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Background: Malnutrition is highly prevalent in patients undergoing liver transplantation and has been
associated to various clinical variables and outcome of the surgery.

Methods: We recruited 54 adult patients undergoing living donor liver transplant (LT) as study sample.
Nutrition assessment was performed by body mass index (BMI), BMI for ascites, albumin, subjective
global assessment (SGA) and anthropometry [mid upper arm circumference (MUAC), mid arm muscle
circumference (MAMC), and triceps skin-fold (T'SF)], Hand Grip strength, and phase angle of the body.
Prevalence and comparison of malnutrition was performed with various clinical variables: aetiology, Child
Turcotte Pugh scores and model for end stage liver disease (ESLD) grades, degree of ascites, blood product
usage, blood loss during the surgery, mortality, days [intensive care unit ICU), Ventilator and Hospital], and
Bio-impedance analysis [weight, fat mass, fat free mass (FFM), muscle mass and body fat%].

Results: Assessment of nutrition status represents a major challenge because of complications like fluid
retention, hypoalbuminemia and hypoproteinemia. Different nutrition assessment tools show great disparity
in the level of malnutrition among ESLD patients. In the present study recipient nutrition status evaluation
by different nutrition assessment tools used showed malnutrition ranging from 3.7% to 100%. BMI and
anthropometric measurements showed lower prevalence of malnutrition than phase angle and SGA whereas
hand grip strength showed 100% malnutrition. Agreement among nutrition assessment methods showed
moderate agreement (k=0.444) of SGA with phase angle of the body. Malnutrition by different assessment
tools was significantly associated to various clinical variables except MELD and days (ICU, Ventilator and
Hospital). SGA was significantly (P<0.05) associated to majority of the clinical variables like aetiology, child
Turcotte Pugh grades, degree of ascites, blood product usage , blood loss during the surgery, BIA (fat mass,
FFM, muscle mass and body fat%).

Conclusions: The different nutrition assessment tools showed great variability of results. SGA showed
moderate agreement with phase angle of the body and was associated with various clinical and prognostic

variables of liver transplantation.
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Introduction

Nutrition was included as one of the variables in the original
Child and Turcotte [1964] prognostic score (1). Malnutrition
is universally present in patients with end stage liver disease
(ESLD) undergoing liver transplant (LT) and has been
associated with higher morbidity and mortality (2-4).

Nutritional status is one of the variables that was highly
correlated with patient’s survival also was not dependent on
the disease status, and was therefore potentially reversible
(4-7). PEM has been related to various adverse outcomes
like decreased graft and patient survival after LT (8).
Malnutrition was associated with prolonged ventilator
support, longer intensive care unit and hospital stays (6,9).

Noutrition intervention is necessary for a malnourished
pre-LT patient’s recovery, and it is cost-effective before LT,
as malnourished patients are at high risk for nutritionally
mediated complications. It is important to identify and
correct nutritional deficiencies in pre-LT patients and
provide an optimal nutritional intervention during all phases
of LT (10-14).

The accurate nutritional status assessment in ESLD
patients is difficult, mainly because of overlap with other
complications like fluid retention and hypoproteinemia.
Liver disease specifically affects such conventional markers
of nutrition like serum proteins levels synthesized by the
liver (albumin, transferrin, retinol-binding protein), and
immunological dysfunction. Irrespective of these problems
in nutrition assessment, diagnosis of malnutrition can be
assessed in 20% of patients with compensated liver disease
and in >80% with decompensated liver disease (4,8).
Despite these findings there is no gold standard for the
nutritional status assessment in L'T.

Considering the difficulties in nutrition status assessment
among ESLD patients and disparity in malnutrition status
by different assessment methods, the present study aimed
to analyze the nutrition status of patients undergoing L'I" by
using different nutrition assessment tools and associate it
with various clinical and prognostic variables of L'

Methods

Out of five multispecialty hospitals undertaking I'T" in Delhi
and NCR, India, three agreed to participate in the study. All
adult (age >18 years) patients suffering from ESLD admitted
to the participating hospitals for LT were approached;
those who gave informed consent were recruited for the
study. The nutrition assessment was performed on 54 pre-
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LT recipients who were available during the study period
(September 2013 to June 2015) and underwent living
donor LT. Ethical clearance was obtained from institutional
ethical committee. Patients were given relevant information
through a patient information sheet and written informed
consent was taken prior to data collection. Exclusion criteria
included the following: (I) patients below 18 years of age as
there is a completely different protocol for paediatric LT}
(II) patients suffering from acute liver disease as they
require emergency transplantation.

Nutrition assessment

Anthropometric measurements
Easily applicable anthropometric measurements include
body mass index (BMI), triceps skin-fold (T'SF) thickness,
and mid upper arm circumference (MUAC) (15). Most
of these easily applicable methods are confounded by
significant fluid retention in cirrhotics (peripheral edema
and ascites). BMI 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 (13). Anthropometric parameters used to
assess muscle and fat masses were MUAC, TSF thickness
and mid arm muscle circumference (MAMC) by a trained
nutrition expert to evaluate nutritional status in patients
with chronic liver disease (CLD) (16). BMI for ascites
was also used as it is considered more reliable parameter
to detect malnutrition in cirrhotic patients than BMI cut-
off values. BMI for ascites considers nutrition state with
no Ascites, moderate ascites and tense ascites patients,
respectively. Peripheral edema and removal of ascites do not
affect BMI for ascites diagnostic performance (17).

In the present study anthropometric assessment was
performed on 54 pre-LT recipients by MUAC, TSF,
MAMC and BMI for ascites.

Biochemical parameters
Various visceral plasma proteins like albumin, prealbumin,
retinol-binding protein and 24-hour creatinine excretion
are highly affected by the presence of liver disease and
inflammatory states, as these are synthesized in liver (18).
Biochemical markers of malnutrition include serum albumin
concentration and measurements of 24-hour creatinine
excretion related to LT patients (19).

Albumin is an important determinant of body’s protein
status and an important indicator of liver function; hence
we cannot ignore its effect on various clinical parameters.
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Hence, Albumin levels of 54 LT candidates were also
considered for analysis of the nutrition state in the present
Study.

Bioimpedance analysis (BIA)

BIA assessment was performed on only 20 pre-LT patients
because patients refused to undertake this assessment as
most of the patients were not fully active and it was not
feasible to move the assessment tool multi frequency
body composition analyzer (MC-180MA) to reach the
patients individually. Information regarding fat mass, fat
free mass (FFM), Fat%, muscle mass and phase angle was
obtained. BIA measures body composition by two electrical
parameters: electrical reactance (Xc) and resistance (R). The
phase angle is the impedance vector relative to the R vector,
calculated as an arc tangent of the ratio Xc to R transformed
to degree (20).

Phase angle is considered as an indicator of membrane
integrity and water distribution between intra and extra
cellular spaces, body cell mass (BCM) predictor and as a
nutrition indicator (21-24). The phase angle of the whole
body is similar to the mean phase angle of arms and legs,
whereas the trunk has a larger phase angle, it recommended
to use phase angle from arms and legs (25). BIA is a precise
and non-invasive technique that measures lean body mass
and fat stores; but is inaccurate when patients retain fluid.
Despite some of the limitations in patients with ascites,
BIA is a reliable tool for the determination of BCM in
cirrhotic patients with and without ascites (26). Phase angle
has been considered to be a prognostic tool in various
clinical situations, such as human immuno virus (21), renal
disease (27), pulmonary tuberculosis (28), cancer (29), and
liver cirrhosis (15,25,30,31).

Considering the emerging importance of phase angle as a
nutrition status indicator, the present study used the cut off
range from Selberg and Selberg, 2002, i.e., <4.4 (abnormal),
4.4-5.4 (borderline) and >5.4 (normal or healthy). Higher
phase angle is seen in healthy individuals (25).

Subjective global assessment (SGA)

SGA approach is the preferred assessment method for
LT candidates (6,32-34). SGA was performed on 54 pre-
LT recipients. The five features of SGA were analyzed: (I)
weight loss before 6 months; (II) dietary intake, duration
and degree of abnormal intake (starvation, hypo caloric
liquids, full liquid diet, and suboptimal solid diet); (III)
gastrointestinal (GI) symptoms like anorexia, nausea,
vomiting, and diarrhoea (persisting for more than 2 weeks);
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(IV) functional capacity history of patients (bedridden to
full capacity) and (V) metabolic demands of the patient’s
underlying disease state (35). A SGA rank was given which
indicates the patient’s nutritional status. These categories
are: (I) well nourished; (II) moderate or suspected
malnutrition; and (IIT) severe malnutrition (35). SGA for
diagnosing malnutrition in patients with CLD has shown to
have high specificity (96%) with a very low sensitivity (22%).
However, SGA is proposed as a reliable tool for evaluation
of nutritional status in L'T" patients (33).

Hand grip strength (HG)

HG was the only technique that predicted a significant
incidence of major complications in 1 year among
undernourished cirrhotic patients. HG is a simple,
inexpensive, and effective method to detect malnutrition
in cirrhotics because it can identify those patients who
are most likely to develop complications (36,37). When
compared with SGA, HG lacked specificity. The present
study also used HG Strength assessment by Jamar Hand
Dynamometer on 54 pre-LT recipients.

Clinical variables

The disease severity of 54 patients undergoing LT was
analyzed by CTP grades A, B, C and MELD scores. The
various diagnoses of the patients undergoing LT were
listed. The levels of ascites were graded as no, mild and
tense ascites. After the transplantation, patient stay in the
hospital was also considered in three categories: (I) ICU
days; (II) ventilator days; (III) hospital days. After one
year of transplant, the level of mortality was analyzed by
the dead and alive profile of the patients (43 patients).
During the transplant the blood product usage was taken
into account, that is, PRC (packed RBC) units, FFP (fresh
frozen plasma) units, Cryo (cryoprecipitate) units and the
blood loss during surgery (33 patients undergoing LT).
Patients’ body composition profile was analyzed by body
weight, fat mass, fat free mass (FFM), fat%, muscle mass
(20 patients undergoing LT).

Statistical analysis

All statistical analysis was performed using the statistical
package for social science (SPSS) version 17.0 for Windows
(SPSS Inc., Chicago, IL, USA). The kappa test was applied
to evaluate the extent of agreement between different
nutrition assessment methods. Categorical variables
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Table 1 Demographic profile

Parameter Categories Result
Age [(mean = - 48.3+10.2
SD), years]
Gender (N, %) Male 39 (72.2)
Female 5(27.8)
Nationality Indian 33 (61.1)
(N, %) Other Asian countries 20 (37.0)
Russia 1(1.9)
Blood group A+ 12 (22.2)
(N, %) AB 23.7)
B+ 22 (40.7)
O+ 18 (33.3)
Bilirubin (t) (mg/dL) 5.6+4.3
(mean + SD)
Albumin (g/L) 2.2+0.8
(mean + SD)
SNAQ score No risk of weight loss 17 (37.5)
(N, %) Risk of = 5% weight loss 37 (68.5
within 6 months
Weight loss (kg) 44453
(mean + SD)
CTP grade A 1(1.9
(N, %) B 20 (37.0)
C 33 (61.1)
MELD scores >24 4(7.4)
19-24 28 (51.9)
<19 22 (40.7)
Etiology (N, %) HCV related CLD 15 (27.8)
HBV related CLD 10 (18.5)
HBV related CLD with HCC 4(1.9
Ethanol + HCV related CLD 12 (7.4)
Ethanol related CLD 3(22.2)
HCC 6 (5.6)
Cryptogenic CLD 1(11.1)
Autoimmuno CLD 1(1.9
Obstructive Jaundice 1(1.9
HBV + HCV related CLD 1(1.9
Ascites (N, %) No ascites 19 (85.1)
Mild ascites 4 (7.4)
Tense ascites 31 (57.4)

CLD, chronic liver disease.
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were presented in frequency tables. Associations between
categorical variables were evaluated through chi-square
tests. Normal variables were presented as mean = SD and
were analyzed by Kruskal Wallis test. Also spearman’s rank
correlation was used to know association of HG with ICU
days, ventilator days, and hospital stay and blood product
usage. An acceptable level of statistical significance was
established a priori at P<0.05.

Results
Demographic profile
The demographic profile (1able 1) of patients undergoing

LT represents 72.2% were men and 27.8% were females
with a mean age of 48.3 years. Majority of the patients were
Indians. About 40.7% of the patients were having blood
group B+.

The data represents 57.4% of patients suffering from
tense ascites, low mean albumin levels (2.2 g/L) and high
bilirubin levels (5.6 mg/dL). About 98.1% of the patients
were not suffering from any food allergy. According to
simplified nutrition assessment questionnaire (SNAQ)
68.5% of the patients were having risk of >5% weight loss
within 6 months (38). The mean weight loss was 4.4 kg
before 6 months of transplant.

The CTP scores depicts 61.1% of the patients in CTP
grade C and 51.9% of the patients in the MELD range of
19-24. Diagnostically 27.8% and 22.2% of the patients
were undergoing L'T" because of HCV related infections and
ethanol related CLD respectively.

Dietary profile

The nutrition profile of the patients before LT in Tuble 2
showed 88.9% of the patients were on a special diet
(modified as per the symptoms), 94.4% of the patients
were recommended normal diet (no textural change). Fluid
was restricted in 79.7% of the patients and 59.3 % of the
patients were strictly recommended to restrict the fluid to
<1.5 litres. Salt was restricted in about 59.3% of the patients
and 25.9% of the patients were having both salt and
fluid restriction. All the patients were not having any GI,
chewing or dental problem. CAGE questionnaire depicted
31.5% of the patients as alcoholic.
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Nutrition assessment

The varied prevalence of nutrition is depicted in Figure 1,
which showed HG having the highest prevalence, 100%,
SGA and albumin showed 88.9% of malnutrition and phase
angle and MAMC showed 75% and 51.9% of patients as
malnourished respectively; whereas BMI for ascites showed
35.2%, triceps depicted 27.9% and MUAC showed 24.1%

Table 2 Nutrition parameters

Bakshi and Singh. Nutrition assessment in pre-liver transplant phase

as malnourished. BMI only showed 3.7% of the patients
as undernourished. The body composition analysis of
20 patients showed pre-LT recipients had low levels of
FFM and muscle mass in more than 50% of the patients
and higher body weight, fat mass, and body fat% (Figure 2).

Agreement between different nutrition assessment
methods (7able 3) by Kappa was done considering phase
angle by BIA body composition analyzer as a gold standard.
Phase angle is considered to be a good prognostic tool
in various clinical situations. It showed poor or worse
agreement with anthropometric tools like BMI, BMI for
ascites, MUAC, triceps, MAMC and albumin except with
SGA which showed moderate agreement (k=0.444). SGA
showed higher sensitivity and positive predictive value
(94.4%) and average specificity and negative predictive
value (NPV) of 50%. Table 3 also depicted positive
predictive value of 100% by MUAC and triceps whereas
90% by MAMC which depicts chances of predicting more
patients as malnourished who actually are normal.

Nutrition status and various clinical variables

The prevalence of malnutrition by different nutrition
assessment tools varied widely according to various clinical
factors of pre- and post-LT like indications of L'T, CTP
grades, MELD scores, degree of ascites, blood units usage
during transplantation, blood loss during surgery, ICU,
ventilator days and hospital stay, BIA (weight, fat mass,
FFM, muscle mass, fat%) and dead and alive status of the

B Malnourished

.||I1

Parameter Categories Results (N, %)
Special diet Yes 48 (88.9)
No 6 (11.1)
Fluid restriction Yes 43 (79.7)
No 1(20.3)
Type of diet Normal 51(94.4)
Soft 3(5.6)
Food restricted Salt 32 (59.3)
Fried and spicy 1(1.9)
Salt and fluid 14 (25.9)
No restriction 7 (13.0)
<1.5 litres fluid permitted 32 (59.3)
Gl problem No 54 (100.0)
Dental problem No 54 (100.0)
Chewing problem No 54 (100.0)
CAGE score >2 7 (31.5)
Nonalcoholic 37 (68.5)
51.9
241 27.8
[N
|
MUAC  Triceps MAMGC BMI

BMI for
ascites

Albumin Phase angle

Figure 1 Prevalence of malnutrition among patients undergoing LT by various nutrition assessment methods. BMI, body mass index;

MUAC, mid upper arm circumference; MAMC, mid arm muscle circumference; SGA, subjective global assessment; HG, hand grip strength;

LT, liver transplant.
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Figure 2 Body composition analysis among patients undergoing I'T" by bioelectrical impedance analysis. BIA, bioimpedance analysis; LT,

liver transplant.

Table 3 Agreement between different tools of nutrition assessment

Variables BMI BMI for MUAC MAMC Triceps SGA Albumin
(N=20) ascites (N=20) (N=20) (N=20) (N=20) (N=20) (N=20)

Number of observed 9 (45.00%) 10(50.00%) 7 (35.00%) - 7 (35.00%) 18(90.00%) 14 (70.00%)

agreements (% observations)

Kappa -0.019 0.000 0.071 - 0.071 0.444 -0.154

Strength of agreement worse Poor poor - poor Moderate worse

Sensitivity 44.4% 50.0% 27.8% 100.0% 27.8% 94.4% 77.8

Specificity 50.0% 50.0% 100.0% 0.0% 100.0% 50.0% 0

PPV 88.9% 90.0% 100.0% 90.0% 100.0% 94.4% 87.5

NPV 9.1% 10.0% 13.3% - 13.3% 50.0% 0

BMI, body mass index; MUAC, mid upper arm circumference; MAMC, mid arm muscle circumference; SGA, subjective global

assessment; PPV, positive predictive value; NPV, negative predictive value.

patient after I'T.

Only SGA out of 9 nutrition assessment tools showed
significant association with various indications of LT.
Moderate malnutrition was significantly higher (P=0.002) in
all the indicators of LT except HCC, HBV + HCC (Tuble 4).
Triceps, albumin and SGA were significantly related to
CTP Scores and CTP grades (Tables 5,6). The patients with
moderate malnutrition before the transplant were having
significantly higher (P=0.010) CTP grades than normal and
severe malnutrition by SGA. Triceps and albumin showed
significantly higher scores of CTP in malnourished patients
undergoing LT (P=0.04, 0.013). There was no relation of
MELD prognostic score with nutrition status of patients of
undergoing LI

Nutrition status assessment with ascites depicted (7able 4)
only SGA was significantly related to degree of ascites, as
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the patients with moderate and severe malnutrition before
the transplant was having significantly higher degree/tense
ascites than normal patients (P=0.03). MUAC and Triceps
were significantly associated to dead and alive status after
LT (Table 7). MUAC and triceps depicted significantly
higher survival in normal nutrition status than malnourished
patients (P=0.033). Triceps also depicted malnourished
patients were having significantly higher deaths than the
normal.

BMI for ascites, triceps, SGA and albumin (P=0.034,
0.021, 0.029 and 0.017) showed use of significantly higher
PRC units during the surgery in malnourished patients
than the normal patients. Triceps and SGA (P=0.006, 0.019)
showed significantly higher blood loss during the surgery in
malnourished than the normal patients before L'T" (Tuble §8).
The present study did not find any significant difference

HepatoBiliary Surg Nutr 2016;5(4):358-371
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Table 4 Prevalence and comparison of malnutrition by different assessment tools according to the indications of liver transplant and

degree of ascites

Number Paremeters

SGA (N=54) [n (%)]

Normal Moderate Severe
1 Indication of LT
HCV related CLD 1(16.7) 14 (31.1) 0 (0.0
HBV related CLD 0 (0.0 10 (22.2) 0 (0.0
HBV with HCC 1(16.7) 0 (0.0) 0 (0.0
Ethanol + HCV CLD 0 (0.0 4 (8.9) 0 (0.0
Ethanol related CLD 0 (0.0 9 (20.0) 3(100.0)
HCC 2(33.3) 1(2.2) 0 (0.0
Cryptogenic CLD 1(16.7) 5(11.1) 0 (0.0)
Auto-immuno CLD 1(16.7) 0(0.0) 0(0.0)
Obstructive jaundice 0 (0.0) 1(2.2) 0 (0.0)
HBV + HCV related CLD 0 (0.0 1(2.2) 0 (0.0
P value 0.002*
2 Degree of ascites
No 5(83.3) 14 (31.1) 0 (0.0
Mild 1(16.7) 3(6.7) 0 (0.0
Tense 0 (0.0 28 (62.2) 3 (100)
P value 0.030*

Chi-square test, (n, %), *, P<0.05 (between different groups of indications of LT and between different degree of ascites). SGA,

subjective global assessment; LT, liver transplant; CLD, chronic liver disease; HCV, hepatitis ¢ virus; HBV, hepatitis B virus; HCC,

hepatocellular carcinoma.

in malnourished patients and ICU, ventilator and hospital
days than the normal patients by using various nutrition
assessment tools.

BMI showed overweight patients had significantly higher
BIA (weight) with P<0.001 (Table 9). Also albumin levels
significantly showed malnourished having normal weight
status (P=0.023). In 7able § BMI for ascites, SGA and triceps
showed normal patients having significantly higher fat mass
than malnourished (P=0.006, 0.008 and 0.015). Nutrition
assessment by SGA showed significantly lower FFM in
malnourished patients than normal (P=0.005). TSF showed
significantly higher FFM in patients with normal nutrition
status (P=0.034). BMI for ascites showed significantly lower
FFM levels in normal patients than severely malnourished
(P=0.023). Also lower levels of muscle mass was significantly
associated to moderate malnutrition by SGA (P=0.008),
whereas significantly lower levels of muscle mass were seen
in normal nutrition state by TSF (P=0.015). According
to SGA and TSF (P=0.005 and 0.034) assessment,
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malnourished patients were having significantly higher fat%
than the normal (Tuble 9).

Discussion

The patients waiting for I'T" had varied aetiology from viral
infections, cancers, alcoholism, autoimmune infections and
cryptogenic CLD (39). Ascites, hepatic encephalopathy,
portal hypertension, malabsorption and maldigestion of
nutrients are common problems of pre-LT patients (40).
These problems represent a major challenge in analyzing
the nutrition state of the patient awaiting for LT (41).

The present study represents varied prevalence of
malnutrition by various nutrition assessment methods
ranging from 3.7% to 100%, which showed the disparity
and difficulty in analyzing the nutrition state of ESLD
patients. BMI and anthropometric measurements showed
lower prevalence of malnutrition than phase angle and
SGA, whereas muscle strength analysis by HG showed

HepatoBiliary Surg Nutr 2016;5(4):358-371
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Table 5 Prevalence of malnutrition according to CTP grades

365

CTP grade (n, %)

Nutrition assessment tool Nutrition status P value
A B C

BMI (N=54) Normal 1(3.4) 12 (41.4) 16 (55.2) 0.737
Under-weight 0 (0.0) 0 (0.0) 2 (100.0)
Preobese 0 (0.0) 5 (45.5) 6 (54.5)
Over-weight 0 (0.0) 3 (25.0) 9 (75.0)

BMI for ascites (N=54) Normal 1.9 13 (37.1) 21 (60.0) 0.755
Severe 0(0.0) 7 (36.8) 12 (63.2)

MUAC (N=54) Normal 0 (0.0 2 (40.0) 3 (60.0) 0.912
Moderate 0 (0.0 2 (25.0) 6 (75.0)
Severe 1(2.4) 16 (39.0) 24 (58.5)

MAMC (N=54) Normal 1(3.8) 11(42.3) 14 (53.8) 0.459
Moderate 0(0.0) 7 (28.0) 18 (72.0)
Severe 0 (0.0 2 (66.7) 1(33.3)

SGA (N=54) Normal 1(16.7) 4 (66.7) 1(16.7) 0.010*
Moderate 0 (0.0) 14 (31.1) 31 (68.9)
Severe 0 (0.0 2 (66.7) 1(33.3)

Mean phase angle (N=20) Normal 0 (0.0) 2 (100.0) 0 (0.0) 0.329
Abnormal 1(5.6) 8 (44.4) 9 (50.0)

HG (N=54) (mean + SD) +0 40+16.1 35.2+14.8 0.152

Chi-square test (n, %), *, P<0.05 (between different CTP grades); Kruskal Wallis test: (mean + SD), *, P <0.05 (between different
CTP grades). CTP, child turcotte and pugh; BMI, body mass index; MUAC, mid upper arm circumference; MAMC, mid arm muscle
circumference; SGA, subjective global assessment; HG, hand grip strength.

Table 6 Prevalence of malnutrition according to CTP scores

Nutrition Nutrition CTP score
assessment tools status (N=54) (mean + SD)
Triceps Normal 18.72+4.09 0.040*
Moderate 19.09+4.61
Severe 17.25+6.50
Albumin Normal 16.33+6.28 0.013*
Malnourished ~ 18.98+4.0

Kruskal Wallis test, (mean + SD); *, P<0.05 (between different
CTP grades). CTP, child turcotte and pugh.

100% malnutrition (Figure I).

Earlier studies have shown low agreement among
different methods of nutrition assessment tools in ESLD
patients considering SGA as a gold standard (42,43). But,
the present study depicted low agreement between the
different methods of nutrition status assessment except
SGA which showed moderate agreement taking phase angle
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measured by BIA as a gold standard (7able 3). Phase angle
has been considered a precise nutrition indicator using body
composition parameters (21-24). SGA also showed good
sensitivity of about 94.4% and 50% of specificity than the
other nutrition assessment tools. MUAC and triceps showed
higher positive predictive value, whereas MAMC could not
show any « as there were no observed agreements with the
phase angle. HG showed all the patients as malnourished.
The nutrition assessment by various assessment tools
also showed prevalence of malnutrition according to various
prognostic factors. Malnutrition assessed by different
nutrition assessment tools is highly prevalent in ESLD
patients irrespective of the varied aetiology of liver disease
(12,37,42-45). In the present study, SGA was the only
nutrition assessment tool which showed significantly higher
malnourished patients in various indications of LT (Table 4).
The two prognostic tools for severity of liver disease are
CTP and MELD; previous studies had associated higher
CTP and MELD grades with malnourished patients (37,
46-48). The present study also demonstrated significantly

HepatoBiliary Surg Nutr 2016;5(4):358-371
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Table 7 Prevalence of malnutrition according to dead and alive status
Dead/alive (n, %)

Nutrition assessment tool P value
Survived Dead No information
BMI (N=43) 0.241
Normal 18 (62.1) 3(10.3) 8 (27.6)
Under-weight 1(50.0 1 (50.0) 0 (0.0)
Preobese 7 (63.6) 1(9.1) 3(27.3)
Over-weight 11 (91.7) 1(8.3) 0 (0.0)
BMI for ascites (N=43) 0.726
Normal 25 (71.4) 4 (11.4) 6(17.1)
Severe 12 (63.2) 2(10.5 5(26.3
MUAC (N=43) 0.033*
Normal 31 (75.6) 3(7.3) 7(17.1)
Moderate 3 (37.5) 1(12.5 4 (50.0)
Severe 3 (60.0) 2 (40.0) 0 (0.0
MAMC (N=43) 0.263
Normal 18 (69.2) 1(3.8) 7 (26.7)
Moderate 16 (64.0) 5(20.0) 16.0
Severe 3 (100.0) 0 (0.0) 0 (0.0
SGA (N=43) 0.793
Normal 4 (66.7) 1(16.7) 1(16.7)
Moderate 30 (66.7) 5(11.1) 10 (22.2)
Severe 3(100.0) 0 (0.0) 0 (0.0)
Mean phase angle (N=20) 0.447
Normal 2 (100.0) 0 (0.0) 0 (0.0
Abnormal 12 (66.7) 1(5.6) 5 (27.8)
HG (N=43) (mean + SD) 39.41+18.908 29.33+13.779 38.82+9.368 0.602
Triceps (N=43) 0.033*
Normal 30 (76.9) 2 (5.1) 7(17.9)
Moderate 4 (36.4) 4 (36.4) 3 (27.3)
Severe 3(75.1) 0 (0.0) 1(25.0)
Albumin (N=43) 0.603
Normal 5 (83.3) 0 (0.0 1(16.7)
Malnourished 32 (66.7) 6 (12.5) 10 (20.8)

Chi-square test, (n, %); *, P<0.05 (between dead and alive status of LT recipients); Kruskal Wallis test, (mean + SD); *, P<0.05
(between dead and alive status of LT recipients). BMI, body mass index; MUAC, mid upper arm circumference; MAMC, mid arm
muscle circumference; SGA, subjective global assessment; HG, hand grip strength; LT, liver transplant.

higher prevalence of malnutrition in higher CTP grades by
SGA, triceps and albumin (P<0.05) whereas no association
was found with MELD scores (Tables 5,6). Malnutrition
in patients undergoing LT has been associated to degree/
severity of ascites as a major symptom of liver disease (37,47).
In the present study (7uzble 4) SGA showed malnourished
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patients were significantly having tense ascites than mild/
no (P<0.01). Patients with ESLD undergoing LT are
considered to require higher blood product usage like PRC
units, cryoprecipitate units, plasma (44,49). The data in
Table 8 represents significantly higher blood product usage
(PRC units) in malnourished patients by SGA, BMI for
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Table 8 Prevalence of malnutrition according to blood units

367

Nutrition assessment tool Blood units Blood loss
PRC FFP Apheresis Cryo

BMI for ascites (N=33)
Normal 5.00+5.31 3.16+3.56 1.00+£1.00 0.26+1.15 1771.05+1490.65
Severe 6.21+2.19 3.64+2.93 0.50+0.94 0.00+0.00 1907.14+548.37
P value 0.034* 0.416 0.060 0.391 0.136

Triceps (N=33)
Normal 4.96+4.61 3.12+3.50 0.84+1.03 0.20+1.00 1646.00+1269.02
Moderate 6.25+1.71 5.50+1.92 1.00+£1.16 0.00+0.00 2125.00+250.00
Severe 8.25+2.87 2.75+2.22 0.25+0.50 3.00+0.00 2675.00+623.83
P value 0.021* 0.163 0.448 0.852 0.006*

SGA (N=33)
Normal 3.00+1.58 1.20+1.64 0.40+0.55 0.00+0.00 1000.00+595.82
Moderate 5.68+4.53 3.96+3.45 0.96+1.06 0.20+1.00 1926.00+1253.75
Severe 8.33+3.51 0.96+1.06 0.00+0.00 0.00+0.00 2400.00+360.56
P value 0.029* 0.160 0.123 0.852 0.019*

Albumin (N=33)
Normal 2.60+1.95 1.20+1.64 0.40+0.55 0.00+0.00 1,360.00+789.30
Malnourished 6.04+4.38 3.75+3.35 0.86+1.04 0.18+0.95 1912.50+1221.23
P value 0.017* 0.059 0.398 0.673 0.275

Kruskal Wallis test (mean + SD), *, P<0.05 (between different blood units and blood loss during surgery). BMI, body mass index;
MUAC, mid upper arm circumference, MAMC, mid arm muscle circumference, SGA, subjective global assessment; HG, hand grip
strength; PRC, packed RBC; FFP, fresh frozen plasma; Cryo, cryoprecipitate.

ascites, Triceps and albumin (P<0.05). Also the present
study depicted significantly higher blood loss during the
surgery in malnourished patients as assessed by SGA and
triceps (P<0.05). Many studies showed ESLD malnourished
patients had lower Survival after LT (6,13,47,50-53). The
present study also depicts significantly higher survival
in normal patients by MUAC and triceps measurements
(Table 7). Unlike other studies (6,13,53) the present study
depicted no relation between ICU, ventilator days and hospital
stay with the nutrition status of the patients before LT.

Association of malnutrition of ESLD patients with
various factors related to prognosis, treatment, and
mortality of patients showed pre-LT malnutrition as an
important determinant, which is related to various poor
surgery outcomes.

Body composition analysis by BIA in LT patients
(Table 9) to assess protein malnutrition is considered
advantageous (26). CLD patients show lower FFM and
muscle mass during body composition analysis (54,55). The
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hbsn.amegroups.com

present study analyzed the body composition of patients
undergoing LT which showed lower FFM, Muscle mass,
higher fat mass and body fat% (Figure 2). The patients who
were overweight by BIA weight status were significantly
having higher BMI and malnourished patients as assessed
by albumin were having normal weight status because of
water retention (ascites, edema) in ESLD. BIA fat mass was
significantly higher in normal patients by triceps and BMI
for ascites and SGA (P<0.05) whereas malnourished patients
were having significantly higher fat% than normal. Lower
levels of FFM and muscle mass were significantly associated
to malnourished patients by SGA. Whereas triceps depicts
normal patients were having significantly higher FFM than
malnourished patients; also triceps showed significantly
lower muscle mass in normal patients than malnourished.
BMI for ascites showed varied results with significantly
lower FFM in normal patients.

Hence, altered body composition is depicted which
showed lower FFM, muscle mass and higher weight, fat
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Table 9 Prevalence of malnutrition according to BIA (kgs)

Nutrition Nutrition BIA parameters categories (n, %)
BIA parameter P value
assessment tool status High Low Normal
BIA (wt.) BMI (N=20) Normal 0 (0.0) 2(18.2) 9(81.8) <0.001*
Under-weight 0 (0.0) 2 (100.0) 0 (0.0)
Preobese 2 (66.7) 0 (0.0) 1(33.3)
Over-weight 4 (100.0) 0 (0.0) 0 (0.0)
Albumin (N=20) Normal 1(25.0) 1(25.0) 2 (50.0) 0.023*
Malnourished 5(31.3) 3(18.8) 8 (50.0)
BIA (fat mass) BMI for ascites Normal 8 (80.0) 0 (0.0) 2 (20.0) 0.006*
(N=20) Severe 3(30.0) 1(10.0) 6 (60.0)
SGA (N=20) Normal 0 (0.0 0 (0.0 2 (100.0) 0.008*
Moderate 11 (68.8) 0 (0.0 5(31.3)
Severe 0 (0.0 1(50.0) 1(50.0)
Triceps (N=20) Normal 11(73.3) 0(0.0) 4 (26.7) 0.015*
Moderate 0 (0.0 0 (0.0 2 (100.0)
Severe 0 (0.0) 1(33.3) 2 (66.7)
BIA (fat free mass) BMI for ascites Normal 0 (0.0) 9 (90.0) 1(10.0) 0.023*
(N=20) Severe 1(10.0) 3(30.0) 6 (60.0)
SGA (N=20) Normal 0 (0.0 0 (0.0 2 (100.0) 0.005*
Moderate 0 (0.0) 12 (75.0) 4 (25.0)
Severe 1(50.0) 0 (0.0) 1(50.0)
Triceps (N=20) Normal 11 (73.3) 0(0.0) 4(26.7) 0.034*
Moderate 0 (0.0 0 (0.0 2 (100.0)
Severe 0 (0.0 1(33.3) 2 (66.7)
BIA (muscle mass) SGA (N=20) Normal 0 (0.0 0 (0.0) 2 (100.0) 0.008*
Moderate 0 (0.0 11(68.8) 5(31.3)
Severe 1 (50.0) 0 (0.0 1 (50.0)
Triceps (N=20) Normal 0 (0.0) 11 (73.3) 4 (26.7) 0.015*
Moderate 0 (0.0) 0 (0.0) 2 (100.0)
Severe 1(33.3) 0 (0.0) 2 (66.7)
BIA (fat%) SGA (N=20) Normal 0 (0.0 0 (0.0) 2 (100.0) 0.005*
Moderate 12 (75.0) 0 (0.0) 4 (25.0)
Severe 0 (0.0) 1 (50.0) 1 (50.0)
Triceps (N=20) Normal 11(73.3) 0 (0.0) 4 (26.7) 0.034*
Moderate 0 (0.0 0 (0.0) 2 (100.0)
Severe 1(33.3) 1(33.3) 1(33.3)

Chi-square test, (n, %); *, P<0.05 (between BIA weight status, BIA fat mass, BIA fat free mass, BIA muscle mass, BIA fat% of LT
recipients). BMI, body mass index; MAMC, mid arm muscle circumference; SGA, subjective global assessment; LT, liver transplant.

mass and fat% in Pre-LT patients, which clearly portrays The study used simple, inexpensive tools to analyze
the requirement of nutrition intervention before the L'T" to the nutrition state of the patients although there are more
attain a correct body composition. sophisticated methods like DEXA, K measurements. Simple
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bedside assessment tools like SGA, anthropometry and
BIA can be used to quantify under nutrition according to
the recommendation by ESPEN 2006 for liver disease
(56,57). But there are certain limitations of BIA method
that are, it can only be measured under controlled settings
(room temperature, exercise, electrode placement and food
intake) (58). Altered hydration status of the patients
can affect the assessment readings (59). It is tedious to
personalize it for all the patients and ESLD patient may
not be in fully active condition to perform this assessment.
In the present study also out of 54 patients only 20 were
available for the BIA assessment. According to the present
analysis only SGA out of 8 methods showed moderate
agreement with phase angle of the body. SGA was also
significantly associated to majority of the clinical variables
like aetiology, CTP grades, degree of ascites, blood
product usage (PRC units), blood loss during the surgery,
BIA (fat mass, FFM, Muscle mass and body fat%). Also
SGA is simple, non-invasive, safe and easily applicable
tool for nutrition status assessment. Hence, the present
study showed SGA having moderate agreement and was
associated with various clinical and prognostic variables of
liver transplantation.

Conclusions

Nutrition status assessment is challenging in ESLD
patients. Even after considering the problems in nutrition
assessment, the importance of nutrition cannot be
overlooked in pre-LT patients, as malnutrition is highly
associated to various clinical variables of ESLD. SGA
showed moderate agreement with the phase angle of the
body and was associated with various clinical and prognostic
variables of LT.
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