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Case Report 

Novel compound heterozygote variants: c.4193_4206delinsG (p. 
Leu1398Argfs*25), c.793C > A (p.Pro265Thr), in the CPS1 gene 
(NM_001875.4) causing late onset carbamoyl phosphate synthetase 1 
deficiency—Lessons learned 
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A B S T R A C T   

Carbamoyl phosphate synthetase 1 (CPS1) deficiency is an autosomal recessive urea cycle disorder with varying 
presentations. Patients with a neonatal-onset phenotype are initially healthy but develop severe hyper-
ammonemia days after birth and often have poor or lethal outcomes, while patients who present later in life may 
exhibit less severe clinical manifestations. CPS1 deficiency is rarely found on newborn screening because most 
states do not screen for this disease due to the technical difficulties. We report a case of an 11-year-old, previ-
ously healthy girl who presented with hyperammonemia and acute psychosis after eating large amounts of meat 
at summer camp. A diagnosis of carbamoyl phosphate synthetase type 1 deficiency was suspected by biochemical 
profiles and confirmed by molecular analysis. Subsequent follow up lab results revealed ammonia to be only 
25–39 μmol/L shortly after glutamine reached levels as high as 770–1432 μmol/L with concurrent alanine el-
evations, highlighting the compensating mechanisms of the human body. Her initial hospital course also 
demonstrated the importance of continuous renal replacement therapy (CRRT) in avoiding rebound hyper-
ammonemia and high glutamine and the benefits of intracranial pressure (ICP) monitoring, providing 3% hy-
pertonic saline and temperature control to avoid fever in treating cerebral edema. Carglumic acid was not 
considered helpful in this case, with BUN levels ranging between 2 and 4 mg/dL after administration.   

1. Introduction 

Carbamoyl phosphate synthetase 1 (CPS1) deficiency is a rare, 
autosomal recessive urea cycle disorder with an incidence of approxi-
mately 1:1,300,000 in the United States [1]. CPS1 deficiency results 
from bi-allelic disease-causing variants in the CPS1 gene, which can 
cause combined effects of low enzyme level and decreased activity [2]. 
Biochemical findings in CPS1 deficiency include elevated ammonia, 
decreased plasma citrulline, and elevated plasma glutamine. These 
findings are often missed by newborn screen as CPS1, OTC, and NAGS 
are not included in the recommended uniform screening panel (RUSP) 
[3]. Most patients present as neonatal crisis with hyperammonemia but 
individuals with leaky variants can present at variable ages [4]. Previous 

research has suggested that responsiveness to carglumic acid in CPS1 
deficiency is variable and may be variant-specific [5]. 

2. Case report 

A previously healthy, 11-year-old girl presented to the emergency 
department due to the abrupt onset of altered mental status for one day. 
No fever or infectious symptoms, history of similar symptoms, recent 
tick bites, history of head trauma, or recent sick contacts were noted. 
The patient's parents reported that she was always thin and a picky 
eater, avoiding eating meat throughout her life. As a baby, she had poor 
weight gain and required hydroxylated formula. A review of her history 
revealed that the patient was often emotionally unstable growing up. 
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Even though she had never been enrolled in an individualized educa-
tional program (IEP), she was held back in first grade and had difficulty 
learning. 

Upon admission, she was 143 cm tall (33rd percentile) and weighed 
26.6 kg (3rd percentile). During the previous week, she had been 
attending summer camp, where she ate more chicken than usual. She 
developed fatigue after returning from camp and became disoriented 
with bizarre behavior the following day; she began using her hands to 
eat rather than eating with utensils and urinated on the bathroom floor 
rather than in the toilet. 

An elevated ammonia level was noted in the ER with a peak 
ammonia level of 494 μmol/L several hours after arrival. She was 
admitted to the PICU, protein intake was stopped and the patient's 
hyperammonemia quickly corrected within 12 h with the use of intra-
venous sodium benzoate (5.5 g/m2) and sodium phenylacetate (5.5 g/ 
m2), intravenous L-arginine (600 mg/kg/day), high dose glucose infu-
sion, insulin and hemodialysis. Initial labs showed glutamine 1289 
μmol/L, citrulline 0 μmol/L, arginine 16 μmol/L and undetectable urine 
orotic acid. Total parenteral nutrition containing amino acids 0.5 g/kg/ 
day and intralipid 1 g/kg/day was initiated on the second day of hos-
pitalization to suppress catabolism. 

During her second day of hospitalization, she had a rebound 
hyperammonemia of 379 μmol/L; at that time, her glutamine measured 
693 μmol/L. The patient was noted to have an irregular breathing 
pattern while on mechanical ventilation and desaturated to the 50's. She 
was seen actively seizing by the PICU night team. She received 1 mg of 
IV lorazepam followed by a second dose of 2 mg IV lorazepam. She also 
received two doses of IV levetiracetam 20 mg/kg (total 40 mg/kg). The 
patient was hypertensive, bradycardic, and had an abnormal breathing 
pattern with deep chest and abdominal inhalations followed by quick 
exhalations concerning for Cushing reflex due to increased intracranial 
pressure. She was given mannitol 1 g/kg, followed by propofol 50 mg 
and a second dose of propofol 25 mg for sedation and seizure control. 
STAT brain CT was done. Her CT was compatible with increasing ce-
rebral and cerebellar edema with interval development of downward 
displacement of the cerebellar tonsils (Fig. 3) compared to prior CT 
performed 16 h earlier (Fig. 2). Electrolytes drawn during her seizure 
activity revealed a sodium of 134 mmol/L. She was given 5 mL/kg of 
hypertonic saline 3% twice and her sodium increased to 142 mmol/L. 
The patient's seizure stopped after hypertonic saline was administered. 
Continuous renal replacement therapy (CRRT) was initiated. Neuro-
surgery was consulted to place an ICP monitor and the patient was 

placed on continuous EEG monitoring and sedated with dexmedetomi-
dine hydrochloride and fentanyl drips. She was treated with Artic Sun 
temperature management system to regulate her temperature for 5 days 
and IV sedation for a total of 10 days. Carglumic acid was initiated at a 
dose of 150 mg/kg/day and continued until hospital day 8, after which 
her carglumic acid dose was cut in half to 75 mg/kg/day. Her L-arginine 
infusion rate was decreased to 250 mg/kg/day on her second day of 
hospitalization. Parenteral nutrition amino acid content was adjusted to 
1 g/kg/day on the 5th day of hospitalization and nasogastric tube 
feeding was started on her 6th day of hospitalization. She was started on 
a mixed formula that provided 47 kcal/kg and 1.1 g/kg/day of protein 
after she was weaned off total parenteral nutrition (TPN). On her 7th day 
of hospitalization, sodium benzoate, sodium phenylacetate and L-argi-
nine infusions were discontinued and glycerol phenylbutyrate 9 mL/m2/ 
day and citrulline at 270 mg/kg/day were initiated. (See Fig. 1.) 

Next generation sequencing (NGS) was performed for a panel of urea 
cycle disorders. The test results revealed two heterozygous variants, 
c.4193_4206delinsG (p.Leu1398Argfs*25) and c.793C > A (p. 
Pro265Thr), in the CPS1 gene (NM_001875.4). These variants were 
classified as likely pathogenic and variant of uncertain significance 
respectively by the lab. Based on the molecular panel, carbamoyl 
phosphate synthetase 1 (CPS1) deficiency was diagnosed. The patient 
began oral feeds on day 10 of hospitalization with a goal of 12 g of 
natural protein and 18 g of essential amino acid mixture daily. Her 
neurocognitive function returned back to baseline and she was dis-
charged after 19 days of hospitalization. She continued to be followed as 
an outpatient in the inborn errors of metabolism clinic. 

At discharge, carglumic acid (75 mg/kg/day), L-citrulline (280 mg/ 
kg/day) and glycerol phenylbutyrate (3 mL TID) were prescribed and 
her protein goal was reduced to 0.9 g/kg. Carglumic acid was dis-
continued immediately after discharge (day 19) due to severe vomiting 
that resolved promptly with medication discontinuation. The glycerol 
phenylbutyrate was discontinued for two weeks due to insurance issues, 
during which the patient was managed with protein restriction and L- 
citrulline supplementation alone. The patient's glutamine levels 
increased to 1432 μmol/L after glycerol phenylbutyrate and carglumic 
acid were stopped, with ammonia level being only 39 μmol/L (see 
Table 2). The glycerol phenylbutyrate was then restarted and the pa-
tient's glutamine levels improved to 686 μmol/L. 

2.1. Molecular assay 

The c.4193_4206delinsG variant is a 14-bp deletion and a 1 bp 
insertion located in exon 36 of the CPS1 gene. It creates a frameshift 

Fig. 2. Image of brain CT on the second day of hospitalization.  

Fig. 3. Image of brain CT on the third day of hospitalization. The image shows 
increasing cerebral and cerebellar edema with interval development of down-
ward displacement of the cerebellar tonsils. 

H.-T. Lin et al.                                                                                                                                                                                                                                   



Molecular Genetics and Metabolism Reports 33 (2022) 100942

3

starting at residue 1398 and generates a stop codon at position 25 of the 
new reading frame (p.Leu1398Argfs*25). It is predicted to cause loss of 
normal protein function through protein truncation or nonsense- 
mediated mRNA decay. Loss-of-function variants in the CPS1 gene are 
known to be associated with CPS1 deficiency [6]. This variant has not 
been reported in the literature, nor has it been observed in the popula-
tion database (gnomAD). Taken together, Invitae reported the 
c.4193_4206delinsG variant as pathogenic while University of Oklaho-
ma's laboratory reported the variant as likely pathogenic. Previous 
studies have shown that C-terminal truncations more distal than the one 
caused by this frameshift variant result in a large decrease in activity of 
CPS1 at saturation of N-acetylglutamate (Vmax) and a significant in-
crease in Km for N-acetylglutamate [7]. It can therefore be inferred that 
this variant likely results in near total lack of enzyme activity even 
without mRNA decay or protein degradation. 

The c.793C > A variant in exon 8 of the CPS1 gene results in a 
missense substitution of proline with threonine at residue 265 (p. 
Pro265Thr), a highly conserved amino acid across species [8]. To our 
knowledge, this variant has not been reported in the literature; a 
different missense change affecting the same residue, p.Pro265Leu, has 
been identified in an infant with hyperammonemia [9]. The p. 
Pro265Thr variant in our patient with late-onset disease likely affects 
CPS1 less drastically than the p.Pro265Leu variant, which leads to 
neonatal-onset disease. This variant is absent from the population 
database gnomAD [10], indicating it is unlikely benign. Furthermore, 
the missense change has been observed in individual(s) with clinical 
features of carbamoyl phosphate synthetase I deficiency (Invitae un-
published data). Whereas the C-terminal moiety of CPS1 is involved in 
substrate binding and catalysis, the function of the N-terminal moiety of 
CPS1 remains undetermined. In silico analyses differ in their predictions 

Fig. 4. Compensating mechanism of hyperammonemia in urea cycle disorder.  

Fig. 1. Timeline of medical interventions.  
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of the variant's effect on protein function and structure. SIFT reports it as 
“deleterious”, PolyPhen-2 “Probably Damaging”, and Align-GVGD 
“Class C0”. Collectively, although both Invitae and the University of 
Oklahoma's laboratory reported the c.793C > A variant as a variant of 
uncertain significance, we consider this variant to be likely pathogenic. 

Parental genetic test results show that the two variants are in 
different chromosomes (in trans). The c.4193_4206delinsG variant was 
inherited from the patient's mother and the c.793C > A variant was 
inherited from her father. 

2.2. Biochemical assay 

Initial plasma amino acid testing revealed a high glutamine and a 
citrulline level of zero (μmol/L). Orotic acid was not detected in urine. 
This biochemical profile was consistent with CPS1 deficiency or n-ace-
tylglutamate synthetase (NAGS) deficiency. Serial amino acid and 
ammonia levels from admission to day 71 are summarized in the table 
below. Discharge occurred on day 19. 

3. Discussion 

CPS1 deficiency can be classified as neonatal- or late-onset, with 
neonatal-onset patients presenting with a potentially lethal 

hyperammonemia crisis days after birth, while late-onset CPS1 defi-
ciency is usually associated with less severe manifestations [4]. This 
variation in disease may be due to the level of residual enzyme activity 
[11]. Patients diagnosed later in life often suffer cerebral insults and 
develop learning difficulties and mild intellectual impairment [12–14]. 
Furthermore, urea cycle disorders (UCDs) remain life-threatening con-
ditions, with one study reporting a 10% mortality rate in a cohort of 
adult-onset UCDs and another case report of adult-onset CPS1 deficiency 
requiring liver transplantation shortly after diagnosis [15,16]. There-
fore, proper recognition and management of UCDs is imperative to 
improve prognosis and quality of life. The low BUN levels with carglu-
mic acid use in this patient suggests that carglumic acid may not be 
effective in CPS1 deficiency associated with this combination of genetic 
variants. Hypertonic saline was used to treat brain edema and had a 
successful outcome. Finally, ammonia remained low with glutamine 
elevation in this case, which we hypothesize was due to a large 
compensatory reservoir of alpha-ketoglutarate and alanine. 

Carglumic acid, or N-carbamoyl-l-glutamate (NCG), is a synthetic 
analogue of N-acetyl-l-glutamate (NAG), an allosteric activator of CPS1 
[17]. Previous reports have demonstrated variable clinical responsive-
ness to carglumic acid in patients with CPS1 deficiency, suggesting that 
the effect of carglumic acid may be variant-dependent [5,18]. CPS1 gene 
variants may decrease the stability of the CPS1 protein or lower the 

Table 1 
Biochemical testing during hospitalization.  

Days after 
hospitalization 

1 2 3 (AM) 3 
(PM) 

3 
night 

4 5 6 7 8 18 Reference 
Range 

Ammonia 
(μmol/L) 

143 (outside 
hospital) 
218 (after arrival)  

494 (midnight) 

841 (before 
HD) 
44 (after HD) 
646 (rebound) 

635 (before CCRT) 
82 (after starting 
CCRT) 

40 36 39 36 29 30 18 N/ 
A 

31–80 

BUN (mg/dL) 3 10 (before HD) 
3 (after HD) 

6 (before CCRT) 
3 (after CCRT) 

3 3 2 3 3 3 N/ 
A 

N/ 
A 

7–18 

Glutamine 
(μmol/L) 

1289 1160 693 589 380 424 407 331 377 325 578 254–823 

Glutamate 
(μmol/L) 

50 435 143 76 34 70 95 130 142 156 77 5–150 

Alanine 
(μmol/L) 

216 371 593 506 190 313 252 202 263 235 616 152–547 

Arginine 
(μmol/L) 

16 2132 40 43 39 30 30 43 60 22 107 10–140 

Citrulline 
(μmol/L) 

0 0 0 0 21 0 0 0 0 0 107 1–46 

Leucine 
(μmol/L) 

61 32 65 39 62 21 39 48 68 59 91 48–160 

Lactic acid 
(mmol/L)  

2.79 (before 
HD) 
0.73 
(after HD) 

2.44 (before CCRT) 
1.29 
(after CCRT) 

2.12  2.46      0.36–1.25  

Table 2 
Biochemical testing after discharge.  

Days after hospitalization 24 31 44 52 55 67 72 Reference Range 

Ammonia 
(μmol/L) 

N/A N/A N/A N/A 39 25 23 31–80 

BUN (mg/dL) N/A 3 2 3 N/A N/A 2 7–18 
Glutamine 

(μmol/L) 
575 236 579 1432 770 870 686 254–823 

Glutamate 
(μmol/L) 

54 105 29 50 47 56 91 5–150 

Alanine 
(μmol/L) 

0 494 471 1250 916 1166 1081 152–547 

Arginine 
(μmol/L) 

89 93 103 158 30 94 62 10–140 

Citrulline 
(μmol/L) 

0 119 22 58 26 60 39 1–46 

Leucine 
(μmol/L) 

92 114 49 143 92 331 69 48–160  
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affinity of the enzyme for NAG [18]. Therefore, NCG supplementation 
may improve CPS1 function in some patients through saturation of NAG 
sites in partial CPS1 deficiency, maximizing CPS1 activation and pro-
tecting CPS1 from thermal and proteolytic inactivation [2,19]. How-
ever, in other CPS1 variants, NCG may compete with NAG binding 
instead and decrease residual ureagenesis [20]. Carglumic acid did not 
seem to be beneficial for our patient as her BUN levels remained at or 
below 3 mg/dL with carglumic acid administration. Since carglumic 
acid works by activating the urea cycle and increasing urea production, 
BUN levels can serve as a marker for the effectiveness of carglumic acid. 
This patient's low BUN levels indicate continued malfunction of the urea 
cycle and indicates that carglumic acid could not successfully restore her 
urea cycle [21]. The slightly elevated BUN before hemodialysis likely 
reflects dehydration (Table 1). 

Ammonia levels can rise after hemodialysis and can be improved by 
early refeeding and protein reintroduction to prevent catabolism [22]. 
In our patient, rebound hyperammonemia occurred after hemodialysis, 
causing cerebral and cerebellar edema with interval development of 
downward displacement of the cerebellar tonsils. In addition to CRRT, 
nutrition administration, intracranial pressure monitor placement, hy-
pertonic saline and temperature management were also used to decrease 
brain edema and prevent herniation. 

Previous reports have mostly focused on dialysis, ammonia scaven-
gers, and glucose administration to control hyperammonemia-induced 
brain edema in urea cycle disorders [16,22–24]. Temperature manage-
ment and fever prevention are neuroprotective by attenuating secondary 
injury after the primary neurological insult. The underlying mechanisms 
involve multiple cellular and molecular pathways. Brain injury activates 
the inflammatory and immune response causing additional neurotox-
icity and apoptosis. There is strong evidence in experimental and clinical 
studies that lowering body temperatures suppresses multiple aspects of 
this inflammatory reaction [25,26]. Elevated body temperatures have 
also been found to independently increase mortality, ICU and hospital 
lengths of stay, and worsen discharge disposition in adult neurology 
intensive care unit patients [27]. Temperature management in enceph-
alopathy due to UCDs has been explored and found to be feasible and 
safe [28–31]. In our patient, temperature management was used to 
suppress fever and prevent an inflammatory response to fever. Our 11- 
year-old patient demonstrated a successful outcome using temperature 
control for cerebral edema secondary to hyperammonemia in CPS1 
deficiency. 

Hypertonic saline was used in this patient to control intracranial 
pressure. Both hypertonic saline and mannitol are hyper-osmolar agents 
commonly used to treat cerebral edema [32]. We hypothesize that hy-
pertonic saline may be preferable to mannitol because 3% hypertonic 
saline has a more sustained effect on intracranial pressure and can 
effectively increase cerebral perfusion pressure [33]. 

Despite the late identification of her diagnosis at 11 years of age, this 
patient self-selected low-protein foods and was spared clear of metabolic 
decompensation until her preteen years, suggesting that she possesses 
some measure of adequate protein tolerance. We hypothesize that the 
patient may have a large reservoir of alpha-ketoglutarate to compensate 
for chronically elevated ammonia levels. Alpha-ketoglutarate helps 
capture excess ammonia in the forms of glutamate and glutamine 
through glutamate dehydrogenase and glutamine synthetase, thereby 
keeping ammonia levels low [34]. Glutamine levels frequently rise in 
the setting of hyperammonemia in urea cycle disorders and can be used 
as a proxy for ammonia to monitor disease [34,35]. In our patient, 
glutamine levels were found to be elevated despite ammonia levels in 
the normal range. The patient felt well and had no obvious symptoms 
even at glutamine level of 1432 μmol/L. The concurrent elevation of 
alanine to 1250 μmol/L on Table 2 also demonstrated alanine being a 
reservoir to retain the NH3 to prevent hyperammonemia. These con-
cepts can be visualized by Fig. 4 [36–38]. Even though glutamine for-
mation from alpha-ketoglutarate helps detoxify ammonia, elevated 
glutamine has also been shown to have neurotoxic effects and should 

therefore be appropriately monitored and controlled [36–39]. Also, 
once the patient has any illness, the balance could be immediately dis-
rupted and result in hyperammonemia. 

Alanine also serves as a reservoir of ammonia as the amino group of 
glutamate is transferred to pyruvate by alanine aminotransferase which 
generates alanine and alpha-ketoglutarate [36–39]. Therefore, alanine 
production allows the body to carry and store ammonia in a non-toxic 
form. The patient's recent onset of puberty and hunger resulted in too 
much protein intake and a glutamine level of 1164, concurrent alanine 
was 1646, and her ammonia was 13. It is not completely clear to us why 
alanine is elevated in CPS1 deficiency but not as much in other urea 
cycle disorders that cause hyperammonemia. Upon admission, her 
glutamine was 1289 and alanine was 216, her ammonia was 494. This 
again suggests alanine being the reservoir: when it is low, the ammonia 
goes up. 

This patient's stable self-regulation for years also brings into question 
how stringent dietary restrictions need to be post-diagnosis. Although 
the patient was able to avoid hospitalizations in the past, she struggled 
with emotional regulation and academic performance was poor; it is not 
clear how much of this is related to her underlying metabolic diagnosis. 
Furthermore, failure to thrive was noted with weight at the 3rd 
percentile at admission to the hospital. Our aim during outpatient 
management of this patient was to maximize the amount of tolerated 
natural protein and add an appropriate nitrogen scavenger. She was 
prescribed glycerol phenylbutyrate, citrulline supplementation, and di-
etary modification of 0.9 g/kg/day total protein (with 7–12 g of essential 
amino acids and 19 g of natural protein). Dietary modification was then 
changed to natural protein at 0.9 g/kg/day to encourage adequate food 
intake. Under this regimen, the patient's weight and height improved 
gradually. One month after discharge, her weight increased to 30.2 kg 
(10th percentile) and her height was 142.6 cm (33th percentile). Thir-
teen months after discharge the patient reached 47 kg (67th percentile) 
and 152.8 cm (48th percentile). Ammonia levels remained well 
controlled, below 23 μmol/L. Prior to hospitalization, the patient's IQ 
was borderline normal and she never needed an individualized educa-
tion program (IEP). Neuropsychological tests performed 6 months after 
discharge showed that the patient had returned to normal intellect. Her 
parents also reported that she had a more positive spirit and cried less 
with dietary and medical management. 
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