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Abstract

Background

Maple syrup urine disease (MSUD) is a rare, autosomal recessive disorder characterized by a deficiency in the branched-chain
alpha-keto acid dehydrogenase enzyme complex necessary for metabolizing the three branched-chain amino acids (BCAAs):
leucine, isoleucine, and valine. Periods of stress and illness can cause patients to experience sudden metabolic crises. We present a
rare but important case of an adult patient with MSUD in crisis who was admitted to our Neurologic Intensive Care Unit
(NeuroICU) with encephalopathy, cerebral edema, and seizures triggered by sepsis.

Case presentation

A 49-year-old male with MSUD presented to the hospital with encephalopathy, which progressively worsened during his admission.
The patient was diagnosed with sepsis, which thereafter triggered an MSUD crisis requiring transfer to the NeuroICU. Continuous
EEG revealed focal seizures in the left frontal region, which were suppressed using a midazolam infusion. A head CT revealed
cerebral edema, and an MRI demonstrated extensive DWI hyperintensity throughout the bilateral cerebral cortices and deep nuclei
with ADC correlate. Despite dietary modifications, the patient continued to have elevated BCAA levels. Therefore, continuous
renal replacement therapy (CRRT) was initiated and titrated to control BCAA levels. These BCAA levels were monitored daily
while the underlying triggers were corrected. Over four weeks, the patient’s condition improved to his neurological baseline, and
he was subsequently discharged home.

Conclusion

Our case emphasizes the importance of understanding the neurological complications associated with an MSUD crisis--which
include seizures, cerebral edema, and coma—as well as highlights CRRT as an effective method for correcting metabolic
disturbances in adults with MSUD. Additionally, it highlights that extensive diffusion restriction (DWI hyperintensity) with an
ADC correlate is not helpful in neurologic recovery prognostication. Intense multidisciplinary collaboration amongst nutrition,
genetics, metabolic, nephrology, pharmacy, and NeurolCU teams aimed at developing effective strategies to reduce BCAA levels
and prevent drug interactions was crucial to patient recovery.
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Background

Maple syrup urine disease (MSUD) is a rare genetic autosomal recessive disorder characterized by a deficiency of an enzyme
complex (branched-chain alpha-keto acid dehydrogenase) that is required to metabolize the three branched-chain amino acids
(BCAAs) including leucine, isoleucine, and valine in the body [1]. During periods of illness, stress, or changes in diet, the body
may be unable to process these branched amino acids properly, leading to dangerous spikes in both BCAAs and branched-chain
amino keto acids (BCAKAs) that can cause severe systemic and central nervous system effects. Known CNS effects include
impaired neurotransmitter synthesis, oxidative injury and mitochondrial dysfunction [1]. These effects result in an energy failure
state that may lead to cerebral edema, seizure activity, and irreversible neurologic injury and cell death by both lysis and apoptosis
[2]. Since MSUD is often a disease seen in neonates, the majority of data pertaining to acute management of MSUD crisis comes
from this same infant population. Severe MSUD crisis in middle age is rare, and the management of MSUD crisis in adults is
heterogeneous at best. To our knowledge, this is the first case involving hyperosmolar and chronic renal replacement therapy
(CRRT) management of severe CNS MSUD crisis in an adult.

Case Presentation

A 49-year-old male with maple syrup urine disease (diagnosed through newborn screening), intellectual disability, diabetes,
schizophrenia, hypertension, and asthma was admitted to the hospital for metabolic encephalopathy, agitation, and poor oral intake.
Prior to admission, he was experiencing increased behavioral issues. Also prior to admission, he had begun seeing a new
psychiatrist and was started on Lamictal 25mg a day with the plan to increase to two times a day. The patient’s usual demeanor
was calm, verbal, and he enjoyed going on outings. Following initiation of Lamictal, the patient would experience episodes of
“freezing”, become sleepy, and/or become catatonic whereby he would be able to hear but not move. His mother also also reported
increased coughing and wheezing for 1-2 weeks, along with heightened sweating without clear documented fever.

Upon admission, the patient was tachycardic (normal sinus rhythm, 130s) with a blood pressure of 190/94. During the examination,
the patient was alert and neurologically intact, though his mother noted that he appeared less talkative than usual. Initial workup
revealed an elevated white blood cell count of 12, elevated beta-hydroxybutyrate and urinary ketones, and very high levels of
leucine, isoleucine, and valine. The chest X-ray showed diffuse bronchitis.

Multidisciplinary teams including metabolic and nutritional specialists were consulted, and the patient was initiated on IV fluids
and a BCAA restrictive high-protein diet supplemented with IV lipids. However, the diet was soon discontinued due to concerns
about aspiration. On hospital day 6, the patient developed a fever to 102.2 degrees Fahrenheit with concerns for aspiration. The
patient became progressively more altered with decreased arousal and inability to protect his airway. He was intubated, road-
spectrum antibiotics were initiated, and an infectious workup revealed Staphylococcus epidermidis bacteremia.

In the NeuroICU, laboratory results demonstrated elevated BCAA levels and hyponatremia (Na=131). Continuous EEG revealed
recurrent left frontal seizures (Figure la). Head computed tomography (CT) showed new cerebral edema, and brain magnetic
resonance imaging (MRI) revealed extensive diffuse restricted diffusion throughout the bilateral cerebral cortices, caudate,
putamen, and thalami with an ADC correlate (Figure 1b). This significant CNS involvement was concerning for a severe MSUD
crisis with neurologic injury. Keppra and sedation with propofol were initiated, and the patient was placed on continuous renal
replacement therapy (CRRT) to reduce BCAA levels refractory to initial diet-directed therapies. Hyperosmolar therapy was
commenced to mitigate cerebral edema. The patient had a prolonged ICU stay of 25 days. During this time, daily multidisciplinary
discussions among the intensivist, nutritionist, geneticist, metabolic team, and nephrologist were held to develop effective strategies
to reduce amino acid intake and avoid drug interactions. The patient began receiving a blended metabolic formula via tube feeding
to meet protein needs and was supplemented with valine and isoleucine. Urine cultures were positive for ESBL E. coli treated
initially with linezolid, followed by Zosyn, daptomycin, and ertapenem. Sedation downtitration was complicated by autonomic
storming. A tracheostomy was performed on the 16™ day of intubation due to a persistently poor neurological exam and uncertain
neurologic recovery. A PEG tube was placed on the 40" day of admission, and CRRT was discontinued. Over the next few days,
the patient regained consciousness and exhibited bilateral upper and lower extremity movements in response to noxious stimuli.
He began tracking and nodded appropriately. Once he was able to tolerate a tracheostomy collar, he was transferred to the floor,
where he convalesced and made a strong recovery. The tracheostomy was decannulated, and the patient was discharged at his
previous neurological baseline, such that he could walk into his own home despite the profound findings seen on his MRI brain.
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Discussion and Conclusion:

Our case evidences a rare genetic disorder that falls within the spectrum of neurometabolic diseases. In maple syrup urine disease,
periods of stress and illness can trigger a metabolic crisis. While metabolic crises are documented [2], such a severe case in a
middle-aged adult is uncommon. Management of such cases can be challenging due to the limited experience of ICU physicians
with adult MSUD crisis, lack of adult management guidelines, and sporadic heterogeneous management reports in the literature.

Controlling fluctuations in amino acid levels during the initial periods of instability, seizures, and cerebral edema was extremely
challenging. This necessitated daily multidisciplinary discussions among specialists with differeing foci of expertise in order to
develop effective strategies for reducing amino acids and avoiding drug interactions [3]. While many studies have discussed the
role of CRRT in the pediatric population, its role among adults has not been addressed [4]. CRRT significantly contributed to our
patient’s recovery and effectively reduced leucine levels. It proved to be a safe and efficient method for correcting metabolic
disturbances in this adult patient.

Malignant cerebral edema is the most common immediate cause of death from MSUD, which can be as high as 25% [5]. We used
hypertonic 3% saline therapy to mitigate cerebral edema, which is similar to different studies that have used both hypertonic and
mannitol therapy [6].

The MRI showed extensive diffuse restricted diffusion across the bilateral cerebral cortices, caudate, putamen, and thalami with an
ADC correlate. This aligns with some of the MRI findings noted in the pediatric population [7]. However, caution should be
exercised to avoid classifying this injury as anoxic. This case highlights that severe MRI findings are indeed compatible with
excellent neurologic recovery.

Our case highlights the significance of understanding the neurological complications linked to an MSUD crisis, such as non-
convulsive seizures, respiratory failure, coma, and cerebral edema. Continuous renal replacement therapy serves as an effective
and safe approach to correcting metabolic disturbances in adults with MSUD. Regular multidisciplinary discussions among the
nutritionist, geneticist, metabolic team, nephrologist, and neurointensivist were crucial to enhancing patient recovery, resulting in
a positive outcome.
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List of abbreviations
cEEG= Continuous Electroencephalography

MSUD= Maple syrup urine disease
CRRT= Continuous renal replacement therapy

CT
MRI
ICU

Availability of supporting data

All data supporting the findings of this study are included within the article. Additional
de-identified clinical information is available from the corresponding author upon
reasonable request.

Conflicts of Interest
The authors declare that there is no conflict of interest regarding the publication of this
article.

Funding
This research received no specific grant from any funding agency in the public,
commiercial, or not-for-profit sectors.

Acknowledgments
The authors thank the clinical and nursing teams involved in the patient’s care. The authors also thank the patient and his family
for their cooperation.

Consent for publication
Written informed consent was obtained from the patient for publication of this case report and any accompanying images. A
copy of the written consent is available for review by the Editor-in-Chief of this journal.

Ethical Approval and Consent to Participate
Ethical approval was not required for a single case report, according to the policies of our
institution.

Authors’ Contributions

MME: Collected clinical data, contributed to the literature review, and drafted the

initial manuscript.

BPL and JNL: Assisted in data collection, contributed to manuscript writing, editing, data interpretation, and provided critical
feedback on the discussion.

All authors read and approved the final manuscript.



297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

References

1.

Dimou A, Tsimihodimos V, Bairaktari E. The Critical Role of the Branched Chain Amino
Acids (BCAAs) Catabolism-Regulating Enzymes, Branched-Chain Aminotransferase
(BCAT) and Branched-Chain a-Keto Acid Dehydrogenase (BCKD), in Human
Pathophysiology. Int J Mol Sci. 2022 Apr 05;23(7)

Zinnanti WJ, Lazovic J, Griffin K, Skvorak KJ, Paul HS, Homanics GE, Bewley MC,
Cheng KC, Lanoue KF, Flanagan JM. Dual mechanism of brain injury and novel
treatment strategy in maple syrup urine disease. Brain. 2009 Apr;132(Pt 4):903-18

Redant S, Empain A, Mugisha Aet al. Management of late onset urea cycle disorders—a
remaining challenge for the intensivist? Ann Intensive Care 2021; 11: 1-10.

Demirkol D, Sik G, Topal N, Citak A, Zeybek C, Titen A, Bilge |. Continuous Venovenous
Hemodiafiltration in the Treatment of Maple Syrup Urine Disease. Blood Purif.
2016;42(1):27-32. doi: 10.1159/000443783. Epub 2016 Mar 22. PMID: 26998605.

Strauss KA, Carson VJ, Soltys K, Young ME, Bowser LE, Puffenberger EG, Brigatti KW,
Williams KB, Robinson DL, Hendrickson C, Beiler K, Taylor CM, Haas-Givler B, Chopko
S, Hailey J, Muelly ER, Shellmer DA, Radcliff Z, Rodrigues A, Loeven K, Heaps AD,
Mazariegos GV, Morton DH. Branched-chain a-ketoacid dehydrogenase deficiency
(maple syrup urine disease): Treatment, biomarkers, and outcomes. Mol Genet Metab.
2020 Mar;129(3):193-206. doi: 10.1016/j.ymgme.2020.01.006. Epub 2020 Jan 16.
PMID: 31980395.

Hassan SA, Gupta V. Maple Syrup Urine Disease. [Updated 2024 Mar 3]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK557773/

R. Nuri Sener, Maple syrup urine disease: Diffusion MRI, and proton MR spectroscopy
findings, Computerized Medical Imaging and Graphics, Volume 31, Issue 2, 2007, Pages
106-110



347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362

Figure 1a: cEEG with a 10 sec epoch showing left frontal electroconvulsive seizure

Figure 1b: MRI revealed extensive diffuse restricted diffusion throughout the bilateral cerebral
cortices, caudate, putamen, and thalami without an ADC correlate
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