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Anorexia nervosa (AN) is characterized by underweight, and the primary goal of treatment
is weight restoration. Treatment approaches (ie, hospitalization for weight recovery vs for
medical stabilization) and settings (ie, medical/pediatric or psychiatric units) for patients
with AN vary between and also within countries. Several specialized eating disorder

units worldwide have established high-caloric refeeding (HCR) protocols for patients with
AN. In observational studies, HCR shortens hospital stays and increases initial weight

gain, the latter being associated with a favorable long-term prognosis. However, clinicians
may still remain reluctant to accept this approach for fear of medical complications of

HCR, including the risk of refeeding syndrome (RS).! Research is building toward the
development of evidence-based recommendations for safe and effective re-nutrition of
underweight patients with AN. This focused review was based on clinical experience

and describes 3 different protocols for nutritional management devised by experts from

3 different parts of the world (Australia, Germany, and the United States), in medical
refeeding of patients with AN who have established HCR in their clinical units. In addition,
and in order to understand energy requirements, empirical data on energy turnover of
patients with AN from former metabolic studies are presented. To the best of our knowledge,
there is no study reporting on HCR in a cohort of severely malnourished adolescents

with AN (ie, with a mean body mass index [BMI] of <15 kg/m?). Therefore, to provide
information about the treatment of extremely malnourished patients with AN, we included a
recently published HCR protocol for adults with a BMI of <13 kg/m?.2

CONCERN FOR REFEEDING SYNDROME HAS HISTORICALLY SHAPED
NUTRITIONAL TREATMENT STRATEGIES FOR PATIENTS WITH AN

The Refeeding Syndrome (RS), originally described in famine and war victims, is
characterized by severe clinical complications during initial refeeding of malnourished
patients, including those of organ failure and coma, and, in the worst albeit extremely rare
case, death. The pathophysiological mechanisms underlying the RS are shown in Figure 1.3
For a long time, there has been no commonly accepted definition of RS, and subsequently
prevalence rates and clinical outcomes are still unclear. In June 2020, the American Society
for Parenteral and Enteral Nutrition (ASPEN) proposed a new clinical definition: namely,

a decrease in serum phosphorus, and/or potassium, and/or magnesium levels, and/or organ
dysfunction resulting from a decrease in any of these and/or due to thiamine deficiency,
occurring within 5 days of reintroduction of calories.* This consensus definition is intended
as a basis for further research into the incidence, consequences, pathophysiology, avoidance,
and treatment of RS. An important indicator of risk is refeeding hypophosphatemia, as
electrolytes move from the extracellular to the intracellular space with glucose uptake.!
Some authors link RS to cardiac changes and delirium, others to electrolyte disturbances.
Therefore, one of the goals of refeeding is to maintain serum phosphate levels within the
normal range, which can be achieved by oral phosphate supplementation, to reduce the

risk of RS and its associated complications. Over time, a number of case reports have
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documented the RS in patients with AN during initial refeeding. These reports have shaped
low-caloric refeeding (LCR) protocols starting with low initial energy intake, that is, <1,400
kcal/24 h,> based on the belief that low energy intake would minimize/abolish the risk

of RS.1 More recently, LCR has been linked to poor weight gain and protracted hospital
stays & and has been described to lead to the “underfeeding syndrome.” Unlike patients
without eating disorders but with protein calorie malnutrition (PCM), patients with AN do
not generally have increased gastrointestinal losses or increased energy demands related

to critical illness or infection. Therefore, caution needs to be exercised in generalizing
findings from refeeding of malnourished patients in developing nations or different patient
populations, such as those with surgical complications or cancer, to those with AN. Given
these differences, specific, evidenced-based refeeding strategies are needed for patients
with AN to ensure safety while avoiding the negative consequences of underfeeding.’

Such evidence-based recommendations are pressing, given that official guidelines for the
treatment of AN, such as from the American Psychiatric Association, the American Dietetic
Association, the National Institute for Health and Care Excellence, and the German S3-
Guidelines, still recommend conservative, LCR for patients with AN. More recent clinical
evidence indicates that HCR is feasible and is not associated with RS in specialized settings
that implement HCR jointly with close medical monitoring and phosphate and thiamine
supplementation. An informative, systematic review found that electrolyte abnormalities
were not increased with HCR in mildly and moderately malnourished patients (75%-85%
median body mass index), but that the safety of HCR had not been established, highlighting
the lack of prospective studies in severely malnourished patients.®

ENERGY REQUIREMENTS OF PATIENTS WITH AN

During inpatient treatment of patients with AN, the prescription of sufficient calories is
required to support medically necessary weight gain for nutritional improvement. Some
eating disorder programs aim for providing sufficient calories to achieve weekly weight
gains between 500 and 1,500 g, whereas others prescribe a set amount of initial daily
calories (eg, 1,400 kcal®) without setting a fixed target of weekly weight gains. Eating
disorder—specific treatment guidelines from different countries still recommend low-to-
moderate energy intakes between 600 and 1,600 kcal/d (or 5-40 kcal/kg/d) with slow caloric
advances, leaving significant room for differences in interpretation. However, even for
experienced clinicians, it is difficult to estimate the individual caloric requirements that will
continuously support adequate renutrition. Formulas to guide clinicians working in these
settings are derived mostly from the healthy and normal-weight population. However, basal
metabolic rate and therefore energy expenditure in acutely malnourished patients before
refeeding is down-regulated due to starvation. Subsequently, during refeeding, patients with
AN may experience increases in energy needs that are markedly beyond baseline and above
what would be estimated. This hypermetabolic change has been attributed to a switch

of substrate metabolism from the catabolic to the anabolic state, increased resting and
diet-induced thermogenesis, increased energy losses as heat and cellular repair processes, as
well as physical (hyper-)activity. These processes, along with fluid shifts and possibly, at
times, with covert food restriction, all challenge the calculation of individual energy needs
as well as the interpretation of weight gain in patients with AN. Very few, small studies
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using the gold standard technique of doubly labeled water have estimated average total daily
energy expenditure at 1,972 kcal/d or 46 kcal/kg/d in underweight patients with AN who
met hospitalization criteria,® and 2,602 kcal/d (41 kcal/kg/d) in long-term weight-recovered
patients.? These studies estimated total daily energy expenditure; however, in order to gain
weight, energy intake has to be markedly higher than energy expenditure. Using 24-hour
surveillance and weighing of consumed food to calculate caloric intake, energy needs during
short-term refeeding have been estimated to be as high as 80 kcal/kg/d, which would
correspond to 3,600 kcal/d in a patient weighing 45 kg.19 In summary, the biological range
of energy expenditure in patients with AN during refeeding is both dynamic and high,
making individual energy requirements difficult to estimate during refeeding.

MEDICAL MONITORING OF HCR IN AN: CLINICAL PRACTICE
APPROACHES OF 3 EATING DISORDER UNITS IN AUSTRALIA, GERMANY,
AND THE UNITED STATES

First, in Sydney, Australia, HCR has routinely been implemented with close medical
monitoring for more than 10 years. The 2 Sydney units described here are medically

based programs, based in a medical hospital. One unit is without psychiatric support

and is managed by Adolescent and Young Adult consultants with nursing, dietetic, and
psychosocial support in the treating team. The other unit has co-leads in Psychiatry and
Adolescent Medicine, supported by a full multi-disciplinary team. Both units admit patients
predominantly to a dedicated adolescent ward. Kohn and Madden?® reported refeeding
more than 400 adolescents with AN, leading to a mean weight gain in the first week of
treatment of >2 kg without any serious medical complications. Today in clinical practice,
all patients with medical instability treated in this unit initially receive a standard 1-kcal/mL
feed through a nasogastric tube, typically commencing with 2,400 kcal/d. Once vital signs
have been stabilized for 24 hours, oral feeds (1,800 kcal meal plan) are commenced and
nasogastric feeding continues over night (1 L of 1 kcal/mL for 10 hours at 100 mL/h).
Routinely patients are given a multivitamin daily. Oral phosphate is supplemented if

the serum phosphate level is <1.0 mmol/L. Other electrolytes (anions) are supplemented

to maintain normal values, although this is rarely required. Continuous nasogastric tube
feeding is used to avoid periods of “fasting” during overnight sleep until vital signs (pulse,
temperature, and blood pressure) are stabilized. Details regarding the patient population and
refeeding strategy for the units in Sydney are shown in Table 1.11.12

Second, a specialized unit in Prien, Germany, manages significantly underweight adults
with extreme (ie, BMI <15 kg/m?) and often enduring AN, that is, an illness duration

of >10 years and repeated prior hospitalizations for AN. This adult psychiatric unit has

the ability to admit patients with AN for longer periods of time and also to work on
behavioral issues. Close medical surveillance by an Internal Medicine specialist is combined
with psychotherapy from the beginning of inpatient treatment. The transition from medical
stabilization, which is initially the main focus in patients with extreme underweight, to more
intensive psychotherapy takes place gradually within the hospital. In this unit, in 103 adult
patients with AN, and an average admission BMI of 11.5 kg/m2, HCR started with oral
intake of 2,000 kcal/d combined with routine thiamine and phosphate supplementation for
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2 weeks, followed by individual phosphate supplementation according to blood phosphate
levels.2 This protocol led to an average weekly weight gain of 1.05 kg/wk in the first 4
weeks, with this accelerated weight gain improving vital signs (blood pressure, heart rate),
blood parameters (creatine kinase, sodium, liver enzymes, leukocytes, and thrombocytes)
as well as the physical performance (assessed by a Sit-up Squat Stand [SUSS] test) of the
patients and without occurrence of RS in any of these patients.? This protocol includes
replacement of fluid, energy, electrolytes, protein, and micronutrients, spread over 3 daily
meals. Details regarding the patient population and refeeding strategy for the unit in Prien
are shown in Table 1. In general, in this German hospital, treatment protocols for adults
and adolescents are similar with regard to the nutritional and medical management as well
as psychotherapeutic treatments, which are based on a multimodal approach with cognitive
behavioral treatment delivered in individual and group sessions. Also, drop-out rates from
treatment are similar in adolescents and adults. Differences essentially concern only a few
aspects. First, for adolescents, the involvement of their families or legal guardians is an
essential part of the management, and all adolescents receive at least 3 sessions of family
therapy during their hospitalization. Second, treatment is voluntary for both adults and
adolescents, but for minors up to the age of 18 years, the consent of a parent or legal
guardian is required. Furthermore, the overall aim of weight gain in adults is a BMI of 20
kg/m?, whereas in adolescents it is the 251 BMI percentile.

Third, and at another specialized unit (University of California, San Francisco [UCSF],
USA), different refeeding regimens are studied. The UCSF is a medical unit in a pediatric
hospital with some psychiatric support. Once a patient meets Society for Adolescent Health
and Medicine [SAHM] criteria for medical stability,12 the patient is typically discharged. A
prospective study from this unit® of moderately malnourished adolescents with AN receiving
meal-based HCR beginning with 1,764 + 60 (range, 1,400-2,400) kcal/d and oral electrolyte
supplementation to correct low or declining serum levels did not find increased electrolyte
abnormalities compared to those receiving LCR, that is, starting with 1,093 + 28 kcal,

an approach that would be consistent with the above-mentioned current recommendations

in several national guidelines. Compared to the LCR group that gained 0.14 kg/d over a
15-day period, the HCR group gained approximately 0.23 kg/d during the same time, with a
significantly shorter hospital stay of nearly 6 days. A randomized clinical trial is underway
to compare the efficacy, safety, and cost-effectiveness of meal-based LCR versus HCR in
adolescents with AN (ClinicalTrials.gov Identifier: NCT02488109). Details regarding the

patient population and refeeding strategy for the unit in San Francisco are shown in Table
1.13

These protocols from single sites in Australia, the United States, and Germany all support
the feasibility of HCR in specialty care units, both in adolescents and in adults with AN
who are moderately to extremely underweight and malnourished, and when accompanied
by close medical supervision. The fact that these HCR approaches varied regarding (1)
daily caloric intake (starting from 1,400 to 2,400 kcal/d), (2) routes of administration (oral
VS. nasogastric tube), and (3) rates of advancement in caloric increases and electrolyte
replacement (from prophylaxis to repletion of low serum levels) is a clear limitation of the
present focused review. However, all 3 regimens demonstrated satisfactory weight gain with
no reported cases of RS in patients with AN. Taking the experiences and data from these
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3 diversely located, specialized AN units into account that are embedded in different care
systems, there is preliminary evidence suggesting that an HCR protocol carried out under
close medical supervision is feasible. However, randomized controlled trials with predefined
caloric intake and protocolized electrolyte correction are needed to further establish the
safety and efficacy of HCR across different patient populations with AN and to craft
evidence-based guidelines.
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FIGURE 1. Pathophysiology of refeeding syndrome
Note: Adapted and republished from Reber et al.3 (https://doi.org/10.3390/jcm8122202;

published under Creative Commons license CC BY: https://creativecommons.org/
licenses/by/4.0). ECV = extracellular volume.
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