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A B S T R A C T   

Maple syrup urine disease (MSUD) is an autosomal recessive metabolic disease resulting in impaired or absent 
breakdown of branched-chain amino acids (BCAA) valine, isoleucine, and leucine. Classic MSUD often presents 
in post-natal periods, at times before newborn screening results, and is treated with a protein restricted diet 
supplemented with medical food and close follow up to prevent toxic buildup of blood leucine. 

Acute episodes of decompensation are prevented by early recognition and treatment. Acute episodes of 
metabolic decompensation in patients with MSUD are medical emergencies that require immediate treatments as 
cerebral edema may lead to brain-stem compression resulting in death. As the early outcomes improve for MSUD 
patients, the long-term sequelae of chronic hyperleucemia are being elucidated and include cognitive impair-
ment, mental health disorders, and movement disorders. 

In this report we present an adult patient with MSUD with attention deficit, hyperactivity type (ADHD) and 
depression due to prolonged exposure to elevated leucine managed with community support services who 
presented to the emergency department with new onset of acute hallucinations. He was held in the emergency 
department awaiting involuntary commitment to a psychiatric facility and underwent psychiatric treatments for 
suspected new onset hallucinations without improvement. Upon notification of metabolic specialists and initi-
ation of appropriate therapy of MSUD, his leucine level normalized rapidly with resolution of his acute psychosis. 

This case describes the acute presentation of psychosis in the setting of long-term toxicity of leucine. This case 
also highlights the importance of transition of care, education and planning in patients with inborn errors of 
metabolism.   

1. Introduction 

Maple syrup urine disease (MSUD) is an autosomal recessive meta-
bolic disease due to deficiency and/or impaired function of branched- 
chain α-ketoacid dehydrogenase enzyme complex. This results in 
impaired or absent breakdown of branched-chain amino acids (BCAA) 
valine, isoleucine, and leucine [1]. 

Classic MSUD often presents by postnatal days five to seven with 
poor feeding, lethargy, seizures, encephalopathy, and death if not 

treated [2]. Intermittent MSUD is a variant form of the classic disease 
that frequently presents later in childhood with developmental delay 
[2]. 

Acute treatment goal is to reduce leucine concentrations in blood 
rapidly. To achieve this goal the commonly utilized therapy includes but 
not limited to providing 1.5 to 3 times the estimated energy re-
quirements as dextrose (50%–70%) and lipid (30%–50%), continuous 
insulin infusion, limiting the total protein intake (2.0–3.5 g/kg/day as 
BCAA-free amino acids) by utilization of formula that does not contain 
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branched chain amino acids, isoleucine and valine supplements 
(20–120 mg/kg per day each) to titrate to plasma concentrations of 
400–800 μmol/L. Renal replacement therapies using dialysis or hemo-
filtration should be considered and maybe appropriate for some patients 
[2–4]. 

During acute metabolic decompensations, cerebral edema leading to 
brain-stem compression may result in death. Acute episodes of meta-
bolic decompensation in patients with MSUD are medical emergencies 
that require immediate treatment [3,4]. Acute decompensation in older 
individuals can include cognitive impairment, hyperactivity, sleep dis-
turbances, hallucinations, mood swings, focal dystonia, choreoathetosis, 
and ataxia [5]. Acute decompensations events are not identified solely 
by symptoms, but also systematic monitoring, if possible, of leucine 
levels. 

Long-term management of classic MSUD requires a protein-restricted 
diet with BCAA-free formula supplementation [6]. If diagnosed and 
treated early, prognosis is generally favorable although even patients 
who strictly adhere to dietary restrictions are likely to experience 
metabolic decompensations [7–9]. Acute episodes of decompensation 
are prevented by early recognition of symptoms and treatment of un-
derlying insults that may lead to protein catabolism [4]. 

While early diagnosis and implementation of treatment may lead to 
favorable outcome, patients with MSUD develop neurological and 
neurocognitive dysfunction [9–12]. Incidence of attention deficit hy-
peractivity disorder (ADHD) is reported in significant proportion of 
MSUD patients [9,11,12]. Longitudinal study of MSUD patients have 
shown that most patients develop depression, anxiety, and panic dis-
order by age 35 [9,11,12]. Diagnosis of anxiety and depression are five 
to ten times more likely to develop in those who were encephalopathic 
as newborns at the time of diagnosis [11]. Furthermore, prolonged 
neonatal encephalopathy is the single strongest predictor of neuro-
cognitive dysfunction [9,11]. 

Here we report a 29-year-old male with MSUD who presented to the 
emergency department and was subsequently admitted to psychiatric 
unit due to suspected new onset hallucinations who underwent psychi-
atric treatments without improvement. 

2. Case presentation 

Patient is a 29-year-old with MSUD, ADHD, depression, and history 
of compression injury to optic nerve likely secondary to longstanding 
elevated leucine and cerebral edema. He was diagnosed with ADHD 
around age nine, and he was subsequently started on medical treatment 
for ADHD at nine. Depressed mood was noted when the patient was 12 
years old. He has had intermittent evaluation/care by psychiatry in his 
adolescence, and he was treated with antidepressant and antipsychotic 
medication in is 20s. In the years prior to this acute episode, he was 
receiving community-based mental health support and had stopped 
medications successfully. When he was 21 years old, he reported 
changes in his vision. He was subsequently evaluated by ophthalmolo-
gist who noted evidence of optic nerve compression injury. While not 
able to be confirmed, it was suspected that this was secondary to his 
history of cerebral edema. 

The patient has experienced multiple decompensation events 
requiring multiple hospitalizations and had poor metabolic control 
throughout adulthood. His baseline leucine level often ranges between 
500 and 800 μmoles/L. During his most recent decompensation event, 
patient was evaluated in a community-based emergency department and 
subsequently admitted to a psychiatric holding unit for concern for new 
onset hallucinations. 

Per his medical records, he presented to the hospital complaining 
that he has not been sleeping well. Unfortunately, he was a poor histo-
rian secondary to his decompensation, and the hospital he presented to 
had limited knowledge of his medical history, due to the hospitals who 
knew him being on bypass secondary to the COVID-19 pandemic. While 
he was issued emergency letters in the past, he did not have the letter 

with him at the time of transport to the hospital. He did have a card in 
his wallet from his metabolic geneticist. This card requested that any 
emergency service team contact the on-call team and was laminated. 
When asked, he shared he did not give them the card, since they took his 
wallet during his time in the holding unit. 

During the initial evaluation, he reported that he hallucinated a few 
times prior to presenting to the hospital when he was folding towels and 
thought he was holding snakes. His initial encounter is reported as “he 
seems somewhat disengaged and not interested in help. It is unclear 
whether he is homeless and has secondary gain versus having a true 
psychiatric acute issue.” His initial laboratory evaluation included 
normal CBC, CMP, negative urine toxicology screen, negative influenza/ 
COVID-19, and urine analysis notable for presence of ketones. His bi-
carbonate level on the chemistry panel was 25 (normal: 22–29). Plasma 
lactate and ammonia levels were not obtained at that time. 

Upon admission to the hospital patient was out of bed banging on 
walls screaming and rushing into other patients' rooms and acting 
threateningly toward patients and staff. Attempt was made to redirect 
several times, but it was unsuccessful. He received sedative medications 
per protocol. His subsequent evaluation reported “patient more awake 
after initial medications”. At this time, patient reported that he has 
MSUD and reported that he has been hearing voices. Emergency room 
physician reported “with reassessment after medications, I have low 
suspicion that maple syrup urine disease is the drive of his symptoms. He 
is able to answer questions more appropriately at this time. He notes that 
he brought himself in.” 

His medical records notes that the patient was unsteady when he 
walked and stumbled at times. Plasma amino acids, urine analysis, and 
head CT was obtained for further evaluation. His urine was notable for 
presence of ketones, but his head CT was reported as normal (reading by 
adult radiologist). Patient received multiple sedative medications due to 
agitations while awaiting placement. His chemical sedations included 
Haldol and Ativan (day 1), Benadryl, Haldol, and Ativan (day 2), and 
Haldol and Ativan (day 3). On the second day of his admission, he was 
started on daily Olanzapine treatment for psychosis and on the third day 
started on Sertraline treatment for depression. 

His primary metabolic geneticist was notified regarding the patient 
four days after his initial presentation to the emergency room. He was 
evaluated in person by the metabolic staff when MSUD formula was 
brought to his bedside for him at the psychiatric holding unit. His ex-
amination was notable for ataxia and waxing and waning attention. 
When asked about his formula, he was at his appropriate cognition to 
confirm the reason he needs it. He endorsed seeing “mean” and “scary” 
things. He was given MSUD formula in the psychiatric holding unit 
without complications and the community hospital arranged for plasma 
amino acids to be performed by the tertiary facility immediately. Plasma 
amino acid resulted on the subsequent day with isoleucine 357 μmoles/L 
(normal: 30–108), leucine 1843 μmoles/L (normal 66–170), and valine 
979 μmoles/L (normal: 119–336). In addition, the alanine, alanine/ 
lysine ratio, and glutamine levels were normal; thus, suggesting that 
ammonia and lactate elevations were not the cause of his hallucinations. 

Arrangement was made for the patient to be transferred to his 
metabolic center once a safe transfer could be facilitated. He was started 
on dextrose containing IV fluid immediately prior to transfer to our fa-
cility by the transport team. Given his elevation of leucine to approxi-
mately ten times the upper limit of normal, we considered initiation of 
renal replacement therapy which has been shown to be effective in 
treating acutely decompensated MSUD [13–16]. While the hemodialysis 
is effective, it is not a benign procedure with potential adverse outcomes 
[17]. Given that our patient was protecting his airway and continued to 
have ability to interact with the care team, the decision was made to 
initiate combination of enteral and parenteral nutrition which has also 
been shown to be effective in reduction of plasma leucine levels [5,18]. 

Upon arrival, he was continued on dextrose containing IV fluid (D10 
normal saline at twice maintenance) and started on intralipids (2 g/kg). 
Simultaneously, he was started on branched-chain amino acid-free 
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formula Ketonex-2 (Abbott) (providing 1.6 g/kg protein) with supple-
mentation of L-isoleucine (20 mg/kg) and L-valine (20 mg/kg). Serial 
amino acid levels were obtained to trend his leucine levels (Fig. 1). In 
addition, his urine ketone levels were monitored until ketones cleared, 
which occurred within 36 h of beginning IV fluids. His CT scan was 
reviewed by a pediatric neuroradiologist who interpreted the images as 
mild edema in the globi pallidi and thalami (Fig. 2A and B). More 
widespread mild hypoattenuation in the cerebral, cerebellar, and 
brainstem white matter may indicate additional regions of recurrent 
white matter edema. Patient remained hospitalized until his leucine 
levels were reduced to the normal ranges, which required approximately 
five days (Fig. 1) (normal: 66 to 170 μmol/L), and his cognition and 
behavior returned to baseline. He was dischared with a restroation of his 
baseline diet (1.6 g/kg medical protein; 0.3 g/kg natural protein; 29 mg/ 
kg leucine) and freqent outpaitent follow up. Outpatient follow up uti-
lized telemedicine to provide at home education on food choices and 
reeducation of formula mixing. 

3. Discussion 

We report a known patient with MSUD who presented to the hospital 

due to acute hallucinations and ataxia secondary to metabolic decom-
pensation of MSUD who had delayed access to care due to a disjointed 
health care system. Despite the possibility of acute MSUD decompen-
sation mentioned in early documentation by an adult physician, patient 
was admitted for psychiatric evaluation and received multiple rounds of 
medications for his agitation which were only partially effective. While 
the care was delayed, the patient was able to receive appropriate 
attention once the astute community hospital nurse reached out to the 
Children's National Hospital transport team to determine who might be 
able to help them with questions about metabolic formula. From there, 
the transport team paged the on-call genetics team who immediately 
recognized the patient's name and urgently delivered appropriate 
metabolic formula to the community hospital. 

Upon further review, it was found that the patient had dental pro-
cedures the week prior without notifyign the metabolic center and had 
been transported to a hospital where he had not been previously eval-
uated. This was due to a COVID-19 pandemic diversion at the two closer 
hospitals, which had electronic medical alerts to flag for his metabolic 
disorder. In addition, it was found that a caring relative had brought his 
metabolic formula for him to the hospital, but it had not been used since 
there were not “directions on the can”. 

MSUD is one of more than 1400 rare inborn errors of metabolism 
(IEMs) caused by inherited defects in biochemical pathways [19]. While 
the individual reported incidence of IEMs ranges from 1 in 10,000 to 1 in 
1 million, collectively the incidence can be as high as 1 in 800 to 1 in 
2500 [19]. Advances in diagnosis and treatment have improved the 
prognosis and survival of patients with IEMs and more than 90% will 
survive beyond the age of 20 years [19–21]. Thus, this case highlights 
the importance of expanding training in rare metabolic disorders to 
adult care providers. In addition, this case also highlights the important 
secondary development of neurocognitive and psychiatric manifesta-
tions of MSUD due to prolonged exposure to leucine [9,11,12]. As MSUD 
patients are prone to development of neurocognitive and psychiatric 
morbidities, it is important to establish early evaluation and therapeutic 
plan with psychiatrists in the community to optimize their access to 
mental health care and quality of life. 

While improved prognosis and survival have improved quality of life 
for patients and their families, increased survival has created new 
challenges such as appropriate transition of care, as demonstrated in this 
case. Appropriate transition of care requires adolescent IEM patients 

0 1 2 3 4 5 6 7 8 9 10
0

500

1000

1500

2000

Days

m
ic

ro
m

ol
es
�L

Plasma BCAA Levels

Valine

Isoleucine
Leucine

1843

990

542

405
217 34 47

Fig. 1. Plasma amino acid analysis showing branched chain amino acids from 
the patient collected during his hospitalization at our facility. Numbers next to 
the filled triangle notes concentration of plasma leucine in micromoles/L. 

Fig. 2. CT scan of the patient's head. A) Baseline axial CT image through the cerebral deep gray nuclei shows symmetric, normal gray-white matter distinction 
without focal cerebral lesions. B) Axial CT image obtained during the recent hospitalization. Image through cerebral deep gray nuclei shows subtle hypodensity 
infiltrating the thalami, internal capsules, and adjacent globi pallidi (arrows) consistent with edema in the setting of metabolic decompensation. 
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shifting care from metabolic pediatricians to metabolic physicians 
specialized in treating adults [19,22]. Furthermore, development and 
coordination of a multidisciplinary team for each individual IEM be-
comes critical to ensure that patients with IEMs achieve good quality of 
life as adults [19,23]. While the implementation of a multidisciplinary 
team for IEM is extremely important, patients and families must also 
become empowered to take an active role in managing their condition 
(Table 1) [19,23]. 

Transition of care poses significant challenges for our patients and 
the clinical team, and the need for improved transition will likely 
continue to increase with improved diagnostic and treatment methods. 
It is not only unique to the IEM patient population, but it is applicable to 
all conditions that require chronic lifelong care [22–26]. There are a 

number of potential interventions and systems that have been proposed 
including but not limited to creation of continuing medical education 
(CME) programs, education and training healthcare professionals from 
all disciplines and non-healthcare professionals such as teachers and 
caregivers, use of smart cards to provide immediate access to a patient's 
medical history and information for emergency use, and/or mobile apps 
[22–26]. 

Given that acute decompensations of IEMs are a medical emergency, 
and the patients require immediate treatment, we propose interventions 
that are readily available such as use of medical alert bracelets, creating 
a calling plan with extended family, and/or identifying local hospitals 
that can be requested in emergency situations. 
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Table 1 
List of potential interventions to be implemented in patients with IEMs tran-
sitioning care.   

Interventions Strategies Goals 

Patient Disease specific 
education/skills 
training  

• One to one teaching  
• Printed material  
• Adolescent friendly 

website  
• Group sessions  

• Improve 
understanding  

• Improve self- 
management skill  

• Increase autonomy  
• Identify high risk 

situations (i.e. dental 
procedures) 

Disease 
identifier  

• Wallet cards  
• Medical alert card  
• Medical bracelet  

• Improve disease 
awareness  

• Early initiation of 
treatments during 
illness  

• Improve early contact 
with medical team 

Medical 
Team 

Transition 
coordinator  

• Point of contact for 
patients  

• Create point of 
contacts for 
extended family 
members  

• Improve continuity of 
care  

• Provide transition 
planning  

• Prepare patients  
• Increasing availability 

of family members for 
communication 
support 

Transitional 
clinic  

• Clinic attendance 
by pediatric and 
adult physicians  

• Expand visits to 
extended family 
members  

• Introduction to 
transition  

• Improve continuity of 
care  

• Improve information 
exchange/sharing  

• Increasing availability 
of family members for 
support 

Telemedicine  • Telephone visits  
• Video visits (Zoom, 

Facetime, WebEx, 
Microsoft Teams)  

• Improve clinic 
attendance/follow up 
through utilization of 
telemedicine  

• Improve follow up in 
patients with limited 
transportation  

• Improve follow up for 
patients that live far 
from the clinic 

Health 
System 

Dedicated 
emergency 
treatment 
center  

• Stable hospital for 
admission  

• Notify EMS about 
the special patient  

• Consistent, acute 
treatments  

• Appropriate transport 
of patients to selected 
facilities 

Notify the 
treatment team 
for admission  

• Insurance company 
to notify the 
outpatient team  

• Initiate appropriate 
care and/or transfer if 
needed 

Enhanced 
follow ups  

• Automatic 
telephone 
reminders and/or 
calls if the 
appointment is 
missed  

• Improve the rates of 
follow up and 
encourage their follow 
up  
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