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Abstract

Background/Objectives: 3-Hydroxy-3-methylglutaryl-CoA lyase deficiency (HMGCLD) is an
extremely rare autosomal recessive metabolic disorder caused by mutations in the HMGCL gene.
HMGCLD disrupts ketogenesis and p-oxidation, leading to energy failure during fasting or stress,
with clinical episodes characterized by hypoglycemia, hyperammonemia, lactic acidosis, and
encephalopathy. Only 211 cases have been reported worldwide, with no prior reports on anesthetic
management in these patients. Clinical features: We report a 14.5-year-old girl with known
HMGCLD who was admitted with abdominal pain and nausea following a fatty meal. Imaging
confirmed acute chole-cystitis. Initial conservative management failed due to persistent vomiting and
inability to tolerate feeding. Deviation from the metabolic protocol led to lactic acidosis and
hypoglycemia, requiring intensive care with bicarbonate, carnitine, and glucose infusion. Once
optimized, she underwent emergency laparoscopic cholecystectomy under sevoflurane-based
anesthesia. Propofol was avoided given the patient’s compromised lipid metabolism. Intraoperative
glucose and acid-base status were closely monitored, with balanced dextrose-based fluids. The
patient remained hemodynamically stable throughout and was discharged three days
postoperatively. Conclusions: This case highlights the anesthetic challenges of HMGCLD, where
system-level miscommunication can trigger severe metabolic decompensation. A review of the
literature emphasizes fasting avoidance, continuous glucose supplementation, careful drug and fluid
selection, and multidisciplinary coordination. This report provides the first anesthetic roadmap for
HMGCLD, underscoring the need for individualized care and meticulous perioperative metabolic
control.

Keywords: case reports; 3-hydroxy-3-methylglutaryl CoA lyase deficiency; fatty acid oxidation
disorders; anesthesia; general; perioperative care; adolescent; emergency surgical procedures

1. Introduction

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) lyase deficiency or HMGCLD is an
autosomal recessive disorder first described by Faull et al. [1]. It results from mutations in the
HMGCL gene [2,3], which affects the pathways of ketogenesis and leucine catabolism. It is considered
a very rare disease with an estimated prevalence of less than 1 in 100,000 live births [4]; only
approximately 200 cases have been reported in the literature [5]. Clinical manifestations include
recurrent episodes of metabolic acidosis, hyperammonemia, and hypoglycemia [2,6]. During periods
of prolonged starvation, glycogen depletion leads to lactic acidosis because of impaired $-oxidation
and the inability to generate ketones from fatty acids.
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To our knowledge, there are no published case reports regarding the anesthetic management of
patients with HMGCLD. This report provides the first documented approach to perioperative
anesthetic management in this population, offering practical guidance to avoid life-threatening
decompensation in similar cases. We present a pediatric patient with HMGCLD who underwent
emergency surgery and review the literature on perioperative care in fatty acid oxidation disorders.
The objective of this article is to illustrate the anesthetic considerations in such patients and to
underscore the critical importance of individualized anesthetic planning and strict adherence to
metabolic protocols. Written informed consent for publication was obtained from the patient’s
guardians.

2. Case Presentation

A 14.5-year-old girl (72 kg, 160 cm) with a known history of HMGCLD was admitted to the
Pediatrics department of our hospital for investigation of abdominal pain and nausea that occurred
after a fatty meal. An initial abdominal ultrasound suggested cholelithiasis. The patient was managed
conservatively with intravenous fluids containing glucose and was able to tolerate a fat-free diet.

Despite this management, her condition worsened over three days, prompting a reassessment
that confirmed the diagnosis of acute cholecystitis. Consequently, she was transferred to the General
Surgery Department for further conservative treatment, which involved an NPO (nil per os) protocol,
symptomatic therapy, and intravenous Maintelyte solution. During this period, she developed
recurrent moderate to severe hypoglycemia requiring glucose boluses. After two days of marginal
clinical improvement, a fluid diet was introduced, but she experienced recurrent vomiting with each
feeding attempt over the following five days.

On day 10, her IV fluids were switched to Ringer’s Lactated solution, leading to clinical and
laboratory deterioration within 12 hours. Ongoing vomiting prompted re-evaluation and the decision
for surgical intervention, with consultation from anesthesiology and intensive care specialists.
Because of persistent lactic acidosis and hypoglycemia, she was transferred to the Pediatric Intensive
Care Unit (PICU) for preoperative stabilization. In the PICU, an arterial line was placed, and she
received bicarbonate, L-carnitine, and 10% dextrose with electrolytes (NaCl, KCl, MgSO,) at 150
mL/h, resulting in clinical improvement.

Following optimization, the patient underwent emergency laparoscopic cholecystectomy under
standard ASA and invasive blood pressure monitoring. Anesthesia was induced with IV midazolam
(5 mg), fentanyl (250 mcg), and cisatracurium (15 mg), with uncomplicated tracheal intubation using
a size 7 cuffed endotracheal tube. Intraoperative anesthesia was maintained with sevoflurane at MAC
1.0. Ventilation was set at FiO, 35%, with decelerating flow and volume guarantee. Continuous
monitoring of arterial blood gases and glucose ensured metabolic stability throughout the procedure.
The patient’s glucose levels and arterial blood gas results are shown in Table 1.

Table 1. Perioperative values of arterial blood gases and glucose.

PICU

ABGs Pre-PICU ) Intraoperative 1 Intraoperative 2 Postoperative
prior to surgery
pH 7.577 7.472 7.406 7.368 7.414
Pa0: 234 166 201 204 188.7
(mmHg)
FiO2 0.5 ~0.28 0.35 0.35 ~0.28
P
aCo: ey 28.4 30,6 34 33
(mmHg)
BE -4.8 2.5 -5.1 -5.4 -1.3
HCO:s 15 20.3 18.8 19.3 20.4
Lactate
(mmol/L) 3.38 1.64 1.8 1.8 1.5
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Glucose

74 17 144 177 204
(mg/dL) 3 0

The patient received maintenance fluids consisting of 0.9% normal saline at 200 mL/hour and
the enriched glucose solution at 120 mL/hour. Antiemetic prophylaxis included 8 mg of
dexamethasone and 4 mg of ondansetron. Postoperative analgesia was managed with a 30-minute
intraoperative infusion of dexmedetomidine (25 pg), a 3 mg intravenous bolus of morphine, and
preoperative administration of 1 g of IV paracetamol. The procedure lasted approximately 40 minutes
and was uneventful, with the patient maintaining stable hemodynamic parameters. Neuromuscular
blockade was reversed with 2.5 mg neostigmine and 1 mg atropine, and the patient emerged
uneventfully. The patient remained in the PICU for two days, followed by transfer to the General
Surgery Department for one additional day. Her postoperative course was uncomplicated, with
minimal pain and a high level of patient satisfaction.

3. Discussion

The HMGCL gene expresses the 3-hydroxy-3-methylglutaryl-coenzyme A lyase (3-HMG-CoA
lyase). 3-HMG-CoA lyase is the final mitochondrial enzyme in ketone-producing pathways: fatty acid
oxidation and leucine catabolism. Without this enzyme, acetoacetate and acetyl-CoA cannot be
produced from either pathway, depriving the body of key energy sources during starvation (Figure
1) [3]. This explains the profound hypoglycemia during fasting and why prolonged NPO status is
especially dangerous in these patients.
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Fatty Acid Oxidation
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Figure 1. Ketone body synthesis from fatty acid 3-oxidation and leucine catabolism. HMG-CoA lyase deficiency
(red) blocks conversion of HMG-CoA into acetoacetate, impairing ketogenesis. An HMG-CoA lyase deficiency
(red) impairs ketogenesis [7,8]. Abbreviations: HMG-CoA, 3-hydroxy-3-methylglutaryl-coenzyme A.

In a healthy individual, during periods of starvation, the resulting hypoglycemia activates
compensatory metabolic pathways. Specifically, increased glucagon production triggers hepatic
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glycogenolysis as well as hepatic and renal gluconeogenesis [9]. Glucogenic amino acids like alanine
and aspartate serve as gluconeogenic substrates [10], if glucose remains unavailable. As prolonged
fasting depletes glycogen stores, lipolysis is also utilized as an energy source.

In lipolysis, each triacylglycerol molecule yields glycerol and free fatty acids. While glycerol
enters the gluconeogenic pathway, free fatty acids are beta-oxidized in the inner mitochondrial
membrane to produce acetyl-CoA in the liver [11,12]. In addition to transporting fatty acids across
mitochondrial membranes, carnitine helps clear toxic byproducts from the organelle [13]. Acetyl-CoA
from fatty acid oxidation enters the citric acid cycle or is converted to ketone bodies. Ketones are
essential for glucose-dependent tissues, such as the brain and the heart [11]. In glucose deprivation,
these tissues possess the necessary enzymes to use ketones for energy production [12].

Lipolysis and gluconeogenesis are intricately interconnected. Specifically, beta-oxidation is a
major supplier for molecules such as NADH+ and acetyl-CoA, which in turn stimulate pyruvate
carboxylase (PC) and inhibit pyruvate dehydrogenase (PDH) enzymes [14]. PC is the enzyme
responsible for the conversion of pyruvate to oxaloacetate, to serve as a substrate for gluconeogenesis.
PDH, on the other hand, converts pyruvate into acetyl- CoA, thus promoting glycolysis, when fatty
acid oxidation is impaired. Gluconeogenic substrates such as alanine and lactate are normally
converted into pyruvate to enter the gluconeogenesis path. As a result, increased lipolysis and fatty
acid oxidation promote diversion of pyruvate towards gluconeogenesis and inhibit glycolysis in the
liver, preserving the available glucose for other tissues [14,15]. Through this delicate balance, there is
an ongoing supply of glucose and ketone bodies to the tissues, as summarized in Figure 2.
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Figure 2. Starvation metabolism in a healthy individual. Acetyl-CoA from (-oxidation and leucine catabolism

’

enters the citric acid cycle, stimulating gluconeogenesis (via PC) and inhibiting glycolysis (via PDH), thereby
diverting pyruvate - originating from lactate and glucogenic amino acids such as alanine - toward
gluconeogenesis. Solid arrows = single-step processes; dashed arrows = simplified multi-step processes. A
stylized mitochondrion highlights the intra-mitochondrial pathways. Abbreviations: LDH, lactate
dehydrogenase; ALT, alanine aminotransferase; PC, pyruvate carboxylase; PDH, pyruvate dehydrogenase;
PEPCK, phosphoenolpyruvate carboxykinase; G6Pase, glucose-6-phosphatase; G3PDH, glyceraldehyde-3-
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phosphate dehydrogenase; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A; NADH, nicotinamide adenine
dinucleotide; FADH,, flavin adenine dinucleotide [5,16].

In HMGCLD, as seen in our patient, key metabolic processes are disrupted. Due to impaired
beta-oxidation, the liver cannot produce ketones or effectively use gluconeogenic substrates like
lactate and alanine. Additionally, 3-HMG-CoA lyase plays a role in leucine catabolism into
acetoacetate and acetyl-CoA (Figure- 1) [5]. During starvation, with no glucose intake and lipolysis
insufficient for energy, the body relies on protein catabolism and gluconeogenesis. Although
proteolysis occurs, leucine cannot be used for energy, as it cannot be converted into ketone bodies
[2,3], and other ketogenic and glucogenic amino acids enter a compromised gluconeogenic cycle [14]
(Figure 3).
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Figure 3. Disrupted metabolism in HMG-CoA lyase deficiency. Impaired (3-oxidation and leucine catabolism

prevent acetyl-CoA production, inhibiting gluconeogenesis (via PC) and enhancing glycolysis (via PDH),
leading to energy failure during starvation, diverting pyruvate toward the citric acid cycle and limiting its
availability for gluconeogenesis. Solid arrows = single-step processes; dashed arrows = simplified multi-step processes;
Red arrows = reduced activity; Red cross = blocked pathways; Bold arrows = increased activity. A stylized
mitochondrion highlights the intra-mitochondrial pathways. Abbreviations: LDH: lactate dehydrogenase, ALT:
alanine aminotransferase, PC: pyruvate carboxylase, PDH: pyruvate dehydrogenase, PEPCK:
phosphoenolpyruvate carboxykinase, G6Pase: glucose-6-phosphatase, G3PDH: glyceraldehyde-3-phosphate
dehydrogenase, HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A, NADH: nicotinamide-adenine
dinucleotide, FADHj,: flavin adenine dinucleotide [5,7,8,16].

This metabolic rigidity means that even brief catabolic stressors, such as prolonged fasting,
vaccination, infection or surgical stress, can precipitate metabolic crisis. in patients with HMG-CoA
lyase or synthase deficiency. As shown by Thompson et al. [17], even brief fasting may cause severe
hypoketotic hypoglycemia, with a clinical spectrum ranging from vomiting, food refusal and altered
mental status to encephalopathy, seizures, coma, or even death. This underscores the indispensable
role of hepatic ketogenesis in preserving cerebral energy balance under catabolic stress. In our case,
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the patient was fasting for one week, with any feeding attempt resulting in vomiting. However, she
did not yet present metabolic decompensation, because she was constantly receiving supplementary
exogenous glucose through an IV infusion. A day after this solution was switched to Ringer’s
Lactated, she was deprived of glucose supplementation, and deteriorated.

Laboratory findings during decompensation episodes, typically reveal profound hypoglycemia
(without ketonemia), hyperammonemia, lactic acidosis, and abnormal liver function tests, all of
which were present in our case. Usual complications are hepatomegaly, cardiomyopathy,
arrhythmias, skeletal myopathy, rhabdomyolysis and pancreatitis due to lipotoxicity, and lack of
energy [3,15].

Our patient was diagnosed with HMGCLD soon after birth. Management at home involved
sufficient caloric intake, frequent meals and moderate protein and fat restriction as described in
literature [18]. She was not on regular L-carnitine due to lack of consensus in the literature [8,19]. This
was the second metabolic decompensation episode that required PICU, out of 25 total mild
decompensation episodes during our patient’s lifetime. Metabolic decompensation is critical, as 1 out
of 3 patients may suffer permanent, severe neurological deficit [3].

Clinical awareness and perioperative protocols must emphasize strict fasting avoidance, early
glucose administration per os or IV, and close metabolic monitoring to prevent life-threatening
complications. In case of severe metabolic acidosis (HCO3- <16 mEq/L), administration of
intravenous bicarbonate at a dose of 1 mEq/kg is recommended [5,18]. In our case, the patient’s
HCO3- levels upon admission to the PICU were found very low (15mEq/L), and she therefore
received an IV infusion of 70 mEq NaHCO3. Some authors suggest L-carnitine intravenous
administration at 30- 50 mg/kg/day, which was also administered during preoperative optimization,
in order to avoid secondary L-carnitine deficiency, oxidative stress and intracellular depletion of free
coenzyme A [3,8,18]. Carnitine molecules generally bind to the accumulating toxic products of the
impaired fatty acid metabolism, to excrete them through the urine. The resulting secondary L-
carnitine deficiency may lead to impaired neutralization of oxygen free radicals and accumulation of
lipotoxic byproducts [20].

It is now apparent that patients with HMGCLD require very careful anesthetic planning. Given
that there were no reported cases detailing anesthetic management, we relied on published case
reports of patients with other beta-oxidation deficiencies [21-23] and general practice guidelines [5].
Bearing in mind the complex pathophysiological processes, we decided to avoid propofol, because it
is prepared as a liquid lipid emulsion, thus increasing the lipid load of an already compromised fatty
acid metabolism pathway [23]. Furthermore, propofol infusion syndrome seems to involve similar
derangements in the oxidative processes of the inner mitochondrial membrane, as in HMGCLD. We
also chose not to administer lidocaine or other local anesthetics, either intravenously or in regional
anesthetic techniques as the main antidote in case of inadvertent local anesthetic toxicity is a lipid
emulsion, contraindicated in our patient.

Regarding muscle relaxation, cisatracurium was preferred over rocuronium due to its lower
hepatic metabolism, as it is primarily degraded by plasma esterases, advantageous given the patient's
mildly elevated liver enzymes. Additionally, if rocuronium had been used, the reversal with
sugammadex would have raised theoretical concerns, as sugammadex can bind steroid hormones
such as cortisol in experimental settings, although clinical studies in humans have not demonstrated
clinically significant adrenal supression [24]. In HMGCLD, disruptions in beta-oxidation may
indirectly affect cholesterol synthesis and homeostasis by altering acetyl-CoA availability or cellular
pathways regulating cholesterol metabolism [25]. This cautious approach avoided potential
metabolic interference and ensured safe neuromuscular blockade.

Finally, we had to be diligent regarding the choice of intravenous fluids. We did not administer
Ringer’s Lactated solution, as it contains lactate that could further deteriorate existing lactic metabolic
acidosis. Instead, we administered Normal Saline 0.9% combined with Dextrose 10% with added
electrolytes to correct hypoglycemia and electrolyte imbalances.
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A major challenge was the necessity for coordinated collaboration among healthcare
professionals from multiple departments. Due to case rarity, clinical decisions diverged from
standard protocols, underscoring the critical importance of non-technical skills, particularly
communication, situational awareness, and teamwork, vital for minimizing errors [26].

A key miscommunication involved IV glucose as a core element of HMGCLD management. On
the fourth day of hospitalization, the glucose-rich solution (Maintelyte) was replaced with Ringer’s
Lactated solution, which was consistent with standard practice in the surgical department but not
appropriate for this patient’s fragile metabolic state. This substitution resulted in deterioration,
highlighting the risks of applying routine protocols in complex metabolic disorders. This scenario
exemplifies three recurrent issues in multidisciplinary collaborations: a lack of comprehensive
situational awareness among team members, ineffective closed-loop communication, and
confirmation bias, where clinicians default to familiar procedures based on previous experience
rather than customized patient needs [26]. Recognizing these pitfalls is essential for optimizing
interdisciplinary teamwork, especially in rare metabolic disorders requiring precise, collaborative
decision-making.

4. Conclusions

HMGCLD is an exceptionally rare metabolic disturbance of fatty acid oxidation, with complex
pathophysiology and only a few hundred cases reported. The absence of previous reports on
anesthetic management makes this case particularly valuable, as it highlights the interplay between
metabolic fragility, anesthetic drug choice, and system-level communication. Our experience
underscores that individualized planning and multidisciplinary cooperation are essential to maintain
stability and avoid life-threatening decompensation.

Key anesthetic lessons from this case include:

e  Strict avoidance of prolonged fasting with early and continuous glucose supplementation.

e  Avoidance of propofol and lipid-based therapies, due to impaired fatty acid metabolism.

e  Use of lactate-free intravenous solutions to prevent worsening acidosis.

e Selection of cisatracurium over rocuronium, reducing hepatic load and avoiding sugammadex
concerns.

e  Close interdisciplinary communication to prevent errors such as inappropriate fluid
substitutions.

Together, these principles provide practical guidance for the safe perioperative management of

patients with HMGCLD and may inform future development of tailored anesthetic protocols for rare
fatty acid oxidation disorders.
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Abbreviations

The following abbreviations are used in this manuscript:

HMGCLD 3-hydroxy-3-methylglutaryl-CoA lyase deficiency

HMGCL 3-hydroxy-3-methylglutaryl-CoA lyase gene

HMG-CoA 3-hydroxy-3-methylglutaryl coenzyme A

PICU Pediatric Intensive Care Unit

ASA American Society of Anesthesiologists

v Intravenous

ABG(s) Arterial Blood Gas(es)

PaO, Partial pressure of oxygen in arterial blood

FiO, Fraction of inspired oxygen

PaCO, Partial pressure of carbon dioxide in arterial blood

BE Base excess

HCO5~ Bicarbonate

NaCl Sodium chloride

KcCl Potassium chloride

MgSO, Magnesium sulfate

MAC Minimum alveolar concentration

PC Pyruvate carboxylase

PDH Pyruvate dehydrogenase

LDH Lactate dehydrogenase

ALT Alanine aminotransferase

PEPCK Phosphoenolpyruvate carboxykinase

G6Pase Glucose-6-phosphatase

G3PDH Glyceraldehyde-3-phosphate dehydrogenase

NADH Nicotinamide adenine dinucleotide (reduced form)

FADH, Flavin adenine dinucleotide (reduced form)
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