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A B S T R A C T   

Adult-onset non-cirrhotic hyperammonemia (NCH) is a rare, but often fatal condition that can result in both 
reversible and irreversible neurological defects. Here we present five cases of adult-onset non-cirrhotic hyper
ammonemia wherein brain magnetic resonance spectroscopy (MRS) scans for cerebral glutamine (Gln) and myo- 
inositol (mI) levels helped guide clinical management. Specifically, we demonstrate that when combined with 
traditional brain magnetic resonance imaging (MRI) scans, cerebral Gln and mI MRS can help disentangle the 
reversible from irreversible neurological defects associated with hyperammonemic crisis. Specifically, we 
demonstrate that whereas an elevated brain MRS Gln level is associated with reversible neurological defects, 
markedly low mI levels are associated with a risk for irreversible neurological defects such as central pontine 
myelinolysis. Overall, our findings indicate the utility of brain MRS in guiding clinical care and prognosis in 
patients with adult-onset non-cirrhotic hyperammonemia.   

1. Introduction 

Adult-onset non-cirrhotic hyperammonemia (NCH) is a rare, but 
often fatal condition that can arise in a variety of clinical settings 
including: adult-onset urea cycle defects [21]; urease-producing or
ganism infections [12]; side effects of certain medications [6]; and se
vere nutritional deficiencies [20]. Patients with adult-onset non- 
cirrhotic hyperammonemia frequently present with hyperammonemic 
coma, and can develop irreversible neurological insults from cerebral 
edema, brain herniation and osmotic demyelination of the pons. Overall, 
prognosis is quite poor, with a mortality rate of 80% in a post-bone 
marrow transplant cohort [7], 50% in a post-Roux-en-Y gastric bypass 
(RYGB) cohort [9], and 39% in a combined adult-onset NCH cohort 
[20]. 

Distinguishing reversible from irreversible neurological defects in 
these patients is essential for appropriately guiding management 

decisions, and imaging strategies such as magnetic resonance spectros
copy (MRS) have been demonstrated to aid in this process. MRS is a 
method that uses conventional magnetic resonance imaging (MRI) 
scanners to measure the cerebral concentrations of highly abundant 
biological compounds. Cerebral glutamine (Gln) peaks are typically low 
under normal physiological states, but become prominent during acute 
hyperammonemic episodes due to the conversion of ammonia into 
glutamine by the enzyme glutamine synthetase [4,11]. In addition, 
chronic hyperammonemia has been associated with low cerebral myo- 
inositol (mI) levels on brain MRS imaging [2,10,11]. In prior reports, 
we and others have demonstrated cerebral Gln MRS as a noninvasive 
technique for monitoring cerebral Gln levels in association with 
hyperammonemia-induced altered mental status [10,14]. Despite the 
potential clinical utility of brain MRS in adult patients with non- 
cirrhotic hyperammonemia, there is currently a paucity of available 
data outside of patients with ornithine transcarbamylase (OTC) 
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deficiency [4,10]. To provide further clinical data on cerebral MRS 
imaging in adult patients with non-cirrhotic hyperammonemia, we 
present brain MRS results from 5 cases wherein this imaging has played 
a vital role in guiding clinical care decisions. 

2. Patients and methods 

2.1. Patients 

Retrospective chart review and analysis of MRS imaging data was 
performed after institutional review board (IRB) approval. Cases were 
identified based on referral to the Genetics/Metabolism service for 
hyperammonemia management. Additional clinical, genetic, and 
biochemical information on these patients is published elsewhere [20], 
wherein patients 1, 2, 3, 4, and 5 in this cohort correspond to patients 
15, 2, 7, 4, and 21 of the Stergachis et al. cohort, respectively. P-value for 

Fig. 4a was calculated using the corr.test function in R. All patients 
provided written informed consent for retrospective data evaluation. 

2.2. MRS acquisition and processing 

MRPAGE was acquired and reconstructed for localization of the MRS 
voxels. The volumes of interests were specified as 2x2x2 cc regions in the 
posterior cingulate gyrus, parietal white matter, and basal ganglia as 
shown in Fig. 1. These regions were selected based on previous literature 
that demonstrated their sensitivity to increased glutamine in the brain 
[10,18]. Single voxel point-resolved spectroscopy (PRESS) was acquired 
on 3T MRI scanner (Siemens Verio) using an echo time of 30 ms, repe
tition time of 2 s, 128 averages 2048 data points, and 1200 Hz spectral 
width. An unsuppressed water reference with 16 averages was acquired 
for quantitation. The RF coil consisted of a 32 channel 1H tuned phased 
array head coil. B0 shimming was performed with the DESS method. An 

Fig. 1. Representative spectra from patient 1 from the three regions of interest measured in each patient. Left: Voxel location shown on T1 MPRAGE images. Right: 
MR spectra with metabolite fit for myo-inositol (mI), N-acetylaspartate (NAA), and glutamine (Gln). 
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initial automatic shim as attempted and manual shimming was per
formed when the automatic shim showed to be inadequate. WET, a B1 
independent water-suppression method was used [15]. 

Post processing was performed with Suspect software package (using 
Python and numpy). The raw, uncombined data acquired was used for 
this post processing pipeline. Processing steps included channel com
bination, frequency correction, averaging samples, residual water signal 
removal, and phase correction prior to metabolite fitting and quantifi
cation. Frequency correction was done during post processing by 
aligning the creatine metabolite resonance that was fitted with the 
HSVD method [19]. Metabolite concentrations of glutamine (Gln) as 
well as N-acetylaspartate (NAA), glutamate (Glu), creatine (Cr), choline 
(Cho), myo-inositol (mI), and other metabolites were estimated using 
the LCModel software package which performs linear combination 
analysis with a priori metabolite spectra [17]. The metabolite values are 
normalized to the unsuppressed water signal to determine absolute 
metabolite concentrations. This absolute concentration estimation was 
further adjusted with respect to the gray matter, white matter, and CSF 
partial-volume fractions (PVF) of the target voxel. Segmentation on the 
PVFs was performed on the 3D MPRAGE image, which was available for 
most cases (see Table 1), using the FSL software package to obtain these 
fractions and the following equation was used to calculate the partial- 
volume corrected absolute concentration: 

Cc = CLCM

(
55556 mM
35880 mM

)

[ (1⋅pCSF)+ (0.779⋅pGM)+ (0.645⋅pWM) ]

where Cc is the corrected concentration, CLCM is the LCModel estimated 
concentration, and pGM, pWM, and pCSF correspond to the partial volumes 
of gray matter, white matter, and CSF, respectively. The 35,880 mM 
value corresponds to LCModel’s assumed water concentration which is 
corrected to the actual value in CSF of 55,556 mM, approximately 77.9% 
of this in gray matter, and approximately 64.5% in white matter [8]. A 
phantom solution of 5 mM of glutamine and 10 mM of creatine was also 
scanned using the same sequences in order to validate the quantitation 
measures. Finally, a cohort of 22 healthy volunteers (ages 48–70 years) 
were also imaged using the same voxel locations and protocol to provide 
a normative range of values. 

The quality of the data and metabolite fitting was performed by 
assessing using LCModel’s reported Cramér–Rao lower bound (CRLB) 
value in addition to signal to noise ratio (SNR) and linewidth or full- 
width half max (FWHM) for each acquisition. All scans had NAA CRLB 
of less than 5%, SNR greater than 25, and FWHM of less than 0.05 Hz. 
Glutamine CRLB was 14.3% + 7.7% demonstrating that it was consis
tently fit and distinguishable from glutamate due its high concentration 
in most cases. 

3. Results 

3.1. Case 1 

Patient 1 is a 44-year-old non-cirrhotic male with a history of dextro- 
transposition of the great arteries, status-post Mustard repair in infancy, 
who developed acute-onset altered mental status and status epilepticus 
three days post-orthotopic heart transplantation, and was found to have 
a plasma NH3 level of >1320 μmoles/L. Tracheal secretions were posi
tive for U. urealyticum, and he was managed with antibiotics, renal 
replacement therapy, ammonia scavengers, and hypothermic cooling, 
with gradual improvement and subsequent normalization of his NH3 
level after eight days of treatment [13]. Two days after hyper
ammonemia resolution he began following commands and slowly star
ted to regain neurological function over the following several weeks. 
Brain MRS performed five days after resolution of his hyperammonemia 
demonstrated a mildly elevated posterior cingulate gyrus (PCG) Gln 
level of 4.76 mmoles/kg and a low PCG mI level of 1.22 μmoles/L 
(Fig. 1). Brain MRS performed seven days later demonstrated a normal 

PCG Gln level of 3.070 mmoles/kg and a persistently low PCG mI level of 
1.209 mmoles/kg. Brain MRI demonstrated findings concerning for 
global hypoxia. After several months of recovery, he regained most of his 
prior neurological status, but had a new persistent frontal disinhibition. 

3.2. Case 2 

Patient 2 is a 53-year-old non-cirrhotic female with a history of 
alcohol use disorder and obesity, 6 years status-post RYGB surgery, who 
presented with an ischemic left foot requiring femoral-popliteal bypass 
surgery. Two weeks into her admission she developed altered mental 
status and was found to have an NH3 level of 181 μmoles/L. Over the 
subsequent five days she became obtunded, with NH3 levels peaking at 
453 μmoles/L (Fig. 2a). Despite management with hemodialysis/ 
hemofiltration plus ammonia scavengers, her NH3 levels remained 
persistently elevated at ~160 μmoles/L for the subsequent five days. 
Initial brain MRS demonstrated a markedly elevated posterior cingulate 
gyrus (PCG) Gln level of 18.60 mmoles/kg and a low PCG mI level of 
1.17 mmoles/kg (plasma NH3 154 μmoles/L and plasma Gln 724 
μmoles/L at time of MRS) (Table 1). Repeat brain MRS after 4 days of 
persistently elevated NH3 levels and no neurological improvement 
demonstrated interval improvement of PCG Gln to 13.864 mmoles/kg 
and a persistently low PCG mI of 1.464 mmoles/kg (plasma NH3 136 
μmoles/L and plasma Gln 391 μmoles/L at time of MRS). Her NH3 level 
subsequently normalized, accompanied by improvement in her mental 
status, with repeat brain MRS seven days after NH3 level normalization 
demonstrated interval normalization of PCG Gln to 1.63 mmoles/kg, but 
a persistently low PCG mI of 1.00 mmoles/kg. Two weeks later, her NH3 
level briefly spiked to 199 μmoles/L, and brain MRS two days after this 
spike demonstrated a normal PCG Gln level of 2.13 mmoles/kg and a 
low but improving PCG mI level of 1.83 mmoles/kg. MRI at this time 
demonstrated concern for osmotic demyelination in the pons. Over the 
following two months her neurological status progressively improved to 
baseline and she was discharged to her home after a prolonged inpatient 
rehab stay. 

3.3. Case 3 

Patient 3 is a 68-year-old non-cirrhotic male with a history of chronic 
myelomonocytic leukemia who presented with somnolence and hypoxia 
in the setting of acute blast crisis. He was started on hydroxyurea and 
underwent leukapheresis, but despite improvements in his leukocyte 
count he developed worsening oliguric renal failure, hypoxemia and 
somnolence and was intubated and started on hemofiltration, at which 
time his NH3 level was fond to be elevated to 100 μmoles/L. His NH3 
levels normalized after 48 h of hemofiltration, but he remained intu
bated due to persistent somnolence, prompting a brain MRS five days 
after normalization of his NH3 level. Brain MRS demonstrated normal 
brain glutamine and myo-inositol levels. His mental status improved 
over the following 24 h, enabling extubation, and a return to baseline 
mental status over the following week. He subsequently changed his 
code status to DNR/DNI and died from hypoxemic respiratory failure 
three weeks later. 

3.4. Case 4 

Patient 4 is a 54-year-old non-cirrhotic male with a history of alcohol 
use disorder who presented with altered mental status, leukocytosis and 
lactic acidosis and was found to have an NH3 level of 322 μmoles/L 
(Fig. 2b). Hemodialysis, which was initiated for NH3 clearance, resulted 
in improved NH3 levels, but no appreciable neurological improvement, 
prompting a brain MRS. Brain MRS demonstrated an elevated PCG Gln 
level of 6.75 mmoles/kg and a very low PCG mI level of 0.69 mmoles/kg 
(plasma NH3 74 μmoles/L and plasma Gln 493 μmoles/L at time of 
MRS). His NH3 level normalized over the following six days, but his 
mental status remained poor, prompting a repeat brain MRS, which 
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Table 1 
Brain MRS and plasma metabolite concentrations for all 5 patients in this case series, as well as reference ranges derived from healthy control. MRS scan regions include the posterior cingulate gyrus (PCG), parietal white 
matter (PWM), and basal banglia (BG). Metabolites include glutamine (Gln), myoinositol (mI), total N-acetyl aspartate (NAA + NAAG), total choline (Cho + PCho), and total creatine (Cr + PCr). Each metabolite shows the 
concentration in the first column and the Cramer-Rao lower bound (%SD) in the second column. Scans that underwent partial-volume fractions (PVF) correction are indicated in the final column.  

Case Age/ 
Sex 

Peak 
NH3 

(μmol/ 
L) 

Day of MRS 
scan relative 
to initial 
NH3 

Plasma NH3 

at time of 
MRS scan 
(μmol/L) 

Plasma Gln 
at time of 
MRS scan 
(μmol/L) 

MRS 
scan 
region 

MRS Gln 
(mmol/ 
kg) 

MRS 
Gln % 
SD 

MRS mI 
(mmol/ 
kg) 

MRS 
mI % 
SD 

MRS NAA 
+ NAAG 
(mmol/kg) 

MRS 
NAA +
NAAG % 
SD 

MRS Cho 
+ PCho 
(mmol/ 
kg) 

MRS 
Cho +
PCho % 
SD 

MRS Cr +
PCr 
(mmol/ 
kg) 

MRS 
Cr +
PCr % 
SD 

MRS PVF 
correction 

Patient 
1 

44/ 
M 

>1320 Day 12 40 368 PCG 4.760 13 1.218 15 6.134 3 2.218 3 6.222 2 Yes 
PWM 1.668 27 0.776 20 7.505 3 2.267 2 3.996 3 Yes 
BG 3.244 15 0.733 22 2.870 7 1.438 3 3.600 4 Yes 

Day 19 20 N/A PCG 3.070 19 1.209 16 5.407 5 1.675 3 6.432 2 No 
PWM 1.796 25 0.909 17 6.476 3 2.130 2 4.084 3 No 
BG 2.221 25 0.000 999 2.520 11 2.071 4 5.240 4 No 

Patient 
2 

53/F 453 Day 9 154 724 PCG 18.603 3 1.168 13 5.733 3 0.748 4 5.491 2 Yes 
PWM 14.377 3 0.807 15 4.867 3 0.662 4 3.000 3 Yes 
BG 14.798 3 1.402 12 4.776 5 1.028 4 5.616 3 Yes 

Day 12 136 391 PCG 13.864 4 1.464 10 6.447 3 1.103 3 6.261 2 No 
PWM 12.617 4 0.844 14 6.431 3 1.091 3 4.162 3 No 
BG 9.161 4 1.311 13 5.712 5 1.177 5 5.791 4 Yes 

Day 22 28 218 PCG 1.628 23 0.999 13 6.017 3 1.472 3 5.108 2 Yes 
PWM 0.872 36 0.711 15 5.287 3 1.907 2 3.506 3 Yes 
BG 2.239 19 0.706 21 3.937 6 1.545 3 4.400 3 Yes 

Day 38 15 233 PCG 2.133 19 1.828 7 5.281 4 1.192 3 5.571 2 Yes 
PWM 2.112 15 1.115 11 4.381 5 1.988 2 4.340 3 Yes 
BG 3.079 16 1.591 12 4.359 6 1.270 4 5.006 3 Yes 

Day 76 49 820 PCG 4.905 10 3.676 5 6.573 3 1.016 4 5.146 2 Yes 
PWM 2.866 11 3.310 4 5.665 3 1.290 2 3.882 2 Yes 

Patient 
3 

68/ 
M 

100 Day 7 24 N/A PCG 2.050 22 2.721 6 6.137 3 1.337 3 6.262 2 Yes 
PWM 1.725 21 2.083 7 3.876 6 0.900 4 3.015 4 Yes 
BG 2.416 18 1.538 10 4.029 6 1.236 3 4.634 3 Yes 

Patient 
4 

54/ 
M 

322 Day 6 74 493 PCG 6.746 6 0.687 20 3.725 4 1.120 3 4.796 2 Yes 
PWM 9.536 4 0.896 13 4.972 4 0.823 4 3.818 3 Yes 
BG 6.577 6 0.882 18 2.873 7 1.273 4 5.287 3 Yes 

Day 12 50 N/A PCG 3.181 13 0.928 15 4.578 4 1.498 3 6.055 2 Yes 
PWM 2.570 16 0.626 23 4.527 4 1.486 3 3.506 3 Yes 
BG 3.149 14 0.000 999 1.700 11 1.242 4 3.951 3 Yes 

Patient 
5 

66/ 
M 

956 Day 5 36 381 PCG 4.634 13 1.264 16 5.689 4 1.318 3 4.047 3 No 
PWM 7.537 6 0.767 19 6.816 3 1.379 3 2.977 3 No 
BG 6.912 12 1.239 24 7.75 6 1.598 5 6.320 4 No    

MRS Gln MRS mI MRS NAA + NAAG MRS Cho + PCho MRS Cr + PCr 

Control Reference Ranges PCG 2.020–3.340 3.256–5.368 6.281–9.471 0.871–1.372 4.707–6.577 
PWM 0.642–2.263 2.736–5.316 6.572–11.080 1.234–2.088 3.648–5.908 
BG 1.619–3.587 2.978–5.014 5.039–7.734 1.059–1.802 4.126–5.937  
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demonstrated mildly elevated parietal white matter (PWM) Gln level of 
2.57 mmoles/kg and a persistently low PCG mI level of 0.93 mmoles/kg. 
Brain MRI demonstrated a new T2 abnormality at the central pons 
concerning for osmotic demyelination syndrome. Given poor neuro
logical recovery, he underwent a tracheostomy and percutaneous gas
trostomy placement and had a course complicated by multiple cardiac 
arrests, bacteremia and was eventually transitioned to comfort measures 
only. 

3.5. Case 5 

Patient 5 is a 66-year-old non-cirrhotic male without a significant 
past medical history who presented with two weeks of altered mental 
status and somnolence and was found to have an NH3 level of 230 
μmoles/L. He was started on ammonia scavenger therapy with initial 
improvement in ammonia levels to 20 μmoles/L, which quickly 
rebounded to 956 μmoles/L over the following 24 h, resulting in cerebral 
edema and seizures. Hemodialysis was then initiated, resulting in NH3 
level improvement to 68 μmoles/L. He was subsequently transferred to 
our institution, and on arrival he was obtunded with a normal NH3 level. 
Brain MRS, performed 3 days after transfer demonstrated a mildly 
elevated PCG Gln level of 4.634 mmoles/kg and a low PCG mI level of 

1.264 mmoles/kg (plasma NH3 36 μmoles/L and plasma Gln 381 
μmoles/L at time of MRS). Brain MRI demonstrated diffuse cerebral 
edema. He continued to show no neurological improvement and repeat 
brain MRI seven days later showed persistent cerebral edema. 14 days 
after transfer to our institution he continued to show no neurological 
improvement despite maintaining a normal NH3 level, prompting 
transition to comfort measures only. Genetic testing demonstrated a 
hemizygous pathogenic OTC c.119G > A (p.R40H) variant, diagnostic of 
ornithine transcarbamylase (OTC) deficiency. 

3.6. Comparison of brain glutamine and myo-inositol levels 

Serial MRS scans were available for three of the cases, which enabled 
us to quantify the rate of recovery for cerebral Gln and mI levels after 
resolution of a hyperammonemic crisis. Notably, for patient 2, whereas 
cerebral Gln levels normalized by the third MRS scan (performed on day 
22 of illness course), brain mI levels did not normalize until the fifth 
brain MRS scan, which was performed on day 76 of her illness course 
(Fig. 3a). Similarly, for patient 4 and 1, brain Gln levels normalized by 
day 12 and 19 respectively, yet brain mI levels remained persistently 
low in both of these patients on repeat imaging (Fig. 3b and c). In 
addition, Gln and mI levels were not significantly correlated with each 

Fig. 2. Time course of plasma ammonia and glutamine levels as well as brain glutamine levels in (a) patient 2 and (b) patient 4. Plasma ammonia levels are in red, 
plasma glutamine levels in purple and brain glutamine levels from the PCG blue. Reference ranges for all three metabolites are indicated by dashed lines and shaded 
boxes. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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other (Fig. 4a), indicating that cerebral mI levels in this cohort may be 
driven by more than the acute hyperammonemic event. Overall, these 
findings expose a lag time between the normalization of brain Gln and 
mI levels, during which time the brain may be at a particularly high risk 
for osmotic-mediated complications. 

3.7. Cerebral myo-inositol levels versus irreversible neurological outcomes 

To evaluate whether low cerebral mI levels could predispose to 
osmotic-related neurological complications, we visualized the relation
ship between initial brain MRS mI levels and long-term neurological 
complications for all five patients plus one previously published case 
[14]. Notably, whereas the two cases with the highest cerebral mI levels 
developed no long-term neurological complications, the cases with the 
lowest cerebral mI levels all developed neurological complications, with 
the two cases with the lowest mI levels developing osmotic demyelin
ation (Fig. 4b). 

4. Discussion 

We present 5 cases of non-cirrhotic hyperammonemia wherein brain 
MRS imaging helped guide clinical management by disentangling the 
reversible from irreversible neurological defects associated with 
hyperammonemic crisis. Specifically, brain MRS Gln levels were espe
cially useful in evaluating for reversible causes of neurological defects, 
and were more reliable than plasma ammonia or plasma glutamine 
levels for monitoring tissue stores of ammonia. For example, for patient 
2, repeat brain MRS imaging during her acute hyperammonemic episode 
provided real-time evidence of successful total body ammonia clearance 
despite no significant changes in her blood ammonia level or mental 
status. Similarly, for patient 4, brain MRS imaging revealed significant 
residual glutamine stores, despite substantial improvement in blood 
ammonia levels, indicating further need for ammonia clearing therapies. 

Brain MRS imaging was also useful in framing discussions regarding 
neurological prognosis with families. For example, for patient 1, 
normalization of brain Gln levels provided evidence to the clinical team 
of sustained recovery from his profound hyperammonemic episode. 
Similarly, for patient 3, normalized brain Gln levels indicated that his 
neurological status should quickly improve if it was mediated by 
hyperammonemia, which it did, enabling him to recover to a point 
where he was able to participate in his own goals of care conversations. 
In contrast, patients 4 and 5 both had largely normalized brain Gln 
levels, yet failed to show any significant neurological recovery over the 
following weeks, which was helpful in framing the relatively poor 
neurological prognosis to their families. 

In addition, we observed that brain MRS mI levels may be useful in 
identifying patients at risk for irreversible neurological complications. 
Both mI and Gln are osmotic compounds that appear to compensate each 

Fig. 3. Comparison of brain glutamine and myo-inositol levels between brain 
MRS scans in (a) patient 2, (b) patient 4, and (c) patient 1. Brain glutamine 
levels from the PCG are in blue, and brain myo-inositol levels from the PCG are 
in orange. Reference ranges for both metabolites are indicated by dashed lines 
and shaded boxes. (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article.) 

Fig. 4. Association between cerebral myo-inositol levels and irreversible neurological outcomes. (a) Scatterplot showing the relationship between brain MRS myo- 
inositol and glutamine levels. P-value and Pearson’s correlation also displayed. (b) plot showing the initial brain MRS myo-inositol level within the PCG region, as 
well as any long-term neurological sequalae or MRI findings of demyelination. 
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other during hyperammonemic episodes [10,11], and studies in rats 
have previously shown that induced episodes of prolonged hyper
ammonemia result in elevated brain Gln levels and decreased brain mI 
levels [5]. However, we observed that whereas cerebral Gln levels can 
correct over a period of days to weeks, cerebral mI levels can take weeks 
to months to fully correct. This lag time between the normalization of 
brain Gln and mI levels may put brain tissue at a particularly high risk 
for osmotic-mediated complications, which is a known rare complica
tion of hyperammonemic episodes [3]. Our findings suggest that very 
low brain MRS mI levels should be viewed as a potential risk factor for 
the subsequent development of osmotic demyelination upon resolution 
of a hyperammonemic crisis. 

Several of the patients in this case series had two or more MRS scans 
performed, which were separated by 3 to 38 days apart. As discussed 
above, the data from these repeat scans were used to guide ongoing 
clinical care, and repeat scans were primarily initiated based on new 
neurological findings, and/or persistently poor neurological status or 
metabolic features. Notably, one of the major limitations to performing 
MRS imaging in this cohort was hemodynamic instability, which was 
frequently observed in this cohort, and limited their safe transportation 
to the MRI instrument. 

Although brain MR spectroscopy is an emerging imaging modality in 
the evaluation of hyperammonemia, MRS imaging is currently utilized 
across multiple disciplines, including oncology, neurology, and pediatric 
genetics [1,16] for evaluating numerous metabolites including N-acetyl 
aspartate, choline, myo-inositol, creatinine, lactate, glutamate, and 
glutamine. Overall, our findings build upon this literature by indicating 
the additional utility of brain MR spectroscopy in guiding clinical care 
and prognosis in patients with adult-onset non-cirrhotic 
hyperammonemia. 
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