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Keypoints

the central nervous system.

affected individuals.

1. Succinic semialdehyde dehydrogenase (SSADH) deficiency is a rare autosomal recessive disorder with an in-

cidence of approximately 1:500,000 that affects the degradation of gamma-aminobutyric acid (GABA) within

2. Presenting sign and symptoms include hypotonia, developmental delay, cognitive impairment, expressive lan-

guage deficits, and ataxia. Seizures remain a hallmark of the disorder, being present in approximately half of

3. Medical treatment is aimed toward symptomatic treatment including control of central nervous involvement
including seizures and behavioral concerns such as aggression. Continuing anti-epileptic agents perioperatively
is suggested to decrease risk of perioperative seizures.

4. Anesthetic considerations for SSADH deficiency that may impact anesthetic management include the associ-

ated seizure disorder, hypotonia, and behavioral issues.

Abstract

Succinic semialdehyde dehydrogenase (SSADH) defi-
ciency is an uncommon autosomal recessive disorder that
affects the degradation of gamma-aminobutyric acid
(GABA) within the central nervous system (CNS). Clin-
ical manifestations generally present during infancy in-
cluding hypotonia, developmental delay, cognitive im-
pairment, expressive language deficits, and ataxia. Sei-
zures are a hallmark of the disorder, being present in ap-
proximately half of affected individuals. Given the multi-
system involvement of these patients with a high inci-
dence of associated seizures, anesthetic care may be re-
quired for diagnostic imaging or therapeutic interven-
tions. We present a 23-year-old woman with SSADH de-
ficiency who required anesthetic care during dental sur-

gery. The basic pathophysiology and inheritance of
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SSADH is presented, clinical manifestations and end-or-
gan involvement reviewed, and potential anesthetic im-

plications outlined.
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Introduction

Succinic semialdehyde dehydrogenase (SSADH) defi-
ciency is a rare autosomal recessive disorder that affects
the degradation of gamma-aminobutyric acid (GABA),
an inhibitory neurotransmitter of the brain.! The disor-
der results from the deficiency of the enzyme, SSADH
due to mutations in the gene ALDH5A1, which has been
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mapped to the short arm of chromosome
6 (6p22.3).2 During catabolism, GABA is first con-
verted to succinate semialdehyde (SSA) by GABA-
transaminase followed by the conversion of SSA to suc-
cinic acid. The process is modulated by the enzyme,
SSADH. In the absence of SSADH, GABA is converted
to 4-hydroxybutyrate (GHB), resulting in 4-hydroxy-
butyrate aciduria and excessive GHB concentrations in
peripheral tissues, body fluids, and the CNS.>> The high
concentration of GHB has been postulated to result in a
down-regulation of GABAB receptors and a high inci-
dence of seizures and other CNS signs and symptoms in-
cluding progressive encephalopathy and mental retarda-
tion.®’

SSADH was first described by Dr. Cornelius Jakobs in
1981 in a 20-month-old infant who presented with devel-
opmental delay, seizures, and associated neurologic in-
volvement.> To date, only 450-500 patients have been
cited in the literature as having been diagnosed with the
disorder. Given the multi-system involvement of these
patients with a high incidence of associated seizures, an-
esthetic care may be required for diagnostic imaging or
therapeutic interventions. We present a 23-year-old
woman with SSADH deficiency who required anesthetic
care during dental surgery. The basic pathophysiology
and inheritance of SSADH is presented, clinical manifes-
tations and end-organ involvement reviewed, and poten-

tial anesthetic implications outlined.

Case report

Review of this case and presentation in this format fol-
lowed the guidelines of the Institutional Review Board at
Nationwide Children’s Hospital (Columbus, Ohio). The
patient was a 23-year-old, 82.1 kilogram woman who
presented for dental extractions and repair. Comorbid
conditions included SSADH deficiency diagnosed during
infancy due to the onset of seizures and development de-
lay. Comorbid conditions included obesity (BMI 31
kg/M?), seizures, attention deficit hyperactivity disorder,

and  enuresis. Current  medications  included
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levetiracetam (1000 mg BID) and demethylphenidate (10
mg once a day). There were no allergies and only one
previous anesthetic encounter for sedation during mag-
netic resonance imaging (MRI). There was a history of
postoperative nausea and vomiting (PONV) following
anesthesia for the MRI. The patient was held #il per os
for 8 hours except for her usual morning dose of le-
vetiracetam. Premedication for PONV prophylaxis in-
cluded placement of a scopolamine patch and oral aprep-
itant (40 mg). The patient was transported to the operat-
ing room where standard American Society of Anesthe-
siologists monitors were placed. Following the inhala-
tion of 50% nitrous in oxygen, a peripheral intravenous
cannula was placed. Anesthesia was induced with mid-
azolam (2 mg), propofol (200 mg), and fentanyl (100
pg). Neuromuscular blockade was provided by succinyl-
choline (100 mg). Following topical preparation of the
nasopharynx with 0.5% oxymetazoline, direct laryngos-
copy was performed with a #3 MaclIntosh laryngoscope
and a 6.0 mm cuffed nasotracheal tube was
placed. Maintenance anesthesia included sevoflurane
(expired concentration 1-1.5%) in 50% nitrous oxide and
oxygen. The surgical procedure lasted approximately 1
hour 45 minutes. Additional intraoperative medications
included dexamethasone (8 mg) and ketorolac (30
mg). Total intraoperative fluids included 600 mL of lac-
tated Ringers. Following the procedure, the patient’s tra-
chea was extubated and she was transported to the post-
anesthesia care unit. The postoperative course was unre-

markable and the patient was discharged home.

Discussion

SSADH deficiency is a rare autosomal recessive with a
reported incidence of approximately 1:500,000. The de-
ficiency of SSADH affects the degradation of GABA
(Figure 1). Although clinical manifestations are highly
variable and nonspecific which may delay the diagnosis,
the onset of clinical signs and symptoms generally begin
during the first 6-12 months of life. Presenting sign and

symptoms include hypotonia, developmental delay,
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cognitive impairment, expressive language deficits, and
ataxia.®® Seizures remain a hallmark and prominent find-
ing of the disorder, being present in approximately half
of affected individuals. Hyperactive behavior, aggres-
sive disorders, self-injurious behavior, hallucinations,
and sleep disturbances are also common. Basal ganglia
involvement manifested by movement disorders includ-
ing choreoathetosis, dystonia, and myoclonus has been
reported in a few individuals with earlier-onset, more se-
vere disease. Involvement outside of the CNS has not
been described.
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Figure 1. Metabolism of glutamate and y-amino butyric acid (GABA) in-
cluding the impact of succinate semialdehyde dehydrogenase (SSADH)
deficiency. TCA = tricarboxylic acid or Krebs cycle.

Although the diagnosis may be suggested by the clinical
presentation, laboratory confirmation includes urine and
plasma organic acid analysis demonstrating elevated 4-
hydroxybutyric aciduria. However, current routine new-
born screening tests that include identification of numer-
ous disorders of organic acid metabolism do not identify
SSADH deficiency. MR imaging generally reveals T2-
weighted hyperintense signals in the globus pallidum,
cerebellar dentate nuclei, subthalamic nuclei, subcortical
white matter, and brain stem. EEG findings are non-spe-
cific including generalized background slowing and gen-
eralized spike discharges. The diagnosis is confirmed by
the identification of biallelic pathogenic variants in the
enzyme, ALDHSAL.

Treatment is symptomatic and aimed at controlling the

primary neurologic manifestations of the disorder.
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Commonly prescribed anti-convulsant medications in-
clude lamotrigine, levetiracetam, and topiramate.
Valproate is contraindicated in this patient population
due to its potential to inhibit any remaining function of
the SSADH enzyme.® Behavioral disturbances including
ADHD, OCD, and aggression are common in SSADH
deficiency. Stimulant medications including
methylphenidate are frequently prescribed to control
ADHD while selective serotonin reuptake inhibitors may
be effective for control of aggressive behavior, anxiety,
and OCD. Antipsychotic medications including thiori-
dazine and risperidone may be required for severe anti-

social and aggressive behavioral manifestations.

As with all anesthetic care, the perioperative care of pa-
tients with SSADH deficiency begins with a thorough
preoperative examination and identification of end-organ
involvement. CNS involvement is common in these pa-
tients including seizures, developmental delay, and be-
havioral disorders. The current anticonvulsant regimen
should be identified and the magnitude and type of sei-
zures documented. Measures to limit the potential for
perioperative exacerbation of an underlying seizure dis-
order include assurance of therapeutic anticonvulsant
levels prior to the surgical procedure with optimization of
therapy as needed by the pediatric neurology service.
Routine anticonvulsant medications should be adminis-
tered the day of surgery to ensure that routine doses are
not omitted.” Administration is suggested even in the
setting of routine perioperative nil per os status. For pro-
longed procedures, redosing of anticonvulsant medica-
tions may be necessary intraoperatively to maintain ther-
apeutic levels during prolonged surgical procedures.
When enteral administration is not feasible, either pre-
operatively or postoperatively, alternative routes of de-
livery including intravenous administration or transition-
ing to alternative agents should be considered. Consulta-
tion with the neurology or pharmacology service is sug-
gested when questions arise concerning dosing conver-

sion from enteral to intravenous administration.'®
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In general, the choice of anesthetic agents may have lim-
ited impact on the perioperative care of patients with sei-
zure disorders.!! The inhalational and intravenous anes-
thetic agents including the barbiturates, propofol, and
benzodiazepines have potent anticonvulsant properties.
These agents have been used successfully to treat status
epilepticus that is refractory to conventional therapy.!>!3
Seizure-like motor activity and occasional spike and
wave activity on the EEG may be seen with the admin-
istration of sevoflurane. These effects are uncommon and
generally occur only with high inspired concentrations
used for anesthetic induction. As such, the use of
sevoflurane is acceptable even in a patient with an under-
lying seizure disorders.!*

Although not prominent in our patient, hypotonia and
progressive neurologic impairment may be present in
these patients. Given the associated involvement of the
CNS and the limited evidence-based medicine regarding
anesthetic care of these patients, no definitive recommen-
dations can be made regarding the choice and safety of
specific neuromuscular blocking agents (NMBAs).
Given the lack of significant hypotonia and peripheral
nervous involvement in our patient, succinylcholine was
used to facilitate endotracheal intubation. With potential
for adverse effects including rhabdomyolysis and hyper-
kalemia, succinylcholine is relatively contraindicated in
patients with clinically significant hypotonia or periph-
eral nervous system involvement.'>!® Although ongoing
neuromuscular blockade was not required in our patient,
specific concerns may exist with the use of such agents
in patients with CNS disorders with hypotonia including
an exaggerated and prolonged response to non-depolariz-
ing NMBAs including rocuronium, vecuronium, and
even cis-atracurium. Dosing based on monitoring the
train-of-four may be helpful to guide redosing, document
reversal, and avoid prolonged recovery times. Residual
neuromuscular blockade should be reversed at the com-
pletion of the procedure and full recovery documented
prior to tracheal extubation. In patients with hypotonia,

reversal of steroidal NMBAs (vecuronium or
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rocuronium) with sugammadex may be preferable given
its limited adverse effect profile and superior efficacy
when compared to cholinesterase inhibitors.!”
Significant CNS involvement with hypotonia and poor
upper airway tone or control may predispose these pa-
tients to develop upper airway obstruction or respiratory
failure in postoperative period. These issues may be po-
tentiated by the residual effects of anesthetic agents.
Whenever feasible, short acting agents whose effects dis-
sipate rapidly should be considered. Postoperative mon-
itoring of respiratory function may be indicated in se-
lected patients based on the patient’s status, the surgical
procedure, and the choice of anesthetic agents.

Home medications including serotonin reuptake inhibi-
tors (SSRI) or antipsychotic agents, which are prescribed
to control aggressive or anti-social behavior, should be
continued perioperatively. Premedication with intranasal
medications (dexmedetomidine or midazolam) or intra-
muscular ketamine may be required based on the pa-
tient’s cognitive status and ability to cooperative with
care.!® In patients chronically receiving SSRIs, potentia-
tion of serotoninergic pathways and develop of serotonin
syndrome may occur as perioperative medications in-
cluding ondansetron, fentanyl, oxycodone, and meperi-
dine can potentiate serotonin pathways. '

In summary, SSADH deficiency is a rare autosomal-re-
cessive inborn error of metabolism associated with a de-
fect in the metabolism of GABA. The majority of
SSADH patients will have a similar constellation of CNS
symptoms including hypotonia, developmental delay,
cognitive impairment, seizures, and ataxia. Anesthetic
considerations for these patients include continuing home
anti-seizure medications, continuing home behavioral
medications, and using short-acting anesthetic and neu-
romuscular blocking agents to decrease the risk of resid-
ual blockade and the potential for respiratory insuffi-

ciency.
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