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Abstract
Wolfram syndrome is a rare, multisystemic, progressive, and autosomal-recessive genetic disease,
characterized by diabetes mellitus and diabetes insipidus, optic nerve atrophy, deafness, and other
neurological signs. The diagnosis is usually based on history and clinical manifestations but genetic tests are
necessary for confirmation. Currently, there are no treatments available to cure or delay disease progression.
This report describes a case of a 23-year-old male diagnosed with Wolfram syndrome who presented to the
emergency department with several episodes of loss of consciousness. This case reinforces the need for an
early diagnosis of obstructive and central apneas, respiratory failure, and dysphagia, in order to prevent and
treat the complications of this disease and to improve patients’ quality of life.
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Keywords: non invasive mechanical ventilation, bulbar dysfunction, brain stem atrophy, obstructive sleep apnea,
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Introduction
Wolfram syndrome (WS) is a multisystemic progressive and autosomal recessive genetic disease, whose main
clinical features are diabetes insipidus, diabetes mellitus (DM), optic nerve atrophy, deafness, and urinary
tract problems [1-5]. It affects about one in 770,000 people around the world and, therefore, is considered a
rare disease [2,4]. WS has a higher prevalence reported in Lebanon, where it was found that in 399 patients
with juvenile-onset diabetes, and 22 had a genetically confirmed diagnosis of WS type 1 [1,3,6]. No
epidemiological data are available regarding WS type 2 due to patients not having been diagnosed in all
countries [3].

Studies have identified two genes responsible for WS: Wolfram Syndrome 1 (WFS1) and Wolfram Syndrome 2
(WFS2) [5,7]. The WFS1 encodes a transmembrane glycoprotein in the endoplasmic reticulum (ER) named
wolframin that serves as a calcium channel [1,3,5]. This suggests that wolframin may play a role in ER
homeostasis [1,3,5]. There is high expression of WFS1 in the lung, heart, brain, pancreatic β-cells, and
placenta [1,3,5]. Autosomal recessive mutations in this gene cause the classic form of WS [1].

WS type 2, a rare and neurodegenerative type of WS, is caused by mutations in the CDGSH iron-sulfur
domain-containing protein 2 (CIDS2) gene [1,5]. CISD2 encodes the protein named small intermembrane
endoplasmic reticulum protein, which has a central role in the exchanges between endoplasmic reticulum
and mitochondria, in the regulation of mitochondrial homeostasis, and in the activation of apoptosis and
autophagy [1,8]. This protein is highly expressed in brain and pancreas tissues [1]. Patients diagnosed with
WS type 2 presented with bleeding, defective platelet aggregation, upper intestinal ulcer, and an absence of
diabetes insipidus and psychiatric disorders [1,3].

Lately, there have been reports of dominant disease with or without DM, atypical forms of disease related to
one or two mutations in WFS1 [5]. Currently, there are no treatments able to cure or delay the progression of
this disease [3]. Therefore, it is essential to offer appropriate supportive care, preventing and treating early
complications, in order to improve these patients’ quality of life [5].

In this case report, we describe a case of a patient with WS that presented to the Emergency Department
(ED) due to several episodes of loss of consciousness. Loss of consciousness is one of the most common
reasons for admission to the ED. It is essential to make a detailed characterization of the episode to
discriminate between differential diagnoses [2].

This article was previously presented as a meeting poster at the World Sleep 2022 on March 14, 2022.

Case Presentation
We report the case of a male patient diagnosed with diabetes mellitus at the age of six years old. When the
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patient was eight years old, he was also diagnosed with diabetes insipidus, cognitive development delay
(intelligence quotient 70), hypersomnolence, bilateral optic nerve atrophy, primary hypogonadism with
testicular atrophy, neurogenic bladder, and hydroureteronephrosis. At that time, he was medicated with
insulin glargine, insulin glulisine, oxybutynin, tamsulosin, and desmopressin. With the suspicion of WS, a
genetic test was made, which identified the following homozygous variants in the WFS1 gene: c.482G>A
(p.Arg161GIn) in exon 5, and c.1066T>C (p.Ser356Pro) in exon 8. The family members were asymptomatic
and their genetic study was negative.

When he was 23 years old, the patient was admitted to the ED with a three-week-long dysphagia for solids
and liquids and several episodes of loss of consciousness. These episodes occurred several times during the
permanence in the ED and they were accompanied by ocular retroversion, trunk stiffness, and short-lasting
distal limb myoclonias. All of the episodes were associated with lip cyanosis, paradoxical breathing followed
by absence of respiratory movements, and severe hypoxemia, with apparent superior airway obstruction.
The patient recovered spontaneously after approximately two minutes. Blood analysis and
electrocardiogram were normal. Blood gas analysis, carried out with supplemental oxygen (fraction of
inspired oxygen (FiO2) of 40%), showed type 2 respiratory insufficiency - pH 7.35, partial pressure of oxygen
(PaO2) 65mmHg, partial pressure of carbon dioxide (PaCO2) 50mmHg, serum bicarbonate (HCO3)
27.4mmol/L, arterial oxygen saturation (SaO2) 91%. Chest computed tomography (CT) showed a pulmonary
infiltration in the left superior lobe and a consolidation in the right inferior lobe (Figure 1). A brain CT scan
revealed cerebellar atrophy (Figure 2). Shortly after one of the episodes, he was submitted to an
electroencephalogram, which revealed no abnormalities including of the epileptiform type.
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FIGURE 1: Chest computed tomography showing: (A) pulmonary
infiltration in the left superior lobe (red arrow); (B) a consolidation in
the right inferior lobe (blue arrow).
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FIGURE 2: Brain computed tomography revealing cerebellar atrophy
(red circle).

After a multidisciplinary discussion between pulmonology, neurology, and intensive care, the patient was
admitted to the intensive care unit and empiric antibiotic treatment was initiated for bilateral pneumonia
and non-invasive mechanical ventilation (NIMV), bilevel positive airway pressure (BPAP) spontaneous
timed (ST) mode, with expiratory positive airway pressure (EPAP) of 7cmH2O and inspiratory positive airway
pressure (IPAP) of 15cmH2O, respiratory frequency of 13cpm, with FiO2 45% and oronasal mask. In the first
four days, the NIVM was maintained continuously and after that, the patient was under NIMV only at night.

Brain magnetic resonance imaging (MRI) (Figure 3) showed cerebellar atrophy with widening of the sulci of
the cerebellar hemispheres and brain stem atrophy. No other changes in signal evolution or brain
appearance morphology are apparent, nor any restrictions on the diffusibility of water molecules. The high
convexity sulci are patent and the cerebellar tonsils are normally positioned.
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FIGURE 3: Brain magnetic resonance imaging revealed cerebellar
atrophy, with widening of the sulci of the cerebellar hemispheres (red
circle) and brain stem atrophy (white arrow).

During hospitalization, the patient was evaluated by a doctor of physical medicine and rehabilitation who
confirmed the dysphagia for solids and liquids and a percutaneous endoscopic gastrostomy was performed.
The patient was also submitted to a type III sleep study, with supplemental oxygen (Figure 4). A mild
obstructive sleep apnea (OSA) was diagnosed, with an apnea-hypopnea index (AHI) of 9.1/h. Central events
were also recorded, with a central apnea index (CAI) of 8.1/h.
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FIGURE 4: Type III sleep study showing: (A) several central apneas (red
arrows); (B) central hypopnea (red rectangle).

After medical discharge, in order to better clarify the clinical case, split-night polysomnography was
performed (Figure 5) a month and a half after the type III sleep study. It showed decreased sleep efficiency
for his age group (69.2% of total study time), with altered sleep patterns and mid-nocturnal insomnia
(compatible with the moment of placement of NIMV). The study registered one Sleep Onset REM Period
(SOREMP), respiratory disturbance index (RDI) of 39.4/h, and CAI of 0.3/h. It also registered a minimum
peripheral oxygen saturation (SpO2) of 71% (associated with respiratory events), an average SpO2 of 96%, a
percentage of time with a SpO2 < 90% (CT90) of 1.6%, and an average cutaneous carbon dioxide tension of
59mmHg.
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FIGURE 5: Split-night polysomnography showing: (A) obstructive
hypopneas in the diagnostic portion of laboratory polysomnography
(red arrows); (B) central hypopneas in the diagnostic portion of
laboratory polysomnography (black arrows); (C) hypnogram of split-
night polysomnography.

Therefore, the polysomnography was compatible with the diagnosis of severe obstructive sleep apnea and
hypoventilation during sleep. The study confirmed that correction of respiratory events and oxygen
saturation level was obtained with the application of NIMV in BPAP ST mode, with EPAP of 8cmH2O and
IPAP of 15cmH2O, respiratory frequency of 14cpm, minimum inspiratory time of half a second, and
maximum inspiratory time of two seconds. There was no need for supplemental oxygen and a good
adaptation was obtained to the ventilatory mode, to the established pressures, and to the oronasal interface.

During reassessment at the consultation after medical discharge, the patient presented good adherence to
the ventilator with effective correction of respiratory events. He improved considerably since the initiation
of NIMV. In two years of follow-up, the patient maintained adherence to NIMV, with effective correction of
respiratory events. Nocturnal oximetry, performed without supplemental oxygen, revealed an average SpO2
of 98%. The patient had good symptomatic control, denied dyspnea, and there were no other episodes of
hospitalization due to respiratory pathology or new episodes of loss of consciousness.
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Discussion
WS, sometimes referred to as DIDMOAD (diabetes insipidus, diabetes mellitus, optic atrophy, and deafness)
due to its main clinical features as an autosomal-recessive genetic disorder, was first described in 1938 by
Wolfram and Wagener [1,4]. They described four siblings born from consanguineous parents who were
diagnosed with DM and optic atrophy [3,8]. The main clinical features of WS include DM, central diabetes
insipidus, optic nerve atrophy, sensorineural deafness, and other neurologic disabilities and urinary tract
problems [2,3,5].

DM is often diagnosed around six years old [2]. It is often milder than type 1 DM, with low insulin
requirement and rare diabetic ketoacidosis episodes and microvascular complications [3]. However,
hypoglycemia episodes may be frequent due to neurological dysfunctions [3]. Optic nerve atrophy, usually
diagnosed before 15 years old, is characterized by a progressive decrease in visual acuity, loss of peripheral
vision, and a color vision defect, which leads to blindness [2,3,5,9]. Central diabetes insipidus, more
prevalent in the second decade of life, affects 70% of these patients [2,3]. It manifests as polyuria due to the
decreased capacity to concentrate urine [3]. Around two-thirds of WS patients develop hearing loss that can
manifest either as congenital deafness or as a slight hearing impairment which, sometimes, worsens over
time, due to central nervous system degenerative process [2,3]. Neurological manifestations are common
and frequently occur later in life, usually in the third and fourth decades [2,5]. They progress until brain
atrophy, more noticeable in the pons, cerebellum, and medulla [3]. Although cerebellar ataxia is the most
frequent neurologic complication, brain stem atrophy leads to central apneas that can result in death [2,5].
Other neurological manifestations are epilepsy, nystagmus, and dysphagia [5]. Urinary tract problems affect
approximately 60-90% of these patients [2]. Urinary incontinence and neurogenic bladder with hydroureter
are the most common and usually are due to neurological impairment [3,5,10]. An additional abnormality in
WS is hypogonadism, which is more frequent in male patients [3,5,10].

The diagnosis of DM and optic nerve atrophy before 16 years old raises the suspicion of this diagnosis
[1,2,5]. Furthermore, the concomitant diagnosis of diabetes insipidus, neurological signs including ataxia
and epilepsy, neurogenic bladder, and sensorineural hearing loss increases the likelihood of this diagnosis
[2]. However, genetic tests are necessary to confirm it [2,5]. Early diagnosis of WS type 1 is imperative to
prevent complications [1,5]. Family members should be guided towards genetic counseling and genetic tests
such as exome sequencing and genome sequencing-based diagnostic methods, even if they are
asymptomatic [1,5]. Differential diagnoses should be made with mitochondrial disorders, autosomal
dominant optic nerve atrophy, mutant WFS1 gene-induced deafness, Friedreich ataxia, Alström syndrome,
and Bardet-Biedl syndrome [1,2,11].

The main goals for WS treatment are stopping the progression of the disease and replacing damaged tissues
[5,7]. Some investigational drugs (4-phenyl butyric acid, tauroursodeoxycholic acid, and dantrolene) target
ER and can prevent the death of neurons and β-cells in these patients [12,13]. A better understanding of the
pathogenesis is needed in order to develop novel therapeutics for this disease [12,13]. Currently, there is no
specific and effective pharmacological therapy available, but a careful clinical follow-up, treatment of each
disorder associated with WS, and supportive care can improve patients’ quality of life, relieving severe and
progressive symptoms [3,5,7].

Patients with WS have a poor prognosis [1,2]. Most patients die prematurely, with the median age of death
being 30 years [1,2]. This can be explained by the rapidly progressive clinical course of this disease, with
brain stem atrophy and bulbar dysfunction appearing early in life [1-3,5,14]. This leads to respiratory failure
and dysphagia, which can cause aspiration pneumonia, which is one of the most frequent causes of
mortality [1-3,5,14].

Conclusions
This case reports a patient with WS1, a rare disorder that manifests early in life, progressing with brain stem
atrophy, bulbar dysfunction, and respiratory failure. Although the disease can cause seizures, other
manifestations such as obstructive and central apneas are more common. The early diagnosis of the disease
and the treatment with NIMV in patients with respiratory failure or with central and obstructive apneas is
essential.

Furthermore, it is essential to assess swallowing capacity for early detection of dysphagia and placement of
endoscopic percutaneous gastrostomy, to prevent episodes of aspiration pneumonia, one of the main causes
of mortality. This case reinforces that it is crucial to have a multidisciplinary approach in order to be able to
prevent and treat the complications of this disease and to try to maintain the best possible quality of life for
such patients.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
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info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
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