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Anesthetic Management in a Child With Citrullinemia: A Case Report
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Introduction: Citrullinemia is a defect in the urea cycle that causes ammonia to accumulate in the blood. We describe the anesthetic 
management of a patient with citrullinemia, who experienced an unexpected 10 day hospital admission.
Case Presentation: We anesthetized a 3.5 year-old boy with citrullinemia who was scheduled for a dentistry procedure. Perioperative 
precautions included minimizing fasting period, hypothermia prevention, relieving anxiety and pain, perioperative infusion of D10W 
and benzoate sodium, as well as a pediatric endocrinology consultation. The operation lasted 4 hours and its course was uneventful. He 
had a delayed recovery from anesthesia and was discharged from hospital after 10 days.
Conclusions: General anesthesia and surgery can be a risk factor for exacerbating the course of the disease in patients with citrullinemia. 
It appears that administering short acting sedatives and analgesics in these patients would be of more benefit. Further studies are required 
to identify a safe method for anesthesia in citrullinemia.
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1. Introduction
Citrullinemia is one of the urea cycle disorders that 

lead to the accumulation of nitrogen as ammonia, ala-
nine, glutamate, and other intermediate metabolites, as 
well as arginine synthesis disorder (1, 2). This autosomal 
recessive disorder includes an acute neonatal type I (the 
“classic” form), and adult onset type II citrullinemia hy-
perammonemia (1, 3, 4).

Citrin deficiency is one of the most common urea cycle 
disorders in the world, while the exact effect of the peri-
operative anesthetic regimen on postoperative meta-
bolic changes, side effects, and length of hospital stay is 
not well understood. Most information is derived from 
individual case reports (1, 5). This means that early diag-
nosis and management of the side effects are two key fac-
tors for controlling postoperative conditions in these pa-
tients. The following report describes a 3.5 year-old child 
who showed a delayed recovery after general anesthesia 
for dentistry procedure.

2. Case Presentation
A 3.5 year-old boy, weighing 14 kg, who was a known 

case of citrullinemia, was referred for a dentistry proce-
dure under general anesthesia. Familial history revealed 
death of a sibling at the second day of life and past drug 
history included: Sodium benzoate (2 g/q6h), L-arginine 
(250 mg/q12h), L-carnitine (500 mg/q8h), ranitidine (45 

mg/q12h), syrup of calcium, multivitamins plus zinc, and 
metronidazole (10 d/q month). The laboratory findings 
are summarized in Table 1. Physical examination revealed 
no significant findings. The American Society of Anes-
thesiologists (ASA) physical classification of the patient 
was class 2. The patient received sodium benzoate (200 
mg/kg) 3 hours before surgery, as recommended by the 
pediatric endocrinologist. The fasting time was minimal 
and the operation was planned for the early morning. To 
separate the child from the parents and to insert an intra-
venous catheter, we used sevoflorane (8%) and a mixture 
of N2O (60%) and O2 (40%) via face mask. The anesthesia 
was induced with propofol (2 mg/kg), fentanyl (3 µg/kg) 
and cisatracurium (0.1 mg/kg). Fentanyl and cisatracu-
rium were repeated with 1/5 dose as needed. Normal sa-
line plus 10% dextrose in water (D10W) solution was in-
fused during the operation. The patient was monitored 
by pulse oximetry, capnography, a non-invasive blood 
pressure device, and nasopharynx thermometer. Blood 
glucose was tested every hour. To prevent postoperative 
pain, morphine (100 µg/kg) was administered one hour 
prior to the conclusion of surgery. The surgery and gen-
eral anesthesia were ended uneventfully after four hours. 
Spontaneous respiration returned and complete reversal 
of neuromuscular block was achieved by administering 
neostigmine. However, regaining consciousness was de-
layed. Low dose naloxone was administered incremental-
ly due to significant miosis. The patient still remained un-
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consciousness 2 hours after the operation. At this time, 
blood was sampled for determination of plasma concen-
trations of ammonia, glucose, urea, creatinine, Na, K, and 
Ca. The results are shown in Table 2. 

Table 1.  Preoperative Laboratory Test Results

Variable Preoperative

Ammonium, μmol/dL 34

WBC, 103/uL 7.2

RBC, 106/uL 4.4

Hb, g/dL 11.2

HCT, % 32.5

pH 7.42

Spo2,% 98

PaCo2, mmHg 29.8

BE, mEq/L -5.2

PaO2, mmHg 310

Peripheral blood smear Hypochromic and microcytic

Glucose, mg/dL 108

Cr, g/dL 0.7

Ca, mg/dL 8.9

Na, mEq/L 140

K, mEq/L 4.1

BUN, mg/dL 11

Table 2.  Postoperative Laboratory Test Results

Variable Postoperative

Ammonium, μmol/dL 52.3

WBC, 103/uL 7.8

RBC, 106/uL 4.52

Hb, g/dL 11

HCT, % 32

pH 7.36

SpO2, % 98

PaCO2, mmHg 38

BE, mEq/L -4.5

PaO2, mmHg 273

Peripheral blood smear Hypochromic and microcytic

Glucose, mg/dL 180

Cr, g/dL 0.7

Ca,mg/dL 8.5

Na, mEq/L 142

K, mEq/L 4.3

BUN, mg/dL 8

Then, we began infusion of sodium benzoate (200 mg/
kg). No obvious changes in consciousness of the child oc-

curred. Eventually, the patient opened his eyes four hours 
after the end of surgery. However, the patient was unable 
to maintain his head posture and seemed ataxic. He was 
transferred to the pediatric intensive care unit (PICU) and 
was discharged 10 days later after gradually regaining his 
complete health.

3. Discussion
There are many reasons for delayed emergence after 

general anesthesia, which include metabolic and non-
metabolic causes. Nevertheless, general anesthesia by 
propofol and fentanyl, which we also used, is a good 
choice for painful procedures in children (6). The situa-
tion is further complicated in a patient with preexisting 
metabolic disorders such as a case of citrullinemia.

Although this patient was a known case, yet most neo-
natal citrullinemia patients are asymptomatic at birth. 
Therefore, family history may be helpful in diagnosing 
the cause of postoperative delayed emergence and im-
paired consciousness in any neonate undergoing sur-
gery. In combination with positive laboratory results, 
a full medical history may indicate a probable citrul-
linemia disorder in an infant. A family history of abortion 
has been reported in other citrullinemia case reports (7).

Postoperative prolonged unconsciousness might be the 
result of the ammonia level, blood glucose or a side effect 
of the anesthetic agents administered. It should be noted 
that in times of stress such as surgery, sepsis, dehydra-
tion, anesthesia, fasting, high protein diet, and intrave-
nous feeding, ammonia accumulation may occur due to 
protein degradation (8). Despite impaired consciousness 
has been reported with a higher elevation of serum am-
monia, the blood ammonia level did not always correlate 
with the severity of disturbed consciousness (9). In the 
case presented here, although the preoperative ammo-
nia level was normal, the post-operative level of ammo-
nia was increased a little. So, it seems reasonable to mea-
sure the ammonia level before and after the operation.

Our treatment for severe miosis (by naloxone) did not 
improve the patient's consciousness. In this respect, the 
infusion of sodium benzoate followed by intralipid may 
lead to an improvement in the patient's reflexes and con-
sciousness. However we cannot substantiate a causality 
relationship. In this case, the residual effect of morphine 
and other drugs administered may be responsible for de-
layed awakening, though there is no clear evidence for 
such an effect. According to pediatric neurologists’ con-
sultations, patient’s metabolic disease was the cause of 
postoperative ataxia. So, there was no need to further at-
tempts and just the patient was managed conservatively 
in the PICU.

The reports of classic citrullinemia, which are often as-
ymptomatic, highlight the need for appropriate guide-
lines for postoperative care and an update to the current 
guidelines for anesthesia protocols in hyperammonemia 
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patients. It appears reasonable not to operate on patients 
with the severe forms of citrullinemia unless the neces-
sary conditions are met.

In conclusion, if general anesthesia is indicated for pa-
tients with a severe form of citrullinemia, drugs that are 
minimally metabolized, and those with a short acting ef-
fect should be cautiously administered. Intraoperative 
glucose and ammonia blood level measurements can 
be beneficial. Infusion of sodium benzoate during pro-
longed operations may be helpful in rapid emergence of 
the patient to prevent citrullinemia complications. Fur-
ther studies are required to identify the best protocol for 
anesthesia in citrullinemia.

Acknowledgements
The authors gratefully acknowledge Ms. M. Hassanpour 

for editing the manuscript.

Authors' Contributions
Review of related articles: Mohammad Gharavifard, 

Alireza Sabzevari and Reza Eslami; drafting of the 
manuscript: Mohammad Gharavifard and Reza Eslami; 
revision of the manuscript: Alireza Sabzevari, Mohammad 
Gharavifard and Reza Eslami.

References
1.       Chen R, Wang XH, Fu HY, Zhang SR, Abudouxikuer K, Saheki T, 

et al. Different regional distribution of SLC25A13 mutations in 
Chinese patients with neonatal intrahepatic cholestasis. World J 
Gastroenterol. 2013;19(28):4545–51.

2.       Tomomasa T, Kobayashi K, Kaneko H, Shimura H, Fukusato T, 
Tabata M, et al. Possible clinical and histologic manifestations 
of adult-onset type II citrullinemia in early infancy. J Pediatr. 
2001;138(5):741–3.

3.       Ohura T, Kobayashi K, Tazawa Y, Abukawa D, Sakamoto O, Tsuchi-
ya S, et al. Clinical pictures of 75 patients with neonatal intrahe-
patic cholestasis caused by citrin deficiency (NICCD). J Inherit 
Metab Dis. 2007;30(2):139–44.

4.       Song YZ, Deng M, Chen FP, Wen F, Guo L, Cao SL, et al. Genotypic 
and phenotypic features of citrin deficiency: five-year experience 
in a Chinese pediatric center. Int J Mol Med. 2011;28(1):33–40.

5.       Igarashi M, Kawana S, Iwasaki H, Namiki A. [Anesthetic manage-
ment for a patient with citrullinemia and liver cirrhosis]. Masui. 
1995;44(1):96–9.

6.       Ghasemi A, Gharavi Fard M, Sabzevari A. General anesthesia for 
lumbar puncture and bone marrow aspiration /biopsy in chil-
dren with cancer. Iran J Ped Hematol Oncol. 2013;3(2):54–8.

7.       Udani S, Dalal J. Citrullinemia and transposition of the great ar-
teries. Indian Pediatr. 1993;30(4):523–6.

8.       Davis PJ, Cladis FP, Motoyama EK. Smith's Anesthesia for Infants and 
Children: Expert Consult Premium. 8 ed: Elsevier Health Sciences; 
2010.

9.       Ujihira N, Ohya M, Mabuchi C, Indo T, Hashizume Y. [An autop-
sied case of type II citrullinemia--transient effectiveness with 
either citrate or benzoate to the consciousness disturbance]. 
Rinsho Shinkeigaku. 1989;29(4):436–41.


