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Preface

As the editor of this book, Nutrition During Intensive Care, I would like to introduce
myself and share the journey that led to the creation of this book. My academic
background includes a bachelor’, master’s, and PhD in clinical nutrition and diet
therapy. Over the past decade, I have immersed myself in the field of nutrition,
dedicating my career to both teaching and research. My work spans human studies
and animal experiments, focusing on how nutrition can influence various diseases
and improve patient outcomes.

My passion for clinical nutrition stems from a deep-seated belief in its potential to
enhance the quality of life for patients, especially those in critical care. Throughout
my career, [ have been driven by the desire to understand the mechanisms by which
nutrients affect health and disease. This book represents a culmination of my efforts
to gather and present the most current knowledge in clinical nutrition for patients
in intensive care units (ICUs).

This book’s primary aim is to address the practical challenges faced by clinical
nutritionists and healthcare professionals working in ICUs. Managing the nutritional
needs of ICU patients, particularly those with multiple comorbidities requires a
nuanced approach. Timing, nutrient-drug interactions, and the adverse effects of
polypharmacy are critical factors that must be carefully managed to ensure patient
survival and recovery. The adverse effects of multiple medications can significantly
impact gastrointestinal physiology, appetite, and regulatory hormones, posing
additional challenges for clinicians.

During my years of practice, I have encountered numerous patients who did not
receive adequate nutritional support during their hospital stays. This experience has
reinforced my commitment to providing evidence-based nutritional guidance and
supplementation to prevent deficiencies and reduce the burden on patients. I hope this
book will serve as a valuable resource for healthcare professionals, offering practical
insights and strategies to improve patient care in the ICU.

I'would like to extend my heartfelt gratitude to all the authors who contributed to

this book. Their dedication and expertise have been instrumental in compiling this
collection of current knowledge on clinical nutrition for ICU patients. While this book
does not cover every aspect of nutrition and metabolism in ICU settings, it provides a
robust foundation to support healthcare professionals in meeting the urgent needs

of their patients.

In this book, we explore a range of topics, including nutritional assessment in the
ICU, enteral and parenteral nutrition, the unique challenges faced by obese patients
in the ICU, and the critical role of thiamin for ICU patients. Each chapter offers



practical advice and evidence-based recommendations that can be implemented in
hospital settings to enhance patient survival and improve the quality and quantity
of nutritional intake.

I encourage all healthcare professionals working with ICU patients to read this book.
Although it may not be perfect, it offers numerous practical points that can be applied
in clinical practice. We can develop tailored nutritional strategies that support their
recovery and overall well-being by considering patients’ medical histories, medications,
and comorbidities.

Thank you for your interest in this book. I hope it is a valuable tool in your efforts to
provide optimal nutritional care for ICU patients.

Mahsa Jalili

Department of Nutrition, Exercise, and Sports,
University of Copenhagen,

Copenhagen, Denmark
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Chapter1

Introductory Chapter: Nutrition
During Intensive Care

Mahsa Jalili

1. Introduction

Nutrition plays a critical role in the management and recovery of patients in inten-
sive care units (ICUs) [1]. Critical illness places physiological stress on the body, and
the demands of healing increase the need for a tailored nutritional strategy. Such an
approach is vital to improving patient outcomes. This introductory chapter explores
the importance of nutrition in the ICU, the challenges faced in providing adequate
nutritional support, and the strategies employed to meet the nutritional needs of
critically ill patients [2].

2. Importance of nutrition in intensive care

Proper nutrition is essential for maintaining the body’s immune function, muscle
mass, and overall energy levels. In critically ill patients, malnutrition can lead to a
weakened immune response, increased susceptibility to infections, delayed wound
healing, and prolonged hospital stays. Therefore, ensuring adequate nutritional intake
is a cornerstone of intensive care management [3].

2.1 Challenges in nutritional support

Providing optimal nutrition in the ICU is fraught with challenges. Critically ill
patients often experience altered metabolic states, including hypermetabolism and
catabolism, which increase their nutritional requirements [4]. Additionally, factors
such as gastrointestinal dysfunction, sedation, and mechanical ventilation can com-
plicate the delivery of enteral or parenteral nutrition. Assessing the nutritional status
of ICU patients is also challenging due to fluid imbalances and the presence of edema,
which can mask true body weight and composition [5].

2.2 Nutritional assessment and monitoring

Accurate assessment of nutritional needs is vital for developing an effective nutri-
tion plan. This involves evaluating the patient’s baseline nutritional status, current
metabolic demands, and any underlying conditions that may affect nutrient absorp-
tion or utilization. Tools such as indirect calorimetry, a technique that measures
energy expenditure, is often used to tailor nutritional interventions, and biochemical
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markers, like serum albumin and prealbumin levels, are often used to guide nutri-
tional interventions [6].

2.3 Enteral vs. parenteral nutrition

Enteral nutrition (EN), delivered directly to the gastrointestinal tract, is generally
preferred over parenteral nutrition (PN) due to its association with better outcomes,
including reduced infection rates and preservation of gut integrity. However, when
EN is not feasible or sufficient, PN, which provides nutrients intravenously, becomes
necessary. Clinical nutritionists choose between EN and PN based on the patient’s
condition, gastrointestinal function, and the risk of complications [7].

2.4 Strategies for nutritional support

Nutrition support is crucial for managing critically ill patients. Several strategies
are employed to optimize nutritional support in the ICU [8]. These include:

* Early initiation: Starting nutritional support within 24-48 hours of ICU admis-
sion to prevent malnutrition, especially for patients at risk.

* Individualized plans: Tailoring nutrition plans to meet the specific needs of each
patient, considering factors such as age, weight, underlying conditions, and
metabolic demands.

* Monitoring and adjustment: Regularly monitoring nutritional intake and meta-
bolic response and adjusting the nutrition plan as needed to ensure adequate
nutrient delivery and minimize complications.

3. Current issues for nutrition support

Recent research into ICU nutrition support has focused on strategies for continu-
ous glucose monitoring and optimizing the timing of parenteral nutrition (TPN).
These strategies are crucial for improving patient outcomes and maintaining glycemic
control. The timing and adequacy of nutritional support directly impact glycemic
control and improve patient outcomes. Careful monitoring of these factors is essential
for optimal management. Precisely formulated and safely administered nutritional
support is crucial in critical care units. Despite gradual progress, the field faces ongo-
ing challenges, such as the rise in malnutrition, obesity, and metabolic syndrome.
Well-planned research is essential to guide future clinical trials and develop evidence-
based guidelines for all subgroups of ICU patients. This book explores the recent
advancements and future potential of nutrition support, emphasizing the importance
of early and adequate feeding based on individual nutritional screening and interac-
tions with medications, particularly through parenteral and enteral nutrition for
malnourished patients unable to receive sufficient oral nutrition [9].

Over the past decades, there have been significant increases in obesity, metabolic
syndrome, and cardiometabolic disorders in ICU. These conditions increase surgical
risks and require careful management by ICU clinical nutritionists. Abdominal fat is
linked to insulin resistance and higher mortality risk. Metabolic syndrome is a main
concern for ICU patients, considering the role of ectopic fat in insulin resistance and
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higher risk for comorbidities. Some studies recommend that protein-sparing hypo-
caloric formulas and regular glucose monitoring can reduce mortality in vulnerable
overweight and obese ICU patients. Hypocaloric nutrition, which provides fewer
calories than usual, can aid in managing metabolic stress. Nutritional support should
be given in hypocaloric doses, with sufficient protein to help wound healing and
enhance the immune system. A plan of physical activity like resistance training before
surgery can improve outcomes for patients [4, 9, 10].

4. Conclusion

Nutrition during intensive care is a complex but crucial aspect of patient manage-
ment. By understanding the importance of nutrition, recognizing the challenges, and
employing effective strategies, healthcare providers can significantly improve the
outcomes for critically ill patients. This chapter sets the stage for a deeper exploration
of the specific nutritional interventions and protocols used in the ICU, aiming to
provide a comprehensive guide for optimizing patient care through nutrition.
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Chapter?2

Nutrition Screening and
Assessment among Critically Ill
Patients

Neha Bakshi, Amisha Khurana and Shanza Ferozi

Abstract

Malnutrition occurs in critically ill patients with characteristic hypermetabolic
responses and physiological stresses such as increased energy expenditure, protein
catabolism, insulin resistance, fluid shifts, and inflammatory response. Severe com-
plications are common among these patients which includes immune dysfunction,
poor wound healing, and increased days of hospitalization. This chapter elaborates
on early and accurate nutrition screening and assessment as keystones for improving
critical outcomes in a vulnerable population. Different validated tools, like NRS-
2002, Global Leadership Initiative on Malnutrition (GLIM) criteria, and Nutrition
Risk in Critically ill (NUTRIC) score, were developed to guide in identification of the
risk of malnutrition. A multidisciplinary approach is emphasized in the implementa-
tion of the nutrition care plan; likewise, extended anthropometric, biochemical, and
functional assessments are also put to work, along with the prevention of com-
plications, including refeeding syndrome. This comprehensive approach is highly
important in developing timely and individualized nutritional interventions that can
have a wide impact on the recovery process and minimize morbidity and mortality in
critically ill patients.

Keywords: nutrition screening, nutrition assessment, malnutrition, critically ill
patients, intensive care

1. Introduction

Critically ill patients are predisposed to an increased risk of malnutrition due to
severe medical conditions and physiological stress from illness or injury. Adequate
nutrition is a cornerstone in managing such nutritionally depleted states, but main-
taining nutrition status in these patients is quite challenging because of the complex,
dynamic nature of such critical illness [1]. Malnutrition is a common outcome of hos-
pitalization, particularly in severely ill patients hospitalized in the intensive care unit
(ICU) [2]. Between 1996 and 2005, it was found that the prevalence of malnutrition
in acute care patients ranged from 13 to 78% [3]. Malnutrition can be caused by both
hypermetabolism and a lack of calories and protein in these patients [4]. This chapter
discusses the importance of nutrition screening and nutritional assessment in criti-
cally ill patients, methods, tools, and strategies for optimization of nutritional care.
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Malnutrition is a major concern in patients’ disease prognosis; inadequate or
excessive food intake, an unbalanced supply of nutrients, or poor nutrient utiliza-
tion are all considered forms of malnutrition [5]. Improper nutrition is responsible
for high rates of illness and death, diminished quality of life, extended reliance
on mechanical ventilation, a longer duration of stay in the hospital, and increased
healthcare costs. Hence, proper nutrition is crucial for maintaining health and pro-
moting recovery. Adequate nutrition is extremely important for critically ill patients
to prevent further disease-related complications. For example, in ICU patients with
respiratory failure, emphasis should be placed on proper nutrition to prevent harm-
ful metabolic processes. Effective nutrition can be helpful in boosting the immune
system’s response [1].

1.1 The pathophysiology of malnutrition in critically ill patients

Critical illness can induce a hypermetabolic and catabolic state to further increase
the risk of malnutrition, thus making nutrition screening and nutritional assessment
timely and essential [6]. Good nutrition enhances recovery and outcomes in acutely
ill patients. Malnourished critically ill patients have increased risk of complications
such as immune dysfunction, poor wound healing, infections, and extended hospital-
ization [5].

Critical illness, which is life-threatening, can result from infection, trauma, or
medical conditions. It triggers a large release of proinflammatory mediators and leads
to catabolism. This response is the body’s way of defending against pathogens and
promoting healing. However, an excessive proinflammatory response can be harmful,
prompting the body to initiate an anti-inflammatory response. When this balance
shifts too far toward an anti-inflammatory state, it can result in immune paralysis,
making it harder to fight off pathogens [7]. Thus, a balance between pro- and anti-
inflammatory responses is crucial for effective immunity (Figure 1). Nutrition is
essential in supporting this balance by maintaining muscle mass, decreasing catabo-
lism, and preserving intestinal mucosal integrity and immune function [8].

Malnutrition pathophysiology, as shown in Figure 1, can be divided into stress
catabolism and decreased nutritional intake. During critical illness, catabolic hor-
mones like glucagon, cortisol, and catecholamines are released to enhance catabolism,
mobilizing nutrient reserves and generating glucose, amino acids, and fatty acids to
support vital organs [9]. Proinflammatory mediators, such as IL-1, IL-6, and TNF-a,
produced during infection or injury, further drive catabolism. The focus during such
states is providing proper nutrition to optimize organ function and immune response.
ICU patients often have decreased nutritional reserves, and factors like limited food
intake during ICU stays, fasting, and obstacles in feeding can lead to underfeeding
and aggravating malnutrition [10]. Early recognition and beginning with nutrition
can accelerate recovery [11].

The nutritional needs of the patients can be met by following a Nutrition Care
Process (NCP) model. NCP is a structured approach to nutrition therapy designed
based on the outcomes of a thorough assessment. This plan should be collaboratively
formed by a multidisciplinary team, including the patient and their caregiver, to
ensure that the treatment is centered on the patient’s specific goals. A detailed nutri-
tional care plan outlines the reasoning behind it, describes the nutrition therapy, and
guides monitoring its effectiveness and reassessing as needed. NCP includes four
aspects: nutrition assessment, nutrition diagnosis, nutrition intervention, monitor-
ing, and evaluation [6].
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Figure 1.
Pathophysiology of malnutrition. Source: Demling et al. [8].

* Nutrition assessment and reassessment: The goal of nutrition assessment is to
gather, correct, and analyze data in order to identify the issues linked to nutri-
tion. It helps in supporting the data in the nutrition diagnosis. It is required if the
patient is at nutritional risk [12, 13].

* Nutrition diagnosis: Nutrition information is used to make a nutrition diagnosis.
Its goal is to address the problems that could be solved by providing nutrition
intervention. This would in turn reduce their hospital stay and further prevent
disease-related complications [6]. The PES statement (problem, etiology, signs,
and symptoms) is used to make a nutrition diagnosis. For example, for an ICU
patient, problems can be muscle atrophy, Etiology: inflammation due to underly-
ing disease, immobilization and hyperglycemia, are signs and symptoms, as
evidenced by decreased muscle mass in critically ill patients [13].

* Nutrition intervention: In this step, goals are established, and attention is paid
to the steps taken to achieve the desired goals [6]. It has two phases, namely, the
planning and the intervention phase. In the planning phase, the dietitian formu-
lates the objectives of the NCP plan in order to achieve the desired outcomes. In the
implementation phase, the plan of action is carried out. This step includes food and
nutrient delivery, nutrition education, counseling, coordination of care by dieti-
tians, and population-based action [12]. For example, a dietician can plan a tailor-
made diet plan according to disease severity for patients with acute respiratory
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Figure 2.
NCP model of a patient admitted to ICU with colon cancer. Source: Nakanishi et al. [13].

distress (ARDS); a high-protein diet is recommended to increase muscle mass.
Blood glucose levels of the patients should also be controlled effectively to prevent
muscle atrophy. Hence, high glycemic index foods should not be given [13].

* Monitoring and evaluation: It is the fourth step in the NCP plan. The NCP plan
is monitored depending on the nutrition risk. The steps and procedures for
monitoring should be prepared well in order to achieve the desired outcomes
[1]. It is conducted through biochemical data, anthropometric measurements,
and food and nutrition-related histories in clinical settings [14]. In this step, the
outcomes are assessed, and a judgment is made about the attainment of short
and long-term goals. The reassessment data is further collected to assess the goals
of critically ill patients. If desired outcomes are not attained, then the steps and
procedures are reevaluated to achieve the goals [6].

* An example of the NCP model of patients with colon cancer is shown in the
Figure 2 where the assessment includes collecting information regarding dif-
ferent anthropometric parameters, functional assessment and dietary analysis
followed by assessing the nutritional diagnosis statement which forms the
foundation for developing nutrition intervention and monitoring.

2. Importance of nutritional screening and assessment

The nutritional status assessment of critically ill patients tends to deteriorate
rapidly after admission due to intense catabolism triggered by stress, proinflamma-
tory cytokines, and hormones, even if the patients were previously well-nourished.
Scientific literature indicates that malnutrition occurs in 40-50% of critically ill
patients, with 35-50% of all patients at risk of malnutrition. To establish appropri-
ate and individualized nutritional guidelines, it’s crucial to conduct a personalized
nutritional assessment within the first hours of admission, especially in critical care
units. This approach enables the early detection of malnutrition risk and the prompt
initiation of suitable nutritional therapy to minimize adverse effects [15].

Nutrition screening and assessment are two methods used to identify individuals
at risk and aid in making a nutritional diagnosis. Nutrition screening is generally
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intended to be a quicker tool that can be performed by any healthcare professional.
However, some screening tools in clinical practice can be quite time-consuming and
labor-intensive. On the other hand, nutrition assessment should include factors that
not only help establish the nutritional diagnosis but also ensure effective follow-up
care for patients after they receive nutritional therapy [16].

The latest guidelines by ASPEN (2018) [17] and ESPEN (2016) [18] underscore
the main goal of nutritional assessment is to document key nutritional parameters,
identify risk factors and specific nutrient deficiencies, determine nutritional needs,
and consider medical, psychosocial, and socioeconomic factors that might impact
the prescription and delivery of nutritional support. This involves examining clini-
cal, psychological, social, and nutritional history alongside clinical assessments that
measure weight, height, BMI, body composition, biochemical markers, and the
requirements for calories, proteins, fluids, and micronutrients.

Nutritional assessment is a structured evaluation of a patient’s nutritional status
conducted by a trained healthcare professional, typically a dietitian, and it results in
a nutrition-related diagnosis [19]. The process begins with a nutritional screening at
admission, followed by a more detailed assessment if needed [17]. Unlike nutritional
screening, nutritional assessment involves a more extensive collection of information
to diagnose malnutrition and assess its severity, while also monitoring changes in
nutritional status and the effectiveness of nutritional interventions [16].

Nutritional assessment would be gathering detailed information that can give the
specific details of a patient’s nutrition status, such as the following:

a.The intake of macronutrients — Includes assessing energy, protein, carbohydrate,
and fat, as the critically ill patient may have increased requirements for recovery
and preventing muscle wasting.

b. Assessment of micronutrient levels: This includes the deficiencies in vitamins
and minerals like vitamin D, vitamin C, zinc, and magnesium, which are
required for improving immunity and healing.

c. Anthropometric measurements: Follow the variation of body weight, BMI, and
muscle mass that may indicate weight loss or even malnutrition.

d.Biochemical data: It includes laboratory tests, which follow the serum protein,
electrolytes, glucose, and inflammatory markers like CRP to follow the profile of
malnutrition along with inflammation.

e. Functional status: Measures strength and mobility for following physical decline
caused by malnutrition.

f. Dietary history: Follows the patient’ typical intake and dietary restrictions as a
customized approach.

g.Determination of the gastrointestinal function: Any possible existence of a
digestive problem or impairment in the absorptive function which might warrant
special nutrition support.

This assessment could be used in identifying malnutrition, monitoring the
patient’s progression, and guiding the interventions for recovery.

Nutrition screening on the other hand is “a method to identify individuals who are
malnourished or at risk for malnutrition to decide if a complete nutrition assessment

9
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Figure 3.
Difference between nutrition screening € nutrition assessment. Source: Correia [16].

is needed,” according to the ASPEN (2018) [17]. A comparable definition is provided
by the European Society for Clinical Nutrition and Metabolism [18]. Patients at nutri-
tional risk should be identified through a validated screening process and periodically
re-screened according to institutional policies or standards.

A systematic review by Domenech-Briz et al. found that assessing nutritional risk
in critically ill patients has beneficial effects, such as improving patient prognosis
with individualized nutritional therapy, identifying patients at higher risk of morbid-
ity and mortality who might benefit from nutritional support, and better matching
the energy needs of ICU patients [15]. Figure 3 shows the difference between nutri-
tion screening and nutrition assessment.

3. Nutrition screening: Finding the patients at risk of malnutrition

Nutrition screening identifies patients at risk of malnutrition. ESPEN (2017)
defines nutrition risk as the potential for better or worse outcomes based on one’s
nutritional and metabolic status, though there is no universal definition for this
screening. It is recommended that screening be conducted within 24-48 hours of
ICU admission, using tools that vary in strengths and weaknesses [18]. Effective tools
should be user-friendly, quick, cost-effective, standardized, and validated. They
must be sensitive, specific, and able to predict nutritional therapy success. A clinical
protocol should follow positive results [20].

Several key considerations must be taken while implementing nutrition screening:

a.Selection of screening tools: Preferred tools include the Nutritional Risk
Screening 2002 (NRS-2002) and the Malnutrition Universal Screening Tool
(MUST). Since no single tool is perfect, different ones are applied depending on
the clinical setting and patient population.

b.The tool should be user-friendly so that healthcare staff can perform the screen-
ing easily and with no additional burden on the already congested workload.

c.Efficiency and cost-effectiveness: A very practical screening tool is one which
can be completed in a few minutes and with the least possible resource require-
ments with no specialist skill.
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d.Standardization and validation: The screening tool shall be validated for various
populations and integrated into standardized practice so that cases are identified
uniformly.

e. Sensitivity and specificity: It must be sensitive enough to pick up the risk cases
and simultaneously highly specific to minimize false positives. Poorly sensitive or
poorly specific tools will delay appropriate nutritional interventions or engender
unwarranted treatments.

f. Protocol for positive results: If results are positive, a positive screening result
should trigger a clinically constructed protocol designed to include comprehen-
sive nutrition assessment, individualized nutrition therapy, and follow-up to
monitor response.

g. This is a multidisciplinary approach that includes dietitians, nurses, and physi-
cians in order to ensure effective implementation.

h.Reassessment: Patients in the ICU must be reassessed frequently since their clini-
cal condition as well as the nutritional needs change quickly during their stay.

This essentially means early identification of at-risk malnutrition by doing
structured and practical nutrition screening with clinicians, with timely, effective
nutritional interventions.

Reviews on the validity and reliability of screening tools suggest that multiple
methods should be used to assess nutritional status, as no single tool is sufficiently
reliable for all situations [21-23]. Various nutrition screening tools are used globally,
including mNUTRIC, NRS 2002, NUTRIC, MUST etc. These tools generally take into
account elements like:

* Medical history: Including age, comorbidities, and loss of physical function.

* Nutrition history: Covering aspects like weight loss, reduced food intake, and loss
of appetite.

* Physical examination: Considering BMI, edema, and body composition.

* Severity of illness: Realizing that patients who are critically ill.

Metrics like BMI and weight history are frequently challenging among critically ill
patients. It requires weighing patients, which can be difficult for critically ill patients.
Furthermore, variations in volume status might influence weight assessments and
make clinical tests more difficult, such as anthropometry. Every patient in the ICU
for longer than 48 hours is deemed to be at nutritional risk according to the ESPEN
(2019) guideline [24]. The German Society for Nutritional Medicine (DGEM) guide-
line recommends considering factors like low BMI, unintended weight loss, and lack
of oral food intake, or using the Subjective Global Assessment (SGA) for critically ill
patients. Although technical tools such as CT scans, musculoskeletal ultrasound, and
bioelectrical impedance analysis (BIA) are available for assessing and monitoring
nutritional status in the ICU, they are not yet widely implemented in routine clinical
practice. Therefore, no single “gold standard” exists for diagnosing malnutrition, but
many helpful tools and criteria are available, and all ICU patients should be regularly
screened for malnutrition risk [25].

11
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Following are the nutrition screening tools that are widely used across the globe
for nutritional screening of patients in a hospital setting:

3.1 Nutritional risk screening (NRS-2002)

The NRS-2002 is extensively utilized in critically ill patients and is designed to
assess both nutritional status and disease severity to identify those at risk. It serves
as a general tool within hospital settings to pinpoint patients who would benefit
from nutritional interventions [26]. The NRS-2002 is a simple yet rigorously tested
instrument that begins with a pre-screening consisting of four questions. If any
of these questions are answered positively, a more detailed screening follows. This
process includes evaluating nutritional status through surrogate measures, along with
assessing both static and dynamic parameters and the severity of the disease (stress
metabolism). Each parameter can score between 0 and 3 points. Being over 70 years
old is considered a risk factor and adds one point in the screening tool. A total score
below three indicates that the patient is either malnourished or at risk of malnutri-
tion, suggesting the need for nutritional therapy. The NRS-2002 has been extensively
validated through numerous studies, including randomized controlled trials, and has
consistently shown high reliability when used by trained personnel [21]. A systematic
review by Domenech-Briz et al. [15] identified the NRS-2002 as the second most fre-
quently used tool, with consistent application observed across studies. The template
for the NRS-2002 tool is given in the following Table 1.

Final screening
Impaired nutritional status Severity of disease (increased requirements)
Absent Normal nutritional requirements Absent Normal nutritional
Score 0 Score 0 requirements
Mild Weight loss >5% in 3 months, or Mild Hip fracture,* chronic patients,
Scorel food intake below 50-75% of normal Scorel in particular, with acute
requirement in preceding week complications: cirrhosis, *
COPD,* chronic hemodialysis,
diabetes, oncology
Moderate Weight loss >5% in 2 months, or Moderate Major abdominal surgery, *
Score2 BMI 18.5-20.5 + impaired general Score2 stroke,* severe pneumonia,
condition, or food intake of 20-60% of hematologic malignancy
normal requirement in the preceding
week
Severe Weight loss >5% in 1 month (> 15%in  Severe Head injury, * bone marrow
Score 3 3 months), or BMI < 18.5 + impaired Score 3 transplantation,* intensive care
general condition, or food intake of patients (APACHE > 10)
0-25% of normal requirement in
preceding week

Score: + Score: = Total score:

Age if >7 - years: add 1 to the total score above = Age-adjusted total score

Score > 3: the patient is nutritionally at risk, and a nutritional care plan is initiated.
Score < 3:Weekly rescreening of the patient. If the patient, for example, is scheduled for a major operation, a
preventive nutritional care plan is considered to avoid the associated risk status.

Source: Serén-Arbeloa et al. [21].

Table 1.
Nutrition risk screening (NRS-2002).
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3.2 Malnutrition universal screening tool (MUST)

The Malnutrition Universal Screening Tool (MUST) was developed by the British
Association for Parenteral and Enteral Nutrition (BAPEN) [27]. It is mainly used in
the general population, though it may also be adapted for ICU use. However, it might
be less sensitive for critically ill patients. It categorizes patients according to the risk of
malnutrition based on BMI, the presence of involuntary weight loss, and the potential
for future weight loss due to acute illness, considering the absence of food intake for
more than 5 days. Each factor is scored from 0 to 2 points for BMI, weight loss, acute
illness related to food intake over the next 5 days. MUST is widely used for all types
of hospitalized patients, and ESPEN (2016) recommends its use at the community
level [18]. Its reliability is similar to that of the Mini Nutritional Assessment (MNA)
in screening for nutritional risk in elderly populations. MUST can predict hospital
stay length, the possibility of discharge to other hospitals or long-term care centers,
the likelihood of readmission, and it can track progress after the start of nutritional
intervention. It is known for being fast and reproducible [21].

However, MUST is not validated for use in the ICU. A study by MAjari et al. [28]
found no association between high MUST scores and longer ICU stays, prolonged
mechanical ventilation, or 28-day mortality. Similarly, a cross-sectional study of 251
surgical ICU patients revealed no significant correlation between MUST and ICU
length of stay, duration of mechanical ventilation, or mortality [29]. Comparable
findings were observed in a Dutch ICU population, indicating that MUST is not a
good predictor of 28-day mortality or prolonged mechanical ventilation (>2 days) in
critically ill patients [30]. The template for Malnutrition Screening Tool is given in the
following Figure 4.

3.3 The nutrition risk in critically ill (NUTRIC) score

In 2011, a new scoring system was introduced, the Nutrition Risk in Critically
Il (NUTRIC), which was specifically designed for ICU patients. It has gained wide

BMI (Kg/m2) Unplanned Wt. loss in Score
past 3-6 months

If patient is acutely ill
and there has been and
is likely to be no

>20 (>30 Obese)
18.5-20 = <5% =0 nutritional intake for >5

f i;?x,% - 2 days. Score =2
ADD SCORES

\ 4

Overall Risk of Malnutrition

Score=0 Score=1 Score = 2
Low Risk Medium Risk High Risk

Figure 4.
Malnutrition universal screening tool. Source: Elia [27].
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acceptance as a simple and reliable tool to screen critical patients. The NUTRIC score
includes six variables, most of which are easily obtainable in ICU settings [31]. The
NUTRIC score includes both nutritional and non-nutritional factors as predictors.
While many other risk scores and assessment tools exist to evaluate nutritional risk,
none were specifically developed for ICU patients until the NUTRIC score. Most
general assessments assume all critically ill patients are at high nutritional risk, but
the NUTRIC score recognizes that not all ICU patients will respond equally to nutri-
tional interventions [32]. The NUTRIC score helps to identify which ICU patients
would benefit most (or least) from aggressive nutritional therapy, making it the first
nutritional risk assessment tool validated specifically for ICU patients.

Unlike other nutritional screening methods that are often seen as cumbersome and
time-consuming, and thus not routinely used, the NUTRIC score is practical, relying
on variables that are easy to gather in a critical care setting [31]. It predicts mortality
in critically ill patients by classifying them into low or high nutritional risk based on
factors such as age, Acute Physiology and Chronic Health Evaluation II (APACHE II)
score, Sequential Organ Failure Assessment (SOFA) score, number of comorbidities,
duration of hospitalization before ICU admission, and CRP levels. Patients with high
NUTRIC scores are at greater risk of death within 28 days. The NUTRIC score has
shown excellent alignment with CRP levels and high predictive validity in assessing

NUTRIC Score variables
Variable Range Points
Age <50
50-<75
>75
APACHE Il <15
15 - <20
20-28
>28
SOFA <6
6-<10
>10
Number of Co-morbidities 0-1
>2
Days from hospital to ICU admission 0-<1
>1
IL-6 0 - <400
=400

rlolrlolr|lo|n|k|lo winikr|loln ko

NUTRIC Score scoring system: if IL-6 available
Sum of

DS Category Explanation
6-10 High Score > Associated with worse clinical outcomes (mortality, ventilation).
> These patients are the most likely to benefit from aggressive
nutrition therapy.
0-5 Low Score > These patients have a low malnutrition risk.

NUTRIC Score scoring system: If no IL-6 available*

Sum of
e Category Explanation
5-9 High Score » Associated with worse dlinical outcomes (mortality, ventilation).

» These patients are the most likely to benefit from aggressive
nutrition therapy.
0-4 Low Score » These patients have a low malnutrition risk.

*It is acceptable to not include IL-6 data when itis not routinely available; it was shown to contribute very little to
the overall prediction of the NUTRIC score.

Figure 5.
NUTRIC score. Source: Heyland et al. [31].
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mortality risk. When combined with the SGA for diagnosing malnutrition, the
NUTRIC score’s accuracy in predicting mortality improves further. This combina-
tion is particularly valuable for clinical decision-making and patient management in
intensive care settings [33].

The NUTRIC score is easy to calculate, as it includes variables that are available for
the patients in the hospital setting, except for IL-6 levels, which are not commonly
assessed. In practice, many ICUs use the NUTRIC score without the IL-6 level, raising
questions about its validity in such cases (modified NUTRIC score). In 2015, Rehman
etal. provided independent validation of the NUTRIC score without IL-6 levels,
demonstrating its effectiveness in identifying which ICU patients would benefit from
early, tailored protein-energy provision [32]. The template for Nutric Score is given in
Figure 5.

3.4 The perioperative nutrition screen (PONS)

A preoperative tool designed to identify patients at risk of malnutrition aims to
guide appropriate nutritional interventions throughout the perioperative period.
Improved programs for perioperative optimization are essential to address the often
undiagnosed and inadequately managed issue of perioperative malnutrition, which
adversely affects surgical outcomes. Malnutrition is known to increase the risk of
perioperative death by five times and complications by three times in major elective
surgeries [34]. Therefore, proactive preoperative nutrition assessment and interven-
tion should become standard practice for major elective procedures due to its multiple
benefits.

While there are existing tools to assess malnutrition in hospitalized patients, no
specific tools have been developed to identify preoperative malnutrition and guide
perioperative nutritional care. To address this gap, the Perioperative Nutrition Screen
(PONS) was created on previously validated criteria from the MUST but tailored for
preoperative patients. It assesses nutritional risk using four criteria: BMI < 18.5 for
patients aged 65 or younger, or BMI < 20 for patients older than 65; unintentional

Step1l Step 2 Step 3
BMI Wt. Loss Score Intake Score (Modified)
BMI <18.5 (<20 if Unplanned welght loss | | FaVe You been eating less
age >65) >10% in past 6 months than 50% of your normal
diet in preceding week?
Any YES Answers
AND / OR
Albumin < 3.0

)

Pre -Op Nutrition
Clinic or Dietician Intervention

Figure 6.
Preoperative nutrition screen. Source: Wischmeyer et al. [35].
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weight loss greater than 10% over the last 6 months; less than 50% of normal oral
intake in the past week; or a serum albumin level below 3 g/L. Each criterion in the
PONS tool is assigned one point for a positive response, with a maximum score of 4
(Figure 6). A PONS score of 1 or higher indicates a high risk for perioperative malnu-
trition, prompting referral for further evaluation and management [34, 35].

3.5 Nutrition screening tools for malnutrition in hospital settings

Table 2 provides a concise overview of nutrition screening tools commonly used
to assess malnutrition risk in hospital settings, including critically ill patients. Each
tool is evaluated based on its core setting, advantages, disadvantages, and key com-
ponents, offering insights into its practical applications and limitations in clinical
environments. The choice of appropriate screening tools would again depend on the
population of patients, the resources available, and the expertise of the healthcare
team. The aim again is to have a tool to quickly identify those patients who would
need further nutritional assessment and intervention. Table 2 shows the components
of different screening tools used for malnutrition screening in hospital settings for
patients including critically ill patients [15].

Features mNUTRIC NUTRIC NRS-2000 MUST PONS

Age X X X

APACHE

SOFA

e

i

Comorbidities

Mo M X

e

Days of hospital
admission

IL-6 X

IMC

Percentage of weight X X X
loss

Energy intake X X
Compared to energy
needs

Severity of illness X X

Ener X

Muscle loss

Metabolic stress

Physical examination

Nutritional risk <to 3: low risk <to5:lowrisk  <to3:lowrisk  0:low risk > 1: high risk for
classification >to4:highrisk  >to 6: high 3: risk 1: medium perioperative
>5: high risk risk to 5: high risk risk malnutrition
>to 2: high
risk

Source: Domenech-Briz et al. [15].

Table 2.
Components of different screening tools.
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Screening tool Tool components Advantages Disadvantages
NRS-2000 * Weight loss ¢ Content & predictive ~ Weight from fluid collections
« Hospital « Food intake validity (ascites, peripheral edema)

« BMI ¢ Moderately reliable notaccounted

¢ Disease severity * Practical

* Considers disease
severity

MUST * BMI * High inter-rater * Weight from fluid collec-
+ Community « Unable to eat for reliability tions (ascites, peripheral

edema) not accounted

>5 days * Content & predictive
+ Unplanned weight loss validity for length * Disease severity not
. of hospital stay & considered
in past 3-6 months 3
mortality
* Acutelyill .
* Practical
NUTRIC Score e Age * Externally validated * Interleukin-6 not widely
« Critically IIl « APACHE II & SOFA (n = >1000pts) available
scores * Requires training
¢ Comorbidities ¢ Classic nutrition param-
+ Days in hospital eters not considered
pre-ICU
¢ Interleukin-6
PONS * BMI Simple touseand easyto ¢ Not highly validated for
. interpret critically ill patients.

* Pre-Operative Weight loss

Food Intake

Albumin Level

Source: Tandon et al. [36].

Table 3.
Summary of nutrition screening tools.

Table 3 shows the summary of nutrition screening tools used for malnutri-
tion screening in hospital settings for patients including critically ill patients.
Considering the challenges in using these popular tools it is crucial to validate
and modify these according to the disease and its severity. Irrespective of the
disadvantages and challenges, the crucial need to assess nutritional risk cannot be
overlooked (Table 3).

4. Nutritional assessment tools and strategy

After assessing the patient’s nutritional risk, it is imperative to analyze the
grade/level of malnutrition. A systematic approach is crucial since no single test
can fully assess nutritional status. Instead, a methodical gathering of information
is necessary, with nutritional status evaluated based on the collected data [37].
Various methods have been developed over time for nutritional assessment, rang-
ing from complex, costly techniques used in research to more accessible methods
suitable for routine clinical practice. The ideal method should be both sensitive
and specific enough to accurately diagnose nutritional status, predict outcomes,
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and reflect changes in an individual’s nutritional condition [16]. A thorough nutri-
tional assessment typically includes four main components, known as the “ABCD”
approach: Anthropometry, Biochemical, Clinical, and Dietary evaluations. Such an
assessment would involve a careful review of the nutritional status of the patient,
including:

4.1 Anthropometric measurements

Anthropometry, derived from the Greek words “anthropos” (human) and
“metron” (measure), involves the systematic measurement and analysis of human
body dimensions, including body weight, size, and shape [38]. This method offers a
portable, cost-effective, and non-invasive way to assess body size, proportions, and
composition [21].

Height, weight, BMI, body circumferences, and body composition are some of the
common measurements used in anthropometry (Figure 7). For critically ill patients,
bed scales and chair scales are alternatives for assessing weight. Also, height can be
taken using alternative measurements like arm span and knee length [42]. BMI can
be computed using height and weight obtained through alternative methods. Body
circumference and arm fold thickness can also be assessed. These parameters may,
however, be difficult to obtain or unreliable in critically ill patients due to fluid shifts
and edema.

Since most of these parameters are not reliable and valid for the assessment of
critically ill patients, assessment of body composition using advanced techniques
should be taken into consideration [43, 44]. Although accurate and non-invasive,
these methods may not be ideal for clinical settings due to their expense and time
consumption [21, 44]. However, muscle ultrasonography can be used as it is radia-
tion-free, portable, and allows for bedside estimations of muscle mass [45]. Muscle
ultrasonography measures the thickness of subcutaneous fat and the area of specific
muscles, particularly the anterior quadriceps rectus, which is useful in identifying
muscle loss due to malnutrition and catabolism, and in tracking improvements during
re-nutrition [46].

Figure7.
Anthropometric measurements. Source: Unicef.org; Caballero [39-41].
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4.2 Biochemical data

No single parameter can comprehensively assess nutritional status or monitor
nutritional therapy. However, routine clinical laboratory parameters such as complete
blood count, lipid profile, electrolytes, and liver function tests can provide valu-
able insights into a patient’s nutritional state. These parameters help detect nutrient
deficiencies, understand the etiology of malnutrition, and monitor nutritional
therapy progress. They also offer information on disease severity and activity, as well
as changes in body composition [20].

In patients with chronic malnutrition, laboratory values can identify deficiencies
in vitamins and trace elements. This information is critical for monitoring ongoing
supplementation therapies. During the initial refeeding phase, deficiencies in potas-
sium, phosphate, and magnesium can lead to severe complications like refeeding
syndrome, necessitating close monitoring of these electrolytes [20].

Traditionally, serum visceral proteins such as albumin and prealbumin have been
used to assess nutritional status. Prealbumin is often preferred due to its shorter half-
life, which reflects more rapid changes in nutritional status. However, these proteins
are heavily influenced by inflammation, which inhibits visceral protein synthesis.
Consequently, their use as nutritional biomarkers is debated. Current consensus sug-
gests that these laboratory markers should complement a thorough physical examina-
tion [47].

Other potential markers of nutritional status, such as urinary creatinine or
3-methylhistidine (indicators of muscle protein breakdown), have not gained wide-
spread use. However, as readily quantifiable indicators of surgical outcomes and death
in severe conditions, biomarkers such as prealbumin may still be of importance [47].
Thus, it can be said that albumin, prealbumin and CRP give information about the
current nutritional and inflammation status of the patient though they are influenced
by factors other than nutrition.

4.3 Clinical history and physical examination

A patient’s clinical history offers a subjective and retrospective overview of their
condition, serving as the starting point for nutritional assessment. This involves
discussing factors contributing to malnutrition, such as pain, gastrointestinal
issues (e.g., diarrhea, vomiting, constipation), weight loss, appetite loss, difficul-
ties in chewing or swallowing, and poor oral health. The clinical history should also
encompass any previous medical conditions (chronic or acute diseases, psychiatric
symptoms, conditions that may lead to metabolic stress such as infections), as well as
the patient’s current functional capacity and physiological changes that might affect
nutritional needs or body composition, such as muscle mass loss [20]. Figure 8 shows
the clinical signs and symptoms of a chronic liver disease patient. For critically ill
patients this information can be collected from the family members or the patient if
he/she is not in a condition to provide such information.

The physical examination focuses on identifying signs of muscle atrophy, loss
of subcutaneous fat, hydration status, and other indicators of specific nutritional
deficiencies. A “nutrition-focused physical examination” (NFPE) is often used, which
involves a comprehensive physical exam to detect malnutrition-related alterations in
muscle mass, subcutaneous fat, hair, skin, eyes, oral cavity, nails, edema, ascites, and
overall appearance [49, 50]. This examination follows a head-to-toe approach [51].
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Figure 8.
Clinical signs & symptoms of a chronic liver disease patient. Source: Krause ¢ Mahan [48].

In critical illness, various medical interventions, such as lines, tubing, and other
devices, can complicate an NFPE. A bedridden patient’s position can influence muscle
and fat distribution. For instance, if one shoulder is consistently raised, that side
may exhibit clavicular muscle wasting, while the other side may not. Equipment like
EEG electrodes, endotracheal tubes with restraining straps, central lines, catheters,
and devices like pacemakers or ventricular assist devices inserted in the neck, chest,
or shoulders, can also interfere with NFPE. Additionally, items like blood pressure
cuffs, mitts, hand restraints, abdominal binders, wound dressings, cooling pads, and
compression stockings may obscure accurate assessment. Fluid overload and sedation
further complicate evaluations, as some critically ill patients may experience signifi-
cant fluid retention throughout the body, limiting the ability to assess muscle mass
and fat reserves effectively [51].

4.4 Dietary assessment

It assesses usual dietary intake, nutritional needs, and difficulties of receiving
nutrition that include mechanical ventilation and gastrointestinal dysfunction.
Assessing nutritional risk begins with a thorough nutritional history. In critically ill
patients, indirect information about the patient’s nutrition intake may be obtained
from nursing. It involves assessment of nutrient intake from oral, enteral and par-
enteral routes of feeding. Information such as unintentional weight loss over the last
3-6 months and recent decreases in nutrient intake, gathered from family members,
can be useful in understanding the patient’s nutritional history [52].

Quantifying food intake is a crucial aspect of assessing nutritional risk in indi-
vidual patients. This entails assessing micronutrients (vitamins, trace elements) as
well as macronutrients (fats, carbohydrates, proteins). Various standardized methods
are available for measuring food intake, including 24-hour food recalls, food fre-
quency questionnaires, and direct observation (food records are often used by nurses
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for institutionalized patients). Though daily patient intake record through 24-hour
dietary recall is considered more practical for critically ill patients. These methods
provide semi-quantitative information, but accurately assessing food intake is
challenging and prone to errors. There is a growing demand for more precise dietary
assessment methods [53].

4.5 Functional assessment

Given that quality of life is directly impacted by muscle strength and cognitive
function, functional tests are becoming more and more significant in the evaluation
of nutritional status. Energy deficiency reduce muscle strength, power, and overall
physical condition [20]. Muscle strength and function are particularly important in
conditions like sarcopenia, cachexia, and frailty, seen in critically ill patients, making
the assessment of muscle strength a crucial part of evaluating patients suspected of
having sarcopenia [54].

Serial dynamometry, which measures handgrip strength, is a reliable method
for monitoring functional progress. Hand dynamometry is recognized as a valid
nutritional marker, correlating well with nutritional status and predicting surgical
outcomes, length of hospital stays, re-hospitalization rates, and overall physical
condition. It also serves as a good predictor of both short- and long-term mortality
[55, 56]. But most critically ill patients are unable to perform a handgrip strength test;
this is at least partly due to the sedation used in critical illness or due to an altered
mental status [47].

Additionally, respiratory function can also be used for functional assessment
which can be assessed using peak flow and FEV1 (forced expiratory volume) mea-
surements to evaluate respiratory muscle strength. Immune function can be gauged
by measuring the cellular response to intradermal antigens, as severe malnutrition
can result in energy depletion and reduced protein reserves [21]. Following Table 4
summaries the nutrition assessment methods for critically Ill patients.

4.6 Tools used for clinical assessment

Nutritional evaluation is a formal assessment of a patient’s nutritional state
performed by a trained healthcare practitioner, typically a dietician, thatleads toa
nutrition-related diagnosis. Once a patient has been recognized as at risk using the
screening measures above, a nutritional assessment should be conducted. The follow-
ing are the tools that are commonly used across the globe for nutritional assessment in
clinical or hospital settings.

4.6.1 Subjective global assessment

The Subjective Global Assessment (SGA), created in 1982, is a validated method
for assessing nutritional status that not only diagnoses malnutrition but also offers
crucial prognostic information across various patient groups. It helps identify patients
who may benefit from nutritional intervention, potentially reducing the risks of mor-
bidity and mortality associated with nutrition-related complications [57]. The SGA
evaluates nutritional status by examining patient history (including weight change,
dietary intake, gastrointestinal symptoms, functional capacity, and the disease’s
impact on nutritional needs) and physical examination (evaluating the existence of
edema or ascites, muscle atrophy, and loss of subcutaneous fat). Patients are then
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Assessment
method

Assessment tool

Challenges faced in
critically ill patients

Alternative for bedridden
ICU patients

Anthropometry ~ Weight

Weighing is not feasible
using electronic weighing
scales if the patient is
unconscious or unable to
stand.

Also, fluid retention
makes weight unreliable in
critically ill patients.

Bed scales or chair sales
can be used for critically ill
patients [7].

Height Like weight, taking heightis  For height, arm span and
also not feasible for critically ~ knee length can be used in
ill patients who might be critically ill patients [7].
unconscious or unable to
stand.

BMI For BMI, height and weight ~ Once height and weight are
of the patient is required, obtained using alternative
which are difficult to obtain ~ methods then BMI can be
ina critically ill patient. computed for the critically
Similar to weight, BMI is ill. Since it is not very
also not very reliable in reliable in critically ill
critically ill due to fluid patients, body composition
retention. should be assessed.

It also is not helpful in the
diagnosis of sarcopenia.
Body Composition MAC and TSF is nota Ultrasonography can be

reliable method in patients
with fluid overload.

BIA is not recommended in
patients with fluid overload,
in intensive care unit
patients, or in the elderly.
Other advanced techniques
like DEXA, CT Scan and
MRI are accurate but are
non-invasive, expensive,
time-consuming and are not
ideal for patients in critical
care.

used as the equipment is
portable and muscle mass
can be estimated at the
bedside [45].

Biochemical Different parameters like No single parameter can Laboratory markers should
Assessment albumin, prealbumin, be used for assessing complement a thorough
transferrin, creatinine, nutritional status. These physical examination [47].
lymphocytes, IGF-1 etc. parameters are affected by
are assessed in Biochemical factors like inflammation.
assessment.
Clinical Clinical History. Since the patient in critical Such information can
Assessment care might be sedated or be obtained from the

unconscious it is difficult to
obtain clinical history.

family members/ nursing
attendant of the patient.

Physical examination

Critical illness with its lines,
tubing and other devices
can skew NFPE

Functional Assessment

Most critically ill patients
are unable to perform hand
grip strength tests
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Assessment Assessment tool Challenges faced in Alternative for bedridden
method critically ill patients ICU patients
Dietary There are various methods to All these methods are Food records can be used
Assessment assess diet like 24-Hour Recall, difficult to administer on by nurses to assess the
Food Frequency Questionnaire,  critically ill patients due dietary intake of critically
Food Records etc. to sedation used in critical ill patients. Diet history and
illness or due to altered other related information
mental status. can be gathered from family
members [48].
Table 4.

Nutritional assessment of critically ill patients.

categorized as well-nourished (A), moderately malnourished or at risk of malnutri-
tion (B), or severely malnourished (C) [58]. This classification assists clinicians

and dietitians in grading the severity of malnutrition and setting nutritional goals
accordingly. The template for Subjective Global Assessment is given in the following

Figure 9.

Previous studies have supported the growing evidence that SGA is a viable assess-
ment method for critically ill patients and may correlate with clinical outcomes like

SUBJECTIVE GLOBAL ASSESSMENT RATING FORM

Patient Name: 1D #: Date:
HISTORY
WEIGHT/WEIGHT CHANGE:  (Included in K/DOQI SGA) Rate 1-7
1. Baseline Wiz (Dry weight from 6 months ago)
Current Wiz (Dry weight today)
Actual Wt loss/past 6 mo: % loss: (actual loss from baseline or last SGA)
2. ‘Weight change over past two weeks: No change Increase Decrease
DIETARY INTAKE No Change. (Adequate) No Change. (Inadequate)
1. Change: Sub optimal Intake: Protein Keal Duration
Full Liquid: Hypocaloric Liquid Starvation
GASTROINTESTINAL SYMPTOMS (Included in K A= i or ses of anorexi
Symptom: Frequency:” Duration:"
None
Anorexia
Nausea
Vomiting
Diarrhea
Never. daily. 2-3 times/wk. 1-2 times/wk > 2 weeks, < 2 weeks
FUNCTIONAL CAPACITY b

Description Duration:
No Dysfunction
Change in function

Difficulty with ambulation

Difficulty with activity (Patient specific “normal™)

Light activity

Bed/chair ridden with little or no activity

Improvement in function

DISEASE STATE/COMORBIDITIES AS RELATED TO NUTRITIONAL NEEDS

Primary Diagnosis Comorbiditics
Normal requirements Increased requirements. Decreased requirements
Acute Metabolic Stress: _ None Low Moderate _High
PHYSICAL EXAM
Loss of sub: fat (Below eye, triceps, Some arcas All arcas
biceps, chest) fincluded in_K/DOOI SGA)
Muscle wasting (Temple, clavicle, scapula, ribs, Some arcas All arcas

quadriceps, calf, knee, interosseous (Included in K/DOQI SGA)
Edema (Related to undemutrition/use to evaluate weight change)

OVERALL SGA RATING

Very mild risk to well-nourished=6 or 7 most categorics or significant, continued improvement.
Mild-moderate = 3. 4, or 5 ratings. No clear sign of normal status or severe malnutrition.
Severcly Malnourished = | or 2 ratings in most categories/significant physical signs of malnutrition,

Figure 9.

Subjective global assessment. Source: Detsky et al. [58].
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mortality rates. It has been well established that traditional nutritional markers,
anthropometric measurements, and biochemical data are unreliable in critically ill
populations. Given that the SGA is a simple, feasible, cost-effective, and non-invasive
nutritional assessment tool that can be performed at the patient’s bedside, it is recom-
mended for routine use in critically ill patients [59, 60].

4.6.2 GLIM criteria

Malnutrition is a major issue linked to increasing rates of morbidity, mortality,
and healthcare costs. However, there has been a significant lack of agreement on
diagnostic criteria for clinical use, and no single method has gained global acceptance.
To address the needs of the clinical nutrition and medical communities, the Global
Leadership Initiative on Malnutrition (GLIM) was established in January 2016. GLIM
brought together several international clinical nutrition organizations, such as the
ASPEN, ESPEN, the Parenteral and Enteral Nutrition Society of Asia (PENSA),
and the Latin American Federation of Nutritional Therapy, Clinical Nutrition, and
Metabolism (FELANPE), to work on standardizing the diagnosis of malnutrition in
clinical practice [54].

The criteria considered for diagnosing malnutrition were drawn from existing
methods of screening and assessment. The consensus strongly supported the selected
core phenotypic and etiologic criteria, which are already widely used across the globe.
This criterion can be easily integrated with other diagnostic methods and regional pref-
erences, their global adoption is more feasible. The consensus criteria were designed
to be simple and easily implemented by clinicians and other healthcare professionals
using commonly available tools and methods, requiring only minimal training. The
proposed approach includes both risk screening and diagnosis, though it does not
provide the detailed information of a comprehensive nutritional assessment [54].

The top five criteria identified include three phenotypic criteria (unintentional
weight loss, low body mass index, and reduced muscle mass) and two etiologic
criteria (decreased food intake or absorption, and the presence of inflammation or
disease burden). A diagnosis of malnutrition requires at least one phenotypic and one
etiologic criterion. The phenotypic criteria can be used to grade malnutrition severity
into Stage 1 (moderate) and Stage 2 (severe). It is recommended that the etiologic
criteria guide interventions and predict outcomes. This approach supports the clas-
sification of malnutrition into four categories based on etiology (Table 5) [54].

4.6.3 Royal free hospital nutrition prioritizing tool (RFH-NPT)

The Royal Free Hospital Nutrition Prioritizing Tool (RFH-NPT) was initially
developed through a multicenter study in the UK to assess nutritional status in
patients with chronic liver disease. It is designed to be simple to use in clinical set-
tings, allowing even non-specialist staff to effectively utilize the tool, which helps

Phenotypic criteria Etiological criteria
Unintentional Low body Reduction of Decreased intake or Inflammation
weight loss mass muscle mass assimilation of foods
index
Table 5.

GLIM criteria of etiological and phenotypic patient characteristics.
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STEP 1

Does the patient have acute alcoholic
hepatitis or is on tube fed? Yes (Score €)

STEP 2

A
| No (Score 0)*———— Does patient have fluid overload? —* vyes (Score 1)

l l

BMI kg/m* Score Does the fluid cverload interfere
=20 -0 with the petient’s ability 1o et
- - B Score
18.5 - 20 1 No =0
<18.5 -2 Occasionally =1
Yes -2
unplanned weight loss in past Patient’s dietary intake reduced
3 -6 months Score by 250% ower the ";: Sdays
ore
<5% -0 c No -0
5 —10% -2 Yas -2
>10% -2
If the patient is acutely ill and Patient weight loss :;xh-pul
there has been or there is likely $=% morn/ L,
to be no nutritional intake for >5 . =0,
days D Difficult to assess as
Score 2 patient taking diuretics =1
Yer -2

l—; STEP 3 o—l

Add the A+B+C+D scores together to calkculate the overall risk of malnutrition
MANAGEMENT GUIDELINES

Score O Score 1 Score 2-7
Low risk Moderate Risk High Risk
= Routine clinical care = Observe food intake = Treat the malnutrition
= Repeat screening = Encourage eating and offer | = Nutritional assessment and
weekly(if admitted) or 3- dietary advise initiation of nutrition care
&month (out-patient) = Repeat screening weekly(if plan (food and supplements
admitted) or 1-3month to be given)
(out-patient) = Follow the patient closely
Source: Flare Amodic =t ol. AICH H - July 2023

Figure 10.
Royal free hospital nutrition prioritizing tool scoring pattern. Source: Wu et al. [61].

save time. Patients are categorized into low, medium, or high-risk groups based on
five criteria: BMI, unexplained weight loss, dietary intake, the severity of hepatitis,
and the impact of current complications on food intake (such as ascites or general
fluid overload) [61].

The assessment process involves three key steps: (1) patients with alcoholic hepa-
titis or those receiving tube feeding are immediately classified as high risk without
further evaluation; (2) patients who do not have alcoholic hepatitis and are not on
tube feeding are evaluated for fluid overload and its effects on food intake and weight
loss; and (3) patients without fluid overload are assessed based on their nutritional
status, including BMI, unexplained weight loss, and daily dietary intake. Patients are
classified as low risk with a score of 0, moderate risk with a score of 1, and high risk
with a score ranging from 2 to 7 (Figure 10) [61].

5. Challenges in nutrition screening and assessment

Nutrition screening and assessment in critically ill patients face several challenges
due to their dynamic clinical status. Rapid changes in the patient’s condition require
frequent reassessments to ensure accurate nutrition evaluations. Medical interven-
tions such as mechanical ventilation, sedation, and fluid resuscitation further compli-
cate this process, as these therapies can alter nutritional parameters. One key concern
is refeeding syndrome, which occurs when malnourished patients are fed too rapidly,
causing imbalances in electrolytes like phosphorus, potassium, and magnesium, lead-
ing to severe metabolic and hormonal disturbances. Hypophosphatemia can impair
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cell function, low potassium may lead to cardiac issues, and magnesium deficiency
affects ATP production, risking heart dysfunction. Increased glucose uptake can trig-
ger hyperglycemia, ketoacidosis, and fluid retention, posing risks such as pulmonary
edema or heart failure [62, 63].

Resource limitations also hinder effective nutrition screening and assessment
in some settings. The availability of specialized equipment or trained personnel
is often lacking, further complicating the care of critically ill patients. Proper
tools and expertise are essential to identify patients at risk and prevent conditions
like refeeding syndrome, emphasizing the need for adequate resources in clinical
environments.

6. Strategies to improve nutritional outcomes

Nutritional care for critically ill patients can be best optimized with a compre-
hensive, multi-modal approach. This includes a multidisciplinary team of dieticians,
nurses, physicians, and other health professionals to cover all aspects of nutritional
care for the patient. All members bring valuable input in observing, mapping, and
altering nutritional interventions, and this serves to enhance holistic patient care.
Early and ongoing nutrition support is of primary importance. The earlier the nutri-
tion intervention is instituted and altered continuously, when possible, based on the
ever-changing condition of the patient, the better the recuperation and fewer com-
plications. Equally, care is standardized with the use of evidence-based protocols and
guidelines, and there will hence be minimal variations between different practitioners
and generally better outcomes for patients. This systematic approach minimizes vari-
ability in practice; thus, it offers more reliable and effective nutritional interventions
in the ICU environment.

7. Conclusion

Nutritional screening and assessment are cornerstones in the care of the criti-
cally ill. Healthcare providers are in a good position to have a positive influence on
the rate of recovery and outcomes if they promptly identify those patients with
a high risk of malnutrition and offer timely, individualized nutritional interven-
tions. While many of the challenges continue, there is promise for improved
nutritional care in this vulnerable population through new developments in the
tools and techniques, along with multidisciplinary approaches for improvement of
the identification and intervention.
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Abstract

The administration of enteral nutritional therapy (NT) in critically ill patients
requiring vasopressor support due to hemodynamic instability demands great
attention at the initiation and maintenance of therapy. Early enteral nutrition,
started within 24—-48 hours after admission to the intensive care unit (ICU), is
essential for better clinical outcomes. However, when to start therapy is uncertain,
as there are controversies regarding the safe dose of vasopressors that allows the
initiation of nutritional therapy. Although no specific cutoff value has been identi-
fied, the patient’s hemodynamic stability and clinical signs are crucial to evaluate
the tolerance to nutritional therapy. Therefore, low and stable doses of vasopressors
are preferable, and rigorous clinical monitoring is crucial for the safety of nutri-
tional therapy in critically ill patients.

Keywords: enteral nutrition, nutritional therapy, vasopressors, intensive care,
hemodynamic stability

1. Introduction

Enteral nutrition (EN) is a critical component in managing patients in intensive
care units (ICUs), particularly those who are critically ill. EN supports gastrointestinal
function, preserves mucosal integrity, and reduces the risk of infections by maintain-
ing gut flora and preventing bacterial translocation [1]. Studies have shown that
EN can help decrease complications, such as infections, and shorten hospital stays,
ultimately leading to better clinical outcomes for critically ill patients [2]. However,
administering EN to patients requiring vasopressors presents specific challenges, par-
ticularly regarding the safest timing for initiation and appropriate vasopressor dosing.

For patients requiring vasopressors, the initiation of EN should be gradual to
minimize the risk of feeding intolerance and complications such as non-occlusive
intestinal ischemia [2]. A gradual introduction of EN allows the gastrointestinal
tract (GIT) to adapt to the nutrient load, prevents metabolic overload, and facilitates
monitoring for signs of intolerance, such as abdominal distension and increased
gastric residuals. Current guidelines for nutritional therapy (NT) in critically ill
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patients recommend starting EN at low infusion rates, progressively increasing as
tolerated by the patient [1, 3-5]. During the initial stabilization phase, the goal is to
provide between 20 and 25 kcal/kg/day, adjusting as needed based on tolerance and
hemodynamic response [4]. This approach ensures safe nutrition delivery without
compromising patient stability and allows for continuous gastrointestinal function
and hemodynamic status assessment [3-5]. Therefore, the management of EN must
be individualized, taking into account each patient’s unique hemodynamic conditions
and tissue perfusion status.

2. Vasopressors and their effects on the gastrointestinal tract

Vasopressors are essential in managing hypotension in critically ill patients, but
their hemodynamic and metabolic effects on the gastrointestinal tract vary depending
on the type of drug used. Understanding these effects is crucial for managing enteral
nutrition in patients on vasopressors. Below, we discuss the most-used vasopressors
and their specific impacts on GIT.

2.1 Norepinephrine

Norepinephrine is a potent alpha-adrenergic agonist commonly used to increase
systemic vascular resistance and mean arterial pressure (MAP) through peripheral
vasoconstriction. At doses above 0.3 pg/kg/min, there is an elevated risk of non-
occlusive ischemia, particularly in patients with limited cardiovascular reserve.
Research indicates that while norepinephrine increases splanchnic oxygen extrac-
tion, there is no corresponding increase in jejunal perfusion, suggesting that the
redistribution of blood flow may be insufficient to prevent intestinal mucosal isch-
emia [6, 7]. Furthermore, the NUTRIREA-2 study highlighted that enteral nutrition
could be safely initiated in patients receiving up to 0.56 pg/kg/min of norepineph-
rine. However, caution is warranted above 0.3 pg/kg/min due to a significant rise in
gastrointestinal complications, including mesenteric ischemia [2]. As stated by the
DGEM guidelines, early enteral nutrition (EN) can harm patients receiving norepi-
nephrine doses greater than 0.5 pg/kg/min [8]. They recommend initiating EN only
when vasopressor doses are stable or decreasing. Additionally, they advise starting
EN at a low flow rate while closely monitoring potential hemodynamic effects [8].
Ohbe et al. reported that when norepinephrine doses exceeded 0.3 pg/kg/min,
early EN did not benefit survival [9]. The NUTRIREA-3 study demonstrated that,
in ventilated patients with shock who were receiving norepinephrine doses above
0.5 pg/kg/min, early full EN was associated with an increased risk of gastrointestinal
complications [10].

2.2 Dopamine

Dopamine has dose-dependent effects. Low doses (1-5 pg/kg/min) primarily
induce splanchnic and renal vasodilation by acting on dopaminergic receptors. At
intermediate doses (5-10 pg/kg/min), dopamine activates beta-1 adrenergic recep-
tors, increasing cardiac output. At higher doses (>10 pg/kg/min), alpha-adrenergic
effects predominate, causing systemic vasoconstriction [7]. While low doses can
improve splanchnic perfusion, higher doses may exacerbate intestinal hypoperfusion
and increase the risk of ischemia.
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Vasopressor Mechanism of Action Effect on GIT

Norepinephrine Potent alpha-adrenergic Splanchnic vasoconstriction, risk of mesenteric
agonist ischemia at high doses

Dopamine Dose-dependent Enhances splanchnic perfusion at low doses; risk of
(dopaminergic, beta-1, alpha) intestinal hypoperfusion at high doses

Dobutamine Beta-1 adrenergic agonist Increases cardiac output and oxygen delivery to the

GIT; limited effect on splanchnic perfusion

Epinephrine Alpha and beta-adrenergic Significant splanchnic vasoconstriction, increased risk
agonist of intestinal ischemia at high doses
Vasopressin Non-adrenergic Significant reduction in splanchnic perfusion, high risk
vasoconstrictor of mesenteric ischemia
Table 1.

Mechanism of action and gastrointestinal effects of different vasopressors.

2.3 Dobutamine

Dobutamine is a beta-1 adrenergic agonist that increases cardiac output and causes
mild vasodilation. It can enhance oxygen delivery to the GIT, especially in patients
with ventricular dysfunction. Still, its vasodilatory effect is limited and may not
adequately counteract the splanchnic vasoconstriction induced by other vasopressors,
particularly in septic shock state [7].

2.4 Epinephrine

Epinephrine is an alpha and beta-adrenergic agonist that can increase cardiac
output but causes significant splanchnic vasoconstriction at higher doses, which can
reduce blood flow to the GIT and heighten the risk of intestinal ischemia [7].

2.5 Vasopressin

Vasopressin, a potent vasoconstrictor, works through a non-adrenergic mechanism
and is useful in patients who are refractory to other catecholamines. However, it can
significantly decrease splanchnic blood flow and increase the risk of mesenteric isch-
emia, particularly in patients with hyperdynamic shock states like septic shock [7].

Table 1 summarizes the mechanisms of action of vasopressors and their effects on GIT.

3. Risks of gastrointestinal hypoperfusion and ischemia in critically ill
patients

The gastrointestinal tract (GIT) is particularly vulnerable to hypoperfusion, espe-
cially during shock states and when vasopressors are being used. Under normal condi-
tions, the GIT receives approximately 20-25% of cardiac output, crucial for maintaining
mucosal integrity, supporting digestive functions, and preventing bacterial transloca-
tion [5]. The splanchnic circulation has a high capacity for autoregulation, allowing
it to maintain adequate perfusion despite variations in blood flow. However, during
shock states such as septic or cardiogenic shock, blood flow is significantly redistributed
to prioritize vital organs like the brain and heart at the expense of the GIT [11]. This
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redistribution is exacerbated by using vasopressors, which induce intense vasoconstric-
tion in the splanchnic circulation, potentially leading to reduced oxygen delivery, tissue
hypoxia, and non-occlusive intestinal ischemia [6].

Intestinal villi are especially susceptible to hypoperfusion due to their complex
microvascular architecture, which, while effective for gas exchange, also makes them
vulnerable under low-flow conditions [12]. Reduced capillary perfusion can lead to
villus necrosis and compromise the mucosal barrier, increasing the risk of bacterial
translocation and systemic infection, thereby worsening the clinical status of criti-
cally ill patients [11]. Additionally, prolonged hypoperfusion coupled with vasopres-
sors can lead to an exaggerated local inflammatory response in the GIT, resulting in
mucosal edema, erosions, and ulcerations that further impair the intestinal barrier
function and may lead to multiple organ dysfunction [13]. Therefore, continuous
monitoring of splanchnic perfusion and careful adjustment of vasopressor therapy
are essential to mitigate the risk of non-occlusive intestinal ischemia and its conse-
quences in critically ill patients.

4. Clinical guidelines and current evidence

ASPEN and ESPEN recommend caution when initiating enteral nutrition in criti-
cally ill patients requiring vasopressors, emphasizing that enteral nutrition should
only be considered when there is hemodynamic stability or a reduction in the doses of
vasoactive drugs [1, 3].

Vasopressors are often required in shock states to increase cardiac output and
enhance oxygen delivery to cells. Some guidelines, such as the most recent Surviving
Sepsis Campaign, recommend the early use of vasopressors, even concurrently with
fluid resuscitation [7]. In other situations, such as cardiogenic shock, patients may
experience fluid overload, making vasopressors or inotropes play a more crucial role.

EN should be introduced gradually, with strict monitoring for signs of feeding intol-
erance and mesenteric ischemia. The BRASPEN guidelines also emphasize the need
to ensure hemodynamic stability before starting EN, suggesting that enteral nutrition
should be postponed until adequate clinical and hemodynamic stabilization is achieved
in hemodynamically unstable patients [4]. The Society of Critical Care Medicine
(SCCM) and the American Society for Parenteral and Enteral Nutrition (ASPEN) also
recommend waiting for hemodynamic resuscitation before initiating enteral nutrition
(EN) [14]. The European Society of Intensive Care Medicine (ESICM) suggests delay-
ing EN until tissue perfusion goals are achieved and recommends starting low-dose EN
as soon as shock is controlled [15]. On the other hand, according to the ESPEN guide-
lines, there is insufficient evidence to support that recommendation for patients with
septic shock who are using vasopressors or inotropes [3].

5. Strategies for clinical implementation

In clinical practice, when considering enteral nutrition for critically ill patients on
vasopressors, a personalized approach is crucial:

* Continuous monitoring: Monitoring for signs of feeding intolerance, such as
abdominal distension, vomiting, and increased gastric residuals, as well as
assessing splanchnic perfusion, is essential to adjust nutritional therapy and
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prevent severe complications like intestinal ischemia. Close monitoring of serum
lactate levels is also essential, as elevated lactate can indicate hypoperfusion and
early intestinal ischemia, guiding adjustments in vasopressor therapy and enteral
nutrition administration to avoid serious complications.

* Gradual introduction of EN: Enteral nutrition should be initiated gradually, with
increases in infusion rates as tolerated by the patient. The goal is to reach approxi-
mately 70-80% of the estimated caloric needs by the 4th day, adjusting the infu-
sion rate based on the patient’s clinical response and gastrointestinal tolerance to
ensure adequate nutritional intake without compromising hemodynamic stability.

* Consideration of parenteral nutrition: Parenteral nutrition should also be
avoided in hemodynamically unstable patients or those on high doses of vaso-
pressors due to its association with increased complications and higher mortal-
ity rates. Therefore, enteral and parenteral nutrition should be deferred until
adequate hemodynamic stability is achieved.

6. Potential complications and management

Feeding intolerance is a common complication in critically ill patients receiving
vasopressors, marked by symptoms such as elevated gastric residuals and vomiting,
which may signal an increased risk of aspiration and intestinal ischemia. Studies
have indicated that initiating enteral nutrition in hemodynamically unstable patients
increases the risk of gastrointestinal complications (see Table 2) and prolongs ICU
stay [5, 16]. Additionally, non-occlusive intestinal ischemia can be a severe com-
plication associated with enteral nutrition in these patients, often suspected in the
presence of symptoms like abdominal distension, disproportionate abdominal pain,
unexplained metabolic acidosis, and gastrointestinal bleeding [5, 17]. Therefore, a
cautious approach to initiating enteral nutrition, guided by careful monitoring and
individualized assessment, is essential to minimize these risks.

Table 2 summarizes the most common complications associated with EN in criti-
cally ill patients using vasoactive drugs.

Authors Vasopressors information Complications
Merchan et al. [18] Norepinephrine: 0.14 pg/kg/min Gastric residual volumes >250 mL (74%),
aspiration event (17%), emesis (9%)
Flordelis Lasierra Norepinephrine: 0.32 pg/kg/ High gastric residual volumes (8.1%),
etal. [19] min, epinephrine: 0.11 pg/kg/ abdominal distention (21.6%), diarrhea
min, dopamine: 6.35 pg/kg/min, (27.0%), constipation (46.0%), vomiting/
dobutamine: 719 pg/kg/min regurgitation (2.7%), broncho aspiration (2.7%),
gastrointestinal bleeding (2.7%)
Patel et al. [20] Norepinephrine: 0.08 pg/kg/min Vomiting (13%), Candida isolation (7%)
Ohbe et al. [21] Norepinephrine: 0.03 pg/kg/min Pneumonia (9%), bowel ischemia (0%)
Reignier etal. [2] Norepinephrine: 0.56 mg kg/min Vomiting (34%), diarrhea (33%), bowel ischemia

(2%), acute colonic pseudo-obstruction (1%)

Adapted from: Wang et al. [22].

Table 2.
Most common complications associated with the use of vasoactive drugs in critically ill patients receiving
enteral nutrition.
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7. Conclusion

Deciding when to start enteral nutrition in critically ill patients on vasopressors
is a complex and multifaceted challenge. There is no consensus on the maximum
dose of vasopressors that contraindicates enteral nutrition, as individual needs and
hemodynamic responses can vary widely among patients. However, the literature
suggests that initiating EN in patients on high or escalating doses of vasopressors is
associated with a higher risk of complications, primarily due to splanchnic hypoper-
fusion, which can result in feeding intolerance or, in more severe cases, non-occlusive
intestinal ischemia.

Therefore, achieving macro-hemodynamic and micro-hemodynamic stability is a
prerequisite for the safe initiation of EN. Current evidence suggests that early initia-
tion of enteral nutrition after hemodynamic stabilization can reduce complications
during ICU stay, including shorter duration of mechanical ventilation, lower rates
of hospital-acquired infections, and better rehabilitation outcomes post-discharge.
Thus, a cautious and individualized approach is essential, tailoring nutritional
therapy according to the patient’s clinical condition and response. Continuous moni-
toring of gastrointestinal function, splanchnic perfusion, tissue perfusion, and the
clinical response are crucial for adjusting nutritional management and minimizing
risks. With a careful and informed approach, nutrition can be safely and effectively
integrated into the care of critically ill patients, significantly contributing to improved
clinical outcomes and overall patient recovery.
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Chapter 4

Perspective Chapter: Parenteral
Nutrition in Intensive Care

Fulya Cabuk and Mustafa Cetiner

Abstract

Current guidelines state that early enteral nutrition, initiated within 48 hours, is
superior to parenteral nutrition as the first choice in intensive care patients. However,
it is an important tool that makes it possible to feed patients with Gastrointestinal
(GI) dysfunction or a problem that prevents enteral nutrition. It has been shown that
the administration of parenteral nutrition in addition to inadequate enteral nutrition
can improve clinical outcomes. The parenteral route is less physiological than enteral
nutritional support. Although it has a positive effect on the patient’ clinical course
when used appropriately, improper use causes increased infectious complications,
metabolic abnormalities and increased medical costs. In these respects, parenteral
nutrition is important in intensive care. This chapter aims to evaluate the current
parenteral nutrition strategy in the intensive care unit.

Keywords: intensive care, parenteral nutrition, enteral, complication, indication

1. Introduction

Nutrition is an essential component of patient care; however, the optimal nutri-
tional strategy for patients in the intensive care unit (ICU) remains a subject of
debate. Publications and updated international clinical guidelines have provided
guidance on nutritional therapy in critical illnesses. However, applying this knowl-
edge to practice becomes challenging when individual factors, such as disease stage
and body composition, are considered. ICU patients are at risk of energy deficits
during their stay due to hypercatabolism triggered by the stress response and the dif-
ficulty of optimising nutrition [1, 2]. In critically ill patients in the intensive care unit
(ICU) who do not receive adequate nutritional support may lead to the loss of adipose
and muscle tissue resulting in weight loss, impaired immune response, increased risk
of infection, delayed wound healing, metabolic acidosis and respiratory dysfunction.
These conditions can prolong the duration of hospital stay. Ultimately, a poor progno-
sis is likely to ensue [3].

Artificial nutritional support has become a primary therapeutic intervention
to prevent metabolic derangement and the loss of lean body mass in these patients.
Enteral feeding is generally considered more physiological, offering benefits in
maintaining structural and functional gut integrity, as well as preserving gut
microbial diversity [4]. Parenteral nutrition (PN) is the intravenous administration
of all or part of the essential nutrients when enteral nutrition (EN) is not possible
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due to anatomical or functional impairment of the gastrointestinal tract. PN can
be lifesaving for patients who cannot receive oral or enteral nutrition. Additionally,
initiating complementary PN within the first 4 days of hospitalisation in patients
with inadequate EN has been shown to improve clinical outcomes [5, 6]. Parenteral
nutrition (PN) can be administered as total parenteral nutrition (TPN) alone or
as supplemental parenteral nutrition in combination with oral/enteral feeding. PN
should not be used in patients with functional gastrointestinal systems. It is also
contraindicated in patients with haemodynamic instability, uncontrolled hyper-
glycaemia, hyperosmolarity or hypervolemia. Additionally, PN is generally not
recommended for patients with conditions such as end-stage cancer or dementia,
where nutritional support is unlikely to provide benefit [7]. The former is a more
costly treatment compared to the latter and can be associated with infectious and
mechanical complications, as well as hyperglycaemia, hypertriglyceridaemia and
electrolyte imbalances [8]. In recent years, significant advancements have reduced
the complications associated with PN [9]. Although PN was previously considered
problematic due to complications, advancements in its application have made it as
safe as EN. Today, it is widely used in more patients [7]. This section presents a cur-
rent assessment of parenteral nutrition, one of the nutritional strategies for patients
in the intensive care unit.

European guidelines state that all critically ill patients who receive less than
the targeted enteral nutrition after two days should be evaluated for supplemental
parenteral nutrition (SPN) [6]. Although the cost implications of implementing this
strategy remain unclear, numerous studies have been conducted on the subject. A cost
analysis based on data from a study in Belgium (EPaNIC) regarding supplemental
parenteral nutrition reported that initiating SPN early (on day two) compared to late
SPN (on day eight) resulted in higher overall costs following admission to the inten-
sive care unit [10]. Furthermore, despite the higher cost of PN containing omega-3
fatty acids compared to standard PN, it was associated with reduced hospitalisation
duration and fewer infections, leading to overall cost reductions. This highlights the
importance of considering not only the direct costs of nutrition but also the overall
treatment costs when selecting a treatment option [11].

2. Parenteral nutrition administration methods

Parenteral nutrition should be administered through a central line due to its
hypertonic nature. However, peripheral parenteral nutrition (PPN), which contains
lower nutritional content and requires larger volumes, may be considered for patients
for whom a suitable central line is not accessible and who are planned for short-term
nutritional support.

2.1 Central TPN

A central venous catheter (CVC) is a device inserted into a large central vein
(typically the internal jugular, subclavian or femoral vein) with the terminal lumen
advancing into the inferior vena cava, superior vena cava or right atrium. In addition
to direct central venous catheterisation, other methods of administration include
subcutaneously tunnelled catheters (Hickman, Broviac, Groshong), catheters with
subcutaneous ports and long central catheters inserted through peripheral veins.
This allows for the direct infusion of high-osmolarity solutions into the circulation,
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enabling the delivery of the patient’s total caloric and protein requirements. However,
complications related to central catheterisation may arise. The subclavian vein region
is the site with the lowest risk of infectious and thrombotic complications [12]; thus,
right subclavian catheterisation is considered the safest method, as left subclavian
catheterisation may lead to complications such as thoracic duct injury.

2.2 Peripheral TPN

While peripheral catheters are suitable for administering a diluted nutrient
mixture, they are prone to a higher rate of complications. However, patients
can receive PPN for up to 14 days to address nutritional deficiencies or provide
emergency nutritional support when a central venous catheter is not available as a
temporary alternative to oral or enteral feeding [13, 14]. Due to common complica-
tions, such as thrombophlebitis and extravasation, longer-term use is not recom-
mended. The compensatory capacity of the veins limits the use of the peripheral
system for such infusions; therefore, most PPN formulations range from 750 to
900 mOsm/L [15]. Due to this hypo-osmolar content, PPN is not recommended
for patients with fluid restrictions. Peripheral TPN can be applied in the following
situations: when the patient is at high risk of a surgical stress response; to avoid
invasive procedures; to support limited oral or enteral intake during the periop-
erative period, particularly on the first postoperative day; or when CVC-related
complications occur [16, 17].

3. Indications for TPN

Gastrointestinal failure of varying degrees is frequently observed in critically ill
patients, leading to enteral nutrition intolerance in approximately 60% of cases [18].
In these patients, EN is often interrupted, making it difficult to achieve adequate
energy and protein intake [18, 19]. Situations in which EN is disrupted include intesti-
nal failure caused by disease or treatment, high-output fistulas, severe bowel obstruc-
tions or an inaccessible gastrointestinal system. In such cases, TPN helps ensure safe
and adequate energy and protein intake. The current evidence-based indications for
TPN are presented in Table 1 [20-22].

4, When should TPN be initiated?

In addition to determining which patients are suitable for parenteral nutrition,
there are also conflicting recommendations regarding the timing of initiating nutri-
tion. Internationally recognised guidelines, such as those from the American Society
for Parenteral and Enteral Nutrition (ASPEN), the European Society for Clinical
Nutrition and Metabolism (ESPEN) and the German Society for Nutritional Medicine
(DGEM), generally agree that total parenteral nutrition should be initiated as soon as
possible in patients at high nutritional risk. However, in patients with low nutritional
risk, ASPEN does not recommend PN during the first 7 days, while ESPEN suggests
adding PN within 3 to 7 days and DGEM does not provide a clear recommendation
regarding the timing of PN initiation [6, 23, 24]. In cases of insufficient enteral
nutrition, ASPEN recommends initiating supplemental PN after 7-10 days if more
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Gastrointestinal Dysfunction Haemodynamic Energy Deficiency
Instability
High-output GI fistula Refractory shock Failure to meet 60% of energy
requirements for more than 4 to 5 days
Intestinal obstruction High-dose Total energy balance below 6000 kcal or
vasopressor use protein deficit >300 g

Prolonged bowel rest

Paralytic ileus

Severe malnutrition when enteral
nutrition is not feasible

Severe abdominal sepsis

Hyperemesis gravidarum

Severe and persistent diarrhoea

Malabsorption due to short bowel
syndrome

Table 1.
Current evidence-based indications for TPN [20-22].

than 60% of energy and protein requirements cannot be met, while other guidelines
recommend case-by-case evaluation [23].

Every critically ill patient who remains in the ICU for more than 48 hours is at risk of
malnutrition. While the optimal time to initiate supplemental PN to fully meet energy
requirements has not been definitively established, it is generally recommended to start
within 5 to 7 days [7]. However, in malnourished patients where oral or enteral nutri-
tion is either insufficient or unavailable, it is recommended to initiate PN as soon as
possible [9]. When initiating PN, the dose on the first day should not exceed 50% of the
target energy requirement and the patient should be closely monitored while gradually
increasing the dose. Depending on the patient’s comorbidities, underlying disease and
critical condition, the target dose is typically reached within 3 to 7 days. In most cases, it
is expected that haemodynamically stable and non-critical patients will reach the target
by the third day. PN should be gradually reduced and discontinued over 2 to 3 days once
enteral and/or oral routes meet 60% of the target energy level [7].

In recent years, significant advances in PN formulations and improvements in
preparation processes have reduced PN-related complications. Today, parenteral nutri-
tion products are commercially available in various types and forms. These include
two-in-one solutions containing proteins (amino acids, AAs) and carbohydrates (CHO),
as well as three-in-one solutions that also contain lipids. Some of these products are
supplied in pre-filled bags with two or three separate compartments designed for mixing
prior to use [25]. There are two options for this compounding process: hospital pharmacy
compounded bags (HPCBs) and commercially available multi-chamber bags (MCBs).
HPCBs must be prepared daily by the pharmacy due to their limited stability, especially
when tailored PN is required to meet the individual needs of critically ill patients, neces-
sitating special equipment and infrastructure. In contrast, MCBs contain a fixed amount
of macronutrients, with or without electrolytes, housed in separate compartments
within a single bag. The nutrients are mixed by breaking the plastic seals between the
compartments during preparation. Most MCBs on the market have a shelf life of more
than 24 months at room temperature [26].
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5. TPN complications

Total parenteral nutrition (TPN) is beneficial and life-saving in various clini-
cal situations but can also lead to numerous serious side effects. The risk of such
complications can be minimised through the careful monitoring of patients and with
the assistance of nutrition support teams. PN complications can be categorised as
mechanical, infectious or metabolic.

5.1 Mechanical complications

Pneumothorax, air embolism, haemorrhage, venous thrombosis and vascular
injury are some of the possible catheter-related complications [12]. Careful interven-
tion under aseptic conditions by trained operators, preferably with ultrasound (US)
guidance, minimises mechanical complications.

5.2 Infectious complications

In addition to procedure-related complications, catheter-related infectious
complications, such as central line-associated bloodstream infections (CLABSI) and
local skin infections at the insertion or exit site, must be carefully monitored [27, 28].
CLABSIs are a significant complication as they can increase morbidity, mortality,
length of hospital stay and healthcare costs; therefore, strict adherence to aseptic
protocols is essential. Guidelines exist for the prevention of CLABSI. Minimising
these complications involves ensuring adequate training for healthcare professionals
who insert and maintain catheters, enhancing adherence to hygiene protocols, using
ultrasound guidance for catheter placement and employing antiseptic barrier caps,
needleless safety devices and antimicrobial- or antiseptic-impregnated catheters
[15, 29]. In addition to central line infections, PN increases the general risk of infec-
tions, including pneumonia and intra-abdominal abscesses [30].

5.3 Metabolic complications

Metabolic complications are more common in patients receiving PN compared to
those receiving EN, which is why close monitoring is required to prevent and detect
complications early. Renal function, liver tests, glycaemia and serum electrolyte and
triglyceride levels should be monitored daily until stable and then at least weekly
(more frequently in critically ill patients or those at risk of refeeding syndrome).
Hyperglycaemia is the most common complication of PN, occurring in approximately
50% of patients. It is often due to overfeeding during the acute phase of insulin
resistance or underlying subclinical diabetes. Other factors that may trigger hyper-
glycaemia include age over 65, underlying diabetes, the presence of infection, renal
failure and the concurrent use of glucose-raising medications (e.g., glucocorticoids,
tacrolimus, somatostatin or octreotide). Some studies have shown that strict glycae-
mic control below 110 mg/dL reduces mortality and morbidity in critically ill patients
[31]. However, recent data suggest that glucose levels up to 180 mg/dL (10 mmol/L)
are acceptable for avoiding life-threatening hypoglycaemia [1, 32]. Blood glucose
levels above 200 mg/dL are not recommended, as they may trigger dehydration and
polyuria. The presence of hyperlactataemia is another prognostic factor in glucose
control. Glucose and lactate are linked through the Cori cycle as part of glycolysis and
gluconeogenesis. Some studies have shown a significant increase in mortality when
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hyperglycaemia and hyperlactataemia occur simultaneously [33, 34]. Patients should
be treated with insulin infusions to maintain normal glucose levels and reduce the
risk of sepsis [31]. Although hypoglycaemia is less common than hyperglycaemia,
patients, particularly those on insulin infusions, should be closely monitored for this
complication. Hypertriglyceridaemia is another common metabolic complication
associated with PN, occurring in approximately 25-50% of patients. Studies have
shown that the degree of hypertriglyceridaemia is influenced not only by the dos-

age of intravenous lipids but also by various other factors (e.g. sepsis, renal failure,
hyperglycaemia, obesity, alcoholism, pancreatitis, high-output fistula, multiple organ
failure, pre-existing hyperlipidaemia and the use of corticosteroids, cyclosporine,
tacrolimus, sirolimus or propofol) [23, 35]. During continuous lipid infusion, serum
triglyceride levels should not exceed 400 mg/dL [1]. Fish oil-containing formulations
have been proposed as a means to accelerate lipid clearance and reduce the risk of
hypertriglyceridaemia while maintaining energy intake [36]. If metabolic control
cannot be achieved within a few days, reversible hepatic steatosis or acute pancreatitis
due to hypertriglyceridaemia may develop.

Hepatic complications occur in 15-40% of patients receiving PN. These patients
often test positive for abnormal liver function, although most of these abnormalities
are related to underlying disease, medications or sepsis, among other conditions,
rather than PN itself. PN-associated liver disease (PNALD) is a spectrum of condi-
tions that ranges from mild liver enzyme abnormalities to steatosis and eventually
fibrosis or cirrhosis [23, 37]. Among these, PN-associated steatosis is the most
common and typically occurs within 2 weeks of starting PN, often caused by exces-
sive carbohydrate or lipid intake [37]. Another hypothesis suggests that the combina-
tion of omega-6 and phytosterols in soybean-based formulations increases the risk
of hepatic complications [38]. Modifying PN composition and avoiding excessive
energy intake are important strategies to reduce the risk of PNALD. In particular, in
patients with cholestasis, the early introduction of enteral feeding to stimulate the
intestines has been shown to be beneficial in preventing pathologies, such as bile
sludging [39, 40]. Recent studies have also reported improvements in cholestasis with
ursodeoxycholic acid [41]. Since most hepatic complications are related to sepsis and
infection, preventing and managing infections is also recommended.

Refeeding syndrome (RS) can be defined as significant shifts in fluids and elec-
trolytes that occur in malnourished patients receiving nutrition, whether enteral or
parenteral [42]. Although its exact incidence is unclear, studies estimate that it affects
20-30% of the population [43]. When in a state of malnutrition, the body conserves
energy by affecting membrane pumps, causing intracellular leakage of K, Mg, Ca
and POy, followed by depletion throughout the body. Refeeding reverses this process,
leading to a rapid decrease in circulating K, Mg, Ca and PO, as these electrolytes are
driven into cells by insulin. Phosphorus is the most sensitive electrolyte in this process
[44, 45]. Additionally, thiamine deficiency has been described in RS. Severe cases
of these electrolyte imbalances can manifest as heart failure, arrhythmias, seizures,
comas, respiratory failure and muscle weakness. Therefore, patients at risk of RS
should be screened before starting nutrition and monitored closely. ASPEN consid-
ers patients who fulfil any of the following criteria to be at moderate to high risk of
RS: those with a BMI < 18.5 kg/m?; those who have lost more than 5% of their body
weight in the past month or 7.5-10% in the past 3 to 6 months; those with little or no
oral intake for more than 5 to 6 days; those whose calorie intake during acute illness
or injury is estimated to be less than 75% for more than 5 days; those with abnormal
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Mechanical complications Infectious complications Metabolic complications
Pneumothorax Central line-associated bloodstream infection Hyperglycaemia
Hydrothorax/haemothorax Pneumonia Hypertriglyceridaemia
Air embolism Intra-abdominal abscess Hepatic complications
Cardiac tamponade Refeeding syndrome
Chylothorax Metabolic bone disease
Venous thrombosis Intestinal mucosal atrophy
Table 2.

Current complications associated with TPN in ICU patients.

potassium, phosphorus or magnesium serum concentrations; those who experi-

ence subcutaneous fat and muscle mass loss; and those with comorbidities, such as
alcoholism, eating disorders, cancer or malabsorptive conditions [38]. These patients
should begin with low-calorie intake (in severe cases, 10-20 kcal/kg/day or less) and
gradually increase their intake over 4 to 7 days to meet their needs [44, 45].

Another complication related to PN use is metabolic bone disease, particularly in
patients receiving long-term PN. Although the exact incidence is unclear, it has been
detected in about 40% of patients undergoing long-term treatment. Bone changes are
likely related to suboptimal calcium, phosphate and vitamin D intake, lack of physi-
cal activity, low vitamin D status due to insufficient sunlight exposure and the side
effects of other treatments (e.g. heparin, steroids) [46].

Finally, gastrointestinal side effects (mucosal atrophy, increased translocation of
microorganisms and their toxins) may also occur. The complications seen in critically
ill patients are summarised in Table 2.

6. Parenteral nutrition components

PN contains amino acids, dextrose and lipids to meet calorie and protein require-
ments. The proportions of these macronutrients should be adjusted according to
the patient’s weight and comorbidities and the risk of refeeding syndrome (RS).
Micronutrients, such as electrolytes, vitamins and trace elements, can also be admin-
istered as part of the patient’s nutrition. These micronutrients should be tailored to
the individual patient based on an assessment of their electrolyte levels, renal and
liver function and fluid status. Historically, these components were prepared and
administered in separate solutions. However, today, all-in-one (three-in-one) mixture
systems for parenteral nutrition are widely available. The total nutrient admixture
(TNA), which combines all components of PN into a single solution, has been found
to be safe and well tolerated [47]. Additionally, this method reduces the number of
intravenous interventions, thereby lowering the risk of infection [47, 48].

The intravenous access route in parenteral administration is another factor that
can influence the PN composition. For patients receiving PPN, the total volume
must be increased, and the concentration of macronutrients must be reduced to
lower the osmolarity. It is advised that the macronutrient content in PPN should
include less than 4% amino acids and less than 10% glucose [49]. Since lipids have
low osmolarity, products with high lipid content should be used to achieve the target
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caloric intake. To ensure the effective and appropriate administration of a parenteral
product, the factors influencing its stability must also be understood. It is known
that calcium phosphate precipitates can form at high temperatures and low pH, while
exposure to light and oxygen can lead to amino acid degradation and vitamin insta-
bility [32, 49, 50].

6.1 Protein content

Both essential and non-essential amino acids are crucial components of paren-
teral nutrition as they support cell, organ, skeletal, cardiac and respiratory muscle
functions, as well as wound healing [23, 51]. In critically ill patients, it has been dem-
onstrated that their amino acid profile is disturbed, lean body mass is lost and amino
acid supplementation is required due to increased catabolic processes [6, 23]. These
amino acids include essential ones that cannot be synthesised in the body—histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and
valine—as well as arginine, which can be synthesised in small amounts, and alanine,
asparagine, aspartate, glutamate, glutamine, glycine, proline and serine, which can
be synthesised fully. Standard amino acid solutions contain all nine essential amino
acids, sufficient non-essential amino acids to support their synthesis, adequate
nitrogen and arginine to meet or exceed recommended dietary allowances. Protein
needs in patients receiving PN are met with intravenous free amino acid solutions,
which also provide 4 kcal/g of energy [23, 52]. Since peptide bond formation is
a dehydration reaction, amino acids provide less energy and substrate than the
proteins they form [52]. In protein formation, in addition to the nitrogen content
provided by amino acids (16%), a sufficient protein substrate is also required.
According to ASPEN guidelines, the optimal non-protein-calorie-to-nitrogen ratio
in critically ill patients ranges from 70:1 to 100:1, which decreases to 30:1 to 50:1 in
obese patients [23].

Currently, guidelines recommend a protein target of 1.0-2 g/kg/day, and increased
protein intake has been associated with improved long-term physical recovery and
lower mortality in observational studies [6, 23, 53]. Achieving high-protein intake is
easier with parenteral nutrition than with enteral nutrition. In studies, protein intake
with enteral nutrition has not exceeded 1.5 g/kg/day [54].

6.2 Carbohydrate content

The most commonly used carbohydrate substrate is dextrose, which provides
3.4 kcal/g of carbohydrates in its hydrated form and 4 kcal/g in its anhydrous form,
which is used in some regions. Approximately 60% of non-protein energy should
come from carbohydrates, and the upper supply limit is 4 g/kg body weight/day
(2.8 mg/kg/min). A preferred intake is between 3.0 and 3.5 g/kg body weight/day
(2.1-2.4 mg/kg body weight/min). Since intravenous dextrose bypasses the entero-
insular axis, it leads to a more pronounced increase in blood glucose levels compared
to the same amount administered enterally. For this reason, patients receiving
parenteral nutrition are at a higher risk for hyperglycaemia. Continuous dextrose
infusion rates in these patients should be kept at <4-7 mg/kg/min [23, 55]. In the case
of hyperglycaemia, patients should be placed under strict glycaemic monitoring with
intravenous insulin therapy, and carbohydrate intake should be stopped in those with
persistent hyperglycaemia requiring more than 6 IU/hour of insulin [55].
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6.3 Lipid content

Intravenous lipid emulsions (IVLEs) are a source of essential fatty acids (EFAs)
and non-protein calories. They are important because they reduce reliance on glucose
for non-protein energy. Fatty acids form the main components of cellular biomem-
branes, contributing to membrane integrity, regulating permeability and serving as
precursors for essential modulators in cellular pathways of the immune system [56].
Therefore, they are vital to biological functions in the body. Lipids provide 20-30% of
daily total calories. To prevent lipid overload, guidelines recommend that IVLE doses
should not exceed 1 g/kg/day based on body weight. Maximum doses for IVLEs are
2.5 g/kg body weight/day for soy-based IVLEs, 2 g/kg/day for olive oil-based IVLEs
and 2 g/kg/day for fish oil-based IVLEs [57]. If a patient’s triglyceride level exceeds
3 mmol/L (265 mg/dL), fish oil-based IVLEs should be discontinued. Furthermore,
if triglyceride levels exceed 4.5 mmol/L, soy-based and olive oil-based IVLEs should
be reduced or discontinued [57]. Intravenous fats bypass the intestinal lumen, are
not hydrolysed by pancreatic lipases and are not emulsified by bile. Therefore, IV
lipids must be prepackaged to enable their transfer into the hydrophilic physiological
environment [23, 58].

6.4 Micronutrient content

Electrolyte and fluid requirements in critically ill patients vary depending on
their renal function, fluid and electrolyte status and underlying diseases and losses
[23, 55]. Current parenteral nutrition solutions do not contain vitamins or trace
elements. These should be added to the solutions based on the patient’s current
values. According to current guidelines, vitamins and trace elements should be
administered daily and routinely added to PN solutions unless there is a risk of
overload. High doses of micronutrients should not be given without a proven
deficiency [6].

7. Nutrition in special conditions

Specialised nutrition strategies are crucial for patients in intensive care.
Nutritional support should be initiated based on the patient’s BMI, comorbidities and
haemodynamic status, requiring a patient-specific assessment to reduce PN-related
complications and improve clinical outcomes.

7.1 Malnourished patients

Malnutrition is defined as a condition of insufficient intake or absorption of
nutrients, leading to changes in body composition. Awareness of the adverse effects
of malnutrition, particularly in patients with multiple comorbidities, has increased
due to the high number of malnourished patients in hospitals. Early hypocaloric
PN, with a target of 75% of calories from protein, is recommended for patients
with malnutrition who cannot be fed enterally [24]. Since malnourished patients
are prone to complications such as metabolic intolerance, refeeding syndrome and
increased infection rates, aggressive feeding strategies and high-calorie targets are not
recommended [6, 59].
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7.2 Obese patients

Obese patients require close monitoring in intensive care units because they are
prone to muscle mass loss. Contrary to popular belief, they do not have adequate
reserves and are vulnerable to malnutrition. Proper nutritional strategies should
be implemented, especially to address complications associated with metabolic
syndrome, which often accompanies obesity. A high-protein, hypocaloric diet would
be appropriate for preventing muscle catabolism, improving body composition and
avoiding insulin resistance and hyperglycaemia in obese patients [6].

7.3 Elderly patients

In elderly patients, energy requirements often decrease due to a reduction in
metabolic rate. This decrease becomes more pronounced with advancing age, and it
is thought to be around 5% per decade after the age of 50. In this group, the incidence
of malnutrition, sarcopenia and cachexia is higher due to the loss of lean body mass
[59]. Therefore, guidelines suggest that adequate macronutrient support can reduce
complications in these patients and recommend hypercaloric and high-protein targets
(30 kcal/kg/day for energy and > 1 g/kg/day for protein) [6, 23]. Close monitoring is
also recommended for micronutrient needs [6].

7.4 Shock

For ICU patients in shock, the addition of and complete reliance on PN in the acute
phase should be evaluated separately. Guidelines are in agreement that PN should not
be administered to septic patients unless haemodynamic stability is achieved [58-60].
However, ESPEN guidelines recommend complementary parenteral nutrition after
the third day in patients who can tolerate enteral feeding, while ASPEN advises
against total parenteral nutrition in the acute phase due to limited substrate utilisa-
tion. In patients requiring PN, normocaloric intake should be targeted, and physi-
ological doses of vitamins and trace elements should be added to parenteral solutions
due to increased needs.

7.5 Central nervous system disease

In patients with central nervous system (CNS) diseases (e.g. head trauma, haem-
orrhagic or ischemic stroke), the indication for parenteral nutrition typically arises
in cases in which adequate enteral nutrition cannot be achieved or in the presence of
comorbidities, such as shock or haemodynamic instability. Outside of these situ-
ations, enteral nutrition is recommended for this patient population, and there is
no direct indication for PN related to CNS conditions. However, this patient group
may require long-term hospitalisation, and attention should be given to preventing
malnutrition, considering complementary parenteral nutrition if necessary.

7.6 Cardiac disease

In patients with heart failure, malnutrition, cachexia and sarcopenia are common
conditions. Due to fluctuations in fluid status, it is recommended to use energy-dense
formulas with fluid restriction [23]. Although limited evidence exists, comple-
mentary PN is considered safe in this patient group. However, administration must
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be done via a central venous catheter, as peripheral administration could lead to
increased fluid volume, which is inappropriate for these patients.

7.7 Respiratory diseases

In patients with respiratory failure, guidelines recommend the use of PN in cases
of life-threatening hypoxia, hypercapnia or respiratory decompensation [6, 23, 24].
Formulas with high fat and low carbohydrate content are suggested to reduce the
respiratory quotient and to lessen carbon dioxide production. However, since lipogen-
esis can also increase CO, production, hyperalimentation should be avoided.

7.8 Acute pancreatitis

According to ESPEN guidelines, patients with acute pancreatitis (AP) are con-
sidered to have moderate to high nutritional risk due to the catabolic nature of the
disease and the impact of nutritional status on disease progression [61]. Parenteral
nutrition may be indicated in these patients due to severe complications, such as
intestinal obstruction, abdominal compartment syndrome, prolonged paralytic
ileus and mesenteric ischemia. Given that AP is a risk factor for hyperglycaemia
and hypertriglyceridaemia, it is recommended to closely monitor blood glucose
and triglyceride levels and adjust the nutritional content accordingly. ESPEN
guidelines also recommend the use of parenteral glutamine in addition to PN [18].
Additionally, omega-3 fatty acids, particularly when administered parenterally, have
been shown to reduce mortality, infectious complications and hospital stay length in
AP patients [62].

7.9 Surgical patients

ESPEN guidelines on clinical nutrition in surgery recommend complementary
PN if the patient fails to meet 50% of the required values for over 7 days through
oral and enteral intake [63]. Indications for TPN in postoperative patients include
surgical complications, such as prolonged paralytic ileus, leakage or disruption of
anastomoses and high-output fistulas. Studies also support that supplementation with
glutamine and omega-3 fatty acids reduces mortality and infectious complications in
these patients [64].

8. Patient monitoring

Metabolic complications are more common in patients receiving PN compared to
those receiving EN. Therefore, close monitoring is essential for the prevention and
early detection of complications. If metabolic abnormalities are detected or if the
patient is at risk for refeeding syndrome, frequent monitoring is required. Preventing
refeeding syndrome is critical and can be achieved through a slower-than-usual initial
TPN infusion rate [65]. According to ASPEN guidelines, patients who are critically ill
and unstable should be monitored daily until their condition stabilises. Stable patients
who have not undergone any formulation changes for a week should be monitored
every 2 to 7 days, while patients in long-term care settings, who remain clinically
stable and have had no formulation changes for a week, should be monitored every 1
to 4 weeks [66].
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9. Conclusion

Malnutrition is a common and significant issue among patients in the ICU.
Hence, patients admitted to the ICU should be evaluated for the risk of malnutrition,
their nutritional needs should be identified and appropriate nutritional support
should be initiated within the first 24 hours. However, in clinical practice, assess-
ing the nutritional status of patients is often neglected. Unless timely and adequate
nutrition support is provided, energy and protein deficits may occur. Recognising
malnutrition and initiating appropriate nutritional therapy can reduce morbidity
and mortality. Nutritional support in ICU patients is typically provided through
enteral and parenteral nutrition. While the former is always the preferred option, the
latter enables feeding in patients who cannot be fed enterally. When used appropri-
ately, early parenteral nutrition can positively impact the clinical course of patients.
Nevertheless, it may also result in infectious, metabolic and catheter-related com-
plications. To prevent these potential complications, close clinical and laboratory
monitoring is essential.
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Abstract

The term “critically ill obese patients” refers specifically to patients suffering from
obesity, a condition that complicates treatment and follow-up in the intensive care unit
(ICU), referring to a body mass index (BMI) of >30 kg/ m?. This is the result of a mixture
of genetic, environmental, psychological and lifestyle factors associated with adverse
events. The role of obesity in intensive care and its effects on mortality are variable, and
it is important to recognize that obese patients are more susceptible to acute lung injury,
respiratory distress, and cardiac and cerebrovascular pathologies. Nutritional evaluation
is of vital importance in obese patients to reduce the risk of complications. It is recom-
mended that it is to administer 70% of the energy requirements to patients with obesity
in ICU. The objective of nutrition is to achieve progressively in the first 48-72 h to avoid
overnutrition, and they propose to use between 11 and 14 kcal/kg of real body weight/
day for a BMI of 30 to 50 kg/m?, 22-25 kcal/kg ideal weight/day for a BMI > 50 kg/m®,

Keywords: nutritional status, nutritional sciences, nutritional therapy, nutritional
support, obesity

1. Introduction

Obesity, a preventable disease that has tripled in most regions of the world, begins
when BMI is >30 kg/m?, the result of a mixture of genetic, environmental, psycho-
logical, and lifestyle factors associated with adverse events, cerebrovascular, coronary
artery events, angina pectoris and the need for hospitalization. The role of obesity in
intensive care and its effects on mortality are variable [1-4].

Obesity has become a public health problem (Figure 1); in the adult popula-
tion, costs increase with hospitalizations associated with obesity, and the dose of
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Figure 1.
Morbidly obese patients in the intensive care unit, obesity represents a challenge for ICU staff.

medication administration differs in its distribution according to body mass index
and inflammatory response [5, 6].

Obesity increases the risk of respiratory, cardiovascular, and endocrinological
diseases such as diabetes or hypothyroidism and pancreatic diseases. One of its main
etiological causes is genetics since there are several genes that encode the proteins of
the hypothalamic leptin/melanocortin pathway, producing obesity [7-9].

Nutrigenomics is the science that studies the genetic consequences of nutrition,
and it is important to recognize that obese patients have an increased susceptibility
to acute lung injury, respiratory distress secondary to the regulation of cell signaling
pathways, and genetic and molecular mechanisms that worsen acute lung injury [10].

The mortality rate (see Table 1) of obesity ranges from 28.2% to 31.5% in ICUs
with a prevalence of 20%; however, it is increasing in adult and pediatric patients,
demonstrating harmful effects on health, mainly in patients who have a BMI > 50 kg/
m” and who represent the most severe cases. Becoming a challenge for health person-
nel in intensive care units due to the difficulty of their management and care in the
administration of medications, hospital transfer, resuscitation, or diagnostic imaging.
A study that assessed both BMI and waist size ratio observed that it is necessary to
take into consideration other anthropometric measures to assess mortality since the
abundant lean mass of some patients influences BMI through muscle training. This
can give a high BMI without being obese; once adjusted with central obesity, critically
obese patients have more mortality and complications in the ICU [11-13].

For example, obese patients undergoing cardiopulmonary resuscitation have
higher in-hospital mortality and poor neurological prognosis compared to patients
without obesity [14]. Obesity is also associated with an increased risk of sepsis,
high blood pressure, and difficulty in airway intubation; morphological changes in
the structures of the neck, thorax, and abdomen present greater complications in
mechanical ventilation due to their altered anatomy with higher mortality [15, 16].

Pathophysiological, the obese patient is subjected to nutritional changes, neu-
roendocrine hormonal alterations, inflammatory processes, activation of immune
mechanisms, and hypoventilation. The benefits of enteral and parenteral nutritional
therapy in severely obese patients are a topic of great importance [17, 18].
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Author/Intervention ~ Population Results Mortality
Charles et al. Low- Obese and critically ill The administration of 25-30 kcal/ 10% in the obese
energy diets do not adult surgical patients kg of a normocaloric diet was group and 7.6%

improve outcomes in
critically ill patients
with obesity.

compared with 12.5-15 kecal/kg
hypocaloric, and there was a trend
toward more infections in the group
with a normocaloric diet: 87.1%
compared to 63.6% in the group that

received a hypocaloric diet.

in the non-obese
group

Tweel etal./
Comparison of
high-dose and usual
protein in severely
obese patients

Severely obese patients
inICU

High doses of protein (> 2.2 g/kg/
day) versus usual dose (< 1.2 g/kg/
day) with no significant differences.

Mortality: 31.5%
at high intake and
28.2% at regular
protein intake

Ichimaru etal./ Japanese patients Ventilator-free days were Not rated
Energy intake in the with overweight significantly higher in group A than
first week in the ICU and serious diseases, in group B (20.0 [15.5-24.5] vs. 17.0

Group A with <50% of ~ [2.0-21.0] days; p = 0.042).

the requirement, and

Group B with > = 50%.
DeLapp etal./ Patients hospitalized Patients with obesity had a Mortality of
Obesity, long- for acute exacerbation significant reduction in the odds of patients with and
term outcomes in of COPD with BMI dying at one year (p = 0.004) at six without obesity
hospitalization for >30 months (p = 0.031). (7 and 18% at six
COPD exacerbation months and 8-28%

after one year)

Prepared by: Javier Aquiles Hidalgo Acosta. Table 1 compares vandomized clinical trials on the number of kilocalories,
protein doses, energy requirements, and mortality of critically ill obese patients [22-25].

Table 1.

Population, Outcomes, and Mortality of Obesity in ICUs.

Mainly, it must be taken into consideration due to thoracic alterations and reduced
lung capacity, and it is necessary to secure the airway, keep it permeable, and have a
team trained in difficult airways and an expert surgeon in emergency tracheostomy [19].

The position of the stretcher in obese patients can influence their recovery during
their stay in intensive care, in a study that compared this, the group in the inverted
Trendelenburg position had a marked improvement compared to the group in the
reclined position [20].

In terms of oral and dental health, it is important to clean the oral area with 0.2%
chlorhexidine to prevent oral infections from proliferating and generating healthcare-
associated infections [21].

2. Methodology

A review of articles published in the last 5 years in databases such as Wiley,
PubMed, SciELO, Latindex, and ScienceDirect on the topic of nutritional research
in obese patients in ICU and its current management was carried out. Through a
research question: What is the ideal nutrition for the critically obese patient? How to
nourish obese patient in the intensive care unit? What is the importance of micronu-
trients in critically obese people? The search words were critically obese, obese in ICU,
and nutrition of obese in ICU; observational studies, controlled trials, systematic
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reviews, clinical guidelines, and meta-analyses on the research topic were obtained,
for the selection of the most important articles with positive and negative results of
nutrition in critical care were assessed, As final outcomes, we searched for studies on
types of nutrition and morbidity and mortality in intensive care units.

3. Morbidity, mortality, and nutrition of critically obese patients

Obesity increases morbidity as observed in Figure 1 a morbidly obese patient
admitted to the ICU due to complications of her pregnancy, for which emergency
cesarean section was performed, which shows that obesity can complicate hospi-
talization in the intensive care unit. In Table 1, studies in ICUs aimed at nutritional
interventions to administer the number of kilocalories necessary to prevent malnutri-
tion in critically obese patients; initially, nutrition must be constituted by the total
amount of calculated kilocalories, number of proteins, and carbohydrates necessary
to provide energy to the cell. It is important to mention that the obesity paradox was
fulfilled in long-term hospitalized patients with COPD exacerbation, these had the
lowest mortality between 7% and 8%, in obese surgical patients the mortality was
10%, and in the most severe cases of obesity it represented 28.2% to 31.5%.

4. Management of critically obese patients

The NUTRIC scale is the first nutritional risk assessment tool developed and
validated specifically for ICU patients; a value >5 indicates a high risk of malnutrition
in critically ill patients [26].

Actual body weight is measured during hospitalization, ideal body weight is weight
related to height, adjusted body weight is applicable in overweight patients (actual body
weight — ideal body weight) x 0.33 + ideal body weight for patients with a BMI of up to
30 kg/m” for obese patients ideal body weight based on the patient’s height is used [27].

The normocaloric diet refers to the administration of energy around a defined
goal of 70-100% of the nutrition goal of the critically obese, the hypocaloric diet is
defined with an energy administration below 70% of the defined goal, trophic feed-
ing is a minimum administration of nutrition due to the beneficial effects of enteral
nutrition on the intestinal epithelium, enzyme secretion, immunity and prevent
bacterial translocation. Supercharging is the administration of energy 110% above the
defined target. The low-protein diet is low in protein and consists of a protein admin-
istration of less than 0.5 g/kg/day [28].

5. Obesity and nutrition in critically ill patients

Preoperative evaluation of obese patients may decrease the risk of complications.
ESPEN recommends that it is necessary to administer 65 and 70% of the energy
requirements to patients with obesity in the ICU; the goal should be achieved progres-
sively and not before the first 48-72 h to avoid overnutrition; ASPEN proposes to
use between 11 and 14 kcal/kg of real body weight/day for a BMI of 30 to 50 kg/m?,
22-25 kcal/kg ideal body weight/day (for BMI > 50 kg/m2) [29].

ESPEN recommends calculating kilocalories at 20-25 kcal/kg adjusted body
weight/day, and a usual protein dose for obese people is 1.2 g/kg ideal weight/day [30].
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6. Nutritional requirements

The corrected or adjusted weight formula helps to estimate the nutritional needs
of critically ill patients with obesity, for more accuracy, it is advisable to perform
the calculation by adjusting the patient’s weight [31-34]. The nutrition to be passed
through the enteral or parenteral route through a central venous catheter is calcu-
lated; everything depends on the integrity of the digestive tract or contraindication to
initiate enteral nutrition; critically obese patients with lack of integrity of the diges-
tive system due to previous surgeries have a higher risk of malnutrition due to lack of
micronutrients, macronutrients, or electrolytes [35, 36].

Adjusted body weight = (actual body weight — ideal body weight) x 0.33 + ideal
body weight; this value is multiplied by the kilocalories to be administered:

* Obese BMI of 30-50 kg/m? administer 11-14 kcal/kg by actual body weight per
day.

» Superobese BMI greater than 50 kg/m?, 22-25 kcal/kg by adjusted body weight
per day.

» Overweight BMI up to 30 kg/m?, 25-30 kcal/kg is used for adjusted body weight.

The necessary daily dose of protein is 2 g/kg for adjusted weight, 20-30% of
the total kilocalories calculated have to be proteins, each g of protein administered
provides 4 kcal which constitutes the calories of protein origin.

Carbohydrates are non-protein calories and account for 30-40% of total calories.

Start with 70% of what was initially calculated, increasing every 8 hours if it toler-
ates well until reaching 100% of the total requirements in 24-48 hours.

Indirect calorimetry is the test that serves to measure the energy balance, and it is
the most reliable method to measure energy expenditure. This test allows one to know
individually the energy expenditure of each patient, and it can also be performed
in patients on mechanical ventilation by connecting the calorimetry sensors to the
closed circuit of the mechanical ventilator [37].

The micronutrients used in ICU include trace elements such as selenium, zinc,
copper, manganese and vitamins C, D and B [38, 39], they are necessary for immu-
nomodulation, inflammatory response and enzymatic reactions, this is the reason
for their importance in people with obesity admitted to the intensive care unit [40],
micronutrients can be obtained through enteral nutrition that provides daily needs, In
cases of parenteral nutrition, it is necessary to provide micronutrients intravenously
to avoid deficiency [41], the strategy of parenteral supplementation with antioxidants
in severely obese patients should be carried out considering factors such as the length
of hospital stay, type of nutrition received by the patient, history of alcoholism,
cirrhosis, vomiting, diarrhea, fistulas, renal replacement therapy cause copper defi-
ciency, carnitine and vitamin B6, vitamin C, selenium and zinc, the current literature
is limited by the lack of more clinical trials and randomized research with solid
evidence on these topics. Other complementary components to parenteral nutrition
are electrolytes such as sodium, potassium, calcium, phosphorus, and magnesium
which are constantly needed during ICU nutrition [42, 43].

Nutritional management in critically obese patients is highly complex, and this
condition complicates treatment and follow-up in the ICU; for this reason, more
research is needed on the nutritional care of critical obesity; there are still knowledge
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gaps in this field to be deciphered such as immunomodulatory formulas, hypocaloric
diets, mixed nutrition, parenteral supplementation with omega-3 fatty acids in the
field of severe obesity in critical care need more trials randomized clinical studies and
studies on the types of nutrition in obese patients [44].

7. Conclusions

The nutrition of the critically obese deserves timely attention to establish an
adequate normocaloric, normoprotein diet, due to the global impact it has on almost
all organs and systems of the human body; currently, there are methods such as
enteral and parenteral nutrition that complement treatment in the ICU, adequate
nutrition according to the kilos of weight of each person.

Obese patients represent a high risk of overeating, for this reason, it is necessary
to take into consideration the ideal weight and the real weight; the requirements are
adjusted to achieve the initial goal until 100% of the calories calculated progressively
are achieved.

Critically obese patients have high morbidity and mortality in intensive care units,
which makes their management difficult. Nutrition in obese patients is a current issue
due to the special and growing needs that this disease requires for its management,
and more studies are needed on all types of nutrition. The ideal nutrition in critically
ill patients with obesity needs to be the subject of future lines of research due to its
vital importance.
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