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Abstract: Anorexia nervosa exhibits one of the highest death rates among psychiatric patients and a relevant fraction of it is derived 
from undernutrition. Nutritional and medical treatment of extreme undernutrition present two very complex and conflicting tasks: (1) to 
avoid “refeeding syndrome” caused by a too fast correction of malnutrition; and (2) to avoid “underfeeding” caused by a too cautious 
refeeding. To obtain optimal treatment results, the caloric intake should be planned starting with indirect calorimetry measurements and 
electrolyte abnormalities accurately controlled and treated. This article reports the case of an anorexia nervosa young female affected by 
extreme undernutrition (BMI 9.6 kg/m2) who doubled her admission body weight (from 22.5 kg to 44 kg) in a reasonable time with the 
use of enteral tube feeding for gradual correction of undernutrition. Refeeding syndrome was avoided through a specialized and flexible 
program according to clinical, laboratory, and physiological findings.
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Introduction
Anorexia nervosa patients are affected by self imposed 
chronic starvation. According to the degree of mal-
nutrition, the clinical findings reveal loss of subcuta-
neous fat and muscle, as well as marked changes in 
body spaces and in body masses and composition. If 
caloric deficiency is severe and prolonged, adults can 
lose up half of their body weight and body mass index 
could decrease to 13 kg/m2 or less.

Severe undernutrition, even when inflammation 
is absent, affects every area of the body including 
cardiovascular, respiratory, nervous, digestive, and 
immune systems in addition to muscle, blood, and 
metabolism. As a consequence, the patients present 
hemodynamic instability, severe volume derange-
ment, electrolytic disturbances, hypoglycemia, hypo-
thermia, and bone marrow depression.1–4

During starvation the body tries to compensate 
for the lack of energy through changes in metabo-
lism regulation with a reduction of basal metabolic 
rate. A shift from carbohydrate metabolism to fat and 
protein catabolism occurs to provide glucose and 
ketones for energy; there is therefore a loss of lean 
body mass, which affects major organs. There is also 
a marked loss of electrolytes, including phosphate, 
potassium, and magnesium primarily from intracel-
lular compartments.

Moreover, the patient is put at risk of refeeding 
syndrome, ie, metabolic and clinical changes caused 
by a too fast and/or unbalanced nutritional restoration, 
with which the deranged bodily systems cannot cope. 
The main hallmarks of refeeding syndrome are: salt 
and water retention that may lead to edema and heart 
failure (possibly worsened by cardiac atrophy), hypo-
phosphatemia, hypokalemia and hypomagnesaemia 
(due to profound derangement of cellular processes), 
and depletion of vitamins as B1, B6 etc, which can 
lead to neurologic damage and dysfunction.5–8

Nutritional support in a seriously undernourished 
patient has the 5 following main objectives: (1) to 
prevent heart and respiratory failure; (2) to contrast 
or avert metabolic complications; (3) to restore 
lean body mass; (4) to preserve or restore immune 
function; and (5) to attenuate oxidative cellular injury 
and metabolic response to stress or starvation.

Nearly always, refeeding of severely malnourished 
patients involves two very complex and conflicting 
tasks: (1) to avoid “refeeding syndrome” caused by 

a too fast correction of malnutrition; and (2) to avoid 
“underfeeding” caused by a too slow/cautious nutri-
tional restoration.

The open question until now is how slowly these 
kinds of patients have to be refed and how many kcal/
kg/day we are allowed to provide to them. There are 
still some disagreements among researchers. Some 
recommend small amounts such as 10 kcal/kg/day5–10 
or similar amounts11 to prevent refeeding syndrome. 
Others believe that the “start low, advance low” strat-
egy can be questioned.12–14 The Marsipan’s report, 
recently published by the Royal College of Physi-
cians, states that this issue has not been settled.15

Here we describe the manner by which an anorexia 
nervosa patient with extreme malnutrition (BMI about 
9.6 kg/m2), admitted to our Eating Disorder Unit, dou-
bled her body weight within a reasonable time frame 
without refeeding syndrome signs or complaints, fol-
lowing a specialized nutritional program.

case presentation
A 24 years old single female with extreme undernu-
trition caused by dietary restriction and over-exercise 
pursued over the 12 previous months, was referred to 
our inpatient Eating Disorder Unit. As the only daugh-
ter of two employees, she was attending a university 
course and, at age 23, she started to reduce food intake 
and to increase physical activity to lose body weight, 
developing an anorexia nervosa disease.

At time of admission (November 2011) examina-
tion showed weight of 22.5 Kg, height of 1.53 cm, 
and BMI of 9.6 kg/m2. Her heart rate was 48 bpm, 
blood pressure was 75/40 mmHg, and oral tempera-
ture was 36.1 °C. She appeared well oriented in space 
and time, although nervous and tense as well. Modest 
ankle edema was present.

Initial laboratory investigations revealed an 
increased level of hepatic enzymes (aspartate ami-
notransferase 226 u/L, alanine aminotransferase 
276 u/L, γ-glutamyl transferase 63 u/L), a light hypo-
proteinemia (serum protein 6.1 g/dL), a reduction of 
platelets (94 10^ g/L), and euthyroid sick syndrome, 
ie, abnormal findings of thyroid function tests in a 
setting of no thyroidal illness (FT3 0.9 pg/mL, FT4 
6.9 pg/dL).

Serum electrolytes were normal: potas-
sium 4.1 mg/dL, calcium 8.7 mg/dL, phosphate 
3.7 mg/dL, magnesium 1.95 mg/dL, zinc 79 mg/dL. 
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Plasma glucose level was 82 mg/dL. EKG con-
firmed sinus bradycardia with prolonged QTc of 
0.47 seconds. Because of her life-threatening condi-
tion, immediate medical support was started with: 
(a) oral Thiamine and vitamins B (double daily rec-
ommended intake); (b) intravenous fluid (10% glu-
cose 20 mL/h); (c) enteral nutrition by nasogastric 
feeding at low rate (20 mL/hour); and (d) oral and 
IV phosphate supplements (see Table 1).

To avoid the risk of over feeding (ie, refeeding 
syndrome) and to avoid further nutritional and meta-
bolic deterioration, the resting metabolic rate (REE) 
was measured upon admittance through indirect calo-
rimetric measurement, to establish the caloric intake 
level (Fig. 1).

Her weight was monitored daily. Her bed rest was 
strictly organized and monitored. To avoid fluid over-
load and in order to reduce gastric discomfort, a com-
mercially polymeric, lactose-free, gluten-free, high 
caloric (2 kcal/mL), high nitrogen (17% kcal intake) 
completely fluid formula was chosen. Oral fluids 
were restricted to 1000 mL/day for the first month, 
and progressively increased to 1500 mL/day.

Nasogastric tube feeding was continuously deliv-
ered over 24/h daily, using feeding pumps also to 
reduce gastric discomfort. The amount of caloric 
intake was gradually increased according to clinical 
results (starting from the increase of body weight) 
and according to the findings of REE’s measures 
taken every month in the first 120 days (Fig. 1).

Our strategy was to improve REE by enteral nutri-
tion (EN) feeding and to commit the duty of anabolic 
rebuilding increasing amounts of oral feeding. Naso-
gastric enteral feeding was stopped after 75 days of 
treatment. For the subsequent 45 days, oral diet was 
enhanced with oral liquid supplements. To prevent 
hypophosphatemia, it is not sufficient to evaluate the 
level of phosphate before starting nutritional restora-
tion. It is also necessary to assess the serum level fre-
quently.16 For this reason, during the refeeding period, 
almost every day in the first weeks, her electrolytes, 
particularly plasma phosphate, were carefully checked 
and the amount of supplementation was modulated. 
During the first two weeks it was necessary to supple-
ment approximately 5000–6000 mg/day of phosphate 
to prevent and/or contrast hypophosphatemia.

Dietitians encouraged, not forced, the patient 
to start eating and every meal was supervised by 
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dietitians and/or nurses. Oral caloric intake started at 
time = 0 with 260 kcal/day (protein gr. 22/day). After 
a week it was increased to 800 kcal/day (protein gr. 
45/day), and after a month of care to 1260 kcal/day 
(protein gr. 59/day). At the end of the second month 
of treatment the oral caloric intake reached kcal 
1850/day (protein gr. 61/day).

Psychotropic medications and psychotherapy 
helped the patient to control anxiety and obsessive-
compulsive symptoms. The psychotropics drugs 
used were diazepam (starting from 1 mg/day to reach 
3 mg/day) and aloperidol (starting from 1 mg/day 
arriving to 2 mg/day).

In approximately three months the patient’s body 
weight doubled and BMI and all laboratory investiga-
tions normalized; to obtain this result the patient needed 
approximately 46,900 kcal (Fig. 2). We did not observe 
any major signs and symptoms of refeeding (heart 
failure, edema, rhabdomyolysis, and encephalopathy). 

Pressure ulcers were prevented by changing the patient’s 
position and using a special fluidized bed.

After inpatient treatment, the patient agreed to 
continue the follow up in our unit as day hospital 
patient. After six months from the beginning of care, 
the patient’s menses resumed with full restoration of 
hypothalamic-pituitary-ovarian function and body 
weight was normal. In addition, we may hypothe-
size that brain abnormalities will be recovered with 
clinical improvements, however only indirect data in 
possessed.17

Discussion
Patients with anorexia nervosa can be viewed as 
one of the prototypical populations of refeeding 
syndrome. Many authors have reported clinical cases 
with this complication during nutritional rehabilita-
tion, not only in past years, but also recently,18–22 and 
some have reported death resulting from it.11,22,23

Refeeding syndrome is a potentially fatal compli-
cation of nutritional management of severely malnour-
ished patients, but it is an entirely avoidable condition. 
In order to avoid it we should control: (1) electrolyte 
abnormalities; and (2) caloric intake. Therefore electro-
lyte blood levels and body weight modifications should 
be monitored very closely. In this complex syndrome, 
hypophosphatemia is characteristically present. This 
is because when a whole body with chronic deple-
tion of phosphorus experiences a large increase in the 
uptake and utilization of phosphate in the cells, a defi-
cit of intracellular and extracellular phosphorus can be 
experienced, with dangerous consequences for every 
physiological system. When we start to refeed severe 
malnourished patients, it is mandatory to supplement 
oral, enteral, and/or intravenous phosphate and other 
electrolytes such as potassium and magnesium, unless 
pre-feeding blood levels are high. To set the amount 
of phosphate, potassium, and magnesium needed, it 
is necessary to evaluate the serum level daily during 
the first period of refeeding.23 We initially prescribed 
a caloric intake higher than recommended by the 
other authors, because we believe that such extremely 
undernourished patients need a supply no less than the 
measured REE, 30.2 kcal/kg/day in our patient.14,25 If 
the amount still recently suggested by some authors,22 
10 kcal/kg/day, had been started with some major and 
fatal complications of undernutrition would have very 
probably appeared.26–28
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Figure 2. The modification of body weight and BMI during treatment 
period.
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Figure 1. Amount of caloric intake and measured resting metabolic rate 
during the refeeding period.
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The refeeding syndrome occurs in significantly 
malnourished patients during the early phase of nutri-
tional replenishment.29–31 The caloric requirements for 
severe malnourished anorexic patients is more accu-
rately estimated starting from basal energy expen-
diture (BEE) as the BEE value basically reflects the 
energy used when the patient is at rest. As metabolic 
requirements change during the process of weight 
restoration, we considered it useful to repeat the calo-
rimetry measurements during refeeding period.

conclusion
Our results seem to suggest that nutritional rehabilita-
tion accurately performed may prevent the occurrence 
of refeeding syndrome, even in extremely malnour-
ished patients. In order to succeed in this objective, 
however, it is necessary to treat high-risk patients in a 
specialized unit with a multi-disciplinary team, oper-
ating with a clearly defined and flexible plan.9,15,32
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