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Abstract 

Background:  Citrullinemia type I (CTLN1) is a rare urea cycle disorder (UCD) with few adult cases described so far. 
Diagnosis of late-onset CTLN1 is difficult, and delayed treatment may increase the risk of severe hyperammonemia. 
Pregnancy is an important risk factor for women with CTLN1. However, the clinical manifestations of CTLN1 in a preg-
nant woman may be mistaken for pregnancy side effects and ultimately delay a timely diagnosis.

Case presentation:  A 34-year-old woman developed vomiting and disturbance of consciousness after 12 weeks of 
gestation. A blood test showed hyperammonemia (454 μg/dL) with normal liver function tests. She fell into a deep 
coma, and her serum ammonia level increased to 800 μg/dL. Continuous renal replacement therapy (CRRT) was 
administered as a diagnostic treatment for UCD and serum ammonia. This patient’s case was complicated by co-
infection; her dependents decided to withdraw life support and the patient died. She was diagnosed with CTLN1 by 
analyses of plasma amino acids, urinary orotic acid, and second-generation gene sequencing.

Discussion and conclusion:  When a patient displays symptoms of emesis and disturbance of consciousness in 
early pregnancy, blood ammonia should be monitored, and UCD should be considered, particularly for patients with 
hyperammonemia in the absence of severe liver function abnormalities.
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Background
Ammonia arises from the breakdown of proteins and 
is produced mainly in the intestines by gut bacteria; 
it can also be produced in the kidneys and muscles [1, 
2]. Ammonia crosses the blood-brain barrier readily 
and, at increased concentrations, is toxic to the brain. 
The detoxification of ammonia, a metabolite of protein 
catabolism, is through the synthesis of glutamine and 
urea in the liver, which are eventually excreted in the 
urine. As a result, plasma concentrations of ammonia in 

the systemic circulation are very low (< 40 mmol/L) in 
healthy adults. Hyperammonemia develops in patients 
with liver disease or if the urea cycle cannot control the 
ammonia load [3, 4]. Most adult cases of hyperammone-
mia are complicated by severe liver disease, other causes 
are much less common [5]. Inherited urea cycle defects 
(UCDs) can lead to hyperammonemia, which causes 
brain damage. UCDs are caused by inherited deficiencies 
of one of the six enzymes in the urea cycle [6]. Citrulline-
mia type I (CTLN1) is a UCD caused by decreased activ-
ity of argininosuccinate synthase 1, a critical urea cycle 
enzyme. Typically, classical citrullinemia leads to hyper-
ammonemia in the newborn period and early death 
occurs if untreated. However, in some patients, symp-
tomatic hyperammonemia develops during childhood, 
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adulthood, or during/shortly after pregnancy, referred to 
as the late-onset form [7, 8].

We herein report the case of a pregnant woman with 
CTLN1 who vomited and went into a coma.

Case presentation
A healthy 34-year-old female was admitted to hospital 
after 12 weeks of gestation. The patient began to have 
symptoms of nausea and vomiting at 5 weeks of preg-
nancy. The symptoms worsened over a 3-day period, 
and she was admitted to hospital for inability to eat. The 
patient had no previous liver disease or other diseases. 
The patient denied a history of drinking alcohol, and 
she had no recent history of medication use that could 
potentially be toxic to the liver. Her parents were not 
consanguineous.

When admitted to the hospital, the patient had a rou-
tine blood examination which included tests for liver 
function, kidney function, potassium, sodium, chloride, 
and glucose, all of which were within the normal range. 
Prothrombin time (PT) was extended by 3 seconds, and 
C-reactive protein was slightly elevated. Hepatitis virus 
markers were negative. The patient had an abdomi-
nal ultrasound examination of the fetal sac, fetal bud, 
and fetal heart, all of which were normal. Initially, the 
patient was given fluid replacement and vitamin B6 and 
B1 supplements.

On the second day of admission, the patient had no 
emesis but did not cooperate with the medical staff’s 
questions or medical examinations. She had difficulty 
falling asleep, and was given a 10-mg intramuscular 
injection of diazepam after notification of the risk. On 
the morning of the third day of admission, a magnetic 
resonance imaging (MRI) study of the head was per-
formed. The result showed scattered intraluminal infarcts 
or demyelinating lesions in the brain (Fig. 1). She expe-
rienced sudden convulsions and showed no response to 

attempts at interaction by staff during the night of the 
third day of admission. She was given oxygen by mask, 
a slow push of diazepam, and quick intravenous drip of 
magnesium sulfate. She was transferred to the intensive 
care unit (ICU) and was given cefuroxime; medications 
for phlegm reduction, convulsions, and hypertension; 
and sedative treatment.

When transferred to ICU, blood examination revealed 
a leukocyte level of 20.8 × 109/L, neutrophils 89.6%, 
slightly elevated serum chloride, PT of 21.5 seconds, 
plasma thromboplastin antecedent of 42%, and plasma 
ammonia of 503 μmol/L; hemoglobin, platelet level, liver 
function transaminases, bilirubin, kidney function, and 
potassium and sodium levels were all within normal 
limits. Antineutrophil cytoplasmic antibody, anticardi-
olipin antibody, and HLA-B27 were negative on blood 
tests performed. On the fifth day of admission, A com-
puted tomography (CT) of the brain was performed. The 
CT report showed diffuse cerebral edema and a small 
amount of subarachnoid hemorrhage (Fig.  2). Multiple 
areas of inflammation and exudative lesions were noted 
in both lungs, along with consolidation of the left lower 
lobe. There was bilateral pleural effusion. The liver and 
spleen were normal (Fig. 3).

After consultation with all the relevant departments, 
combined with nausea and vomiting symptoms, high 
plasma ammonia, convulsions and mental symptoms, 
this was considered as urea cycle disorder. She was given 
plasma exchange and continuous renal replacement 
therapy (CRRT) treatment. She was also administered 
lactulose combined with vinegar saline enema and other 
supportive treatments, tracheal intubation to ensure 
airway patency. Because the patient had hyperchloric 
acidosis, arginine was not given. Plasma ammonia sig-
nificantly increased every time it was tested (Fig. 4). On 
the seventh day of admission, antibiotics were adjusted 
and the patient received continued CRRT and plasma 

Fig. 1  On the third day of admission, MRI of the head showed scattered intraluminal infarcts or demyelinating lesions in the brain
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Fig. 2  On the fifth day of admission,CT of the head showed that diffuse cerebral edema

Fig. 3  Abdominal CT on the fifth day of admission.Both the liver and spleen were normal in size and shape

Fig. 4  Serum ammonia level significantly increased every time
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exchange treatment, along with levocarnitine to remove 
toxins from the body. On the eighth day of admission, 
the patient was still in a coma and had no spontaneous 
breathing. Glasgow Coma Scale score was 3 and there 
was intermittent high fever. After careful considera-
tion, her family members decided to discontinue plasma 
exchange and CRRT, and requested removal of mechani-
cal ventilation and all medication therapy. The patient 
was pronounced dead that night.

The result of urinary organic acids came out a few days 
later, suggested that the levels of many organic acids 
such as uracil and various orotic acids were high. Analy-
sis of blood amino acids showed higher citrulline 541.57 
(normal range, 4-35), ornithine 214.94 (normal range, 
10-120), and aspartic acid 108.53 (normal range, 10-100) 
levels, indicating a UCD.

Molecular investigation
The patient’s whole blood was collected for high-
throughput sequencing; the patient’s family members 
refused to have their blood tested. The analysis showed 
that there were two heterozygous variations in the argini-
nosuccinate synthase 1, or ASS1, gene of the patient. 
The first variation was c.421-2A > G, causing the change 
of amino acid; this was a splicing variation. According 
to the Criteria for Classifying Pathogenic Variants from 
the American College of Medical Genetics and Genom-
ics (ACMG) guidelines, this variation was initially deter-
mined to be pathogenic (PVS1, a zero-effect mutation 
that may lead to loss of gene function). The Human Gene 
Mutation Database (HGMD) database already had a 
related report of citrullinemia for this site (PS1) [9]. The 
pathogenicity of this site in the ClinVar database was 
pathogenic (CTLN1).

The second variation was c.1046 T > G (variation of 
nucleotide 1046 in the coding region from thymine to 
guanine) causing the change of amino acid p.V349G 
(valine to glycine at amino acid 349), which is a missense 
mutation.

The final diagnosis was CTLN1.

Discussion
Although UCD onset often occurs in pediatric-age 
patients, there is considerable evidence for late-onset 
cases recognized in adulthood [10]. CTLN1 presents as 
a spectrum, including a neonatal acute form, a milder 
late-onset form, and a form in which women have onset 
of the disease during pregnancy or postpartum with-
out symptoms or hyperammonemia [11]. Symptoms 
of UCDs may include hypotonia, emesis, lethargy, sei-
zures, coma, ataxia, anorexia, abnormal behavioral pat-
terns, dysarthria, weakness, and dementia. The clinical 
signs and symptoms of late-onset UCDs may be subtle, 

unspecific, and episodic [12]. In our case, the patient did 
not show obvious symptoms of discomfort. Her family 
members said that she had a history of a bad temper. She 
was a technician in the radiology department of a hos-
pital, and she could work normally. She was admitted to 
the hospital under our care at 12 weeks of pregnancy. She 
had emotional and behavioral abnormalities that began 
after becoming pregnant. The clinical features of our 
patient included nausea and vomiting, psychomotor agi-
tation, anxiety, behavior and mood changes, and neuro-
logic symptoms. Gastrointestinal symptoms could easily 
be considered as side effects of pregnancy, and emotional 
abnormalities might be mistaken for prenatal anxi-
ety. Hence, we failed to identify UCD early. The plasma 
ammonia level was significantly higher; this, combined 
with the clinical manifestations, led to the conclusion 
that this patient had a UCD.

Heterozygous women of UCDs may be asymptomatic 
or with varying degree of clinical manifestation. The 
severity of the disease depends on the degree of inacti-
vation of the mutated X-chromosome [13]. Nutritional 
changes may contribute to nitrogen imbalance and pre-
cipitate metabolic decompensation and presentation of 
UCDs. Hyperemesis gravidarum is a risk factor for meta-
bolic decompensation due to caloric deficit. This may 
lead to hyperammonemia. Commonly metabolic decom-
pensation occurs in postpartum period. Involution of the 
uterus is associated with tissue catabolism due to colla-
gen breakdown. This may cause overload of the capac-
ity of urea cycle. Caesarean section, birth trauma, and 
infection may lead to additional catabolic stress. Blood 
transfusion may represent an increase of protein load 
[14, 15]. Our patient was usually asymptomatic, which 
might be related to the degree of X-chromosome inacti-
vation. Unfortutely,her parents refused high-throughput 
sequencing. The onset in early pregnancy was precisely 
due to hyperemesis gravidarum and long-term fasting. 
This might cause nitrogen imbalance and the onset of 
hyperammonemia.

Several cases of CTLN1 in pregnant women have been 
reported in the past. Potter et al. [16] reported a woman 
diagnosed with CTLN1 at birth. She had no obvious 
symptoms of discomfort in daily life. Häberle et  al. [17] 
reported three women who presented in hyperammone-
mic coma shortly after delivery. One died and two sur-
vived without neurologic sequelae. They were eventually 
diagnosed with CTLN1. A healthy 28-year-old pregnant 
woman at 22 weeks of pregnancy presented with altered 
mental status, encephalopathy, and abnormal liver tests. 
Her ammonia level was 208 μg/dL. Eventually, she was 
found to have CTLN1. The patient began a low protein 
diet along with arginine, carnitine, and sodium phe-
nylbutyrate. The patient’s mental status normalized, and 
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she had an uncomplicated term delivery of a healthy 
male baby [5]. Salek et  al [18] also reported a 25-year-
old woman at 19 weeks of pregnancy with symptoms of 
nausea, emesis, and edema of both lower limbs in 2010. 
Elevated aminotransferases, jaundice, an elevated interna-
tional normalized ratio, and confusion are typical findings 
of idiopathic acute liver failure. CTLN1 was confirmed by 
molecular testing. Her ammonia levels remained low, and 
she delivered a male infant who appeared completely nor-
mal at birth and at 2 months of age.

CTLN1 is inherited in an autosomal recessive man-
ner and is due to a heterogeneous group of variations 
in the ASS1 gene on chromosome 9. The ASS1 gene 
consists of 16 exons encoding 412 amino acids. A wide 
range of variations have been implicated in CTLN1. The 
pathogenic variants p.Gly390Arg, p.Arg363Trp, and p. 
Gly14Ser have been identified with a severe phenotype. 
In contrast, p.Tyr190Asp, p.Trp179Arg, p.Val263Met, and 
p.Val269Met were already described in patients with the 
late-onset form of the disease [19, 20].

The diagnosis of CTLN1 is established in a proband 
with elevated plasma ammonia concentration 
(> 150 μmol/L; may range up to ≥2000-3000 μmol/L) and 
plasma citrulline concentration (usually > 1000 μmol/L), 
and/or by the identification of biallelic pathogenic vari-
ants in ASS1 on molecular genetic testing [11]. Our 
patient was admitted to hospital because of vomiting. 
She was supplemented with vitamin B1 to prevent Wer-
nicke encephalopathy. After this, neurologic symptoms 
appeared. We considered that it might be autoimmune 
encephalopathy. But on laboratory testing, the level of 
plasma ammonia was significantly higher. This, com-
bined with no previous history of liver disease, led us to 
consider a UCD. Therefore, patients with a UCD must be 
diagnosed correctly based on a review of the patient’s his-
tory and the laboratory and imaging findings. However, 
analyses of amino acids can take a few days. We didn’t 
know exactly what type of UCD this patient had.

In the past, 20 metabolic centers in five European coun-
tries shared their experience with patients presenting with 
non-classical UCD, including data from 208 patients with 
non-classical UCD and deficiencies of ornithine transcar-
bamylase (OTC; 58%), argininosuccinate synthetase (20%), 
argininosuccinate lyase (15%), arginase 1 (4%), carbamoyl 
phosphate synthetase 1 (1%), N-acetylglutamate synthase 
(1%), and the hyperornithinemia-hyperammonemia-
homocitrullinuria syndrome (1%) [21]. We initially consid-
ered that this patient might have OTC deficiency because 
OTC deficiency accounts for the majority of adult patients 
with UCD who present with acute encephalopathy and is 
the most common form of UCD [3]. Citrin deficiency is 
due to a variation of SLC25A13 which encodes for citrin, 
an aspartate-glutamate carrier that transports glutamate 

into and aspartate out of mitochondria. The clinical course 
in adults with citrin deficiency is milder than that of 
CTLN1 [22]. For others diagnostically, organic acidaemias 
(OAs) must be differentiated from UCDs. The presence of 
metabolic acidosis and ketonuria suggests OA in neonates, 
whereas respiratory alkalosis is often seen in UCDs [23].

Acute hyperammonemia in patients with UCD may 
progress rapidly. The aims for treatment are to reduce 
production of nitrogenous waste and to lower plasma 
ammonia levels quickly. Dialysis should be performed 
immediately, and nitrogen scavengers (sodium benzoate 
and sodium phenylacetate) and arginine hydrochloride 
should be given. Early in the treatment, dialysis plays a sig-
nificant role in rapid ammonia removal. Furthermore, dia-
lytic interventions through acute dialysis in patients with 
hyperammonemia lead to improved outcomes [6, 24]. Car-
nitine is also useful for reducing plasma ammonia levels 
in patients with acute UCD by activating carbamoylphos-
phate synthase 1 and increasing the elimination of free 
radicals by participating in the transportation of short-
chain fatty acids. Treatment with L-carnitine significantly 
reduced blood ammonia and improved patient mental 
status [2, 25]. For the treatment of chronic citrullinemia, 
patients should have a restricted protein diet and take 
sodium phenylbutyrate or glycerol phenylbutyrate orally. 
There is also a case report of CTLN1 for whom follow-up 
was performed with carglumic acid treatment over a long-
term period. Liver transplantation is the only known cure 
for CTLN1 [26]. After considering the hyperammonemia 
in this patient to be the result of a UCD, we applied blood 
purification treatment and gave levocarnitine to remove 
toxins. Because of the presence of hyperchloric acidosis, 
the use of arginine was contraindicated, and no arginine 
treatment was given. Unfortunately, the patient’s co-infec-
tion aggravated her disease. The infection was fatal to the 
pregnancy and worsened the hyperammonemia. The fam-
ily members decided to withdraw treatment after compre-
hensive consideration, and the patient died.

Conclusion
This report aims to raise clinical awareness in considering 
mental abnormalities as a presenting symptom of UCDs 
in pregnant women. Nausea and vomiting are easily over-
looked as accompanying symptoms in early pregnancy. 
When associated with behavioral symptoms, they need 
to be taken seriously. These patients can develop acute 
hyperammonemic encephalopathy incidentally by vari-
ous triggers in adulthood, especially pregnancy. When 
we encounter patients with unusual hyperammonemia, 
CTNL1 should be considered so that fatal outcomes can 
be avoided through prompt diagnosis and adequate treat-
ment. Molecular analysis is the method of choice in mak-
ing a differential UCD diagnosis.



Page 6 of 7Zhou et al. BMC Pregnancy and Childbirth          (2022) 22:950 

Abbreviations
CTLN1: Citrullinemia type I; UCD: Urea cycle disorder; CRRT​: Continuous renal 
replacement therapy; PT: Prothrombin time; MRI: Magnetic resonance imag-
ing; ICU: Intensive care unit; CT: Computed tomography; ACMG: American 
College of Medical Genetics and Genomics; HGMD: Human Gene Mutation 
Database; OTC: Ornithine transcarbamylase; OA: Organic acidaemia.

Acknowledgements
We thank the patient’s husband in agreeing to share their experience to give 
guidance to others impacted by this rare condition.

Authors’ contributions
YZ: Primary author of the manuscript, helped perform the literature review 
and wrote the abstract, case report, discussion, and conclusion sections of 
the paper. CZ and XD, YD: edited and revised the case report, discussion and 
conclusion sections of the paper; RH: analyzed the result of high-throughput 
sequencing. All authors read and approved the final manuscript.

Funding
YD was funded by 345 Talent Project.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Shengjing Hospital of 
China Medical University. Written informed consent was obtained from the 
patient’s husband for publication of clinical details and clinical images.

Consent for publication
Written informed consent was obtained from the patient’s husband for publi-
cation of this case report.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Infectious Diseases, Shengjing Hospital of China Medical 
University, Sanhao Street No.36, Heping District, Shenyang 110004, China. 
2 Department of Clinical Genetics, Shengjing Hospital of China Medical Univer-
sity, Sanhao Street No.36, Heping District, Shenyang 110004, China. 

Received: 26 June 2021   Accepted: 9 December 2022

References
	1.	 Savy N, Brossier D, Brunel-Guitton C, Ducharme-Crevier L, Du Pont-

Thibodeau G, Jouvet P. Acute pediatric hyperammonemia: current 
diagnosis and management strategies. Hepat Med. 2018;10:105–15. 
https://​doi.​org/​10.​2147/​HMER.​S1407​11.

	2.	 Liu J, Lkhagva E, Chung HJ, Kim HJ, Hong ST. The Pharmabiotic approach 
to treat Hyperammonemia. Nutrients. 2018;10(2):140. https://​doi.​org/​10.​
3390/​nu100​20140.

	3.	 Walker V. Severe hyperammonaemia in adults not explained by liver disease. Ann 
Clin Biochem. 2012;49(Pt 3):214–28. https://​doi.​org/​10.​1258/​acb.​2011.​011206.

	4.	 Slack AJ, Auzinger G, Willars C, Dew T, Musto R, Corsilli D, et al. Ammonia 
clearance with haemofiltration in adults with liver disease. Liver Int. 
2014;34(1):42–8. https://​doi.​org/​10.​1111/​liv.​12221.

	5.	 Randall MH, Stoermann M, Rockey DC. A "faux" case of acute liver failure 
in a 28-year-old pregnant woman. Hepatology. 2018;68(3):1200–2. 
https://​doi.​org/​10.​1002/​hep.​30044.

	6.	 Walker V. Ammonia toxicity and its prevention in inherited defects of the 
urea cycle. Diabetes Obes Metab. 2009;11(9):823–35. https://​doi.​org/​10.​
1111/j.​1463-​1326.​2009.​01054.x.

	7.	 Faghfoury H, Baruteau J, de Baulny HO, Häberle J, Schulze A. Transient 
fulminant liver failure as an initial presentation in citrullinemia type I. Mol 
Genet Metab. 2011;102(4):413–7. https://​doi.​org/​10.​1016/j.​ymgme.​2010.​
12.​007.

	8.	 Brunetti-Pierri N, Lamance KM, Lewis RA, Craigen WJ. 30-year follow-up of 
a patient with classic citrullinemia. Mol Genet Metab. 2012;106(2):248–50. 
https://​doi.​org/​10.​1016/j.​ymgme.​2012.​03.​011.

	9.	 Kobayashi K, Kakinoki H, Fukushige T, Shaheen N, Terazono H, Saheki T. 
Nature and frequency of mutations in the argininosuccinate synthetase 
gene that cause classical citrullinemia. Hum Genet. 1995;96(4):454–63. 
https://​doi.​org/​10.​1007/​bf001​91806.

	10.	 Batshaw ML, Tuchman M, Summar M, Seminara J. Members of the urea 
cycle disorders consortium. A longitudinal study of urea cycle disorders. 
Mol Genet Metab. 2014;113(1-2):127–30. https://​doi.​org/​10.​1016/j.​
ymgme.​2014.​08.​001.

	11.	 Quinonez SC, Thoene JG. 2004 Jul 7. In: Adam MP, Ardinger HH, Pagon 
RA, Wallace SE, bean LJH, Mirzaa G, Amemiya a, editors. GeneReviews®. 
Seattle (WA): University of Washington, Seattle; 1993–2021. Updated 1 
Sep 2016.

	12.	 Häberle J, Burlina A, Chakrapani A, Dixon M, Karall D, Lindner M, et al. 
Suggested guidelines for the diagnosis and management of urea 
cycle disorders: first revision. J Inherit Metab Dis. 2019;42(6):1192–230. 
https://​doi.​org/​10.​1002/​jimd.​12100.

	13.	 Mendez-Figueroa H, Lamance K, Sutton VR, Aagaard-Tillery K, Van den 
Veyver I. Management of ornithine transcarbamylase deficiency in 
pregnancy. Am J Perinatol. 2010;27(10):775–84. https://​doi.​org/​10.​1055/s-​
0030-​12542​40.

	14.	 Stepien KM, Geberhiwot T, Hendriksz CJ, Treacy EP. Challenges in diagnos-
ing and managing adult patients with urea cycle disorders. J Inherit 
Metab Dis. 2019;42(6):1136–46. https://​doi.​org/​10.​1002/​jimd.​12096.

	15.	 Tihtonen K, Uotila J, Lähde J, Salo M, Keskinen P. Risk of hyperam-
monemic coma in the puerperium: two cases of women with 
diagnosed and undiagnosed deficiency of urea cycle enzymes. Acta 
Obstet Gynecol Scand. 2010;89(3):404–6. https://​doi.​org/​10.​3109/​
00016​34090​35406​46.

	16.	 Potter MA, Zeesman S, Brennan B, Kobayashi K, Gao HZ, Tabata A, et al. 
Pregnancy in a healthy woman with untreated citrullinemia. Am J Med 
Genet A. 2004;129A(1):77–82. https://​doi.​org/​10.​1002/​ajmg.a.​20559.

	17.	 Häberle J, Vilaseca MA, Meli C, Rigoldi M, Jara F, Vecchio I, et al. First mani-
festation of citrullinemia type I as differential diagnosis to postpartum 
psychosis in the puerperal period. Eur J Obstet Gynecol Reprod Biol. 
2010;149(2):228–9. https://​doi.​org/​10.​1016/j.​ejogrb.​2009.​11.​014.

	18.	 Salek J, Byrne J, Box T, Longo N, Sussman N. Recurrent liver failure in a 
25-year-old female. Liver Transpl. 2010;16(9):1049–53. https://​doi.​org/​10.​
1002/​lt.​22118.

	19.	 Marquis-Nicholson R, Glamuzina E, Prosser D, Wilson C, Love DR. Citrul-
linemia type I: molecular screening of the ASS1 gene by exonic sequenc-
ing and targeted mutation analysis. Genet Mol Res. 2010;9(3):1483–9. 
https://​doi.​org/​10.​4238/​vol9-​3gmr8​34.

	20.	 Kose E, Unal O, Bulbul S, Gunduz M, Häberle J, Arslan N. Identification of three 
novel mutations in fourteen patients with citrullinemia type I. Clin Biochem. 
2017;50(12):686–9. https://​doi.​org/​10.​1016/j.​clinb​iochem.​2017.​01.​011.

	21.	 Rüegger CM, Lindner M, Ballhausen D, Baumgartner MR, Beblo S, Das 
A, et al. Cross-sectional observational study of 208 patients with non-
classical urea cycle disorders. J Inherit Metab Dis. 2014;37(1):21–30. 
https://​doi.​org/​10.​1007/​s10545-​013-​9624-0.

	22.	 Hayasaka K, Numakura C. Adult-onset type II citrullinemia: current 
insights and therapy. Appl Clin Genet. 2018;11:163–70. https://​doi.​org/​10.​
2147/​TACG.​S1620​84.

	23.	 Häberle J, Chakrapani A, Ah Mew N, Longo N. Hyperammonaemia 
in classic organic acidaemias: a review of the literature and two case 
histories. Orphanet J Rare Dis. 2018;13(1):219. https://​doi.​org/​10.​1186/​
s13023-​018-​0963-7.

	24.	 Auron A, Brophy PD. Hyperammonemia in review: pathophysiology, 
diagnosis, and treatment. Pediatr Nephrol. 2012;27(2):207–22. https://​doi.​
org/​10.​1007/​s00467-​011-​1838-5.

	25.	 Koya Y, Shibata M, Senju M, Honma Y, Hiura M, Ishii M, et al. Hyperam-
monemia in a woman with late-onset ornithine Transcarbamylase 
deficiency. Intern Med. 2019;58(7):937–42. https://​doi.​org/​10.​2169/​inter​
nalme​dicine.​1851-​18.

https://doi.org/10.2147/HMER.S140711
https://doi.org/10.3390/nu10020140
https://doi.org/10.3390/nu10020140
https://doi.org/10.1258/acb.2011.011206
https://doi.org/10.1111/liv.12221
https://doi.org/10.1002/hep.30044
https://doi.org/10.1111/j.1463-1326.2009.01054.x
https://doi.org/10.1111/j.1463-1326.2009.01054.x
https://doi.org/10.1016/j.ymgme.2010.12.007
https://doi.org/10.1016/j.ymgme.2010.12.007
https://doi.org/10.1016/j.ymgme.2012.03.011
https://doi.org/10.1007/bf00191806
https://doi.org/10.1016/j.ymgme.2014.08.001
https://doi.org/10.1016/j.ymgme.2014.08.001
https://doi.org/10.1002/jimd.12100
https://doi.org/10.1055/s-0030-1254240
https://doi.org/10.1055/s-0030-1254240
https://doi.org/10.1002/jimd.12096
https://doi.org/10.3109/00016340903540646
https://doi.org/10.3109/00016340903540646
https://doi.org/10.1002/ajmg.a.20559
https://doi.org/10.1016/j.ejogrb.2009.11.014
https://doi.org/10.1002/lt.22118
https://doi.org/10.1002/lt.22118
https://doi.org/10.4238/vol9-3gmr834
https://doi.org/10.1016/j.clinbiochem.2017.01.011
https://doi.org/10.1007/s10545-013-9624-0
https://doi.org/10.2147/TACG.S162084
https://doi.org/10.2147/TACG.S162084
https://doi.org/10.1186/s13023-018-0963-7
https://doi.org/10.1186/s13023-018-0963-7
https://doi.org/10.1007/s00467-011-1838-5
https://doi.org/10.1007/s00467-011-1838-5
https://doi.org/10.2169/internalmedicine.1851-18
https://doi.org/10.2169/internalmedicine.1851-18


Page 7 of 7Zhou et al. BMC Pregnancy and Childbirth          (2022) 22:950 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	26.	 Kose E, Kuyum P, Aksoy B, Häberle J, Arslan N, Ozturk Y. First report of 
carglumic acid in a patient with citrullinemia type I (argininosuccinate 
synthetase deficiency). J Clin Pharm Ther. 2018;43(1):124–8. https://​doi.​
org/​10.​1111/​jcpt.​12593.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/jcpt.12593
https://doi.org/10.1111/jcpt.12593

	Hyperammonemia in a pregnant woman with citrullinemia type I: a case report and literature review
	Abstract 
	Background: 
	Case presentation: 
	Discussion and conclusion: 

	Background
	Case presentation
	Molecular investigation

	Discussion
	Conclusion
	Acknowledgements
	References


