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A B S T R A C T   

We report on pregnancy management and outcomes in a 27-year-old female patient with ornithine trans
carbamylase (OTC) deficiency, the most common inherited enzyme deficiency in the urea cycle. Our patient was 
diagnosed during childhood after hyperammonemia associated with surgery and steroid treatment and was well- 
controlled with nitrogen scavenger treatment, low-protein diet, and L-citrulline supplementation. OTC gene 
sequencing identified a variant of unknown significance that has more recently been classified as likely patho
genic. Women with OTC deficiency are at increased risk of hyperammonemia during pregnancy and the post
partum period, therefore monthly follow up and laboratory assessments are critical in management decision 
making. Our patient was maintained on glycerol phenylbutyrate, L-citrulline and essential amino acid supple
ments, along with restricted protein intake during pregnancy. A multidisciplinary approach with the obstetrics, 
prenatal genetics, high risk obstetric, and anesthesia teams was also necessary for optimal management during 
pregnancy, throughout labor and delivery, and during the postpartum period. After successful childbirth and 
discharge, our patient experienced a hyperammonemic crisis related to poor enteral nutrition, and acute man
agement protocols were implemented to stabilize her. For her newborn son, acute hyperammonemia protocols 
were on standby, and newborn screening and laboratory testing were expedited to assess his risk. He was healthy 
and did not experience symptoms of concern. In this case report, we emphasize the importance of close 
collaboration with maternal-fetal medicine team members during and immediately after pregnancy to ensure 
successful management of a female patient with OTC deficiency and her newborn.   

1. Introduction 

Ornithine transcarbamylase (OTC) deficiency, the most common 
defect in the urea cycle, is caused by mutations in the OTC gene (OTC; 
OMIM 300461) on chromosome Xp11.4 [1,2]. It follows a pattern of X- 
linked inheritance and most commonly presents as either severe 
neonatal-onset disease in males or as late-onset disease in either sex 
[1,2]. Males with severe neonatal-onset OTC deficiency are typically 
diagnosed symptomatically within the first week of life [2]. Conversely, 
males and heterozygous females with later-onset disease may have a 
wide spectrum of phenotypes, depending on the severity of the enzyme 

deficiency and X-chromosome inactivation pattern, and can present at 
any time during infancy to late adulthood [2]. Although the estimated 
incidence of OTC deficiency is 1 in 56,600 live births in the United 
States, it is likely that the actual prevalence may be underestimated due 
to misdiagnosed or underrecognized oligosymptomatic patients [1]. 

Patients with OTC deficiency can be diagnosed through clinical and 
laboratory findings and/or genetic testing. Newborn screening tests 
measuring citrulline or other biochemical markers have historically 
been ineffective at identifying patients with OTC deficiency due to poor 
specificity and sensitivity [3]. Additionally, commercially available 
genetic testing platforms may not all have the specificity to identify 
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novel pathogenic variants and may contribute to underdiagnosis [4]. 
Increased availability and recent advances in genome sequencing have 
allowed for better identification of potentially pathogenic variants and 
may facilitate faster diagnosis of presymptomatic patients [3]. Missense, 
nonsense, and splice site variants; small intragenic deletions/insertions; 
single exon, multiexon, or whole-gene deletions/duplications; and pro
moter and enhancer mutations have been identified through sequence 
analysis of the OTC gene. For example, a deep intronic pathogenic 
variant has been described, suggesting that other undiscovered muta
tions may exist in patients with no previously identified disease- 
causative OTC mutations [2,4,5]. 

Common symptoms associated with urea cycle disorders (UCDs) 
include hyperammonemia, hepatic dysfunction, and various neuro
psychologic complications [6–8]. Heterozygous female patients with 
OTC deficiency, commonly referred to as “carriers”, do not have a 
complete loss of function and may have less severe symptoms than pa
tients with a complete loss of enzyme function [2,9]. Nonetheless, het
erozygous females often present with nonspecific symptoms such as 
protein intolerance, cyclic vomiting, headache, altered mental status, 
and neurologic deficiencies arising from elevated ammonia, which 
contribute to significant morbidity and mortality [1,10]. Prompt diag
nosis and treatment are therefore essential to limit the long-term 
sequelae of elevated ammonia. The foundation of management for pa
tients with UCDs, including female heterozygotes with OTC deficiency, 
is based on a combination of low-protein diet, amino acid supplemen
tation, and nitrogen scavenger treatment or liver transplant to regulate 
ammonia and glutamine levels [8]. Investigational therapeutic options, 
including liver cell transplant, protein or mRNA therapy, and gene 
editing/therapy may also be considered [8,11]. 

The management of heterozygous female patients with OTC defi
ciency is generally tailored based on disease severity and risk for 
decompensation. Triggers for hyperammonemia include infection, 
fever, fasting, surgery, or the increased metabolic demands of pregnancy 
[6,8]. Although some patients are adequately managed through low- 
protein diet and supplements, others may also require ongoing treat
ment with nitrogen scavengers [6]. Previously well-controlled patients 
are at increased risk for metabolic stress and catabolism during preg
nancy due to insufficient calorie intake, changes in metabolic rate, and 
increased protein and micronutrient requirements in each trimester 
[8,12–14]. Additional catabolic stress in the peri-, ante-, and postnatal 
periods (eg, labor, surgery/caesarian section, uterine involution after 
birth, infection, breastfeeding demands) can lead to hyperammonemia 
[12,15–19]. Furthermore, psychiatric manifestations stemming from 
hyperammonemia may be misdiagnosed as pregnancy-related or post
partum psychosis [19]. Therefore, a well-established labor management 
plan, including frequent ammonia monitoring and recommendations for 
intrapartum intravenous fluid replacement for caloric and nutritional 
needs, is necessary to prevent poor outcomes in pregnant women with 
OTC deficiency [17–20]. Here, we report on an adult heterozygous fe
male patient with late-onset OTC deficiency who was diagnosed during 
childhood and describe our approach to developing a tailored man
agement regimen for her during her pregnancy. 

2. Case presentation 

2.1. Patient report/history 

This is a report of pregnancy management in a 27-year-old woman 
with OTC deficiency. Our patient was diagnosed at 12 years of age when 
she experienced a hyperammonemic crisis triggered by thoracic spinal 
fusion for thoracolumbar scoliosis and steroid treatment. At diagnosis, 
genetic analysis in a research laboratory reported a variant of unknown 
significance (c.539A > C, p.Q180P; NM_000531.6), a missense mutation 
that has since been classified as likely pathogenic. Molecular testing on 
the patient's mother confirmed that she did not carry this variant. It is 
unclear whether expanded family genetic screening was performed, and 

there was no family history suggestive of disease. 
After diagnosis, our patient was managed with a protein restricted 

diet, oral sodium benzoate (3 g/day three times daily [TID]), and L- 
citrulline supplementation. Although she did not experience additional 
hyperammonemic crises during adolescence, elevated glutamine was 
reported (peak 1646 μmol/L, reference range, 205–756 μmol/L). She 
transferred to our institution for management at 24 years of age. Initial 
laboratory monitoring showed elevated glutamine at 822 μmol/L and 
mildly elevated ammonia at 43 μmol/L (reference range, 9–33 μmol/L). 
Our patient continued treatment with sodium benzoate (3.2 g/day) and 
supplementation with L-citrulline (6 g/day), multivitamins, calcium, 
and vitamin D. She attempted to adhere to a recommended low protein 
diet targeting 45–50 g/day but was only consuming an average of 0.35 
g/kg/day of intact protein (22.5 g/day). Routine laboratory monitoring 
was conducted every 3 months. 

When she was 26 years of age, we switched our patient from sodium 
benzoate treatment to glycerol phenylbutyrate (GPB) treatment (3 mL 
TID titrated to 5 mL TID [8.1 mL/m2]) after she reported worsening 
headaches and quarterly laboratory monitoring showed glutamine level 
elevations (902 μmol/L). She also had borderline low vitamin B12 levels 
(263 pg/mL; reference range, 190–950 pg/mL) and low carnitine levels 
(free carnitine 9–11 μmol/L; reference range, >20 μmol/L). We rec
ommended that our patient increase her daily total dietary protein 
allowance to at least 0.85 g/kg and start carnitine supplementation. 
Although we also recommended essential ammino acid (EAA) supple
mentation, it was taken inconsistently due to insurance denial and 
financial constraints. Nonetheless, our patient remained stable on this 
regimen, felt well, and experienced no hospitalizations. 

2.2. Pregnancy management 

At 27 years of age, our patient reported pregnancy at 8 weeks of 
gestation. She had initially stopped taking her medications due to 
concern for teratogenicity, resulting in elevated glutamine at 1145 
μmol/L. After discussion, she restarted GPB (5 mL TID), and her gluta
mine levels normalized. Supplementation with EAA (providing 20 g of 
protein equivalent per day; total protein intake ±1 g/kg/day) and 
increased dosage of L-citrulline (9.6 g twice daily [BID]) were pre
scribed. GPB dosage was not altered during the pregnancy and phenyl
butyrate metabolite testing confirmed therapeutic drug dosing and no 
toxicity. 

Our patient had significant anxiety regarding her child's risk of 
inheriting OTC deficiency. She underwent noninvasive prenatal testing 
at 13 weeks gestation, which predicted a male fetus (99.4% accuracy). 
Based on concerns for potentially severe neonatal symptoms in an 
affected child, the patient decided to undergo additional prenatal testing 
by amniocentesis that showed the baby did not carry the same variant as 
our patient. This additional testing, along with extensive discussions 
with our team and genetic counselor, helped to reassure our patient. 
However, full sequencing of the OTC gene was not performed on mother 
or fetus and, thus, the possibility of another pathologic variant being 
present could not be excluded. 

Monthly laboratory testing during pregnancy assessed amino acid, 
ammonia, glutamine, liver function, carnitine, branched-chain amino 
acid (BCAA), prealbumin, and citrulline levels. Pre-labor ammonia 
levels were well-controlled (Fig. 1), and no changes were made to our 
patient's daily recommended protein allowances. Our patient is a die
titian and remained well-informed and receptive to disease state edu
cation. Regular nutritional counseling was provided throughout her 
pregnancy; she kept a record of her dietary intake and was encouraged 
to meet her protein and calorie needs. Plasma amino acid levels change 
markedly during pregnancy and can vary based on several factors, 
including trimester stage. Leucine and valine have been noted to 
decrease early during pregnancy, while plasma isoleucine concentra
tions remain more stable [14,21]. Despite steps that our patient took to 
meet her protein and calorie needs, her BCAA levels remained lower 
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than previously published overall normals (Fig. 1; [14]) and plasma 
carnitine dropped at 6 months of gestation. Her carnitine supplement 
dosage was increased, which normalized plasma carnitine. Unfortu
nately, midway through her pregnancy, the patient's insurance denied 
EAA coverage despite previous coverage, resulting in inconsistent amino 
acid supplement intake. 

Given that many signs and symptoms of hyperammonemic crisis can 
be mistaken as common symptoms of pregnancy, the goals for preg
nancy management included close collaboration and discussion with 
non-UCD specialists, including anesthesiologists, obstetricians, prenatal 
geneticists, and the high-risk obstetric unit. Full team discussions 
included considerations for labor and delivery (ie, caesarian vs vaginal 
delivery), anesthesia options (ie, general vs spinal anesthesia), and 
anticipated need for oral (PO) and intravenous (IV) nutrition and ni
trogen scavenger therapy throughout labor and delivery and the post
partum period (Table 1). A scheduled vaginal delivery with epidural at 
39 weeks of gestation was deemed possible, and a written plan was put 

in place at the delivery center prior to the scheduled delivery. An 
alternate plan was also put in place if our patient spontaneously labored 
prior to her planned induction. 

2.3. Labor and delivery management and outcomes 

As planned, our patient was admitted for controlled induction of 
labor at 39 weeks. A peripherally inserted central catheter (PICC) line 
was inserted as a precaution, and our patient was treated with oral GPB 
(5 mL TID), EAA, carnitine, L-citrulline, IV lipids, and 10% dextrose 
water with electrolytes (D10) during labor. IV carnitine, L-arginine, and 
sodium phenylacetate/sodium benzoate were on standby if needed. 
Throughout labor, we monitored ammonia levels every 6 to 8 h and 
assessed our patient for altered mental status or persistent vomiting. Our 
patient's ammonia levels remained well controlled during delivery, and 
she delivered a healthy male newborn vaginally (weight 3.66 kg; Apgar 
scores of 8 and 9 at 1 and 5 min, respectively). 

2.4. Postpartum care and acute event management 

Postpartum care recommendations, which were communicated to 
the extended care team via letters, emails, daily calls, and chart notes, 
included continuation of IV D10 with electrolytes and lipids until our 
patient was eating well. After her successful delivery, our patient's 
postpartum ammonia levels were initially well controlled, and she 
tolerated her low-protein diet and EAA. On postpartum day 1, she was 
doing well and was transitioned from IV D10 to D5 with electrolytes. 
After this change, our patient's ammonia levels rose to >100 μmol/L 
(peak, 136 μmol/L). Re-initiation of IV D10 and lipids, along with a 
vegan/minimal protein diet over the next 33 h normalized ammonia 
levels. IV fluids were discontinued on postpartum day 3, with continued 
improvements in ammonia levels and restart of a limited protein diet of 
<50 g/day. 

Our patient was discharged from the hospital 4 days postdelivery 
with no other reported symptoms. However, on postdelivery days 7–11, 
our patient was readmitted due to poor food intake, nausea, and light
headedness and was found to have elevated ammonia at 83 μmol/L. 
During this hospitalization, her ammonia levels rose and peaked at 147 
μmol/L. She was treated with IV glucose and lipids (IV D10 normal sa
line, 4.5 L/day; IV intralipid 20%, 20 mL/h; IV carnitine, 750 mg every 
6 h) and IV sodium phenylacetate/sodium benzoate (Fig. 2). After sta
bilization, treatment with GPB (5 mL TID), L-citrulline PO, EAA, and a 
limited protein diet (30 g/day of protein) was reinitiated, along with 
ondansetron as needed for nausea. 

On discharge, we recommended that our patient consume a mini
mum of 2400 kcal/day to avoid catabolism, including 500 kcal/day 
derived from protein-free nutritional supplementation. She continues to 
adhere to a limited protein diet at up to 50 g/day and has continued 
supplementation with multivitamins, calcium, vitamin B12, and EAA. 
She was thereafter stable on her prepregnancy GPB dosage of 5 mL TID. 

Fig. 1. Biochemical Testing During Pregnancy. 
BCAA, branched-chain amino acid; GPB, glycerol phenylbutyrate; Ile, isoleu
cine; Leu, leucine; ULN, upper limit of normal; Val, valine. 
Biomarkers (solid lines), limits of normal range (dashed lines). 
A. Glutamine and ammonia levels. B. Branched-chain amino acid levels. 
*Maternal BCAA levels change markedly during pregnancy and can vary based 
on several factors, including trimester stage. 

Table 1 
Pregnancy management and monitoring plan.  

First Trimester Second/Third Trimesters Postpartum 

Nausea management Education and instruction regarding potential increases in protein and supplement needs Early postpartum treatment and monitoring 
plan 

Expanded care team and patient 
discussions about childbirth options 

Adjusting dietary intake based on changing metabolic needs Emergency management plans for newborn 
and patient on standby 

Nutritional and genetic counseling Serial fetal growth assessment with ultrasonography Diet and medication options 
Prenatal genetic testing Monthly laboratory testing Close contact for ≈8 weeks after delivery to 

monitor catabolism due to parturition 
Monthly laboratory testing Written management plans for labor and delivery, including use of epidural analgesia to 

manage pain/stress that could trigger possible acute metabolic decompensation   
Clinician–patient discussions on breastfeeding   
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2.5. Newborn monitoring and patient management plan 

There were no signs or symptoms of concern for our patient's son at 
birth; regardless, we recommended that the newborn remain inpatient 
during the first days of life for close laboratory and symptom moni
toring. In conjunction with the neonatal intensive care unit (NICU)/ 
pediatrics team, we recommended expedited routine newborn screening 
along with urine organic acid, orotic acid, and plasma amino acid testing 
at 24 h of age. Newborn screening at 18 h of life indicated normal 
citrulline (25 μmol/L; reference range, 10–45 μmol/L). Urine orotic acid 
was also normal (1.6 mmol/mol creatinine; reference range, 0–3 mmol/ 
mol creatinine). 

Because prenatal genetic testing results did not exclude the possi
bility of an undetected pathologic variant, and given the potential risk to 
an affected neonate, a plan was implemented to check the newborn's 
ammonia levels at birth if he was symptomatic (eg, feeding issues, 
lethargy) or every 8 h starting at 24 h of life if he remained without 
notable symptoms. Ammonia testing was to continue until day of life 3 
or 4 or until plasma amino acid and urinary orotic acid testing results 
were obtained. The NICU was advised to immediately contact the 
metabolic team in the event of any abnormal laboratory testing or 
occurrence of encephalopathy. Peak ammonia level was 56 μmol/L at 
day 1 of life (reference range, <57 μmol/L), decreasing to 27 μmol/L by 
day 4 of life. 

Because the newborn did not have any concerning symptoms, our 
patient was permitted to establish normal feeds through breastfeeding. 
There are insufficient data on the use of GPB during pregnancy and 
breastfeeding, and GPB is not recommended during breastfeeding per 
the drug label; however, after discussion, our team ultimately recom
mended that our patient continue her treatment with GPB. Treatment 
with this regimen during pregnancy and postpartum breastfeeding was 
uneventful. At his last follow-up at 11 months of age, our patient's son 
showed normal growth and development and remained asymptomatic 
with no other notable medical issues. 

We also coordinated further genetic testing with full gene sequencing 
and deletion/duplication analyses for our patient. This confirmed the 
initial diagnostic testing but reclassified her variant as likely pathogenic. 

3. Materials and methods 

Medical records and clinical parameters were reviewed by the 
treating clinical team. 

4. Discussion 

We report on our management considerations for a heterozygous 

female patient with OTC deficiency at our institution during her preg
nancy and the intrapartum and postpartum periods. There is limited 
consensus-based clinical guidance for the management of OTC defi
ciency during or after pregnancy, and management plans are generally 
tailored to the individual patient [16–18]. Patients with UCDs and other 
genetically inherited conditions should receive preconception coun
seling to clarify hereditary implications and facilitate decision making 
[2]. Although the immediate implications of X-linked diseases are 
greatest for affected male fetuses, determination of a female fetus during 
prenatal testing should not negate the importance of discussions 
regarding the risks of OTC deficiency in either sex, as hyperammonemic 
crises can be triggered by stressors at any age in females [2]. 

Advances in molecular testing enabling confirmation of suspected 
diagnoses, coupled with improved long-term management, have led to a 
greater number of patients surviving into adulthood and starting a 
family [18,19]. Clinical presentation and severity of symptoms in 
women with OTC are variable [2,16,18]. Our patient was diagnosed 
with late-onset OTC deficiency at 11 years of age, prior to which she had 
no episodes of hyperammonemia. Her OTC deficiency was likely 
unmasked due to a combination of factors, including metabolic stress 
related to surgery and steroid treatment [6,12,16]. Although her OTC 
deficiency was well-controlled with medical management following her 
diagnosis, her symptoms were later exacerbated by the metabolic de
mands of pregnancy. We reviewed available literature to develop a 
detailed multidisciplinary management plan, which was generally suc
cessful except for two episodes of postpartum hyperammonemia that 
may have been avoided through stricter adherence to nutritional rec
ommendations and closer inpatient monitoring. 

Advances in genome sequencing have allowed for improved identi
fication of potentially pathogenic variants, which aided in identifying 
our patient's OTC mutation [3,4]. The identified missense OTC mutation 
replaces glutamine with proline in exon 5 of codon 180 to potentially 
disrupt the secondary structure of the OTC protein and has previously 
been noted in another patient [2,22]. Another OTC variant affecting the 
glutamine residue in the same codon (c.540G > C, p.Q180H; 
NM_00531.6) has been confirmed as pathogenic [23,24]. However, al
gorithms developed to predict the effect of our patient's variant are not 
conclusive, and there is currently no functional evidence for this mu
tation (NM_000531.6). Taken together, these observations suggest that 
our patient's variant is also disease causing. 

Special nutritional considerations and additional protein intake may 
be needed for heterozygous women with OTC deficiency during each 
trimester of pregnancy and while breastfeeding. Furthermore, excessive 
catabolism is possible during the prenatal and postpartum periods 
[16,18–20,25,26]. The changing metabolic needs of women with OTC 
deficiency during pregnancy and the postpartum period underscore the 
critical need for close monitoring of metabolic status and protein con
sumption by a metabolic dietitian [17–20]. To avoid catabolism and 
metabolic decompensation, nitrogen scavenger treatment is recom
mended for patients with OTC deficiency during pregnancy and lacta
tion if their disease cannot be managed with diet and/or amino acid 
supplementation alone [2,8]. Although there are insufficient data on the 
use of GPB during pregnancy and breastfeeding, our patient was well- 
maintained on GPB therapy during the peri-, ante-, and postnatal pe
riods, including during lactation. Our patient's postpartum decompen
sation was not related to this therapy. Low BCAA levels have been 
reported with the use of phenylbutyrate, which together with dietary 
intake issues, may have contributed to her acute crisis. Despite this, the 
neonate was well grown and developed normally. 

Preemptive management is possible in women whose OTC deficiency 
diagnoses are known prior to pregnancy. In these women, detailed 
pregnancy management and labor plans should be implemented early to 
address known triggers of hyperammonemia arising from the increased 
metabolic demands during each trimester and the peripartum period 
[16,17,19]. Despite proactive risk-mitigation protocols, including 
tailored patient education and engagement, the possibility of 

Fig. 2. Postpartum ammonia levels. 
ULN, upper limit of normal. 
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hyperammonemia is greatest during the postpartum period due to rapid 
uterine involution and resulting protein breakdown in the days imme
diately following childbirth [16,18,19]. Our patient was hospitalized 
with hyperammonemia several days after giving birth (peak, 147 μmol/ 
L), consistent with other published examples of postpartum decom
pensation in women with OTC deficiency (ammonia levels ranging from 
≈100 to >250 μmol/L observed from postpartum days 3–14) 
[15,16,25–27]. 

Women with late-onset OTC deficiency whose initial crises are trig
gered by pregnancy have higher maternal morbidity and mortality than 
if they had been diagnosed prior to conception [16,28]. Furthermore, 
early identification of late-onset OTC deficiency and continuous meta
bolic control are critical because even mildly symptomatic patients can 
demonstrate cognitive defects that may impact their ability to adhere to 
management regimens [29,30]. Symptoms of hyperammonemia can be 
hidden by pregnancy-related issues, and nausea, vomiting, headaches, 
mood disturbances, and seizures can be misattributed to hormonal 
changes. Furthermore, mental status changes postpartum in women 
with OTC deficiency have been misdiagnosed as postpartum psychosis 
or depression [16]. Therefore, close communication, frequent multi
disciplinary monitoring, and prompt treatment of metabolic de
compensations are necessary to prevent poor outcomes in pregnant 
female patients with OTC deficiency [17–19,26,28]. Our patient confi
dently navigated management of her OTC deficiency concurrently dur
ing her pregnancy because she was already accustomed to adhering to 
her UCD treatment regimen and had a multidisciplinary team support
ing her throughout her pregnancy. 

5. Conclusion 

In summary, this case study demonstrates management approaches 
for a pregnant adult female patient with late-onset OTC deficiency. She 
had a history of established adherence to her UCD management regimen 
prior to pregnancy and had reported few symptoms indicative of 
metabolic instability. Her pregnancy management was similar to her 
prepregnancy regimen and was guided by her biochemical profile. We 
emphasize the importance of improved diagnosis of female heterozy
gotes with OTC deficiency prior to pregnancy to allow preventative and 
preemptive management of both the mother and neonate. Our experi
ence further underscores the importance of maintaining close collabo
ration with members of the maternal-fetal team during and immediately 
after pregnancy to ensure successful management of a female patient 
with OTC deficiency and her newborn. 
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