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Abstract

Allan-Herndon-Dudley syndrome (AHDS) is a rare X-linked disorder
resulting from mutation of the SLC16A42 gene leading to a deficiency
of a the monocarboxylate transporter 8 (MCTS) protein, which fa-
cilitates the passage of triiodothyronine (T3) into the central nervous
system (CNS). Central lack of T3 leads to increased production of
thyroid-stimulating hormone (TSH) with peripheral overproduction
of thyroid hormones and systemic signs and symptoms of hyperthy-
roidism, as well as severe CNS effects including neurodevelopment
delay, intellectual disability, hypotonia, and failure to thrive. We pre-
sent a 6-year-old child with AHDS who required multiple anesthetics
for various procedures, including right open adductor tenotomy, right
proximal femoral varus osteotomy, and right acetabular osteotomy.
The basic cellular defect of AHDS is described, end-organ effects out-
lined, and impact on perioperative care reviewed.
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Introduction

Allan-Herndon-Dudley syndrome (AHDS), also known as
MCTS8 (monocarboxylate transporter 8) deficiency, is a rare
genetic disorder resulting from a defect in the transport of thy-
roid hormone into the central nervous system (CNS) due to a
lack of thyroid hormone transporter protein, MCTS8 [1]. The
disease was first described in 1944 and was among the first of
the X-linked syndromes associated with intellectual disability
[2]. AHDS results from a mutation of the SLC/642 gene on
the X chromosome leading to a deficiency of the MCT8 pro-
tein. MCT8 creates a channel allowing the thyroid hormone,
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triiodothyronine (T3) to move from the peripheral blood stream
into the CNS [3-7]. As there is a central lack of T3, increased
production of thyroid-stimulating hormone (TSH) results in the
peripheral overproduction of T3 resulting in systemic signs and
symptoms of hyperthyroidism, while central lack of T3 results
in severe CNS effects including neurodevelopment delay, intel-
lectual disability, hypotonia, and failure to thrive [8]. We pre-
sent a 6-year-old child with AHDS who required anesthetic care
during various anesthetic encounters including right open ad-
ductor tenotomy, right proximal femoral varus osteotomy, and
right acetabular osteotomy. The basic cellular defect of AHDS is
described, end-organ effects outlined, and impact on periopera-
tive care reviewed. This review was conducted in compliance
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

Case Report

Review of this case and presentation in this format followed
the guidelines of the Institutional Review Board of Nationwide
Children’s Hospital. The patient was a 6-year-old, 30.2 kg
male with ADHS, who presented for anesthetic care for mul-
tiple procedures during the first 5 - 6 years of life including
interventional radiology for liver biopsy, bilateral tympanosto-
my tube insertion, esophagogastroduodenoscopy (EGD) with
placement of percutaneous endoscopic gastrostomy (PEG)
tube insertion, radiologic imaging, and a recent orthopedic sur-
gical procedure (right open adductor tenotomy, right proximal
femoral varus osteotomy, and right acetabular osteotomy). As-
sociated comorbid conditions included failure to thrive, devel-
opmental delay, spastic quadriplegic cerebral palsy, hypotonia,
dysphagia with aspiration, hypothyroidism, seizures, and asth-
ma. Current medications included levetiracetam and clobazam
oral suspensions administered through the gastrostomy.

The child was born at term via spontaneous vaginal deliv-
ery without any perinatal complications. At approximately 3
months of age, he was evaluated for failure to thrive and noted
to have abnormal thyroid function tests consistent with hypo-
thyroidism. Oral thyroxine administration was started. Addi-
tional evaluation was initiated for failure to thrive, hypotonia,
and neutropenia during the time period from 3 to 7 months
of age by various subspecialty services including hematology,
neurology, and genetics. Although the single nucleotide poly-
morphisms (SNPs) genotyping analysis at 7 - 8 months of age
was normal, a more specific Region of Interest Panel (Claritas
Genomics) identified the MCT-specific thyroid hormone cell-
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membrane transporter deficiency and the diagnosis of AHDS
was made after exome sequencing slice showing a hemizygous
pathogenic variant in SLC16A42 (X-linked MCTS8-specific thy-
roid hormone cell membrane transport protein deficiency).
Family history was significant for intellectual disability and
short stature in the mother as well as intellectual disability in a
maternal uncle and grandmother.

The first anesthetic encounter was at 4 months of age for
magnetic resonance (MR) imaging (patient weight 4.9 kg). An-
esthesia was induced by the inhalation of sevoflurane in nitrous
oxide and oxygen. Tracheal intubation was facilitated by the
administration of cis-atracurium, and maintenance anesthesia
included sevoflurane in air and oxygen. At the completion of
the procedure, residual neuromuscular blockade was reversed
with neostigmine. The postoperative course was uneventful.
The second anesthetic encounter was at 2 years of age after the
diagnosis of AHDS was established. The child weighed 9.85 kg
and presented to interventional radiology for a liver biopsy to
evaluate persistently elevated liver function tests. The patient’s
preoperative vital signs were within the normal range for age. A
thyroid profile was performed 3 months prior (TSH 10.155 TU/
mL, free T4 0.6 ng/dL). Anesthesia was induced by the inhala-
tion of sevoflurane in air and oxygen. Tracheal intubation was
facilitated by the administration of propofol (about 5 mg/kg) and
fentanyl (about 2 pg/kg). The liver biopsy was completed with-
out incident and the postoperative course was uncomplicated. At
3 years of age (patient weight 12.4 kg), the patient presented for
anesthetic care during examination under anesthesia and place-
ment of bilateral tympanostomy tubes. Anesthesia was induced
by the administration of incremental concentrations of sevo-
flurane in nitrous oxide and oxygen. Maintenance anesthesia
included sevoflurane in air and oxygen with spontaneous ven-
tilation. Intranasal fentanyl (2 pg/kg) was administered for post-
operative analgesia. The intraoperative and postoperative cours-
es were uneventful, and the patient was discharged home the
same day. Preoperative thyroid testing revealed: TSH 12.60 1U/
mL, free T4 0.6 ng/dL, total T3 290 ng/dL). Postoperative results
were: TSH 10.30 IU/mL, free T4 0.6 ng/dL, and total T3 284 ng/
dL. The following year, the patient required anesthesia for MR
imaging to evaluate new onset seizures. At the time, the patient’s
weight remained stable at 12.8 kg. Anesthesia was induced by
the administration of incremental concentrations of sevoflurane
in nitrous oxide and oxygen. Propofol (40 mg) was administered
to facilitate placement of a laryngeal mask airway (LMA). Main-
tenance anesthesia included sevoflurane in air and oxygen with
spontaneous ventilation through the LMA. Dexamethasone and
ondansetron were administered to provide prophylaxis against
postoperative nausea and vomiting (PONV). The intraoperative
and postoperative course were unremarkable. At 5 years of age,
the patient presented for anesthetic care during EGD with PEG
insertion. The patient weighed 19.3 kg. Preoperative vital signs
were within normal ranges for age. Anesthesia was induced by
the administration of incremental concentrations of sevoflurane
in nitrous oxide and oxygen. Endotracheal intubation was fa-
cilitated by the administration of propofol (2 mg/kg). Anesthe-
sia was maintained with sevoflurane in oxygen. During EGD,
it was determined that the stomach was positioned underneath
the left ribcage, making it difficult to place the PEG tube, and
G-tube placement was not successful. PONV prophylaxis was
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provided with dexamethasone and ondansetron. The postopera-
tive course was uneventful, and the patient was scheduled to
return for surgical G-tube placement. A few months later, the
patient presented for anesthetic care during laparoscopic G-tube
placement. At this time, he weighed 22.7 kg. Anesthesia was
induced by the administration of incremental concentrations of
sevoflurane in nitrous oxide and oxygen. After the induction
of anesthesia, a peripheral intravenous cannula was placed and
rocuronium (20 mg) was administered to facilitate endotracheal
intubation and provide neuromuscular blockade for the surgi-
cal procedure. Maintenance anesthesia included sevoflurane in
air and oxygen supplemented with dexmedetomidine (0.5 pg/
kg). Morphine (about 0.1 mg/kg) and acetaminophen were ad-
ministered for postoperative analgesia, and ondansetron and
dexamethasone for prophylaxis against PONV. An additional
surgical intervention was planned after G-tube placement and
improvement of his nutritional status to treat right hip disloca-
tion secondary to neuromuscular hip dysplasia.

At 6 years of age (24.8 kg), surgical intervention to treat
right hip subluxation was scheduled including open adductor
tenotomy, right proximal femoral varus osteotomy, and right
acetabular osteotomy. The patient was noted to have tachycar-
dia (120 - 130 beats/min) at baseline with an oxygen satura-
tion of 93% on room air. The family denied any recent illness
but did note that he was having seizures several times per day.
A thyroid function test was performed approximately 1 year
prior to this surgical procedure (TSH 4.671 IU/mL, free T4
0.6 ng/dL). The family also reported a history of oxygen de-
saturation following anesthesia due to agitation. He was held
appropriately nil per os (NPO) and was transported to the op-
erating room where routine American Society of Anesthesi-
ologists’ monitors were applied. Anesthesia was induced by
the inhalation of incremental concentrations of sevoflurane in
nitrous oxide and oxygen. Following the induction of anes-
thesia, a peripheral intravenous cannula was placed. Neuro-
muscular blockade was provided by rocuronium (1 mg/kg) and
anesthesia supplemented with propofol (1 mg/kg). Following
direct laryngoscopy with a Macintosh blade 2, the trachea
was intubated with a 5.0-mm cuffed endotracheal tube (ETT).
Anesthesia was maintained with sevoflurane in air and oxy-
gen and fentanyl (2 pg/kg). A right-sided suprainguinal fascia
iliaca block was performed with 20 mL of 0.2% ropivacaine
with epinephrine (1:200,000) and dexamethasone (0.2 mg/
mL). Surgical site prophylaxis against infection was provid-
ed with cefazolin (50 mg/kg). The intraoperative course was
unremarkable. Additional postoperative analgesia was pro-
vided by hydromorphone (0.012 mg/kg) and acetaminophen.
Prophylaxis against PONV included dexamethasone and on-
dansetron. At the completion of the surgical procedure, resid-
ual neuromuscular blockade was reversed with sugammadex
(2 mg/kg), the patient’s trachea was extubated awake, and he
was transported to the post-anesthesia care unit (PACU). In the
PACU, the patient became increasingly somnolent and diffi-
cult to arouse, and two doses of naloxone (1 pg/kg/dose) were
administered. Due to respiratory concerns, the pain team and
complex care team were consulted, and the patient was admit-
ted to the inpatient ward with continuous oxygen saturation
monitoring. Transfer to the pediatric ICU was required later
that evening for increased postoperative monitoring and res-
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piratory support. A postoperative chest radiograph, obtained
due to a persistent oxygen requirement and low oxygen satu-
ration, revealed left lower lobe atelectasis. Aggressive chest
physiotherapy and suctioning was provided to treat mucus
plugging and sialorrhea. The latter was also treated with sub-
lingual atropine drops. Parents reported that secretions and fre-
quent oxygen desaturations had been an ongoing issue at home
requiring frequent deep suctioning and vest physiotherapy.
Consideration was being given to salivary gland ablation in
the future. The following day, the patient was transferred to the
inpatient ward. Thyroid function tests were repeated on post-
operative day 1 (TSH 2.370 IU/mL, free T4 0.9 ng/dL, total T3
193 ng/dL, free T3 4.9 pg/mL). The remainder of his postop-
erative course was unremarkable, and he was discharged home
on postoperative day 2.

Discussion

AHDS is an X-linked disorder characterized by hypotonia,
feeding difficulties, developmental delay, and later onset of
dystonia, hypokinesia, and choreoathetosis. The pathophysiol-
ogy involves dysfunction of the MCTS protein, which is re-
sponsible for transport of T3 into the CNS. Reduced T3 in the
CNS leads to impairment of neurogenesis, defective migration
and myelination which manifests as neurological, develop-
mental, and psychomotor disabilities. Due to decreased central
T3, there is up-regulation of TSH release with peripheral signs
of hyperthyroidism. Treatment with thyroxine replacement
therapy (levothyroxine) remains ineffective against central and
peripheral thyroid derangement due to defective transport of
the exogenous hormone into the CNS due to deficiency of the
MCTS transport protein. Alternative therapies, diiodothyro-
propionic acid (DITPA), an agonist of T3 within the CNS, and
tritodothyroacetic acid, a thyroid hormone analog that can en-
ter cells via alternative transport mechanisms that do not rely
on the MCTS transporter, are being investigated.

As noted in our patient, anesthetic care is frequently re-
quired for diagnostic imaging and for surgical procedures
to palliate or treat end-organ involvement related to AHDS.
Given the multi-system involvement of AHDS, several periop-
erative concerns may be encountered. A thorough preoperative
history and physical examination to identify comorbid condi-
tions related to the primary disease process should be complet-
ed and the patient’s status optimized prior to anesthesia. Be-
cause of the complexity of these patients, their varied clinical
picture, and changing medication regimens, a key component
of the preoperative evaluation should be an inclusive review
of the current and recent medication record, thyroid function
tests, and vital signs. Communication and collaboration with
the patient’s primary care physicians including endocrinol-
ogy and neurology should be sought as needed. Patients with
known genetic syndromes pose a variety of challenges to the
anesthesia provider including the potential for difficulties with
airway management, bag-valve-mask ventilation or endotra-
cheal intubation [9-11]. As noted in our patient, the preopera-
tive evaluation and care of these patients may be compounded
by the rarity of the disorder and lack of previous reports in
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the literature regarding anesthetic care; however, specific air-
way concerns have not been reported in patients with AHDS.
Our patient’s preoperative airway evaluation was unremark-
able and failed to reveal anatomical findings which may sug-
gest problematic airway management [10]. Additionally, prior
anesthetic care revealed no history of difficulties with airway
management. However, the appropriate equipment for dealing
with the difficult airway should be readily available prior to
anesthetic induction and adequate bag-valve-mask ventilation
demonstrated prior to the administration of a neuromuscular
blocking agent [10, 11]. As was performed in our patient, gen-
eral anesthesia can be induced by the incremental inhalation of
sevoflurane with the maintenance of spontaneous ventilation
until effective bag-valve-mask ventilation is demonstrated.
Once effective bag-valve-mask ventilation was demonstrated,
the depth of anesthesia was deepened with the administration
of propofol followed by endotracheal intubation. In patients
with CNS disabilities, airway management may be further
compromised by the risk of aspiration due to gastroesophageal
reflux (GER) which may necessitate a rapid sequence intuba-
tion (RSI). The use of RSI must be weighed against the risks
of potential difficulties with airway management and endotra-
cheal intubation. In our patient, there were no specific clinical
indications of GER; however, he was noted to have difficulty
with excessive oral secretions.

Hypotonia, which is a frequent comorbid condition of
various syndromes, including AHDS, may affect periopera-
tive care and impact choice and subsequent use of neuromus-
cular blocking agents (NMBAs) [12, 13]. Depending on the
underlying etiology of hypotonia and the associated involve-
ment of the skeletal muscle and neuromuscular junction, suc-
cinylcholine may be contraindicated, given the potential for
rhabdomyolysis and hyperkalemia [14]. Given the lack of pre-
vious clinical reports and paucity of clinical experience with
AHDS patients, no definitive recommendations can be given
regarding the safety of succinylcholine. When considering the
patient’s clinical status, comorbid involvement, and the antici-
pated surgical procedures, there were several options chosen
during the anesthetic care of our patient. For procedures not re-
quiring neuromuscular blockade, endotracheal intubation can
be performed with deep inhalational anesthesia with sevoflu-
rane, supplemented as needed by the administration of propo-
fol and/or opioids (fentanyl or remifentanil). Alternatively,
diagnostic imaging can frequently be performed without en-
dotracheal intubation and placement of an LMA, which does
not require neuromuscular blockade. For longer procedures,
we chose to use rocuronium to facilitate endotracheal intuba-
tion and provide neuromuscular blockade during the procedure
(G-tube placement). In our anecdotal experience, despite the
associated CNS involvement and hypotonia, no prolongation
of the effect of rocuronium was noted. However, non-depo-
larizing NMBAs should be used with care as the effect can
be prolonged even with routine dosing in patients with pre-
existing neuromuscular diseases or hypotonia [12, 13]. When
available, sugammadex may provide an additional margin of
safety for reversal of the neuromuscular blocking effects of
rocuronium or vecuronium, especially in patients with hypo-
tonia or neuromuscular disorders [15-17].

Perioperative care may also be impacted by poor airway
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control, hypotonia, and respiratory muscle insufficiency in
patients with CNS disabilities resulting in obstructive sleep ap-
nea (OSA), sensitivity to opioids and residual anesthetic agents.
As demonstrated by our patient, various factors may combine to
result in postoperative hypoventilation, atelectasis, poor airway
clearance, mucus plugging, and the risk for perioperative respir-
atory insufficiency. In our patient, it is likely that the combined
effects of the comorbid involvement of AHDS with hypotonia,
poor cough effort, mucus plugging, and sensitivity to the res-
piratory depressant effects of opioids resulted in hypoventilation
and atelectasis. Emergence from anesthesia in our patient was
prolonged, and two doses of naloxone were administered to re-
verse the effects of intraoperative opioids. Although we initially
planned on care on the inpatient ward, progressive hypoxemia
and oxygen desaturation necessitated transfer to the pediatric
ICU for closer monitoring and more aggressive chest physi-
otherapy. Although our patient had previously tolerated opioid
medications well, the efficacy of the regional block combined
with progression of the underlying disease process likely con-
tributed to a lower requirement overall. Previous experience has
demonstrated the utility of regional blockade and non-opioid ad-
juncts such as acetaminophen in limiting the need for postopera-
tive opioids and their impact on respiratory function in patients
with CNS disabilities. The potential for perioperative respira-
tory compromise mandates continuous respiratory monitoring
(pulse oximetry) in these patients. Progressive atelectasis and
mucus plugging that fails to respond to aggressive chest physi-
otherapy may require the application of bilevel positive airway
pressure (BiPAP) to prevent the need for tracheal intubation.
Patients with AHDS exhibit additional neurological in-
volvement including spasticity and oropharyngeal involve-
ment [18, 19]. These neurological impairments can affect the
coordination and function of the muscles involved in swal-
lowing, secretion management, and maintenance of airway
patency. Oropharyngeal dysfunction can impair the abil-
ity to swallow effectively, leading to difficulties in clearing
oropharyngeal secretions which may further impact post-
operative respiratory function. Increased secretions were
noted perioperatively in our patient, requiring the addition
of pharmacologic management (sublingual atropine drops).
Airway patency may be further compromised by associated
macroglossia [18]. These factors contribute to the develop-
ment of sleep disordered breathing and OSA, which may be
exacerbated during the postoperative period [20].
Extrapyramidal symptoms are also a part of the clinical
picture and may be evident from an early age including dys-
tonic posturing of the upper limbs, fluctuating muscle tone,
and an increased startle reaction. The inability to walk is a
prominent feature associated with dystonia, seen in a majori-
ty of patients along with other extrapyramidal symptoms and
movement disorders (choreoathetosis). Intellectual disability
is uniformly present ranging from mild/moderate to severe/
profound developmental delay and cognitive impairment.
Joint and soft tissue contractures may lead to problems
with intraoperative positioning. This may be further impacted
by orthopedic deformities, including kyphoscoliosis, and poor
nutritional status. Close attention to positioning and appropri-
ate padding of bony prominences are imperative to prevent skin
breakdown during prolonged procedures or immobilization.
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Growth retardation, nutritional issues, and CNS disabilities may
predispose to temperature instability with hypothermia, espe-
cially during prolonged surgical procedures. Thus, care must
be taken to reduce the risk of intraoperative hypothermia with
continuous intraoperative temperature monitoring and the use of
overhead heating lights, forced air warming devices, increased
room temperature, and heated and humidified inspired gases.

Learning points

AHDS is a rare X-linked disorder resulting from mutation of
the SLC16A2 gene leading to a deficiency of a protein which
facilitates the passage of T3 into the CNS. Affected individu-
als will have an elevated free T3 concentration, low free T4,
normal-elevated levels of TSH, and a free T3/T4 ratio greater
than 0.75. This occurs despite central hypothyroidism be-
cause MCTR is essential for the entry of thyroid hormones
into the CNS. Unfortunately, due to the role of thyroid hor-
mones during the early in utero development of the brain,
affected patients have profound impairment of development
and significant cognitive impairment. Various other end-or-
gan involvement has been noted which may impact periop-
erative care (Table 1) during diagnostic imaging or surgical
procedures to treat or palliate sequelae of the disease process.
Although there are anecdotal reports of patients surviving
into the fifth or sixth decade of life, overall life expectancy
is significantly compromised, and the quality of life severely
affected as most patients are unable to walk independently
or feed themselves. Throughout their lifetime patients with
AHDS are likely to require multiple anesthetics and require
careful preoperative evaluation and a perioperative plan tai-
lored to their specific comorbidities. Although there are no
specific anesthetic medications known to be contraindicated
in patients with AHDS, natural progression of the disease
process may lead to increased sensitivity to anesthetic agents,
NMBAs, and opioid medications over time, which must be
considered with each subsequent anesthetic encounter.
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Table 1. End-Organ Involvement and Perioperative Concerns of Patients With AHDS

1. Airway concerns
a. No reports of difficulties with endotracheal intubation or bag-valve-mask ventilation
b. Macroglossia
i. Potential impact on airway management
ii. May exacerbate obstructive sleep apnea (OSA)
2. Hypotonia
a. No information regarding safety of succinylcholine
b. Potential for increased sensitivity to non-depolarizing neuromuscular blocking agent
c. Consider use of sugammadex to reverse neuromuscular blockade
3. Cardiovascular involvement related to high peripheral thyroid hormones
a. Tachycardia
b. Arrhythmias
c. Potential for myocardial dysfunction
4. Potential for postoperative respiratory insufficiency
a. Associated hypotonia
b. Potential for increased sensitivity to opioids and anesthetic agents
c. Impaired upper airway control with OSA
d. Poor cough effort leading to mucus plugging and atelectasis
e. Increased oropharyngeal secretions, consider use of anti-sialagogue
f. Impact on perioperative care
i. Consider postoperative monitoring of respiratory function (pulse oximetry)
ii. May require ICU care
iii. Use short acting anesthesia agents
iv. Maximize non-opioid analgesia adjuncts, consider regional anesthesia for postoperative analgesia
v. Limit use of systemic opioids
5. Gastrointestinal involvement
a. Failure to thrive
b. Poor oral intake
c. Gastroesophageal reflux
6. Central nervous system involvement
a. Developmental delay, intellectual impairment
b. Failure to thrive
c. Hypotonia
d. Extra-pyramidal involvement, movement disorder, choreoathetosis
e. Seizures

7. Untreated central hypothyroidism

AHDS: Allan-Herndon-Dudley syndrome; ICU: intensive care unit.
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