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Malnutrition in the ICU: Current recommendations for the assessment
of nutritional status and a review of the use of albumin as an indicator
of malnutrition
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ABSTRACT

Many critically ill patients have malnutrition at presentation or develop it during hos-
pitalization, and this complication adversely affects outcomes, including length of stay,
morbidity, and mortality. All ICU patients should be evaluated for malnutrition using sim-
ple screening tools, such as the Nutritional Risk Screening and Subjective Global As-
sessment. Laboratory tests, including serum albumin levels, are inaccurate indicators
of malnutrition and do not provide a simple method for screening. In particular, albumin
levels often fall rapidly because of transcapillary efflux and altered hepatic synthesis
during acute illness. Current guidelines recommend that the nutritional status should be
assessed by a review of recent energy intake, recent weight loss, and current body mass
index and bedside assessment of muscle mass, fluid accumulation, and grip strength. An
integrated analysis of nutritional status provides a better assessment and helps develop

patient specific therapeutic interventions.

CASE

Patient X is a 55-year-old man, 72 inches tall,
weighing 86 kg, status post motor vehicle accident
with multisystem trauma. The patient is currently re-
ceiving sedation, pain control, and maintenance IV
fluids; he received 3 liters of NS bolus, 2 units of FFP,
and 2 units of PRBCs on admission. On admission,
labs included CRP -2.1mg/dL, Alb -4.5 gm/dL and
transthyretin (TTR, prealbumin) -17mg/dL. Labs on
day three showed that the CRP was 37 mg/dL, Alb
1.2 gm/dL, and transthyretin 10 mg/dL. In an over-
all assessment of the patient, the clinician states that
based on the most recent labs, enteral or parenteral
nutrition needs to be started due to malnutrition as

indicated by his low albumin.
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DiscussioN

MALNUTRITION IN THE ICU

Malnutrition is very common in critically ill pa-
tients, and its development is a function of the pa-
tients’ preexisting nutritional status and severity of
illness (degree of hypermetabolism). The character-
istics of ICU patients have changed during the last
decade; they now tend to be older and their medical
disorders more complex with frequent comorbidity.
These factors may contribute to malnutrition in the
ICU. The combination of stress and undernutrition
is associated with negative energy balances and the
loss of lean body mass’. Critically ill patients often
have a history of decreased food intake from anorexia,
gastrointestinal symptoms, depression, anxiety, and
other medical and surgical factors on presentation.
Their food intake may have also been restricted for
diagnostic or therapeutic procedures during hospital
stay, and they may have nutrient loss from diarrhea,
vomiting, polyuria, wounds, drainage tubes, and renal
replacement therapy?3.The major physiologic change
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in critical illness is hypermetabolism. Decreased pro-
tein anabolic responses secondary to reduced physi-
cal activity and the use of neuromuscular blockade
agents during mechanical ventilation and increased
protein breakdown from infection, operative trauma,
and commonly used drugs, such as corticosteroids,
cause muscle wasting *. Large energy deficits can
increase infectious complications, prolong mechani-
cal ventilation, and increase ICU stay, morbidity, and
mortality 2 °>7. Nutritional support can limit the loss of
lean body mass during critical illness, and nutritional
risk assessment is important to identify patients who
may be benefit from nutritional intervention in the ICU.

An appropriate nutritional history should re-
view changes in weight or eating habits prior to hospi-
talization, comorbidities, functionality of the gastroin-
testinal tract, and ICU course. The physical examina-
tion should assess for temporal wasting, sarcopenia,
signs of micronutrient deficiencies, fluid status, and
the presence of non-healing wounds or drains as po-
tential losses of nitrogen. Biochemical data, includ-
ing the measurement of electrolytes and visceral
proteins (e.g., albumin, prealbumin, transferrin, and
retinol binding protein), are useful markers of inflam-
mation and disease status but do not directly reflect
the nutritional status of and provide little information
about the nutritional status of critically ill patients .
Other measures to evaluate nutritional status, such
as bioelectrical impedance, muscle function studies,
creatinine-height index, anthropometric measures,
and body composition studies, are cumbersome, im-
practical, and usually unavailable °. Scoring systems
are helpful in determining overall disease severity
and stratifying patient risk. The best screening tools
are the Nutritional Risk Screening (NRS-2002) and
the Subjective Global Assessment (SGA) (Table). The
NRS includes four questions regarding body mass
index, recent weight loss, dietary intake, and illness
severity. The SGA is an alternative tool, incorporat-
ing the physical exam, comorbidities, weight, dietary
history, and functional capacity, and has proven to be
useful and reproducible in mechanically ventilated
patients °.

TABLE NUTRITION RISK SCREENING (NRS 2002)

STEP 1: INITIAL SCREENING YEs No

1 Is BMI <20.5?

2 Has the patient lost weight
within the last 3 months?

3 Has the patient had a reduced
dietary intake in the last week.?

4 Isthe patient severely ill?
(e.g., in intensive care)

Yes: If the answer is “Yes” to any question, then additional screening is
performed.

No: If the answer is “No” to all questions, the patient is rescreened at
weekly intervals.

Adapted and abridged from Detsky. JPEN 1987; 11: 8-14
BIOCHEMICAL MARKERS FOR MALNUTRITION

There is a common misconception that serum
albumin is an appropriate index of nutritional status
and is often used as the sole marker for malnutrition
by clinicians '® " Our introductory case highlights the
need to shift from using albumin and other serum
proteins as indicators of nutritional status to indica-
tors of illness and to utilize more appropriate indices
in assessing nutritional status in critically ill patients.
However, the best method(s) to diagnose, quantify,
and follow protein-energy malnutrition in both acute
and chronically ill patients is uncertain'>™, In this
section we will review the use of albumin as a nutri-
tional marker and briefly discuss confounding factors
in acutely ill patients which change albumin levels. In
the last section of this review we will discuss recom-
mendations for a more comprehensive nutritional as-
sessment.

Determinants of serum albumin: Albumin is
the body’s predominant serum binding protein and
accounts for 75-80% of normal plasma colloid oncotic
pressure and about half of the serum protein content
0. Albumin is synthesized in the liver and has a vari-
ety of functions, including the maintenance of oncotic
pressure and transport of molecules and drugs'®'5 ¢,
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Albumin has a half-life of ~18 days, and this
makes it a poor choice for monitoring nutritional status
day to day '°. Serum albumin levels are influenced by
illness, inflammation, exchange between intra- and
extravascular compartments or transcapillary escape,
hepatic synthesis and degradation, age, and multiple
other factors % 21415 |n inflammatory states, such
as SIRS and sepsis, changes in the protective barrier
of normal endothelial cells occurs '7. Endothelial dys-
function increases vascular permeability resulting in
the loss of intravascular fluid and its constituent pro-
teins, such as albumin, into the interstitial space ' '8,
This shift or “third spacing” of fluid and plasma pro-
teins decreases measurable serum albumin 8. Redis-
tribution between the extravascular and intravascular
space is affected by large amounts of intravenous flu-
ids often needed in the critically ill patients who may
have multiple infusions, require fluid boluses, or need
blood products "'. Thus, many factors acutely influ-
ence serum albumin levels; this protein has a large
total body pool and long half-life, and consequently is
nonspecific marker for assessment and monitoring of
nutritional status '2.

Multiple studies conducted in anorexic pa-
tients have reported a poor relationship between al-
bumin levels and malnutrition by showing that even
with very low BMIs and obvious malnutrition serum
albumin levels remain normal °. Additionally, the Min-
nesota Starvation Experiment, perhaps one of most
robust nutritional clinical studies performed, showed
that in starved participants who all experienced a de-
crease in BMI and in lean body and fat mass, se-
rum albumin only slightly decreased over the course
of experiment and still remained within the normal
range '°.

Inflammation and acute phase reactions: The
systemic response following inflammatory processes,
including trauma, surgery, burns, autoimmune reac-
tions, and cancer, is termed the acute phase response
(APR) ". During the APR there is an increase in cyto-
kine synthesis and release, followed by fluctuations in
acute phase proteins (APP). Serum albumin, specifi-
cally, is referred to as a negative APP, as circulating
serum levels decrease during inflammation and return
to normal after the inflammation resolves . This fluc-

tuation occurs due to reprioritization of protein synthe-
sis towards immune mediators during the acute stage
of critical illness and decreased need for other pro-
teins not essential for immune function ' . The liver
clears bacteria and bacterial products and produces
and clears inflammatory mediators. Hepatocytes that
have receptors for inflammatory mediators, such as
interleukin-6 (IL-6) or tumor necrosis factor (TNF), will
up-regulate the metabolic pathways for antiproteolytic
enzymes, also called acute phase proteins (APPs) °.
In sepsis, hepatocytes undergo a metabolic shift and
reprioritize protein synthesis to aid in cellular repair
and support the immune response. APPs enhance
host defenses and other protective functions during
immune responses; there is an increase or shift in the
direction of positive APPs synthesis and conversely a
decrease in the negative APPs synthesis . Serum
albumin, a negative APP, decreases as need for more
immunomodulatory APPs increases.

CURRENT RECOMMENDATIONS FOR NUTRITIONAL ASSESSMENT

Nutrition assessment, as defined by the
American Society for Parenteral and Enteral Nutrition
(ASPEN), uses medical, nutritional and medication
histories, anthropometric measurements, physical ex-
amination, and laboratory data to characterize the nu-
tritional status of patients 2°. This global approach to
nutrition assessment, including dietary history, clinical
status, and social history, recognizes the fundamental
relationship between nutritional status and severity of
the illness 2021,

Nutritional assessment helps identify patients
who are at nutritional risk, meaning patients who ei-
ther have actual malnutrition or who have the poten-
tial to become malnourished. The best approach in-
volves the uses of several parameters for screening
patients since no single parameter is a good indica-
tor 22. The overall consensus of the American Dietetic
Association (ADA) and ASPEN recommends two or
more of the following six characteristics for the diag-
nosis of adult patients having either severe or non-
severe malnutrition: insufficient energy intake, weight
loss, loss of muscle mass, loss of subcutaneous fat,
localized fluid accumulation that can mask weight
loss, and diminished functional status as measured

10
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by hand grip strength 22,

1. ENERGY INTAKE

Nutritional history includes recent changes in
appetite or weight, ability to eat, bowel habits, activity
level, nutrient intake, use of diets, feeding skills, types
of feeding equipment used, food allergies or intoler-
ances, and use of oral supplements 2. The history is
important to set a nutritional baseline in establishing
the etiology of nutritional impairment, such as impedi-
ments to eating, absorbing, or both. Recent energy
intake compared with estimated energy requirements
is a primary standard in assessing malnutrition. When
clinicians obtain the nutritional history and present ill-
ness from patients, they should estimate the energy
requirements and compare them to the actual energy
intake 2224, Within the context of an acute illness or
injury, severe malnutrition is defined as <50% of esti-
mated energy requirements for > 5 days, and moder-
ate malnutrition is defined as <75% of estimated en-
ergy requirements for >7 days 2% 24,

2. INTERPRETATION OF WEIGHT LOSS/PHYSICAL FINDINGS

Ideal Body Weight: One standard parameter for
evaluating changes in nutritional status involves re-
view of the usual weight of an individual %. The ideal
body weight (IBW), a comparison of the patient’s cur-
rent weight for height to the ideal body weight, can be
used as a quantifying tool in the nutrition assessment
process ?°. Interpretation of the IBW is as follows: 80-
90% IBW is considered mild malnutrition, 70-79% is
considered moderate malnutrition, and 0-69% is con-
sidered severe malnutrition 2526

Weight Loss: Weight comparisons in adults can
indicate severity of malnutrition and the percentage
of weight lost from the usual baseline weight can be
used as a parameter for malnutrition assessment. In
adults with acute illness or injury, severe malnutrition
is associated with an involuntary weight loss of >2%
of usual body weight within 1 week, >5% weight loss
within 1 month, and >7.5% weight loss in 3 months 22,
Moderate malnutrition is identified by a 1-2% weight
loss within 1 week, a 5% weight loss within 1 month,
and a 7.5% weight loss within 3 months. Careful
evaluation of other factors affecting weight, such as
hydration status, should be reviewed during this as-

sessment 22,

3. Boby Fat

Body mass index (BMI): BMI is a measure of
weight for height and is an index used both as a mea-
sure of obesity and malnutrition. In adults, a BMI of
less than 15 kg/m? is associated with a significant in-
crease in morbidity, and a BMI of less than 18.5 kg/
m? is considered underweight 232, A BMI between
18.5 and 24.9 kg/m? is considered a healthy weight,
a BMI between 25 and 29.9 kg/m? overweight, and
a BMI of 30 kg/m2 obese. Although the correlation
between BMI and total body fat is relatively strong,
variations in individuals do occur and can misclassify
some patients as undernourished or obese using BMI
alone.

Body composition: In adults, abdominal girth
measurement is commonly used to indicate risk of
coronary artery disease and other morbidity 27 2% 32,
The waist circumference is measured by obtaining
the distance around the smallest area right below the
rib cage and above the umbilicus 2 and is used to de-
termine excess abdominal fat. Waist girth circumfer-
ence is not very useful for those with a BMI 35 kg/m2
since at this level the incremental predictive power
is lost 27:2°, Mid-arm circumference, mid-arm muscle
circumference, and skinfold thickness estimate lean
and fat mass 2-2° Major limitations to these measure-
ments in the intensive care setting include fluid shifts,
changes in hydration status, and interobserver vari-
ability 2. A moderate loss of subcutaneous fat (orbital,
triceps, fat overlying the ribs) may represent severe
malnutrition in acutely ill patients 22 2% 32, Therefore,
physical examination, including palpation and inspec-
tion, should focus on possible fat and muscle wasting
in temporal regions, thorax, deltoid muscle, and fine
muscles of the hand 22 %2,

4. MuscLE MASS

A moderate loss of muscle mass will cause
muscle wasting in the buttocks, temples, clavicles,
scapula, and calf muscles in severely malnourished
patients in critical care units 22 33, Nitrogen balance
studies evaluate the adequacy of protein intake rela-
tive to need. Nitrogen metabolism is dependent on
both energy and protein intake, and increasing en-
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ergy intake often improves nitrogen balance .
5. FLUID ACCUMULATION

In hospitalized patients, accurate interpreta-
tion of changes in weight can be complex, and clini-
cians must consider all factors that can contribute to
weight changes during hospitalization. In the critically
ill patients inflammation may cause fluid shifts which
affect the body weight. For example, fluid shifts from
the intravascular space to the extravascular space
and from the intracellular space to the extracellular
space with a concurrent decline in lean body mass
can occur in malnutrition with little obvious change in
weight. In addition, diuretic and resuscitation therapy,
edema, ascites, and other fluid alterations can signifi-
cantly alter body weight within short time periods and
can conceal real changes in body weight 34 %,

6. REDUCED GRIP STRENGTH

The ability of an individual to function in his/her
environment can be measured by the hand-grip dy-
namometry and forearm muscle dynamometry. These
tests are inexpensive and easy to perform but may
be difficult in the ICU 323637 Severely malnourished
patients will have reduced grip strength ?2. Two stud-
ies have correlated handgrip and muscle dynamom-
etry measurement with nutritional status, although the
contribution of disease and injury to muscle strength
was not measured within the studies * 3". The as-
sessment of range of motion of upper extremities can
evaluate ability of patients to feed independently and
may provide information regarding problems with en-
ergy intake in patients 338,

CONCLUSIONS

Patients in critical care units for more than
1-2 days need nutritional risk assessment, includ-
ing evaluation of gastrointestinal function, and close
monitoring *°. They may need nutritional support to
compensate for energy deficits. The enteral route is
recommended in patients who have a functional gas-
trointestinal tract and who tolerate enteral feeding.
Early initiation of tube feeds portends good patient
outcomes and is recommended as soon as the he-

modynamic status is stabilized after any resuscitation
period °.The ESPEN (European Society of Clinical
Nutrition and Metabolism) guidelines recommend
the addition of parenteral nutrition after 24-48 hours
in the ICU patients receiving an inadequate amount
of enteral feeding. However, The ASPEN/SCCM
(Society of Critical Care Medicine) does not recom-
mend the administration of parenteral nutrition during
the first 7-10 days after admission #°. Specific details
about nutritional therapy are beyond the scope of this
review.

The use of albumin as a nutritional marker is
understandable given the clinical need for convenient,
specific, and accurate nutritional indicators. Although
serum albumin is not a good indicator of malnutrition,
it has utility in identifying underlying diseases and
the severity of acute iliness and correlates with over-
all patient morbidity and mortality. Unfortunately, the
perfect indicator does not exist, and multiple assess-
ments need to be performed to identify malnutrition
in the critically ill patients. Patients with a weight loss
of more than 10%, poor dietary intake, loss of subcu-
taneous tissue, and muscle wasting represent a high
risk group with poor outcomes #'.

KEY POINTS

1. Malnutrition is common in critically ill patients
and influences outcomes.

2. Nutrition risk scores provide a good first step in
patient evaluation.

3. Patients with malnutrition or at risk for the de-
velopment of malnutrition need comprehensive eval-
uation using several indicators of nutritional status.

4. Serum albumin is not a good indicator of mal-

nutrition and cannot inform therapeutic decisions.

KEy worbps- malnutrition, albumin, critical care, assessment
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