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ABSTRACT

Chronic liver disease places patients at increased risk of malnutrition that
can be challenging to identify clinically and treat. Nutrition support is a key
aspect of the management of these patients as it has an impact on their
quality of life, morbidity, and mortality. There are significant gaps in the
literature regarding the optimal nutrition support for patients with different
types of liver diseases and the impact of these interventions on long-term
outcomes. This Position Paper summarizes the available literature on the
nutritional aspects of the care of patients with chronic liver diseases.
Specifically, the challenges associated with the nutritional assessment of
these subjects are discussed, and recently investigated approaches to deter-
mining the patients’ nutritional status are reviewed. Furthermore, the
pathophysiology of the malnutrition seen in the context of chronic liver
disease is summarized and monitoring, as well as treatment, recommenda-
tions are provided. Lastly, suggestions for future research studies are
described.
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hildhood is a vulnerable period of development during which
significant variations in nutritional needs can be complicated
by underlying medical conditions. Malnutrition is a common
complication of cholestatic and end-stage liver diseases, which
together may increase the morbidity and mortality of individual
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What Is Known

e Chronic liver disease is associated with malnutrition,
which is an independent predictor of outcomes.

e Careful monitoring to detect and address nutritional
deficiencies in the child with chronic liver disease
is important.

What Is New

e There are significant gaps in the literature that
addresses the optimal nutrition support of patients
with chronic liver diseases.

e This report proposes the use of a clinical algorithm to
standardize the nutritional management of children
with end-stage liver disease.

patients. Initially, the malnutrition experienced by children with
cholestasis may be due to maldigestion and malabsorption of
nutrients, along with an increased metabolic demand. Later, as
the disease progresses to end-stage liver disease, the underlying
etiology of malnutrition becomes increasingly complex and
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Poor intake

Disease related: anorexia, delayed gastric emptying, nausea/vomiting, abdominal distension
(ascites, organomegaly), fluid-restriction

Comorbidity related: dysgeusia secondary to nutritional deficiencies, poor dentition,
depression, dietary modifications in the context of renal impairment

Iatrogenic: enteral feeding cessation for procedures, lack of early nutrition re-initiation post
procedures, suboptimal/inappropriate feeding approaches (e.g. restricting protein intake in
acute liver failure), medication side effects

Increased energy expenditure: futile metabolic cycles (e.g. lipolysis of triglycerides to free

Nutrition Support of Children With Chronic Liver Diseases

nutrient o
metabolism o

fatty acids with subsequent re-esterification to triglycerides), recurrent infections,

medications, altered bile acid signalling

Insulin resistance: peripheral lipolysis and suboptimal protein synthesis in liver and muscle

Abnormal Growth Hormone (GH) signalling: GH resistance, limited insulin like growth

factor 1 release following GH signalling

e Abnormal oxidation of macronutrients: e.g. increased leucine oxidation, which further
limits protein synthesis; fat oxidation even if fasted state

e Other: Limited glycogen stores

malabsorption .

e Maldigestion: limited intraluminal bile acids (e.g. in cholestasis or biliary diversion),
pancreatic insufficiency (primary or secondary, depending on underlying liver disease), rapid
transit through the gastrointestinal tract

Malabsorption: portal hypertension-related enteropathy, medication-related

e Increased losses: diarrhea, electrolytes and minerals lost in renal impairment

FIGURE 1. Pathophysiology of malnutrition seen in chronic and end-stage liver disease.

includes factors such as anorexia, nausea and vomiting, abnormal
nutrient metabolism, increased energy expenditure, maldigestion/
malabsorption and may also be iatrogenic (Fig. 1). In children with
chronic cholestatic and/or end-stage liver disease, there is a defini-
tive need to identify nutritional deficiencies early and to initiate
nutritional interventions to both optimize appropriate development
and prevent further complications. This is particularly critical in
children with end-stage liver disease requiring transplantation, as
optimized pre-transplant nutrition may hasten post-transplant
recovery while simultaneously decreasing complications. Nutrition
support should ideally occur using a multifaceted approach, includ-
ing detailed investigations of dietary intake and nutritional status,
personalized dietary prescriptions and ongoing assessments of
nutritional status to guide nutritional interventions. The objective
of this Position Paper is to summarize the available literature on the
topic of nutrition in chronic pediatric liver disease, provide clin-
icians with guidance regarding the diagnosis and management of
the nutritional issues that occur in this context and highlight areas
that require further research.

METHODS

An outline of the desired content of this Position Paper was
developed by the authors, who are members of the Nutrition and
Hepatology Committees of the North American and European
Societies of Pediatric Gastroenterology, Hepatology and Nutrition
(NASPGHAN and ESPGHAN) and was approved by the NASP-
GHAN and ESPGHAN Councils. Appropriate terms based on this
outline, including cholestasis, end-stage liver disease, nutrition,
nutritional assessment, and nutritional status were used to search
the literature using PubMed, Scopus, CINAHL, and Embase data-
bases up to December 31, 2018. A complete list of search terms can
be found in the supplementary materials (Supplemental Digital
Content, http://links.lww.com/MPG/B686). Reviews, case reports,
and non-English literature were excluded.
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Individual authors were responsible for specific sections of
the document, with all co-authors reviewing and editing each
section in draft form. All recommendations were made based on
the available literature; each author initially providing recommen-
dations for their section. These recommendations were modified on
further electronic and phone call communication that ultimately led
to the final recommendations that were agreed upon by all the
authors (100% agreement was reached for all recommendations).

NUTRITIONAL STATUS ASSESSMENT

This section will review general considerations for perform-
ing a nutritional status assessment on patients with cholestasis and
cirrhosis. Disease-specific details regarding the nutritional aspects
of care are discussed later in this Position Paper.

History and Physical Examination

A thorough nutritional assessment should start with the
patient’s medical history as it pertains to the underlying liver disease
and associated comorbidities. It is important to determine whether the
patient suffers from conditions that may impact enteral intake, such as
dental disease or dysphagia. A review of medications may identify
side effects that affect intake. Lastly, socioeconomic factors, such as
access to food and vitamins or supplements, should be explored, as
they may affect nutritional interventions and/or outcomes.

In terms of anthropometrics, an appropriately measured length
(for those < 2 years) or height (for those >2 years; http:/
www.who.int/childgrowth/training/module_b_measuring_-
growth.pdf) may be more meaningful in assessing nutritional status
than weight (1), particularly in the context of ascites, fluid overload
and/or organomegaly. Because poor growth (stunting) is suggestive
of chronic malnutrition, and the underlying liver disease (eg, Alagille
syndrome) can also affect length/height measurements, other anthro-
pometrics should be used to determine short-term changes in the
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TABLE 1. Focused physical examination of patients with cholestatic or end-stage liver disease

Clinical examination finding Deficiency
General Edema Protein
HEENT Angular cheilitis Iron
Glossitis Vitamin B complex
Dry eyes, decreased tears Vitamin A
Gingival hyperplasia Vitamin C
Respiratory Tachypnea Thiamine (acidosis)

Cardio-vascular

Musculoskeletal
Fractures
Bone pain
Muscle aches or cramps

Tachycardia (due to heart failure)
Tachycardia (due to anemia)
Widened wrists, rachitic rosary

Protein (excess; ammonium)

Protein, thiamine, selenium, carnitine
Iron, vitamin B12

Vitamin D

Vitamin D, vitamin K, Ca, Mg, P
Vitamin C, vitamin A (excess)
Carnitine, Ca, Mg

Neurologic Loss of DTR, truncal and limb ataxia Vitamin E
Ophthalmoplegia, peripheral neuropathy Vitamin E, thiamine
Numbness, paresthesias EFAD
Skin Perifollicular keratosis Vitamin A
Alopecia, periorificial rashes Zinc
Dry/rough skin Essential fatty acid deficiency
Petechiae, purpura Vitamins K/C
Beau’s lines in nails Protein
Poor wound healing Protein, vitamins A/C, copper, zinc
Hair discoloration Protein
Gastrointestinal Diarrhea Zinc
Protein

EFAD =essential fatty acid deficiency; HEENT = head, ears, eyes, nose, throat.

nutritional status. Mid upper arm circumference (MUAC) and triceps
skin folds (TSF) are useful in this context, as they are less likely to be
affected by fluid overload or other complications of end-stage liver
disease, are sensitive to short-term nutritional status changes and, in
addition, provide information regarding the patients’ body composi-
tion. MUAC is a reflection of both muscle mass and adipose tissue,
whereas TSF reflects adiposity. These anthropometrics have been
shown to be predictive of growth in children with chronic liver
diseases (2). In addition, MUAC z score is an independent indicator of
pediatric malnutrition (3). Serial anthropometric measurements are
recommended to evaluate the impact and adequacy of nutritional
interventions (4). The frequency of anthropometry depends on sever-
ity of malnutrition but can range from every 2 weeks to every 3
months. Beyond isolated anthropometric measurements, combina-
tions of anthropometric changes and symptoms have been used (eg, in
Subjective Global Assessment [SGA]) in adults to classify patients
into well nourished, mildly malnourished, moderately malnourished,
and severely malnourished. A modified version of the Subjective
Global Assessment has been validated for use in pediatrics and shown
to correlate with infectious complications, as well as hospital length
of stay. This has not yet been validated in children with chronic/end-
stage liver diseases (5,6). Lastly, while a variety of nutritional
screening tools have been developed for use in general pediatrics
(7), they have not been validated in chronic pediatric liver disease,
and as such, there is insufficient evidence to support the use of a
particular screening tool in this context.

Patients with chronic liver diseases (particularly those with
cholestasis) often have protein, essential fatty acid, and fat-soluble
vitamin deficiencies. Other nutrients, such as B and C vitamins,
carnitine, and selenium, are less likely to be affected, unless the
patients are severely malnourished due to suboptimal intake or have
specific comorbidities that are associated with nutrient losses (eg,
loss of zinc with diarrhea or loss of B vitamins with hemodialysis).
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Physical examination findings associated with nutritional deficien-
cies, which should be considered in the differential diagnosis, are
summarized in Table 1.

Functional Assessment of Nutritional Status

Beyond static descriptions of anthropometrics and body
composition, functional assessments may provide additional infor-
mation regarding the nutritional status of patients. Handgrip
strength is an example of a functional nutritional assessment, as
it provides an estimate of muscle function. It can be measured easily
at the bedside and its use for the determination of malnutrition is
gaining popularity, including among adults with liver disease (8).
Normative data for pediatric handgrip strength exist for children
4 years of age and older; however, its use in pediatric liver disease is
limited and needs to be studied further (9—11).

Frailty is another functional assessment that is in large part
reflective of nutritional status. Frailty encompasses measures of
slowness, weakness, shrinkage, exhaustion, and diminished activ-
ity. In adults with end stage liver disease, frailty correlates with
morbidity and waitlist mortality (12). In adult patients listed for
liver transplantation (LTx), frailty is associated with hospital length
of stay and need for rehabilitation (13,14). Furthermore, frailty is
superior to markers of liver disease severity, as an indicator of
quality of life in this context (15). Modified measures of frailty (eg,
frailty index: the combination of handgrip strength, chair stands,
and balance) along with MELDNa* outperform either measure
alone in terms of predicting 3-month liver transplant wait list
mortality in adults (16). In pediatrics, frailty is a fairly novel
concept. A modified version of frailty for pediatrics (measured
using validated tests, such as the 6-minute walk for slowness, TSF
for shrinkage, handgrip strength for weakness, PedsQL question-
naire for exhaustion, and a physical activity questionnaire to assess

www.jpgn.org

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



JPGN e Volume 69, Number 4, October 2019

Nutrition Support of Children With Chronic Liver Diseases

diminished activity) was assessed in a recent multicenter study in
children (17). In this study, frailty could distinguish children with
chronic liver disease from those with end-stage liver disease. The
utility of pediatric frailty assessment for the prediction of short- and
long-term patient outcomes remains to be determined.

Imaging Approaches to Determine Nutritional
Status

The nutritional status of patients with chronic or end-stage
liver disease can also be determined by imaging modalities that
assess body composition. The tools most commonly used for this
purpose are Dual-energy X-ray Absorptiometry (DXA) and bio-
electrical impedance, although newer modalities, such as air
displacement plethysmography, are becoming increasingly avail-
able. These modalities (DXA, bioelectrical impedance) provide a
measure of fat and fat-free mass, which are helpful when design-
ing a nutritional rehabilitation approach (eg, increased calories
needed to increase fat mass, whereas an optimized energy-protein
ratio, in conjunction with physical activity, is needed to increase
fat-free mass). It should be noted that fluid overload decreases the
accuracy of these tools (18). Information regarding fat and muscle
mass can also be obtained through computed tomography scans or
magnetic resonance imaging, which are typically obtained for
other purposes. Currently, however, the radiation exposure from
computed tomography scans, and the associated cost and possible
need for sedation associated with magnetic resonance imaging
scans prevent their routine clinical use in assessing body
composition.

Sarcopenia, defined as severe muscle depletion, is a marker
of poor nutritional status and is associated with waitlist mortality in
adults with end-stage liver disease (19). Sarcopenia is also associ-
ated with morbidity (eg, risk of sepsis, hospital length of stay) and

mortality following LTx (20,21). Nutrition support in the perioper-
ative period aimed at reversing sarcopenia is associated with
improved outcomes (22,23). In observational studies of children,
imaging-based measurements of psoas muscle surface area have
been used to determine the presence of sarcopenia (24,25). Limited
data suggest that psoas muscle surface area is significantly lower in
children with end-stage liver disease compared to healthy controls.
This may serve as a complementary assessment of nutritional status,
as it does not correlate with commonly used measures, such as
weight (24,25). Future studies in broader populations of children
with liver disease are needed to better understand the utility of
measuring sarcopenia as a means of predicting short- and long-term
morbidity and mortality.
RECOMMENDATIONS:

1. Beyond weight and height measurements, clinicians should
monitor MUAC and TSF serially in patients with chronic liver
disease. The frequency of the measurements depends on the
nutritional status and can range from every 2 weeks to every
3 months.

2. A careful, nutrition focused, physical examination is recom-
mended in every clinic visit.

Challenges With Assessing Energy, Macro- and
Micronutrient Status and Requirements in
Cholestasis and Cirrhosis

The presence of cholestasis and cirrhosis complicates nutri-
tional assessments. The following section highlights the challenges
associated with the assessment of energy, macronutrient, and
certain micronutrient requirements of children with cholestasis or
cirrhosis. A practical, expert opinion-based approach to monitoring
for nutritional deficiencies is summarized in Table 2.

TABLE 2. Approach to laboratory monitoring for nutritional deficiencies in patients with cholestasis or end-stage liver disease

Reassessment
Nutrient How to monitor Limitations/considerations frequency
Protein Blood urea nitrogen, creatinine Affected by hydration status and renal function Every 3 mo .
Essential fatty acids Quantitative fatty acids Costly, not widely available Every 3—6 mo
Vitamin A Serum retinol, retinol binding protein (RBP) RBP affected by hepatic synthetic function and zinc Every 3-6 mo ™
Modified relative dose response status
In cholestatic patients N
Vitamin E Serum vitamin E In noncholestatic patients Every 3—6 mo '
a-Tocopherol to total lipid (triglycerides, In cholestatic patients
phospholipids, and total cholesterol) ratio
Vitamin K INR Normal INR does not ensure vitamin K adequacy for Every 3-6 mo™f
bone mineralization
Affected by liver function
Vitamin D 25-Hydroxy vitamin D Every 3—-6 mo ™

Zinc Serum zinc
Alkaline phosphatase

Tron Ferritin
Soluble transferrin receptor

Metabolic bone
disease

25-Hydroxy-vitamin D, INR
Serum calcium, magnesium, phosphate levels
Serum parathyroid hormone levels

Affected by albumin levels, inflammation As indicated
Affected by bone and liver disease clinically,
maximum every 3
mo
Affected by inflammation As indicated
Affected by advanced liver disease, hemolysis, clinically,
recent blood loss maximum every 3
mo
As above
As indicated
clinically

iNR = international normalized ratio.
Depends on severity of maldigestion/malabsorption.

fFat-soluble vitamin levels may need to be measured on a monthly basis in severely cholestatic infants.

www.jpgn.org
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Energy and Macronutrients

Energy Expenditure

The energy requirements of patients with liver disease
depend on their resting energy expenditure (REE), their activity
level, and the severity of their maldigestion/malabsorption. Deter-
mining the caloric requirements of patients with liver diseases is
challenging in the clinical setting. The equations typically used to
predict REE are inaccurate, particularly in those with end-stage
liver disease and correct clinical estimates of the degree of mal-
digestion/malabsorption are difficult to obtain (26). The REE of
children with cholestasis and cirrhosis may also depend on disease
severity (27—-29). When available, indirect calorimetry can be used
to measure the REE. When indirect calorimetry is not available,
clinicians can start by estimating the REE using the Food and
Agriculture  Organization/World Health Organization/United
Nations University (FAO/WHO/UNU) equation, which has been
validated in children (30). This provides a starting point, which
should subsequently be modified based on the progress of the
patients’ nutritional status.

Fat

The fat requirements of patients with chronic/end-stage
liver disease depend on their nutritional status, and the presence
and severity of maldigestion/malabsorption. Typically, patients
consume diets with standard amounts of fat, which in children
and adolescents provide ~25% to 30% of total calories. Formu-
las enriched in medium chain triglycerides (MCTs) are often
used in cholestatic infants, given the fact that they do not require
bile salts for digestion and can enter the enterocytes through
passive diffusion. Increased provision of fat is justified in the
context of excess fecal fat losses, although the exact amount of
additional fat required is patient-specific and depends on
the degree of gastrointestinal losses. Serial TSF measurements
can assist in determining the need for additional fat supplemen-
tation.

Children with cholestasis are at increased risk of essential
fatty acid deficiency (EFAD), secondary to fat maldigestion/mal-
absorption, inefficient elongation of essential fatty acid precursors
by dysfunctional hepatocytes, and enhanced peroxidation of lipids
(31,32). EFAD can also be iatrogenic, particularly when diets high
in MCT and low in long-chain triglycerides are used (33). EFAD
correlates with fat-soluble vitamin deficiencies and should be
suspected in this context (34). Clinical signs of EFAD, such as
dry, rough skin, poor growth, numbness, paresthesias, and vision
impairment may go unrecognized or be misdiagnosed as vitamin
deficiencies (35). Total fatty acid profiles in the red blood cells can
be used to test for EFAD. EFAD testing is positive when linoleic
acid, a-linolenic acid, eicosapentanoic acid and/or docosahexanoic
acid are below reference ranges for age in patients with either
clinical signs of EFAD or severe fat soluble-vitamin deficiencies
not improving with supplementation (36). The classically used
triene to tetraene ratio >0.2 is not a sufficient testing approach
for EFAD and it provides no information regarding the status of ®-3
fatty acids (36).

Protein

Protein requirements in children with chronic and end-stage
liver disease are typically increased, due to protein loss, increased
amino acid oxidation, and poor nutritional status. Albumin (half-life
of ~20 days), prealbumin (half-life of 2 days), transferrin (half-life
10 days), and retinol-binding protein (RBP; half-life 12 hours) may
be generally used to assess protein status. In the context of chronic
liver disease and inflammation, however, these markers have
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variable utility, as they tend to be low due to either decreased
synthesis or increased losses (in stool, urine or the interstitial space),
and hence are not necessarily reflective of nutritional status (37,38).
Blood urea nitrogen is affected by hydration status, and the capacity
of the liver to make urea. In the absence of dehydration or liver
failure (in which case ammonia levels are typically elevated), a low
blood urea nitrogen can be used as an indirect marker of suboptimal
protein intake. Nitrogen balance studies and serum creatinine levels
are also affected by comorbidities seen in end-stage liver disease
(eg, renal impairment) and as such should be interpreted with
caution (39). Other parameters, such as measures of sarcopenia
(discussed above), may be more useful indirect indicators of chronic
protein intake; however, their utility in this context has not yet been
adequately studied.

Carbohydrates

Carbohydrate requirements in patients with chronic or end-
stage liver disease are also challenging to determine and depend on
associated comorbidities. Typically, patients receive ~50% to 65%
of their total calories in the form of carbohydrates. Hyperglycemia
secondary to insulin resistance and hypertriglyceridemia (which
may also indicate impaired glucose tolerance) may be driven by the
underlying liver disease, but may also suggest excess carbohydrate
provision. In contrast, patients with cirrhosis or acute liver failure
are at risk of hypoglycemia because of limited stores and an
inability to mobilize these stores, particularly following prolonged
periods of fasting. Vulnerable patients, such as infants younger than
6 months of age, may have asymptomatic hypoglycemia, suggesting
that clinicians should have high clinical suspicion for this
complication.

Micronutrients

Vitamin A

The majority of vitamin A (90%) is stored in the liver and
vitamin A content decreases as liver disease progresses (40—42).
Vitamin A status can be assessed using a variety of approaches (40)
but in clinical practice, serum retinol and RBP levels are most
commonly used. When serum retinol drops <20 pg/dL a modified
relative dose response test can be used to confirm the result (40).
Serum RBP levels are inaccurate in those with advanced liver
disease (42). Beyond serum markers, ophthalmologic assessments
have poor sensitivity and specificity to detect vitamin A deficiency
(40). Clinicians should, however, enquire about the sensation of dry
eyes or evidence of visual impairment in poorly lit areas and refer
cholestatic or malnourished patients with low serum RBP levels or
abnormal relative dose response testing to ophthalmology for
further assessment.

Vitamin E

Vitamin E deficiency (VED) manifests predominantly with
neurologic symptoms, which may not be reversible with vitamin E
supplementation (43—46). Vitamin E circulates in lipoproteins and,
as a result, cholestasis can be associated with falsely elevated
vitamin E levels (47). The ratio of vitamin E to total lipids
(triglycerides, phospholipids, and total cholesterol) should be used
to screen for VED in patients with cholestasis and hyperlipidemia
(46—48). The cut-off for VED is 0.6 mg of serum vitamin E/g of
total lipids in those 1 to 12 years of age and 0.8 mg/g in older
children and adults (47). The serum vitamin E to total cholesterol
ratio has also been used to assess for VED (49,50); however, it may
provide false negative results when screening cholestatic children
for VED (51). Red blood cell acanthocytosis, which can be seen on a
blood smear, is another indication of VED.

www.jpgn.org
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Vitamin K

Vitamin K increases the affinity of certain proteins to
calcium. In the clotting cascade, vitamin K activity facilitates
the calcium-dependent activation of clotting factors, whereas in
the bones vitamin K enhances calcium deposition. International
Normalized Ratio (INR) is used clinically to assess vitamin K
status. However, while the INR reflects vitamin K status in terms of
the clotting cascade, it may be an inaccurate reflection of vitamin K
status from a bone mineralization perspective (52,53). Vitamin K
deficiency (VKD) should be considered in the differential diagnosis
of metabolic bone disease in cholestatic patients, even in those with
a normal INR. Plasma PIVKA-II (protein induced in vitamin K
absence) levels may assist in determining VKD; however, this assay
is not widely available in the clinical setting (52,53).

Vitamin D

The liver is central to vitamin D metabolism and absorption.
Osteopenia and rickets secondary to vitamin D deficiency (VDD)
are not uncommon in cholestasis and cirrhosis (54—-56). Although
cholestasis is associated with lower serum levels of 25-hydroxy
vitamin D, noncholestatic patients are also at risk for VDD,
particularly in the context of advanced liver disease (57). If
VDD is suspected, further work-up including measurement of
serum parathyroid hormone, calcium, and phosphate levels may
be indicated.

Zinc

Zinc circulates predominantly bound to albumin and serum
zinc levels are used to screen for deficiency, which may be
associated with skin rashes and diarrhea (58,59). Conditions affect-
ing albumin levels and inflammation may impact serum zinc levels
(58). In children with cirrhosis, serum zinc levels do not correlate
with tissue zinc content and, as such, clinicians should have a high
index of suspicion and provide zinc supplements to patients with
gastrointestinal and dermatologic manifestations suggestive of zinc
deficiency (60). Since zinc is required for alkaline phosphatase
synthesis, low alkaline phosphatase levels may be suggestive of
zinc deficiency. Alkaline phosphatase levels should, however, be
interpreted with caution in patients with cholestasis and/or bone
disease, which cause elevations in this biomarker.

RECOMMENDATIONS:

1. Clinicians should familiarize themselves with the limitations of
nutritional biomarkers in the context of chronic liver disease.

OPTIMAL NUTRITION SUPPORT: CHOLESTATIC
LIVER DISEASE

Pathophysiology of Nutritional Deficiencies in

Cholestatic Liver Disease

In addition to the maldigestion and malabsorption seen in
cholestasis (Fig. 1), affected children also have an increased
metabolic rate, similar to those with end-stage liver disease (see
““Nutrition in Cirrhosis and Peri-transplant Period’’ section below)
(27,61). Amino acids are used for gluconeogenesis, resulting in
increased oxidation of branched-chain amino acids, which occurs
even in the context of mild cholestasis (61). This contributes to
progressive muscle wasting, sarcopenia, and protein-energy mal-
nutrition. Cholestasis is also associated with fat maldigestion due to
the limited delivery of bile acids to the small intestine. This results
in excessive intestinal calorie losses. In addition, unabsorbed free
fatty acids in patients with cholestasis can bind to dietary calcium,
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leading to gastrointestinal calcium losses, contributing to metabolic
bone disease and oxalate nephrolithiasis. The metabolic bone
disease seen in this context is multifactorial and can be due to
VDD, other fat-soluble vitamin deficiencies (eg, vitamin K), physi-
cal inactivity, undernutrition, and hormonal changes. Oxalate
nephrolithiasis occurs secondary to decreased calcium-oxalate
binding in stool (resulting from preferential binding of
calcium to fatty acids), which leads to increased intestinal oxalate
absorption (62).

Dietary plans aimed at supporting patients with cholestasis
should take into consideration the altered bioavailability and
metabolism of nutrients seen in cholestasis (Table 2).

Prevalence of Malnutrition and Nutritional
Deficiencies in Cholestatic Liver Disease

Although few studies report on the nutritional status of
cholestatic children, and typically include small cohorts, the prev-
alence of malnutrition in this population is significant (63). In a
study of 38 infants with neonatal cholestasis, 39% were found to
have malnutrition using MUAC measurements (63). Another study
of 91 infants, median age 12 months, revealed that 44% of children
had reduced MUAC, and 64% had reduced TSF thickness. In
contrast, only 33% had reductions in weight-for-age measures
(64). A retrospective Brazilian study noted that 64% of cholestatic
children were stunted (65). These data suggest that recognition of
malnutrition in liver disease is a crucial first step in providing these
patients with optimal care.

Metabolic bone disease in the context of liver disease
(hepatic osteodystrophy) is a prevalent comorbidity of cholestatic
children and may occur in the first few months of life. Metabolic
bone disease should be considered in those with a history of
fractures, bone pain, and laboratory evidence of low serum 25-
OH vitamin D and phosphate levels or elevated parathyroid hor-
mone levels. Elevations in serum levels of alkaline phosphatase
may also suggest comorbid metabolic bone disease; however, this
biomarker is also elevated in cholestasis. A study of 37 children,
ages 2 to 22 months, showed that in spite of normal levels of 25-OH
vitamin D, radial bone mineral density approached —3 to —5
standard deviations by 2 years of age (66). Similarly, a cross-
sectional study of 50 children with cholestasis who had bone
mineral density, 25-OH vitamin D levels, and serum calcium/
phosphorus levels assessed, revealed that reduced bone density
was present in 56% of patients. More than half of these patients had
reductions in serum calcium levels, rather than 25-OH vitamin D
(67). The measurement of PIVKA-II in cholestatic children has
revealed that VKD significant for bone health can occur even in
those with a normal INR (39%) (53). Lastly, a study of 148
cholestatic children (>5 years of age) with chronic intrahepatic
cholestasis, Alagille syndrome, alpha-1 antitrypsin deficiency, and
bile acid synthetic disorders indicated that patients with chronic
intrahepatic cholestasis were at highest risk of metabolic bone
disease even after controlling for anthropometrics (68). Bone
deficits generally did not correlate with the severity of cholestasis;
however, in patients with Alagille syndrome bone density corre-
lated with poor nutritional status, and severity of cholestasis.

Data on specific nutrient deficiencies in children with cho-
lestasis are confounded by the inclusion of patients with comorbid
end-stage liver disease. Assessed independently, children with
cholestasis alone may have a higher risk of EFAD, and fat-soluble
vitamin deficiencies with the prevalence of these deficiencies
dependent on the severity of cholestasis (31). The prevalence of
fat-soluble vitamin deficiencies in infants with biliary atresia during
the first 6 months post-Kasai hepatoportoenterostomy is reported to
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be 29% to 36% for vitamin A deficiency, 21% to 37% for VDD,
10% to 22% for VKD, and 16% to 18% for VED (69). In addition, -
carotene is low in as many as 85% of children with cholestatic liver
disease (70). A study of 27 children with end-stage liver disease,
who were consuming approximately 70% of their estimated calorie/
protein requirements, also reported iron, zinc, and selenium defi-
ciencies in 32%, 42%, and 13% patients, respectively (71).

Approach to Nutrition Support in Pediatric
Cholestasis

The approach to nutritional supplementation of children with
cholestasis should focus on providing increased total calories, lipids,
and protein, while avoiding extended periods of fasting (Table 3).
Given the lack of randomized controlled trials, this approach is based
on less stringent evidence. Ongoing steatorrhea may result in

significant calorie losses the repletion of which requires a significant
increase in energy provision over what may be derived from standard
energy equations or measured via indirect calorimetry (72). Sole
increases in fat provision in efforts to calorie boost the diet may be
inappropriate. Increased protein catabolism must also be addressed
through increased protein supplementation, which may be required
even in mild-to-moderate cholestasis.

MCTs remain a key component of supplementation in cho-
lestasis. Limited data point to improved growth in cholestatic
infants fed with a ratio of MCT/ long-chain triglyceride (LCT)
supplementation of 30% to 70% (MCT/LCT mix). It is important to
highlight that MCTs are less efficient fuel sources, as they contain
fewer kilocalories per gram than LCTs (8.3 kcal/g MCT vs 9 kcal/g
LCT), increase total energy expenditure, and are not a source of
essential fatty acids. For this reason, a diet of exclusive MCT lipids
(>80%, or lower in severe cholestasis) increases the risk of EFAD
and may contribute to suboptimal weight gain. Supplementation of

TABLE 3. Recommendations for nutritional support in children with cholestasis

Energy/nutrient Requirement

Comments

Energy ~130% of requirement for age

Fat 30%—50% of total calories
Start with MCT/LCT = 30%/70% of total fat calories
Provide a minimum of 3% of total kcal from LA and
0.7%—1% from alLA

Protein ~130%-150% of requirements for age

Carbohydrates 40%—60% of total calories

Vitamin A* <10kg—5000 IU/day
>10kg—10,000 IU/day

Vitamin D* Cholecalciferol: 2000—5000 1U/day

Vitamin E* TPGS: 15-25 IU-kg ' - day

Vitamin K* 2-5mg/day
Tron Meet DRI for age
Calcium

Meet DRI for age

1-2 mEq-kg ™" day !
2 mEq-kg - day !

Sodium
Potassium

Measure REE via indirect calorimetry if available

Account for losses associated with maldigestion/malabsorption

Monitor MUAC and TSF every 2—4 wk

Use NG/NJ feeding if unable to meet energy goals for >2 wk

Increase MCT if suboptimal growth with LCT (dropping weight/length-
height z/scores or no evidence of catch up if already low, for 1 month)
or if poor tolerance of LCT

MCT may be added in the form of both MCT oil, and MCT-containing
formula. Development of steatorrhea may suggest excessive MCT
supplementation

Monitor for EFAD

Dietary sources of EFA include soy, canola, corn, walnut or fish oils, as
well as egg yolks.

Account for losses associated with maldigestion/malabsorption

Provide at least minimum requirements for age

Hyperglycemia can occur due to insulin resistance

Hypoglycemia can also occur

Adjust based on results of monitoring labs (see frequency of monitoring,
Table 2)

Larger weekly doses (eg, 50,000 IU/once per week) are used in some
centers; limited available data preclude formal recommendations re:
weekly dosing

Calcitriol can be used in patients with rickets/osteoporosis in the context
of cholestasis/cirrhosis; limited data in pediatrics

Adjust based on results of monitoring labs (see approach to laboratory
monitoring for nutritional deficiencies in patients with chronic liver
disease, Table 2)

1-10mg IV may be required

Anaphylaxis with IV Vitamin K has been reported

May also be given IM

Adjust based on results of laboratory investigations

Note that hepatotoxicity from iron overload can occur; clinicians should
carefully consider the need for IV iron provision

Adjust based on results of laboratory investigations

Increase calcium and decrease oxalate intake in cholestatic patients with
oxalate stones

Restrict if fluid overload

Adjust based on results of laboratory investigations

oL A =a-linolenic acid; DRI=dietary reference intake; EFA =essential fatty acids; EFAD =essential fatty acid deficiency; IM = intramuscular;
IU = international units; IV =intravenous; kcal =kilocalories; LA =linoleic acid; LCT = long-chain triglycerides; MCT = medium chain triglycerides;
MUAC = mid-upper arm circumference; NG = nasogastric; NJ = nasojejunal; REE =resting energy expenditure; TPGS = D-alpha-tocopheryl polyethylene

glycol 1000 succinate; TSF = triceps skin folds.

*Supplementation with all fat-soluble vitamins together may improve their absorption.
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the diet with MCT may be offered in the form of both MCT oils and
MCT-containing formulas. Dietary sources of MCT include coco-
nut oil, palm oil, and dairy products and can be added to table foods
in older children. There is no clear consensus on absolute ratios and
concentration of MCT provided, but remaining mindful of EFAD
when the MCT provision exceeds >80% of total fat intake is
important. Limited availability of essential fatty acids can have a
negative effect on growth and brain development (73), even in those
who do not have clinically evident EFAD, further underscoring the
importance of providing adequate LCT. The amount of LCT that is
required to prevent EFAD is 3% of total fat calories in healthy
subjects; however, in the context of cholestasis LCT requirements
may be much higher, and depend on the severity of the fat
maldigestion/malabsorption. Lastly, it should be noted that while
the practice of enriching the diet with MCT oils in the clinical
setting is commonplace, a trial comparing MCT to LCT supple-
mentation has never been performed in pediatric cholestasis.
Correction of fat-soluble vitamin deficiencies can be chal-
lenging, and obtaining fat-soluble vitamin supplements that are
modified to enhance their absorption under conditions of fat
malabsorption are frequently complicated by global product
shortages. Moreover, although medically necessary, these supple-
ments are often not covered by insurance providers in some
countries, leaving families with high out-of-pocket expenses. Initial
supplementation is most commonly delivered through water-solu-
ble ADEK multivitamin formulations. These aqueous preparations
can be transported directly into the portal circulation without the
need for bile salts (69,74). Individual vitamin preparations are
commonly required to meet requirements. For example, alpha-
tocopherol polyethylene glycol 1000 succinate is a tocopherol
(vitamin E) isomer that exhibits improved systemic absorption
due to its amphipathic molecular structure. This compound forms
micelles without the need for bile salts, thus supporting its transport
across the intestinal epithelium and into the portal circulation
independently (75). In addition, it facilitates the absorption of other
fat-soluble vitamins (vitamin D) (76). Vitamin A supplementation
requires close monitoring, as hypervitaminosis A can cause hepatic
fibrosis and worsening liver disease (40,77). Vitamin D should be
provided as cholecalciferol (D3) due to its greater bioavailability
and affinity for vitamin D—binding protein than ergocalciferol (D2).
There is no consensus on upper limits of serum levels, but serum
levels of 25-OH vitamin D >20nmol/L should be achieved (78).
To conclude, the assessment of nutritional status in chole-
static children should include MUAC, TSF, and height-for-age
measurements, in addition to weight-for-age. Protein-energy mal-
nutrition is common in pediatric liver disease and should be
managed in conjunction with a nutrition support team where
available. This approach optimizes anticipatory monitoring, proac-
tive supplementation, and ongoing follow-up, as summarized in
Table 3. Prolonged periods of fasting should be avoided. There is no
consensus on the optimal ratio of MCT/LCT supplementation but
MCT dosing should be limited to <80% of total fat energy intake to
prevent EFAD and enhance weight gain.
RECOMMENDATIONS:

1. Nutrition support of cholestatic infants should be optimized to
prevent and treat nutritional deficiencies. A detailed approach to
optimizing nutrition support is provided in Table 3.

OPTIMAL NUTRITION SUPPORT: NUTRITION
IN CIRRHOSIS AND THE PERITRANSPLANT
PERIOD

The most common indications for pediatric LTx are end-
stage liver disease (due to conditions such as biliary atresia, alpha-1
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antitrypsin deficiency, Alagille syndrome, and autoimmune hepa-
titis) or acute liver failure resulting from toxic, infectious, meta-
bolic, or idiopathic causes (79—81). Particularly in end-stage liver
disease, nutritional status can affect morbidity and mortality in both
the peritransplant period, and long-term following LTx (82-85).

Pathophysiology of Nutritional Deficiencies in
Cirrhosis.

Malnutrition in LTx candidates refers not only to compro-
mised nutritional status (including sarcopenia) and metabolic bone
disease, but also to complications such as nutrition-related cardio-
myopathy (82,85). Beyond the pathophysiology discussed in the
cholestasis section and summarized in Figure 1, patients with end-
stage liver disease also develop insulin resistance (86), which fuels a
catabolic state that may further worsen their nutritional status. In
terms of fat metabolism, the decreased respiratory quotient of
children with end-stage liver disease undergoing indirect calorime-
try suggests active lipid oxidation, which is seen in both the fed and
fasted states (27). Total energy expenditure is also increased in
cirrhosis (sometimes in excess of 150% of expected) rendering it
challenging to meet energy requirements (83,85) particularly in the
context of organomegaly, ascites (necessitating fluid restriction),
and anorexia.

Prevalence of Malnutrition and Nutritional
Deficiencies in Cirrhosis

The worldwide prevalence of malnutrition in infants and
children with end-stage cholestatic liver disease is significant. In a
longitudinal study from Australia, the mean height/length z score at
the time of liver transplant was —1.12 + 1.50 (n=32; median age
2.1 years, range 0.4—10.9) (87). A Chinese study revealed growth
impairment in 69% of children listed for transplantation (n=51;
mean age 3.7 years, range 1.1-13.0) (88). Recent data from the
United States (n=35) indicate that children with end-stage liver
disease have on average a 23% reduction in muscle mass, but a 69%
increase in visceral and a 29% increase in subcutaneous fat com-
pared to healthy controls (25).

Approach to Nutritional Support of Children
With Cirrhosis

The approach to the nutritional support of children with
cirrhosis is based on limited evidence due to the paucity of
randomized controlled trials. It is well known that better pretrans-
plant nutritional status is associated with better post-transplant
outcomes (89-91). However, only a single small randomized
controlled trial focused on nutritional intervention in pediatric
patients awaiting LTx exists. This study showed that delivering
branched-chain amino acid—enriched, semi-elemental formulas to
young children (median age 1.25 years) by nasogastric tube can lead
to improved anthropometric outcomes compared to a standard
semielemental formulation (92). A Cochrane review failed to
identify the benefits of nutritional interventions for adult LTx
patients, but provided weak evidence that, compared with standard
dietary advice, adding a nutritional supplement to the usual diet of
patients listed for LTx may have a beneficial effect on clinical
outcomes after LTx (93). Considering the differences in the patho-
physiology and comorbidities of adult and children with cirrhosis,
pediatric-specific literature is needed.

A practical approach to the nutrition support of patients
with end-stage liver disease is shown in Figure 2. In terms of
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e Start with regular diet, similar in composition to healthy children

e Aim for 2130% of caloric requirements for age

- unable to tolerate goal feeds for 2-4 weeks?
- suboptimal trend in anthropometrics for 2-4 weeks?

INFANTS
Calorie boost the diet:
o Add breast milk fortifier, if
breastfed
o Use MCT-rich (~30% initially)
formula, if formula-fed
Feed smaller volumes more frequently
Repeat anthropometrics every 2-4
weeks

OLDER CHILDREN
Increase portion sizes
Add bedtime snack and/or formula
(1-1.5 kcal/ml)
Feed smaller volumes more
frequently
Repeat anthropometrics every 4
weeks

- unable to tolerate goal feeds for 2-4 weeks?
- suboptimal trend in anthropometrics for 2-4 weeks?
- hypoglycemia requiring continuous feeding?

e Insert nasogastric or nasojejunal (the latter particularly if at risk of aspiration)

tube to:

o Supplement oral intake (can use higher MCT formula, e.g. 50%)
o Provide continuous feeds if needed
o Provide night-time feeds if necessary to meet energy requirements or

to prevent hypoglycemia

e Repeat anthropometrics every 2-4 weeks

- unable to tolerate goal feeds for 2-4 weeks?
- suboptimal trend in anthropometrics for 2-4 weeks?

e Consider hospitalization for initiation of Parenteral Nutrition (PN)

o Can be discharged on Home PN
e Repeat anthropometrics every 2-4 weeks

FIGURE 2. Approach to feeding children with end-stage liver disease.

macronutrient composition, patients with end-stage liver disease
(ESLD) should receive ~40% of total energy in the form of fat
(this varies depending on the severity of cholestasis) and 40% to
60% in the form of carbohydrates (balancing the hypoglycemia
from ESLD and hyperglycemia from insulin resistance). Low-
protein diets should be avoided (except when severe encepha-
lopathy is present and in that context protein restriction should
not exceed 2—3 days) (83). Although the protein requirements of
children with ESLD are not known, adult data suggest that
adequate protein intake attenuates the muscle catabolism seen
in cirrhosis, without exerting a negative impact on recovery from
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hepatic encephalopathy (94,95). Based on the adult literature, a
patient’s protein requirements should be met and protein intake
should not be decreased with the sole purpose of addressing
rising ammonia levels. Mineral and trace elements deficiencies
should be monitored and age-appropriate single/multivitamin
products used as supplementation, as needed (83). The optimal
frequency of monitoring has not been established. Under certain
circumstances, such as in patients listed for combined liver-
kidney transplantation or those inborn errors of metabolism
requiring liver transplant, determining the optimal nutritional
approach may be even more complex (96).
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The overall diet of patients awaiting LTx is theoretically similar
to age-appropriate healthy children. More frequent feeding (every 1—
2 hours in infants and 3—4 hours in older children) or nighttime feeding
may, however, be needed to prevent consequences resulting from
above-mentioned impaired glucose and protein metabolism. Persistent
hypoglycemia may require continuous feeding via a nasogastric or
nasojejunal tube (including at nighttime) or total parenteral nutrition
(PN) in severe refractory cases. In adults with cirrhosis, the provision
of a bedtime snack or overnight feeding to prevent prolonged fasting
(>8hours) not only attenuates the risk of complications, such as
hypoglycemia, but may also improve the patients’ nutritional status
(97,98). In infants, breast milk can be supplemented with a breast milk
fortifier (85). If breast milk is not available, an MCT-rich infant
formula should be used. Another option to enhance the caloric needs of
infants listed for transplantation is to increase the caloric density of
formula to 0.8 to 1kcal/mL (24—30kcal/oz) (85). Premade high-
calorie (1kcal/mL; 30kcal/oz) formulas can be also considered, but
they usually do not contain MCT. Modular supplements (MCT or LCT
oils, carbohydrate, or protein powders) can also be added to infant
formula to reach the desired calorie concentration (typically does not
surpass 1 kcal/mL in infancy).

In older children, specific dietary prescriptions depend on
their underlying liver disease, nutritional status, and the identified
macro/micronutrient deficiencies (83). In cases of early satiety or
volume/fluid restriction, small but more frequent meals of increased
caloric density may be needed (83). If appropriate macro-/micro-
nutrient intake cannot be achieved by changes in regular diet,
modular supplements (carbohydrate-based powders, protein pow-
ders, MCT oils, etc), and/or enteral formulas can be used. In patients
who are unable to consume adequate nutrition orally for appropriate
growth, nasogastric (or nasojejunal) feeding is required. The inser-
tion of a percutaneous gastrostomy carries significant risk in
patients with portal hypertension and should be avoided
(99,100). Failure to achieve adequate nutrition and growth using
enteral feeds should prompt use of PN (82,83,85). In a small
retrospective study, PN improved the nutritional status (MUAC,
TSF) of malnourished patients with biliary atresia listed for trans-
plantation, compared to patients not receiving PN (84). Improved
anthropometrics at transplantation were associated with favorable
outcomes post-transplant (84). It should be noted, however, that PN
use can contribute to fluid and sodium overload, has previously
been associated with worsening ascites and increased risk of
gastrointestinal bleeding, (84) and may increase the risk of central
line associated blood stream infections. Finding an optimal feeding
plan can be challenging and time consuming, but it is crucial, as
failure to do so can adversely affect not only the global health of
patients, but also their quality of life and family functioning (82). A
practical approach to the nutritional support of children with end-
stage liver disease is included in Figure 2 (101). This suggested
approach is based on expert opinion and should be modified based
on the patients’ clinical status, assessment, and progression.

RECOMMENDATIONS:

1. Nutritional status, growth, and eating habits should be closely
monitored. The frequency of monitoring depends on the
severity of malnutrition and severity of liver disease and can
range from every 2 weeks to every 3 months.

2. Increased feeding frequency, increased calorie density of
consumed foods, and use of modular supplements should be
used as needed.

3. Nasogastric/nasojejunal feeding should be considered, when
appropriate.

4. PN can be used when enteral nutrition (oral, gastric, and
jejunal) is not tolerated or fails to achieve growth targets.

www.jpgn.org

Approach to the Nutrition Support of Children
Following Liver Transplantation

Literature on the nutritional management of pediatric LTx
recipients is limited. A randomized controlled trial of 24 patients,
mainly adults (ages 16—62 years) (102) showed that enteral feeding
can be safely introduced early in the postoperative period. In this
study, 14 patients received nasojejunal feeds within the first
18 hours post-LTx and 10 patients were started on PN. By postop-
erative day 10, both groups had similar oral intake and anthropo-
metric measurements, suggesting the feasibility of introducing early
enteral feeding post-LTx. There are no pediatric studies comparing
early enteral versus PN and their impact on morbidity, mortality,
and overall outcome after LTx. In addition, it is unclear whether a
certain approach to feeding (eg, nasogastric vs oral vs nasojejunal)
or diet (eg, concentrated vs regular strength formulas) is superior in
the post-LTx period. Although oral intake is encouraged, young
LTx recipients may have oromotor delays impacting their ability to
feed due to pre-LTx comorbidities. From a physiological perspec-
tive, provided that there are no biliary complications, there is no
reason to use high MCT products post-LTx.

Immunosuppressive and other supportive medications (eg,
loop diuretics or antifungals) may contribute to specific electrolyte
disturbances, which need to be monitored closely and treated
accordingly. For example, immunosuppressive therapy with tacro-
limus can lead to hyperkalemia or hypomagnesemia. Dietary
adjustments or provision of supplements is typically sufficient to
manage these laboratory abnormalities.

Nutritional Outcomes After Liver
Transplantation

Linear growth improves after LTx, yet catch-up growth is
greatly impacted by pre- and post-LTx factors. A multicenter study
of 892 children who survived beyond the first year post-LTx
showed that transplant recipients are shorter than expected based
on mid-parental heights (103). Independent factors associated with
shorter stature were pretransplant linear growth impairment, meta-
bolic disease as an indication for LTx, retransplants, and long-term
use of corticosteroids post-LTx.

Apart from undernutrition, obesity also affects LTx recipients.
Based upon a United Network for Organ Sharing data analysis,
approximately 15% of children are obese at the time of LTx
(104). This issue places LTx recipients at risk of obesity-related
comorbidities such as diabetes mellitus, cardiovascular disease,
hyperlipidemia, and hypertension. In addition, 26% of pediatric
LTx recipients are overweight or obese at a median time of 6 years
post-LTx and many have coexistent cardiometabolic risk factors,
including hypertension (44%), hypertriglyceridemia (39%), insulin
resistance (27%), low high density lipoprotein (20%), and central
obesity (19%) (105). In this study, 19% had 3 or more coexisting
cardiometabolic risk factors, which is almost 5-fold higher than that
of the general population. LTx children are predisposed to these
comorbidities predominantly due to the side effects of immunosup-
pressive therapy used to prevent rejection; however, other factors,
such as indication for LTx may also play a role. The strongest
predictor of post-LTx overweight status is weight at the time of
LTx. Other factors that predict post-LTx obesity are Hispanic eth-
nicity and steroid use at follow-up (106). Interestingly, the prevalence
of obesity decreases from 19% and 18% at 1 and 3 years post-LTx,
respectively, to 11% at 5 years (106). Obesity and metabolic syn-
drome are concerning features as they are associated with increased
risk of graft loss, overall morbidity, and mortality (107,108).
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Bone disease is a common comorbidity of pediatric LTx
recipients. It typically arises in the pre-LTx period due to complica-
tions of end-stage liver disease, such as fat-soluble vitamin mal-
digestion, use of loop diuretics and overall deconditioning
(109,110). Following LTx, other factors, such as corticosteroid
use, can further impair bone health. Studies assessing the bone
mineral density of LTx recipients at various time points post-
transplant have revealed bone deficits in 0 to 7% of patients
(111-113). Results of a retrospective study of 199 pediatric LTx
recipients showed that 53% had vitamin D levels <20 ng/mL 6 years
post-LTx and 14% had levels <12ng/mL (114). The main factors
associated with VDD were season at the time of testing, cortico-
steroid use, and ethnicity. The prevalence of VDD was highest early
on post-transplant (33% at 1 year post-LTx vs 12% later than 1 year
post-LTx). Given these data, monitoring of vitamin D levels is
recommended, particularly in those who had VDD and/or estab-
lished bone disease pre-LTx. Vitamin D levels should be monitored
periodically in the first 2 years post-LTx or until normal bone
density is achieved (109,110). The frequency of this assessment
should be determined based on the severity of VDD and/or meta-
bolic bone disease; however, it should occur at minimum every 3 to
6 months for laboratory investigations. There are no data to support
a formal recommendation regarding the need for and optimal
frequency of bone mineral density assessments. If obtained,
DXA scans should not be performed more often than on an annual
basis. Repeat scans are not needed for patients with normal baseline
assessments and lack of biochemical evidence of metabolic bone
disease. It is also important to monitor micronutrients, such as
calcium, magnesium and phosphorus, the homeostasis of which is
affected by medications used in the post-transplant period, placing
patients at risk of bone disease. The need for calcium supplemen-
tation should be assessed in patients requiring vitamin D supple-
mentation and in those with evidence of decreased bone density.

RECOMMENDATIONS:

1. A formal assessment of nutritional status is recommended for
all children before and after liver transplantation, the frequency
of which depends on the nutritional status and can range from
every 2 weeks to every 3 months and should occur until
adequate growth patterns (achieve at minimum BMI >—1 SD
and/or MUAC >—1 SD without deceleration in weight for
length z score) are established post-LTx.

2. Nutritional interventions (provision of appropriate calories to
achieve MUAC and TSF >10th percentile for age, correction of
micronutrient deficiencies) to optimize nutritional status in the
peritransplant period should be implemented, as they are
associated with improved patient outcomes.

3. Liver transplant recipients should be screened for overweight/
obesity and hypertension at every routine medical encounter.
Patients should also be tested for other metabolic syndrome—
related complications, such as dyslipidemia and insulin
resistance at minimum annually.

4. Monitoring of bone health is advised in liver transplant
recipients, particularly in the first 2 years post-LTx. Monitoring
with laboratory investigations should occur every 3 to 6 months.

RECOMMENDED TOPICS FOR FUTURE
RESEARCH

Based on the aforementioned gaps in the literature, we
recommend the following topics as future research areas:

1. Determine the utility of functional assessments of nutritional
status (eg, frailty) on:
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TABLE 4. Summary of recommendations made in this position paper

Chronic cholestatic liver disease

1. Beyond weight and height measurements, clinicians should monitor
MUAC and TSF serially in patients with chronic liver disease. The
frequency of the measurements depends on the nutritional status and can
range from every 2 weeks to 3 months.

2. A careful, nutrition focused, physical examination is recommended in
every clinic visit.

3. Clinicians should familiarize themselves with the limitations of nutritional
biomarkers in the context of chronic liver disease

4. Nutrition support of cholestatic infants should be optimized to prevent and
treat nutritional deficiencies. A detailed approach to optimizing nutrition
support is provided in Table 3.

Cirrhosis/end-stage liver disease

5. Nutritional status, growth, and eating habits should be closely monitored.
The frequency of monitoring depends on the severity of malnutrition and
severity of liver disease and can range from every 2 weeks to every 3
months.

6. Increased feeding frequency, increased caloric density of consumed foods
and use of modular supplements should be used as needed.

7. Nasogastric/nasojejunal feeding should be considered, when appropriate.

. Parenteral nutrition can be used when enteral nutrition (oral, gastric, and

jejunal) is not tolerated or fails to achieve growth targets.

Post Liver Transplantation (LTx)

9. A formal assessment of nutritional status is recommended for all children
before and after liver transplantation, the frequency of which depends on
the nutritional status and can range from every 2 weeks to every 3 months
and should occur until adequate growth patterns (achieve at minimum
BMI>-1 SD and/or MUAC>-1 SD without deceleration in weight for
length z-score) are established post-LTx.

10. Nutritional interventions (provision of appropriate calories to achieve
MUAC and TSF>10th percentile for age, correction of micronutrient
deficiencies) to optimize nutritional status in the peritransplant period
should be implemented, as they are associated with improved patient
outcomes.

11. Liver transplant recipients should be screened for overweight/obesity
and hypertension at every routine medical encounter. Patients should also
be tested for other metabolic syndrome-related complications, such as
dyslipidemia and insulin resistance at minimum annually.

12. Monitoring of bone health is advised in liver transplant recipients;
particularly the first 2 years post LTx. Monitoring with laboratory
investigations should occur every 3—6 months.

oo

BMI=body mass index; DXA =dual-energy x-ray absorptiometry;
LTx =liver transplantation, MUAC =mid-upper arm circumference;
SD = standard deviation; TSF = triceps skin folds.

a. Guiding the approach to nutrition support (assessing the
impact of nutritional interventions on nutritional status)
b. Predicting long-term outcomes
2. Determine the optimal nutrition support for patients across the
spectrum of liver disease severity:
a. Protein requirements
b. Optimal ratio of macronutrient provision (calories from fat
vs protein vs carbohydrates)
c. Optimal use of MCT oil
d. Optimal timing and approach to aggressive nutritional
rehabilitation with nasogastric/nasojejunal tubes and PN.
3. Determine the nutritional risk of liver transplant recipients and
the optimal approach to monitoring and intervening.
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CONCLUSIONS

A focus on growth and development is the cornerstone of
pediatric care. Malnutrition is a common complication of cholestasis
and cirrhosis. This has the potential to increase morbidity and
mortality of individual patients and occurs as a result of multiple
overlapping factors, including anorexia, abnormal nutrient metabo-
lism, increased energy expenditure, and malabsorption. Optimizing
the nutritional status of children affected by liver disease by ensuring
adequate calorie, protein, fat, and micronutrient provision, has the
potential to positively impact survival, but also improve develop-
ment, quality of life, and overall health. Optimal nutritional assess-
ments are multifaceted and must include dietary intake, careful
physical examination, anthropometric measurements, functional
assessments, and attention to both micro and macronutrient deficien-
cies. Interventions range from avoidance of prolonged periods of
fasting and use of modular supplements (eg, MCT oil supplementa-
tion) to more aggressive nutritional support with nasogastric feeds or
total PN. Supplementation of micronutrient deficiencies, including
fat-soluble vitamins, may prevent further complications of disease.
Repeated assessments of growth and nutrition, at a minimum of every
3 months, allow the clinician to further adjust support according to
changing needs over time. For children who progress to end-stage
liver disease, optimizing nutrition may affect their postliver trans-
plant course. In the future, carefully designed research may help our
practice community further improve the health of children with liver
disease by validating comprehensive assessment tools, determining
ideal monitoring and supplementation practices, and evaluating the
risk/benefit of aggressive nutritional interventions, such as the use
total parental nutrition.

ESPGHAN DISCLAIMER

ESPGHAN is not responsible for the practices of physicians
and provides guidelines and position papers as indicators of best
practice only. Diagnosis and treatment is at the discretion
of physicians.

NASPGHAN DISCLAIMER

The NASPGHAN practice guidelines are evidence-based
decision-making tools for managing health conditions. Practice
Guidelines include Clinical Practice Guidelines, clinical reports,
technical reports, and position statements. They are authorized by
the NASPGHAN Executive Council, peer reviewed, and
periodically updated.

They are not to be construed as standards of care and should
not be construed as establishing a legal standard of care or as
encouraging, advocating, requiring, or discouraging any particular
treatment. All decisions regarding the care of a patient should be
made by the health care team, patient, and family in consideration of
all aspects of the individual patient’s specific medical circum-
stances. Although NASPGHAN makes every effort to present
accurate and reliable information, these guidelines are provided
‘“‘as is’’ without any warranty of accuracy, reliability, or otherwise,
either express or implied. NASPGHAN does not guarantee, war-
rant, or endorse the products or services of any firm, organization,
or person. Neither NASPGHAN nor its officers, directors, mem-
bers, employees, or agents will be liable for any loss, damage, or
claim with respect to any liabilities, including direct, special,
indirect, nor consequential damages, incurred in connection with
the guidelines or reliance on the information presented Table 4.
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