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Abstract

To increase awareness of sudden and unexpected death in Lesch-Nyhan disease (LND) and to
exploreits potential causes, we report the anteceding clinical features and laboratory evaluations
of five maleswith LND who ultimately experienced sudden and unexpected death, along with
three additional males who suffered serious respiratory events during life. The ages of patients
ranged from 2 to 45 years. The cause of sudden death in LND appearsto have arespiratory rather
than a cardiogenic basis. All cases cannot be linked readily with asingle respiratory process.
Instead, different respiratory processes appear to operate in different cases. These may include
aspiration, laryngospasm, central apnea, cyanotic breath-holding spells, and high cervical spine
damage. Better recognition of these processes will help to guide appropriate workup and
management that could include chest imaging, endoscopy of the airways, polysomnography,
electroencephal ogram, and brain and/or spine imaging.

Lesch-Nyhan disease (LND) is an X-linked recessive disorder resulting from hypoxanthine—
guanine phosphoribosy! transferase (HPRT) deficiency. It was recognized and established as
anosological entity in 1964.1 Since then, it has been well studied clinically, biochemically,
and genetically.2 When fully developed the clinical picture of the disease is represented by
three major elements including overproduction of uric acid, neurological disability, and
characteristic behavioral problems. The usual neurological signs associated with LND are of
extrapyramidal origin. Dystoniais universal, and often combined with choreoathetosis,
ballismus, and signs of pyramidal tract dysfunction such as spasticity and hyperreflexia.®
Hallmarks of the behavioral syndrome include severe self-injury, aggressive behaviors, and
disturbing interpersonal behaviors.®

Shortly after itsinitial recognition, the causes of death among most patients with this
condition were known to include aspiration pneumonia, malnutrition due to severe
dysphagia, or chronic nephrolithiasis with renal failure or urosepsis. Fortunately, modern
medical management has reduced these complications to a minimum. Complications from
nephrolithiasis can usually be controlled with allopurinol to inhibit the production of uric
acid. Malnutrition and aspiration pneumonia can be managed by tailoring dietary habitsto
swallowing abilities, by using parenteral nutrition or gastrostomy tubes, and using
antibiotics when needed. As aresult of improvementsin medical management, these
patients are often now surviving beyond their third decade of life. The lengthier survivals
have led to increasing recognition that a significant proportion of them may die suddenly
and unexpectedly from unknown causes.

The cause of sudden death is difficult to evaluate after it has occurred. Detailed autopsy
studies of some cases have failed to reveal an explanation.”8 Here, we report eight cases
with life-threatening respiratory events, including five who ultimately died. Potential
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reasons for sudden death are considered, with suggestions for causes and clinical
management.

Case reports

Case 1 was noted to have motor delay by 2 to 3 months of age, and generalized dystonia was
apparent by 8 months of age. He carried adiagnosis of cerebral palsy (CP) until 7 years of
age, when the development of recurrent finger biting led to the suspicion of LND.
Hyperuricemiawas never apparent, and the diagnosis was established by reduced HPRT
enzyme activity in erythrocytes.

He wasfirst evaluated by us at age 15 years. By thistime, he had developed many of the
problems commonly seen in LND including severe generalized dystonia, dysarthria,
dysphagia with frequent emesis, cognitive impairment, and multiple forms of self-injury.
Additionally, he had experienced three episodes of respiratory arrest with coma beginning at
9 years of age, usually after an episode of emesis. He presented with his fourth event, which
began with emesis, followed 3 to 5 minutes later by respiratory arrest. He then devel oped
bradycardia, hypotension, and obtundation.

Aspiration of vomited gastric material with subsequent airway obstruction was considered
the most probable reason for respiratory arrest, with hypoxialeading to secondary cardiac
dysfunction, because the patient had a history of emesis always preceding his breathing
arrests. However, nasol aryngopharyngoscopy during the last crisis failed to provide any
evidence for aspiration with airway obstruction. He eventually recovered and a cause for his
respiratory arrest was not found, but he died unexpectedly and suddenly in his sleep at the
age of 15 years.

Case 2 presented to us at age 37 after an episode of unexplained respiratory arrest. His early
developmental history was not available, but his diagnosis was established by molecular and
biochemical methods. He had a G580A mutation in the Aprt gene resulting in aglycine to
alanine substitution and non-detectable enzyme activity. He displayed scarring of the face
and hands from self-injury, cognitive impairment, severe generalized dystonia with
spasticity, dysarthria and dysphagia, gastroesophageal reflux, nephrolithiasis, and
macrocytic anemia.

Theinitial concern again was for aspiration with subsequent arrest from sepsis or hypoxia;
however, nasopharyngoscopy revealed no structural obstruction to airflow, computed
tomography (CT) of the chest was unrevealing, and blood cultures failed to grow any
organisms. Electrocardiogram revealed a stable right bundle branch block and cardiac
monitoring for 24 hours revea ed no abnormality. Cardiology consultation provided no
suspicion for a primary cardiac event, and vascular studies of the lower limb were negative
for thrombosis.

His history of violent retrocollis and examination features, suggestive of cervical
myelopathy, led to concern for a high cervical-spine injury leading to dysfunction of
respiratory motor neurons in the cervical cord. Magnetic resonance imaging (MRI) of the
cervical spine showed a globally narrowed cord, beginning just caudal to the brainstem
where it was not likely to suffer mechanical injury. He also had advanced degenerative
changes, with severe canal stenosis and foraminal narrowing at C5-C6. These changes were
deemed unlikely causes for respiratory compromise because they occurred at alevel that
does not typically affect respiratory motor neurons of the cervical cord.

Dysfunction of the brainstem with central apnea was also suspected as a possible cause, as
his sleep study was abnormal with compl ete absence of stages 3 to 4. However, no apnea or
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significant oxygen desaturation was found to support central apnea as a primary cause. The
cause for his breathing arrest was not established, though there was no further cardiac or
pulmonary event until he died suddenly and unexpectedly at the age of 45 years.

Case 3 was noted to have motor delay by 4 months of age and had developed dystonic
posturing by 12 months of age. He carried a diagnosis of CP until he developed urinary
obstruction due to uric acid stones. Genetic studies revealed a splicing mutation
(IVS7+5G>A) in the Aprt gene predicting exclusion of exon 7 and null enzyme function.

By the time of his evaluation at age 6 years, he had developed many of the problems seen in
LND, except for self-injurious behavior. He had severe generalized dystonia. He was
cognitively impaired and non-verbal. He had minor dysphagia but reflux and emesis were
not apparent. He also had recurrent spells of apnealeading to cyanosis and obtundation
beginning at 5 years. The spells occurred many times per hour, each lasting 1 to 5 minutes.
They were more common when he was excited or under stress. Many of the spells were
observed to follow a period of hyperventilation. They were not associated with stridor or
signs of aspiration or respiratory distress.

Two extended video-€el ectroencephal ogram (EEG) studies revealed recurrent apnea with
oxygen desaturations below 50%, followed by diffuse slowing on the EEG. The EEG
changes were attributed to hypoxia rather than seizures and the spells did not respond to five
different anticonvul sants (phenobarbital, carbamazepine, levetiracetam, diazepam,
gabapentin) or caffeine. During sleep he continued to have episodes of central apnea, but
they were less frequent and less severe. With 363 minutes of sleep he had 32 apneas up to 21
seconds long, with a maximum oxygen desaturation of 88%. Electrocardiography and
echocardiography were normal. MRI of the brain and cervical spine were not revealing.

Because excitement and hyperventilation often preceded his apneas, breath-holding spells or
an extreme form of post-hyperventilation apnea were considered. The severe episodes of
central expiratory apnea after hyperventilation that were witnessed in this patient, and
attenuation of the spells during sleep, when he did not have anxiety-related hyperventilation,
could support either possibility. He continued to have apneic spells at age 8, though their
frequency and severity have been reduced by efforts directed to the management of
psychological factors leading to hyperventilation.

Case 4 was born by emergency caesarean section after identification of cardiac
decelerations. Motor delay was noted at 4 months of age, and dystonic posturing became
increasingly apparent at 6 to 12 months of age. He carried a diagnosis of CP until he began
to bite his thumb at 23 months of age. The serum uric acid was found to be increased to
9mg/dL, and his diagnosis was established by molecular methods, which demonstrated
10del1 in the Aprt gene, predicting null enzyme function.

In addition to the typical problems observed in young patients with LND, he had severe and
recurrent gastroesophageal reflux leading to Nissen fundoplication with a gastrostomy tube.
One month after surgery, he devel oped recurrent apnea with cyanosis. The apnea often
appeared after a period of agitation with loud crying. It was sometimes associated with loss
of consciousness for up to 15 seconds.

Hisworkup including brain CT, chest, and neck radiography, and echocardiography was
generally unremarkable. Cyanotic breath-holding spells were considered as a possible
explanation for his breathing problem; however, the episodes of apnea spontaneously
remitted before any definite cause could be found.
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Case 5 wasfirst noted to have difficulty with motor function at the age of 7 months with
hypotonia. Dystonic posturing and self-injury became increasingly apparent at 3 to 4 years
of age. He carried a diagnosis of CP until 8 years of age when the development of uric acid
crystallurialed to suspicions of LND. Thiswas confirmed by genetic studies that revesled a
missense mutation (A611G) in the Aprt gene leading to substitution of arginine for histidine
at codon 204.

By the time of his evaluation at age 8 years, he had undergone Nissen fundoplication with
gastrostomy tube due to hiatal hernia with severe dysphagia. A jejunostomy tube and
laparotomy for ileus mechanicus were later required. After surgery he developed episodes of
labored and deep breathing when he lay down at night. However, he has not had any
witnessed episodes of apnea, cyanosis, or unexplained obtundation.

His chest X-ray revealed alarge recurrent paraesophageal Nissen herniathat enlarged and
occupied the mid-lower chest compartment when lying down, a problem that could provoke
respiratory compromise.

Case 6 had classic LND but was not evaluated by us during life. His records were reviewed
after sudden death at the age of 41 years. Autopsy reveaed disfiguration of the lower lip
consistent with self-mutilation, bilateral stonesin the kidneys and ureters from uric acid
overproduction, aswell as scoliosis and unilateral neck muscle hypertrophy from
generalized dystonia. There was no evidence for a cardiac event. No obstructions were
found in the tracheobronchial tree. A cause for sudden death was still not apparent after the
autopsy, though information from the brain and spinal cord was not available.

Case 7 had classic LND, but was not evaluated by us during life. With no anteceding
medical problem, he was found apneic and pul seless with no apparent cause. He was
successfully resuscitated, but died shortly after at the age of 34 years. At autopsy, several
findings confirmed LND including numerous small abrasions over the posterior aspects of
the scalp and on the lips, absence of the right thumb, and bilateral nephrolithiasis. A
thorough cardiopulmonary evaluation at autopsy revealed no apparent cause for his death,
though information from the brain and spinal cord was not available.

Case 8 was not evaluated by us during life. He suffered respiratory arrest with comain his
home, which required intubation and ventilation. He remained comatose with no evidence of
brainstem function until he died at the age of 21 years. He was well before the arrest, with
no obvious cause for the arrest. Autopsy was not performed, and the cause of his sudden
death was not determined.

Discussion

Modern medical tools have markedly improved the outlook of patients with LND. Their
increased longevity has made it increasingly clear that they may die suddenly and
unexpectedly without an obvious cause. The reasons for sudden death remain unclear,
because the eventsimmediately preceding death are difficult to determine when death
occurs with little or no prior warning. Though aformal study of this phenomenon is not
feasible because of the rarity of LND combined with the logistical difficultiesinherent in
sudden death, the current series of casesis valuable for drawing attention to the problem and
for beginning to devel op a better understanding of its potential causes. Potential causes
suggested by the current series include unrecognized aspiration, laryngospasm, central
apnea, cervical spine damage, cyanotic breath-holding, a behaviora process, pulmonary
embolus, or acardiac event. The available evidence provides little support for a primary
cardiac processin LND; instead, it seems to point toward respiratory events with subsequent
cardiac arrest (Tablel).

Dev Med Child Neurol. Author manuscript; available in PMC 2012 November 27.



a1 ewRrMS DRI ewRreMS

a1 rewRerMS

Neychev and Jinnah

Page 5

Aspiration with obstruction of the airways by gastric contents may seem one of the most
likely causes, especially considering the high frequency of recurrent emesisin this disorder.
Though some of the current cases (1 and 2) provided histories of emesis before respiratory
arrest, most had extensive evaluations that provided no evidence for aspiration causing
respiratory arrest or sudden death. In other cases (case 3), recurrent apneas were witnessed
with no suggestion of prior emesis or aspiration asin prior reports.”-8 Based on these
observations, it seems that aspiration with airway obstruction may occur, but it provides an
inadequate explanation for all cases.

Laryngospasm provides arelated explanation. Emesis or aspiration with irritation of the
larynx or pharynx can trigger laryngospasm, or laryngeal dystonia, which often resolves
after loss of consciousness. 1011 Asaresult, this process could be difficult to detect after it
has occurred. Because patients with LND exhibit severe generalized dystoniawith
involvement of almost all parts of the body, it islikely that they are at increased risk for
laryngeal dystonia. Laryngeal breathing dystonia has been reported to cause airway
obstruction in other dystonic disorders.12-14 This mechanism should be considered in all
cases, asit can be treated with local injection of botulinum toxin.

Another explanation for sudden death involves dysfunction of brainstem respiratory centers.
Instability of the respiratory oscillator in the medulla oblongata has been implicated in
respiratory dysrhythmias and sudden deaths observed in other disorders such as Rett
syndrome.1® This mechanism has been considered in detail in previous studies of patients
with LND,”16.17 though evidence has so far been lacking. The sleep studies of cases 2 and 3
provided evidence for adefect in central respiratory control similar to previous sleep
studies,”18 though it was difficult to conclude that it was the sole process responsible for
respiratory dysfunction and it did not appear to operate in other cases.

A related explanation involves centrally mediated expiratory apnea, also known as cyanotic
breath-holding spells.1%20 A mortality of 15.7% was reported in a study of 51 infants and
young children with cyanotic breath-holding.?! Impaired interactions between brainstem
control of respiration and central sympathetic activity have been implicated in this
disorder.21-23 |n this regard, a study revealing that under conditions of emotional or postural
stress the plasma concentrations of norepinephrine in patients with LND increased less than
in anormal population?* suggests the possibility of impaired central sympathetic control of
respiration in LND.

High cervical-spine injury with subsequent dysfunction of respiratory motor neuronsin the
cervical cord at C3—-C4 could also produce respiratory dysfunction. Patients with LND are at
increased risk for injury to the cervical spine, because of their severe cervical dystoniaand
frequent sudden retrocollis, leading to degenerative changes of the cervical spine and spinal
instability.>2> Cervical imaging in two of our cases provided evidence for degenerative
changes of the spine, but these were not sufficient to provoke respiratory compromise.

In case 3, among the suspicions for recurrent apnea was a behavioral process such as spells
of voluntary breath-holding. This possibility must be considered, because difficult
behaviors, particularly those that |ead to heightened concern and attention, are well known
in LND. The breath-holding that occurs with cyanotic breath-holding is involuntary and
reflexive, occurring after full expiration, in contrast to volitional breath-holding, which
follows prolonged inspiration.2% The occurrence of apnea after expiration and the sleep
studies documenting a central respiratory defect reduced our enthusiasm for a purely
behavioral process accounted for his apneas, though contributions from a behavioral process
could not be excluded for the more severe daytime events.
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In summary, patients with LND may succumb to sudden death, despite optimal medical
management. An exploration of potential causes does not point to a single causative process
for all cases. There seems little evidence for a primary cardiac process, though respiratory
problems are evident. When life-threatening breathing events occur, several investigations
tailed to the clinical features are warranted including chest imaging, endoscopy of the
airways, polysomnography, EEG, and imaging of the brain and/or spine. Further
observationsin additional cases will be required to develop a better understanding of the
cause(s) for respiratory dysfunction in LND so that better management strategies for sudden
death can be devel oped.
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Characteristics of casesin this study

Table |

Case Ageat onset of apnea

Clinical outcome

Suspected cause of apnea

%
37y

sy

NA
NA
NA

o N o g b~ W N

Sudden death at 15y
Sudden death at 45y
Persistent apneas at 9y

18mo  Spontaneous resolution by 2y

8y  Spontaneous resolution by 13y

Sudden death at age 41y
Sudden death at age 34y
Sudden death at age 21y

Laryngospasm or central apnea
Laryngospasm or central apnea
Central apnea and/or behavioral
Laryngospasm or mechanical (Gl)
Mechanical (GI)

Undetermined after autopsy
Undetermined after autopsy
Undetermined after autopsy

Gl, gastrointestinal; NA, not available.
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