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and ischemic stroke: what can we learn?
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Abstract

Introduction Anorexia Nervosa (AN) is a complex psychiatric illness, characterized by a high risk of developing car-
diovascular complications. Given the high risk of vascular diseases in patients with AN, we can assume that patients
with severe AN have a high risk of developing ischemic stroke. However, to the best of our knowledge, no reports
of patients with AN presenting with ischemic stroke have been published, other than a report of the development
of IS during refeeding therapy in patients with severe AN.

Case presentation The present case report is aimed at describing the characteristics of an ischemic stroke occurring
in a 19-year-old university student who had a 6-month history of AN. She was a non-smoker, had no relevant medical
history and no family history of stroke. Upon hospital admission due to symptoms of stroke (aphasia and facial droop),
she exhibited severe malnutrition with a BMI of 12.8 kg/m? Computerized tomography imaging revealed occlusion
of the left M2 branch and a congruous extensive area of hypoperfusion. Further investigations ruled out all common
causes of stroke: she had no vascular stenosis, no heart diseases or arrhythmias, and no shunts, and gave negative
results in autoimmune, toxicological and thrombophilia screenings.

Conclusion Clinicians should suspect development of severe complications, including ischemic stroke, in patients
with severe AN. Further extensive group studies or group-based studies are needed to elucidate the etiology
of ischemic stroke in patients with severe AN. This will enable us to develop more precise and effective interventions.

Keywords Anorexia Nervosa, Eating disorders, Ischemic stroke, Intravenous thrombolysis, Cardiovascular
complications
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Graphical Abstract

Patient Overview:
+ 19-year-old female university student and ballet dancer
- Previously treated for Anorexia Nervosa, Restrictive type
- Severe malnutrition with a BMI of 12.8 (weight loss of 22 kg in 6 months)

Presenting Symptoms:
- Sudden onset of speech disorder and asymmetrical mouth droop at home
- Blood pressure 110/80 mmHg, heart rate 44 bpm, oxygen saturation 98%
+ Right VIl cranial nerve deficit, severe motor aphasia, and dysarthria

Emergency Room Findings:
« Sinus bradycardia with prolonged QT on ECG
- NIHSS score of 7 (moderate severity)

Imaging and Treatment:

+ CT imaging revealed left M2 branch occlusion with hypoperfusion

Case Report
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Post-Stroke Management:

« NIHSS improved to 0 upon discharge from stroke unit
« Ischemic lesion in left insulae and fronto-opercolar cortex on MRI

Further Investigations:

- Extensive testing ruled out cardiac sources and embolic risk factors
+ Antiplatelet therapy and statin initiated for secondary stroke prevention

%

Hospitalization and Recovery:
« 74-day hospital stay in Internal Medicine focusing on nutritional rehabilitation
- Refusal of psychopharmacological medications despite mood swings and anxiety
triggered by meals

Outcome and Discharge:

= ©) b= o y . /\ « Transferred to residential center for ongoing treatment of Eating Disorders
s & > - Treated with in followed byt achieving . Discharged after reaching a weight of 43 kg (BMI 14.2 kg/m2)
o revascularization
L3\
Introduction [18]. Cardiovascular complications involve functional

Stroke remains nowadays one of the leading causes of
death and disability worldwide [1, 2]. There are two main
types of stroke: ischemic and hemorrhagic strokes [3].
Ischemic strokes (IS) are more frequent and are caused
by a disruption of blood supply to certain brain regions,
leading to a lack of oxygen and subsequent loss of func-
tion and death of brain tissue [4]. In general, the causes
of IS are classified under four categories: atherosclerosis,
cardiac embolism, small vessel disease, and others [4].
Stroke in young people, defined as stroke occurring in
patients younger than 55 years, represents an estimated
10-15% of all strokes, resulting in about two million
young adults affected by stroke worldwide every year [5—
7]. Yet, in up to 35% of all cases with ischemic stroke at a
young age, no clear cause can be identified through clini-
cal work-up or the use of stroke TOAST classification [8,
9], resulting in the diagnosis of cryptogenic stroke. Cryp-
togenic stroke is characterized by higher rates of recur-
rence than those with other causes [10, 11].

Anorexia nervosa (AN) is a complex psychiatric illness
characterized by severe nutritional restriction that can
pose a risk to the individual’s life [12]. Patients affected by
AN frequently develop severe complications, including
hepatic dysfunction, respiratory failure, and cardiac dis-
ease [13-16]. Complications related to AN seem to also
involve the circulatory system, occurring in up to 87% of
patients at some stage of the illness [17]. This seems to
reflect the body’s attempt to preserve energy and com-
pensate for poor nutrition and a lower blood volume

and structural cardiac abnormalities, as well as aberra-
tions of heart rate and rhythm [19]. Peripheral vascular
anomalies are also frequently seen in patients with AN,
mostly related to cold intolerance and poor peripheral
circulation, suggesting heat-preserving vasoconstric-
tion [17, 19]. Recent studies in fact suggest that patients
with severe AN frequently have arteriosclerotic damage
and experience venous thromboembolism [20, 21]. Some
complications eventually lead to fatal outcomes despite
careful treatments [22].

Considering the high risk of vascular disease in patients
with AN, we can assume that patients with severe AN
also have a high risk of developing IS. However, to the
best of our knowledge, no reports of patients with AN
presenting with IS have been published, other than a
report of the development of IS during refeeding therapy
in patients with severe AN [23].

This case report offers a brief overview of a case of hos-
pital admission due to a stroke in a 19-year-old patient
suffering from AN, in the absence of other organic risk
factors or laboratory findings that could justify the event.

Methods

The authors assert that all procedures contributing to this
work comply with the ethical standards of the relevant
national and institutional committees on human experi-
mentation and with the Helsinki Declaration of 1975, as
revised in 2008. Written informed consent was obtained
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from the patients for publication of this report and any
accompanying images.

Case report

We present the case of a female patient, university stu-
dent and classical ballet dancer, of 19 years old. Her social
network was described as stable and she lived with her
family. Non-smoker. She denied using alcohol or other
substances. No past history of neurological or cardiovas-
cular diseases. She had no family history of stroke. She
denied taking chronic medications. She had been treated
for AN, Restrictive type, by a private psychotherapist and
nutritionist for about six months. The onset of the symp-
toms of the eating disorder was reported around the age
of 13, when in her ballet class environment food rules
were imposed with the aim of encouraging thinness. In
the six months prior to hospital admission there had been
a weight loss of approximately 22 kg. At the moment of
the admission, she suffered from severe malnutrition: her
BMI was 12.8 kg/m2 (height, 174.5 cm; weight, 39 kg).
She was not known to the local public psychiatric ser-
vices. The case is graphically summarized in Fig. 1.

The patient arrived at the local hospital emergency
department (Maggiore Hospital, Bologna, Italy) by
ambulance, accompanied by her parents. About an hour
and a half earlier, in her home, she had suddenly pre-
sented a speech disorder and an asymmetrical mouth
droop. Upon entering the emergency room, she had a
blood pressure of 110/80 mmHg, a heart rate of 44 beats
per minute and an oxygen saturation in the ambient area
of 98%. Her electrocardiogram showed sinus brady-
cardia, with prolonged QT and nonspecific junctional
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ST depression. According to the neurological objective
examination (performed at the bedside) she appeared
alert and able to carry out simple orders in the absence
of stenic, sensory or coordination deficits in her limbs.
She evidently had a deficit in the right VII cranial nerve,
severe motor aphasia and dysarthria. No deficits in ocu-
lar movements and vision, nor hemi-neglect, emerged.
According to the National Institute of Health Stroke
Scale (NIHSS) she had a score 7. The blood tests carried
out at the time of access revealed no significant anoma-
lies other than hypercholesterolemia, which had already
been diagnosed in routine blood tests (total cholesterol
354 mg/dL with LDL 237 mg/dL).

According to protocol, she underwent an encephalic
computerized tomography (CT) without contrast, fol-
lowed by a perfusion CT with contrast and a triphasic
CT angiography of the neck and intracranial vessels.
This procedure showed the absence of intracranial hem-
orrhages and occlusion of the left M2 branch with a
congruous and extensive area of hypoperfusion, with a
favorable perfusion pattern. In the absence of contrain-
dications, she was treated with intravenous thrombolysis
with recombinant tissue plasminogen activator (rtPA)
0.9 mg/kg (10% in bolus and the remaining in infusion
over one hour), followed by angiography with thrombec-
tomy by aspiration of the clot in the occluded vessel
which led to complete revascularization. She was later
admitted to the stroke unit.

Upon admission to the stroke unit, she had an NIHSS
score of 2 and a persisting deficit affecting the VII cra-
nial nerve. This picture rapidly improved until normali-
zation with an NIHSS score of 0. The neuroradiological

ien iew: :
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Diffusion MRI imaging

Fig. 2 MRI diffusion imaging that shows the appearance
of an ischemic lesion in the left insulae and fronto-opercolar cortex

Perfusion CT imaging

55 ml
infinite

Fig. 3 Perfusion CT imaging RAPID software showing “penumbra’.
(CBF, cerebral blood flow; Tmax, time to maximum)

investigations, in particular the brain magnetic resonance
imaging (MRI), showed an ischemic lesion in the left
insulae and fronto-opercolar cortex, no longer sympto-
matic at the time of the scan. In figures reported below
diffusion MRI and perfusion CT results are shown
(Figs. 2 and 3).

The patient underwent multiple tests aimed at defin-
ing the origin of the ischemic stroke. An angiogram
of the neck and intracranial vessels showed no signifi-
cant stenosis. No signs of heart disease or arrhythmias
with potential for embolism were found, as assessed via
transthoracic and transesophageal echocardiogram and
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24 h and 7 day Holter ECG recording (MYATRIA study
approved by the hospital ethics committee for which the
patient gave her consent). Right to left shunts were also
ruled out with a transcranial color doppler ultrasound,
and toxicological, autoimmune and thrombophilia
screening tests gave negative results.

Antiplatelet therapy with acetylsalicylic acid (100 mg/
die) and atorvastatin (20 mg/die) was started for sec-
ondary prevention of ischemic stroke of undetermined
origin. On the sixth day of hospitalization, she was trans-
ferred to Internal Medicine.

Hospitalization in internal medicine lasted 74 days, in
which the primary objective was to contrast malnutrition
and dehydration by monitoring refeeding. Nutritional
therapy was administered both orally and parenterally.
For the entire duration of hospitalization, as well as upon
discharge, the patient firmly refused to take psychophar-
macological drugs; both antidepressants, prescribed to
manage mood swings and significant anxiety crises trig-
gered by meals, and sedatives, prescribed to counteract
persistent insomnia. From the clinical interviews carried
out, it was not possible to fully understand the reason
for such strong opposition to psychiatric therapy, leav-
ing only the hypothesis of the presence of stigma towards
the status of psychiatric patient. After reaching a weight
of 43 kg (BMI 14.2 kg/m2), the patient was transferred to
a local residential center specialized in the treatment of
EDs.

Discussion
In this case report, we presented a young patient with
severe AN who had an ischemic stroke defined as
cryptogenic.

Recent studies have reported wide variation in the geo-
graphic incidence of stroke in young adults, with results
ranging from 5/100,000 cases per year in Europe, to
20/100,000 in North America, and up to 100/100,000 in
Africa [24]. The higher incidence of stroke in low-income
countries compared to high-income countries may be
partially explained by geographically dependent etio-
logical differences (including the presence of rheumatic
heart disease) and by lower identification of vascular risk
factors due to limited resources [7, 8, 25]. Several stud-
ies have shown an increased incidence in recent years
of stroke in those younger than 55 years of age [26—29].
Possible causes for increased incidence, as proposed by
Farah and colleagues, are an increased prevalence of
certain risk factors and of illicit drug use in the general
population [30]. At the same time, the introduction of
MRI scans and increased awareness of stroke symptoms
may also have contributed to higher incidence [30]. Iden-
tification of causes and risk factors of ischemic stroke in
young adults is key to speed up diagnosis and optimize
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treatment. Conventional risk factors such as hyperten-
sion, central obesity, dyslipidemia, cardiac causes, smok-
ing, drinking alcohol, and psychosocial stress are also
important for stroke in those younger than 45 years of
age [31]. A recent study conducted by Ekker and col-
leagues identified Coca-Cola consumption, vigorous
physical exercise, sexual activity, illicit drug use, and
a feverish state as specific potential trigger factors for
stroke in the young population [32].

The patient presented in this report underwent mul-
tiple tests aimed at defining the cause of the ischemic
stroke, but they all gave negative results. Our extensive
work-up revealed no source of embolism. Given the
absence of smoking and other behaviors considered at
risk for the development of stroke, as well as the absence
of elements such as obesity, hypertension, and previous
cardiovascular diseases, we hypothesize that the con-
dition of AN is at the basis of this ischemic manifesta-
tion. In particular, AN, in its restrictive form, can lead to
dehydration dependent on the reduction of fluid intake
and the marked suppression of the thirst stimulus [33,
34]. Dehydration, leading to high plasma osmolality, is a
potential contributing factor for cerebral ischemia [35,
36]. High plasma osmolality may manifest as orthostatic
intolerance and may cause a decreased cerebral blood
flow with orthostatic changes [37, 38]. This is accentu-
ated by possible concomitant bradycardia (defined by the
2018 bradycardia guidelines as a non-physiological sinus
rate lower than 50 bpm), an element that often charac-
terizes the clinical picture of AN, which is considered a
compensatory adaptation within the starved body, medi-
ated by increased vagal tone, in order to preserve energy
[17, 39, 40]. In fact, the patient described accessed the
emergency room with a heart rate of 44 beats per minute.
High tonicity can also lead to an increase in blood viscos-
ity, due to an increase of the hematocrit. As the Hagen-
Poiseuille equation states, high blood viscosity translates
into an impaired cerebral blood flow, which can be linked
to an increased risk of ischemic stroke [41, 42]. Dehydra-
tion could also trigger the coagulation cascade by activat-
ing the autonomic sympathetic system [43].

An altered lipid profile (in the form of hypercholester-
olemia) in AN is associated with increased cardiovascular
risk [44, 45]. High serum total cholesterol has been found
in patients with AN since 1965 [46]. It has been discov-
ered that hypercholesterolemia in AN patients does not
depend on de novo synthesis, even if a secondary syn-
thesis linked to the hyperglycemia consequent to the
increased level of cortisol is considered possible [47, 48].
Nestel and colleagues related hypercholesterolemia in
AN to diminished cholesterol and bile acid turnover as a
mechanism that compensates reduced caloric intake [49].
Moreover, a high level of cholesterol esterase transfer
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protein activity was demonstrated [50]. Elevated choles-
terol levels are associated to an increased risk of stroke
incidence since, in addition to extracranial atherosclero-
sis, hyperlipidemia promotes cervical and coronary ath-
erosclerosis, which predisposes to atherothrombotic and
cardioembolic stroke [51]. In our patient, no alterations
in the hematocrit or coagulation cascade were found, just
as no evidence of atherosclerosis was found.

Conclusion

In order to prevent the development of organic compli-
cations, which can be so complex as to threaten the sur-
vival of the individual, it becomes of primary importance
to attempt to prevent AN from evolving into severe or
enduring forms. Indeed, approximately 20% of individu-
als diagnosed with AN are estimated to relapse into a
long-lasting disorder [52, 53]. Therefore, it is of para-
mount importance to identify and diagnose the disorder
as early as possible [54, 55] and to initiate an integrated
and patient-centred approach that can effectively address
the multiple challenges posed by AN [56—58].

In conclusion, we report here the case of a patient
with severe AN who had an episode of ischemic stroke.
Our extensive clinical workup was not able to deter-
mine the etiology of ischemia. The etiology of the event
remains undetermined at this time. This case provides
novel insights: clinicians should suspect development
of severe complications, including ischemic stroke, in
patients with severe AN. Further extensive group stud-
ies or group-based studies are needed to elucidate the
etiology of ischemic stroke in patients with severe AN.
This will enable us to develop more precise and effec-
tive interventions.
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