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Abstract In a prospective study, we 
have examined the effect of nutri- 
tional status, using anthropometric 
measurement, on outcome in 102 
consecutive adult patients undergo- 
ing elective orthotopic liver trans- 
plantation. Mid-arm muscle circum- 
ference was calculated from these 
two measurements. Patient outcome 
variables were time spent in the in- 
tensive therapy unit, total time in 
hospital, infective complications and 
mortality within 6 months. Graft 
outcome variables were early graft 
function, peak aspartate transami- 
nase, alkaline phosphatase, bilirubin 
and prothrombin time. Group A pa- 
tients were below and group B pa- 
tients above the 25th percentile for 
mid-arm circumference and triceps 
skin fold thickness. Eighty-four pa- 
tients (79 %) were at or below the 
25th percentile of anthropometric 
measurements and 30 patients 
(28 %) were below the 5th percen- 
tile. The median mid-arm muscle 
circumference in group A was 22.3 
(range 16.4-28.9) cm and 25.7 
(range 21.7-31.8) cm in group B. 
The medial albumin level was simi- 
lar in the two groups. There were 
significantly more bacterial infec- 
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tions in group A (27/84,32 YO) than 
in group B (2/22,8 %; x2 = 5.4, 
P = 0.02). There was a difference in 
mortality up to 6 months post-op- 
eratively that failed to reach statisti- 
cal significance (Wilcoxon-Gehan 
statistic -199, P = 0.09). There were 
11/84 (13 Yo) deaths in group A and 
no deaths in group B (x2 = 2.8, 
P = 0.09). Post transplantation, 
there were significant differences 
(Kruskal-Wallis Anova) between 
groups A and B for peak alkaline 
phosphatase (683 vs 334 IUD, 
P = 0.05) and peak prothrombin 
time [16 (range 13-25) vs 19.5 
(range 12-65), P = 0.031. These data 
suggest that a significant proportion 
of patients undergoing liver trans- 
plantation are nutritionally compro- 
mised and that this has effects on 
patient infection, susceptibility, graft 
function and mortality, which may 
possibly be improved by nutritional 
intervention. 
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and European series is around 80 %-85 YO [2, 121. Pre- 
vious studies have shown that a significant proportion 
of patients with advanced liver disease have protein-cal- 
orie malnutrition due to a combination of poor diet and 
inability of the diseased liver to metabolize nutrients 

Introduction 

Survival rates after orthotopic liver transplantation 
(OLT) vary depending on center and indication, but 
current l-year survival in elective patients in American 
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[15, 16, 26, 301. Amongst patients with advanced liver 
disease, those with the greatest reductions in anthropo- 
metric parameters and vitamin stores are the patients 
with cholestatic liver diseases such as primary biliary cir- 
rhosis and sclerosing cholangitis [ll].  These conditions 
are amongst the commonest indications for OLT in Eur- 
ope and the United States [2,12]. 

In children undergoing liver transplantation, mal- 
nourished patients had twice the infection rate of a 
well-nourished group and also a higher rate of surgical 
complications, regrafting and mortality [21]. Further- 
more, in cirrhotic patients, Child grade and hospital 
mortality can be improved by nasogastric feeding [5]. 
Nitrogen balance can also be improved in cirrhotics sim- 
ply by the addition of a late evening meal [31]. 

The nutritional assessment of patients with liver dis- 
ease is complex due to a number of confounding factors. 
Body weight becomes an unreliable estimate due to a 
variable degree of ascites and oedema. Serum albumin 
and other proteins, such as transferrin, prealbumin or 
retinol binding protein, which are commonly used as in- 
dicators of nutritional status in patients with normal 
liver function, are of limited value in patients with ad- 
vanced liver disease since protein synthesis by the liver 
is reduced and may add to the effect of increased cata- 
bolism caused by protein-calorie malnutrition. Aker- 
man and colleagues evaluated 104 liver transplant can- 
didates and reported that weight for height parameters 
underestimated the extent and prevalence of malnutri- 
tion, whereas serum albumin and transferrin overesti- 
mated the degree but not prevalence of malnutrition in 
these patients [l]. Anthropometric measurements 
(AM), however, have the advantage of being indepen- 
dent of liver diseases, and there is a linear relationship 
between A M  and other measures of muscle indices, 
such as the creatinine/height ratio [4]. Anthropometric 
measurements are also simple, cheap, and reproducible; 
they do not require ionizing radiation and may be used 
at the bedside. They are reliable as a measure of protein 
nutrition and of body fat mass in cirrhosis [3,16,20]. We, 
therefore, used AM as the principal means of nutrition 
assessment in this study in which we have prospectively 
examined 102 consecutive adult patients with end-stage 
liver disease to determine the effect of recipient nutri- 
tion on outcome following elective OLT. 

(62 Yo) were made by one observer (JMcK), with the remainder 
being made by two other experienced observers (19 % each). 

There was a very high degree of correlation between the obser- 
vations made by these observers. The correlation coefficient for in- 
ter-observer variation was 0.997 (P = 0.00) and the intra-observer 
variation was 2 YO. The mid-arm muscle circumference (MAMC) 
was then calculated using the following formula: MAMC- 
MAC(cm)-[pllO x TSF(mm)]. The measurements were correlated 
with established norms [15] and recorded as percentiles. 

Patients were divided into a group below the 25th percentile for 
MAC and TSF (group A) and a group above the 25th percentile 
(group B). This division was chosen as there was a bimodal distri- 
bution of patients around this point. The proportion of patients be- 
low the 5th percentile was also recorded. A dietary assessment was 
made regarding current intake, and if this was estimated to be in- 
adequate in the presence of weight loss, then sip feeding was insti- 
tuted to giving high calorie/protein supplements of 600-1200 kcali 
day in an attempt to improve the patient's nutritional status pre- I 

operatively. Supplementation was prescribed in 37 patients. The 
choice of supplementation depended on the dietary restriction 
prescribed, patient preference and the degree of fluid restriction 
needed. Supplementation most commonly took the form of a low- 
sodium high-calorie supplement. 

All patients had an OLT procedure using venovenous portal 
system bypass employing duct-to-duct anastomosis over a T-tube, 
except in patients with sclerosing cholangitis. The recipient proce- 
dure has been described elsewhere [6, 18, 291. The hepatic allo- 
grafts were harvested by the Birmingham team according to a stan- 
dard protocol. Post-operatively, immunosuppression was managed 
according to a standard protocol initially involving triple therapy 
with cyclosporin A, azathioprine and prednisolone. Steroids were 
withdrawn over 3 months to dual maintenance therapy with cyclo- 
sporin A and azathioprine unless there was a contra-indication to 
this strategy [24]. Patient outcome was assessed after 6 months of 

The following clinical and biochemical end-points were used: 
mortality up to 6 months post-operatively; clinically significant in- 
fective episodes, defined as the patient becoming unwell with a 
fever, requiring systemic antibiotics (for bacterial infection) or 
anti-viral therapy [for viral infections including infections with cy- 
tomegalovirus (CMV) and herpes viruses]; time spent on the inten- 
sive therapy unit (ITU); time spent in hospital; and recipient graft 
function as assessed by peak aspartate aminotransferase (AST), 
peak serum bilirubin and maximum prothrombin time (PT) during 
the 1st week after OLT. 

Data were stored on a microcomputer and analyzed using the 
Statistical Package for the Social Sciences (SPSS, Chicago, Ill.. 
USA). Statistical comparisons were made between the two groups 
using the Kruskal-Wallis non-parametric one-way analysis of var- 
iance. Survival analysis was performed using the Kaplan-Meier 
product limit method [17] employing the Wilcoxon-Gehan test of 
inference between the two groups. 

follow-up. 

Patients and methods 

One hundred and two consecutive patients with end-stage liver dis- 
ease on the waiting list to have a liver transplant in the Liver Unit 
at the Queen Elizabeth Hospital, Birmingham, were studied at 
the time of listing for their transplant. 

Anthropometric measurements were done by one of three ex- 
perienced dieticians who measured the mid-arm circumference 
(MAC) and the triceps skin fold thickness (TSF) using clinical cali- 
pers (Holtain, Crymych, UK). The majority of the measurements 

Results 

Of the 102 patients studied, 58 had cholestatic liver dis- 
ease (primary biliary cirrhosis and primary sclerosing 
cholangitis). The remainder had parenchymal cirrhosis 
(alcoholic liver disease, autoimmune hepatitis or viral 
hepatitis; Table 1). 
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Table 1 Clinical and biochemi- 

(malnourished) and group B (n = 79) (n = 23) 
(well nourished). Biochemical Diagnostic 
values represent median Cholestatic disease 49 (62 Yo) 9 (38 Yo) 0.1, NS 
(range) Biochemical data 

cal parameters in group A Parameter Group A Group B x2 

Alkaline phosphatase (IU/I) 683 (114-6575) 334 (119-2538) 3.9, P = 0.05 
Prothrombin time (s) 16 (13-25) 19.5 (12-65) 4.9, P = 0.03 
AST (IU/I) 116 (23-369) 131 (21-1880) 0.8, NS 

122 (18-407) 0.1, NS Bilirubin (pmol/l) 87 (5-706) 
0.1, NS Urea (mmol/l) 5.3 (2.1-25.1) 5.4 (2.2-21.8) 

Creatinine (pmoIA) 88 (42-278) 84 (43-166) 0.6, NS 
Infections 
Overall 52 (62 Y) 12 (55) 1 .5, NS 
Viral infections 25 (30 Yo)  10 (46 %) 0.9, NS 
Bacterial infections 27 (32 Yo)  2 (9 Yo) 5.4, P = 0.05 

Table 2 Infective complications post-transplantation in patients in 
group A (malnourished) and group B (well nourished) 

~ 

Complications G r o w  A GrouD B 

Wound abscess 
Hepatic abscess 
Pulmonary tuberculosis 
Biliary peritonitis 
Suphrenic abscess 
Pneumonia 
Cholangitis 
Sub-hepatic abscess 
Herpes infection 
CMV infection 
Total 

1 1 
1 1 
1 
2 
4 
4 
6 
8 

11 6 
14 4 
52 (66 Yo) 12 (52 Yo) 

Nutritional parameters 

Seventy-nine patients (79 %) were on or below the 25th 
percentile for mid-arm circumference (MAC) and tri- 
ceps fold thickness (TSF; group A). The other 23 pa- 
tients were in group B. The median mid-arm muscle cir- 
cumference (MACM) in group A was 22.3 (range 16.4- 
28.9) cm and 25.7 (range 21.7-31.8) cm in group B. Thir- 
ty patients (28%) were below the 5th percentile for 
MAC and TSF. The measurements were done a median 
of 8 (range 1-59) weeks before transplantation. The 
median age in group A was 53 (range 17-69) years com- 
pared to 45 (21-64) years in group B (x’ = 5.6, P = 0.02). 
The median albumin level in grow A was 29 (range 17- , ”  
50) g/l compared to 30 (rani, i2-45) g/l in group B 
k2 = 0.3, P = NS). 

Infective complications 

There were more infective episodes in group A than in 
group B. Overall, there were 52/79 (66 YO) clinically sig- 
nificant infections (viral and bacterial) in group A com- 

pared with 12/23 (52%) in group B (Table2). There 
were significantly more bacterial infections in group A 
(27/79, 34%) than in group B (2123, 9%; x2=5.4, 
P = 0.02). There was a similar proportion of patients in 
each group developing herpetic or CMV infections: 10/ 
23, 43 YO in group A; 25/79, 32 % in group B (x’ = 0.9, 
P = NS). There was no significant difference between 
the two groups for donor CMV status (55 % in group A 
and 44 Yo in group B; x‘ = 0.01, P = NS). 

Mortality 

There was a considerable difference in mortality up to 
6 months post-operatively that failed to reach statistical 
significance (Wilcoxon-Gehan statistic -199, P = 0.09; 
Fig. 1). There were 9/79 (11.4 YO) deaths in group A and 
no deaths in group B 01’ = 2.8, P = 0.09). The causes of 
death in the group A patients are shown in Table 3. 

Time spent in hospital 

There was no significant difference between the two 
groups for time spent in the ITU or for total time spent 
in hospital. Group A spent a median of 2 (range 1-20) 
days on the ITU compared to 2.5 (1-9) days in group B 
(x’ = 0.9, P = NS). Group A spent a total of 16 (10-47) 
days in hospital compared to 17.5 (10-55) days for 
groups B 01’ = 2.1 P = NS). 

Recipient graft function 

Two patients had primary non-function of their hepatic 
allograft and both of these were in group A. There 
were significant differences between the groups for al- 
kaline phosphatase (AP; higher in group A) and mini- 
mum PT (lower in group A). 
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Table 3 Causes of death in those patients who were poorly nour- 
ished (group A) 

Causes of death n 

Multi-organ failure 
Cardiorespiratory complications 
Bacterial sepsis+cardiac complications 
Bacterial sepsis 
Bacterial sepsis+portal vein thrombosis 
Pulmonary complications 
Metastatic disease (endometrial) 
Unknown 

Table 4 Results of a multiple regression analysis with anthropo- 
metric percentile position as the dependent variable 

Parameter Beta T P 

Age -0.15 -2.0 .05 
Bilirubin 0.30 3.7 ,0005 
Survival -0.18 -2.5 .01 
Alkaline phosphatase -0.19 -2.6 .01 
Urea 0.40 3.6 ,001 
Creatinine -0.39 -3.3 ,002 

Multiple regression analysis 

In a multiple regression analysis with percentile position 
for MAC as the dependent variable, significant relation- 
ships were seen for age, survival and levels of serum bi- 
lirubin, AP and creatinine (Table 4). 

Discussion 

Anthropometric measurements are simple, cheap, and 
reproducible. They do not require ionizing radiation 
and may be used at the bedside. They are reliable as a 
measure of protein malnutrition [13, 16, 201. Others 
have shown, in a small cohort of patients awaiting liver 

transplantation, that a subjective global assessment is 
reliable as a marker of nutritional status but has only a 
fair reproducibility rate between observers [14]. We, 
therefore, used AM as the principal means of nutrition- 
al assessment in this study. The inadequacy of serum al- 
bumin as a nutritional parameter is demonstrated in 
our study in which there was no significant difference 
in albumin levels between the nutritionally compro- 
mised and replete groups. This finding accords with 
other studies in patients with liver disease [15, 171. 

Although a number of studies have shown that a sig- 
nificant proportion of patients with advanced liver dis- 
ease have protein-calorie malnutrition [15, 19, 26, 301, 
there are few studies investigating the effect of nutrition 
on outcome in advanced liver disease or after liGer 
transplantation. Pikul and colleagues [25] evaluated 68 
patients and found that while mild malnutrition had lit- 
tle effect on mortality or morbidity, moderate or severe 
malnutrition had a significant adverse effect on out- 
come. Similarly, Selbeg et al. [28] found that both devia- 
tion of measured from predicted resting energy expen- 
diture and a body cell mass less than 35% of body 
weight were associated with poor survival. Child score 
had no prognostic value [lo]. Both techniques, however, 
are difficult to perform and are not universally avail- 
able. 

Attempts have been made to study the effect of im- 
proving nutrition in patients with cirrhosis. Nitrogen 
balance was shown to become more positive in a group 
of cirrhotics receiving a later evening meal [31]. Total 
enteral nutrition can favourably influence outcome in 
cirrhotics. Cabre and colleagues randomized 35 patients 
to a treatment group receiving an enteral formula 
through a fine bore tube or to a control group receiving 
a standard oral diet. The serum albumin and Child score 
improved in the tube-fed group but not in the control 
group. The hospital mortality rate was lower in the 
tube-fed group (12% vs 45%). The enteral nutrition 
was well tolerated [5]. 

In our study we have shown that a significant propor- 
tion (79 %) of a consecutive group of 102 adults under- 
going OLT have a degree of nutritional impairment 
using anthropometric parameters. There was a strong 
trend to an effect on mortality with an 11 % 6-month 
mortality rate in the nutritionally compromised group 
compared to no deaths in the nutritionally replete 
group, which confirms the findings of Shaw and collea- 
gues [30] with the more accurate nutritional assessment 
performed in our study. This group of patients had a sig- 
nificant risk of developing bacterial infections, which 
possibly relates to a degree of impaired immunocompe- 
tence due to an inability to respond to antigens that is 
seen in liver disease and protein-calorie malnutrition 
(PCM). Liver disease and PCM result in reduced effica- 
cy of both humoral and cell-mediated immunity, and 
many components of the immune response are affected. 
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There is a marked reduction in helper and cytotoxic 
(CD4 and CDS) T cells. Antibody affinity is reduced in 
malnourished patients and opsonisation of bacteria is 
reduced because of a reduction in the concentration 
and activity of complement components [7, 23, 321. 
This failure of immune efficacy is seen in patients with 
advanced liver disease and also in patients following 
OLT, as in our study [ll, 13,151. 

Shaw and colleagues examined the effect of a num- 
ber of variables on 6-month survival after liver trans- 
plantation in 160 patients. There were six factors having 
prognostic significance: operative blood loss, coma 
score, malnutrition (subjectively assessed on a three- 
point scale), serum bilirubin, PT and date of transplant. 
The most significant of these that could potentially be 
corrected was nutritional status [30]. 

Similar effects are seen in children having liver trans- 
plantation [22]. There are more infective episodes in 
malnourished patients and there are more problems, 
such as hepatic artery thrombosis, bile leaks, intestinal 
perforation and intra-abdominal bleeding [21]. Naso- 
gastric feeding before transplantation can improve nu- 
tritional parameters. Ten children with advanced cirrho- 
sis and malnutrition were fed pre-operatively. Signifi- 
cant increases were found for weight and anthropomet- 
ric parameters following the bleeding period and none 

of the children developed encephalopathy [S]. The use 
of branched chain amino acid (BCAA) feeds is conten- 
tious. Some evidence suggests that BCAA-enriched 
feeds may be beneficial [9], but this is clearly an area 
that requires further evaluation. It has also been sug- 
gested that total parenteral nutrition may be of benefit 
in improving nitrogen balance and reducing time spent 
on ITU after OLT [27]. 

We conclude from our study that the majority of pa- 
tients with advanced liver disease awaiting liver trans- 
plantation are nutritionally compromised. The cause of 
the malnutrition is likely to be multifactorial, including 
poor intake, malabsorption and liver disease. These pa- 
tients represent a high-risk group for post-operative 
complications, graft failure and fatality. Although some 
of the patients in this study had received nutritional sup- 
plementation prior to surgery, the number of patients is 
too small to allow for statistical analysis. This group of 
patients may benefit from a period of enteral nutrition 
while they are waiting for their liver graft. We are now 
undertaking a randomized controlled study of enteral 
nutrition in these patients. 
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