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Abstract

Anorexia nervosa (AN) is an eating disorder that most frequently afflicts females in adolescence. In these subjects, cardio-
vascular complications are the main cause of morbidity and mortality. Aim of this review is to analyze the hemodynamic,
pro-arrhythmic and structural changes occurring during all phases of this illness, including re-feeding. A systematic literature
search was performed on studies in the MEDLINE database, from its inception until September 2017, with PUBMED inter-
face focusing on AN and cardiovascular disease. This review demonstrated that the most common cardiac abnormalities in
AN are bradycardia and QT interval prolongation, which may occasionally degenerate into ventricular arrhythmias such as
Torsades des Pointes or ventricular fibrillation. As these arrhythmias may be the substrate of sudden cardiac death (SCD),
they require cardiac monitoring in hospital. In addition, reduced cardiac mass, with smaller volumes and decreased cardiac
output, may be found. Furthermore, mitral prolapse and a mild pericardial effusion may occur, the latter due to protein defi-
ciency and low levels of thyroid hormone. In anorectic patients, some cases of hypercholesterolemia may be present; however,
conclusive evidence that AN is an atherogenic condition is still lacking, although a few cases of myocardial infarction have
been reported. Finally, refeeding syndrome (RFS), which occurs during the first days of refeeding, may engender a critically
increased risk of acute, life-threatening cardiac complications.
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Introduction e binge-eating/purging type, when food intake may be
unrestricted but is followed by purging behaviors, such

Anorexia nervosa (AN) is an eating disorder characterized as self-induced vomiting or abuse of laxatives or diuret-

by a distorted perception of body image and weight and an ics.

irrational fear of gaining weight, which prompt behaviors

that cause body weight to remain below the limit for age, sex AN is a typical disorder of adolescence and mostly affects

and physical health [1, 2]. It is subdivided into two forms: young women (10:1 female-male ratio); nevertheless, AN

may be under-diagnosed in males, who seem to have poor
e restricting type, when food intake is kept low, often by ~ outcomes. The incidence of AN has recently been reported
adhering to strict rules (e.g., limited number of meals,  to be 270 per 100,000 person-years in adolescents [3]. How-
caloric restriction, food selection). ever, these data are not conclusive and may underestimate
the burden of AN, as the binge-eating/purging type is less
Electronic supplementary material The online version of this commonly recognized. Furthermore, the diagnostic criteria
article (https:/doi.org/10.1007/s40519-018-0567-1) contains for this latter type of AN were changed in the fifth edition
supplementary material, which is available to authorized users. of the Diagnostic and Statistical Manual of mental disor-
ders—DSM V, leading to a marked increase in the number
of diagnoses since 2013.
The etiology and pathophysiology of AN are complex,

P4 Stefano Giovinazzo
Stefano.giovi88 @ gmail.com

' Clinic of Cardiovascular Disease, Policlinico San Martino- involving genetic, neurobiological, psycho-developmental,
IST, Largo Rosanna Benzi, Genoa, Italy social and cultural factors, and the person as a whole is
2 Clinical Nutrition Unit, Policlinico San Martino-IST, Genoa, affected, in both the psychic dimension and the majority
Italy of biological functions [4, 5]. Since the 1980s, it has been

3 ASL 3 Genovese, Genoa, Italy

@ Springer


http://orcid.org/0000-0001-8744-6133
http://crossmark.crossref.org/dialog/?doi=10.1007/s40519-018-0567-1&domain=pdf
https://doi.org/10.1007/s40519-018-0567-1

200 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2019) 24:199-207

known that the cardiovascular system is altered in AN, and
that cardiac complications worsen the prognosis of the dis-
ease [6—8]. In AN, the most feared cardiac abnormalities
are ventricular arrhythmias (e.g. Torsade des Pointes), since
they may be the substrate of sudden cardiac death (SCD).
A fivefold higher mortality rate has been described in AN
than in the general population [9, 10], and it is thought that
starvation- and purging-related arrhythmias are a significant
cause of death, especially when alcohol or other substance
abuse is also present [9, 11, 12]. However, cardiac disease
in AN is multifaceted.

In this paper, we review the cardiac complications of
AN and give practical indications for their recognition and
management.

Methods

A systematic search was conducted in the MEDLINE data-
base with PUBMED interface from 1st April 2017 to 30th
August 2017 by two independent authors, using the follow-
ing keywords: “anorexia nervosa” AND one or more among:
“sudden death”, “long QT”, “QT prolongation”, “prolonged
QT”, “cardiovascular”, “heart”, “arrhythmia”, “mortality”.

A total of 1987 records were found by means of these
keywords. After the removal of duplicates, 292 records
remained. We excluded 159 articles, in that they focused on
eating disorders other than AN, were written in languages
other than English or did not provide the full text.

Results

After collegial examination, 88 articles were considered
suitable for this review. In anorectic patients, cardiovascu-
lar involvement was subdivided into conduction, structural
and ischemic disease. RFS can display a broad spectrum
of manifestations, including life-threatening cardiac events.

Conduction disease, ventricular repolarization
and arrhythmias

Up to 87% of patients suffer from cardiovascular compro-
mise early in AN [13]. Malnutrition causes cellular changes
within cardiac muscle, leading to structural, functional or
conduction complications [14]. Sinus bradycardia as an
adaptation to the hypometabolic state is commonly observed
[15]. Up to 85% may suffer from hypotension—Iless than
90/60 mmHg—usually secondary to chronic volume deple-
tion and orthostatic changes, resulting in frequent episodes
of dizziness and occasional frank syncope [16].

Patients have low cardiac output and increased peripheral
vascular resistance, despite the presence of hypotension [6].
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Starvation leads to low body weight, which may result in
atrophic peripheral muscles, resulting in decreased venous
return to the heart [17, 18]. Bradycardia during AN is revers-
ible following nutritional treatment. It is important to point
out that bradycardia may originate from conduction system
disease; it may, therefore, require cardiac monitoring in hos-
pital or, rarely, permanent pacemaker implantation [19-21].
In any case, according to international guidelines, perma-
nent electrostimulation is indicated in class I in the case of
heart rate < 30 bpm on waking or pause > 3 s during waking
hours. However, these conditions are very rare in AN, and
there is general consensus that, even if severe symptomatic
bradycardia or high-grade atrioventricular block is observed,
no temporary or permanent pacemaker implantation is indi-
cated in anorexia patients [22].

On 12-lead ECG, prolongation of the QT interval, i.e.
the time from the Q wave onset to the end of the T wave,
indicates defects in ventricular repolarization. In the pres-
ence of a prolonged QT interval, early post-depolarization
may determine ectopic ventricular beats that trigger ven-
tricular arrhythmias, such as torsades des pointes (TdP)
and ventricular fibrillation, potentially culminating in SCD.
QT interval prolongation is a common finding in AN; thus,
12-lead ECG and QT interval analysis are recommended in
these patients [23].

When measuring the QT interval, the heart rate must be
taken into account, as it influences QT duration. This is even
more important in AN, since vagal hyperactivity with sinus
bradycardia often occurs in the early phase of the disease,
while resting tachycardia is common in long-standing AN as
a consequence of autonomic dysfunction or medical compli-
cations, such as infection or chronic hypovolemia [24, 25].
There are several formulas (Bazett, Framingham, Sagie, Fri-
dericia and Hodges) for calculating the heart rate-corrected
QT interval (QTc), but there is no general agreement on
which is the most accurate in AN. Walter and colleagues
suggested that Hodges’ formula was the best choice for
patients with AN, because in healthy people it seems to be
less correlated with heart rate [26]. The heterogeneity of
ventricular depolarization can be also assessed by measur-
ing the difference between the longest and the shortest QT
interval on the same 12-lead ECG, so-called QT interval
dispersion. Although this latter critically depends on heart
rate, it has been associated with potentially fatal arrhyth-
mias in AN, as in patients with congenital or acquired QT
prolongation [27, 28].

A QTc>500 ms and a QTc dispersion > 60 ms may be
considered the thresholds above which the risk of ventricu-
lar arrhythmias is substantially increased, even though a
strong correlation with arrhythmias has been reported only
for QTc of 600 ms or more [12, 29]. Subjects with AN and
a QTc> 500 ms should be admitted for biochemical assess-
ment and continuous electrocardiographic recording by
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means of telemetry or serial ECGs. When the QTc is longer
than > 470 ms, patients should be promptly evaluated [7].
Importantly, the QT may be normal or mildly prolonged at
rest, but become severely long during exercise, as in long-QT
syndrome [30, 31]. QT prolongation can be demonstrated by
means of exercise stress testing, which must be performed by
experienced personnel trained in the management of cardiac
arrhythmias and arrest. QT prolongation constitutes a very
dangerous problem, since anorectic patients often engage in
intense physical activity. In this regard, Nagata et al., in an
interesting cross-sectional study, showed that adolescents
with AN and other eating disorders reported high levels of
exercise, with females in particular reporting greater par-
ticipation in team sports. Their study revealed that, in these
patients, bradycardia was associated with greater exercise
frequency and participation in team sports [32].

Heart rate variability, which defines the physiological
oscillations of the intervals between successive heart beats
over time, is usually higher in AN than in controls because
of enhanced vagal stimulation and sympathetic deficiency,
especially before the disease progresses to an advanced
stage, and this pattern has been related to prolonged QTc
[33]. Nevertheless, the actual involvement of increased heart
rate variability in QT-dependent ventricular arrhythmias has
been questioned [34] and, at present, assessment of heart
rate variability should be limited to research purposes and
not used to guide clinical decisions.

Hydro-electrolytic disturbances are the main cause of QT
lengthening in patients with AN; when serum levels of ions
are normal, only a mild prolongation of the QTc is observed
in AN, which probably reflects autonomic nervous system
dysfunction [35].

Hyponatremia in AN may be due to malnutrition, the
chronic use of diuretics or high water intake, though water
restriction is more common in anorectic subjects. Hypoka-
lemia is the most common electrolytic disorder and is most
often due to a purging behavior, with abuse of diuretics and
laxatives and self-induced vomiting [36]. In a retrospective
study, Seidler and colleagues reviewed potassium levels on
admission after resuscitation in 283 patients and found low-
ers values in those with eating disorders [37]. Hypomagne-
semia, when combined with hypokalemia, increases the
probability of TdP, ventricular fibrillation and heart failure;
it rarely causes arrhythmias alone [38]. Hypermagnesemia
may be also a complication of purging behavior, due to the
chronic assumption of laxatives; when severe (>5 mg/dL),
it may result in arrhythmias and cardiac arrest [39]. Hypoc-
alcemia and hypophosphatemia are not rare in AN and may
contribute to electrical instability of the heart [40, 41].

Clinicians should bear in mind that electrolytic depletion
is associated with several other changes in the ECG, besides
QTc prolongation, such as ST-segment depression, promi-
nent U waves, ventricular ectopic beats, and tall P waves.

Renal impairment surely plays a role in determining all
these hydro-electrolytic disturbances in AN patients. In a
retrospective study evaluating a cohort of adolescent AN
patients, Stheneur et al. [42] documented renal impairment,
which occurs especially when BMI and heart rate were very
low. In their study, a strong association emerged between
body mass index (BMI) and glomerular filtration rate (GFR),
low heart rates being significantly associated with reduced
GFR (according to the Cockroft—Gault equation).

Anti-depressants and neuroleptic agents, the drugs most
commonly prescribed in AN, may increase the risk of SCD
through direct interaction with ion channels [43]. This risk of
pro-arrhythmic activity is aggravated by concomitant elec-
trolytic alterations, comorbidities such as hepatic dysfunc-
tion or hypothyroidism, or a favorable anatomical substrate
[44]. Neuroleptics, including such new-generation molecules
as olanzapine, risperidone, quetiapine and aripiprazole, and
tricyclic antidepressants (imipramine, desipramine, amitrip-
tyline, clomipramine) affect sodium, potassium and calcium
channels, leading to QT prolongation and an increased risk
of TdP. Pharmacovigilance studies have pointed to an effect
on the QTc of high doses of the most recent selective sero-
tonin reuptake inhibitors, e.g. citalopram and escitalopram,
with cases of fatal arrhythmias [29].

Psychotropic drugs should be prescribed after consider-
ing their intrinsic pro-arrhythmic risk (Table 1) and after
QT interval analysis, correction of any electrolyte abnor-
mality and, if necessary, cardiologist consultation. After
starting these medications, patients should undergo regu-
lar ECG monitoring, and the dosage and/or type should be
re-discussed if the QTc and QTc dispersion are > 500 ms
and > 60 ms, respectively. Therapy may also be continued
unchanged in asymptomatic subjects, but evaluation by a
cardiologist is mandatory [23].

Structural heart disease

Pathological changes in the myocardium similar to those
observed in various cardiomyopathies have been reported in
AN, such as mitochondrial swelling and loss, the accumu-
lation of lipofuscin or myxoid material, interstitial edema,
fibrosis, and myofibrillar atrophy [45-47]. When the left
ventricular structure and function are evaluated by means
of echocardiography, reduced cardiac mass with smaller
cavity diameters and decreased cardiac output are found in
AN subjects in comparison with controls. Moreover, in a
recent paper, Kuwabara et al. reported that anorectic patients
present a low ventricular mass index, which correlates well
with low body mass index [48—52] (Table 2).

Diastolic dysfunction has been also described [53, 54].
Mitral valve prolapse is common, but its clinical signifi-
cance is uncertain [55]. Doppler tissue evaluation can
help to identify subclinical forms and to stratify patients,

@ Springer



202 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2019) 24:199-207

Table 1 Drugs with a known

: : Type of drug Proar-
risk of QT prolongation and. rhythmic
arrhythmia commonly used in risk
AN

Antipsychotic
Amisulpride +
Chlorprothizen +
Chlozapin +
Flupenthixol +
Haloperidol ++
Levoprenomazine  +
Paliperidone +
Pimozide ++
Quetiapine +
Risperidone +
Sertindole ++
Sulpiride +
Ziprasidone ++

Antidepressants
Amitriptyline +#
Clomipramine +
Doxepin +#
Imipramine +
Moclobemide +
Nortriptyline +#
Citalopram +
Escitalopram +
Venlafaxine +

Mood stabilizer
Lithium +#
Carbamazepine #
Opioid substitution
Methadone ++

Adapted from Fanoe et al. [29]

+ Moderate risk of QT prolon-
gation

++ high risk of QT prolonga-
tion and ventricular arrhythmia

# Atrioventricular block

especially in combination with N-terminal pro-type B
natriuretic peptide measurement [56, 57]. Risk stratifica-
tion may also be improved by evaluating inferior vena cava
diameters and inspiratory collapsibility [58, 59]. Finally,
the most recent echocardiographic techniques, such as
speckle tracking echocardiography-derived strain imaging,
which enables cardiac dysfunction to be detected prior to
the appearance of overt symptoms, may be clinically use-
ful in identifying those AN patients who are at increased
risk of developing cardiac involvement. Morris et al.
recently demonstrated that a subgroup of AN children
who enacted purging behavior displayed left ventricular
remodeling. Furthermore, all AN patients in their study
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present impaired regional ventricular function at the apex,
as measured by strain imaging [60].

The pathophysiology of these alterations is only partially
known. In addition to the effects of hypovolemia and caloric
restriction, a role may be played by a deficiency of thiamine
and, possibly, other vitamins, hormonal imbalances [61, 62]
and direct toxicity of substances abused in purging behavior,
such as ipecac, an emetic syrup easily available over the coun-
ter [63].

The active form of thiamine (thiamine pyrophosphate) is
an essential coenzyme for decarboxylation in carbohydrate
metabolism and energy production in the form of adenosine
triphosphate (ATP). In the event of deficiency of this essential
vitamin, particularly of the active form (beri—beri disease),
pyruvate and some aminoacids become unavailable in many
metabolic pathways, through the inhibition of the citric acid
cycle and hexose monophosphate shunt; this leads to the accu-
mulation of pyruvate and lactate, which is followed by intense
vasodilation and high-output cardiac failure, with increased
risk of death [64—67]. Although previous studies yielded con-
flicting results, with a prevalence of vitamin B1 deficiency
that varied between 0 and 13%, Winston et al. observed a 38%
prevalence of vitamin B1 deficiency (19% being particularly
severe [61]). In their experience, these authors did not find any
correlations with the duration of eating restriction, frequency
of vomiting, or alcohol consumption. In any case, high-dose
oral or parenteral supplementation is indicated. Specifically,
Hofer et al. suggest 200-300 mg IV or PO daily during re-
feeding [68].

Uncommonly, AN patients may present with acute heart
failure [45]. Acute left ventricular dysfunction may also be due
to Takotsubo cardiomyopathy [69]. This latter is characterized
by transient myocardial stunning, typically involving only a
part of the left ventricle, triggered by physical or psychological
stress. In AN, triggers may be starvation, malnutrition, hypo-
glycemia and re-feeding. As in subjects without AN [69, 70],
in anorectic patients Takotsubo cardiomyopathy may present
with acute heart failure, but also ischemic stroke, heart perfora-
tion or fatal arrhythmias with SCD [71].

About 35% of AN patients have pericardial effusion,
which is, however, most often mild and without hemody-
namic significance [7]. This complication has been corre-
lated with low body weight, protein deficiency, and levels
of thyroid hormone and insulin-like growth factor-1, and
generally reverts with weight restoration [72]. Indeed, cases
of cardiac tamponade or pericardial effusion requiring drain-
age are anecdotal [73-75].

Ischemic heart disease: atherosclerosis
and coronary artery disease

Hypercholesterolemia is frequent in AN as a result of height-
ened lipolysis, reduced cholesterol removal, and greater
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Table 2 Main findings of the studies of echocardiography in AN

Study Population

St. John Sutton 17 AN vs 10 controls

LVEDD (3.94+0.3 vs 4.4 +0.5 cm, p<0.01)

LVESD (2.6+0.3 vs 2.9+0.3 cm, p<0.01)
LVPWD (0.6 +0.1 vs 0.7+0.1 cm, p<0.02)

Romano et al. (2003) 91 AN vs 62 controls

LVEDD (4.26 +0.39 vs 4.57 +0.35 cm, p <0.0001)

LVM (71.2+17.6 vs 96.9+£21.2 g, p <0.0001)
LVM/height (20 +4 vs 26 +5 g/m*7, p <0.0001)
LVM/BSA (52.2+12.2 vs 61.3 +15.1 g/m?, p<0.0001)
EF (62.7+5.8 vs 65.03 +4.3%, p <0.007)

SV (50.7+13.3 vs 62.1 +13.3 ml/beat, p <0.0001)

CO (2.8+1.1 vs 4.5+ 1.1 I/min, p<0.0001)

Franzoni et al. (2003) 25 AN vs 25 controls

LVEDD (4.15+0.43 vs 478 +0.31 cm, p <0.001)

LVESD (2.24 +£0.24 vs 291 +£0.12 cm, p<0.001)
LVM(82.9+17.1 vs 126.12+16.4, p<0.0001)
LVM/height (21.4+3.3 vs 31.2+3.1 g/m?7, p<0.0001)
Peak A (35.94+8.5 vs 46.6+6.3 cm/s, p<0.01)

E/A (2.8+0.7 vs 2+0.5, p<0.01)

SV (55.2+12.7 vs 86.3+4.9 ml, p<0.0001)

CO (3.12+0.93 vs 4.89+0.73 I/min, p <0.0001)

Galetta et al. (2005) 20 AN vs 20 controls

LVM (66.2+8.3 vs 109.5+9.8, p<0.0001)

LVM/height (20.3+2.1 vs 30.1+2.2 g/m*”, p <0.0001)
E/E’ (lateral wall 8.1 +0.1 vs 6.8 +0.2 and vs 6.9+0.2, p<0.001; septum 10.8+0.4 vs
8.8+0.5 and vs 8.8+0.3, p <0.001)

Kastner et al. (2012) 173 AN vs 40 controls

p<0.001)

Lelli et al. (2015)* 40 (14 AN) vs 23 controls

LVEDD (4.11+0.43 vs 4.69+0.37 cm, p<0.001). LVESD (2.53+0.36 vs 2.95+0.24 cm,

LVEDV (66.0+9.0 vs 95.4+16.5 mm, p<0.01)

LVEDV (mm)/BSA (48.0+8.8 vs 57.6£6.9, p<0.01)
EF (59.6+4.3 vs 66.4+5.0%, p<0.01)

LVM (111.2+20 vs 137.8+30.9 g, p<0.01)
LVM/height (28.0+8.2 vs 34.4+7.4 g/m*7, p<0.01)
RWT (0.23+0.3 vs 0.17+0.2, p<0.01)

SV (43.07+8.77 vs 63.52+11.8 ml/beat, p<0.01)
SV/height (2.04 15.39+3.89 vs 22.37+4.17, p<0.01)
CO (2.8+0.8 vs 4.6+ 1.1 Umin, p<0.01)

CO/height (1.1+0.3 vs 1.8+0.4 p<0.01)

Escudero et al. (2016) 95 AN vs 58 controls

LVEDD (4.31 +0.38 vs 4.49+0.46 cm p=0.009)

LVESD (2.69+0.29 vs 2.82+0.37 cm p=0.02). LVPWDd (0.67 +0.10 vs 0.74 +0.15 cm

p<0.001)

IVSD (0.70+0.12 vs 0.76 +£0.13 cm p=0.005)

LA dimension (2.83+0.39 vs 3.06 +0.34 cm p=0.001)
LV mass (105.1+28.9 vs 133.1+41.8 g p<0.001)

LV mass index (75.8+17.5 vs 85.9+21.5 g/m?, p=0.002)
SV (50.1+12.0 vs 56.8 +12.7 ml/beat p=0.001)

CO (3.04+0.91 vs 3.83+0.93 I/min p <0.001)

CI (2.16+0.58 vs 2.55 +0.57 I/min/m?, p<0.001)

BSA body surface area, LVEDD left ventricular end-diastolic diameter, LVESD left ventricular end-systolic diameter, LVEDV left ventricular
end-diastolic volume, LVESV left ventricular end-systolic volume; Peak A late diastolic velocity of left ventricular filling, EF ejection fraction,
LVM left ventricular mass, RWT relative wall thickness, SV stroke volume, E/E' ratio between mitral inflow E and E’ tissue Doppler velocity,
LVPWD left ventricular posterior wall dimension, /VSD interventricular septal wall dimension, LA left atrium, LV left ventricle, SV stroke vol-

ume, CO cardiac output, CI cardiac index

activity of the cholesterol-ester-transfer protein. Concentra-
tions of total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol and apolipoprotein (A1,
B, C2, C3, E) are higher in patients with AN, especially the
binging-purging subtype, than in controls. These perturba-
tions in lipid profile are mainly ascribed to the alterations of
many endocrine axes, and generally normalize with weight

gain [76-78]. The long-term use of antipsychotic drugs,
particularly phenothiazine neuroleptics, has also been asso-
ciated with the development of dyslipidemia, as well as of
diabetes mellitus [29]. Since it is not known whether high
cholesterol levels in AN require specific treatment and, if
so, which values should be targeted, measuring cholesterol
as part of standard biochemical evaluation is not advisable.

@ Springer



204 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2019) 24:199-207

Solmi et al. showed that circulating markers of oxidative
stress are higher in subjects with AN than in healthy con-
trols, and chronic oxidative stress may promote endothelial
dysfunction and plaque instability or rupture [79].

However, conclusive evidence that AN is an atherogenic
condition is still lacking. For instance, Birmingham and col-
leagues measured the intima-medial thickness of the carotid
artery, which is a strong predictor of atherosclerotic coro-
nary artery and cerebrovascular disease, and found no differ-
ence between AN patients and controls [80]. Furthermore,
ischemic heart disease does not seem to be more common in
AN than in the general population, even though a few cases
of acute myocardial infarction have been reported [81, 82].

Re-feeding syndrome

Re-feeding syndrome (RFS) defines a series of hemody-
namic and electrolytic alterations occurring in AN during
the first days of re-feeding after sustained caloric restric-
tion; it is related to the abrupt transition of metabolism from
catabolic to anabolic [83]. RFS can display a broad spectrum
of manifestations, including life-threatening cardiac events
(Fig. 1). Thus, efforts should be made to avoid it; patients
must be admitted to hospital for monitoring and caloric
intake must be immediately reduced if RFS is suspected
[84]. Early nutritional support is mandatory to reduce AN
morbidity and mortality.

The re-feeding phase should be carefully implemented
to reduce the risk of life-threatening complications during
the first 10 days. Preventive support should be gradually

1
Heart failure (pulmonary
edema, peripheral

administered by means of electrolytes, vitamins (particularly
B1) and fluids.

Phosphate levels (< 1 mmol/l or <3 mg/dl) play a critical
role in RFS; a level < 0.30 mmol/I could be a particularly
life-threatening factor, which must be tightly controlled, and
phosphate supplementation in the first days of re-feeding is
mandatory.

The most serious complications are likely to occur in
cases of severe malnutrition (BMI < 10) and of overfeed-
ing in the early stages without adequate supplementation of
micro-nutrients [68, 85-88].

Conclusions

AN may be complicated by heart disease, which may be
clinically severe. This supports the paradigm that patients
with AN should be cared for by a multidisciplinary team,
including a psychiatrist, nutritionist, endocrinologist, and—
specifically for cardiac disorders—internist and cardiologist.

The QT interval should be routinely monitored by means
of standard 12-lead ECG and its measurement properly
corrected for heart rate, since significant prolongation may
herald potentially fatal ventricular arrhythmias. Moreover,
the contribution of psychotropic drugs and exercise to QTc
prolongation must be always taken into account.

Although structural heart disease is common in AN,
echocardiography is indicated for AN subjects only when
prompted by the clinical presentation, since most of the
abnormalities that can be revealed by echocardiography
do not imply any intervention in the absence of clinical

7

Muscle damage:

edema, dyspnea)

myalgia, rhabdomyolysis
\

4 N

Haematochemical disorders
(hypokalemia, hypophosphatemia,
hypocalcemia, hypomagnesemia,
Hypertransaminasemia )

\, v

~
Arrhythmias (VT, VF, TdP,
SVT)

W

Fig. 1 Clinical manifestations of re-feeding syndrome
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Neurologic symptoms: tremor,
confusion, delirium, seizures,
dizziness, centropontine
myelinolysis
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Table 3 Cardiovascular
complications in anorexia

nervosa

Type of disorder Frequency Diagnosis
Conduction disease
Bradycardia High ECG
QT prolongation High ECG, electrolytic assessment,
evaluation of psychotic drugs
Atrioventricular block (> type II Mobitz 2) Very rare ECG
Ventricular arrhythmia Rare ECG, consider if history of syncope
Structural heart disease
Low left ventricular mass index, low cardiac High Echocardiography
output, reduced diameters
Mitral prolapse Moderate Echocardiography
Pericardial effusion Moderate Echocardiography
Ischemic heart disease
Dyslipidemia Moderate Laboratory
Acute myocardial infarction Very rare ECG
Re-feeding syndrome
QT prolongation Moderate ECG
Ventricular arrhythmia Rare ECG
Acute heart failure Rare Clinical evaluation. Consider

echocardiogram before re-feeding

correlates. Similarly, routine assessment of circulating cho-
lesterol is not recommended, as patient management does
not differ according to cholesterol values.

RFS constitutes a situation of critically increased risk of
acute, life-threatening cardiac complications and must be
addressed by adopting tailored re-feeding programs, in a
dedicated environment and with the availability of the skills
and equipment necessary for the treatment of medical emer-
gencies (Table 3).
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