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Anaesthesia recommendations for

Sotos syndrome

Disease name: Sotos syndrome
ICD 10: Q87.3
Synonyms: Cerebral gigantism syndrome, Malan syndrome (Sotos syndrome 2)

Disease summary: Sotos syndrome is characterised by the presence of excessive growth
during childhood, advanced bone age, macrocephaly, characteristic facial appearance and
non-progressive learning difficulties [1]. It affects males and females in equal numbers. Its
incidence is one in 14,000 live births. It was first described in 1964 by Dr. J.F. Sotos [2].

Until the early 2000s, diagnosis of Sotos syndrome was based upon the presence of
characteristic clinical features as listed above [3]. It was subsequently discovered that
mutations and deletions of the NSD1 (nuclear receptor-binding SET domain) gene — localised
on chromosome 5q35.3, which codes for a histone methyltransferase implicated in
transcriptional regulation — is responsible for more than 75 % of cases of Sotos syndrome [4].
In Europe and the USA, NSD1 mutations cause 60—80 % of cases of Sotos syndrome, whereby
microdeletions of NSD1 cause approximately 10 % of cases. In contrast: in Japan, NSD1
microdeletions are the primary cause of Sotos syndrome in over 50 % of cases [4].

The function of the NSD1 gene has not yet been fully described. The gene codes for a histone
methyltransferase, which acts as a transcriptional intermediary factor capable of both
negatively and positively influencing transcription. NSD1 has been described as a “corepressor
of genes that promote growth” [5]. While it remains unclear exactly how the malfunction of
NSD1 leads to the features of Sotos syndrome, it is thought that mutations and microdeletions
involving NSD1 disrupts the activity of genes involved in normal growth and development [4].
While over 95 % of cases are sporadic in aetiology, autosomal dominant inheritance has also
been described in several cases [4].

As other genetic abnormalities were identified in patients with Sotos syndrome, patients with
abnormalities of the NSD1 gene were later termed ‘Sotos syndrome 1’. Heterozygous
mutations in the NFIX (Nuclear Factor I, X type) on chromosome 19p13.3 were identified in a
cohort of children with the Sotos syndrome phenotype. They were labelled ‘Sotos syndrome 2’
[6]. Furthermore, in 2015, a loss-of-function, frameshift mutation in the APC2 (Adenomatous
Polyposis Coli 2) gene was identified in two siblings with features of Sotos syndrome but
without NSD1 mutations [7]. They exhibited intellectual disability, abnormal brain structure and
typical facial features but no other features such as bone or heart abnormalities. The APC2
gene is a downstream regulator of the NSD1 gene and its expression is downregulated by
abnormalities of the NSD1 gene, potentially explaining the resulting neurological mani-
festations [7]. This genotype-phenotype combination is now known as ‘Sotos syndrome 3’.




In Sotos syndrome, the childhood growth is particularly advanced in the first year of life, after
which it stabilises, before normalising in puberty. Height measurements are consistently above
the 97th percentile in years 2—6, while final height is usually in the high normal range [4].

Craniofacial features are distinctive. The forehead tends to be overly prominent in infancy,
while in adolescences an elongated face with a prominent chin is seen. Hypertelorism and
down slanting palpebral fissures are common, as are receding hairline, prominent jaw, high
arched palate, anteverted nostrils and long ears. Occipitofrontal circumference remains
between the 98th and 99.6th percentile throughout life [8].

Most patients have a non-progressive neurological dysfunction, though the degree of learning
disability appears to be extremely variable. Delay in motor development and expressive
language is common [4].

Other manifestations of Sotos syndrome are variable. Delayed attainment of milestones of
development is to be expected. Developmental delay is present in 80—85 % of the patients, for
example excessive drooling; central nervous system abnormalities: enlarged ventricles,
increased subarachnoid spaces that may require treatment, agenesis or hypoplasia of the
corpus callosum, agenesis of the septum pellucidum, hypoplasia and atrophy of the cerebellar
vermis, large cisterna magna and abnormalities of the Sylvian fissure. Among musculoskeletal
abnormalities, hypotonia is the most frequent (84 %), pectus excavatum or carinatum has also
been reported. Ophthalmologic manifestations are frequent: strabismus, nystagmus, retinal
and optic nerve anomalies [9]. Hypothyroidism, hyperthyroidism, hypoparathyroidism and
thyrotoxicosis has been reported [9,10]. There is an increased incidence of different tumours
at a young age [9,11], non-progressive hypotonia [12]. About 14 % of patients present with
auditive-related conditions [10] such as hearing loss, EMO, recurrent ear infections,
cholesteatoma, and degenerative changes of the eardrum. About 24% of individuals have
congenital malformations or abnormalities of the head and neck [10], including high arched
palate, auricular dysplasia, macroglossia, cleft lip and palate, and alveolar cleft. Feeding
difficulties have also been reported [10]. It can be due to the hypotonia that may result in
weakness in the muscles of swallowing and subsequent feeding difficulties or the associated
congenital malformations of the head and neck. About 16 % of individuals were reported to
have other conditions, including speech disorder, respiratory difficulties, laryngomalacia,
severe OSA, gastroesophageal reflux disease, and parotitis [109].

Scoliosis and kyphoscoliosis are present in approximately 30 % of patients. Early detection of
scoliosis is important to facilitate early intervention with back braces and/or surgery [8]. There
is no reported or published data on pulmonary function capacity with the subset of patients
with scoliosis compared to Sotos syndrome patients without scoliosis. Congenitally dislocated
hips, genu vara/valga and propensity to fractures with minimal trauma have been described
[8]. Childhood seizures are common in 50 %, frequently febrile in nature [4]. Behaviour
abnormalities include social inhibition and attention deficit [13]. An increased occurrence of
congenital heart disease is seen, the most common defects being patent ductus arteriosus and
septal defects [8]. Renal anomalies (bifid, duplex, cystic or absent kidneys; vesicoureteral
reflux; pelvoureteric junction obstruction) and genital anomalies (hypospadias; cryptorchidism)
are present in 15 % of children with NSD1 abnormalities [14]. Recurrent upper respiration tract
infections and otitis media are also common, and constipation also often requires treatment

[4].
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Typical surgery

Cardiac, neuro, ENT and urogenital surgery.

Nissen fundoplication with/without gastrostomy.

Type of anaesthesia

There are no definite recommendations regarding either general anaesthesia or regional
anaesthesia for patients with Sotos syndrome.

The vast majority of published cases describes the use of general anaesthesia for procedures
for Sotos syndrome patients. Regional anaesthesia is reported in Sotos syndrome.
Neurostimulator and ultrasound guidance should be used to reduce the risk of complications.
Most of the children with Sotos syndrome are uncooperative and possibly aggressive, so
regional anaesthesia should be performed after GA induction [11]. One case report of regional
anaesthesia has been published in a patient diagnosed with Sotos syndrome and sustaining
mild hypotonia. No complications were observed [15].

Necessary additional pre-operative testing (beside standard care)

A detailed pre-operative assessment and an understanding of the comorbidities of patients
with Sotos syndrome is essential for the anaesthetic management. Patients with Sotos
syndrome exhibit a high incidence of heart defects and genitourinary abnormalities, so detailed
assessment for cardiac and renal disease should be performed pre-operatively.

Echocardiogram should be performed to assess for congenital heart defects, the most
common being septal defects and patent ductus arteriosus. Renal ultrasound should also be
considered if renal function is decreased.

Haematological investigations should include full blood count, urea, creatinine, electrolytes and
coagulation profile.

Kyphoscoliosis may cause restrictive lung disease and require pre-operative respiratory testing
[11].

History of seizures should be documented, together with the anticonvulsive drugs and the
possible interactions with the anaesthetic drugs.

Anaesthetic procedure

e Consider the option of an inhalation induction and intravenous catheter placement
when the patient is already unconscious.

o Oral sedative premedication can be considered but should be individualised depending
on patient conditions such as hypotonia, OSA, or respiratory difficulties.

e Drugs decreasing the seizure threshold should be avoided, even if there is no history
of seizure disorder; many children with Sotos syndrome have EEG abnormalities
without clinical seizures [11].

www.orphananesthesia.eu 4



http://www.orphananesthesia.eu/

e [For general anaesthesia, parental presence during induction has been described as
invaluable in achieving sufficient patient cooperation [16]. Tolerance of needles is
variable, so oral sedative premedication can be considered [17].

o Despite the presence of craniofacial abnormalities including high arched palate,
pointed chin and abnormally erupted teeth, endotracheal intubation has been
performed without difficulty [16,18,19]. There are no documented cases of difficult
intubation in the literature to date.

e Concern has been expressed regarding the use of muscle relaxants in patients with
Sotos syndrome due to hypotonia. Muscle relaxants have been used in cases of Sotos
syndrome without complications: succinylcholine, atracurium and vecuronium. It has
been surmised that patients with Sotos syndrome do not have any significant aberrant
clinical pharmacologic effects with the use of muscle relaxants [16,17,18]. Furthermore,
the recovery trend of TOF post muscle relaxant administration appears to have been
normal in the data to date [16].

Particular preparation for airvay management

As detailed above, despite airway management concerns due to the craniofacial abnormalities
associated with Sotos syndrome, the intubation in each case detailed in the literature to date
has been straightforward [16,18,19]. Care should be taken, however, all the more so as a
comprehensive airway assessment including Mallampati score is often not possible due to
poor co-operation [16].

Of noted it has been reported that a depth of insertion of the orotracheal tube needs to be 3
cm deeper than that obtained through the standard formula (12 + age/2).

A previous case report had also demonstrated deeper endotracheal tube insertion in a child
with Sotos syndrome. However, the tracheal tube sizes are appropriate for age, as predicted
by usual formulae [11,12].

Macroglossia has been described [10].

Particular preparation for transfusion or administration of blood products

No particular concerns have been described.

Particular preparation for anticoagulation

No particular concerns have been described, but drug dosing should be adjusted if significant
renal impairment is present.

Particular precautions for positioning, transportation and mobilisation

Extra care should be taken in positioning due to the above average height of these patients
and laxity of joins. Head positioning may be difficult due to large occiput size [3]. These patients
are prone to have fractures with minimal trauma.
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Interactions of chronic disease and anaesthesia medications

Anaesthetic agents which depend on renal excretion should be used with caution if renal
impairment is present.

It may be better to choose anaesthetic agents that increase the seizure threshold due to the
high prevalence of seizures in Sotos syndrome [16].

Seizures in Soto syndrome should be managed with standard protocols for anti-seizure
medication. In drug resistant seizures, ketogenic diet and vagal nerve stimulator could also be
considered [16].

Particular or additional monitoring

No definitive guidelines are available. The presence of cardiovascular, renal and
cerebrovascular disease often associated with Sotos syndrome should guide the need for
invasive monitoring with arterial and central venous pressures on a case by case basis.

Possible complications

None of note documented to date.

Post-operative care

Post-operative care should depend on the type of surgery and the clinical situation of the
patient post-operatively. Presence of a parent/guardian during the post-operative period has
been shown to greatly increase cooperation of patients [16].

Monitor the appearance of possible episodes of respiratory failure. Severe OSA has been
described [10].

Disease-related acute problems and effect on anaesthesia and recovery

No acute or emergency situations have arisen from the documented cases of anaesthesia for
patients with Sotos syndrome to date.

Ambulatory anaesthesia

Day case anaesthesia has not been described. Due to likelihood of distress caused by
unfamiliar surroundings during an inpatient stay, it is reasonable to consider ambulatory
anaesthesia when possible for small procedures.

Obstetrical anaesthesia

There are cases of patients with Sotos syndrome giving birth, but no cases describing their
obstetrical anaesthesia management have been described to date. There are no known case
reports of the use of regional anaesthesia in Sotos syndrome. There is no known contra-
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indication; however, the presence of scoliosis and cognitive impairment could make consent
and performing neuroaxial anaesthesia difficult.

www.orphananesthesia.eu 7



http://www.orphananesthesia.eu/

References

11.

12.

13.

14.
15.

16.

17.

18.

19.

Cole TR, Hughes HE. Sotos syndrome: a study of the diagnostic criteria and natural history. J
Med Genet 1994;31:20-32. DOI:10.1136/jmg.31.1.20

Sotos JF, Dodge PR, Muirhead D, Crawford JD, Talbot NB. Cerebral Gigantism in Childhood.
A Syndrome of Excessively Rapid Growth and Acromegalic Features and a Nonprogressive
Neurologic Disorder. N Engl J Med 1964;271:109-116. DOI:10.1056/NEJM196407162710301
Chierichini A, Messina A, Vergari A, Santoprete S, Rassanito L. Regional anesthesia in a child
with sotos syndrome. Int J Immunopathol Pharmacol 2011;24:21-23.
DOI:10.1177/03946320110241S205

Baujat G, Cormier-Daire V. Sotos syndrome. Orphanet J Rare Dis. 2007;2:36.
DOI:10.1186/1750-1172-2-36

Tarkmen S, Gillessen-Kaesbach G, Meinecke P, Albrecht B, Neumann LM, Hesse V, et al.
Mutations in NSD1 are responsible for Sotos syndrome, but are not a frequent finding in other
overgrowth phenotypes. Eur J Hum Genet 2003;11:858-565. DOI:10.1038/sj.ejhg.5201050
Jezela-Stanek A, Kucharczyk M, Falana K, Jurkiewicz D, Mlynek M, Wicher D, et al. Malan
syndrome (Sotos syndrome 2) in two patients with 19p13.2 deletion encompassing NFIX gene
and novel NFIX sequence variant. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub
2016;160:161-167. DOI:10.5507/bp.2016.006

Almuriekhi M, Shintani T, Fahiminiya S, Fujikawa A, Kuboyama K, Takeuchi Y, et al. Loss-of-
Function Mutation in APC2 Causes Sotos Syndrome Features. Cell Rep 2015;10:1585-1598.
DOI:10.1016/j.celrep.2015.02.011.

Tatton-Brown K, Douglas J, Coleman K, Baujat G, Cole TR, Das S, et al. Genotype-phenotype
associations in Sotos syndrome: an analysis of 266 individuals with NSD1 aberrations. Am J
Hum Genet 2005;77:193-204. DOI:10.1086/432082

Sotos JF. Sotos Syndrome 1 and 2. Pediatr Endocrinol Rev 2014;12:2-16

. O’'Neil Danis D, Bodamer O, Levi JR. The otolaryngologic manifestations of Sotos Syndrome

1: A systematic review. Int J Pediatr Otorhinolaryngol 2021;143:10649.

DOI: 10.1016/j.ijporl.2021.110649

Adhami EJ, Cancio-Babu C. Anaesthesia in a child with Sotos syndrome. Case report.
Paediatr Anaesth 2003;13:835-840

Chung JY; Kim G. Anesthetic considerations in a child with Sotos Syndrome: A case report.
Anesth Pain Med 2017;12:240-242

Lane C, Milne E, Freeth M. Cognition and Behaviour in Sotos Syndrome: A Systematic
Review. PLoS One 2016;11:e0149189. DOI:10.1371/journal.pone.0149189

Cole T. Congenital urological anomalies in Sotos syndrome. Br J Urol 1996;78:156
Chierichini A, Messina A. Regional anesthesia in a child with Sotos Syndrome. Int J
Immunopathol Pharmacol 2011;24;1(s2):21-23

Joo-Young Chung, Gahyun Kim, Ju-Hun Park. Anesthetic considerations in a child with Sotos
syndrome - A case report. Anesth Pain Med 2017;12: 240-242.
DOI:10.17085/apm.2017.12.3.240

Fortin O, Vincelette C, Khan AQ. Seizures in Sotos syndrome: Phenotyping in 49 patients.
Epilepsia Open 2021; 6:425-430. Published online 2021 Apr 9. DOI: 10.1002/epi4.12484
Suresh D. Posterior spinal fusion in Sotos' syndrome. Br J Anaesth 1991;66:728—732.
DOI:10.1093/bja/66.6.728

Varvinski A, McGill FJ, Judd V, Hodzovic I. Sotos' syndrome ... a rare challenge? Anaesthesia
2001;56:809. DOI:10.1046/j.1365-2044.2001.02181-17.x.

www.orphananesthesia.eu 8



http://www.orphananesthesia.eu/

Date last modified: December 2021

This recommendation was prepared by:
Author

Kim Caufield, Consultant Anaesthesiologist, University Hospital Waterford, Ireland
kimcaulfield86@gmail.com

Patrick Wiseman, Anaesthetic Trainee, Beaumont Hospital
patrickwiseman@hotmail.com

Disclosure These authors have no financial or other competing interest to disclose. This
recommendation was unfunded.

This recommendation was reviewed by:
Reviewers

Arash Afshari, Anaesthesiologist, Department of Pediatric and Obstetric Anesthesia,
University of Copenhagen, Rigshospitalet, Denmark
Arash.Afshari@regionh.dk

Cristina del Rio Pefia, Pediatric Anesthesiology, 12 de Octubre Hospital, Madrid. Miembro
del Grupo de Trabajo "Enfermedades Raras y Anestesia" de la Seccién Pediatrica de la
SEDAR

cristina.rio@salud.madrid.org

Disclosure The reviewers have no financial or other competing interest to disclose.

Please note that this recommendation has not been reviewed by an anaesthesiologist and a disease expert but by
two anaesthesiologists instead.

www.orphananesthesia.eu 9



http://www.orphananesthesia.eu/

