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Abstract

The diagnostic utility of orotic aciduria for suspected inborn errors 
of metabolism is well established. Orotic aciduria has been reported 
in traumatized adults, but not in children. A 2-year-old hyperam-
monemic girl with cardiac arrest and abdominal compartment syn-
drome secondary to non-accidental trauma with significant orotic 
aciduria is presented. To our knowledge, this is the first report high-
lighting the association of transiently elevated urinary orotic acid 
and mild uricosuria with severe trauma in children. Further investi-
gations into the clinical use of orotic acid excretion as a biomarker 
of the catabolic state of pediatric trauma or other critical illness are 
warranted.
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Introduction

Elevated amounts of specific metabolites in bodily fluids 
such as urine, blood or CSF provide important clues for the 
diagnosis of an underlying inborn error of metabolism (IEM) 
or syndrome. Orotic acid (OA) is one such metabolite and 
its link to several metabolic pathways is shown in Figure 1. 
A block distal to the formation of mitochondrial carbamoyl 

phosphate (CP) in the urea cycle results in excessive excre-
tion of OA in the urine [1, 2]. In ornithine transcarbamy-
lase (OTC) deficiency, the most common urea cycle disorder 
[3], elevated mitochondrial CP is shunted into the cytosolic 
pathway for the de novo synthesis of pyrimidines (Fig. 1) [1, 
2]. Elevated levels of urine OA can also be due to disorders 
of pyrimidine and purine metabolism (for example, uridine 
monophosphate synthase deficiency-hereditary orotic acid-
uria [4, 5] and purine nucleoside phosphorylase deficiency 
[5, 6]), lysinuric protein intolerance [7], syndromes such as 
Rett [8], Reye [9], and Lesch-Nyhan [10], certain cases of 
pervasive developmental delay [11], and drugs (for example, 
allopurinol and 6-azauridine [12]) (Table 1). Orotic aciduria 
has been reported in traumatized adults as a marker of ca-
tabolism [13], but we are unaware of any prior reports of 
orotic aciduria in traumatized children.

 
Case Report

A previously healthy 2-year-old girl presented to a local 
emergency department (ED) with drowsiness, burns on her 
legs and multiple episodes of brownish emesis. In the ED, 
she developed seizures and had a cardiac arrest. Treatments 
prior to return of spontaneous circulation included chest 
compressions, two doses of epinephrine, bicarbonate, PRBC 
infusion and endotracheal intubation. Upon transfer to our 
facility, she was comatose. Initial evaluation included a head 
CT without intracranial hemorrhage and an abdominal CT 
without pneumoperitoneum. She was mechanically ventilat-
ed, fluid resuscitated, treated with broad spectrum antimicro-
bials and kept hypothermic (32 - 34 °C). Over the subsequent 
36 hours, she developed abdominal compartment syndrome 
associated with increasing mechanical ventilator settings, es-
calating vasoactive infusions, Klebsiella sepsis and anuria. 
Laboratory workup during this time showed elevated BUN 
(37 mg/dL; reference interval (RI): 6 - 23 mg/dL), creatinine 
(2.31 mg/dL; RI 0.30 - 1.10 mg/dL), liver enzymes (ALT 
935 U/L; RI 7 - 54 U/L and AST 1,962 U/L; RI 10 - 60 U/L), 
creatine kinase (36,570 U/L; RI 0 - 240 U/L), plasma lactate 
(9.30 mM; RI 0.60 - 2.40 mM) and ammonia (93 mM; RI 
≤ 32). Further metabolic workup showed that most plasma 
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amino acids (including eight of nine essential amino acids) 
were moderately to significantly below their respective ref-
erence intervals; plasma arginine and citrulline were mark-
edly low at 5 µM (RI 40 - 160 µM) and < 4 µM (RI 10 - 60 
µM), respectively. Plasma and urine free and total carnitine 
and multiple acylcarnitines were markedly above their re-
spective intervals, but were not diagnostic for a specific met-
abolic disorder; urine total and free carnitine were 5,029.07 
µmol/g creatinine (RI 62.74 - 368.19 µmol/g creatinine) and 
2,714.72 µmol/g creatinine (RI 7.87 - 237.34 µmol/g creati-
nine), respectively. Interestingly, elevated levels of OA (43 
µg/mg creatinine; RI ≤ 5 µg/mg creatinine), citramalic (14 
µg/mg creatinine; RI ≤ 5 µg/mg creatinine) and other com-
pounds suggestive of physiologic stress (3-hydroxybutyric, 
acetoacetic, lactic, and pyruvic acids) were noted by urine 

organic acid analysis. Spot urinary uric acid was 40 mg/dL 
with uric acid/creatinine ratio 1,905 mg/g creatinine. Molec-
ular testing for OTC deficiency by sequencing and deletion/
duplication analysis of the OTC gene was negative. 

She underwent surgical decompression of her abdomen 
and a perforated rectum was addressed. Over the following 
9 days, she was weaned from vasoactive support and lib-
erated from the ventilator. The local Child Protection Team 
diagnosed her with inflicted trauma, partial to full thickness 
burns on lower extremities and concern for sexual abuse. 
Neurologic function was grossly normal at hospital dis-
charge. Ammonia, urine organic acids, urine and plasma ac-
ylcarnitine profiles, and plasma amino acids all normalized 
after recovery. Spot urinary uric acid after recovery was 27 
mg/dL with uric acid/creatinine ratio 1,038 mg/g creatinine.

Figure 1. Orotic acid in relation to several metabolic pathways: the urea cycle, the de novo pyrimidine synthesis pathway and the 
purine salvage pathway. Enzymes shown in bold, red: ATC, aspartate transcarbamylase; DHO, dihydroorotase; DHODH, dihydro-
orotate dehydrogenase; HPRT, hypoxanthine-guanine phosphoribosyl transferase (deficiency of this enzyme results in Lesh-Nyhan 
syndrome); OTC, ornithine transcarbamylase; PNP, purine nucleoside phosphorylase; and UMPS, uridine monophosphate synthase. 
Intermediates, substrates, or products: ARG, arginine; ASA, argininosuccinic acid; ASP; aspartic acid; CIT, citrulline; CP, carbamyl 
phosphate; GLN, glutamine; GMP; guanosine 5’-monophosphate, IMP; inosine 5’-monophosphate; ORN, ornithine; PPi, pyrophos-
phate; and PRPP, phosphoribosyl pyrophosphate.
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Discussion
  
Hypermetabolic responses with respect to pyrimidine, pu-
rine and polyamine metabolisms with concomitant orotic ac-
iduria have been reported in adult trauma victims during the 
early catabolic phase of injury [13]. Decreased intracellular 
concentrations of phosphoribosyl pyrophosphate (PRPP) in 
lymphoblasts have been associated with increased accumu-
lation of OA [14]. PRPP deficiency may arise from increased 
utilization of PRPP by phosphoribosyl transferases, such as 
hypoxanthine-guanine phosphoribosyl transferase (Fig. 1), 
in response to increased nucleotide catabolism (or reutiliza-
tion) during early catabolic phases of severe trauma injuries. 
Such catabolic states could then result in PRPP becoming 
limiting for uridine monophosphate synthase (Fig. 1) result-
ing in accumulation of OA and consequently increased orotic 
aciduria.

The diagnostic utility of orotic aciduria in IEMs is well 
known. A urea cycle disorder may be high on the differential 
in an individual presenting with hyperammonemia, altered 
mental status and elevated urinary OA, often leading to fur-

ther biochemical and molecular testing. This case is signifi-
cant for it highlights the association of transiently elevated 
urinary orotic acid and mild uricosuria with severe trauma 
in children. Further study is warranted to determine if OA 
excretion could be used clinically as a biomarker of the cata-
bolic state of pediatric trauma or other critical illness.
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