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Abstract

Malnutrition is highly prevalent in liver cirrhosis and its presence carries
important prognostic implications. The clinical conditions and pathophysiological
mechanisms that cause malnutrition in cirrhosis are multiple and interrelated.
Anorexia and liver decompensation symptoms lead to poor dietary intake;
metabolic changes characterised by elevated energy expenditure, reduced
glycogen storage, an accelerated starvation response and protein catabolism result
in muscle and fat wasting; and, malabsorption renders the cirrhotic patient unable
to fully absorb or utilise food that has been consumed. Malnutrition is therefore a
considerable challenge to manage effectively, particularly as liver disease
progresses. A high energy, high protein diet is recognised as standard of care, yet
patients struggle to follow this recommendation and there is limited evidence to
guide malnutrition interventions in cirrhosis and liver transplantation. In this
review, we seek to detail the factors which contribute to poor nutritional status in
liver disease, and highlight complexities far greater than “poor appetite” or
“reduced oral intake” leading to malnutrition. We also discuss management
strategies to optimise nutritional status in this patient group, which target the
inter-related mechanisms unique to advanced liver disease. Finally, future
research requirements are suggested, to develop effective treatments for one of
the most common and debilitating complications afflicting cirrhotic patients.

Key Words: Malnutrition; Cirrhosis; Liver transplantation; Chronic liver disease; Nutrition;
Sarcopenia
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Core Tip: Malnutrition is widespread in liver cirrhosis. This paper highlights the
multifactorial aetiology of liver-related malnutrition, and details the complex
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challenges cirrhotic patients face in achieving nutritional targets. Although potentially
modifiable, there are a scarcity of successful treatments hence the evidence base
pertaining to nutritional interventions is surprisingly weak. Further research is required
to bridge the gap between actual and ideal nutritional status in cirrhosis. If this goal can
be realised, the potential impact on patient and clinical outcomes is immense.

Citation: Chapman B, Sinclair M, Gow PJ, Testro AG. Malnutrition in cirrhosis: More food for
thought. World J Hepatol 2020; 12(11): 883-896

URL: https://www.wjgnet.com/1948-5182/full/v12/i11/883.htm

DOI: https://dx.doi.org/10.4254/wjh.v12.i11.883

INTRODUCTION

Malnutrition is common in chronic liver disease and increases as the severity of liver
disease progresses. It affects up to 80% of patients with decompensated cirrhosis!~,
and is more widespread than the traditionally recognised sequalae of advanced liver
disease, namely hepatic encephalopathy (40%)", bleeding oesophageal varices (5%-
15%)P), refractory ascites (5%-10%)"], spontaneous bacterial peritonitis (1.5%-3 %)
and hepatocellular carcinoma (3%-5%)""l. Compromised nutritional status occurs
regardless of the cause of liver disease!'], though is reported most commonly in those
with alcoholic cirrhosis and cholestatic liver diseasel'*"l.

The impact of malnutrition on patient outcomes is increasingly recognized.
Malnutrition increases the incidence and severity of decompensation symptoms,
contributes to compromised immune function, reduces muscle mass, decreases
functional status and quality of life, delays wound healing and is associated with
increased mortality!*'*l. Malnutrition is particularly associated with the development
and severity of hepatic encephalopathy!”l. Malnourished patients also require
prolonged mechanical ventilation and have longer length of stay in both the intensive
care unit and hospital following liver transplant!'*'’; all of which translate to
significantly increased healthcare costs. Optimising nutritional status in this patient
population is therefore of critical importance.

Despite the known deleterious effects of malnutrition, successful strategies to
counter its impact in cirrhosis are lacking. In theory, malnutrition is a modifiable
element to target to improve the course of liver disease and patient outcomes, though
is rarely achieved in practice. So why can’t patients identified with malnutrition
simply eat more to improve their nutritional state? And why has food failed to provide
the therapy desperately needed to treat malnutrition in cirrhosis? In this review, we
aim to describe the factors contributing to liver-related malnutrition to highlight the
challenges cirrhotic patients face in attaining nutritional targets. We also emphasize
areas where data to support clinical recommendations are limited, with the goal of
encouraging further research in the area.

MALNUTRITION IN CIRRHOSIS-ETIOLOGY

The development of malnutrition in cirrhosis is multifactorial, and primarily stems
from inadequate dietary intake, altered metabolism and malabsorption (Figure 1).
Patients may be afflicted with any or all of these etiological factors, which present
unique barriers to effective nutritional support and management.

Inadequate dietary intake

Reduced dietary intake plays a central role in the pathogenesis of malnutrition in
cirrhosis. Whilst poor appetite may simply be ascribed to generalized ill-health; factors
specific to liver disease play a significant role. Inflammation, early satiety from ascites,
hepatic encephalopathy, adverse gastrointestinal symptoms, taste changes and
unpalatable dietary restrictions all influence food consumption and their contribution
to a negative energy balance needs to be appreciated to identify appropriate
interventions to improve dietary intake.

Inflammation: Cirrhosis is a pro-inflammatory state primarily triggered by bacterial
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translocation from the gut to the circulation due to portal hypertension and increased
intestinal permeability”). Systematic inflammation induces a range of brain-mediated
responses including fever, anorexia and taste changes, with particular aversion to
sweet flavours”l. An increased production of cytokines ensues, which have
demonstrated anorexigenic effects”” and elevate energy expenditure!*”.

Pro-inflammatory cytokines such as interleukin-1b, and stimulants that release
cytokines (lipopolysaccharides), have been shown to reduce both the quantity and
frequency of spontaneous food intake in humans and animals®l. The precise
mechanism by which pro-inflammatory factors act on the neural system to inhibit
appetite is highly complex, involving different cell groups and neurotransmitters!*.
The function of inflammation-associated anorexia is to help sustain bodily functions in
the face of infection and injury, and is observed during both acute and chronic
inflammatory disease. Ultimately, energy is redistributed away from activities that are
considered superfluous (i.e. food seeking and digestion), towards that required for
mounting the immune responsel*!.

Ascites: Ascites is a common symptom of hepatic decompensation that directly
impacts oral intake by limiting physical capacity of the stomach, and indirectly by
contributing to post-prandial discomfort. Patients with refractory ascites have a high
prevalence of malnutrition and characteristically demonstrate the lowest calorie intake
of all patients with liver disease!*. In addition to the effect of ascites on gastric reserve,
depressed appetite and early satiety; repeated paracentesis causes significant nutrient
losses. Not only does the body expend considerable energy to heat a large body of
ascitic fluid, but ascitic fluid has considerable calorie content (in the form of proteins,
carbohydrates and fats), and removal of this via large-volume paracentesis results in
calorie debt!™. Failure to replace this energy loss exacerbates the catabolic state already
seen in advanced cirrhosis. Infusion of serum albumin after paracentesis is necessary
to promote plasma volume expansion and prevent hyponatremiall, though albumin
replacement after ascitic drainage has no effect on nutritional status or repletion of
protein stores!”’l.

Following paracentesis, patients generally report improvement in early satiety and
an ability to consume larger meals and more calories**]; changes which obviously
correspond to increased gastric reserve. However, an increased calorie intake may be
short-lived in refractory ascites as fluid reaccumulates, and translation to improved
patient outcomes are not always realised™ . Nutrition intervention trials in patients
with refractory ascites that have successfully demonstrated enhancements in
nutritional and clinical parameters have shared features of long duration of
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intervention, intensive dietetic input, and the requirement of artificial nutrition
support (enteral nutrition, parenteral nutrition) to meet nutritional requirements**?l.

Gastroparesis and autonomic dysfunction: Abdominal pain, nausea and bloating
symptoms are not exclusive to those with ascites and are a frequent complaint in many
cirrhotic patientst™*l. Symptoms can sometimes be explained by the presence of
organic disorders, however in many cirrhotic patients, no clear cause is apparent!™.

Distorted metabolic, hormonal and neural function may account for this global gut
dysfunction in the absence of a specific diagnosis. Insulin resistance and subsequent
elevated postprandial glucose have been shown to delay gastric emptying and lower
spontaneous dietary intake in cirrhotic patients compared to healthy controls*1. In
addition to a high prevalence of gastroparesis in cirrhosis, small bowel motility may
also be abnormal, and has been shown to be worse in those with portal hypertension
manifesting in symptoms of diarrhoea and abdominal pain™*l.

Autonomic dysfunction is also implicated in gastrointestinal symptom
development, in a similar fashion to long-term autonomic and peripheral neuropathies
observed in diabetes mellitus. Autonomic neuropathy encompassing both sympathetic
upregulation and parasympathetic downregulation has been reported in 30%-70% of
patients with cirrhosis, leading to “an effective vagotomy” and possibly accounting for
gastric and intestinal dysmotility in these patientst>*-1.

Despite the known association of gastrointestinal dysfunction with cirrhosis, the
role of adverse gastrointestinal symptoms in directly limiting energy intake and thus
contributing to weight loss and malnutrition has not been explored extensively. In a
single study comparing the oral intake of 40 cirrhotic patients to controls, patients with
significant gastrointestinal symptoms reached satiation earlier compared to patients
without symptoms and healthy controls, resulting in significantly lower energy
intake!*l. Another study by the same researchers demonstrated that severity of
gastrointestinal symptoms were associated with recent weight loss and impaired
health-related quality of life, which correlated with severity of liver disease!*’l.

Hunger hormones: Disrupted glucose and insulin metabolism also contribute to
abnormal hormone levels that help control appetite and food intake. Leptin and
ghrelin influence energy intake and expenditure!*], with the normal role of leptin
involved in suppression of energy intake and accelerating energy expenditure; whilst
ghrelin (the “hunger hormone”) increases before a meal to stimulate appetite and
dietary intake.

In cirrhosis, levels of leptin and ghrelin are abnormal. Leptin is significantly
elevated*, translating to reduced food intake and increased resting energy
expenditure. Although baseline ghrelin has not shown to be significantly different
between cirrhotic subjects and controls”", cirrhotic patients have an irregular pattern
of ghrelin secretion compared to healthy controls®™!. In liver disease, ghrelin levels fail
to rise pre-prandially, so the expected effect of ghrelin on increasing appetite and meal
initiation is lost. This blunted ghrelin level is likely related to a combination of insulin
resistance, elevated postprandial glucose, and overexpression of serum leptin**~*2l.

Hepatic encephalopathy: Hepatic encephalopathy and sarcopenia are closely related
to malnutrition, sharing common etiological factors and pathophysiological pathways
all intrinsically linked to muscle health in liver disease. Skeletal muscle tissue plays a
central role in removing ammonia from the circulation when its clearance by the liver
is impaired. Thus in situations of muscle wasting, commonly precipitated by
inadequate dietary intake and hyperammonemia itself in cirrhosis, the
neuropsychiatric symptoms of encephalopathy are worsened!”*.

The spectrum of neurocognitive impairment in cirrhosis ranges from minimal to
overt hepatic encephalopathy, which manifest in variable degrees of impaired
cognition, alertness and attentiveness!’l. This altered cognitive state, coupled with
periods of increased (daytime) somnolence, limit the opportunity for cirrhotic patients
with even low-grade encephalopathy to achieve an adequate dietary intakel.
Forgetfulness, sleeping through meal and snack periods, and difficulty with meal
preparation are significant barriers encountered in clinical nutrition practice with this
patient group. Compliance with dietary therapies is also problematic™ and patient
management requires a multidisciplinary approach with reliance on patient supports
and caregivers. The cycle of poor nutritional intake, leading to muscle loss and
sarcopenia that worsens encephalopathy, which in turn exacerbates reduced dietary
intake and malnutrition, is difficult to break.

Inappropriate dietary recommendations due to incorrect beliefs that protein
restriction is necessary to improve encephalopathy have the potential to worsen
malnutrition in this high-risk population. This strategy has no scientific merit though
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remains broadly practiced™. In a randomized trial by Cérdoba et all", patients
hospitalised with encephalopathy demonstrated no benefit of protein restriction in
resolution of encephalopathy when compared to normal protein diet"™l. The study also
showed even short-term protein restriction to 0.5 g/kg/d resulted in elevated muscle
tissue breakdown. Recommendations have since evolved to promote a higher protein
intake of 1.2-1.5 g/kg/d to prevent muscle wasting and reverse muscle loss in those
who are sarcopenicl™l.

Unpalatable diets: The recommendation to implement a sodium restriction is often the
first dietary advice provided to patients with liver disease, due to the effect of sodium
on fluid retention and subsequent development of peripheral oedema and ascites.
International consensus guidelines recommend a dietary sodium restriction of < 2000
mg/d for management of ascites®”. Unfortunately, limiting dietary sodium can
negatively impact nutritional status. Many low-sodium foods are unpalatable, and
advice to “remove all salt and processed foods” from the diet, without providing
appropriate dietary education regarding nutritional adequacy has the potential to
worsen malnutrition due to additional dietary constraints.

Sodium restriction alone will only eliminate ascites in approximately 10%-15% of
patients™], and some authors have shown no benefit to a sodium restricted diet when
compared to an unrestricted diet in reducing ascites when diuretics were also
administered™. A recent systematic review concluded increased calorie intake in
conjunction with a low-sodium diet resulted in significantly improved outcomes!™".
Thus, advice to follow a low-salt diet should be provided by a dietitian experienced in
the management of liver disease, to ensure overly restrictive diets are avoided.

Taste changes: Taste changes are another common complaint in cirrhosis, and
generally manifest as a reduction in taste acuity for detection and recognition of some
or all of the basic tastes of bitter, salt, sweet, and sour!®*, Reduced calorie intake has
been demonstrated in patients suffering dysgeusia both with and without liver
diseasel’l. In addition to exacerbation of protein energy malnutrition in cirrhosis,
impaired gustatory function has shown to adversely affect general wellbeing and
quality of life by reducing pleasure associated with food intakel®!.

Zinc and vitamin A are important nutrients involved in maintaining taste integrity,
and are commonly deficient in cirrhosisl. Zinc is involved in the synthesis and
activity of the salivary protein gustin, which plays a role at taste bud receptor sites!*!
as well as being critical to a number of enzymatic processes and formation of
structural proteins related to tastell. Vitamin A is required for the production of
mucopolysaccharides in the epithelial cells of taste buds!*’l. The literature regarding the
association between zinc and vitamin A status with taste acuity in liver disease is
variable though. Several authors failed to show any association between low serum
zincl®*>%1 or vitamin Al concentration and taste acuity. In contrast, two intervention
trials observing the effect of long term zinc supplementation in cirrhosis demonstrated
improved taste perception after supplementation, with a subsequent increase in serum
zinc concentration!®®”); whilst another group studying deficient patients supplemented
with vitamin A resulted in both enhanced taste function and repletion of serum
vitamin A levels®.

Altered metabolism in cirrhosis

Increased energy expenditure, reduced synthesis of endogenous substrates, insulin
resistance and low respiratory quotient characterize the metabolic disturbances
common in patients with chronic liver disease.

Increased energy expenditure: Hypermetabolism, defined as measured resting energy
expenditure (REE) > 20% above predicted REE, is often encountered in cirrhosis.
Hypermetabolic patients are more often malnourished, have reduced lean body mass,
and have reduced survival after liver transplant compared to those with normal
metabolic rate”. Hypermetabolism in cirrhosis makes nutritional targets even more
unattainable for this patient group, causing a negative impact on nutritional status.
The prevalence of hypermetabolism ranges from 15% in a recent study of 268 New
Zealand patients awaiting liver transplant”, up to 34% in an early German study,
which remains the largest to date with 473 cirrhotic patients considered for
transplant!”l.

Comorbidities typically associated with cirrhosis give rise to a theoretical
explanation for elevated total energy expenditure in liver disease. These include
hyperdynamic circulation (related to increased sympathetic nervous system activity),
inflammation, frequent infections and ascites™. Pro-inflammatory cytokines induce
lipolysis and protein breakdown to mobilize fatty acids and release amino acids,
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respectively, which are used in production of glucose by gluconeogenic organs (liver,
kidney and intestine). The conversion of fat and protein to provide an available energy
source in the form of glucose is an inefficient process and known to be expensive in
terms of energy utilisation). Compromised gut barrier function also promotes
inflammation and development of cirrhotic complications, in particular bacterial
infections, with sepsis a known contributor to increased energy expenditure!™.
Extracellular fluid (including ascites), is generally considered metabolically inactive as
it does not consume oxygen or produce carbon dioxide. However in liver cirrhosis,
some researchers have demonstrated a small but significant increase in metabolic rate
prior to removal of ascitic fluid, compared with post-paracentesis energy requirement,
potentially attributable to hemodynamic changes and the energy required to heat
ascites!”.

The precise reason for hypermetabolism in cirrhosis is uncertain though, with
conflicting etiology proposed by researchers. The New Zealand group found no
relationship between hypermetabolism and patient gender, disease origin, protein
depletion, ascites or severity of liver diseasel’”. Conversely, other authors purport an
inverse association between the severity of liver disease and resting energy
expenditure, and presence of ascites with metabolic ratel. Given the inconsistency
in clinical factors correlating with hypermetabolism in cirrhosis, simple identification
of such patients is not feasible, and estimation of nutritional requirements via
traditional methods (predictive equations) is known to be inaccurate in advanced
cirrhosis”””l. Current international guidelines recommend measurement of resting
metabolic rate via indirect calorimetry wherever possible””1.

Altered macronutrient metabolism: Cirrhosis also affects macronutrient metabolism
and is a key factor in contributing to malnutrition in liver disease. The liver’s ability to
store glycogen is markedly reduced. Hypoglycaemia occurs readily in the fasted state,
and compromised glucose utilization due to insulin resistance is common. Impaired
glycogen storage leads to early onset of gluconeogenesis; increasing the use of muscle
glycogen, amino acid deamination, free fatty acid oxidation, and hepatic production of
ketone bodies as an energy sourcel %511,

This accelerated starvation response has been quantified by several authors. An
early study by Schneeweiss ef al’! demonstrated the percentage of total calories
derived from fat (86%), carbohydrate (2%) and protein (12%) were significantly
different after an overnight 10-hour fast compared to healthy controls who
metabolized 45%, 38% and 17% of fat, carbohydrates and protein, respectivelyl. This
reduced storage capacity for glycogen means the fuel sources being used by cirrhotic
patients after a 10-h fast are similar to that used after three days in an individual with
a healthy liver**. A low respiratory quotient, indicating increased lipid and
decreased glucose oxygenation, confirms this change in macronutrient utilisation!.
The cascade effect of these metabolic alterations combined with poor dietary intake
leads to loss of lean body mass and subcutaneous fat wasting. Thus, the prevention of
long periods of fasting may reduce the muscle and fat loss commonly seen in cirrhosis.
Intervention trials providing a late evening snack to individuals with liver disease
support this rationale, with improved nitrogen balance and increased muscle mass
demonstrated™*.

The metabolic switch of primary fuel source from glucose to amino acids and fatty
acids is a prime characteristic of liver disease, and occurs even in the setting of only
mild to moderate cholestasis. Increased protein requirements ensue, not only due to
this increased rate of amino acid oxidation for gluconeogenesis, but also subsequent to
decreased synthesis of protein, as well as protein losses in ascitic fluid and from the
gastrointestinal tract®”***l. The minimum protein required to maintain nitrogen
homeostasis in healthy individuals is 0.8 g/kg/d".. Studies indicate that patients with
cirrhosis only achieve positive nitrogen balance at a level of 1.23 g/kg/d, and are able
to utilise protein up to 1.8 g/kg/d®. Normal to high protein intake does not
precipitate hepatic encephalopathy, and thus a protein intake of 1.2-1.5 g/kg/d in
cirrhosis is recommended by expert consensus!”’"! to prevent and/or reverse loss of
muscle mass common in liver disease.

Lipid metabolism in cirrhosis is characterised by rapid oxidation in the fasted state,
peripheral lipolysis and fat malabsorption. During fasting, lipids are oxidised as the
preferred substrate as fat stores are mobilised, so plasma free fatty acids as well as
glycerol and ketone bodies are increased. After a meal, suppression of lipid oxidation
is not uniformly impaired, as would normally be the case with insulin release
following a meal in healthy controls®l. Lipolysis may be secondary to this insulin
resistance but might also occur in an effort to provide cells with substrates for
oxidation in the setting of dietary fat malabsorption.
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Malabsorption in cirrhosis

Malabsorption is the final key contributor to negative energy balance and malnutrition
in cirrhosis. Reduced bile flow in cholestatic patients decreases intestinal luminal bile
salt availability and micelle formation, with subsequent malabsorption of fat and fat-
soluble vitamins*l. Pancreatic insufficiency may also be present and cause
macronutrient maldigestion. Medications that alter the intestinal microbiota (e.g.,
antibiotics leading to decreased bacterial synthesis of short-chain fatty acids) or
decrease bile acid availability (e.g., cholestyramine for pruritis) will also cause
malabsorption of luminal nutrition, decreasing the amount of calories available for the
body to use.

Malabsorption is further exacerbated by portal hypertensive enteropathy and
subsequent changes in the gut microbiota that impair absorption and utilisation of
nutrients”””l. Increased intestinal permeability and dysbiosis are common features
linking the liver to a number of nutritional and gastrointestinal diseases”. Mucosal
changes are frequently encountered upon endoscopic examination of the GI tract™*,
where the prevalence of portal hypertensive gastropathy has been reported in 20%-
98% of cirrhotic patients”. Major predictors of portal hypertensive gastropathy are the
presence of oesophageal varices and increased severity of cirrhosis!”™”1. Gastroparesis
and delayed gut transit mean that small bowel bacterial overgrowth is also
common™, and appears to be related to liver disease severity!]. This further
compounds dysbiosis and associated malabsorption.

NUTRITIONAL INTERVENTIONS IN CIRRHOSIS

Despite the high prevalence of malnutrition in decompensated liver disease and it’s
known deleterious effects, successful strategies to counter malnutrition in cirrhosis are
lacking. In theory, malnutrition is a modifiable syndrome to target that may impact the
course of liver disease and would theoretically be expected to improve patient
outcomes, although evidence to support this remains limited. Indeed, recent
international guidelines counter whether malnutrition can be reversed at all in the face
of deteriorating liver function®™.

Oral supplementation

A small number of studies have demonstrated dietary counselling and oral nutritional
support can improve nutritional intake, nitrogen balance and selected patient
outcomes®'*-l, Supplementation with high calorie and protein oral nutrition
supplements in addition to dietary counselling improved anthropometric parameters
and muscle function measured via handgrip strength!"'", with reduction in
hospitalisations also seen in one study"". No significant differences were observed
with regards to liver function, clinical outcome (e.g., decompensation symptoms,
infection rate) or mortality between intervention and control groups in any of the
aforementioned studies. Recent meta-analysis on nutrition therapy in liver cirrhosis
also failed to show any survival benefit with intervention, though studies included
were heterogeneous in terms of severity of liver disease and duration of
intervention*'%,

A possible reason for the lack of demonstrated benefit observed in the literature
relates to the marked discrepancy in patients nutritional intake vs that recommended
by current international guidelines® ™), with up to 75% of patients not achieving
calorie targets!'™, generally agreed to be around 32-35 kcal/kg/d. Dietary protein
intake in cirrhotic patients is also found lacking. In a Canadian study of 631 patients
awaiting transplantation, only 24% achieved the recommended target of > 1.2 g/kg/d,
with 26% consuming a very low protein intake of < 0.8 g/kg/d, which resulted in a 2-
fold increase in wait-list mortality! .

Fortunately, the literature regarding inclusion of a late evening snack in cirrhosis is
more conclusive. Cirrhotic patients who consume a late evening snack are able to
demonstrate changes in substrate utilisation via increased respiratory quotient,
indicating increased use of glucose similar to that of healthy controls, as well as an
improvement in nitrogen balancel””'"l. This improvement in the pattern of fuel
utilisation from inclusion of a late evening snack has also shown to translate to
improved clinical outcomes in longer-term studies. In a comprehensive study by Plank
et al™, which followed 103 patients for 12-mo and compared outcomes from daytime
vs nighttime consumption of a high calorie dietary supplement (710 kcal), significant
improvements in total body protein accretion equivalent to 2 kg of lean tissue
sustained over 12 mo were demonstrated in the nighttime supplementation group!*..
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Hence shortening periods without food by including a late evening snack is
considered a useful strategy to reverse protein catabolism and sarcopenia of cirrhosis.
In addition to improved body composition, a meta-analysis concluded a late evening
snack in cirrhosis also confers benefits on quality of life and survival, and reduction in
frequency and severity of hepatic encephalopathy™!. Poor patient compliance is an
obstacle that still plagues implementation of a late evening snack however, with only
half of the patients in the Plank et al™ study able to consume the supplement at the
prescribed amount and time®”, thus strategies to enhance patient compliance in
clinical practice need to be considered.

Several randomized controlled trials have demonstrated the positive effects of oral
BCAA supplementation in not only improving hepatic encephalopathy, but also
nutritional status, liver function, quality of life and survival in malnourished cirrhotic
patients!'”-”l. Each of these trials were conducted in the outpatient setting and
demonstrated good patient compliance with supplementation ranging between 14-30
g BCAA per day. A prolonged intervention period and follow up (> 12 mo) were also
shared features, and likely provided sufficient time for these patients to increase their
muscle mass and improve nutritional status, leading to superior ammonia clearance. A
recent Cochrane review of 16 randomized trials confirmed the beneficial effect of
BCAAs on hepatic encephalopathy symptoms, though found no such gains for
survival, quality of life, or nutritional parameters!"'‘.

Enteral nutrition

Consensus guidelines from international societies recommend enteral nutrition for
such patients who are unable to achieve adequate dietary intake”, though only a
handful of investigations have actually evaluated enteral nutrition in patients with
liver diseasel'l. These studies are afflicted by either small sample size or limited
duration of therapy. The study with the longest treatment duration was published
over 30 years ago and involved a 60 d intervention with NG feeding!"'? with
subsequent gain of body weight as muscle, bone and fat stores (which only became
evident after 30 d), though patient outcome data pertaining to liver disease was not
described. The remaining studies all have an intervention period of 4 wk or less; two
of which found those treated with EN had improved survival compared to oral
diet!'”"*], while another study of mean 2.8 wk NG feeding found no survival
benefit!”l. However, given the relatively short duration of EN provision in all
published literature, it is difficult to make any inferences about the effect of EN on
short- to medium-term survival. It is currently unknown whether EN given over a
longer period (e.g. > 8 wk) could reduce complications and improve clinical outcomes
including mortality. It is also unknown if enteral nutrition support delivered in the
pre-transplant period can affect post-liver transplant operative outcomes; as the
aforementioned studies all exclude patients awaiting liver transplant.

Parenteral nutrition

The indication for parenteral nutrition (PN) support in cirrhosis is consistent with the
recommendation in non-cirrhotic patients; those who cannot be fed orally or where
enteral nutrition is either contraindicated (e.g. intestinal ileus, obstruction) or not
tolerated, should be considered for parenteral nutrition”!. ESPEN guidelines
recommend PN be initiated immediately in cirrhotic patients with moderate to severe
malnutrition who cannot receive adequate nutrition via the enteral route, on the basis
of higher rates of complications and reduced survival in malnourished cirrhotic
patientst™. In situations where fasting is prolonged greater than 72 h, PN is also
endorsed. Strict adherence to aseptic central line management is paramount in these
patients, to minimise risk of infection and sepsis in this high risk group!” (Table 1).

Need for future studies

Several meta-analyses have found no convincing evidence that either oral feeding, or
enteral or parenteral nutrition improved outcomes in patients with liver
diseasel"™'"'"’l. The most recent!"™ included 13 randomized trials including 663
patients, and although fixed-effects analysis demonstrated that nutrition intervention
prevented hepatic encephalopathy (0.73; 95%Cl: 0.55-0.96) and infection (0.66; 95%CI:
0.45-0.98) the results were not confirmed in random-effects analysis. Included studies
were particularly heterogeneous with the difference in daily calorie and protein intake
ranging 10-fold between studies, and duration of therapy ranging from 3 to 365 d. An
earlier meta-analysis of six trials and 470 patients in which the primary outcome
measure was survival, found no reduction in mortality [RR: 0.75 (0.42-1.32), P =
0.31]"“l. A Cochrane review from 2012 included 37 trials and most analyses failed to
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Table 1 Strategies to treat malnutrition in cirrhosis

Nutritional recommendations

Small, frequent meals and snacks (5-7 per day)

High calorie intake (> 32 kcal/kg/d)

High protein intake (1.2-1.5 g/kg/d)

Late evening snack containing protein and carbohydrate

Add oral nutrition supplements when unable to meet energy-protein requirements via ad-libitum dietary intake

Low sodium diet (< 2000 mg/d) if ascites or oedema present

Supplement with branched chain amino acids (25%-30% of total protein requirement) if hepatic encephalopathy or sarcopenia present, whilst ensuring

overall protein intake meets requirements

Initiate enteral feeds (nasogastric) if unable to meet energy-protein needs via oral diet (polymeric, energy-dense formula). Consider nasojejunal tube if
severe gastroparesis or intolerance of nasogastric feeds

Initiate parenteral nutrition if malnourished and enteral route either not accessible or unable to tolerate full energy-protein requirements

Jaishideng®

find any significant differences, with the conclusion that “data do not compellingly
justify the routine use of parenteral, enteral or oral nutrition support in patients with
liver disease”!'™. All authors reported a low quality of trials with an urgent need for
data from well-designed and implemented randomized studies to inform future
clinical practice.

Despite the low grade of evidence supporting nutritional recommendations in
cirrhosis, it is well accepted that malnutrition is associated with a host of poor
outcomes, and efforts to prevent its occurrence and progression should be prioritised.
Given the limitations of current studies, there is an urgent need for large, well-
designed trials with appropriate intervention and duration. Most importantly, analysis
of clinical outcomes is required to determine whether improving malnutrition can
have a lasting impact on pre- and post-liver transplant morbidity and mortality.

CONCLUSION

Malnutrition negatively impacts the course of patients with liver cirrhosis and has a
complex, multifactorial etiology. It remains a potentially reversible prognostic marker
in cirrhosis, but remains a challenging problem with little evidence to guide
intervention. The presence of anorexia and other symptoms leading to poor oral
intake, the catabolic nature of the disease process, and underlying metabolic changes
leads to significant difficulties in adequately meeting the nutritional needs of cirrhotic
patients. Based on the published literature, it appears these barriers are often
insurmountable. Many patients cannot achieve a stable anabolic state with a dietary
intake far distant from what is recommended. There is an urgent need for further
large-scale research to provide evidence for many aspects of the appropriate nutrition
management for patients with cirrhosis, and indeed determine whether artificial
nutrition support is able to bridge the nutrition gap so often encountered in clinical
practice. A focus on patient reported outcomes will also enhance compliance with
dietary therapies and analysis of clinical endpoints is critical.
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