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Abstract

Liver transplantation (LT) is a major surgery performed on patients with end stage liver
disease. Nutrition is an integral part of patient care, and protein-energy malnutrition is
almost universally present in patients suffering from liver disease undergoing LT. Nutrition
assessment of preliver transplant phase helps to make a good nutrition care plan for the
patients. Nutrition status has been associated with various factors which are related to
the success of liver transplant such as morbidity, mortality, and length of hospital stay.
To assess the nutritional status of preliver transplant patients, combinations of nutrition
assessment methods should be used like subjective global assessment,Anthropometry mid
arm-muscle circumference, Bioelectrical impedance analysis (BIA) and handgrip strength.
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Introduction

Liver transplantation (LT) revolutionized the
management of liver disease.'! The most common
liver diseases are: Infections such as hepatitis B, C,
alcohol damage, fatty liver, cirrhosis, cancer, drug
damage (especially acetaminophen also known as
paracetamol) and cancer drugs. LT is the only option
for those with irreversible liver failure.”

According to Institute of Health Metrics and Evaluation
of Global Burden of Disease, deaths from cirrhosis in
all age groups is ranked 12* globally and 19" in South
Asia (1990) and was ranked 12 globally and 11* in South
Asia in the year 2010. Hence, an increasing death from
cirrhosis is seen in South Asia over a period.?!

The liver is the largest and most important metabolic
organ, playing a pivotal role in integrating several
biochemical pathways of carbohydrate, fat, protein, and
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vitamin metabolism. Protein-energy malnutrition (PEM) is
common in patients with end-stage liver diseases (ESLD)
and is highly prevalent in all forms of liver disease,
regardless of etiology.! Protein deficiency can be found
in early stages of cirrhosis.’! PEM tends to be more
frequent in advanced cirrhosis. The diagnosis of PEM
in ESLD may not be that difficult to make because of
marked muscle wasting and subcutaneous fat loss. The
prevalence of PEM has been reported to be as high as
100% in patients undergoing LT.7)

Nutrition is an integral part of health maintenance.
Progressive deterioration of nutritional status has been
associated with poor outcome in cirrhotic patients.”!
Malnutrition has been estimated to be present in 65-100%
of patients with chronic hepatic diseases.[*!"! Cause for
malnutrition in liver cirrhosis includes reduction in
oral intake, increased protein catabolism, insufficient
protein synthesis and malabsorption/maldigestion
associated with portal hypertension.!*? Malnutrition
has been associated with increased morbidity and
mortality in patients undergoing LT,[1*"3!4 and the cost
of the transplant are significantly higher.'®! Increased
rates of septic complications, poorer quality-of-life, and
a reduced life span have all been observed in cirrhotic
with poorer nutrition status when compared with
well-nourished patients.l'’!
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Patients awaiting LT frequently have a number of
nutritional problems. These can significantly increase
the operative risk at the time of surgery. Appropriate
nutrition support of these patients, both before and after
surgery, can improve their outcome."”)

Nutrition Assessment

Malnutrition in patients with ESLD is multifactorial
[Table 1]. However; major determinants are abnormal
nutrient and caloric intake, decreased intestinal
absorption and metabolic disturbances.!™®!

To determine the presence of malnutrition in patients
with ESLD, a thorough clinical assessment must be
performed as many factors contribute to malnutrition
in ESLD patients.

Malnutrition is a relevant factor when determining
the progress of hepatic disease, as it affects the storage
of nutrients, contributes to hypoalbuminemia resulting
from impaired hepatic synthesis and intensifies the
hydroelectrolytic imbalance determined by renal
alterations.!"”!

Accurate estimation of the nutritional status in patients
with ESLD represents a major challenge due to fluid
retention found in a significant number of patients
and the effect of liver function on protein synthesis.”!
Despite these challenges, PEM can be diagnosed in 20%
of patients with compensated liver disease such as and
in >80% of patients with decompensated liver disease - in
other words, those with ascites, portosystemic hepatic
encephalopathy, and portal hypertensive bleeding.
PEM is more prevalent in patients hospitalized for
alcoholic liver disease than in patients with nonalcoholic
liver disease. PEM has been associated with adverse
outcomes, including decreased patient and graft survival
after LT.I

However, there are difficulties and controversies
regarding the identification of the best nutritional
assessment method considered as the gold standard
that is low cost, loyal and easy-to-apply method, and
that does not affect the final result. Owing to these
above said challenges, which negatively interfere in the
nutritional status of the cirrhotic patient and which are
part of the natural history of the disease, it is necessary
to identify when malnutrition begins its course. This
preventive measure applies primarily to patients on
the liver transplant list, who will thus have a better
quality of life until the time of the transplant. Whilst the
original Child and Turcotte,?" classification included
nutritional status, this was replaced with prothrombin

Table I: Etiologies of malnutrition in cirrhosis!'®

Decreased intake Metabolic alterations

Anorexia-early satiety Increased or decreased metabolic rate

and nausea Glucose intolerance/insulin resistance
Ascites Rapid postprandial gluconeogenesis
Altered mental status/ Reduced glycogen stores

encephalopathy Elevated leptin and TNF-a

Altered gustatory Decreased insulin-like growth factor
sensation Increased resting energy expenditure
Frequent Increased protein requirements and protein

hospitalizations-
unpalatable diet

degradation

Preference for fat oxidation
Decreased bile salts and Increased fat
malabsorption

Decreased absorption  latrogenic factors

Inadequate bile flow
Pancreatic insufficiency
Bacterial overgrowth

Overzealous dietary restrictions, frequent
paracentesis
Diuresis (micronutrient losses), lactulose therapy

TNF-a: Tumor necrosis factor alpha

Table 2: Parameters of Child and Turcotte 1964?41
Child and Turcotte (1964)

Group designation A B C

Serum bilirubin (g%) <2 2-3 >3

Serum albumin (mg%) >3.5 3-35 <3

Ascites None Easily controlled  Poorly controlled
Neurological disorder ~ None Minimal Advanced (coma)
Nutrition Excellent Good Poor (wasting)

Table 3: CTP classification 19722324

CTP (1972)

Measure | point 2 points 3 points
Total bilirubin, <34 (<2) 34-50(2-3) >50 (>3)
umol/l (mg/dl)
Serum albumin  >3.5 2.8-3.5 <2.8
(&/d)
PT INR <l.7 1.71-2.30 >2.30
Ascites None Mild Moderate to

severe
Hepatic None Grade I-Il (or suppressed Grade llI-IV
encephalopathy with medication) (or refractor
Points Class I-year survival % 2-year survival %
5-6 A 100 85
7-9 B 8l 57
10-15 C 45 35

CTP: Child Turcotte and Pugh; INR: International normalized ratio; PT: Prothrombin time

time (PT) in the Child Turcotte and Pugh (CTP), 1972
classification®>! depicted in Tables 2 and 3. However,
the presence of PEM has been shown to be associated
with increased short- and long-term mortality in patients
with acute and chronic liver disease.*!

Parameters proposed by Blackburn et al.,*!like percent
ideal weight, triceps skin-fold (TSF) thickness (212.5 mm),
mid arm-muscle circumference (MAMC) (225.3 cm),
creatinine height index (%), albumin (23.5 g/dl),
transferrin (2180 mg/ dl), total lymphocyte count (TLC)
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(21500 cells/mm?®), delayed cutaneous hypersensitivity
response (=5 mm induration to two or more skin
tests) were used by Mendenhall et al., to devise a
protein-calorie malnutrition (PCM) score and classify
PCM into marasmic-like or kwashiorkor-like nutrition
disease by evaluating nutrition interventions in
subjects with alcoholic hepatitis. The score values
classified PCM as no malnutrition (PCM 2= 100%),
mild malnutrition (80-99.9%), moderate malnutrition
(60-79.9%), and severe malnutrition (<60%).?*! According
to the recommendations of Blackburn et al. the PCM score
correlated well with mortality, clinical severity of liver
disease, and biochemical liver dysfunction. Improving
PCM score via hospitalization improved 6-month and
1-year survival rates, underlining the importance and
prognostic significance of nutrition in chronic liver
disease.®!

Leitao et al., evaluated the physical capacity and
nutritional status of patients before LT and correlated these
parameters to the severity of liver function. Nutritional
status was evaluated by using Mendenhall score and
Blackburn classification. Low physical performance was
found in 72.5% of the patients, and when the Karnofsky
index was applied, malnutrition was found in 62.5% of the
patients (34.37% moderately and severely malnourished
and 28.13% mildly malnourished)."]

The role of malnutrition as it relates to patient survival
after LT was evaluated by Shaw et al. Patients with
severe muscle wasting and generalized malnutrition
received a score of 2; a score of 1 was assigned to those
with mild-to-moderate nutrition and 0 was assigned to
normal subjects. The study developed an equation based
on preoperative data that is: Risk = encephalopathy
score + ascites score + malnutrition score + transfusion
score + coagulopathy score. Based on the final risk score,
patients were then categorized into three subgroups:
Low, medium, and high risk. The Prognostic Nutritional
Index (PNI) is an example: PNI% = 158-16.6 (albumin) -
0.78 (TSF) - 20 (transferrin) - 5.8 (delayed hypersensitivity
reaction), where PNI depicts the risk of developing
complications. This model predicted complications in
patients undergoing major surgery, but it has not been
found useful in predicting complications in patients with
ESLD awaiting LT.1?*!

Nutritional assessment factors (including dietary
history, anthropometric and biochemical measurements,
and evaluation of immunocompetence) were
retrospectively reviewed in 74 patients undergoing an
initial LT procedure. The patients were subdivided into
four categories on the basis of the type of liver disease:

Chronic active hepatitis, primary sclerosing cholangitis,
primary biliary cirrhosis, and acute or subacute hepatitis.
The data indicated that malnutrition was present
preoperatively in all LT groups (=PNI 60%), but that
each group had distinct characteristics. The group with
primary biliary cirrhosis seemed to have the best hepatic
synthetic function despite extreme wasting of muscle and
fat. Based on all criteria, the group with acute hepatitis
was the most malnourished of the various disease
groups. It also reported the poor predictive value of the
PNI in liver-failure patients which may be explained
either by the rapid reversal of many of the metabolic and
nutritional abnormalities by the transplanted liver or
alternatively by the fact that most of the measurements
included in the PNI are poor markers of malnutrition in
patients with liver failure.[®

Malnutrition is common in patients with ESLD; hence,
the ability to detect alterations in nutritional status
is vital for the clinicians. Anthropometry, laboratory
values, body composition analysis, subjective global
assessment (SGA), and handgrip (HG) strength are tools
that the clinician can use to help determine a patient’s
nutritional status. Early detection and interventions to
correct nutritional deficits in patients with liver disease
may help improve their morbidity and mortality.!

Anthropometry

Anthropometry is a reasonably accurate bedside tool
to detect the protein depleted status of cirrhotic patients
whenused by a single trained examiner.>*' Measurements
such as height, weight and body mass index (BMI),
skin-fold thickness (triceps, biceps, subscapular,
suprailiac) and MAMC are simple, quick, cheap and
noninvasive methods of estimating weight-for-height,
subcutaneous fat and somatic protein stores.!**"!

Unfortunately, most of the easily applicable methods
are confounded by significant fluid retention in
cirrhotics with ascites and peripheral edema. BMI
in particular has been criticized for yielding falsely
high values, but correction by subtracting estimated
amounts of ascites and other fluid collections may
compensate for this disadvantage to some extent.?
Anthropometric parameters to assess muscle and fat
masses (FM) (arm-muscle circumference and skin-fold
thickness) are simple and useful methods (when used
by a trained operator) to evaluate nutritional status in
those patients with chronic liver disease.?

According to Italian Multicenter Cooperative Project on
nutrition in liver cirrhosis (1994), patients with cirrhosis
exhibited a wide range of nutritional abnormalities.
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While 29% of females and 18% of males appeared to
be over nourished, a significant reduction in fat stores,
as estimated by the MAMC was observed in 30% of
patients with cirrhosis. Measurements of mid arm
circumferences (MAC) were used for the calculation of
MAMC as follows: MAMC = MAC - (3.14 x TSF).B4 The
prevalence of signs of nutritional depletion increased in
both sexes as liver function deteriorated. Mean values for
MAMC decreased by 30% in males and by 40% in females
with moderate to severe liver failure. The reduction in
MAMC was more evident in males (17 % decreases) than
in females (9% decrease).®!

A study by Akerman et al., showed 33% and 43% of
patients were malnourished with <5% percentile of TSF
and arm-muscle circumference, respectively.r

A prospective study examined the effect of nutritional
status, using anthropometric measurements, on outcome
in 102 consecutive adult patients undergoing elective LT.
Nutritional status was assessed by using MAMC. Patient
outcome variables were time spent in the intensive
therapy unit, total time in hospital, infective complications
and mortality within 6-month. Graft outcome variables
were early graft function, peak aspartate transaminase,
alkaline phosphatase, bilirubin and PT. The results
depicted that 79% of patients were <25% percentile
of anthropometric measurement (MAMC) and 28%
were <5 percentile. These data suggest that a significant
proportion of patients undergoing LT are nutritionally
compromised and this has effects on patient infection,
susceptibility, graft function and mortality, which may
possibly be improved by nutritional intervention.!

Alberino et al., studied 212 hospitalized patients with
liver cirrhosis who were followed clinically for 2-year or
until death. Patients were evaluated by TSF and MAMC,
respectively. Multivariate analysis according to Cox’s
model assessed the predictive power of nutritional
parameters on survival. 34% of patients had severe
malnutrition (MAMC and/or TSF <5 percentile and
20% had moderate malnutrition (MAMC and/or TSF,
<10* percentile). Twenty-six percent of patients were
over nourished (MAMC and/or TSF, >75" pecentile).
Severely and moderately malnourished patients had
lower survival rates than normal and over nourished
patients. When analyzed with Cox’s regression analysis,
severe depletion of muscle mass and body fat were found
to be independent predictors of survival. The study also
showed that inclusion of anthropometric measures in
the assessment of these patients might provide better
prognostic information.!"!

A study by Figueiredo et al., showed that in patients
with ESLD, arm-muscle circumference and HG strength
are the most sensitive markers of body cell mass (BCM)
depletion. Nutritional status correlated poorly with
BCM. The study suggested that a significant proportion
of patients undergoing LT are nutritionally compromised
and that this has effects on patient infection, susceptibility,
graft function and mortality, which may possibly be
improved by nutritional intervention.”!

Biochemical Parameters

Circulating concentrations of many visceral plasma
proteins (albumin, prealbumin, retinol-binding protein)
and 24-h creatinine excretion are highly affected by the
presence of liver disease and inflammatory states, as
these are synthesized in liver. Immune status, which is
often considered a functional test of malnutrition, may
be affected by hypersplenism, abnormal immunologic
reactivity and alcohol abuse.®! At present, TLC and
CDS8 cell count seem to be of prognostic value in
malnourished patients with alcoholic liver disease. In
nutrition intervention trials, results from skin anergy
test were not useful for the detection of nutritional
changes. Serum transferrin has a half-life of 9 days,
and can be used as a marker for malnutrition. Good
correlation between transferrin levels with the CTP
scores score has been demonstrated before and a
reduced level of serum transferrin is additionally
indicative of decreased caloric intake related to liver
transplant patients.!

Biochemical markers of malnutrition include serum
albumin concentration and measurements of 24-h
creatinine excretion related to liver transplant patients.
While the former varies significantly due to hepatic
function, the latter has been suggested as an indirect
measure of body muscle mass, as 1 g of excreted
creatinine equals 18.5 kg of muscle mass.*"!

A study by Fukushima et al., assessed the predictability of
prognoses of ESLD in patients by application of nutritional
index “CONUT" for evaluating prognosis of disease.
The prognoses of the patients were evaluated using the
following five models: CONUT (albumin [g/dl], total
lymphocyte [/ ml], total cholesterol [mg/dL]), the model
for end-stage liver disease (MELD) with incorporation of
sodium (MELD-Na), CTP scores, Prognostic Nutritional
Index (PNI), and the Japan Medical Urgency criteria of
the liver. The indices were 17.74 + 5.80 for MELD-Na,
9.21+2.19for CTP, 33.92 £11.16 for PNI-O, and 7.57 +3.09
for CONUT. Univariate analysis revealed the significance
of CONUT as it showed best predictability for the distant
prognoses of patients with ESLD.!
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It can be concluded that a poor nutritional state, as
well as hypermetabolism, adversely affects survival
after LT. These potentially treatable presurgical factors
deserve close attention in interventional studies. Hence,
multiple biochemical parameters are required to be given
importance in patients undergoing LT.

Subjective Global Assessment

No gold-standard evaluation exists to determine the
extent of malnutrition in patients with ESLD. Traditional
nutritional parameters such as weight loss, serum
protein concentrations, TLC, delayed hypersensitivity
testing, urinary 3-methylhistidine excretion, and
creatinine-height index may be affected by liver disease
or its symptoms. Five features of the history are elicited
by subjective global assessment [Figure 1]. The first is
weight loss in the previous 6-month, expressed as both
kilograms and proportionate loss. Weight less that 5%
considered as a “small” loss, between 5% and 10% as a
“potentially significant” loss, and >10% as a “definitely
significant” loss. Also the rate of weight loss and its
pattern are considered. The second feature of the history
is dietary intake in relation to a patient’s usual pattern.
Patients are classified first as having normal or abnormal
intake. The duration and degree of abnormal intake are
also noted (starvation, hypo caloric liquids, full liquid
diet, suboptimal solid diet). The third feature of the
history is the presence of significant gastrointestinal
symptoms (anorexia, nausea, vomiting, and diarrhea).
These symptoms have persisted on virtually a daily
basis for a period longer than 2 weeks. Short-duration
diarrhea or intermittent vomiting is not considered
significant. Daily or twice daily vomiting secondary
to obstruction is considered significant. The fourth
feature of the history is the patient’s functional capacity
or energy level (bedridden to full capacity). The last
feature of the history concerns the metabolic demands
of the patient’s underlying disease state. There are four

features of the physical examination which are noted as
either normal (0), mild (1+), moderate (2+), or severe (3+)

Therefore, the SGA is the preferred nutritional
evaluation method for LT candidates.['>*>%] Patients are
classified as being well-nourished or as having mild,
moderate, or severe malnutrition.[* This test has shown
high specificity (96%) with a very low sensitivity (22%)
for diagnosing malnutrition in patients with alcoholic
liver disease. However, Hasse proposed SGA as a
reliable tool used to evaluate nutritional status in LT
patients*! [Table 4].

According to Gunsar et al., only SGA showed a significant
association with mortality of cirrhotic. The final model
included variables like urea, Royal Free Hospital-SGA,
age, Child-Pugh grade and PT. The results were similar
when the CTP score was replaced by the model for ESLD
score, and whether a competing risks model was used.!
Hence, Nutritional indices add significantly to both CTP
score and Model for ESLD scores when assessing the
patient prognosis. The SGA demonstrated a trend towards
more malnutrition in CTP C compared with CTP B liver
cirrhosis.*! Merli et al., showed SGA had 77 % agreement
with anthropometry. Hence, it can be has be a useful tool
for screening malnutrition.

Another study showed significant relationship of
SGA with clinical variables like CTP scores, presence
of ascites and/or edema, and encephalopathy. Patients
were nutritionally assessed by SGA, anthropometry, HG
dynamometry and biochemical tests. Clinical variables
were cross analyzed with the nutritional assessment
methods. In the study 159 patients were followed.
Malnutrition ranged from 6.3% to 80.8% according to
the different methods used. Agreement among all the
methods was low (K < 0.26). Though dynamometry
showed highest percentage of malnutrition of 80.8%,

Table 4: Major studies based on SGA for nutrition assessment in patients undergoing liver transplant

Researches Patient population %

Results

Pikul et al., 19943 68 liver transplant patients
Well-nourished: 21

Mildly malnourished: 19
Moderately malnourished: 34
Severely malnourished: 26
1224 liver transplant patients
Well-nourished: 25
Moderately malnourished: 60
Severely malnourished: |5
109 liver transplant patients
Mildly malnourished: 36
Moderately malnourished: 3|
Severely malnourished: 33

Hasse et al., 19985"

Stephenson et al., 2001

Moderately and severely malnourished patients had longer
ICU and hospital stays

Severely malnourished patients had increased incidence of
tracheostomies

A trend towards increased mortality in severely malnourished
ICU stays were prolonged in severely malnourished

|- and 3-year patient and graft survival rates were significantly
lower in severely malnourished patients

Severely malnourished patients required more blood products
ICU and hospital stays were longer in severely malnourished

ICU: Intensive care unit; SGA: Subjective global assessment
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Figure 1: Components of subjective global assessment for liver transplant
patientsl'343-4¢]

but only SGA showed correlation with the progression
of liver disease.*!

Subjective global assessment is a clinical tool first
described >2 decades ago and has been used to assess
nutritional status in patients with liver disease as well
as other disease states. Figure 1 depicts five features of
SGA.¥I The SGA is an integrated tool that utilizes the
clinical judgment of a practitioner to identify patients at
risk of or with malnutrition. It is a clinically useful, simple,
safe, and inexpensive tool allowing for widespread use by
trained clinicians and remains the gold standard for new
bedside assessment tools.’ The SGA is able to predict
nutrition-associated complications that are infections, use
of antibiotics, and length of hospital stay.!*!

Subjective global assessment is an excellent
independent predictor of outcome in patients undergoing
LT. Severely malnourished patients require more
blood products during surgery and have prolonged
postoperative length of stay in hospital. Data suggest
that if nutritional repletion is possible in patients with
ESLD before transplantation, patient outcomes could
be improved.[os!

Roongpisuthipong et al., aimed to determine the
prevalence of PEM characteristics, and clinical importance
of nutrition disorders in patients with liver cirrhosis
according to severity of disease. Protein malnutrition (low
albumin) and immune incompetence (abnormal response
to skin tests) were found much more frequently (45% and
22%) than energy malnutrition. SGA and serum proteins
correlated with the degree of liver-function impairment,
but immunologic tests correlated inversely in cirrhosis
patients. Mean values for creatinine- height index,
hemoglobin, cholesterol, and complement C4 showed
significant decreases in severe liver failure (CTP class C)
only in patients with alcoholic cirrhosis. Malnutrition

was correlated with the clinical severity of liver disease.
The study showed that PEM is a common complication
of liver cirrhosis.?

Morgan et al., showed intra-observer repeatability
coefficients for anthropometric variables which ranged
from 0% to 8.0%. The intra-class correlation coefficient
for dietary intake was 0.42 but exceeded 0.8 for all of
the anthropometric variables, indicating substantial
inter-observer agreement. The assessment of nutritional
status was concordant in 81% of patients. Nutritional
categorization was significantly associated with both
relative TSF and relative MAMGC, but not with BMI. Thus,
the modified SGA method of nutritional assessment was
reproducible between observers and was significantly
associated with two of the three anthropometric variables
measured.”!

In a study by Fernandes et al., depicted, 20.2% of the
patients in this study were classified as malnourished by
SGA;B in another study conducted by Gottschall et al.
the SGA index achieved 38%. SGA presents sensitivity
of 22% in patients with cirrhosis and underestimates the
nutritional state of pretransplant patients by 57% and
with overestimation of 6 %. Paradoxically, some studies
suggest that the benefits of SGA for the nutritional state
progress of candidates for transplantation, while other
studies showed that SGA detects malnutrition in only
25% of the cases. However, it should be noted that SGA is
an instrument composed of quantitative and qualitative
variables, subject to varied interpretations, as it is a
partially subjective method.>¢*!

Guidelines

ESPEN guidelines (1997) for nutrition in liver disease
and transplantation stated that PEM impairs liver
function but rarely causes morphological alterations.
Quantitative liver function tests can be used as global
indicators of functional impairment but are not capable
of separating between malnutrition induced and
disease-induced liver malfunction.”!

ESPEN guidelines (2006) on liver disease
recommended use of simple bedside methods such
as the SGA or anthropometry to identify patients at
risk of undernutrition. It also recommended BCM
measured by bioelectric impedance analysis to quantify
undernutrition, despite some limitations in patients with
ascites.!

ESPEN guidelines (2006) on enteral nutrition in
organ transplantation recommended use of nutritional
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support in patients with severe nutritional risk for
10-14 days prior to major surgery even if surgery has to
be delayed. Severe nutritional risk refers to at least one
of the following: Weight loss >10-15% within 6-month,
BMI <18.5 kg/m?, SGA Grade C, serum albumin <30 g/1
with no evidence of hepatic or renal dysfunction.”

Bioelectrical Impedance Analysis

BIA evaluates the body electrical conductivity and
resistance (impedance) and has been used to determine
lean body mass and fat in patients with ESLD. It is
based on the principle that conduction through fat tissue
tends to be decreased due to increased impedance, in
contrast with a more rapid conduction through water.
It is a noninvasive and inexpensive test; however,
measurement of BCM in patients with edema may be
inaccurate.®”! The assessment through BIA presented a
statistically significant correlation with CTP score. The
use of BIA is controversial in patients with ascites,*!
but caution should also be exerted in patients without
clinical signs of fluid overload.® In two studies, a good
correlation was found between fat free mass (FFM)
and BCM by BIA and BCM assessed by total body
potassium counting.[®l However, BIA was found unable
to accurately reflect changes in body composition due to
cirrhosis when direct methods were used.P!

Very little information is available on body composition
in patients with cirrhosis. Difficulties arise in studying
these patients because they tend to retain fluid and these
results in changes in tissue density and in the hydration
fraction of FFM. As the classic body composition
techniques rely on the assumption that these variables
remain constant, use of these methods will result in
either under- or overestimates of body composition
variables. Use of multi-component models (like the
three-component model of water, fat and protein/
mineral is based on measurements obtained from both
densitometry and water dilution), employing two or more
measurement techniques, will obviate the need for some
of the assumptions inherent in the use of single techniques,
thereby increasing the accuracy of the assessments,
without loss of precision./!! Figueiredo et al., compared
the traditional two-compartment model (SGA and
anthropometry and blood tests) of nutritional assessment
with a multicompartmental model (body composition
analysis) in patients with cirrhosis. SGA depicted 31.6%
as malnourished. According to the multicompartmental
model, 60.1% were malnourished, 34.4% in Child’s A, 69%
in B, and 94.4% in C. The use of the multicompartmental
model increased the prevalence of malnutrition by >60%
in Child’s classes A and B patients and by >20% in Child’s
class C patients. Traditional nutritional assessment,

although easier, underestimated the prevalence and
severity of malnutrition in patients with cirrhosis. The
underestimation was more pronounced in Child’s class A
and B patients.

A study by Kyle et al., measured BIA derived FFM
among pre- and post-transplant liver, lung, and heart
patients. The high correlation coefficient, small bias
and small Standard estimation of error (2.3 kg) suggest
that BIA using the GENEVA equation is able to predict
FFM in pre- and post-transplant patients. The study
showed that the lower weight seen in transplant men
and women than in controls was due to lower FFM,
which was partially offset by higher fat mass in men
but not in women. Furthermore, the higher weights in
post-transplant than in pretransplant patients were due
to higher FM and % FM that was confirmed by lower
FFM/FM ratio in post-transplant patients.[

Kaido et al., preoperatively measured BCM using a
body composition analyzer and various nutritional
parameters including prealbumin, branched-chain amino
acids (BCAA)/tyrosine ratio, and zinc in 50 consecutive
recipients undergoing Living Donor Liver Transplant
for 1-year. Risk factors for post-transplant sepsis were
analyzed. The incidence of postoperative severe infection
and in-hospital death was significantly higher in patients
with preoperative low BCM than in patients with normal
or high BCM. Multivariate predictors of post-transplant
sepsis included preoperative low BCM, absence of
preoperative supplementation with BCAA-enriched
nutrient mixture, and a model for ESLD score of 20 or
above. Hence the study concluded that preoperative BCM
level closely relates to the postoperative clinical course
in patients undergoing LT.I*! Selberg et al., correlated
BCM with MAMC and creatinine excretion. Survival
analysis for all patients of the study group showed that
those with a higher proportion of BCM (0.35% of body
weight) tended to have better survival. A prognostic
risk profile was developed on the basis of the degree of
hypermetabolism and malnutrition as assessed by BCM
% Body Weight.[]

Handgrip Strength

A cross-sectional study by Silva and Silveira (2005)
evaluated nutritional status by SGA, PNI and HG
strength in cirrhotic patients. Prevalence of malnutrition
was 28% by SGA, 18.7% by PNI, and 63% by HG. When
compared with SGA, HG lacked specificity and had a
positive prediction value of only 38%. This could lead to
the risk of categorizing a patient as malnourished who
is not. The positive predictive value was 37.9%, and the
negative value was 100%. Patients with cirrhosis were
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followed for 1-year to verify the incidence of major
complications, the need for transplantation, and death.
There was a high prevalence of malnutrition in cirrhotic
outpatients, especially when assessed by HG, which was
superior to SGA and PNl in this study. HG was the only
technique that predicted a significant incidence of major
complications in 1-year in undernourished cirrhotic
patients. HG seems to be a simple, inexpensive, and
effective method to detect PCM, or at least nutritional
risk, in this population because it can identify those
patients who are most likely to develop complications.!

A study by Figueiredo et al., showed for patients with
ESLD, MAMC and HG strength are the most sensitive
markers of BCM depletion. It is proved that patients
with depleted BCM (lowest quartile for sex) had lower
HG strength. Another study by Figueiredo et al., in
the same year depicted the impact of nutrition status
on post-transplant factors. Longer Intensive Care Unit
stay was associated with lower HG strength and lower
aromatic amino acid levels. Longer total hospital stay
and the development of infections were associated with
lower branched chain amino acid levels."

Ferreira et al., aimed to study different tools used
to assess the nutritional status of patients waiting for
a LT. Patients were nutritionally assessed by SGA,
anthropometry, HG dynamometry and biochemical
tests. Clinical variables were cross analyzed with the
nutritional assessment methods. Malnutrition ranged
from 6.3% to 80.8% according to the different methods
used. According to SGA, malnutrition was present in
74.7% of the patients, and of these, 85 patients (72%) were
moderately and 33 (28%) were severely malnourished.
Malnutrition in patients on the waiting list for LT
according to HG was 80.8%. Only SGA showed
significant relationships with clinical variables like
CTP scores, presence of ascites and/or edema, and
encephalopathy. Dynamometry was a more sensible
method to diagnose malnutrition in cirrhotic patients.**!
However, this parameter was not associated with CTP
classes, where patients with CTP C are expected to be
malnourished by definition. CTP C is associated with
greater early postoperative morbidity. Advanced CTP
class is also associated with diminished muscle status
and parenchymal disease. Grip strength and MAMC
were lower in the patients in CTP classes B and C.
Parenchymal liver disease was associated with lower
grip strength and MAMC when compared to cholestatic
disease.!*”]

Conclusion

Nutrition assessment in LT is a crucial step which

should be performed prior to the transplant as PEM
is associated with morbidity and mortality of patients.
Prior nutritional assessment will help to plan nutrition
intervention for patients undergoing liver transplant.

Pretransplant nutritional assessment in the patient with
ESLD is problematic. The best system for nutritional
assessment uses a “global” evaluation of the patient’s
nutritional reserves. With such a technique, the vast
majority of transplant candidates have been shown to
have evidence of malnutrition. Several investigators
have demonstrated the risk of significant malnutrition
on post-transplant outcome. An aggressive approach to
nutritional repletion is necessary to improve the ESLD
patient’s metabolic reserves, maintain remaining hepatic
function, and better the outcome after LT.[! Hence,
timely nutrition assessment and intervention in organ
transplant recipients may improve outcomes surrounding
transplantation. A pretransplant nutrition assessment
should include a variety of parameters including physical
assessment, history, anthropometric measurements,
and laboratory tests. Malnutrition compromises
posttransplant survival; prolonged waiting times worsen
outcomes when patients are already malnourished.[*!

Even after considering the limitations of nutritional
assessment, it is very important to obtain a more complete
evaluation of a cirrhotic patient and to recognize the
possible need for nutrition intervention. An appropriate
nutritional evaluation will include combination of
various methods like SGA, anthropometry MAMC, BIA
and HG to formulate a composite score for assessment
of malnutrition.

References

1. Tran TT, Nissen N, Poordad FF, Martin P. Advances in liver
transplantation. New strategies and current care expand access,
enhance survival. Posterad Med 2004;115:73-6, 79.

2. Kasper D, Braunwald E, Hauser S, Longo D, Jameson J, Fauei. A.

Iarrison's Principles of Internal Medicine. 16th ed.2005; 11:1301-

2608.

Institute of Health Metrics, Evaluation Global Burden of Disease.

GBD 2010 Leading Causes and Risks by Region Heat Map. (1990 and

2010). Available from: http://www.healthmetricsandevaluation.org/ghd/

visualizations/gbd-heatmap. [Last accessed on 2013 Feb 21].

4. MecCullough AJ, Bugianesi E. Protein-calorie malnutrition and the
etiology of cirrhosis. Am J Gastroenterol 1997;92:734-8.

5. Prijatmoko D, Strauss BJ, Lambert JR, Sievert W, Stroud DB,
Wahlqvist M1, et al. Early detection of protein depletion in alecoholie
cirrhosis: Role of body composition analysis. Gastroenterology
1993;105:1839-45.

6. Hasse JM. Nutritional implications of liver transplantation. Henry
Ford Hosp Med J 1990;38:235-40.

7. Lochs H, Plauth M. Liver cirrhosis: Rationale and modalities for
nutritional support — the European Society of Parenteral and Enteral
Nutrition consensus and beyond. Curr Opin Clin Nutr Metab Care
1999;2:345-9.

8. DiCecco SR, Wieners EJ, Wiesner RH, Southorn PA, Plevak D.J,

W

679



[Downloaded free from http://www.ijccm.org on Wednesday, August 05, 2015, IP: 143.107.200.197]

Indian Journal of Critical Care Medicine October 2014 Vol 18 Issue 10

10.

11.

13.

14.

15.

16.

30.

31.

Krom RA. Assessment of nutritional status of patients with end-stage
liver disease undergoing liver transplantation. Mayo Clin Proc
1989;64:95-102.

Lautz HU, Selberg O, Korber oJ, Buirger M, Miller M.J. Protein-calorie
malnutrition in liver cirrhosis. Clin Investig 1992;70:478-86.
Stephenson GR, Moretti EW, El-Moalem I, Clavien PA,
Tuttle-Newhall JE. Malnutrition in liver transplant patients:
Preoperative subjective global assessment is predictive of outcome after
liver transplantation. Transplantation 2001;72:666-70.

Coltorti M, Del Vecchio-Blanco C, Caporaso N, Gallo C, Castellano L.
Liver cirrhosis in Italy. A multicentre study on presenting modalities
and the impact on health care resources. National Project on Liver
Cirrhosis Group. Ital J Gastroenterol 1991;23:42-8.

Sobhonslidsuk A, Roongpisuthipong €, Nantiruj K, Kulapongse S,
Songchitsomboon S, Sumalnop K, et al. Impact of liver ¢irrhosis on
nutritional and immunological status. JJ Med Assoc Thai 2001;84:982-8.
Pikul J, Sharpe MD, Lowndes R, Ghent CN. Degree of preoperative
malnutrition is predictive of postoperative morbidity and mortality in
liver transplant recipients. Transplantation 1994;57:469-72.

Selberg O, Bottcher J, Tusch G, Pichlmayr R, Henkel K, Miller M.J.
Identification of high- and low-risk patients before liver transplantation:
A prospective cohort study of nutritional and metabolic parameters in
150 patients. Hepatology 1997;25:652-7.

(O’Grady JG. Clinical economies review: Liver transplantation. Aliment
Pharmacol Ther 1997;11:445-51.

Alberino F, Gatta A, Amodio P, Merkel C, Di Pascoli L, Boffo G,
el al. Nutrition and survival in patients with liver cirrhosis. Nutrition
2001;17:445-50.

Baron P, Waymack JP. A review of nutrition support for transplant
patients. Nutr Clin Pract 1993;8:12-8.

Kerwin AJ, Nussbaum MS. Adjuvant nutrition management of
patients with liver failure, including transplant. Surg Clin North Am
2011;91:565-78.

Maio R, Dichi JB, Burini RC. Nutritional consequences of metabolic
impairment of macronutrients in chronic liver disease. Arq Gastroenterol
2000;37:52-7.

Marsano L, Me¢Clain CJ. Nutrition and aleoholie liver disease. JPEN
J Parenter Enteral Nutr 1991;15:337-44.

Child CG, Turcotte JG. Surgery and portal hypertension. In: Child CG,
editor. The Liver and Portal Hypertension. Philadelphia: Saunders;
1964. p. 50-1.

Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R.
Transection of the oesophagus for bleeding oesophageal varices. Br .J
Surg 1973;60:646-9.

Forman LM, Lucey MR. Predicting the prognosis of chronic liver
disease: An evolution from child to MELD. Mayo End-stage Liver
Disease. Hepatology 2001;33:473-5.

Alvares-da-Silva MR, Reverbel da Silveira T. Comparison between
handgrip strength, subjective global assessment, and prognostic
nutritional index in assessing malnutrition and predicting clinical
outcome in cirrhotic outpatients. Nutrition 2005;21:113-7.
Blackburn Gl Bistrian BR, Maini BS, Schlamm T, Smith ME
Nutritional and metabolic assessment of the hospitalized patient. JPEN
J Parenter Enteral Nutr 1977;1:11-22.

Mendenhall CLi; Tosch T, Weesner RE, Garcia-Pont P, Goldberg S.J,
Kiernan T, et al. VA cooperative study on aleoholic hepatitis. II:
Prognostic significance of protein-calorie malnutrition. Am J Clin Nutr
1986;43:213-8.

Leitao AV, Castro CL, Basile TM, Souza TH, Braulio VB. Evaluation
of the nutritional status and physical performance in candidates to liver
transplantation. Rev Assoc¢ Med Bras 2003;49:424-8.

Shaw BW Jr, Wood RP, Gordon RD, Iwatsuki S, Gillquist WP,
Starzl TE. Influence of selected patient variables and operative blood
loss on six-month survival following liver transplantation. Semin Liver
Dis 1985;5:385-93.

Mac Donald AA, Angela A, Ziegler J, Sinclair .. Nutritional status in
liver transplant recipients. Top Clin Nutr 2010;25:20-6.

Baxter JP. Problems of nutritional assessment in the acute setting.
Proe Nutr Soc 1999;58:39-46.

Figueiredo F, Dickson ER, Pasha T, Kasparova P, Therneau T,

38.

39.

41.

42.

43.

44.

45.

16.

47.

48.

49.

52.

Malinchoe M, et al. Impact of nutritional status on outcomes after liver
transplantation. Transplantation 2000;70:1347-52.

Merli M, Nicolini (+, Angeloni S, Rigeio O. Malnutrition is a risk factor
in cirrhotic patients undergoing surgery. Nutrition 2002;18:978-86.
Nutritional status in cirrhosis. Italian multicentre cooperative project
on nutrition in liver cirrhosis. JJ Hepatol 1994;21:317-25.

Durnin JV, Womersley J. Body fat assessed from total body density
and its estimation from skinfold thickness: Measurements on 481 men
and women aged from 16 to 72 years. BrJ Nutr 1974;32:77-97.
Akerman PA; Jenkins RL, Bistrian BR. Preoperative nutrition
assessment in liver transplantation. Nutrition 1993;9:350-6.
Harrison J;, McKiernan J; Neuberger JM. A prospective study on the
effect of recipient nutritional status on outcome in liver transplantation.
Transpl Int 1997;10:369-74.

Figueiredo FA, Dickson ER, Pasha TM, Porayko MK, Therneau TM,
Malinchoe M, et al. Utility of standard nutritional parameters in
detecting body cell mass depletion in patients with end-stage liver
disease. Liver Transpl 2000;6:575-81.

Crawford DI, Cunco RC, Shepherd RW. Pathogenesis and assessment
of malnutrition in liver disease. JJ Gastroenterol Hepatol 1993;8:89-94.
Mendenhall CLi, Moritz TE, Roselle GA, Morgan TR, Nemchausky BA,
Tamburro CH, et al. Protein energy malnutrition in severe
aleoholic hepatitis: Diagnosis and response to treatment. The VA
cooperative study group #275. JPEN J Parenter Enteral Nutr
1995;19:258-65.

Pirlich M, Selberg O, Boker K, Schwarze M, Miiller M.J. The ereatinine
approach to estimate skeletal muscle mass in patients with cirrhosis.
Hepatology 1996;24:1422-7.

Fukushima K, Ueno Y, Kawagishi N, Kondo Y, Inoue J, Kakazu E,
et al. The nutritional index ‘CONUT” is useful for predicting long-term
prognosis of patients with end-stage liver diseases. Tohoku J Exp Med
2011;224:215-9.

Hasse .J. Role of the dietitian in the nutrition management of adults
after liver transplantation. J Am Diet Assoc 1991;91:473-6.

Hasse JM. Nutrition considerations in liver transplantation. Top Clin
Nutr 1992;7:24-33.

Hasse oJ. Liver transplantation: The benefits of nutrition therapy in the
liver transplant patient. In: Klintmalm G, editor. Recent Developments
in Transplantation Medicine: Liver Transplantation. Vol. I11. Glenview,
IL: Physicians and Seientists Publishing Co.; 1996. p. 81-100.
Hasse J, Strong S, Gorman MA, Liepa (. Subjective global assessment:
Alternative nutrition-assessment technique for liver-transplant
candidates. Nutrition 1993;9:339-43.

Gunsar F, Raimondo ML, Jones S, Terreni N, Wong C, Patch D,
et al. Nutritional status and prognosis in cirrhotic patients. Aliment
Pharmacol Ther 2006;24:563-72.

Tai ML, Goh KIi, Mohd-Taib SII, Rampal S, Mahadeva S.
Anthropometrie, biochemical and clinical assessment of malnutrition
in Malaysian patients with advanced cirrhosis. Nutr .J 2010;9:27.
Ferreira LG, Anasticio LR, Lima AS, Correia MI. Assessment of
nutritional status of patients waiting for liver transplantation. Clin
Transplant 2011;25:248-54.

Detsky AS, McLaughlin JR, Baker JP, Johnston N, Whittaker S,
Mendelson RA, et al. What is subjective global assessment of nutritional
status? JPEN .J Parenter Enteral Nutr 1987;11:8-13.

Keith JN. Bedside nutrition assessment past, present, and future:
A review of the Subjective Global Assessment. Nutr Clin Pract
2008;23:410-6.

Hasse, J M; Gonwa, T A; Jennings, L W; Goldstein, R M; Levy, M I}
Husberg, B S et al. Malnutrition Affects Liver Transplant Outcomes.
Transplantation 1998; 65:5:129

Roongpisuthipong €, Sobhonslidsuk A, Nantiruj K, Songehitsomboon S.
Nutritional assessment in various stages of liver cirrhosis. Nutrition
2001;17:761-5.

Morgan MY, Madden AM, Soulsby CT, Morris RW. Derivation and
validation of a new global method for assessing nutritional status in
patients with cirrhosis. Hepatology 2006;44:823-35.

Fernandes SA, Bassani 1, Nunes F'E, Aydos ME, Alves AV, Marroni CA.
Nutritional assessment in patients with eirrhosis. Arq Gastroenterol
2012;49:19-27.

680



[Downloaded free from http://www.ijccm.org on Wednesday, August 05, 2015, IP: 143.107.200.197]

Indian Journal of Critical Care Medicine October 2014 Vol 18 Issue 10

ot
t

60.

61.

Gottschall CB, Alvares-da-Silva MR, Camargo AC, Burtett RM, da
Silveira TR. Nutritional assessment in patients with cirrhosis: The use
of indirect calorimetry. Arq Gastroenterol 2004;41:220-4.

Figueiredo FA, Perez RM, Freitas MM, Kondo M. Comparison of three
methods of nutritional assessment in liver cirrhosis: Subjective global
assessment, traditional nutritional parameters, and body composition
analysis. J Gastroenterol 2006;41:476-82.

Plauth M, Merli M, Kondrup J, Weimann A, Ferenci P, Miiller M.J, ef al.
ESPEN guidelines for nutrition in liver disease and transplantation.
Clin Nutr 1997;16:43-55.

Plauth M, Cabré E; Riggio O, Assis-Camilo M, Pirlich M, Kondrup .J,
et al. ESPEN Guidelines on Enteral Nutrition: Liver disease. Clin Nutr
2006;25:285-94.

Weimann A, Braga M, Harsanyi L, Laviano A, Ijungqvist O, Soeters P,
et al. ESPEN Guidelines on Enteral Nutrition: Surgery including organ
transplantation. Clin Nutr 2006;25:224-44.

Schloerb PR, Forster .J, Delcore R, Kindscher JD. Bioelectrical
impedance in the clinical evaluation of liver disease. Am J Clin Nutr
1996;64:5108-14.

Zillikens MC, van den Berg JW, Wilson JH, Swart GR. Whole-body and
segmental bioelectrical-impedance analysis in patients with cirrhosis
of the liver: Changes after treatment of ascites. Am J Clin Nutr
1992;55:621-5.

MeCullough AdJ, Mullen KD, Kalhan SC. Measurements of total body
and extracellular water in cirrhotic patients with and without ascites.

63.

66.

69.

Hepatology 1991;14:1102-11.

Miiller M.J, Lautz HU, Plogmann B, Biwrger M, Korber J, Schmidt F'W,
Energy expenditure and substrate oxidation in patients with cirrhosis:
The impact of cause, clinical staging and nutritional state. Hepatology
1992;15:782-94.

Morgan MY, Madden AM. The assessment of body composition in
patients with cirrhosis. Eur J Nucl Med 1996;23:213-25.

Kyle UG, Genton L, Mentha G, Nicod L, Slosman DO, Pichard C.
Reliable bioelectrical impedance analysis estimate of fat-free mass in
liver, lung, and heart transplant patients. JPEN J Parenter Enteral
Nutr 2001;25:45-51.

Kaido T, Mori A, Oike F, Mizumoto M, Ogura Y, Hata K, ef al. Impact
of pretransplant nutritional status in patients undergoing liver
transplantation. Hepatogastroenterology 2010;57:1489-92.
Nomplegei D.J, Bonkovsky L. Nutritional supplementation in chronic
liver disease: An analytical review. Hepatology 1994;19:518-33.
Lowell JA. Nutritional assessment and therapy in patients requiring
liver transplantation. Liver Transpl Surg 1996;2:79-88.

Hasse JM. Nutrition assessment and support of organ transplant
recipients. JPEN J Parenter Enteral Nutr 2001;25:120-31.

How to cite this article: Bakshi N, Singh K. Nutrition assessment in patients
undergoing liver transplant. Indian J Crit Care Med 2014;18:672-81.

Source of Support: Nil, Conflict of Interest: None declared.

Author Help: Online submission of the manuscripts

Articles can be submitted online from http://www.journalonweb.com. For online submission, the articles should be prepared in two files (first
page file and article file). Images should be submitted separately.

1)

2)

3)

4)

First Page File:

Prepare the title page, covering letter, acknowledgement etc. using a word processor program. All information related to your identity should

be included here. Use text/rtf/doc/pdf files. Do not zip the files.
Article File:

The main text of the article, beginning with the Abstract to References (including tables) should be in this file. Do not include any informa-
tion (such as acknowledgement, your names in page headers etc.) in this file. Use text/rtf/doc/pdf files. Do not zip the files. Limit the file
size to 1 MB. Do not incorporate images in the file. If file size is large, graphs can be submitted separately as images, without their being

incorporated in the article file. This will reduce the size of the file.

Images:

Submit good quality color images. Each image should be less than 4096 kb (4 MB) in size. The size of the image can be reduced by decreas-
ing the actual height and width of the images (keep up to about 6 inches and up to about 1800 x 1200 pixels). JPEG is the most suitable
file format. The image quality should be good enough to judge the scientific value of the image. For the purpose of printing, always retain a
good quality, high resolution image. This high resolution image should be sent to the editorial office at the time of sending a revised article.

Legends:

Legends for the figures/images should be included at the end of the article file.

681



