed patients with 

high protein and energy intake.  (Little, 2012).  In a prospective cohort, patients with PU 

had a significantly longer hospital LOS compared to patients without PU. Protein 

recommendations for PU are 1.25-1.5 g/kg/day since high protein improves healing rates 

(Mahmoodpoor et al., 2018). In our cohort, PU patients were consuming less than the 

recommended amounts (Table 8).  

In their prospective cohort study in Brazil, Wenzel et al assessed development of press 

injuries according to nutritional parameters. The frequency of developing PU was 31.5%, 

which is much less than our cohort (66.5%). They managed to find an association between 

patients who did not achieve their nutritional requirements and PU development (Wenzel 

& Whitaker, 2021). In our cohort, in the absence of sepsis, energy and protein intake 

showed a significant negative association with PU development. Moreover, patients who 

had their intakes initiated after 48 hours had higher risks of developing PU. Unlike our 

study, ROA showed no associations with PU development in the bivariate model. In the 

Brazilian cohort, readmission for surgery, orthopedic surgeries, and surgeries lasting over 

four hours were considered as risk factors for they promote immobility (Wenzel & 

Whitaker, 2021). Such association were not detected in our study since only 0.7% was 

admitted for similar reasons. However, they also found a correlation between cardiac 

complications and PU development, which was not detected in our cohort. Cardiovascular 
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diseases increase the susceptibility of ischemia which can discontinue blood supply to the 

tissue causing tissue necrosis.  (Wenzel & Whitaker, 2021). However, to date, a full 

disclosure on the relationship between nutrition and PU is still lacking for studies are still 

preliminary. (Tatucu-Babet & Ridley, 2021) 

 

6.4 Interpretation 

In our cohort, whether sepsis or PU was considered as the outcome, both showed 

significant associations (p<0.001) that outranked associations with other clinical 

parameters.  

PU development in our cohort might be linked to a low energy and protein intake. Such 

intakes can lead to weight loss, particularly fat loss (blowing the cushioning effect of fat 

on the bones) and physical weakness. (Tsaousi et al, 2014) (Mahmoodpoor et al, 2018) 

Edema is another effect that causes loss of elasticity of the skin and thus mobility and 

immunity (Tsaousi et al, 2014). Dehydration interferes with appropriate cell metabolism 

and wound healing. (Mahmoodpoor et al, 2018) Nutrient insufficiency is a key factor in 

PU development and disable wound healing. It also interferes in immunity, collagen 

synthesis and integrity. Development of PU went in parallel with sepsis development in 

our cohort (p<0.001). According to John Hopkins Medicine, at the level of the body, sepsis 

is a complication that arises from PU development. When PU is detected, aerobic and/or 

anaerobic bacteraemia is detected, which is the primary cause of infection related PU. 

Other than localized infections, cellulites and osteomyelitis can trigger infections, both of 

which cause sepsis. (Sullivan & de Barra, 2018) (Momodu & Savaliya, 2021). In our 

cohort, sepsis was significantly positively associated with LOS (p<0.001), in line with the 

literature where development of sepsis was shown to elongate the hospital and ICU stay 



40 

 

of patients (Sakr et al., 2018). In summary, undernutrition can prolong LOS and this could 

be mediated though PU development that may trigger sepsis in patients.  

 

 

6.5 Strength, Limitations, and Future Implications 

Our cohort had several strengths. To start with, patients were on enteral feedings meaning 

that precise calculations of intake were measured. Timings and quantities of feedings were 

calculated based on the time of feeding initiation, irrespective of how many days the 

patient resided at the ICU before feeding was started. When we calculated energy and 

protein intakes on days three and five, patients that were NPO for surgery were excluded 

from the analysis. Another strength is that we limited bias regarding LOS, for the 

eligibility criteria clearly stated that patients should be residing in the ICU for more than 

three days. We also corrected for various confounders in the logistic regression. 

 

Our study also had several limitations with the small sample size being the most prominent 

one. Based on our sample size calculations regarding intakes and LOS, 140 participants 

were needed. However, when we reached the fifth day of feeding initiation, the remaining 

eligible participants dropped to 71. Having a small sample limited the detection of 

variability between intakes among ICU patients and could have led to type 2 error. As for 

the study design, a retrospective cohort doesn’t infer causation. Additionally, weight and 

BMI were the only markers that were used to assess weight loss or weight gain. More 

reliable markers would have provided a more comprehensive look on how the body 

composition was affected, including skinfold thickness, percent body fat, and percent 

muscle mass. Lastly, the collected data were taken during the period when the COVID 

crisis was prominent, which was reflected in missing ICU related scores, such as the 
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sequential organ failure assessment (SOFA) score that tracks a person’s status in ICU to 

determine the extent of organ failure. The higher the SOFA score, the higher the risk of 

mortality (Vasilevskis, et al 2016). Another parameter that could have been used, if 

available, is the acute physiological and chronic health evaluation (APACHE), which is a 

validated score that shows severity of disease classification system. The higher the scores 

the higher the risk of death. (Akavipat, Thinkhamrop, Thinkhamrop, & Sriraj, 2019). 

Another specific nutrition parameter that wasn’t collected properly is the  nutritional risk 

assessment tool (NUTRIC) that detects malnutrition among ICU patients. The lower the 

score, the lower the risk of being malnourished. (de Vries, Koekkoek, Opdam, van 

Blokland, & van Zanten 2018) 

 Future implications include replication of the study results with a bigger sample size. 

Moreover, a prospective study should be conducted in order to establish a potential 

cause/effect relationship. Future studies should also include non-invasive physical 

examinations and/or bioelectrical impedance usage to get a clearer idea on how the 

composition of the body is changing as the intakes progress. 
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Chapter Seven 

Conclusion 

In conclusion, our study showed that sepsis development could be a potential mediator 

between how protein and energy intake can either increase or shorten the LOS of patients 

in the ICU. Moreover, we showed a significant difference between the intakes of septic 

and non-septic patients; whereby non-septic patients were consuming higher intakes of 

protein and energy. This was also reflected in the PU development, which might have in 

turn affected MV days and sepsis development. A major finding in the study is the fact 

that patients are not being delayed with their feeding initiations as per recommendations. 

Most importantly, we detected a favorable gradual progression in energy and protein 

intake among the population. 

Nevertheless, the study failed to show the association between protein and energy intake 

with LOS. Further research, preferably a longitudinal multicentre study with a large 

sample, is needed to detect the presence or lack of association between these variables.  

  



43 

 

References 

Akavipat, P., Thinkhamrop, J., Thinkhamrop, B., & Sriraj, W. (2019, March). Acute 

physiology and chronic health evaluation (apache) ii score - the clinical predictor in 

neurosurgical intensive care unit. Retrieved October 14, 2020, from 

https://www.ncbi.nlm.nih.gov/pubmed/31363325 

 

 

Al-Dorzi, H. M., Albarrak, A., Ferwana, M., Murad, M. H., & Arabi, Y. M. (2016). Lower 

versus higher dose of enteral caloric intake in adult critically ill patients: a systematic 

review and meta-analysis. Critical Care, 20(1). https://doi.org/10.1186/s13054-016-

1539-3 

 

 

Bendavid, I., Singer, P., Theilla, M., Themessl-Huber, M., Sulz, I., Mouhieddine, M., Schuh, 

C., Mora, B., & Hiesmayr, M. (2017). NutritionDay ICU: A 7 year worldwide 

prevalence study of nutrition practice in intensive care. Clinical Nutrition, 36(4), 1122–

1129. https://doi.org/10.1016/j.clnu.2016.07.012 

 

Boniatti, M. M., Friedman, G., Castilho, R. K., Vieira, S. R., & Fialkow, L. (2011). 

Characteristics of chronically critically ill patients: comparing two definitions. Clinics, 

66(4), 701–704. https://doi.org/10.1590/s1807-59322011000400027 

 

Callahan, L. A., & Supinski, G. S. (2009). Sepsis-induced myopathy. Critical Care Medicine, 

37. https://doi.org/10.1097/ccm.0b013e3181b6e439  

 

 

Cederholm T, Barazzoni R, Austin P, Ballmer P, Biolo G, Bischoff SC, Compher C, Correia I, 

Higashiguchi T, Holst M, Jensen GL, Malone A, Muscaritoli M, Nyulasi I, Pirlich M, 

Rothenberg E, Schindler K, Schneider SM, de van der Schueren MA, Sieber C, 

Valentini L, Yu JC, Van Gossum A, Singer P. ESPEN guidelines on definitions and 

terminology of clinical nutrition. Clinical Nutrition. 2017 Feb;36(1):49-64. doi: 

10.1016/j.clnu.2016.09.004. Epub 2016 Sep 14. PMID: 27642056. 

 



44 

 

Clinical Guidelines. ASPEN | Clinical Guidelines. (n.d.). 

https://www.nutritioncare.org/Guidelines_and_Clinical_Resources/Clinical_Guidelines/.  

 

Courtney H. Lyder. (n.d.). PRESSURE ULCERS . John Hopkins Medicine. 

https://www.hopkinsmedicine.org/geriatric_medicine_gerontology/_downloads/readings

/section8.pdf. 

 

Daniel, W. W. (1995). Biostatistics: A Foundation for Analysis in the Health 

Sciences. Biometrics, 51(1), 386. Doi: 10.2307/2533362 

 

De Koning, M.-S. L. Y., Koekkoek, W. A. C. K., Kars, J. C. N. H., & van Zanten, A. R. H. 

(2019, June 6). Association of protein and caloric Intake and Clinical Outcomes in Adult 

septic and Non-Septic ICU Patients on Prolonged Mechanical Ventilation: The 

PROCASEPT Retrospective Study. Retrieved from 

https://www.ncbi.nlm.nih.gov/pubmed/31172544. 

 

 

De Vries, M. C., Koekkoek, W. K., Opdam, M. H., van Blokland, D., & van Zanten, A. R. 

(2018, March). Nutritional assessment of critically ill patients: validation of the modified 

NUTRIC score. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/29167575 

 

De Waele, E., Malbrain, M. L. N. G., & Spapen, H. (2020). Nutrition in Sepsis: A Bench-to-

Bedside Review. Nutrients, 12(2), 395. https://doi.org/10.3390/nu12020395  

 

Energy-Dense versus Routine Enteral Nutrition in the Critically Ill. (2018). New England 

Journal of Medicine, 379(19), 1823–1834. https://doi.org/10.1056/nejmoa1811687 

 

ESPEN guideline on clinical nutrition in the intensive care unit (n.d.). 

https://www.espen.org/files/ESPEN-Guidelines/ESPEN guideline-on-clinical-nutrition-

in-the-intensive-care-unit.pdf.  

 

 



45 

 

Gagnon, G., Voirol, P., Soguel, L., Boulat, O., & Berger, M. M. (2015). Trace element 

monitoring in the ICU: Quality and economic impact of a change in sampling practice. 

Clinical Nutrition, 34(3), 422–427. https://doi.org/10.1016/j.clnu.2014.04.012 

 

Hung, K.-Y., Chen, Y.-M., Wang, C.-C., Wang, Y.-H., Lin, C.-Y., Chang, Y.-T., Huang, K.-

T., Lin, M.-C., & Fang, W.-F. (2019). Insufficient Nutrition and Mortality Risk in Septic 

Patients Admitted to ICU with a Focus on Immune Dysfunction. Nutrients, 11(2), 367. 

https://doi.org/10.3390/nu11020367 

 

 

Hyun, S., Vermillion, B., Newton, C., Fall, M., Li, X., Kaewprag, P., Moffatt-Bruce, S., & 

Lenz, E. R. (2013). Predictive Validity of the Braden Scale for Patients in Intensive Care 

Units. American Journal of Critical Care, 22(6), 514–520. 

https://doi.org/10.4037/ajcc2013991 

 

 

J.-C. Preiser, C. Ichai, J.-C. Orban, A. B. J. Groeneveld, Metabolic response to the stress of 

critical illness, BJA: British Journal of Anaesthesia, Volume 113, Issue 6, December 

2014, Pages 945–954, https://doi.org/10.1093/bja/aeu187 

 

Khaled Sewify. (2016). High Protein for All is it Currently a State of Art in Critical Care 

Nutrition? Journal of Anesthesia & Critical Care: Open Access, 6(1). 

https://doi.org/10.15406/jaccoa.2016.06.00213 

 

 

Koukourikos, K., Tsaloglidou, A., & Kourkouta, L. (2014). Muscle Atrophy in Intensive Care 

Unit Patients. Acta Informatica Medica, 22(6), 406. 

https://doi.org/10.5455/aim.2014.22.406-410 

 

 

Koning, M. S. L., Koekkoek, W. A., Kars, J. C., & van Zanten, A. R. (2019). Association of 

PROtein and CAloric Intake and Clinical Outcomes in Adult SEPTic and Non‐Septic 

ICU Patients on Prolonged Mechanical Ventilation: The PROCASEPT Retrospective 

Study. Journal of Parenteral and Enteral Nutrition, 44(3), 434–443. 

https://doi.org/10.1002/jpen.1663 

 



46 

 

Kreymann, K. G., Berger, M. M., Deutz, N. E. P., Hiesmayr, M., Jolliet, P., Kazandjiev, G., 

Nitenberg, G., van den Berghe, G., Wernerman, J., Ebner, C., Hartl, W., Heymann, C., 

& Spies, C. (2006). ESPEN Guidelines on Enteral Nutrition: Intensive care. Clinical 

Nutrition, 25(2), 210–223. https://doi.org/10.1016/j.clnu.2006.01.021 

 

 

Lambell, K. J., Tatucu-Babet, O. A., Chapple, L., Gantner, D., & Ridley, E. J. (2020). 

Nutrition therapy in critical illness: A review of the literature for clinicians. Critical 

Care, 24(1). Doi:10.1186/s13054-020-2739-4 

 

 

Lee, Z.-Y., Airini, I. N., & Barakatun-Nisak, M.-Y. (2018). Relationship of energy and protein 

adequacy with 60-day mortality in mechanically ventilated critically ill patients: A 

prospective observational study. Clinical Nutrition, 37(4), 1264–1270. Doi: 

10.1016/j.clnu.2017.05.013 

 

 

Lew, C., Wong, G., Cheung, K., Chua, A., Chong, M., & Miller, M. (2017). Association 

between Malnutrition and 28-Day Mortality and Intensive Care Length-of-Stay in the 

Critically ill: A Prospective Cohort Study. Nutrients, 10(1), 10. 

https://doi.org/10.3390/nu10010010 

 

 

Lew, C. C., Yandell, R., Fraser, R. J., Chua, A. P., Chong, M. F., & Miller, M. (2016). 

Association Between Malnutrition and Clinical Outcomes in the Intensive Care Unit: A 

Systematic Review. Journal of Parenteral and Enteral Nutrition, 41(5), 744–758. 

https://doi.org/10.1177/0148607115625638 

 

 

Little, M. O. (2012). Nutrition and skin ulcers. Current Opinion in Clinical Nutrition and 

Metabolic Care, 1. https://doi.org/10.1097/mco.0b013e32835bc0a1 

 

 

 



47 

 

Looijaard, W. G. P. M., Dekker, I. M., Beishuizen, A., Girbes, A. R. J., Oudemans-van 

Straaten, H. M., & Weijs, P. J. M. (2020). Early high protein intake and mortality in 

critically ill ICU patients with low skeletal muscle area and -density. Clinical Nutrition, 

39(7), 2192–2201. https://doi.org/10.1016/j.clnu.2019.09.007 

 

Looijaard, W. G. P. M., Weijs, P. J. M., & Oudemans-van Straaten, H. M. (2018). Letter to the 

editor: comment on ‘Timing of PROTein INtake and clinical outcomes of adult critically 

ill patients on prolonged mechanical VENTilation: The PROTINVENT retrospective 

study.’ Clinical Nutrition, 37(5), 1780. https://doi.org/10.1016/j.clnu.2018.06.968 

 

 

Mahmoodpoor, A., Shadvar, K., Saghaleini, S., Dehghan, K., & Ostadi, Z. (2018). Pressure 

ulcer and nutrition. Indian Journal of Critical Care Medicine, 22(4), 283–289. 

https://doi.org/10.4103/ijccm.ijccm_277_17 

 

 

Marik, P. E., & Bellomo, R. (2013). Stress Hyperglycemia. Critical Care Medicine, 41(6). 

https://doi.org/10.1097/ccm.0b013e318283d124  

 

 

Matsushima, S., Yoshida, M., Yokoyama, H., Watanabe, Y., Onodera, H., Wakatake, H., 

Saito, H., Kimura, M., & Shibata, S. (2021). The effects of high protein intake for 

critically ill adult patients admitted to ICU on physical performance: A retrospective 

propensity-matched analysis. Nutrition, 111407.  

 

 

McClave, S. A., Taylor, B. E., Martindale, R. G., Warren, M. M., Johnson, D. R., 

Braunschweig, C., McCarthy, M. S., Davanos, E., Rice, T. W., Cresci, G. A., Gervasio, 

J. M., Sacks, G. S., Roberts, P. R., & Compher, C. (2016). Guidelines for the Provision 

and Assessment of Nutrition Support Therapy in the Adult Critically Ill Patient. Journal 

of Parenteral and Enteral Nutrition, 40(2), 159–211. 

https://doi.org/10.1177/0148607115621863  

 

 

Momodu II, Savaliya V. Osteomyelitis. [Updated 2021 Feb 5]. In: StatPearls [Internet]. 

Treasure Island (FL): StatPearls Publishing; 2021 Jan-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK532250/ 

 



48 

 

Moonen, H. P., Beckers, K. J., & van Zanten, A. R. (2021). Energy expenditure and indirect 

calorimetry in critical illness and convalescence: current evidence and practical 

considerations. Journal of Intensive Care, 9(1). https://doi.org/10.1186/s40560-021-

00524-0  

 

 

Ndahimana, D., & Kim, E.-K. (n.d.). Energy Requirements in Critically Ill Patients. 

https://doi.org/10.7762/cnr.2018.7.2.81. 

https://ecnr.org/DOIx.php?id=10.7762%2Fcnr.2018.7.2.81 

 

 

National Collaborating Centre for Acute Care, February 2006. Nutrition support in adults Oral 

nutrition support, enteral tube feeding and parenteral nutrition. National Collaborating 

Centre for Acute Care, London. Available from www.rcseng.ac.uk 

 

Osooli, F., Abbas, S., Farsaei, S., & Adibi, P. (2019). Identifying Critically Ill Patients at Risk 

of Malnutrition and Underfeeding: A Prospective Study at an Academic Hospital. 

Advanced Pharmaceutical Bulletin, 9(2), 314–320. 

https://doi.org/10.15171/apb.2019.037 

 

 

Owen, A. M., Patel, S. P., Smith, J. D., Balasuriya, B. K., Mori, S. F., Hawk, G. S., 

Stromberg, A. J., Kuriyama, N., Kaneki, M., Rabchevsky, A. G., Butterfield, T. A., 

Esser, K. A., Peterson, C. A., Starr, M. E., & Saito, H. (2019). Author response: Chronic 

muscle weakness and mitochondrial dysfunction in the absence of sustained atrophy in a 

preclinical sepsis model. https://doi.org/10.7554/elife.49920.024  

 

 

Preiser, J.-C. (2018). High protein intake during the early phase of critical illness: yes or no? 

Critical Care, 22(1). https://doi.org/10.1186/s13054-018-2196-5 

 

 

Preiser, JC., van Zanten, A.R., Berger, M.M. et al. Metabolic and nutritional support of 

critically ill patients: consensus and controversies. Critical Care 19, 35 (2015). 

https://doi.org/10.1186/s13054-015-0737-8 

 



49 

 

 

Rooyackers O, Sundström Rehal M, Liebau F, Norberg Å, Wernerman J. High protein intake 

without concerns? Critical Care. 2017 May 15;21(1):106. doi: 10.1186/s13054-017-

1699-9. PMID: 28506286; PMCID: PMC5433053. 

 

 

Sakr, Y., Jaschinski, U., Wittebole, X., Szakmany, T., Lipman, J., Ñamendys-Silva, S. A., 

Martin-Loeches, I., Leone, M., Lupu, M.-N., & Vincent, J.-L. (2018). Sepsis in Intensive 

Care Unit Patients: Worldwide Data From the Intensive Care over Nations Audit. Open 

Forum Infectious Diseases, 5(12). https://doi.org/10.1093/ofid/ofy313  

 

 

Singer, P. (2019). Preserving the quality of life: nutrition in the ICU. Critical Care, 23(S1). 

https://doi.org/10.1186/s13054-019-2415-8 

 

 

Sullivan, T., & de Barra, E. (2018). Diagnosis and management of cellulitis. Clinical 

Medicine, 18(2), 160–163. https://doi.org/10.7861/clinmedicine.18-2-160  

 

 

Smith, G., & Nielsen, M. (1999). ABC of intensive care: Criteria for admission. BMJ, 

318(7197), 1544–1547. https://doi.org/10.1136/bmj.318.7197.1544 

 

 

Tatucu-Babet, O. A., & Ridley, E. J. (2021). Under pressure: Nutrition and pressure injury 

development in critical illness. Intensive and Critical Care Nursing, 62, 102960. 

https://doi.org/10.1016/j.iccn.2020.102960  

 

 

Tsaousi, G., Stavrou, G., Ioannidis, A., Salonikidis, S., & Kotzampassi, K. (2014). Pressure 

Ulcers and Malnutrition: Results from a Snapshot Sampling in a University Hospital. 

Medical Principles and Practice, 24(1), 11–16. https://doi.org/10.1159/000368360 

 

 

 



50 

 

Vasilevskis, E. E., Pandharipande, P. P., Graves, A. J., Shintani, A., Tsuruta, R., Ely, E. W., & 

Girard, T. D. (2016, January). Validity of a Modified Sequential Organ Failure 

Assessment Score Using the Richmond Agitation-Sedation Scale. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4748963/. 

 

 

Viana MV;Moraes RB;Fabbrin AR;Santos MF;Gerchman F; (n.d.). [Assessment and 

treatment of hyperglycemia in critically ill patients]. Revista Brasileira de terapia 

intensiva. https://pubmed.ncbi.nlm.nih.gov/24770692/. 

 

 

Valizade Hasanloei, M. A., Vahabzadeh, D., Shargh, A., Atmani, A., & Alizadeh Osalou, R. 

(2018, February). A prospective study of energy and protein intakes in critically ill 

patients. Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/29460793. 

 

 

Wang, C.-Y., Fu, P.-K., Huang, C.-T., Chen, C.-H., Lee, B.-J., & Huang, Y.-C. (2018). 

Targeted Energy Intake Is the Important Determinant of Clinical Outcomes in Medical 

Critically Ill Patients with High Nutrition Risk. Nutrients, 10(11), 1731. 

https://doi.org/10.3390/nu10111731 

 

 

Weijs, P. J. M. (2014). Fundamental determinants of protein requirements in the ICU. Current 

Opinion in Clinical Nutrition and Metabolic Care, 17(2), 183–189. 

https://doi.org/10.1097/mco.0000000000000029 

 

 

Weijs, P. J. M., Looijaard, W. G. P. M., Beishuizen, A., Girbes, A. R. J., & Oudemans-van 

Straaten, H. M. (2014). Early high protein intake is associated with low mortality and 

energy overfeeding with high mortality in non-septic mechanically ventilated critically 

ill patients. Critical Care, 18(6). https://doi.org/10.1186/s13054-014-0701-z 

 

 

Weijs, P. J. M., Mogensen, K. M., Rawn, J. D., & Christopher, K. B. (2019). Protein Intake, 

Nutritional Status and Outcomes in ICU Survivors: A Single Center Cohort Study. 

Journal of Clinical Medicine, 8(1), 43. https://doi.org/10.3390/jcm8010043 

 



51 

 

 

Wenzel, F., & Whitaker, I. Y. (2021). Is there a relationship between nutritional goal 

achievement and pressure injury risk in intensive care unit patients receiving enteral 

nutrition? Intensive and Critical Care Nursing, 62, 102926. 

https://doi.org/10.1016/j.iccn.2020.102926  

 

 

Wischmeyer, P. E. (2018). Nutrition Therapy in Sepsis. Critical Care Clinics, 34(1), 107–125 

https://doi.org/10.1016/j.ccc.2017.08.008  

 

 

Yatabe, T. (2019). Strategies for optimal calorie administration in critically ill patients. 

Journal of Intensive Care, 7(1). https://doi.org/10.1186/s40560-019-0371-7 

 

 

 




