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Perioperative Care of a Child With Combined Oxidative
Phosphorylation Deficiency 6: Total Intravenous
Anesthesia With Remimazolam

Ifeoluwa C. Olakunle?, Joseph D. Tobias® ¢

Abstract

Combined oxidative phosphorylation deficiency 6 (COXPD6) is a
severe mitochondrial encephalomyopathy resulting from a mutation
in the X-linked apoptosis-inducing factor mitochondrion-associated
1 (AIFM1I) gene. The AIFMI gene located on chromosome Xq26.1,
encodes apoptosis inducing factor (AIF), a flavin adenine dinucleo-
tide (FAD)-dependent nicotinamide adenine dinucleotide (NADH)
oxidoreductase, which is involved in the process of oxidative phos-
phorylation and mitochondrial-derived programmed cell death in the
nucleus. COXPD6 patients have significant end-organ involvement
of the central nervous, peripheral nervous, respiratory, and gastroin-
testinal systems, manifested by seizures, hypotonia, psychomotor de-
lay, muscle weakness, and wasting. We present an 11-year-old child
with AIFM1-related COXPD6 who underwent posterior spinal fusion
for progressive neuromuscular kyphoscoliosis. We explore the genet-
ic history of this mitochondrial disorder, review a detailed anesthetic
approach to perioperative management including use of the novel
benzodiazepine, remimazolam, and discuss anesthetic considerations
in these patients.

Keywords: AIFMI gene; Mitochondrial disease; AIFMI-related
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Introduction

There is a dual genetic control of mitochondria, with mater-
nally inherited mitochondrial DNA (mtDNA), which encodes
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37 genes, and the nuclear genome (nDNA) of the cell, which
encodes additional genetic material encoding proteins that
contribute to its structure and function. Consequently, mito-
chondrial diseases can occur from varying genetic mutations
involving the mitochondrial or nuclear genome leading to dis-
ruptions in mitochondrial function and processes [1-3]. Given
their primary role in the production of adenosine triphosphate
(ATP) and generation of the energy required for cellular ho-
meostasis, defects in mitochondrial function can have varied
end-organ manifestations with predominant involvement of
high energy tissues, including the central nervous, cardiac,
and skeletal muscles systems. Clinical signs and symptoms
range from easily identifiable mitochondrial syndromes such
as mitochondrial myopathies, neuropathies, and encephalo-
myopathies to complex multi-system diseases [4]. Advances
in the understanding of the cellular process of mitochondria
and laboratory assays have led to the identification of several
enzymatic deficiencies resulting in mitochondrial disorders.

Combined oxidative phosphorylation deficiency 6
(COXPD6) (Online Mendelian Inheritance in Man (OMIM)
#300816) is a severe mitochondrial encephalomyopathy
caused by a hemizygous mutation in the X-linked apoptosis-
inducing factor mitochondrion-associated 1 (4/FMI) gene.
The AIFMI gene located on chromosome Xq26.1, encodes
apoptosis inducing factor (AIF), a flavin adenine dinucleotide
(FAD)-dependent nicotinamide adenine dinucleotide (NADH)
oxidoreductase that plays a role in oxidative phosphorylation
(OXPHOS) and mitochondrial-derived programmed cell death
in the nucleus [5, 6]. The AIFM1 gene mutation has several
diseases variants including Charcot-Marie-Tooth disease type
4 (CMTX4, Cowchock syndrome), X-linked deafness-5, and
X-linked spondyloepimetaphyseal dysplasia with hypomyeli-
nating leukodystrophy. Among the AIFMI1-related diseases,
COXPD6 (the specific disorder noted in our patient) is a more
severe disorder, involving both the central and peripheral nerv-
ous systems, with severe phenotypic manifestation in each.
Respiratory and gastrointestinal system involvement can also
occur. The implicated AIFM1 gene mutation results in a de-
fect in mitochondrial-driven OXPHOS, resulting in seizures,
hypotonia, psychomotor delay, muscle weakness, and wasting
[5-7].

We present an 11-year-old child with AIFMI-related
COXPD6 (CMTX4), who underwent posterior spinal fusion
for progressive neuromuscular kyphoscoliosis. We explored
the genetic history of this mitochondrial disorder and outlined
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a detailed anesthetic approach to perioperative management
including the use of the novel benzodiazepine, remimazolam,
in these patients.

Case Report

Preoperative history and clinical course

The patient was an 11-year-old boy, weighing 41 kg, born at
term via vaginal delivery. The antenatal course, neonatal histo-
ry, and early infancy were uneventful with normal psychomo-
tor development. At 12 - 15 months of age, his mother reported
the onset of an abnormal gait which progressed to involve trem-
ors, extremity stiffness, frequent falls, and behavioral distur-
bances. Continued worsening symptoms prompted referral to a
neurologist by his primary care physician at 2 years of age. At
the time of his first visit, developmental history was significant
for language and social delays; however, cognitive and motor
development appeared normal. The initial diagnostic workup
included brain magnetic resonance imaging (MRI), electroen-
cephalography (EEG), and neuronal ceroid lipofuscinosis en-
zymatic testing, all of which were all normal. A working diag-
nosis of myoclonic disorder and attention deficit hyperactivity
disorder (ADHD) was made. Chromosomal microarrays with
reflex karyotype, and myotonic dystonia epsilon sarcoglycan
(SGCE) gene mutation testing were negative. He continued to
have severe symptoms with frequent falls, necessitating fur-
ther referral to establish a definitive diagnosis. At 3 years old,
he was referred to the genetics clinic for consultation, and an
expanded metabolic and genetic workup was done. Testing for
fragile X syndrome, spinocerebellar ataxia, metabolic screen-
ing, and comprehensive ataxia genetic panel were all normal
and non-diagnostic. Whole exome sequencing genetic testing
revealed a hemizygous AIFM1 gene mutation associated with
X-linked recessive CMTX4. His clinical presentation evolved
with recurrent generalized seizures and myoclonic movements
indicative of encephalopathy. This led to a definitive diagno-
sis of AIFMI1-related combined OXPHOS deficiency. Since
diagnosis, his clinical course has been marked by multiple
hospitalizations, hearing impairment, speech and language
disorders, behavioral disorders, feeding disorders, obstructive
sleep apnea (OSA), restrictive lung disease, spinal instability
with need for assisted mobility devices, and multi-system in-
volvement requiring multi-disciplinary care. His past surgical
history was significant for surgical correction of an incomplete
circumcision with penile adhesions at 19 months of age, as
well as bilateral cochlear implant and placement of a gastros-
tomy (G)-tube for feeding at 5 years of age. Due to his worsen-
ing neuromuscular kyphoscoliosis, he was scheduled for a pos-
terior spinal instrumentation of the T3-L3 vertebrae segments.

Preoperative evaluation

At the time of procedure, the patient had a feeding G-tube in
place, and his medication regimen included clonidine, clon-
azepam, trihexyphenidyl, gabapentin, chlorpromazine, me-

latonin, propranolol, vitamins supplementation, inhaled bron-
chodilators, nocturnal continuous airway positive pressure (6
cm H,O) for OSA and home oxygen therapy as needed. Pre-
operative coagulation function, complete blood count, serum
electrolytes, and renal function test were normal. His weight
was 41 kg. Preoperative vital signs were unremarkable. On
physical examination, the Mallampati class was unable to be
assessed while the thyromental distance was more than three
finger-breadths. Cardiac, craniofacial, and respiratory exami-
nations were otherwise unremarkable. His American Society
of Anesthesiologist (ASA) physical status classification was 4.

Intraoperative course

The patient was kept NPO for 6 h and, following premedica-
tion with oral midazolam and aprepitant, and was transported
to the operating room. Intraoperative medications and their in-
dication are listed in Table 1. Routine ASA monitors were ap-
plied, and anesthesia was induced. The trachea was intubated
with a 6.0-mm cuffed endotracheal tube, and a bispectral index
(BIS) monitor was placed to monitor the depth of anesthesia.
Two additional peripheral intravenous cannulas and a left ra-
dial arterial cannula were inserted. The patient was positioned
prone on the Jackson table with padding of pressure points.
The room was warmed, and a forced hair warming device was
placed to maintain normothermia. Maintenance anesthesia and
other intraoperative medications are outlined in Table 1. Medi-
cations were adjusted to maintain the BIS at 50 - 60 and mean
arterial pressure (MAP) at 50 - 65 mm Hg. There were no sig-
nificant intraoperative concerns. The total anesthesia time was
5 h. Intraoperative fluids included Normosol-R and buffered
saline 2% for a total volume of 1,300 mL. Estimated blood
loss was 100 mL with urine output of 670 mL. At the comple-
tion of the procedure, the anesthetic agents were discontinued,
sugammadex (2 mg/kg) was administered to reverse residual
neuromuscular blockade, and the patient was turned supine.
His trachea was successfully extubated once awake. Addi-
tional bolus doses of fentanyl (1.2 pg/kg) for pain control and
dexmedetomidine (1 pg/kg) to control agitation on emergence
were administered.

Postoperative course

The patient was transported to the post-anesthesia care unit
(PACU) and thereafter admitted to the pediatric intensive care
unit (PICU) for immediate postoperative monitoring. He had
a multimodal pain regimen with IV hydromorphone adminis-
tered via patient-controlled analgesia, scheduled IV acetami-
nophen, scheduled IV ketorolac, lidocaine infusion, and diaz-
epam as needed. Routine chest physiotherapies were initiated,
and he was placed on his usual home continuous positive air-
way pressure (6 cm H,0) at night. Routine home medications
including clonidine, gabapentin, clonazepam, trihexypheni-
dyl and chlorpromazine were resumed on postoperative day
(POD) 1. On POD 1, he was transferred to the inpatient ward.
There was some leakage noted around the G-tube. The postop-
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Table 1. Intraoperative Medications and Indications

Perioperative time Medication, route, and dose

Comments

Preoperative
sedation

Ketamine (5 mg/kg) IM

Induction of

Peripheral IV placed after 50% nitrous oxide in oxygen

Patient had preoperative agitation and
would not come to the OR.

Trachea intubated without difficulties
with a 6.0-mm cuffed ETT.

Titrated to clinical needs to

anesthesia
IV lidocaine (1 mg/kg), fentanyl (2 pg/kg), and remimazolam
(two doses of 0.25 mg/kg/dose for a total of 0.5 mg/kg)
Neuromuscular blockade with rocuronium (0.5 mg/kg)
Maintenance Methadone (0.1 mg/kg), remifentanil (0.1 - 0.5 pg/kg/min),
anesthesia remimazolam (5 - 25 pg/kg/min), and lidocaine (1 mg/kg/h)

Other intraoperative  Surgical site infection prophylaxis: IV cefazolin (50 mg/kg
every 3 h) and a single dose of IV gentamicin (5 mg/kg)

medications

Tranexamic acid (50 mg/kg followed by 5 mg/kg/h)

Clevidipine (0.3 - 0.6 pg/kg/min) or
phenylephrine (0.4 - 0.7 pg/kg/min)

Postoperative course IV acetaminophen (15 mg/kg) and ketorolac (0.5 mg/kg)

IV ondansetron (4 mg) and dexamethasone
(4 mg) administered for prevention of
postoperative nausea and vomiting

maintain the MAP and BIS.

No intraoperative concerns noted.

Measures to limit allogenic blood transfusion included
intraoperative blood salvage and tranexamic acid.

IV clevidipine or phenylephrine used to control MAP.

Acetaminophen and ketorolac to
supplement opioid analgesia.

Dexamethasone and ondansetron
for prevention of PONV.

IM: intramuscular; IV: intravenous; ETT: endotracheal tube; OR: operating room; MAP: mean arterial pressure; BIS: bispectral index; PONV: postop-

erative nausea and vomiting.

erative course was complicated by an ileus requiring that he be
placed NPO, respiratory insufficiency requiring supplemental
oxygen, and concerns for benzodiazepine withdrawal from his
usual home medication regimen. Ongoing oxygen desatura-
tion resulted in the need to call the rapid response team, and
he was transferred back to the PICU for hemodynamic and
respiratory monitoring. A chest radiograph showed increased
left lower lobe atelectasis and pneumonia. A repeat abdominal
radiograph revealed mild improvement of ileus. A nasal swab
for respiratory viruses (polymerase chain reaction testing) was
positive for non-coronavirus disease 2019 (COVID-19) coro-
navirus. Laboratory evaluation revealed that creatinine phos-
phokinase was elevated at 10,109 U/L (reference less than 430
U/L). The latter was concerning for rhabdomyolysis secondary
to dystonia precipitated by benzodiazepine withdrawal. Ongo-
ing PICU care with a focus on his respiratory status and control
of postoperative agitation with diazepam and haloperidol re-
sulted in an overall improvement in his clinical status. On POD
4, he was stable on room air, feeds were slowly restarted, and
routine oral medications were resumed via the G-tube. Labora-
tory values also showed a down-trending of serum creatinine
phosphokinase levels. He was transferred back to the inpatient
ward. Ongoing ileus required placement of a jejunostomy (J)-
tube through the gastrostomy site for enteral feeding. The post-
operative course was further complicated by deep and super-
ficial venous thrombosis involving the subclavian, cephalic,
and basilic veins on the right with superimposed cellulitis,
tenosynovitis, and osteomyelitis. Blood culture yielded no
growth. Due to the venous thrombosis, enoxaparin was started.

By POD 42, his clinical condition had significantly improved,
and his care was transferred to physical medicine for inpatient
rehabilitation. He was successfully discharged home on POD
82 with follow-up at the orthopedic surgery, behavioral health,
pulmonary, nephrology, and complex care clinics.

Discussion

The current case report and following discussion outline per-
tinent concerns when providing perioperative management of
a patient with COXPD6, a severe mitochondrial encephalo-
myopathy. As with other disorders involving mitochondrial
function, the primary end-organ involvement includes the
central nervous system (CNS, seizures, cognitive delay), the
skeletal musculature (hypotonia), and myocardial function. Of
note, theoretical concerns have been expressed regarding the
potential adverse effects of both volatile anesthetic agents and
propofol on mitochondrial function.

AIF is a 67-kDa, AIFM1 gene-encoded flavoprotein that
plays a crucial role in mitochondrial metabolism, participat-
ing in the electron transport chain (ETC) assembly where it
regulates mitochondrial OXPHOS and ATP production [7, 8].
Consequently, a decrease or absence in AIF activity can cause
complex defects and a reduction in the nuclear-encoded pro-
tein subunits of complex I, and to a lesser extent complex 111
and IV, resulting in OXPHOS dysfunction. In addition, the mi-
tochondrial respiratory chain protein complexes not only cata-
lyze OXPHOS but also play a role in reactive oxygen species

436 Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™ | https:/jmc.elmerpub.com



Olakunle et al

J Med Cases. 2025;16(1 1):434-439

(ROS) generation. Therefore, the ETC dysfunction produces
energy failure and additional biochemical effects, including
increased production of ROS [7, 9-11].

Mutations in the AIFMI gene may be responsible for a
range of mitochondrial disorders. The growing number of nov-
el AIFM1 mutations, their associated AIF variants and varying
clinical phenotypes are widening the clinical spectrum of AIF-
related disorders and making their categorization a challenge.
COXPD6 is one of the disease categories associated with the
AIFM1 mutation. It is caused by a hemizygous AIFM] muta-
tion that impairs OXPHOS and phenotypically presents with
severe mitochondrial encephalomyopathy [12-15]. Reported
cases of COXPD6 have similarities in organ system involve-
ment, with variations noted in severity, age of onset, and out-
comes.

The muscles, central and peripheral nervous system are
involved early with symptoms of hypotonia, absent or re-
duced reflexes, involuntary movements, seizures, psychomo-
tor regression, progressive muscle weakness, muscle atrophy
and abnormal basal ganglia signals on MRI. Hearing loss
and ocular involvements can also be present. Gastrointestinal
and respiratory involvements include swallowing difficulties,
cyanosis, respiratory muscle weakness, and failure requiring
ventilator support [6, 10, 15-17]. Anecdotal experience from
two case reports have noted metabolic acidosis and increased
lactate in the serum and cerebrospinal fluid [10, 16]. Other di-
agnostic studies such as muscle and skin biopsies, and Western
blot analysis show decreased respiratory chain complexes ac-
tivities and decreased levels of the AIFM1 protein. Genomic
analysis using whole exome sequencing and Sanger sequenc-
ing can be done to make a definitive diagnosis and identify the
implicated mutation [16, 17].

Considering the organ system involvement in COXPDG6,
affected children often require diagnostic and therapeutic in-
terventions, such as radiologic imaging, tracheostomy, feeding
tube placement or orthopedic procedures, thereby necessitat-
ing anesthetic care. As with all anesthetic care, the approach
to these patients begins with a thorough preoperative history,
examination and identification of associated comorbid condi-
tions. One of the primary challenges in these patients is choice
of anesthetic agent, as there are theoretical concerns regard-
ing the use of either the volatile anesthetic agents or propo-
fol, given their impact on mitochondrial processes [1, 18-20,
21-23]. Both propofol and volatile anesthetic agents may de-
press OXPHOS. Volatile anesthetic agents suppress OXPHOS
by impacting complex I, coenzyme Q, and complex V of the
mitochondrial respiratory chain. Patients with mitochondrial
myopathies may have a heightened sensitivity to the effect of
the volatile anesthetic agents on myocardial and CNS function
along with a potential association, dependent on the specific
defect, with malignant hyperthermia [1, 24]. Propofol acts on
complex I and IV inhibiting mitochondrial function and uncou-
pling OXPHOS of fatty acids. This inhibition of mitochondrial
function may lead to the classic findings of propofol infusion
syndrome including renal failure, rhabdomyolysis, myocardial
dysfunction, and metabolic acidosis.

With these concerns in mind, we chose to use total intrave-
nous anesthesia (TIVA) with remimazolam and remifentanil.
Following Food and Drug Administration (FDA) approval for

use in adults in 2020, initial clinical trials have demonstrated
the efficacy of remimazolam for sedation of adults during inva-
sive procedures such as gastrointestinal endoscopy and bron-
choscopy [25]. These trials have demonstrated its efficacy for
procedural sedation as well as an acceptable safety profile with
limited effects on hemodynamic function, lack of pain with IV
administration, reduction of post-procedure nausea and vomit-
ing (PONV), and a rapid return to baseline neurologic func-
tion. Similar to other benzodiazepines, remimazolam provides
sedation, amnesia, and anxiolysis through the gamma-ami-
nobutyric acid (GABA) system. As an ester-based medication,
it is hydrolyzed quickly with a more rapid offset than mida-
zolam and a limited context-sensitive half-life. Although not
FDA-approved for use in children, initial anecdotal experience
and trials (prospective and retrospective) have demonstrated
its efficacy in a wide range of clinical scenarios in pediatric
patients [25]. Anecdotal experience has demonstrated the safe
and effective use of remimazolam in patients with mitochon-
drial dysfunction [26-29]. Given these concerns, we chose to
avoid the use of volatile anesthetic agents and propofol and
proceed with TIVA bolus doses of remimazolam, supplement-
ed by fentanyl for anesthetic induction. This was followed by
maintenance anesthesia with remimazolam, remifentanil, and
lidocaine infusions. The remimazolam infusion was titrated by
depth of anesthesia monitoring with the BIS.

Additional clinical considerations regarding anesthetic
care involve the specific end-organ involvement. Cardiac con-
siderations in children with COXPD6 include cardiac conduc-
tion abnormalities and primary myocardial involvement such
as hypertrophic cardiomyopathy [6]. Routine preoperative
cardiac evaluation should include an electrocardiogram and
echocardiogram. In addition to its other beneficial properties,
preliminary clinical experience has demonstrated a limited
impact of remimazolam on myocardial conduction and con-
tractility. Given the planned surgical procedure, continuous
monitoring of arterial blood pressure was instituted in addition
to standard ASA monitoring in our patient. With the potential
for impaired mitochondrial function and its impact on lactate
metabolism, lactate-containing fluids were avoided. Intraoper-
ative maintenance and resuscitation fluids included our stand-
ard mix of Normosol-R, which contains gluconate and acetate
as buffers, and buffered 2% saline containing acetate, for a to-
tal volume of 1,300 mL. Depending on the specific enzymatic
defect, altered glucose metabolism with diabetes mellitus and
hyperglycemia or hypoglycemia may be seen. Hyperglycemia
and diabetes mellitus are generally seen late in the course of
the disease processes. Hypoglycemia is most commonly en-
countered during acute illnesses or prolonged fasting without
the administration of exogenous glucose. Given the potential
for hypoglycemia, NPO times should be limited and periodic
monitoring of serum glucose should be monitored intraopera-
tively for prolonged procedures.

Additional significant comorbid involvement in these pa-
tients includes hypotonia which poses a risk for perioperative
aspiration, upper airway obstruction, and hypoventilation lead-
ing to respiratory failure. These respiratory concerns may be
compounded by poor cough effort, chronic aspiration or re-
current pneumonia. Given these concerns, whenever feasible,
short-acting anesthetic agents are recommended to allow for
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rapid awakening and limited impact on postoperative upper
airway and respiratory function. Per our usual practice, fol-
lowing tracheal extubation, our patient was placed on noninva-
sive ventilatory support with biphasic positive airway pressure
(BiPAP) along with aggressive chest physiotherapy to facili-
tate secretion management. Although significant postoperative
respiratory issues were noted which resulted in a prolonged
recovery and extended during of hospital stay, this was precip-
itated by benzodiazepine withdrawal and a concomitant viral
respiratory infection. His respiratory status returned to base-
line once those underlying pathologies were addressed. Given
the potential for postoperative respiratory issues, continuous
postoperative monitoring of respiratory function may be indi-
cated following prolonged surgical procedures.

Hypotonia may impact the choice of neuromuscular
blocking agents (NMBAs). Patients with pre-existing hypoto-
nia related to mitochondrial disorders may be sensitive to the
effects of non-depolarizing NMBAs [30]. Although we chose
to use rocuronium to facilitate endotracheal intubation, even in
the setting of hypotonia, sugammadex offers the potential to
effectively reverse significant residual neuromuscular block-
ade in patients with neuromyopathic conditions [31]. While
the data are limited, the associated myopathic condition would
be a contraindication to the use succinylcholine given the risks
for hyperkalemia [32]. In our patient, we chose rocuronium
for intraoperative neuromuscular blockade with sugammadex
for reversal. Additional CNS concerns include the presence of
seizures. Preoperative management to limit perioperative sei-
zures includes optimizing anticonvulsant medications prior to
the surgical procedure and continuation of routine anticonvul-
sant medications during the perioperative period.

Learning points

In summary, we present the successful anesthetic manage-
ment of an 11-year-old child with AIFM1-COXPD6. To date,
there is only one previous report of anesthetic care in a similar
patient, a 34-year-old woman with early childhood-onset mi-
tochondrial encephalopathy, attributed to an A/FM] mutation
[33]. Spinal anesthesia was provided uneventfully for cesarcan
section. In patients with mitochondrial disorders, concern has
been raised regarding the impact of both propofol and vola-
tile anesthetic agents on mitochondrial function, prompting us
to use remimazolam and remifentanil for TIVA. The clinical
variability in AIFM1-COXPD6, limited patient reports, and
the potential for variable response to anesthetic agents make it
difficult to comment on the optimal choice of agents for intra-
operative care. Additional concerns result from the end-organ
involvement of these disorders which may impact CNS, upper
airway, respiratory, and cardiovascular function. Additional
perioperative concerns may result intraoperative handling of
lactate in IV fluids and alterations in glucose metabolism. As
a prolonged effect from NMBAs may be seen, intraoperative
train-of-four monitoring may be indicated while sugammadex
may be the optimal agent for reversal of residual neuromuscu-
lar blockade. Regardless of the agents chosen, close monitor-
ing of postoperative cardiorespiratory function is suggested.
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