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Childhood neurofibromatosis type 2 (NF2)  
and related disorders: from bench to bedside  
and biologically targeted therapies
Neurofibromatosi tipo 2 (NF2) e sindromi correlate in età infantile: dalla biologia 
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SUMMARY

Neurofibromatosis type 2 [NF2; MIM # 101000] is an autosomal dominant disorder characterised by the occurrence of vestibular schwan-
nomas (VSs), schwannomas of other cranial, spinal and cutaneous nerves, cranial and spinal meningiomas and/or other central nervous 
system (CNS) tumours (e.g., ependymomas, astrocytomas). Additional features include early onset cataracts, optic nerve sheath menin-
giomas, retinal hamartomas, dermal schwannomas (i.e., NF2-plaques), and (few) café-au-lait spots. Clinically, NF2 children fall into two 
main groups: (1) congenital NF2 - with bilateral VSs detected as early as the first days to months of life, which can be stable/asymptomatic 
for one-two decades and suddenly progress; and (2) severe pre-pubertal (Wishart type) NF2- with multiple (and rapidly progressive) CNS 
tumours other-than-VS, which usually present first, years before VSs [vs. the classical adult (Gardner type) NF2, with bilateral VSs pre-
senting in young adulthood, sometimes as the only disease feature]. Some individuals can develop unilateral VS associated with ipsilateral 
meningiomas or multiple schwannomas localised to one part of the peripheral nervous system [i.e., mosaic NF2] or multiple non-VS, 
non-intradermal cranial, spinal and peripheral schwannomas (histologically proven) [schwannomatosis]. NF2 is caused by mutations in the 
NF2 gene at chromosome 22q12.1, which encodes for a protein called merlin or schwannomin, most similar to the exrin-readixin-moesin 
(ERM) proteins; mosaicNF2 is due to mosaic phenomena for the NF2 gene, whilst schwannomatosis is caused by coupled germ-line and 
mosaic mutations either in the SMARCB1 gene [SWNTS1; MIM # 162091] or the LZTR1 gene [SWNTS2; MIM # 615670] both falling 
within the 22q region and the NF2 gene. Data driven from in vitro and animal studies on the merlin pathway [e.g., post-translational and 
upstream/downstream regulation] allowed biologically targeted treatment strategies [e.g., Lapatinib, Erlotinib, Bevacizumab] aimed to 
multiple tumour shrinkage and/or regression and tumour arrest of progression with functional improvement.

KEY WORDS: Paediatric NF2 • Congenital NF2 • Childhood NF2 • Eearly onset NF2 • Mosaic NF2 • Schwannomatosis • Merlin

RIASSUNTO 

La neurofibromatosi tipo 2 [NF2] è una malattia genetica a trasmissione autosomica dominante [MIM # 101000]. Clinicamente è caratterizzata 
da: (1) schwannomi bilaterali del (VIII) nervo acustico/vestibolare; (2) cataratta giovanile o amartomi retinici; (3) schwannomi a carico dei nervi 
periferici e dei nervi cranici; (4) tumori multipli del sistema nervoso centrale (es., meningiomi, astrocitomi, ependimomi); (5) lesioni cutanee: (a) 
placche NF2 (schwannomi cutanei); (b) (poche) macchie caffellatte; (6) “malformazioni dello sviluppo corticale cerebrale”. La prevalenza della 
(forma sintomatica di) NF2 nella popolazione generale è di 1 su 100.000-200.000 individui con un’incidenza di 1 su 33.000 nati. La forma classi-
ca a esordio nel giovane adulto è conosciuta come forma di Gardner, (esordio intorno ai 20-30 anni d’età) con manifestazioni legate agli schwan-
nomi bilaterali del nervo acustico/vestibolare (diminuzione/perdita progressiva dell’udito, tinnito, vertigini) e/o più raramente con manifestazioni 
da (altri) tumori del sistema nervoso centrale e/o periferico. In età pediatrica il fenotipo è diverso (forma di Wishart): per primi compaiono abi-
tualmente i tumori del sistema nervoso centrale in assenza di schwannomi vestibolari; si possono avere macchie caffellatte e placche NF2 e solo 
dopo anni i tumori del nervo cranico VIII e di altri nervi cranici. Il quadro è più grave. Esiste anche una forma “congenita” ad esordio nei primi 
giorni/mesi di vita, con schwannomi vestibolari di piccole dimensioni (stabili nel tempo: anche per anni/decenni ma con improvvisa e rapida pro-
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Introduction
Neurofibromatosis type 2 [NF2; MIM # 101000]  1-4, pre-
viously known as bilateral acoustic neurofibromatosis 
[BANF] or central neurofibromatosis  5-8, is an autosomal 
dominant disorder caused by mutations in the NF2 gene 
[MIM # 607379] 9 10, encoding neurofibromin-2 or schwan-
nomin [SCH], which is also called merlin [moesin-ezrin-
radixin-like (ERM) protein], on chromosome 22q12.2  11. 
Clinically, NF2 is characterised by the development of 
vestibular schwannomas (VSs), schwannomas of other 
cranial, spinal and cutaneous nerves, cranial and spinal 
meningiomas and/or other central nervous system (CNS) 
tumours including ependymomas and low grade astrocy-
tomas 12-15. A variety of ocular abnormalities are also com-
mon, such as early onset cataracts (usually asymptomatic), 
optic nerve sheath meningiomas, retinal and/or pigment 
epithelial hamartomas and epithelial retinal membranes 16. 
Skin abnormalities include flat dermal (NF2-plaques) and 
spherical/ovoid subcutaneous nodular schwannomas  17. 
Less than 1% of NF2 patients have > 6 café-au-lait (CAL) 
spots 1-4 17. Clinically, affected individuals fall into two main 
groups1 18 19: (1) (Mild) Gardner type NF2 6 7, with bilateral 
VSs presenting in adulthood (mean age 22 to 27 years), 
often as the only feature19; (2) (Severe) Wishart type NF2 5, 
with multiple (and rapidly progressive) CNS tumours oth-
er-than-VS which may present first, years before VSs 20-33. 
The latter group also tends to have more marked skin and 
eye involvement  1-4  20-33. There is nonetheless substantial 
variation and patients may not fit neatly into one category. 
A third group, known as congenital NF2 34, has been also 
recorded with bilateral VSs detected as early as the first 
days to months of life, which can be stable (and asympto-
matic) for one to nearly two decades and thereafter sud-

denly progress: this form may be associated with (revers-
ible) NF2 plaques in atypical locations (e.g., face, hands 
and feet) and other CNS tumours (e.g., meningiomas, 
ependymomas) 34.
Some individuals may also have NF2-related tumours 
localised to one part of the nervous system: e.g., a uni-
lateral vestibular schwannoma with ipsilateral meningi-
omas or multiple schwannomas in one part of the periph-
eral nervous system (mosaic NF2): these phenotypes are 
caused by true somatic mutations of the NF2 gene 35-50.
Some other individuals develop multiple non-vestibular, 
non-intradermal cranial, spinal and peripheral [histo-
logically proven] schwannomas and are usually referred 
as having schwannomatosis [SWNTS]  51-59: two major 
clinical/molecular forms have been characterised so 
far, caused by mutation either in the SMARCB1 gene 
[SWNTS1: MIM # 162091] located at 22q11.23 60-62 or 
in the LTRZ1 gene [SWNTS2: MIM # 615670] located 
at 22q11.21 63-65.
Clinically overlapping features, between classical 
NF2 and alternate forms of NF2 [i.e., mosaic NF2 and 
schwannomatosis], are increasingly recorded 38 40 43-47 50 58 
and only sometimes sorted out by means of molecular 
analysis  66 . Unilateral VSs (without NF2-related fea-
tures) are relatively common in the general population 
[7% of all primary CNS tumours] as well as the oc-
currence of multiple meningiomas [including familial 
multiple meningiomas]. For all the above reasons and 
considerations, multiple sets of diagnostic criteria have 
been developed over the years for NF2 and its alternate/
related forms  44 46 55 57-59 67-72. However, even individuals 
with bilateral VS especially late in life can have devel-
oped these by chance rather than having NF2 50.

gressione) e numerose placche NF2; in questa forma le altre manifestazioni (es. meningiomi, altri tumori, altri schwannomi) sono spesso più gravi 
e progressive delle altre forme. Il gene responsabile della NF2 è localizzato sul cromosoma 22q12.1. Il prodotto genico della NF2 è conosciuto con 
il nome di schwannomina o merlina [dalla famiglia di proteine 4.1 del tipo moesina-ezrina-radixina/ERM alla quale appartiene il gene della NF2) 
e ha funzioni di regolazione della crescita e del rimodellamento cellulare (soppressione della crescita cellulare e della tumorigenesi)]. Alcune 
persone possono presentare tutte le (o parte delle) manifestazioni della NF2 in un emilato o in segmenti corporei circoscritti [NF2 a mosaico]. 
Altre persone presentano schwannomi (confermati istologicamente) dei nervi periferici (non intradermici) e/o delle radici gangliari in assenza 
di tumori del nervo vestibolare (o di altri nervi cranici: anche se in alcuni casi vi possono essere anche tumori unilaterali o bilaterali del nervo 
acustico/vestibolare e/o dei nervi cranici misti) o di altri segni diagnostici per la NF2 [Schwannomatosi, SWNTS]. L’esordio in questa forma è 
intorno ai 30 anni d’età (sono conosciuti casi in età pediatrica) con tumori in svariate sedi (abitualmente tronco e arti). Si conoscono due forme 
principali: (1) SWNTS1 [MIM # 162091] causata da alterazioni del gene SMARCB1 [regolatore della cromatina actina-dipendente associato alla 
matrice e correlato alle proteina SWI/SBF, sub-famiglia B, membro di tipo 1; MIM # 601607], sul cromosoma 22q11.23 (posizione centromerica 
rispetto al gene della NF2); (2) SWNTS2 [MIM # 615670] causata da alterazioni del gene LZTR1 [regolatore della trascrizione di tipo 1 legato 
alla Leucina; MIM # 600574], cromosoma 22q11.21 (posizione centromerica rispetto al gene SMARCB1) che codifica per una proteina, membro 
della super-famiglia BTB-kelch. Il meccanismo molecolare della Schwannomatosi comprende: (1) mutazione germinale del gene SMARCB1 o del 
gene LZTR1; (2) ampia delezione all’interno del cromosoma 22 (con perdita del gene NF2 e dell’allele intatto SMARCB1 o LZTR1); e (3) muta-
zione somatica dell’allele intatto del gene NF2 [meccanismo conosciuto come “four hits”: “Quadrupla alterazione” (su entrambi gli alleli dei 
due geni SWNTS/NF2), con tre passaggi consecutivi]. Negli ultimi anni, accanto alle tradizionali terapie chirurgiche e/o radioterapiche sono stati 
anche impiegati diversi farmaci “biologici” (es., Lapatinib e Bevacizumab) con effetti di riduzione/arresto della crescita dei tipici tumori NF2. 

PAROLE CHIAVE: NF2 pediatrica • NF2 ad esordio precoce • NF2 a mosaico • NF2 Congenita • Schwannomatosi • Merlina

Acta Otorhinolaryngol Ital 2016;36:345-367



Molecular and clinical aspects of paediatric neurofibromatosis type 2 

347

Clinical manifestations and natural history 
in the paediatric age
Patterns of initial presentations
The pattern(s) of presentation (and the natural history) 
of NF2 in childhood, are very protean and differ from 
adulthood in many respects  19-33. In addition, children 
with NF2 whose onset is at or before puberty usually 
present differently from adolescents  28  32  34. The most 
common initial symptoms in adult onset NF2 are usually 
attributed to eight cranial nerve dysfunction and include 
hearing loss, tinnitus, or balance dysfunction  1-4 12-14 73. 
Conversely, in the pre-pubertal NF2 age group subtle 
skin tumours, small posterior capsular or cortical edge 
cataracts or neurological signs (see below) secondary 
to other-than-VSs cranial nerve(s) involvement and/or 
brainstem or spinal cord compression are more common 
and manifest long before dysfunction of cranial nerve 
VIII 19-34. A reversal pattern is encountered in the con-
genital form of NF2 (see below) 34, whose first nervous 
system manifestation of the disease is the presence of 
small (i.e., less than 1 cm) bilateral VS, recorded (inci-
dentally) as early as the first months or days (Zampino 
G., personal observation) of life.

Skin manifestations
The initial clinical presentation of some NF2 children 
is when they manifest with few CAL spots (larger than 
in NF1, with more irregular margins and paler colour) 
(Fig. 1), and/or peripheral nerve tumours (Fig. 2) and are 
initially diagnosed as having either NF1 or sporadic be-
nign neurofibromas or schwannomas, the revision of the 
diagnosis only occurring when the tumours are removed 
for histology showing a schwannoma not a neurofibroma 
or when other tumours become symptomatic or other NF2 
features manifest  19 23 28 32 34. Some of the cutaneous and 

nodular schwannomas are difficult to distinguish from 
neurofibromas from a clinical point of view. The only ex-
ception are the NF2-plaques which are schwannomas his-
tologically and have a distinctive appearance as discrete, 
well-circumscribed, slightly raised pigmented cutaneous 
lesions (Fig. 2) often containing excess hair and usually 
less than 2 cm in diameter28 34. Another important aspect is 
that the NF2-plaques, in this young age group, are usually 
and typically (mostly) localised in the upper and lower 
limbs (and the hands, feet and the face in the congenital 
forms) (Fig. 2 A-B) 23 28 34, differently from what is record-
ed in adult onset NF2 where the plaques are prevalently 
located in the trunk 1-4 12-14.

Ophthalmologic manifestations
Cataract is usually recorded in about 40% of NF2 chil-
dren and is most commonly of the juvenile posterior 
sub-capsular or cortical types (Fig. 3a). A further 25% of 
cases may have retinal hamartomas. Overall, cataract and/
or retinal changes are recorded in 40% to over 70% in the 
paediatric NF2 series so far reported 19 23 28 30 32. Notably, 
Evans et al.  23 recorded lower overall figures (3.3%) for 
cataract in their NF2 children, but these had not under-
gone systematic ophthalmological examination. In all the 

Fig. 1. Close view up of the skin of a child with NF2 showing 
multiple café-au-lait spots of different size and shape (the lar-
gest are indicated by white arrows): note the paler brownish 
colour and the irregular size and margins.

Fig. 2. Close view up of the skin of a toddler with “congenital” 
onset NF2 showing classical NF2 plaques (in atypical locations) 
over (A) the fingers (black arrows) and (B) the knee (white arrows).

A

B
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large NF2 series, lens opacities have usually been asymp-
tomatic but when they are large can affect visual acuity 
in approximately 20% of NF2 patients 19-33. In childhood 
NF2 lens opacities can be detected by chance very early 
in life but often are thought to be sporadic and the chil-
dren being discharged with follow-up 19 24 26-28. When the 
same patients later develop hearing or neurological signs, 
whose association with cataracts should have alerted for 
NF2, diagnosis was suspected 28.
A significant number of NF2 children may have idi-
opathic strabismus or amblyopia before the development 
of other neurological symptoms that prompt the diagnosis 
of NF2 23 26-28. Childhood onset strabismus and amblyopia 
have been frequently reported in adults with NF2 1 1-4 12-14. 
Even though either sign has been regarded as non specific 20 
we recorded both signs in children who later on in their 

NF2 course were shown at neuroimaging to have intraorbi-
tal or retro-orbital meningiomas (Fig. 3b) or schwannomas 
of the third, fourth, sixth and seventh cranial nerves or tu-
mours in the brainstem. 

Otolaryngology manifestations
Few NF2 children develop pure hearing or balance dys-
function as the first feature of their disease 19-33.
It must be noted that, in contrast to isolated unilateral 
VS, the NF2-associated VSs tend to cause symptoms at 
younger ages; in addition to that, NF2-associated VSs 
have larger size and a multilobulated macroscopic (Figs. 
4a-b) and microscopic appearance when compared with 
their sporadic counterpart  23  28 and on MRI are clearly 
multifocal on both branches of the vestibular nerves al-
most invariably including the 7th nerve branches and/or 
invading the internal auditory canal (Fig. 4c) 71.
Some otolaryngology features can be caused by (other-
than-eight) cranial nerve(s) involvement (Fig. 5) and/or to 
brain meningiomas (Fig. 6) 23-26 28.

Neurological phenotype
Neurological manifestations are dictated by the presence, 
localisation and extension of the lesions in the cranial and/
or spinal regions and in the major cranial and/or periph-
eral nerve trunks: because of their initial, other-than-VSs, 
involvement most children with NF2 at onset may have 
isolated or multiple (other-than-eight nerve) cranial nerve 
deficits, neurological dysfunction related to intracranial, 
brainstem and/or spinal masses (most often meningiomas, 
schwannomas and ependymomas), including sensory and/
or motor deficits, seizures and/or visual field defects, and 
peripheral neuropathy (with muscle wasting) secondary 
to schwannomas. 
There are neither intellectual impairment nor learning dif-
ficulties. 
Central nervous system imaging, which in NF2 must in-
clude full brain and spinal MRI, usually assess the tumour 
burden and its progression over time. In almost all chil-
dren with the Wishart type NF2 24-26 28 and in all children 
with congenital type NF2 34 we also recorded high signal 
lesions in the cortical or periventricular regions resem-
bling those of cortical dysplasia or cortical alterations of 
the polymicrogyria type. These hyperintensities (which do 
no enhance after gadolinium administration) have been so 
far attributed either to meningoangiomatosis or to hamar-
tomatous tissue; the “pure” cortical dysplasia is often as-
sociated with other brain anomalies (e.g., colpocephaly). 
Interestingly, these cortical abnormalities do not behave 
as true masses or classical dysplasia being asymptomatic 
initially: however, after puberty we recorded generalised 
tonic-clonic seizures [easily treatable with classical anti-
convulsants (e.g., valproic acid)] in most of these children 
with cortical abnormalities 28 34. 
The brainstem and/or the spine are usually involved by in-

Fig. 3. (A) Magnified view of the eye in an NF2 child show-
ing subcapsular lens opacities (white arrow); and (B) Axial T2-
weighted magnetic resonance image of the brain in a child with 
“congenital” NF2 showing a hypointense area (white arrows) in 
the intra-orbital region (“intra-orbital meningioma”).
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trinsic tumours (e.g., ependymomas, astrocytomas) (Fig. 7), 
intradural meningiomas (Fig. 8a), and/or by peripheral 
schwannomas affecting the paravertebral ganglia and/or 
extending into the extra- or intradural spaces (Fig. 8b). 
Peripheral nervous system imaging reveals solitary or 
(more often) multiple schwannomas affecting, with 
variable extension, multiple nerves or multiple (major) 
nerve trunks and/or the paravertebral ganglia  20-33. MRI 
is essential for initial diagnosis and differential diagnosis 
with NF1 and related forms, mosaic/segmental NF2 and 
schwannomatosis (see below). 
Peripheral (axonal/demyelinating) neuropathy (con-
firmed by neurophysiology testing and without MRI 
evidence of underlying tumours) and monomelic at-
rophy (with wasting of a single limb) are frequently 
recorded (but often under-recognised) irrespective of 
age in children (and adults) with NF2 [symmetric and/
or asymmetric distal sensorimotor neuropathy rang-
ing from mild to severe degrees] 20-33: this neuropathy 
is thought to arise from neurofibromatous changes in 
peripheral nerves. 

Congenital NF2
This form is characterised by the occurrence of 20 23 27 34: 
(1) small (<  1 cm), bilateral vestibular schwannomas 
(VSs) detected (as an incidental finding) at MRI by the 
first months of life (Fig. 9a) [or at birth: Zampino G., 
et al. at the Department of Paediatrics of the Catholic 
University of Rome, Italy, 2015; personal observation] 
that are asymptomatic for 10 to 15 years, with usually 
sudden and rapid (< 12 months) progression; (2) devel-

Fig. 4. Axial T2-weighted (A) and T1-weighted contrast enhanced (gadolinium) (B) magnetic resonance images of the brain in 
an adolescent with Nf2 showing bilateral schwannomas (as hypointense lesions: white arrows) with intracanalar extension (outer 
white arrows); (C) Coronal T1-weighted contrast enhanced (gadolinium) magnetic resonance image of the brain in a child with NF2 
showing bilateral schwannomas (as hyperintense lesions: white arrows) and multiple meningiomas (black arrows).

A B C

Fig. 5. Coronal T2-weighted magnetic resonance image of the 
brain showing a hyperintense aspect of the right hemi-tongue 
(seen in the left side of the Fig.: white arrows), which is atro-
phic because of a schwannoma of the 12th cranial nerve (note 
the normal aspect of the contralateral tongue delineated by the 
dashed white arrows). 
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Fig. 6. Axial T1-weighted contrast enhanced (gadolinium) (A-B) magnetic resonance images of the brain showing multiple menin-
giomas as hyperintense lesions (“meningiomatosis”).

Fig. 7. Sagittal (A) and axial (B) T2-weighted magnetic resonance images of the spinal cord in a child with NF2 showing round 
hyperintense lesions of the cervical cord at the C1 level (intraspinal ependymoma). 

B
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opment of large numbers of skin NF2 plaques mainly in 
atypical locations (i.e., face, hands and knees) (Fig. 2), 
which reverted to normal skin appearance at the time of 
VSs progression in the series so far reported 34; (3) lens 
opacities (Fig. 1) and NF2 retinal changes detected as 
early as the first months of life; (4) cortical malforma-
tions and/or diffuse (asymptomatic) high signal lesions 
at brain MRI in the periventricular regions; and (5) un-
affected first-degree relatives who do not harbour NF2 
gene abnormalities. 

Pathophysiology:  
NF2 gene and merlin/schwannomin
NF2 gene
NF2 is caused by mutations in the NF2 gene at chro-
mosome 22q12.1, which encodes for a protein called 
merlin or schwannomin, most similar to the exrin-rea-
dixin-moesin (ERM) proteins (Fig. 10)  9-11: these are 
membrane-cytoskeleton scaffolding proteins (i.e., linking 
actin filaments to cell membrane or membrane glycopro-
teins), which act as critical regulators of contact-depend-
ent inhibition of proliferation and function at the interface 
between cell-to-cell adhesion, transmembrane signalling, 
and the actin cytoskeleton, thus contributing to maintain 
normal cytoskeletal organisation, to modulate cellular 
motility, attachment, remodelling and spreading and to 
regulate growth (tumour suppression function) 74.

Merlin structure and conformation
Merlin isoforms. The NF2 gene encodes two merlin iso-
forms  75: (1) the longer, dominant isoform 1 (merlin-1 
or merlin), a 595-residue protein, which presents an ex-
tended carboxy-terminal tail that is encoded by exon 17; 
and (2) the merlin isoform 2 (merlin-2), which contains 
an alternatively spliced exon 16 which ends in a stop co-
don, encoding 11 unique residues following amino acid 
579 (as compared to Merlin-1) 76. Merlin-2 lacks the car-
boxy-terminal residues required for intra-molecular bind-
ing between the amino-terminal FERM domain and the 
carboxy-terminal hydrophilic tail, possibly leading to a 
constitutively open conformation (Fig. 10). In vitro and in 
vivo studies have demonstrated that merlin-2 inhibits cell 
proliferation and attenuates the downstream mitogenic 
signalling to the same extent of its isoform merlin-1 (thus, 
apparently irrespective of the open vs. closed state) 77.

Fig. 8. Axial T1-weighted contrast enhanced (gadolinium) (A-B) magnetic resonance images of the spinal cord in an adolescent 
with NF2, showing (A) an intradural meningioma (white arrow) and (B) two schwannomas of the spinal nerves (white arrows).

Fig. 9. Axial T1-weighted magnetic resonance image of the brain 
in a child with a congenital form of NF2 obtained at age 4 months 
showing bilateral vestibular schwannomas (case 1, ref. 34).

BA
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Merlin properties. The similarities of merlin to its familial 
group of ERM proteins are responsible for its cytoskele-
tal-binding properties: e.g., merlin links the cytoskeleton 
to the cell membrane either directly (through integral 
membrane proteins) or indirectly (through membrane-
associated proteins) 78.
Merlin domains. Merlin is divided into three structurally 

distinct regions: (1) an amino-terminal FERM (Four-
point-one, ezrin, radixin, and moesin) domain; (2) a 
α-helical coiled-coil domain; and (3) a carboxy-terminal 
hydrophilic tail. The FERM domain shares 65% sequence 
identity with canonical ERMs, but, differently from the 
other ERM proteins, merlin lacks the actin-binding site in 
the C-terminal domain, which is highly conserved in the 

Fig. 10. Merlin-signalling pathway - In more recent years, several lines of evidence have suggested that Merlin exists in multiple sta-
tes, which vary from “fully open” to “fully closed” [including “more closed” and “more open” states (see text for further explanation)]. In 
its “more closed” frame Merlin is hyperphosphorylated (has many “P” groups) and connected to cytoskeletal actin (because of an 
increase in intra-molecular bounds - secondary to the increased “P” groups - which contribute to fold the protein structure) (inactive 
Merlin): thus, the mitogen-signalling pathway [activated via the PAK and PKA pathways], is active and increases the cellular proliferative 
phenomena; in its “more open” frame Merlin is dephosphorylated (has less “P” groups) and is disconnected from actin (active Mer-
lin): thus, the mitogen-signalling pathway, is inactive and decreases cellular growth, survival and cellular motility. In proliferating cells: (a) 
interactions between the extracellular matrix and the GFR/RTK/integrin proteins (and their membrane receptors) trigger the Rac1/PAK 
pathway; and (b) interactions between the GPCR receptors and c-AMP trigger the PKA pathway, both activating in turn the structural 
changes of Merlin [i.e., phosphorylation, increase in intra-cellular bounds and protein folding], which switches to a “more closed” (inac-
tive) state [A: inactivating pathway]. In contact-inhibited cells, different phosphatases (mediated by the adhesion junctions’ molecules 
and by HA bounds to CD44 receptors), via activation of the MYPT1 dephosphorylation and inhibition of the PAK/PKA pathway, depho-
sphorylate Merlin (→ switching to active form), which in turn leads to decreased cellular growth [B: activating pathway]. AJs = adhesion 
junction proteins; c-AMP = cyclic AMP; CD44 = antigen CD44; C-term = carboxy-terminal hydrophilic tail of the Merlin protein; coiled-
coil = a structural motif (part) of the Merlin protein in which alpha-helices are coiled together like the strands of a rope; ERM = Ezrin-
radixin-moesin proteins; FERM = (F)-Four-point-one (4.1) protein-ERM domain of the Merlin protein (amino-terminal); GFR = growth 
factor receptor; GPCR = G-protein-coupled receptor; HA = hyaluronic acid; MYPT1 = myosin phosphatase target, subunit 1; P = 
phosphorylation groups; PAK = serine/threonine p21-activated kinase; PKA = protein kinase A enzyme; Rac1 = Rho family small GTP 
binding proteins; Rho = RAS homologue gene family; RTK = receptor tyrosine kinase; Ser-518 = Serine-518; Thr-230 = Threonine 230; 
+ + + = stimulation; - - - = inhibition (from Ruggieri et al., 2015 35 and Ruggieri et al., 2015 36, adapted and modified).
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other ERMs protein providing these proteins with their 
function at the cortical cytoskeleton 79. In merlin, the bind-
ing site of actin is located in the glutathione S-transferase 
N-terminal domain.
“Closed” (active) vs. “open” inactive forms. Merlin 
switches from a closed state to an open state by phospho-
rylation at serine 518 (Fig. 10) 80. In the past decades, the 
evidence that Merlin-2 -which lacks the carboxy-terminal 
domain, thus lacking the possibility to reach a “closed” 
state - failed to exert tumour suppression activity and/or 
contact inhibition, led researchers to state that “active” 
merlin functioned in a closed conformation caused by the 
dephosphorylation at Serine-518, while the open form 
[i.e., the solely form thought to reached by merlin-2] was 
“inactive” and phosphorylated.
“More closed” (inactive) vs. “more open” (active) forms. 
In more recent years, the above (simplified) interpretation 
was questioned and several lines of evidence now sug-
gest that merlin exists in multiple states, which vary from 
“fully open” to “fully closed”. In addition to that, it was 
demonstrated 79 81 that merlin-2 is able to suppress growth 
in mammalian cell lines, suggesting that the interdomain 
binding is dispensable for Merlin’s adhesion signalling: 
the phosphorylated merlin [merlin-2] displays higher in-
terdomain binding and therefore it is able to inhibit cell 
growth (even) in its open state. Furthermore, it has been 
observed that a stably closed merlin mutant does not sup-
press cell growth, whereas merlin-2 and the S-518 phos-
pho-deficient mutant, which are defective in interdomain 
binding and therefore more open, can suppress cellular 
growth in the same way as it does the wild-type merlin. It 
is now accepted that the “more open” forms (Fig. 10B) of 
merlin are more active as anti-oncogenic proteins, while 
the “more closed” forms (Fig. 10A) lacks this function.
FERM domain. Recent genetic evidence has suggested 
that a crucial role in Merlin’s anti-tumour efficacy is 
played by the FERM domain, and in particular by the 
“Blue-box motif” within the subdomain F2, correspond-
ent to the residues 177-183 in human merlin. In this re-
spect, it is now well known that patients with truncating 
mutations show a more severe clinical picture, with a 
higher tumour burden. However, it must be said also that 
missense mutations involving residues 177-183 in the F2 
domain can lead to more severe forms of NF2. Substitu-
tion of F2 domain with that of ERM protein Ezrin abol-
ishes Merlin’s anti-oncogenic activity, while substitutions 
of F1 or F3 domains does not affect cell proliferation 81 82.
In contrast, mutations involving the coiled-coil region 
or the carboxy-terminal tail have rarely been observed 
in NF2 patients, thus demonstrating the crucial role of 
FERM domain in the pathogenesis of the disease 83. It is 
presumable, that the α-helical domain and the C-terminus 
function in maintaining merlin in its inactive conforma-
tion during the normal biological cellular growth and 
could contribute to contact inhibition.

Post-translational regulation of Merlin
Merlin’s function is mediated by different signalling path-
ways within the cell, which have been extensively charac-
terised 84.
Inactivating pathways. In proliferating cells, integrin-
mediated anchorage to the cell matrix and stimulation 
of receptor tyrosine kinases (RTKs) activate Rac [Rac1/
p21-kinase], in turn activating PAK and leading to phos-
phorylation of merlin at serine 518 (Fig. 10B). Serine 
518 phosphorylation increases the interdomain binding 
between Merlin’s carboxy-terminus and FERM domain, 
maintaining merlin in a “more closed”, inactive form: the 
inactivation is probably due to (a) masking of protein-in-
teracting domains on FERM domain, which are necessary 
for downstream signalling or (b) occlusion of a presum-
able nuclear localization signal  85. Merlin is inactivated 
mostly via the PAK/Rac pathway, which is initiated by 
RTK and Integrin receptors in the cell wall. The activation 
of PAK leads to the phosphorylation of Merlin in posi-
tion 518 and the latter may be necessary for subsequent 
phosphorylation of other sites. Moreover, also protein ki-
nase A enzymes can independently phosphorylate Merlin 
at serines 518 and 10 86: this could be particularly relevant 
in Schwann cells, which are sensitive to the cyclic AMP-
PKA signalling axis  87. Protein kinase B, also named 
AKT, can induces phosphorylation at threonine 230 and 
serine 315, causing decreased interdomain binding, and 
the interaction with Phosphoinositide and PIKE-L 88. Loss 
of PTEN function (related to an increased oncogenic risk) 
which results in increased PI3K-AKT activity can induce 
further merlin inactivation 77.
Activating pathways. In contact-inhibited cells, dephospho-
rylated merlin accumulates (Fig. 10B) as a result of intercel-
lular adhesions, which lead to PAK inhibition 82 84. Different 
phosphatases may contribute in dephosphorylating merlin, 
regulating its activity, but the key role is played by cadher-
ins and CD44 receptors, which activate merlin through its 
dephosphorylation by myosin phosphatase targeting subu-
nit 1 (MYPT1) 89. It has been showed that the protein ki-
nase CPI-17 (c-potentiated phosphatase inhibitor 17 kDa 
weighed) inhibits MYPT1 and causes a reduced activation 
of merlin 90. By contrast, cadherins cause loss of function of 
PAK protein, thus inhibiting the inactivation of Merlin.

Merlin downstream
Effects mediated by Merlin in the membrane organisation 
of proteins include cell-to-cell adhesion, cytoskeletal ar-
chitecture, interaction with cytosolic proteins and regula-
tion of diverse downstream pathways, including nuclear 
and hippo pathway regulation. 
Merlin-2, via the GTPase Rho/RhoKinase signalling net-
work, promotes phosphorylation of neurofilaments that 
are neuron-specific intermediate filaments essential for 
axon structure and caliber 82.
Merlin-1 interacts with membrane associated proteins 
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where it regulates the formation of membrane domain, 
with a function of contact inhibition, by interacting with 
several proteins localised in the plasma membrane, in-
cluding other ERMs, the intracellular domain of CD44, 
α-catenin and angiomotin.
The interactions with α-catenin have been demonstrated 
in keratinocytes and skin epithelium: Merlin promotes the 
binding of β-catenin and Par3, needed for the maturation 
of adherence junctions, and with 14-3-3 protein, which 
sequesters phosphorylated YAP, suppressing YAP-medi-
ated transcription. β-catenin also interacts with APC tu-
mour suppressor, enhancing its activity 91. The interaction 
with angiomotin regulates contact inhibition and tumour 
suppression through Patj, Pals1 and Mupp1 proteins by 
suppressing the Rac-PAK signalling. It is important to 
underline that both inactive and active forms of merlin 
interact with angiomotin, independently from growth sup-
pressive stimuli 92. Other interactions of merlin occur with 
cholesterol-dependent membrane domains as a result of 
phosphoinositide binding, or directly with cytoplasm pro-
teins to control cytoskeletal dynamics, vesicular transport 
and microtubule stabilisation, which could function in 
promoting the transport of anti-mitogenic biomolecules 
or regulating the availability of growth factors in the cy-
toplasm 93-96.
In the nucleus, dephosphorylated Merlin inhibits the pro-
oncogenic CRL4 DCAF1 E3 ubiquitin ligase, even if Merlin 
lacks a canonical nuclear localisation sequence. It is pre-
sumable that Merlin interacts with the nucleus through a 
motif in the C-terminus promoting nuclear export by the 
CRM1-exportin pathway, or by FERM domain residues 
necessary for nuclear translocation 85.
The reduction of functions of CRL4is mediated by inter-
actions of merlin with DCAF1 (DDB1 and Cul4-associ-
ated factor 1), a substrate recognition component of the 
CRL4  DCAF1 complex, essential for epigenetic modifica-
tions that regulate DNA methylation and therefore gene 
transcription, in particular during embryogenesis and tu-
mourigenesis 97. Merlin’s FERM domain binds one of the 
carboxy-terminal acidic tail of DCAF1, directly compet-
ing with CRL4 or causing structural changes, inhibiting 
its binding with CRL4 85.
A further role of Merlin is in the Hippo pathway, which is a 
potent regulator of organ size in the whole animal kingdom. 
Disruption of this pathway causes organ overgrowth and tu-
mourigenesis, through an overexpression of YAP and TAZ 
transcriptional coactivator, which lead to increased transcrip-
tion of genes that drive proliferation, evasion of apoptosis 
and stemness  98  99. It has recently been shown that merlin 
can interact with Kibra to activate the Hippo kinase cascade, 
maybe through interactions and modulation of angiomotin in 
the tight junctions. Interestingly, angiomotin directly binds 
YAP and TAZ and retains them at the cortex.100 Moreover, 
Merlin’s inhibition of CRL4 DCAF1 ligase causes a reduced in-
hibition of the Lats kinases, restrict YAP signalling 101.

The interplay of pathways
In summary, Merlin regulates proliferation acting via some 
cascades, which include Hippo/Mst and Warts/Lats pro-
teins which in turn regulate the Yorkie/Yap complex on one 
side, and on the (RTK) Ras GAP/Raf proteins [which regu-
late the MEK/ERK pathway] and the PI3K/AKT proteins 
[which regulate the mTOR pathway] (Figs. 10, 11) 74 81 84.
Despite the common action on Ras/MEK/ERK and PI3K/
AKT/mTOR pathways, schwannomin does not interfere 
with learning and memory formation as it does neurofi-
bromin (i.e., the affected protein in NF1) and the NF2 
neurological phenotype seems, apparently, solely second-
ary to tumour formation and progression. 
For the four-hit, three-steps model of tumourigenesis ex-
plaining the schwannomatosis phenotypes see below (un-
der schwannomatosis) (Fig. 12). 

Genotype-phenotype correlations
Germline mutations occur throughout the first 15 exons 
but not in exons 16 and 17 of NF2 49. The predominant 
mutations are nonsense mutations at CpG islands but all 
forms of NF2 mutation occur including large multiexon 
and whole gene deletions. There is a relatively strong gen-
otype phenotype correlation both with type and position 
of NF2 germline mutation 102-106.
Individuals with truncating mutations (nonsense/
frameshift) have earlier onset of symptoms, more men-
ingiomas and spinal tumours and die younger. Truncat-
ing mutations in exon 1 and 14/15 cause milder disease. 
Splice site mutations are milder than truncating mutations 
and there is also a positional effect with early mutations 
being more severe. Large deletions/duplications are inter-
mediate with missense mutations being associated with 
the mildest form104 106 107.

Alternate/related forms  
of Neurofibromatosis 2 
Mosaic NF2
Some individuals may have a unilateral eighth-nerve 
schwannoma associated to ipsilateral meningiomas [i.e., 
unilateral NF2 involvement of the CNS] or multiple 
schwannomas localised to one part of the peripheral nerv-
ous system  35-50 (the latter going into the differential di-
agnosis with schwannomatosis: see below) 66. As somatic 
mosaicism for the NF2 gene is the causative phenomenon 
they are also referred to as having mosaic NF2 44.

Schwannomatosis
Schwannomatosis [SWNTS] is characterised by the de-
velopment of multiple non-vestibular, non-intradermal 
cranial, spinal and peripheral schwannomas [histologi-
cally proven]  51-59. Other NF2 features such as cataracts 
and ependymoma are absent, but meningiomas may occur 
with SMARCB1 mutations 108, even though these are not 
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a prominent feature: SMARCB1 mutations are not a com-
mon cause of multiple meningiomas 109.
Two major clinical/molecular forms have been character-
ised so far 59-66: (1) SWNTS1 [MIM # 162091] 60-62 caused 
by constitutional (germ-line) inactivating mutations of the 
SMARCB1 gene [SWI/SBF-related matrix-associated ac-
tin-dependent regulator of chromatin, subfamily B, mem-
ber 1; MIM # 601607] located 6 Mb centromeric to the 
NF2 gene at 22q11.23, which encodes a SWI/SNF ATP-
dependent nuclear chromatin remodelling protein, which 
is part of a complex that: (a) relieves repressive chromatin 

structures, allowing the transcriptional machinery to ac-
cess its targets more effectively; (b) also binds to and en-
hances the DNA joining activity of HIV-1 integrase [SWI/
SNF is a tumour suppressor implicated also in the genesis 
of malignant rhabdoid tumours]. The SWNTS1 phenotype 
includes families with multiple schwannomas and multi-
ple extra-axial/extra-medullary meningiomas (and also a 
unilateral vestibular schwannoma)  58; and (2) SWNTS2 
[MIM # 615670]  63-65 caused by constitutional/germ-
line inactivating mutations of the LZTR1 gene [Leucine 
zipper-like transcriptional regulator 1; MIM # 600574], 

Fig. 11. Diagram showing the PIK3/AKT/MAPK signalling pathway (see text for explanation): AKT, AK (Akr mouse) strain tran-
sforming; BRAF, B-raf (rapidly accelerated fibrosarcoma); CRAF, C-raf (rapidly accelerated fibrosarcoma); CREB, cAMP response 
element-binding protein; 4EBP1, Eukaryotic translation initiation factor 4E-binding protein 1; ERK1, extracellular signal regulated 
kinase 1; ERK2, extracellular signal regulated kinase 2; GSK3, glycogen synthase kinase 3; HRAS, Harvey rat sarcoma viral (V-
ras) oncogene homolog; HRAS-GTP, Harvey rat sarcoma viral (V-ras) oncogene homolog glucose triphosphate; KRAS, Kirsten rat 
sarcoma viral (V-ras) oncogene homolog; KRAS-GTP, Kirsten rat sarcoma viral (V-ras) oncogene homolog glucose triphosphate; 
GF, growth factor; MAP2K1, mitogen activated protein 2 kinase 1; MAP2K2, mitogen activated protein 2 kinase 2; MDM2, mouse 
double minute 2 homolog; MEK1, MAPK-extracellular kinase 1; MEK2, MAPK-extracellular kinase 2; mTORC1, mammalian target 
of rapamycin complex-1; mTORC2, mammalian target of rapamycin complex-2; NFkb, nuclear factor kappa-light-chain-enhancer 
of activated B cells; NRAS, Neuroblastoma rat sarcoma viral (V-ras) oncogene homolog; NRAS-GTP, Neuroblastoma rat sarcoma 
viral (V-ras) oncogene homolog glucose triphosphate; p70S6K, protein 70 serine/threonine 6 kinase; p120-GAP, p120-GTPase 
activating protein; PDK1, Phosphoinositide dependent kinase 1; PIK3, phosphatidylinositol-3-kinase; PIK3CA, phosphatidylinosi-
tol-3-kinase catalytic a subunit; PIK3R, phosphatidylinositol-3-kinase regulatory subunit; PIP2, phosphatidylinositol bi-phosphate; 
PIP3, phosphatidylinositol tri-phosphate; PP1C, protein phosphatase 1 catalytic subunit C; PTEN, phosphatase and tensin ho-
molog; RAF, rapidly accelerated fibrosarcoma protein; Raptor, regulatory associated protein of mTOR; RAS-GTP, rat sarcoma viral 
(V-ras) oncogene homolog glucose triphosphate; RASA1, rat sarcoma viral (V-ras) oncogene homolog GTPase activating protein 
1; Rictor, rapamycin insensitive companion of mTOR; RTK, tyrosine kinase receptor; SHOC1, suppressor of C. elegans homolog 1 
protein; SHOC2, suppressor of C. elegans homolog 2 protein; SOS1, son of Sevenless 1 homolog; SPRED, Sprouty-related EVH1 
domain-containing protein 1 (from Ruggieri et al., 2015 36, adapted and modified).
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centromeric to the SMARCB1 gene at 22q11.21, which 
encodes a member of the BTB-kelch superfamily: it local-
ises exclusively to the Golgi network where it may help 
stabilize the Golgi complex. The SWNTS2 phenotype is 
characterised by a later onset of disease (i.e., 20-60 years) 
and schwannomas affecting various body regions includ-
ing extremities, spinal cord, chest wall and subcutaneous 
regions. To complicate matters, vestibular schwannomas 
do occur at a low frequency in individuals with LZTR1 
mutations 65.

Mosaic NF2 and schwannomatosis
As stated above, schwannomatosis is partially explained 
by mutations in the SMARCB1 gene. Approximately 10-
15% of patients with schwannomatosis have a family his-
tory, while the remaining 85-90% have sporadic disease. 
About 40-50% of familial schwannomatosis, and less than 
10% of sporadic patients, have an identifiable SMARCB1 

mutation  60-62. The other gene, LZTR1, has been recently 
reported to be mutated in ~80% of schwannomatosis pa-
tients negative for SMARCB1 mutation with evidence of a 
four hit mechanism 63. However, further research has shown 
that a substantial portion of schwannomatosis remains un-
explained by LZTR1 64-65. Schwannomas from SMARCB1 
positive patients follow a four-hit, three-step model of tu-
mourigenesis (Fig. 12) in which both alleles of SMARCB1 
and NF2 genes are inactivated in the tumour 60-66. In addi-
tion to the constitutive SMARCB1 mutation, a second step 
consists in the loss of chromosome 22q, or a segment of 
it, involving the two loci, followed by a somatic mutation 
of the remaining wild-type NF2 allele that constitutes the 
third step and the four hit. The four-hit, three-step model 
is also present in schwannomas from LZTR1 patients, in-
volving LZTR1 and NF2 genes. There is a phenotypic over-
lap among patients that are mosaic NF2 and patients with 
sporadic schwannomatosis, consisting of the presence of 

Fig. 12. The four hits-three steps model of tumourigenesis in schwannomatosis [in the Fig. the SMARCB1 gene is represented, but 
the model is alike for the LZTR1 gene]: (1) during the first step the constitutive SMARCB1 gene is inactivated (1st hit); (2) in addition 
to the constitutional SMARCB1 mutation, a second step consists in the loss of chromosome 22q, or a segment of it, involving the 
two loci [i.e., the wild-type SMARCB1 gene and the constitutional NF2 gene] (2nd and 3rd hits); followed (3) by a somatic mutation 
of the remaining wild-type NF2 allele that constitutes the third step (4th hit) giving rise to the local growth of the schwannoma (from 
Ruggieri et al., 2015 36, adapted and modified).
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multiple non-vestibular nerve schwannomas. The sensitivity 
of blood genetic analysis is challenged in these situations 
and the histopathological features of schwannomas in either 
condition (i.e., NF2, schwannomatosis and mosaic NF2) are 
very similar. Recently 66, an adult patient with only multiple 
schwannomas in a single body segment (i.e., her leg) - thus, 
entirely fulfilling the diagnostic criteria for schwannomato-
sis - was demonstrated to harbour a double hit inactivation 
of the NF2 gene in two different schwannomas of the same 
body segment, demonstrating to be a true mosaic NF2 pa-
tient. 

Diagnosis 
Clinical criteria for the diagnosis of NF2 were first formu-
lated at the National Institutes of Health (NIH) Consen-
sus Conference on NF1 and NF2 in 1987 67 and revised in 
1990 68. These criteria emphasised the presence of bilateral 
VSs in a high percentage of NF2 patients (Table I). Alter-
natively, patients could qualify for a diagnosis of NF2 with 
a family history of NF2 and either unilateral VS or any two 
other tumours typically associated with NF2 (Table I). Un-
der NIH criteria, however, patients without bilateral VSs or 
a family history of NF2 cannot qualify for a diagnosis of 

NF2. This was (and still is) particularly relevant for child-
hood NF2 whose initial presentation, and part of its natural 
history, progress without eight-nerve dysfunction and often 
lack affected members in the family tree. 
Revised criteria were proposed by the Manchester group 
in 1992 69 and by the National Neurofibromatosis Founda-
tion (NNFF) in 1997 (Table I) 70. The goal of these revi-
sions was to improve the sensitivity for patients with fea-
tures associated with NF2 but who did not reach formal 
NIH criteria. None of these criteria, however, can distin-
guish perfectly unaffected adults and children from those 
with NF2 and each has its strengths and weaknesses. Un-
fortunately, mutational analysis cannot replace clinical 
criteria for diagnosis of NF2 since a causative mutation 
cannot be identified still in a high percentage of affected 
NF2 children. The diagnostic work-up is further com-
plicated by the occurrence of alternate forms within the 
spectrum of NF2: i.e., mosaic NF2, schwannomatosis and 
multiple meningiomas, even though either form is rare in 
the paediatric age.
Baser et al. 71 72 attempted to encompass all the above prob-
lems by empirically developing and testing an improved 
set of diagnostic criteria 72 that uses current understanding 

Table I. Previous sets of diagnostic criteria for NF2.

NIH Criteria
[1987] 67

NIH Criteria 
[1991] 68

Manchester Criteria 
[1992] 69

NNFF Criteria 
[1997] 70

Patients who meet either condition A 
or B have NF2

Patients who meet either 
condition A or B have NF2

Patients who meet either condition 
A, condition B, condition C, or 
condition D have NF2

Patients who meet either condition A 
or B have NF2

A. Bilateral vestibular schwannoma A. Bilateral vestibular 
schwannoma

A. Bilateral vestibular schwannoma A. Bilateral vestibular schwannoma

B. 1st degree family relative with 
NF2 and either unilateral VS or any 
two of: neurofibroma, meningioma, 
glioma, schwannoma, or juvenile 
posterior subcapsular lens opacity

B. 1st degree family relative 
with NF2 and either unilateral 
VS or any one of: neurofibroma, 
meningioma, glioma, 
schwannoma, or juvenile posterior 
subcapsular lens opacity

B. 1st degree family relative with 
NF2 and either unilateral VS or any 
two of: neurofibroma, meningioma, 
glioma, schwannoma, or juvenile 
posterior subcapsular lens opacity

B. 1st degree family relative with NF2 
and either unilateral VS at < 30 years 
of age or any two of: meningioma, 
schwannoma, glioma, juvenile lens 
opacity (posterior subcortical cataract 
or cortical cataract)

C. Unilateral VS and any two of: 
neurofibroma, meningioma, glioma, 
schwannoma, or juvenile posterior 
subcapsular lens opacity

D. Multiple meningiomas (≥ 2) 
and unilateral VS or any two of: 
neurofibroma, glioma, schwannoma, 
cataract

Presumptive or probable NF2

Patients who meet either condition C 
or D have probable NF2
C. Unilateral VS < 30 years of age 
and at least one of: meningioma, 
schwannoma, glioma, juvenile lens 
opacity

D. Multiple meningiomas and either 
unilateral VS < 30 years of age or at 
least one of: schwannoma, glioma, 
juvenile lens opacity
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of the natural history and genetic characteristics of NF2 to 
increase sensitivity while maintaining very high specific-
ity (Table II): these criteria currently permit early diag-
nosis in a greater proportion of patients with NF2 than 
previous sets of diagnostic criteria 72.

Initial evaluation
Initial evaluation of children who have or are at risk for 
NF2 should include testing to confirm a diagnosis and to 
identify potential problems 19-33.
A medical history should include questions about focal 
neurologic symptoms, skin tumours and/or cutaneous 
spots, seizures, headache, and visual symptoms as well as 
auditory and vestibular function. A family history should 
explore unexplained neurological and audiology symp-
toms in all first-degree relatives.
MRI scan of the brain should include gadolinium and include 
axial and coronal thin cuts (1-3 mm) through the brainstem 
to identify VSs 23 28 34. MRI scan of the cervical spine should 
be performed given the predilection of ependymomas for 
this site and of meningiomas and/or schwannomas for the 
paravertebral regions 28 34. Some clinicians recommend im-
aging of the thoracic and lumbar spine whereas others re-
serve these exams for patients with neurologic symptoms 
referable to these locations 2-4 19 28.
Ophthalmologic examination serves to identify character-
istic lesions such as lens opacities, retinal hamartomas, or 
epiretinal membranes 19 23 26 28.
A complete neurological examination serves as a baseline 
for future comparison and may assist in the selection of 
sites within the nervous system that require further imag-
ing studies. 
Audiology (including pure tone threshold and word 

recognition) and brainstem auditory evoked responses 
(BAER) document eighth cranial nerve dysfunction 
related to VSs and set a baseline for future compari-
sons. Abnormalities of pure tone thresholds are present 
in 90% of patients between 10 and 72 years with NF2. 
Word recognition serves as a measure of functional 
hearing. BAERs are a more sensitive measure of audi-
tory function and is abnormal in 100% of patients with 
symptomatic VSs. In cases where the diagnosis is un-
certain, biopsy of any skin lesion and review of any 
pathologic material may be helpful. 

Follow-up
After initial diagnosis, children should be seen relatively 
frequently (every 3-6 months) until the growth rate and 
biologic behaviour of tumours is determined (this holds 
especially true in congenital NF2). Consultation with an 
experienced surgeon after initial diagnosis is often help-
ful for pre-symptomatic patients (i.e., those with adequate 
hearing) to discuss the feasibility of hearing-sparing sur-
gery (see below). Most patients without acute problems 
can be followed on a 6-month to an annual basis. Evalu-
ation at these visits should include complete neurological 
examination, MRI scan of the brain and spinal cord with 
thin cuts through the brainstem, MRI scans of sympto-
matic lesions outside the brain if present, audiology, and 
BAER. Ophthalmologic evaluation should be performed 
in selected patients with visual impairment or facial 
weakness. Yearly audiology serves to document changes 
in pure tone threshold and word recognition. This infor-
mation can be helpful in planning early surgical inter-
vention for VSs and in counselling patients about possible 
deafness. Changes in BAERs may precede hearing loss. The 

Table II. The Baser criteria for diagnosis of NF2 [2011] 71 72.

Feature If present at or < age 30 years If present > age 30 years

First-degree relative with NF2 diagnosed by these criteria 2 2

Unilateral vestibular schwannoma 2 1a

Second vestibular schwannoma 4 3a

One meningioma 2 1

Second meningioma (no additional points for > than 2 meningiomas) 2 1

Cutaneous schwannomas (one or more) 2 1

Cranial nerve tumour (excluding vestibular schwannoma) (one or more) 2 1

Mononeuropathy 2 1

Cataract (one or more) 2 0
The patient is given points as shown in the table. 
aPoints are not given for unilateral or second vestibular schwannoma if age at diagnosis is more than 70 yr. 
• A diagnosis of definite NF2 is established if the total number of points is 6 or more.
• A diagnosis of definite NF2 is established if a constitutional pathogenic NF2 mutation is found on mutation testing.
• If no constitutional pathogenic NF2 mutation is found on mutation testing:
   -  A diagnosis of mosaic NF2 is established if mosaicism for a pathogenic NF2 mutation is found in the blood or no detectable pathogenic NF2 mutation is found in the blood 
      but the same pathogenic NF2 mutation is found in two separate NF2-associated tumours.
   - Otherwise, a temporary diagnosis of possible NF2 is made, pending further clarification. Clarification may occur if the patient is established to have a different condition 
     (e.g., schwannomatosis or multiple meningiomas) by standard diagnostic criteria or if evolution of the patient’s disease over time permits establishing a diagnosis of definite
     NF2 or mosaic NF2 according to the criteria given above.
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frequency with which routine spinal imaging is obtained 
varies among clinics, but is clearly indicated in patients with 
new or progressive symptoms referable to the spinal cord. 
We prefer to obtain it at every MRI follow-up, unless there 
is no evidence of spinal tumours on first scan. In adulthood 
less frequent screening on a 3-5 yearly basis is warranted. 

Classical management of childhood NF2
The approach to management of NF2-asociated tumours 
has been always different from that of their sporadic 
counterparts. Because children (but also adults) with NF2 
develop multiple cranial, spinal and peripheral nerve tu-
mours, surgical removal of every lesion is not possible or 
advisable. Instead, the primary goal has been (and still is) 
to preserve function and to minimize quality of life. 
Currently, despite frequent functional impairment, surgi-
cal removal remains the standard therapy for VSs (and 
for non-VSs nervous system tumours): indeed, patients 
undergoing surgery for VSs often experience iatrogenic 
hearing loss in the treated ear requiring rehabilitation 
through the use of a cochlear implant or an auditory brain-
stem implant (ABI). As an alternative or in addition to 
tumour removal, stereotactic irradiation and/or chemo-
therapy can be used to delay tumour progression, but it 
is thought to increase the risk for secondary malignancies 
in these patients. Moreover, radiation therapy frequently 
accelerates loss of hearing. Complete surgical resection is 
curative, but the timing for tumour removal is controver-
sial, with a complex risk-benefit ratio, between risks of 
surgery and tumour’s natural history.
Until the last decade, the above strategies were the sole 
therapeutic options for NF2-related vestibular schwan-
nomas, and more in general for NF2-associated tumours: 
more recent biologically targeted therapies (see below) 
employing molecules driven from the increased knowl-
edge of the molecular pathways involved in the pathogen-
esis of NF2 have been successfully employed in adult and 
paediatric patients with NF2. As these newer therapeutic 
options have been employed only very recently and in a 
limited number of NF2 children and are still under study 
here below, we will review the classical management op-
tions still employed worldwide. 
Surgical strategies. The tumour load in childhood NF2 
series  6 14 15 20 is usually extensive and involves the skin, 
brain and spine. 
Few NF2 children undergo resection of dermal tumours 
because of cosmetic burden 23 28 34; this is in line with the 
patterns of growth of peripheral schwannomas, which 
rarely are disfiguring at this young ages  6  15  20. Interest-
ingly, resection of typical NF2-plaques is being asked 
for diagnostic clarification as in the paediatric population 
VSs are not apparent until older ages 28.
Surgery is clearly indicated for NF2 children with sig-
nificant brainstem or spinal cord compression or with ob-

structive hydrocephalus. In patients with little or no neu-
rological dysfunction related to their tumours, watchful 
waiting may allow children to retain neurological function 
for many years. For this reason, timing of intervention is 
often a difficult decision for patients and physicians. 
A great number of NF2 children imaged have usually one 
or more extradural spinal masses compatible with schwan-
nomas or meningiomas. Despite this extensive load of 
spinal nerve sheath tumours only rarely at these young 
ages these tumours indent the cord itself and require sur-
gical removal because of progressive spinal cord impair-
ment. Resection is usually successful in the majority of 
NF2 children with spinal tumours (usually ependymo-
mas) without need of repeated neurosurgical interven-
tion or regrowth 23 28-30. Conversely, pontine (and bulbar) 
tumours (usually, ependymomas and astrocytomas) most 
often need repeated partial resection with severe sequelae. 
According to our experience, the tumour burden in this lo-
cation is high and changes the course of disease. As a gen-
eral rule, indications for resection include rapid tumour 
growth and worsening neurologic symptoms. In contrast 
to what occur with brainstem tumours in NF1 (which are 
low grade astrocytomas, are often asymptomatic and have 
an indolent course with later tumour regression) these tu-
mours’ location in NF2 is associated with higher-grade 
histology, relentlessly progressive course and often a fatal 
outcome. However, the mere presence of an asymptomat-
ic ependymoma should prompt a watch and wait policy as 
many remain indolent.
The decision to operate early on vestibular schwannomas 
or wait until symptoms or complete deafness ensue is dif-
ficult. Recent consensus proposed surgical resection of 
the largest tumours (> 3 cm in diameter) permitting facial 
nerve preservation and brainstem protection 23 28. There is 
no consensus for the management of VS less than 3 cm in 
diameter. Unresectable tumours and hearing impairment 
following surgery justify the introduction of new effec-
tive and safe therapies (see below). Surgical extirpation of 
VSs is usually accomplished using middle cranial fossa, 
posterior sub-occipital, and trans-labyrinthine approach-
es. The goal of pre-symptomatic surgery is retention of 
hearing with a minimum of post-operative complications 
such as facial weakness or dysphagia. In patients with a 
documented change in hearing, bony decompression of 
the internal auditory canal through a middle cranial fossa 
can stabilize hearing for a period of time. Pre-operative 
tumour size as an indicator of outcome in VSs surgery is 
still debated. A sub-occipital approach for small tumours 
can result in hearing preservation although precise num-
bers using this technique have not been published. Alter-
natively, a trans-labyrinthine approach with placement of 
an auditory brainstem implant (ABI) can provide auditory 
sensations in some patients. Children opting for this ap-
proach should be counselled that about 10% of patients do 
not receive auditory sensations, that ABI’s do not provide 
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normal sound quality, that processor optimisation requires 
regular follow-up, and that maximal benefit is often not 
achieved for many years 110. For most patients with ABI’s, 
the primary benefit occurs when the implant is used in con-
junction with lip reading. At the present time, little infor-
mation is available about the efficacy of hearing sparing 
surgery in paediatric NF2 patients but outcomes appear to 
be inferior to that for adults.111 A further option is cochlear 
nerve preserving surgery when the tumour is small via the 
translabarynthine approach and insertion of a cochlear im-
plant that produces far superior results to ABI 112.
The decision to proceed with hearing-sparing surgery 
must be individualised for each patient. Options include 
observation without surgical intervention and hearing-
sparing surgery; stereotactic radiation has not yielded 
comparable results for preservation of hearing (see be-
low). For those with tumours that are multilobulated or 
greater than 1.5  cm in greatest dimension, the risk of 
peri-operative complications (including hearing loss and 
cranial nerve dysfunction) likely outweighs the potential 
benefits. In these patients, tumour resection should be 
deferred until another indication for surgery such as in-
creased intracranial pressure, impending hydrocephalus, 
or new neurologic symptoms develops. 
Indications for surgical resection of other (non-VSs) cra-
nial nerve schwannomas are less well defined. In general, 
schwannomas of other cranial nerves are slow growing 
and produce few symptoms. Surgical resection in these 
patients should be reserved for those with unacceptable 
neurologic symptoms or rapid tumour growth. 
Radiation therapy. Radiation is often used as adjuvant ther-
apy for treatment of sporadic brain tumours. Treatment out-
comes for (paediatric and adult) patients with NF2-related 
VSs are worse than for patients with sporadic tumours. In 
early studies of stereotactic radiosurgery, 18-20 Gy were 
delivered to tumours. Local control was achieved in 90% 
of patients but no serviceable hearing was preserved in 
patients with serviceable hearing pre-operatively. For this 
reason, the dose of radiation to the tumour margin was re-
duced to 12-16 Gy. Using modern regimens, treatment with 
stereotactic radiosurgery results in tumour control in 98% 
of patients with NF2 with preservation of useful hearing in 
40-67%. Decreased facial and trigeminal function occurs in 
5-16% and 10% of patients, respectively. The risk of deaf-
ness in patients with serviceable hearing pre-operatively is 
about 20%. More recently, fractionated stereotactic radio-
therapy has been advocated to minimise the risk of hear-
ing loss. The actuarial 5-year local control rate using this 
technique is 93% and the hearing-preservation rate is 64%. 
The use of radiation therapy for benign tumours in NF2 
children must nonetheless be used with caution because of 
the greater risk of future tumour induction and malignant 
transformation 82.
The role of adjuvant radiation in other tumours such as 
meningiomas and ependymomas is not established, but 

the majority of these tumours demonstrate benign his-
tology and can be controlled surgically. No case series 
have been published on treatment of NF2-related menin-
giomas. In general, treatment of sporadic tumours with 
stereotactic radiosurgery results in local control in 90-
95% of cases. Peritumoural cerebral oedema develops in 
up to 25% of patients, but symptoms referable to cerebral 
oedema develop in less than 10% of patients. 
Most clinicians prefer surgical extirpation of tumours 
when possible and reserve radiation treatment for tumours 
that are not surgically accessible. This practice is based on 
the experience that radiation therapy makes subsequent re-
section of VSs and function of ABI’s more difficult. In addi-
tion, there are anecdotal reports of malignant transformation 
of NF2-associated schwannomas after radiation treatment 
and indirect evidence of increased numbers of malignancy 
in NF2 patients who have received radiation.
Chemotherapy. At the present time, there is no effective 
chemotherapy for treatment of NF2-related tumours. Spo-
radic meningiomas represent the best-studied tumour at 
the present time. Typically, patients with refractory or non-
surgical tumours have been included in chemotherapy tri-
als. Although some initial reports suggested efficacy of hy-
droxyurea in treating meningiomas, more recent reports do 
not support this view. Furthermore, there seems to be little 
role for use of tamoxifen or temozolomide for recurrent tu-
mours. No trials of chemotherapy for treatment of vestibular 
schwannomas or ependymomas have been reported. Gene 
therapy remains a potential option for the future as injection 
of oncolytic recombinant herpes virus into schwannomas in 
mice results in significant tumour shrinkage.
NF2 patients who are managed at multidisciplinary spe-
cialty treatment centres have a significantly lower risk 
of mortality than those who are treated at non-specialty 
centres with higher rates of favourable outcome in VSs 
surgery and lower rates of serious complications with in-
creasing surgical experience 2 7.
Genetic counselling. Individuals at risk for NF2 need ge-
netic counselling and pre-symptomatic testing. Clinically, 
a normal MR image at 16 or 18 years reduces the chances 
of having inherited NF2. A normal MRI at 30 years makes 
inheritance very unlikely, except in late-onset families, 
and may justify cessation of formal screening 113. Notably, 
most of our NF2 cases were sporadic and the earlier the 
onset of NF2 the lower the risk for siblings and parents. 
As clinical and radiological screening cannot reassure at-
risk individuals that they have not inherited the condition 
until 30 years of age, molecular genetic testing for NF2 
has had a major impact on clinical practice2 5. Constitu-
tional mutation testing for NF2 is now available world-
wide and mutations are found in about half the sporadic 
individuals tested but over 90% of families with vertical 
transmission 45. Identified mutations can be used for a pr-
esymptomatic testing and the latter is warranted even in 
children. 
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Biologically targeted pharmacological 
strategies in childhood NF2
Recently, following the studies on merlin pathway(s), dif-
ferent pharmacological strategies have been developed, in 
order to obtain tumour volumetric shrinkage and/or arrest 
of progression of tumours including a reduction in time 
to progression  114. Given the complexity of the Merlin’s 
pathway(s), different targets have been proposed 115-121.
Antagonists of the ErbB family. Lapatinib, an antagonists 
of the Her1-2members of the ErbB family of tyrosine 
kinase receptors,was clinically tested in NF2-patients, 
with volumetric regression of VSs and improvement of 
hearing, in 4 of 17 patients treated 122; however, patients 

treated with another inhibitor of ErbB tyrosine kinase re-
ceptors, Erlotinib, did not experience tumour regression, 
even if in 27% of the cases there was a stabilisation of the 
disease 123.
Inhibitors of the mTOR pathway. The attempt to use 
mTOR pathway inhibition (i.e., Everolimus) did not yield 
appreciable results, with no patients (out of 9 enrolled) 
showing a volumetric response of the schwannomas, nor 
clear evidence of a stabilization of the disease) 124.
Inhibitors of IGF1 receptor/PDGF/Akt/MEK. In vitro 
studies on the employment of different potential drugs 
have shown appreciable results, in particular with pic-
ropodophyllin, an anti-IGF1 receptor 125, OSU-03012, an 
Akt inhibitor 126, and nilotinib, a C-kit cascade inhibitor 127. 

Fig. 13. VEGF/VEGFR signalling pathway in normal vs. NF2 Schwann cells [Avastin]: in normal Schwann cells VEGF (vascular endothelial 
growth factor), SEMA3A (semaphorin 3 A) and SEMAF (semaphorin F) molecules and VEGFR (VEGF receptors), NRP (neuropilin) and 
Plexin receptors are normally expressed; in NF2 Schwann cells VEGF are normally expressed vs. lower expressed VEGFR; in addition to 
that, in NF2 Schwann cells NRP and Plexin receptors are normally expressed vs. lower expressed SEMA3A and SEMAF molecules (see 
boxes). VEGF typically binds to VEGFR2 [Panel 1] inducing endothelial proliferation, migration and permeability; VEGF can also compete 
with SEMA3A to bind to Neuropilin (NRP) receptors directly or can form a bridge between VEGFR2 and NRP potentiating its signalling 
via VEGFR2 [Panel 2]; SEMA3A and SEMAF bind NRP1 and NRP2, respectively, to induce endothelial cell regression and diminished 
permeability [Panel 3]. Thus, Avastin [an anti-VEGF antibody], when administered in NF2 patients acts not only via VEGFR inhibition (as 
VEGFR are lower expressed in NF2 Schwann cells) but also because it displaces VEGF from binding to NRP and Plexin receptor, thus 
allowing SEMA3A and SEMAF to bind to these receptors inducing endothelial cell regression and diminished permeability [see Panel 3 
(from Ruggieri et al., 2015 35 and Ruggieri et al., 2015 36, adapted and modified).



M. Ruggieri et al.

362

Table III. NF2 patients treated with bevacizumab in the literature (from Ruggieri et al., 2015 35 and Ruggieri et al., 2015 36, adapted and modified).

Author Year Total 
no.

Average 
age 

[Current]

Age 
range 
(years)

Sex Median 
duration of 
Treatment 

Hearing 
Response

Radiologic Response Side effects

Plotkin et al 2009 & 
2012

31 26 12-73 14 M  
17 F

14 months 90% had 
stable or 
improved 

hearing after 
1 year of 

treatment and 
61% at 3 years 

17/31 (55%) reduction in 
size of VS; 10/31 stable 
disease (32%). [87% of 
patients had stable or 
decreased tumour size 

after 1 year of treatment 
and 54% at 3 years]

50% menorrhagia 
and Irregular 

menstruation; 35% 
proteinuria and 

hypertension; 26% 
epistaxis; 23% fatigue 

and hyponatremia

Mautner et al 2010 2 31 23-39 2 M 1 year 1/2 
improvement

2/2 volumetric 
reduction

Patient 1: slightly fatigue 
and epistaxis; Patient 2 

hypertension

Eminowicz et al 2012 2 34 31-37 1 M  
1 F

Case 1 18 
weeks; Case 2 
> 16 weeks

2/2 
improvement

2/2 volumetric 
reduction

NR

Riina et al 
[Intra-arterial 
infusion]

2012 3 39.7 31-56 2 M  
1 F

1 day NA Patient 1: Reduction 
11 and 19% of VSs; 

Patient 2: stable 
disease; Patient 3: 

stable disease

None

Subbiah et al 
[Total 6 patients; 
4 treated wit 
BEV]

2012 4 30 16-41 2 M  
2 F

(4-10+ monts) 3/4 stable 
disease; 1/4 
improvement

3/4 stable disease; 1/4 
33% tumour shrinkage

2/4 proteinuria and 
hyperlipidemia

Hawasli et 
al [Total 10 
patients; 5 
affected by NF2 
and treated with 
BEV]

2013 5 22,8 14-38 NR 11 months 2/5 stable 
disease; 3/5 
improvement

4/5 stable; 1/5 
volumetric reduction

2/5 hypertentsion; 1/5 
epistaxis; 1/5 weight 

loss; 1/5 abdominal pain 
and diarrhea; 1/5 chest 

pain

Nunes et al 
[Meningiomas; 
Same patients 
of Plotkin 2012]

2013 15 29.5 16-63 7 M  
8 F

18 months NA 29% (14/48 
meningiomas): 

volumetric radiographic 
response; median time 

to progression was 
15 months. Median 
duration of response 

was 3.7 months

4 grade 3 adverse 
events (hypertension, 

elevated liver enzymes, 
menorrhagia, irregular 
menses) and 2 grade 4 
events (delayed wound 

healing)

Alanin et al 2014 12 34 23-78 5 M  
7 F

22 months 
(range 7-34)

5/12 
subjective 

benefit;  3/12 
objective 
benefit

6/12 radiologic 
response

92% fatigue; 71% 
oligomenorrhea; 67% 

proteinuria; 33% 
hypertension; 17% 

epistaxis; one patient 
presented cerebral 
haemorrhage (fatal 

event)

Farschtschi 
et al [reduced 
dosage; 5 to 2.5 
mg]

2015 3 28.3 22-38 2 M  
1 F

66-76 months 3/3 hearing 
improvement

3/3 radiologic response Hypertension 3/3; 
proteinuria 2/3; The 

side effects ceased after 
treatment reduction to 

2.5 mg/g

Hochart et al 2015 7 15 11.4-
18.8

3 M  
4 F

11.3 months 
(range 3.2-

55.6)

3/7 stable; 
3/7 Non 

elegible; 1/7 
improvement

3/7 shrinkage; 2/7 
Reduction of growth 

rate; 1/7 stable disease

1/7 severe hypertension 
and proteinuria; 1/7 
osteomyelitis; 1/7 

epistaxis; 1/7 inter-
mensual bleeding; 1/7 

malaise

Morris KA et al 2016 61 25 10-57 36 
M 25 

F

23 months 
(range 3-53)

Hearing 
stabilisation 

or 
improvement 

in 86% 

Partial volumetric 
tumour response (all 
tumours) was in 39% 

and stabilisation in 51%

Hypertension in 30% 
and proteinuria in 16%. 
12/61 treatment breaks.

Legend: BEV = Bevacizumab; NR = Not reported; NA = Not available; VS = Vestibular schwannoma
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Imatinib, a PDGF inhibitor 128, has also been employed in 
a NF2 patient 129. Even if preliminary results were appreci-
able, the treatment was suspended after only 4 months for 
severe adverse reactions, including headache, vomiting, 
abdominal pain and increased unsteadiness. Sorafenib, 
which acts by inhibiting C-kit, PDGF and MEK1-2 sys-
tem, was employed in a single patient and afterward sus-
pended because of the appearance of a rash 130.
Anti-VEGF antibodies. Bevacizumab, a monoclonal an-
tibody directed against anti-vascular endothelial growth 
factor (VEGF)has shown the most promising results in 
terms of tumour volume shrinkage, stabilisation of the 
disease and hearing improvement, since its first employ-
ment by Plotkin et al, at the dose of 5 mg/kg/biweekly 
(Fig. 13) 131. Even if associated with different side effects 
(including haemorrhage, delayed wound healing, protein-
uria and hypertension) 132  it is by and large extremely well 
tolerated in NF2 patients  133. Bevacizumab has demon-
strated its efficacy in the treatment of VSs 129 131 134, with a 
stable or improved hearing in 90% of patients after 1 year 
and 61% after 3 years  135;  a stable or decreased tumour 
volume was observed in 88% of patients after 1 year of 
treatment and in 54% at 3 years. The same usefulness was 
not demonstrated in the meningiomas of the same cohort 
of NF2 patients 135 136: a volumetric response was observed 
in 29% and the median duration of the response was 3.7 
months and a median time to progression of 15 months.
Among the 10 patients affected by non-malignant brain 
tumours and treated with anti-VEGF therapy enrolled by 
Hawasli et al. 136, six were affected by NF2: 5were treated 
with bevacizumab, and one with pazopanib, a pleiotropic 
tyrosine kinase receptor inhibitor, which inhibits also the 
angiogenesis. All the six NF2 patients showed benefits 
from anti-VEGF, while among the non-NF2 patients, two 
(affected by recurrent meningiomas) continued to present 
tumour growth after VEGF therapy.
Subbiah et al.  129 demonstrated the utility of a combined 
treatment with bevacizumab and temsirolimus, an mTOR 
inhibitor, in two patients: one of them had a 33% volumetric 
response in size, while the other presented a stable disease.
A radiological response was observed in 7 of 18 tumours 
(39%) of the 12 patients enrolled by Alanin et al. 137, with 
a continued response (for more than 2 months) in 6/18 
(33%). Three patients (25%) showed an objective hearing 
improvement and five (41.7%) reported subjective benefit 
in neurological symptoms, including improved hearing.
Anti-VEGF in the paediatric age (Table III) (Fig. 13). 
Among the seven children and teenagers affected by NF2 
(median age 15 years) treated by Hochartet al.  138, one 
showed a tumour regression of more than 20%, two a tu-
mour shrinkage between 5 and 19% and the other four 
showed a decreased tumour growth. A hearing benefit was 
showed in 1 out 4 patients eligible for audiometric evalua-
tion, while the others presented a stable disease 138. Severe 
adverse (hypertension and osteitis) events were registered 

in two patients, who had to discontinue treatment; another 
patient needed a reduction of the doses after recurrent 
episodes of epistaxis, while another experienced a grade 
2 inter-menstrual bleeding. Six children with NF2 with 8 
evaluable VS had significantly poorer responses to bevaci-
zumab than 51 adults in a large multi-institution study 133.
Other smaller groups of NF2-related tumours have been 
treated with bevacizumab. These studies have demonstrated 
that a reduced dose bevacizumab treatment to 2.5 mg bi- or 
tri-weekly, also if prolonged for 66-76 months, could still 
provide a clinically stable, radiographic and audiology sus-
tained response 139, that tumour shrinkage can be more than 
40% 140, and that bevacizumab can also be effective in pa-
tients previously unsuccessfully treated with gamma knife 
radiotherapy  141. Moreover, a super-selective intra-arterial 
cerebral infusion of bevacizumab was reported in 3 patients 
has showed a likely efficacy, with one patient presenting a de-
creased tumour volume and two showing a stable disease 142.

Mortality in NF2 and in NF2 children
Overall, patients with NF2 have diminished lifespan com-
pared to non-affected family members 106 107 143 with over-
all 5-, 10-, and 20-years survival rates after diagnosis of 
85%, 67% and 38%, respectively  137. Early age at diag-
nosis and the presence of intracranial meningiomas are 
usually associated with increased mortality, and having a 
mosaic, rather than non-mosaic, NF2 mutation is associ-
ated with reduced mortality 106. The most frequent causes 
of death include tumour burden, peri-operative complica-
tions, and malignancy from NF2-related tumour 28 107 143. A 
decreased risk of mortality is associated with treatment at 
a specialty medical centre and with splice-site or missense 
mutations vs. truncating mutations [patients with splice-
site mutations in exons 6-15 have lower mortality than 
patients with splice-site mutations in exons 1-5]. Nota-
bly, the overall mortality of children and adults with NF2 
diagnosed in more recent decades is lower than that of 
patients diagnosed earlier 28 106.
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Lipofilling as refinement procedure  
in maxillo-mandibular malformations
Il lipofilling come procedura ancillare nelle malformazioni maxillo-mandibolari
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SUMMARY

Maxillo-mandibular asymmetry has numerous aetiologies: congenital, traumatic, iatrogenic and post-oncologic. Patients with congenital 
dentofacial malformations are generally submitted to orthognathic surgery and/or additional procedures (genioplasty, alloplastic implants) 
with satisfactory results. However, despite achieving skeletal symmetry, noticeable facial asymmetry may persist.This study was performed 
in 45 patients (29 women and 16 men) operated between December 2012 and June 2014. All patients were affected by maxilla-mandibular 
asymmetry and underwent orthognatic surgery for hard tissue correction of the deformity. Residual facial alterations were then treated with 
lipofilling refinement proceure. In all cases good integration of the grafted fat was observed in the recipient sites. Retrospective analysis 
of photographic documentation showed progressive volumetric decrease for up to approximately 6 months after surgery; after that graft 
volume remained relatively stable. There were no significant surgical complications, either from the fat harvest site or the reconstructed 
site. Mild oedema and bruising were frequent during the first post-operative week. No haematomas, infections, vascular or nervous injuries 
were recorded. Twenty-four patients felt the need to have a second procedure. A second fat transfer was performed in 22 cases, and a third 
in 2 (total of 69 procedures). Based on the observations of our study, fat grafting is a simple, effective and reproducible technique, with a 
high satisfaction rate and few disadvantages or complications. We demonstrated that the success of lipofilling is dependent on the treated 
aesthetic subunits of the face. The malar and lateral cheek regions seem to be highly favourable for fat grafting, unlike the upper and lower 
lips subunits. Composite procedures using orthognathic surgery and autologous fat provide the surgeon with an additional, more customis-
able option for patients with maxillo-mandibular malformations. 

KEY WORDS: Maxillo-mandibular asymmetry • Lipofillig • Orthognatic surgery

RIASSUNTO

Le asimmetrie maxillo-mandibolari riconoscono numerose eziologie: congenita, traumatica, iatrogena e post resezione oncologica. I 
pazienti affetti da malformazioni congenite vengono generalmente sottoposti a chirurgia ortognatica con o senza procedure aggiuntive 
(genioplastica, impianti alloplastici) con risultati soddisfacenti. Tuttavia, nonostante il raggiungimento della simmetria scheletrica può 
esitare una asimmetria residua più o meno evidente. Lo studio presentato è stato effettuato su 45 pazienti (29 femmine e 16 maschi), trattati 
chirurgicamente tra Dicembre 2012 e Giugno 2014. Tutti i pazienti erano affetti da asimmetria maxillo-mandibolare e sono stati sottoposti 
a chirurgia ortognatica per la correzione ossea della deformità. Le alterazioni residue sono state trattate con lipofilling. In tutti i casi si è 
osservato un buon attecchimento del grasso a livello del sito ricevente. L’analisi retrospettiva della documentazione fotografica ha dimo-
strato un progressivo decremento dei volumi raggiunti in seguito al trattamento con lipofilling fino a sei mesi dalla procedura, dopodiché 
i volumi sono rimasti invariati. Non sono state riportate complicanze significative sia a livello del sito donatore sia del ricevente. Un lieve 
edema ecchimotico è stato osservato frequentemente nella prima settimana post-operatoria, non sono stati riportati casi di ematoma, infe-
zioni, danni nervosi o vascolari. 24 pazienti hanno avuto necessità di ulteriori applicazioni, una seconda applicazione si è resa necessaria 
in 22 pazienti ed una terza in 2 pazienti. (totale di 69 procedure). Sulla base dei risultati di questo studio la metodica del lipofilling si è 
dimostrata semplice, efficace e facilmente riproducibile, mostrando un alto indice di soddisfazione da parte dei pazienti e una scarsa inci-
denza di svantaggi e complicanze. Abbiamo inoltre dimostrato come il successo del riempimento con grasso autologo sia dipendente dalla 
subunità del viso che viene trattata. Le regioni malare e della guancia hanno mostrato i migliori risultati mentre le subunità corrispondenti 
al labbro inferiore e superiore hanno mostrato uno scarso attecchimento del grasso innestato, con una conseguente maggiore perdita di 
volume. In conclusione si può dire che le procedure composite, che prevedono l’utilizzo congiunto della correzione chirurgica delle basi 
scheletriche e un successivo ritocco per mezzo di innesto di grasso autologo, costituiscono una opzione addizionale e personalizzabile per 
i pazienti affetti da malformazioni maxillo-mandibolari. 

PAROLE CHIAVE: Asimmetrie maxillo-Mandibolari • Lipofilling • Chirurgia ortognatica 
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Introduction
Maxillo-mandibular asymmetry has numerous aetiolo-
gies: congenital, traumatic, iatrogenic and post-oncolog-
ic. Patients with congenital dentofacial malformations are 
generally submitted to orthognathic surgery and/or addi-
tional procedures (genioplasty, alloplastic implants) with 
satisfactory results. However, despite achieving skeletal 
symmetry, noticeable facial asymmetry may persist. This 
problem is the result of the asymmetrical growth of the 
overlying soft tissue or the effect of its accommodation 
after skeletal movements. Although skeletal symmetry is 
present, the changes of the soft tissue envelope frequently 
give the face a hard, more angular appearance and/or a 
visible asymmetry to the normal side, that compromises 
the final result.
The transfer of autologous fat has been performed as whole 
grafts since the 1890s  1 and as injectable grafts since the 
1920s 2. However, it is only within the last 20 years that the 
popularity of autologous fat graft for facial recontouring 
has increased within the plastic and maxillo-facial surgery 
community. The wide experience recently gained with the 
clinical use of autologous fat transfer for facial soft tissue 
augmentation suggests that this procedure is the best pres-
ently available. In many ways fat is the closest we have 
to an ideal filler: it is readily available and inexpensive to 
harvest, it is autologous and therefore lacks a host immune 
response, it is safe and noncarcinogenic and it is acquired 
with a minimally invasive procedure 3. 
Despite the clinical optimism associated with autologous 
fat graft, there remains an uncertainty among practitioners 
regarding the viability of transferred fat 4. Several meth-
ods have been suggested to improve graft survival and vol-
ume prediction: “nontraumatic” blunt cannula technique, 
centrifugation and immediate injection of small amounts 
in multiple passes  5 6. The addition of growth factors or 
washing may be less meaningful 7. In spite of these vari-
able techniques for harvesting and engraftment, physician 
and patient satisfaction with the results of the procedure 
remains high, particularly in the short term 8. 
The aim of this retrospective study was to evaluate and 
optimise the role of fat grafting as adjunct refinement pro-
cedure in management of patients with maxillo-mandibu-
lar malformations.

Materials and methods
The study was performed on 45 patients (29 women and 
16 men) operated between December 2012 and June 
2014. The study was approved by the appropriate institu-
tional review boards. Inclusion criterion was the presence 
of maxillo-mandibular asymmetry in patients already 
submitted to orthognathic surgery and/or to additional 
aesthetic procedures such as genioplasty or alloplastic im-
plant placement. Excluded were patients with previous fa-

cial soft tissue surgery or those who refused to participate 
in the study. Each subject was fully informed about the 
aim of the study and about the possibility that fat grafting 
might have to be repeated, if necessary. Informed consent 
was obtained at study entry. Each patient was examined 
preoperatively to precisely evaluate and mark any area to 
be treated. Preoperative and post-operative photographs 
were systematically obtained. 
Fat harvest, preparation and reinjection were performed 
in a standardised fashion in accordance with Coleman’s 
recommendations 9 by the same plastic surgeon. Fat was 
harvested from the abdominal wall or inner knees using 
manual suction with a 10 cc syringe and a 3 mm blunt 
cannula. Centrifugation was carried out at 3000 rpm for 3 
min. After that, the blood/tumescent fraction was drained 
and the oil was removed. The resulting purified fat layer 
was used for grafting the maxillo-mandibular region fol-
lowing the principles of structural fat grafting. Multiple 
access sites and a fan-like pattern technique using 1.4 mm 
and 1.8 mm blunt cannulas were used to transfer small 
aliquots of fat into various depths of the soft tissue (from 
the dermis to the muscular fascia or muscle). A three-
dimensional network of tunnels was created to improve 
the contact between the graft and the local adipose tissue, 
in order to maximise its harvest. The quantity of trans-
planted adipose tissue was determined by attempting to 
obtain symmetry with the contralateral side with 30% 
overcorrection. Overcorrection was performed with the 
realisation that there will be some loss of volume over 
time. Postoperatively, patients were asked to come back 
for follow-up at weeks 2 and 4 and at months 3, 6 and 
12. At each follow-up visit, surgical complications were 
documented and patients were photographed. Position, 
facial expression, focal distance and camera settings were 
standardised. They were also asked to rate their overall 
satisfaction with the post-surgical facial appearance on a 
five-point scale (1: poor, 2: fair, 3: good, 4: very good, 5: 
excellent). This scale has been utilised in and validated by 
several prior studies 10-12. 

Results
The average age of the 45 patients enrolled in the study 
was 29.5 years at the time of surgery. The average post-
operative follow-up time was 9.7 months (range 1 to 18 
months). Indications for grafts included maxillo-mandib-
ular asymmetries after correction of congenital dentofa-
cial malformations. Patient demographics, grafted areas, 
post-operative follow-up time and number of procedures 
are listed in Table I.
Due to its ease of access and availability, the most com-
mon donor site used was the abdominal wall (51 proce-
dures), followed by the inner knees (18 procedures). 
In all cases good integration of the grafted fat was ob-
served in the recipient sites (Figs. 1-3). Retrospective 
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analysis of photographic documentation showed pro-
gressive volumetric decrease for up to approximately 6 
months after surgery; after that graft volume remained 
relatively stable. 
There were no significant surgical complications, either 
from the fat harvest site or the reconstructed site. Mild 
oedema and bruising were frequent during the first post-
operative week. No haematomas, infections, vascular or 
nervous injuries were recorded. 
Twenty-four patients felt the need to have a second proce-
dure. A second fat transfer was performed in 22 patients, 
and a third in 2 (total of 69 procedures). 
Analysis of patient satisfaction after the last follow-
up visit clearly demonstrated better results in the malar 
(mean satisfaction score [MSS]: 4.5) and lateral cheek re-
gions (MSS: 4.2). Less satisfactory results were obtained 
in the chin (MSS: 3.4), nasolabial region (MSS: 3.1) and 
marionette folds (MSS: 2.8). The least satisfactory results 
were achieved in the upper (MSS: 2) and lower (MSS: 
1.9) lip subunits. Satisfaction ratings for each subunit of 
the maxillo-mandibular region are presented in Table II. 

Discussion
In facial reconstructive surgery, it is generally assumed 
that functional disorders should be corrected primarily. If 
a bone deformation is present, bone repair should be con-
sidered first. Facial volume deficiency may be corrected 
at a second stage. Orthognathic surgery includes all surgi-
cal procedures used to surgically treat patients affected by 
jaw discrepancies. The aim is to align the bony jaws into 
a favourable position for mastication, deglutition, respira-
tion, and also to achieve a more desirable appearance, re-
turning the patient to more appropriate facial proportions. 

Surgical procedures involve mobilisation of the bony jaws 
and their repositioning according to an accurate pre-sur-
gical planning. Fixation is usually performed with plates 
and screws. The results are encouraging, but complica-
tions may be possible. Loss of sensitivity in the territories 
innervated by the third branch of the trigeminal nerve, 
malocclusion relapse, temporomandibular joint disorders, 
or foreign body reaction to internal rigid fixation means 
are the most frequent complications in orthognathic sur-
gery. Despite the aim to recreate an appropriate facial eu-
rhythmy, this kind of surgery may leave other cosmetic 
issues unaddressed, especially those related to soft tissue 
imbalance. Surgical options for correction include hard 
tissue augmentation (genioplasty, bone remodelling, au-
tologous grafts and alloplastic materials), soft tissue aug-
mentation (fillers, lipofilling), reduction (liposuction), 
cosmetic lip procedures, rhinoplasty. These procedures 
are preferentially performed at a later date after soft tissue 

Fig. 1. A 29-year-old woman with facial asymmetry after ortho-
gnatic surgery (Patient no. 25). Postsurgical aspect after two 
structural grafting procedures (follow-up time: 10 months). 15 
ml and 11 ml of fat tissue were grafted in the left chin, lateral 
cheek region and in the right upper and lower lips. Note the 
improvement of facial symmetry.

Fig. 2. (Front and lateral view). A 23-year-old woman affected 
by maxillo-mandibular asymmetry after orthognatic surge-
ry (Patient no. 14). Postsurgical aspect after frontal only one 
structural grafting procedure (follow-up time: 13 months). 25 ml 
of purified fat tissue were grafted in the right malar, lateral cheek 
region and mandibular angle. Note the dramatic and lasting 
improvement of facial symmetry.
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oedema from orthognathic surgery has stopped, in order 
to achieve a more predictable outcome.
 In clinical practice, procedures designed to augment soft 
tissues are the most commonly performed after orthog-
nathic surgery, and fat grafting seems to be a reliable op-
tion as suggested by recent reports  13 and by the results 
of our study. The authors believe that autologous fat can 
produce a more natural result for correction of maxillo-
mandibular asymmetry. It allows the surgeon the oppor-
tunity to sequentially fine-tune and refine the final con-
tours and volume of the soft tissue envelope, resulting in 
improved facial symmetry. Furthermore, improvement of 
skin quality of the treated region is generally observed 
a few months after fat grafting. We know that the face 
can be divided into well-defined aesthetic regions. How-
ever, these aesthetic regions can be further divided into 
well-accepted smaller subunits 14. Numerous studies have 
evaluated adipocyte survival in fat grafting, but few have 
the clinical results according to the treated facial subu-

nits. In our study, we were able to analyse the success 
of lipofilling in relation to the different subunits of the 
maxillo-mandibular region. The most satisfactory results 
in our study were obtained in the malar and lateral cheek 
regions, followed by the chin, nasolabial and marionette 
folds, while the poorest results were achieved in the upper 
and lower lip subunits. 
Levels of satisfaction and percentage of results were rated 
as “very good” and “good” and seem to correlate with 
the results of Mojallal et al. 13 and Fulton et al. 15 16 Simi-
lar outcomes were reported by Bertossi et al.  17 in some 
facial recipient sites, but with the best results achieved 
in the lips and nasolabial folds. Similarly, Colic et al.18 
found a resorption rate at 2 years in the perioral region of 
only 20%, emphasising the importance of intramuscular 
fat injection. The results of our study are different. In our 
hands, the perioral region is an area that is difficult to cor-
rect, because of high mobility, which reduces graft taking. 
An overcorrection and multiple procedures are frequently 
necessary and intramuscular injection does not seem to 
prevent a high resorption rate. This is particularly true for 
the upper and lower lip subunits.   Even with multiple 
fat injection procedures, our results in the chin and mari-
onette folds are quite satisfactory, according to Fulton et 
al. 15 16 Differently, Eremia and Newman 19 in a large series 
reported excellent results at 3 months, but the correction 
obtained was completely lost within 8 to 9 months, and re-
peated injections could not stabilise the results.  Why are 
results in some anatomical regions better than in others, 
as shown in our study? There are no scientifically based 
answers, but only hypotheses which are still waiting to be 
experimentally confirmed. The most common hypotheses 
found in the literature concerns the degree of vasculari-
sation and mobility of the recipient site and the quality 
of the donor-site (fibrosis, ischaemic changes, other mor-
bidities, etc.). The studies by Mojallal et al. 20 in the field 
of tissue engineering are of interest. Those authors stated 
that fat graft survival depends basically on three factors: 
mature adipocyte survival, differentiation of adipose-de-
rived stem cells (preadipocytes) in mature adipocytes and 
the presence of extracellular matrix, absolutely necessary 
for the two previously mentioned factors. Adipose tissue 
stem cells are pluripotent and various connective tissue 
lines derive from them. In the authors’ opinion, results are 
better in areas where fat tissue can be found naturally. The 
recipient fat tissue represents a scaffold that provides the 
substances to convert preadipocytes to mature adipocytes 
and not to other types of cells. Obviously this cannot be the 
case within the muscle or in contact with the fascia. This 
hypothesis justifies the results of our study as the best out-
comes were obtained in the facial subunits where the fat 
was more represented (malar and lateral cheek). Another 
study performed by Rohrich et al. on cadavers demon-
strates that subcutaneous fat of the face is partitioned into 
discrete anatomic compartments and that facial aging is, 

Fig. 3. (Front and inferior view). A 40-year-old man affected by 
Treacher-Collins syndrome with a severe facial asymmetry even 
after orthognatic surgery (Patient no. 40). Postsurgical aspect af-
ter two structural grafting procedures (follow-up time: 3 months). 
20 ml and 14 ml of purified fat tissue were grafted in the left 
lateral cheek region, chin and nasolabial folds. Even if the post-
operative result is still not satisfying, facial symmetry is improved.
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in part, characterised by how these compartments change 
with age, which might also be involved in some compart-
ments retaining fat grafts better than others 20.
In our series, a second fat transfer was performed in 22 
patients, and a third in 2 cases. A further procedure was 
performed when the patient and surgeon considered the 
achieved result insufficient, in case of undercorrection of 
the defect. The reason for undercorrection could be under-
estimation of the required volume, high resorption of the 
grafted fat, or inadequate recipient site 21.
Overcorrection is less common. As removal of fat with-
out damaging the adjacent tissues is difficult, localised 
injection of fat should be avoided and regular distribution 
should be performed. In our study, no patients complained 
of overcorrection of the defect.
Irregularities can be observed when fat is injected too su-
perficially or in an area with thin skin. They can be very 
disappointing, especially for female patients. In our series 
this complication was uncommon, concerning mainly the 
lips and mandibular profile.
The subjective evaluations of the results (preoperative and 
postoperative photographs) is the main limitation of this study. 
Despite this, our perception of the results seems to be in close 
relation with the level of satisfaction of patients, making the 
accuracy of the evaluation method relatively high.

Conclusions
Based on the observations of our study, fat grafting is a 
simple, effective and reproducible technique, with a high 
satisfaction rate and few disadvantages or complications. 
We demonstrated that the success of lipofilling is depend-
ent on the treated aesthetic subunits of the face. The malar 
and lateral cheek regions seem to be highly favourable 
for fat grafting, unlike the upper and lower lips subunits. 
Composite procedures using orthognathic surgery and au-
tologous fat provide the surgeon with an additional, more 
customisable option for patients with maxillo-mandibular 
malformations. 
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SUMMARY

The aim of the present study was to evaluate the oncological efficacy of salvage total laryngectomy in patients who had previously under-
gone supracricoid partial laryngectomy or transoral laser microsurgery for treatment of laryngeal squamous cell carcinoma. We retrospec-
tively reviewed the medical, surgical and pathological records of 35 patients who underwent salvage total laryngectomy after recurrence 
of laryngeal cancer (following supracricoid partial laryngectomy or transoral laser microsurgery). Kaplan-Meier survival curves as well as 
univariate and multivariate analyses of prognostic factors were performed. No statistically significant differences were seen comparing the 
supracricoid partial laryngectomy group with the transoral laser microsurgery group for overall survival and disease-specific survival at 3 
years (OS = 38% vs. 52%, p = 0.16; DSS = 40% vs. 61%, p = 0.057) or locoregional control at 2 years (LRC = 40% vs. 54%, p = 0.056). 
A trend indicating worse survival and locoregional control for supracricoid partial laryngectomy patients emerged. Preservation of the 
osteocartilaginous frame in transoral laser microsurgery could hypothetically result in better salvageability of anterior recurrences with 
extralaryngeal spread.

KEY WORDS: Carcinoma • Larynx • Salvage total laryngectomy • Supracricoid laryngectomy • TRansoral laser microsurgery

RIASSUNTO

Lo scopo del presente studio è stato quello di valutare l’efficacia oncologica della laringectomia totale di salvataggio in pazienti prece-
dentemente sottoposti a laringectomia subtotale open o microchirurgia laser transorale affetti da carcinoma squamocellulare laringeo. 
Abbiamo analizzato retrospettivamente le informazioni cliniche, chirurgiche e patologiche di 35 pazienti sottoposti a laringectomia totale 
di salvataggio dopo recidiva di carcinoma laringeo (laringectomia subtotale open o transorale). Le informazioni sono state analizzate 
tramite l’utilizzo delle curve di Kaplan-Meier nonché tramite l’analisi univariata e multivariata dei fattori prognostici. Non sono emerse 
differenze statisticamente significative nel confronto tra il gruppo di pazienti precedentemente sottoposti a laringectomia subtotale ed il 
gruppo sottoposto a microchirurgia laser transorale sia in termini di overall survival (OS) e disease specific survival (DSS) a 3 anni (OS 
= 38% vs 52%, p = 0,16; DSS = 40% vs 61%, p = 0,057) che di controllo locoregionale (LRC) a 2 anni (LRC = 40% vs 54%, p = 0,056). 
È stata tuttavia messa in evidenza una tendenza che indica una sopravvivenza e controllo locoregionale peggiore nei pazienti sottoposti a 
laringectomia subtotale. La conservazione dello scheletro osteocartilagineo della microchirurgia laser transorale si traduce ipoteticamen-
te in una maggiore probabilità di salvataggio delle recidive anteriori con diffusione extralaringea.

PAROLE CHIAVE: Carcinoma • Laringe • Laringectomia totale di salvataggio • Laringectomia sopracricoidea • Microchirurgia laser 
transorale

Acta Otorhinolaryngol Ital 2016;36:373-380

Introduction
Supracricoid partial laryngectomy (SPL) and transoral 
laser microsurgery (TLM) are conservative surgical tech-
niques performed for treatment of laryngeal squamous 

cell carcinoma (LSCC) allowing for effective preserva-
tion of laryngeal function with excellent oncological re-
sults 1 2. 
SPL is an ‘open’ technique that involves the opening of 
the laryngeal box, removal of the thyroid cartilage, false 
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cords, true vocal cords, epiglottis (or part of it) and, when 
necessary, one arytenoid. At the end of the procedure, a 
pexy between the cricoid cartilage and the hyoid bone is 
performed  1 3. TLM is an endoscopic technique through 
which the LSSC is removed, generally without violating 
cartilage structures. The procedure does not involve the 
creation of communications between the laryngeal box 
and laterocervical spaces 2 4. SPL and TLM pose impor-
tant decisional problems in cases of suspected local recur-
rence with anterior extralaryngeal extension. 
In general, the anterior extralaryngeal spread of a re-
lapsing LSCC can occur in supraglottic primary (mainly 
through the thyrohyoid membrane) and glottic primary 
cases (through the thyrohyoid and cricothyroid mem-
branes or directly through the thyroid cartilage)  5  6. The 
latter rarely occurs. However, the potential for tumour ex-
tralaryngeal spread increases in anterior relapsing lesions 
previously treated with conservative surgical techniques, 
such as supracricoid partial laryngectomy (SPL) or tran-
soral laser microsurgery (TLM). In these cases, the com-
plete absence of the thyroid cartilage (in the case of SPL) 
or of the internal perichondrium (in the case of TLM) may 
facilitate anterior extralaryngeal spread 7.In the majority 
of cases it is possible to classify LSSC anterior relapse 
into 3 categories:
1. local recurrent tumour inside the neolarynx; 
2. extra-laryngeal only pattern: no tumour inside the neo-

larynx, fully extra-laryngeal recurrence; 
3. undetermined recurrence pattern.
The treatment of recurrent LSCC with suspected anterior 
extralaryngeal extension in the absence of direct invasion 
of vital structures is surgical. In most cases, an extended 
total laryngectomy is required that includes not only the 
removal of the larynx in its entirety, but also prelaryngeal 
muscles, thyroid gland, and when necessary, a portion of 
the overlying skin 8. The aim of the present study was to 
evaluate the oncological efficacy of salvage total laryn-
gectomy (STL) in recurrent LSCC with anterior extra-
laryngeal invasion in patients who had previously under-
gone to SPL or TLM. 

Materials and methods
We retrospectively reviewed the medical, surgical and 
pathological records of 43 patients who underwent STL 
between March 1990 and December 2014 at Policlinico 
Umberto I, ‘Sapienza’ University of Rome for LSCC with 
anterior extralaryngeal invasion (rcT4a) at first diagnosis 
or recurrence after conservative surgical treatment with 
SPL or TLS. Patient characteristics, including age, gender 
and KPS at diagnosis, were recorded.

Inclusion and exclusion criteria 
We identified 2 patient groups: patients primarily treated 
with SPL and those primarily treated with TLM. Patients 

who were ineligible for treatment with a radical intent 
and/or with known distant metastases, patients who did 
not undergo follow-up and those affected by non-squa-
mous histologies were excluded. Patients with an extra-
laryngeal spreading pattern without clinical evidence of 
intralaryngeal cancer were excluded as well. Based on in-
clusion and exclusion criteria, 35 patients were enrolled: 
16 patients underwent primary SPL before STL (Group 
1) and 19 underwent primary TLM before STL (Group 
2). The Institutional Review Board of the Policlinico Um-
berto I Hospital, Rome, Italy approved the study.
Treatment and indications. In the group of patients who 
were primarily treated with TLM, the main treatment was 
endoscopic laser cordectomy (i.e., type II, III, IV, or V) in 
glottic cases or endoscopic laser horizontal supraglottic 
laryngectomy associated with mono or bilateral neck dis-
section in the supraglottic cases (level II-IV + Delphian 
node in N0 cases; I-VI in N+ cases). In the group of pa-
tients who were primarily treated with SPL, the primary 
treatment was cricohyoidopexy or a cricohyoid-epiglot-
topexy associated with mono or bilateral neck dissection 
(level II-IV + Delphian node in N0 cases; I-VI in N+ cas-
es). Cricohyoidopexy was the preferred treatment in cases 
of anterior commissure involvement. All patients partici-
pating in the study underwent STL for anterior LSCC re-
currences with suspected extralaryngeal spread.

Salvage total laryngectomy (STL)
When cervical skin removal is planned (according to the 
clinical status of the tumour), the skin area that is to be 
removed is outlined. Immediately after the incision of the 
skin, frozen sections are obtained to determine whether 
the skin is affected by subcutaneous neoplastic lymphang-
itis. The incision is continued at full thickness without dis-
secting the cutaneous, subcutaneous, fascial and muscular 
planes overlying the laryngeal lodge. When skin removal 
was not considered, a subplatismal U-shaped cervical flap 
was elevated. The upper resection boundaries include 
the hyoid bone, whereas the lower margins may include, 
when necessary, the entire thyroid gland and two or more 
tracheal rings, depending on the subglottic extension of 
the tumour. Hypopharynx defects are restored as in con-
ventional total laryngectomy, whereas the anterior defect 
involving skin, fascia and muscle is restored using a pec-
toralis major myo-cutaneous flap. The lower margin of the 
myocutaneous flap is sutured to the upper rim of the first 
remaining tracheal ring. A wide stoma is then created.

Neck dissection and adjuvant treatment
The cN0 patients underwent elective selective neck dis-
section unless they had already been dissected in a previ-
ous surgery, with removal of levels II to IV, according to 
the main international guidelines. A comprehensive neck 
dissection was performed for clinically-positive nodal 
disease. Adjuvant radiotherapy was performed in pN0-N1 
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cases. Adjuvant chemoradiation was performed (consider-
ing the patient’s performance status) in high risk patients: 
extracapsular spread, positive margins, intravascular inva-
sion, perineural invasion, pN2-N3 patients.
Outcome analysis. The follow-up was calculated from the 
date of the STL. The endpoints included overall survival 
(OS), disease-specific survival (DSS) and loco-regional 
control (LRC). Statistical analysis was performed using 
SPSS for Windows version 15.0. Survival curves were 
plotted using the Kaplan–Meier method. Univariate and 
multivariate analyses were performed using the Cox pro-
portional hazards model. A survival comparison was per-
formed using a log-rank test, and p values < 0.05 were 
considered to be statistically significant.

Results
Age distribution was not significantly different between 
the two groups. Demographics and stage distribution are 
reported in Table I. When comparing staging (T and N 
for primary and recurrent LSCC) and subsites for primary 
LSCC, no significant differences were found between the 
groups. The median follow-up in our population was 31 
months; therefore, 3-year survival rates are given. The 
median age of the entire group was 63 years (range 36-74 
years). Among recurrences, the median time from prima-
ry treatment to first recurrence was 9 months for the SPL 
group and 13 months for the TLM group, with a mean of 
11.5 and 14 months, respectively (p = 0.12). 
A submucosal recurrent pattern was observed in 29 pa-
tients (83%, 12 SPL group, 17 TLM group), while an un-
determined spreading pattern was observed in 6 patients 
(17%, 4 SPL group and 2 TLM group, Table I). Median 
time from primary treatment to first recurrence was 8 
months in the submucosal recurrent pattern (29 patients) 
and 14 months for the undetermined recurrence pattern (6 
patients), with a mean of 7.83 and 14 months, respectively 
(p < 0.001).
A nasogastric feeding tube was placed before the STL in 
all cases. Early and late sequelae and functional results, 
as well as the requirement for further adjuvant treatment, 
are summarised in Table II. We were unable to administer 
the recommended adjuvant treatment for comorbidities or 
low compliance in the post-operative period for 2 patients 
who underwent STL after SPL and 3 patients who under-
went STL after TLM.
Pathologic stage. Pre-operative (STL) clinical staging 
was confirmed by histologic analysis in the majority of 
cases. In 3 cases, which were clinically classified as T4a, 
the pathologic staging changed to T3 (3 TLM groups). 
In 4 cases, which were clinically classified as N+, the 
pathologic staging changed to N0 (2 SPL groups, 2 TLS 
groups). The margins on the definitive specimen were 
positive in 3 cases (2 SPL groups, 1 TLM group, Table I). 
However, no significant differences emerged when com-

paring the two groups according to pathologic staging and 
margin status.
Survival analysis and loco-regional control. Calculated 
from the date of STL, overall OS in the entire group was 

Table I. Patient characteristics and treatment modalities.

Characteristic STL after SPL (16) STL after TLM (19)

Age

Median 64 59

Range 39-73 36-74

Sex N (%)    

Male 15 (94) 17 (89)

Female 1 (6) 2 (11)

Disease-free interval (months)

Median 9 13

Range 3-27 5-35

Site of primary N (%)    

Supraglottis 10 (63) 5 (26)

Glottis 6 (37) 14 (74)

pT stage N (%)    

T1 4 (25) 5 (26)

T2 12 (75) 14 (74)

T3 -  

T4a -  

pN stage N(%)    

N0 14 (87) 18 (95)

N1 2 (13) 1 (5)

N2A - -

N2B - -

rT stage (on the pathology specimen) N (%)

T3 - 3 (16)

T4a 16 (100) 16 (84)

rN stage (on the pathology specimen) N (%)

N0 8 (50) 12 (63)

N1 4 (25) 4 (21)

N2A 2 (13) 1 (5)

N2B 1 (6) 2 (11)

N2C 1 (6) -

Spreading pattern N (%)    

Submucosal 12 (75) 17 (89)

Undetermined 4 (25) 2 (11)

Skin removal N (%)    

Yes 8 (50) 7 (37)

No 8 (50) 12 (63

Skin involvement N (%)    

Positive 4 (50) 4 (57)

Negative 4 (50) 3 (43)

Resection margins after SL N (%)

Positive 2 (13) 1 (5)

Negative 14 (87) 18 (95)
STL: salvage total laryngectomy; SPL: supracricoid partial laryngectomy; TLM: tran-
soral laser microsurgery. pT: primary tumour T stage; pN: primary tumour N stage; rT: 
recurrent tumour T stage; rN: recurrent tumour N stage.
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45% at 3 years; the DSS was 51% at 3 years (Fig. 1 a-b). 
No significant differences emerged comparing SPL 
vs. TLM for OS and DSS. However, a trend showing a 
worse survival was seen in SPL cases (3-year OS = 38% 
vs. 52%, p = 0.16; HR, 1.84, 95% CI, 0.72-4.66; 3-year-
DSS = 40% vs. 61%, p = 0.057; HR, 2.57, 95% CI, 0.90-
7.34, Fig. 2 a-b). This trend was confirmed if we consider 
locoregional control (LRC) as the endpoint. In fact, the 
SPL group showed worse LRC than the TLM group 
(3-year LRC = 40% vs. 54%, p = 0.056; HR, 2.44, 95% 
CI, 0.91-6.53) (Fig. 3).
Comparing the SPL and TLM groups using Cox univari-
ate and multivariate regression analyses, we found no 
significant associations between clinical parameters (i.e., 
age, gender, time to first recurrence, cT, rT, nodal involve-
ment at diagnosis and at recurrence, primary site, primary 
treatment, and margin status after STL) with DSS rates 
(Table III). 

Discussion
STL is an aggressive surgical technique characterised by 
removing the larynx/neo-larynx in addition to prelaryn-
geal soft tissue, strap muscles and, when subcutaneous 
lymphangitis is suspected, a skin area overlying the lar-
ynx (wide field laryngectomy)  7-9. Because the surgical 
removal is large, the surgical defect must be filled. There-Fig. 1. Overall (a) and disease-specific (b) survival rates.

A

B

Table II. Early and late sequelae, adjuvant/salvage treatment and functional endopoints.

STL after SPL 
(N=16)
n (%)

STL after TLM 
(N=19)
n (%)

Early reconstructive procedures

Myocutaneous pectoralis major flap 15 (94) 15 (79)

Myofascial pectoralis major flap 1 (6) 4 (21)

Early sequelae (within 60 days) N 

Neck bleeding 3 (19) 2 (11)

Wound infection 1 (6) -

Salivary fistula 3 (19) 2 (11)

Dysphagia 5 (31) 4 (21)

Persistent pain 2 (13) -

Late sequelae (after 60 days) 

Pain 4 (25) 3 (16)

Neck fibrosis 6 (38) 5 (23)

Dysphagia 4 (25) 4 (21)

Further treatments for cancer

Adjuvant radiotherapy 3 (19) 3 (16)

Adjuvant radiochemotherapy 11 (69) 13 (68)

Feeding/nasogastric tube 

Median removal time in days (range) 14 (8-51) 15 (12-42)

Permanent (PEG) 4 (25) 4 (21)
STL: salvage total laryngectomy; SPL: supracricoid partial laryngectomy; TLM: transoral laser microsurgery.
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fore, in our centre, we prefer to use a pedicled myocuta-
neous or myofascial pectoralis major flap, which reliably 
provides an adequate amount of well-vascularised tissue 
and is particularly useful in patients who have previously 
undergone surgery and are candidates for adjuvant radio 
and/or chemotherapy 10. Furthermore, the pectoralis major 
flap has been demonstrated by several reports to signifi-
cantly reduce local complications such as salivary fistu-
la 11. In our study, the pectoralis major flap was used for 
reconstruction purposes in all cases.
In this study, we investigated the results of STL in LSCC 
recurrences after SPL or TLM. To our knowledge, no 

similar studies evaluating a large series of STL have been 
previously published in the international literature. OS 
and DSS, post-operative morbidity, and mortality appear 
to be acceptable, especially considering the fact that we 
included only recurrent cases that by definition are char-
acterised by poor survival 12. 
We divided patients into two groups according to the pri-
mary tumour treatment: SPL or TLM. This allowed com-
parison of oncological data for salvage surgery following 
widely differing surgical techniques. Indeed, SPL is an 
‘open’ procedure that involves the opening of the laryn-
geal box, removal of the thyroid cartilage, false cords, true 
vocal cords, epiglottis (or part of it) and, when necessary, 
one arytenoid. Furthermore, a pexy between the cricoid 
cartilage and the hyoid bone is performed 1 3. TLM is an 
endoscopic technique that does not violate the laryngeal 
osteocartilaginous frame and the procedure does not in-
volve communications between the laryngeal box and 
laterocervical spaces 2 4. In our opinion, the main advan-
tage of SPL is the oncological radicality in LSCC with 
suspected or minimal cartilage invasion 13. Indeed, the on-
cological radicality of SPL in selected locally advanced 
LSCC is increasingly being confirmed in the recent litera-
ture 13-15. The main advantage of TLM seems to be linked 
to the possibility of treating LSCC without excluding fur-
ther therapeutic options in cases of new recurrences 2 16 17. 
Furthermore TLM is repeatable in the case of local early 
recurrence 18. 
Comparing the two groups according to OS and DSS, 
some trends were evident: SPL cases showed worse sur-
vival (OS = 38% vs. 52%, DSS = 40% vs. 61%), but there 
were no statistically significant differences (p = 0.16 and 
0.057, respectively). This trend was also confirmed when 

Fig. 2. Comparison between salvage wide field laryngectomy after supracricoid partial laryngectomy group (SPL) and salvage wide 
field laryngectomy after transoral laser microsurgery group (TLM) for overall (A) and disease-specific (B) survival.

Fig. 3. Comparison between salvage wide field laryngectomy 
after supracricoid partial laryngectomy group (SPL) and salva-
ge wide field laryngectomy after transoral laser microsurgery 
group (TLM) for locoregional control. 

A B
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we compared the two groups according to LRC: SPL was 
related to worse LRC (40% vs. 54%), albeit non-signifi-
cantly (p = 0.056). Furthermore, comparing the SPL and 
TLM groups using Cox univariate and multivariate re-
gression analyses, we found no significant correlations of 
clinical parameters with DSS rates (Table III). Although 
no significant differences emerged, we cannot exclude 
the possibility that a larger series would have obtained 
more representative data, which may have yielded statisti-
cally significant differences for OS, DSS and LRC. Note 
that LSCC cases with anterior extralaryngeal extension 
and candidates for surgery are rare and, in the literature, 
there are few data concerning the surgical treatment of 
this peculiar LSCC. Moreover, we should consider that, 

although extralaryngeal extension was radiologically 
strongly suspected in all cases, final pathological staging 
in TLM group was T3 in 3 cases (16%), while the SPL 
group included only T4a. Although the difference in stag-
ing was not significant, this could represent a potential 
bias.
The different clinical behaviours observed in the two 
groups and the better salvageability of TLM can be ex-
plained by the characteristics of the primary operation. In 
recurrences after SPL, the complete absence of thyroid 
cartilage allows the tumour to spread more directly, faster 
and (potentially) with no clinical manifestation in the an-
terior regions of the neck in the absence of a mechani-
cal barrier until extensive anterior involvement occurs. 

Table III. Univariate and multivariate analysis of prognostic covariates for DSS (calculated from the time of salvage).

Characteristic Univariate Analysis Multivariate Analysis

  HRa 95% CIb p HRa 95% CIb p

Age

Over 65 years 1 1

≤65 years 1.6 0.54 to 4.65 0.39 5.37 0.87 to 33,23 0.07

Sex

Female 1 1

Male 1.51 0.34 to 6.68 0.59 3.76 0.38 to 37.28 0.25

Time to first recurrence

Before 10 months 1 1

After 10 months 1.14 0.40 to 3.19 0.8 1.58 0.48 to 5.14 0.44

cT

cT1 1 1

cT2 1.39 0.39 to 4.88 0.61 5.12 0.61 to 42.88 0.13

rT

rT3 1 1

rT4a 2 0.26 to 15.14 0.5 0.25 0.01 to 5.25 0.37

Nodal involvement at first diagnosis

No 1 1

Yes 0.65 0.08 to 4.87 0.67 0.51 0.04 to 5.60 0.59

Nodal involvement at recurrence

No 1 1

Yes 1.45 0.80 to 2.61 0.22 1.96 0.81 to 4.74 0.13

Primary site

Glottis 1 1

Supraglottis 2.43 0.86 to 6.88 0.09 0.88 0.23 to 3.28 0.85

Primary Treatment

Supracricoid laryngectomy 1 1

Transoral laser microsurgery 0.383 0.13 to 1.07 0.07 0.23 0.05 to 1.08 0.06

Skin involvement

positive 1 1

negative 2.43 0.83 to 7.14 0.10 3.56 0.65 to 19.26 0.14

Salvage resection margins

Negative 1 1

Positive 1.92 0.42 to 8.64 0.4 5.92 0.71 to 49.39 0.1
a Hazard ratio; b Confidence interval.
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Conversely, TLM offers the great advantage of leaving 
the osteocartilaginous laryngeal frame, a valuable tumour 
spread barrier, largely intact (albeit by resecting the in-
ternal perichondrium). Preservation of the osteocarti-
laginous frame is the main factor underlying the better 
salvageability of recurrences as well as the better toler-
ance to adjuvant radiotherapy observed in cases treated 
endoscopically; this treatment triggered the progressive 
replacement of traditional open operations with endo-
scopic laser homologues, such as cordectomy, and (later) 
horizontal supraglottic laryngectomy 18 19. Therefore, the 
present results indirectly confirm the advantages of TLM 
in terms of recurrence salvageability.
In our opinion, the above delineated salvageability issues 
associated with primary SPL should not prevent the use 
of SPL. In fact, although there are conflicting data on the 
oncologic efficacy of TLM in the treatment of locally ad-
vanced LSCC, there is increasing evidence supporting the 
use of SPL in the primary treatment of advanced LSCC 
and as salvage treatment in early recurrent LSCC after 
radiotherapy with high organ preservation rates and sur-
vival 13 15 20-23. 
Finally, in the majority of cases it is possible to classify 
LSSC anterior relapse into three categories: 1) local recur-
rent tumour inside the neolarynx (visible as submucosal 
recurrence) in continuity with extralaryngeal spread; 2) 
extra-laryngeal only pattern: no tumour inside the neo-
larynx, fully extra-laryngeal recurrence. This is probably 
a regional recurrence due to ECS from Delphian lymph 
node or level VI nodes; 3) undetermined recurrence pat-
tern: tumour involving and destroying the remnant laryn-
geal framework with extralaryngeal extension. This is 
probably related to vascular or lymphatic permeation. We 
did not include extra-laryngeal only pattern in our study 
since in our opinion it could not be considered as a pure 
laryngeal relapse.
We observed that median time from primary treatment to 
first recurrence was 8 months in the submucosal recurrent 
pattern (29 patients, 83%) and 14 months for the undeter-
mined recurrence pattern (6 patients, 17%), with a mean 
of 7.83 and 14 months, respectively (p < 0.001). This re-
sult should be strongly emphasised since endoscopic ear-
ly detection of LSCC relapse with undetermined pattern is 
very difficult and, in our opinion, a higher level of caution 
in the follow-up is recommended after salvage laryngec-
tomy in SPL patients.
Globally, our results suggest that longer follow-up peri-
ods with stricter intervals (2 months for the first 2 years) 
using different imaging techniques (MRI and PET scan) 
can be useful in early detection of relapse. Moreover, the 
routine use of adjuvant chemoradiation (in case of favour-
able performance status) after STL should be considered 
in all cases to improve survival. Finally, further research 
is warranted to confirm our findings and to validate our 
speculations. 

Conclusions
To the best of our knowledge, the present study is the first 
to investigate the salvageability of recurrent LSCC with 
anterior suspected extralaryngeal extension after SPL or 
TLM. Although our results did not reach statistical sig-
nificance, there was a trend indicating lower survival and 
locoregional control in patients who had undergone STL 
for LSCC recurrence after SPL. This was probably due to 
the complete absence of thyroid cartilage in SPL patients. 
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SUMMARY

We aimed to determine whether advanced oxidation protein product (AOPP) levels can serve as a marker of oxidative stress in paediatric 
patients with chronic tonsillitis. Thirty children with chronic tonsillitis and 30 healthy children (control group) were recruited from the 
Otorhinolaryngology (ORL) and Paediatric Surgery departments, respectively, of Dumlupinar University Hospital. In the patient group, 
blood samples were collected before tonsillectomy, and tonsil tissue was sampled during the operation. Blood samples were also obtained 
from the control subjects. AOPP levels in the serum and tonsil tissue were measured by the spectrophotometric method. Serum AOPP levels 
were significantly higher in the patient group (13.1 ± 3.3 ng/ml) than in the control group (11.6 ± 2.3 ng/ml; P < 0.05). In addition, the mean 
AOPP level (41.9 ± 13.5 ng/mg protein) in the tonsil tissue in the patient group was significantly higher than the mean serum AOPP levels 
in the control and patient groups (P < 0.05). AOPP levels are elevated in the tonsil tissue and serum of patients with chronic tonsillitis com-
pared to the serum AOPP levels in healthy controls. AOPPs may represent a novel class of pro-inflammatory molecules that are involved 
in oxidative stress in chronic tonsillitis. AOPPs may be used as a marker of oxidative stress in paediatric patients with chronic tonsillitis.

KEY WORDS: Chronic tonsillitis • Advanced oxidation protein products (AOPPs) • Oxidative stress

RIASSUNTO

L’obiettivo del presente studio è stato determinare se i livelli plasmatici dei prodotti avanzati di ossidazione proteica (AOPP) rappresentino 
dei marker di stress ossidativo nei pazienti pediatrici affetti da tonsillite cronica. Per lo studio sono stati arruolati, presso i Dipartimenti 
di Otorinolaringoiatria e Chirurgia pediatrica dell’Ospedale Universitario di Dumlupinar, trenta bambini sani e trenta affetti da tonsillite 
cronica. Il gruppo dei pazienti affetti da malattia è stato sottoposto a un prelievo ematico preoperatorio e ad una biopsia intraoperatoria 
del tessuto tonsillare. Il gruppo dei pazienti sani è stato sottoposto unicamente al prelievo ematico. I livelli plasmatici e tissutali degli 
AOPP sono quindi stati misurati mediante spettrofotometria. I livelli sierici degli AOPP sono risultati essere più elevati nel gruppo dei 
pazienti affetti da tonsillite cronica (13,1 ± 3,3 ng/ml) rispetto al gruppo di controllo (11,6 ± 2,3 ng/ml; P < 0,05). Il livello tissutale medio 
degli AOPP nei pazienti malati è risultato essere superiore a quello plasmatico medio sia nel gruppo dei pazienti sani che in quello dei 
pazienti malati (41,9 ± 13,5 ng/mg; P < 0,05). I livelli plasmatici e tissutali degli AOPP sono risultati quindi essere più elevati nei pazienti 
malati rispetto al gruppo di controllo. Gli AOPP potrebbero quindi rappresentare una nuova classe di molecole pro-infiammatorie coin-
volte nello stress ossidativo nella tonsillite cronica e potrebbero avere un ruolo come marker di stress ossidativo nei pazienti pediatrici 
affetti da tale patologia.

PAROLE CHIAVE: Tonsillite cronica • Prodotti avanzati di ossidazione proteica (AOPPs) • Stress ossidativo

Acta Otorhinolaryngol Ital 2016;36:381-385

Introduction

Tonsil tissue that is part of the Waldeyer ring has a lym-
phoepithelial structure  1. Chronic tonsillitis commonly 
occurs in children. It causes recurrent attacks of throat 
pain, dysphagia, fever and malaise, and also leads to ob-
structive sleep apnoea syndrome in children. In addition, 
it disturbs sleep quality and impairs school success 2. An-

tibiotics and diverse drug combinations used to treat this 
disease cause many side effects in children. Furthermore, 
the medical and surgical treatment of this disease poses an 
enormous economic burden.
Oxygen deports electrons from other molecules in the 
cell to create reactive oxygen species (ROS). ROS are 
controlled by a defence system that relies on the activity 
of enzymes and non-enzyme substances. An imbalance 
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between ROS generation and the body’s defence system 
against ROS is termed oxidative stress 3. Oxidation prod-
ucts are generated during inflammation and are involved 
in the tissue injury caused by inflammation. Antioxidants 
play a role in neutralising oxidation products and limit-
ing tissue injury. Advanced oxidation protein products 
(AOPPs), a new oxidative stress marker, were first de-
tected in the plasma of uremic patients in 1996 4. AOPPs 
are thought to activate mononuclear phagocytes and act as 
cytokine-like mediators between neutrophils and mono-
cytes 4. The products of the oxidative modification of pro-
teins are more stable than those of lipids, making AOPPs 
better marker of oxidative stress 5. AOPPs are defined as 
dityrosine-including cross-linked protein products, a de-
scription that is significant, as it excludes protein aggre-
gates generated by disulphide bonds created as a result of 
oxidative stress. Consequently, AOPPs are a good marker 
of oxidative stress 6.
Oxidative stress has been linked to chronic tonsillitis 7 8. 
However, no study has yet reported the feasibility of using 
AOPP levels as a marker of oxidative stress in paediatric 
patients with chronic tonsillitis. We, therefore, conducted 
this study to determine whether AOPP concentrations in 
tonsil tissue and serum are affected by chronic tonsillitis 
and whether AOPPs play a role in the aetiology of chronic 
tonsillitis.

Materials and methods
Study design
Our study group consisted of 30 patients who were diag-
nosed with chronic tonsillitis and scheduled to undergo 
tonsillectomy in the Department of Otorhinolaryngology 
(ORL), Dumlupinar University Education and Research 
Hospital, Kutahya, Turkey. Chronic tonsillitis was diag-
nosed on the basis of the patient’s history and the findings 
of physical examinations. Chronically inflamed tonsils 
with white debris arising from the tonsillar crypts and fre-
quent attacks of tonsillitis were considered as indications 
for tonsillectomy. Patients with chronic tonsillar hyper-
trophy were included in the study; however, indications 
such as chronic tonsillitis that did not respond to medical 
treatment and was associated with persistent sore throat, 
halitosis or painful cervical adenitis were excluded. In ad-
dition, patients with complications were not included in 
the study. As a control group, 30 healthy individuals with 
no complaints in the head and neck region and without 
any infection or other systemic diseases were recruited 
from the Department of Paediatric Surgery, Dumlupinar 
University Education and Research Hospital.

Blood and tonsil tissue collection and preparation
Preoperatively in the study group, after overnight fasting, 
an overall of 10 ml venous blood samples were obtained 
from each person in addition to the routine preoperative 

blood tests immediately before tonsillectomy. In both 
the patient and control groups, blood samples were col-
lected into evacuated tubes containing a serum separator 
and clot activator (Vacuette®, Greiner Bio-One, Krems-
munster, Austria). Within 1 h of collection, blood samples 
were centrifuged at 1500 × g for 15 min to obtain serum 
samples. After centrifugation, serum samples were stored 
at -80°C until biochemical analysis. Tonsillectomy was 
performed under general anaesthesia in all patients. After 
the tonsillectomy, tonsil tissue samples were immediately 
rinsed with cold, heparinised, phosphate-buffered saline 
to remove any red blood cells or clots. Portions of the ton-
sil samples were placed in Eppendorf tubes and immedi-
ately stored at -80°C until biochemical analysis.

Measurement of AOPP levels
Before the measurement of the AOPP levels in the tonsil 
tissue samples, approximately 10 mg of tonsil tissue was 
mixed with 100 µl of cold working solution (50 mM phos-
phate buffer, pH 7.40), and homogenised using a mechan-
ical homogeniser (SpeedMill Plus, Analytik Jena, Germa-
ny). The homogenate was then centrifuged at 10,000 × g 
for 15 min at 4°C, and the resultant supernatant was pre-
served for biochemical analysis by storing on ice. AOPP 
levels were measured in tonsil tissue homogenates and 
serum samples by using commercial enzyme-linked im-
munosorbent assay kits (Eastbiopharm Co., Ltd., Hang-
zhou, China) and a microplate reader (BMG Labtech 
Spectrostar Nano, GmbH, Ortenberg, Germany). Tissue 
protein concentrations were measured using the Bradford 
method on a Beckman Coulter AU680 analyser (Beckman 
Coulter, Miami, FL, USA) 1. AOPP concentrations were 
expressed as ng/ml for serum samples and ng/ml protein 
for tonsil tissue samples.

Ethical considerations
The study protocol was approved by the local ethics com-
mittee. The parents of all included subjects provided writ-
ten and oral informed consent, and subjects were enrolled 
only after their parents had agreed to participate in the 
study and signed an informed consent form.

Statistical analysis
Statistical analyses were performed using GraphPad Prism 
version 6.05 (GraphPad Software, Inc., CA, USA). All da-
ta sets were tested for normality using Shapiro-Wilk test. 
Since the values were normally distributed and the sam-
ple size was ≥ 30, data were presented as mean ± standard 
deviation (SD) and parametric statistical tests were used. 
The comparison of AOPP values between groups were 
analysed using unpaired t-test. The comparison of AOPP 
values between serum samples and tonsil tissue samples 
in patients with chronic tonsillitis were analysed using un-
paired t-test. A P value < 0.05 was considered as statisti-
cally significant. 
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Results
The study group consisted of 30 patients (17 males, 13 
females, mean age 7.9  ±  3.4) undergoing tonsillectomy 
who fulfilled the inclusion criteria. The control group 
consisted of 30 subjects (17 males, 13 females, mean age 
7.7  ±  3.2).
When the serum AOPP levels measured in study group 
and control group were compared, since the 95% confi-
dence interval (CI) did not include zero and the P value 
was < 0.05, we concluded that there was a statistically sig-
nificant difference between the two groups [t(57) = -1.47, 
P = 0.048, 95% CI: -2.92 to -0.01]. Our results revealed 
that serum AOPP levels were higher in study group com-
pared to control group (Table I; Fig. 1). 
When serum AOPP levels and tonsil tissue AOPP levels 
in the study group were compared, significant differ-
ence was found between AOPP levels [t(55) = -28.83, P 
< 0.001, 95% CI: -33.99 to -23.67]. Tissue AOPP levels 
were significantly higher in tonsil tissue samples com-
pared to serum samples (Table II; Fig. 2). 

Discussion
Chronic tonsillitis is characterised by episodes of local 
infections with diverse pathogens, which are associated 
with the activation of lymphoid cells and episodes of ex-
cessive hypoxia/reoxygenation  7. Free oxygen radicals 
(FORs), which are part of the defence mechanism, are 
profusely generated by neutrophils, monocytes, eosino-
phils and macrophages to kill bacteria during tonsillar 
inflammation 2  8. Yılmaz et al. 2 concluded that tonsillec-
tomy diminishes the total oxidative stress by eliminating 
a microbial source and thereby strengthens the immune 
system. FORs negatively impact the immune system by 
reducing the proliferation capacity of defensive cells 
through DNA damage and by decreasing the synthesis of 
some critical factors, which decreases antioxidant levels 
and thereby increases the susceptibility to upper respira-
tory tract infections. Cvetkovic et al. 8 claimed that the an-
tioxidant defence system may help prevent the recurrence 
of tonsillitis; however, tonsillectomy alone cannot supply 
this conservation. 
Oxidative stress is involved in the pathogenesis of many 
diseases. Antioxidant therapy, which decreases oxidative 
stress, is a potential treatment for a number of patholo-
gies. Whether oxidative stress is the reason or the result of 
disease is unclear. The in vivo quantification of oxidative 
stress is complicated, and practical and easy methods of 
measurement are still being developed. During oxidative 
stress, AOPPs are generated as a result of myeloperoxi-
dase activity against hypochloric acid and chloramines in 
activated neutrophils; thus, AOPPs are a reliable marker 
to measure the oxidative modification of proteins 9. FORs 
are molecules that contain one or more unpaired electrons, 

and can accumulate to high levels in living systems  10. 
These molecules are very reactive, and in particular, react 
with lipids, proteins, nucleotides and carbohydrates, caus-
ing tissue injury 11. Under normal conditions, the potential 
deleterious effects of free radicals are precluded by anti-
oxidants 11, which consist of enzymes such as superoxide 
dismutase (SOD), glutathione peroxidase, catalase and 
glucose-6-phosphate dehydrogenase and non-enzymatic 
factors such as ascorbic acid, α-tocopherol, retinol and 
β-carotene 12 13. Antioxidants within cells, cell membranes 
and extracellular fluids preclude extreme free radical for-

Table I. Comparison of the levels of advanced oxidation protein products 
(AOPPs) between chronic tonsillitis patients and control subjects.

AOPP

CT Group
(mean ± SD)

N = 30

Control Group
(mean ± SD)

N = 30 95% CI P

Serum 
(ng/mL) 13.1 ± 3.3 11.6 ± 2.3 -2.92 to -0.01 0.048*

CT: Chronic tonsillitis, AOPP: Advanced oxidation protein product, SD: Standard 
deviation, CI: Confidence interval. Data are presented as mean ± SD for each 
group. Data were tested using the unpaired t test. A P value of less than 0.05 was 
considered as statistically significant. Since the 95% CI did not include zero, there 
was a statistically significant difference between the two groups.

Fig. 1. Comparison of the serum levels of advanced oxidation 
protein products (AOPPs) between patients with chronic tonsil-
litis and control subjects. 

Table II. Comparison of the levels of advanced oxidation protein products 
(AOPPs) between serum samples and tonsil tissue samples in patients with 
chronic tonsillitis.

Serum 
AOPP 

(ng/mL) 
(mean ± SD)

N = 30

Tonsil Tissue 
AOPP 

(ng/mg protein) 
(mean ± SD)

N = 30 95% CI P

13.1 ± 3.3 41.9 ± 13.5 -33.99 to -23.67 < 0.001*
AOPP: Advanced oxidation protein product, SD: Standard deviation, CI: Confidence 
interval. Data are presented as mean ± SD for each group. Data were tested using 
the unpaired t test. A P value of less than 0.05 was considered as statistically 
significant. Since the 95% CI did not include zero, there was a statistically significant 
difference between the two groups.
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mation and maintain a balance 12. Blood plays an impor-
tant role in the maintenance of the equilibrium between 
antioxidants and oxidants, as it facilitates the distribution 
of antioxidants throughout the body 10 11.
During chronic inflammation, the antioxidant level slowly 
declines until the level of oxidative stress exceeds the ca-
pacity of the body to neutralise it. Low antioxidant levels 
may be the result of chronic illnesses. Free radical–me-
diated damage to lipids in the membranes of leucocytes 
augments the permeability of these cells and diminishes 
their immune function. In addition, DNA damage caused 
by free radicals inhibits the synthesis of certain important 
factors by leucocytes and decreases the proliferation ca-
pacity of leucocytes. Low antioxidant levels in blood may 
predispose children to frequent upper respiratory tract in-
fections by adversely affecting their immune system. The 
discovery of antioxidants and oxidation products in the 
tonsil tissues of patients with chronic tonsillitis shows that 
these substances are associated with this disease 2.
Chronic tonsillitis is a chronic inflammatory illness, and 
the role of FORs in the pathogenesis of this disease has 
been reported in diverse studies  2 14. Kiroglu et al.  15 re-
ported that the preoperative blood erythrocyte malondi-
aldehyde (MDA), serum MDA, erythrocyte catalase and 
serum catalase levels and adenoid and tonsil tissue levels 
of MDA and catalase were higher in chronic adenotonsil-
litis patients than in children with adenotonsillary hyper-
trophy. Kaygusuz et al.  16 investigated chronic tonsillitis 
patients, and found that oxidative stress increased and 
SOD activity decreased in parallel with an increase in the 
generation of MDA by lipid peroxidation that resulted 
in tissue damage. The authors also reported that in the 
same patient group, oxidative stress declined during the 
postoperative period together with an increment in SOD 
activity and a decline in MDA level. Yılmaz et al. 2 com-

pared the pre-and postoperative (1 month) blood levels 
of antioxidants (carotene, retinol, lycopene, tocopherol, 
ascorbic acid, SOD, glutathione peroxidase) and MDA in 
patients with adenotonsillary disease. They reported that 
the blood levels of antioxidants increased, while those of 
the oxidant decreased significantly after operation in pa-
tients with adenotonsillary disease. Garca et al. 17 investi-
gated the effects of adenosine deaminase, an enzyme that 
plays significant roles in the differentiation of lymphoid 
cells, and oxidative stress in patients with chronic tonsil-
litis. The authors found that tissue and serum adenosine 
deaminase activity was elevated in patients with chronic 
tonsillitis.
AOPP levels have been mentioned as a marker of oxida-
tive stress in the literature concerning the ear, nose and 
throat region. Balikci et al.  18 investigated AOPP levels 
in children with chronic otitis media with effusion; they 
found that AOPP levels were increased in the effusion 
fluid, but not in the plasma, of these patients. The authors, 
therefore, concluded that chronic otitis media with effu-
sion was associated with protein oxidation abnormalities. 
Veyseller et al.  19 reported that AOPPs could be used as 
markers of oxidative stress during the development of 
nasal polyposis. Aksoy et al. 20 investigated the levels of 
AOPP as a marker of oxidative stress in patients with al-
lergic rhinitis. They concluded that as a known indicator 
of protein oxidation, the serum AOPP level could be used 
as a marker of increased oxidative stress in response to 
allergen exposure in allergic rhinitis. In the present study, 
which is the first to investigate the relationship between 
AOPP levels and chronic tonsillitis, we found that AOPP 
levels were higher in the tonsil tissue and serum samples 
obtained from patients with chronic tonsillitis than in se-
rum samples obtained from the control group.
A limitation of our study was not comparing the postop-
erative serum levels of AOPPs of patients with the con-
trol group. Ethical rules limited us to take blood samples 
from patients postoperatively. This is because we do not 
routinely take blood samples in every patient in the post-
operative period if patients recover well. In addition, be-
cause it was not ethically acceptable to generate a control 
group for tonsillar tissue measurements to statistically 
compare these values with any corresponding value, and 
only blood samples were attained from the control group. 
We hope that this preliminary study will encourage larger 
studies to be undertaken.

Conclusions
AOPPs may represent a novel class of pro-inflammatory 
molecules that are involved in oxidative stress in patients 
with chronic tonsillitis. Examination of the pathophysi-
ological processes associated with AOPPs could deepen 
our knowledge concerning the relationship between oxi-
dative stress and the course of chronic tonsillitis. AOPPs 

Fig. 2. Comparison of the levels of advanced oxidation protein 
products (AOPPs) between serum samples and tonsil tissue 
samples in patients with chronic tonsillitis.
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may be used as a marker of oxidative stress in paediatric 
patients with chronic tonsillitis. In addition, AOPPs blood 
levels as biochemical parameter may have possible role 
for tonsillectomy indication in paediatric patients with 
chronic tonsillitis. Further studies are required to elabo-
rate on this relationship.
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Association between oral habits, mouth breathing 
and malocclusion
Associazione fra abitudini viziate, respirazione orale e malocclusione

C. GRIPPAUDO1, E.G. PAOLANTONIO1, G. ANTONINI1, R. SAULLE2, G. LA TORRE2, R. DELI1
1 Catholic University of Sacred Heart, Dental Institute; 2 Department of Public Health and Infectious Diseases, 
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SUMMARY

The ratio of bad habits, mouth breathing and malocclusion is an important issue in view of prevention and early treatment of disorders of 
the craniofacial growth. While bad habits can interfere with the position of the teeth and normal pattern of skeletal growth, on the other hand 
obstruction of the upper airway, resulting in mouth breathing, changes the pattern of craniofacial growth causing malocclusion. Our cross-
sectional study, carried out on 3017 children using the ROMA index, was developed to verify if there was a significant correlation between 
bad habits/mouth breathing and malocclusion. The results showed that an increase in the degree of the index increases the prevalence of bad 
habits and mouth breathing, meaning that these factors are associated with more severe malocclusions. Moreover, we found a significant 
association of bad habits with increased overjet and openbite, while no association was found with crossbite. Additionally, we found that 
mouth breathing is closely related to increased overjet, reduced overjet, anterior or posterior crossbite, openbite and displacement of contact 
points. Therefore, it is necessary to intervene early on these aetiological factors of malocclusion to prevent its development or worsening 
and, if already developed, correct it by early orthodontic treatment to promote eugnatic skeletal growth. 

KEY WORDS: Oral habits • Mouth breathing • Malocclusion • Occlusal index • ROMA index

RIASSUNTO

Il rapporto fra abitudini viziate, respirazione orale e malocclusione è fondamentale in tema di prevenzione e trattamento precoce dei di-
sturbi della crescita cranio-facciale. Infatti così come le abitudini viziate possono interferire negativamente con la posizione dei denti e con 
il normale pattern di crescita scheletrica cranio-facciale, così l’ostruzione delle vie aeree superiori, con conseguente respirazione orale, 
cambia il modello di crescita craniofacciale con sviluppo di malocclusioni da moderate a severe. Questo studio trasversale, effettuato su 
3.017 bambini applicando il ROMA index, vuole verificare l’esistenza di una correlazione significativa tra abitudini viziate/respirazione 
orale e malocclusione. Dai risultati emerge che all’aumentare del grado dell’indice aumenta anche la prevalenza di abitudini viziate e 
respirazione orale, significando che questi fattori sono associati alle malocclusioni più gravi. Inoltre abbiamo riscontrato un’associazione 
statisticamente significativa fra abitudini viziate e overjet e openbite aumentati, ma non con il morso inverso. Dal lavoro è emerso che la 
respirazione orale è strettamente correlata ad overjet aumentato, overjet inverso, morso crociato, openbite e displacement. Riteniamo quin-
di che abitudini viziate e respirazione orale, rientrando fra i fattori di rischio di malocclusione, vadano intercettati e corretti precocemente 
per prevenire lo sviluppo di malocclusioni o il peggioramento di quelle preesistenti.

PAROLE CHIAVE: Abitudini viziate • Respirazione orale • Malocclusione • Indici occlusali • ROMA index

Acta Otorhinolaryngol Ital 2016;36:386-394

Introduction
It is still debated whether bad habits and mouth breath-
ing have a role in the aetiopathogenesis of malocclusions. 
Beyond this controversy, whenever these problems are 
found in association with malocclusion, it is of considera-
ble importance for prognosis and they must be eliminated 
in order to ensure a functional environment adequate for 
physiological growth. If some neuromuscular activities 
are developed to compensate dentoalveolar or skeletal 
alterations, others have an aetiological role 1 2. Improper 
oral habits can interfere not only with the position of the 
teeth, but especially with the normal skeletal growth pat-
tern.

Some studies have shown that many environmental factors 
cause malocclusion 3 4, including eating habits, and espe-
cially the current trend in consuming foods of soft consist-
ence with reduction of masticatory forces, non-nutritive 
sucking, pacifier sucking and finger sucking and early 
weaning  5. Pacifier sucking, baby bottle sucking and es-
pecially finger sucking frequently causes protrusion of the 
upper incisors and the premaxilla, atypical swallowing 6 7, 
anterior open bite and posterior crossbite  8-10. The poste-
rior crossbite is due to a low position of the tongue due to 
sucking, with lack of thrust of the tongue on the palate and 
increased activity of the muscles of the cheeks that causes 
an alteration of muscle pressure on the upper arch 11-12. 



Oral habits, mouth breathing and malocclusion

387

Regarding the influence of breathing on craniofacial mor-
phology, there are several publications in the literature. 
Although some authors believe that the change of the nor-
mal pattern of dento-skeletal growth is due to genetic and 
environmental factors  13, most think instead that the ob-
struction of upper airways, resulting in mouth breathing, 
changes the pattern of craniofacial growth 14 with typical 
facial features and dentition: long face, contraction of the 
upper dental arch, high arched palate, gummy smile, den-
tal malocclusion both Class II and Class III 15. In mouth 
breathing, compared to the general population, a higher 
prevalence of posterior cross bite, of anterior open bite 
and Class II malocclusion is seen 16.
Furthermore, there are frequent medical and social prob-
lems related to tiredness due to lack of sleep, which is 
interrupted for mouth breathing and frequent sleep ap-
noea, such as attention deficit disorder (ADD) and hy-
peractivity 17. 
It is therefore appropriate to verify the existence of a sig-
nificant association between bad habits, mouth breathing 
and malocclusion and if children with these habits have 
characteristics of malocclusion worse than those of the 
general population; when found bad habits and mouth 
breathing are risk factors for malocclusion that need to be 
corrected early.
In this study we evaluated the association between bad 
habits/mouth breathing and malocclusion by application 
of the ROMA index 18 on a sample of school children al-
ready participating in an epidemiological study 19 and on 
the timing of orthodontic treatment 20. 

Materials and methods
The ROMA Index - Risk Of Malocclusion Assessment 
Index - is a tool to assess treatment need in young pa-
tients. It was specifically devised for use in examining 
young patients during the first visit, in an attempt to 
grade, beside malocclusions, skeletal and functional as-
pects, which in children are determinants of oro-facial 
development. It was developed reviewing and modify-
ing the dental and occlusal parameters of DHC of the 
IOTN  21 with addition of items relative to skeletal and 
functional problems, which lack in the IOTN (maxil-
lary hypodevelopment/mandibular hyperdevelopment 
or increased overjet; maxillary hyperdevelopment/
mandibular hypodevelopment or reduced overjet; man-
dibular hypo- or hyperdivergence; facial or mandibular 
asymmetries; functional asymmetries; bad habits; mouth 
breathing). 
The ROMA Index (Table I) is intended as a guide to clini-
cal signs of malocclusion in paediatric patients. Depend-
ing on how many signs are detected, there is a greater or 
lesser need for orthodontic intervention. The most severe 
characteristic is identified for any particular patient dur-
ing examination, and the patient is then categorised on the 

index risk factor scale according to this most severe char-
acteristic. As in the following list, categories are ranked 
in order of seriousness, thus also indicating the level of 
urgency with which orthodontic diagnosis/treatment is 
required:

Grade 1 → Minimum risk
No predisposing conditions to malocclusion are detected. 
In this case, treatment is unnecessary and it is sufficient 
to carry out periodic examinations, in order to monitor 
the normal course of development and to detect possible 
pathological factors promptly.

Grade 2 → Low risk
This includes easily controlled factors having only limited 
effects on cranio-facial development. Diagnostic investi-
gations and preventive interventions to promote correct 
cranio-facial development are planned, but they are de-
layed until there is a temporal correspondence between 
the aetiological agent and growth acceleration in the af-
fected region.

Grade 3 → Moderate risk
There are non-severe alterations in dental and/or skele-
tal relationships, but most tending to persist and some-
times worsen with growth. The timing of intervention 
is dependent on the patient’s age, i.e., on the active 
growth phases of the affected areas, so as to achieve 
good treatment response. Orthodontic treatment is 
combined with orthopaedic-functional therapy to be 
performed after undertaking appropriate diagnostic in-
vestigations.

Grade 4 → High risk
It includes major cranio-facial skeletal malformations 
and alterations of the occlusion. Alternatively, there can 
be systemic problems likely to worsen prognosis that jus-
tify immediate treatment, independent of the rhythm of 
growth of the different cranio-facial components. Both 
orthopaedic therapy and orthodontic interventions are re-
quired to correct the problems caused by the malocclusion 
and hindering harmonious maxillary growth.

Grade 5 → Extreme risk
Diagnosis comprises congenital facial malformations and 
major systemic malformation syndromes. Treatment, to 
be performed in collaboration with paediatricians and 
other specialists (multidisciplinary care), is required as 
early as possible.

The investigation was planned as a cross-sectional study 
and the ROMA index (Table I) was used to examine 3017 
Italian children. The sample was balanced according to 
gender, age and geographical origin. It consists of 1375 
males (45.6%) and 1642 females (54.4%) aged between 
7 and 13 years (Table II). The survey was conducted be-
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tween 2008 and 2011 and the children – 1529 (50.7%) 
from primary schools and 1488 (49.3%) from secondary 
schools − were examined in their schools, after official 
approval of the survey by each school principal. Schools 
belonged to the following Italian regions: Piemonte and 
Friuli (North), Abruzzo and Lazio (Centre), Puglia and 
Calabria (South).
The ROMA index was applied by operators who had pre-
viously undergone a training period of one month follow-
ing the instructions of a special manual, in order to ap-
ply the index with the same standard of judgment and to 
minimise errors. In addition, the index has already been 

validated and was also verified its intra-examiner and 
inter-examiner reproducibility  18. To evaluate the repro-
ducibility, the intra-examiner error was calculated on the 
tables index made by the same operator who examined 
20 children twice, one month apart. A second operator in-
dependently collected a third table index for each of the 
20 children to assess the inter-examiner error. The Kappa 
values oscillate between 0.643 and 1.00 in relation to in-
tra-operator concordance (0.00 < p < 0.002), and between 
0.773 and 1.00 in relation to inter-operator concordance 
(p = 0 < 0.001): the index is therefore highly reproducible.
After calculating the prevalence of malocclusion on the 

Table I. ROMA index.

Problems Items Grade

Systemic

Malformation syndromes 5a

Congenital malformations 5b

Postural or orthopaedic problems 4c

Medical or auxological problems 4d

Inheritance of malocclusion 4e

Cranio-facial

Facial or mandibular asymmetries 4f

TMJ dysfunctions 4g

Sequelae of trauma or surgery of the cranio-facial district 4j

Maxillary hypodevelopment or mandibular hyperdevelopment
OVJ ≤ 0 4k

OVJ > 0 3k

Maxillary hyperdevelopment or mandibular hypodevelopment

OVJ > 6 m 4h

3 mm < OVJ < 6 mm 3h

0 mm < OVJ < 3 mm 2h

Mandibular hypo- or hyperdivergence 4i

Dental

Caries and early loss of deciduous teeth 3l

Scissor bite 4m

Anterior or posterior crossbite*

> 2 mm 4n

> 1 mm 3n

< 1 mm 2n

Displacement**

> 4 mm 4o

> 2 mm 3o

> 1 mm 2o

Open bite

> 4 mm 4p

> 2 mm 3p

> 1 mm 2p

Hypodontia of permanent teeth 4q

OVB > 5 mm 3r

Anomalies of the tooth eruption sequence 2s

Poor oral hygiene 2t

Normal mesial or distal occlusion (up to a cuspid) 2u

Functional

Functional asymmetries 2v

Bad habits 2w

Mouth breathing 2x
* one or more teeth.
**displacement of contact points (the maximum distance of the contact points of the most misaligned contiguous teeth).

The index items, identified by a letter, are framed in four categories of problems (systemic, craniofacial, dental, functional) and each item is accompanied by a number which 
corresponds to the degree of risk. The degree of risk for each patient is given by the worst index item detected.
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basis of the degrees of orthodontic risk determined by the 
index, we evaluated the prevalence with which bad hab-
its (2w) and mouth breathing (2x) are found in associa-
tion with sex, macroarea, grade of the index, index items 
(increased overjet, reduced overjet, anterior or posterior 
crossbite, open bite, displacement), verifying the statisti-
cal significance of this association.
Descriptive analyses were performed using frequencies 
and percentages and frequency tables for categorical vari-
ables. For the bivariate analysis chi-square tests were per-
formed to evaluate differences for categorical variables. 
The level of significance was set at p ≤ 0.05. Data were 
analysed with the software SPSS 19.0 for Windows.

Results
Table III shows the results in the total sample and after 
stratification according to primary and secondary schools. 
Variables included in the analysis were “bad habits” (2w) 
and “mouth breathing” (2x) in relation to socio-demo-
graphic characteristics (sex and geographical area of ori-
gin) and index grades.
There was no statistically significant association be-
tween bad habits/mouth breathing and sex, although 
differences were present for both geographical area and 
grade of the index. The prevalence of bad habits and 
mouth breathing was higher in South Italy and with the 
increase of the degree of the index an increase in the 
prevalence of 2w and 2x was also seen, meaning that 
these factors were associated with more severe maloc-
clusions. Grade 5 does not follow the trend for the small 
sample due to the low prevalence of syndromic diseases 
in the population.
In Table IV, “bad habits” (2w) and “mouth breathing “(2x) 
were related to increased overjet (h), reduced overjet (k), 
crossbite (n), openbite (o), displacement (p). The table shows 
that 2w and 2x are both closely related with increased overjet 
and displacement in all age groups. Reduced overjet, open-
bite and posterior crossbite was significantly associated only 
with mouth breathing in both the total sample and in the sub-
groups (primary and secondary schools), except in primary 
school children with reduced overjet.

Discussion
Bad habits
Many authors have written about the relationship between 
bad habits and malocclusion. Oral habits are repetitive be-
haviour in the oral cavity that result in loss of tooth struc-
ture and include digit sucking, pacifier sucking, lip suck-

ing and biting, nail-biting, bruxism, self-injurious habits 
and tongue thrusting 22. Their effect is dependent on the 
nature, onset and duration of habits. Persistent nonnutri-
tive sucking habits may result in long-term problems and 
can affect the stomatognathic system, leading to an imbal-
ance between external and internal muscle. Tongue thrust-
ing, an abnormal tongue position with deviation from the 
normal swallowing pattern, and mouth breathing may be 
associated with anterior open bite, abnormal speech and 
anterior protrusion of the maxillary incisors 23. It appears 
that several factors account for the persistence of infan-
tile swallowing patterns and that tongue thrust plays an 
important role in the aetiology of openbite as well as in 
the relapse of treated openbite patients 24 25. A study con-
ducted by Viggiano concluded that children with non-nu-
tritive sucking activity and accustomed to using a bottle 
had more than double the risk of posterior crossbite right 
from the primary dentition  5. Warren conducted a study 
to known about the extent to which nonnutritive sucking 
habits contribute to malocclusion in the mixed dentition. 
The authors have found that anterior openbite and poste-
rior crossbite were associated with habits of 36 months 
or more. Sustained pacifier habits, including those of 24 
to 47 months, were associated with anterior openbite and 
Class II molar relationships, while digit habits were as-
sociated with anterior openbite when sustained for 60 
months or longer 26. 
The negative influence of bad habits on occlusion originates 
in childhood. Bottle feeding and nonnutritive sucking hab-
its have been associated with malocclusions starting from 
the primary dentition 4 10. Several authors have pointed out 
that bottle-fed children have a strong tendency to develop a 
pacifier-sucking habit 27-29. Nonnutritive sucking habits are 
associated with an atypical swallowing pattern, and with 
tongue thrusting, which may be related to the development 
of malocclusions such as posterior crossbite 4 12. 
According reports by other authors, in our study we found 
a significant association of bad habits with increased over-
jet and openbite. Otherwise, no association was found 
with anterior or posterior crossbite. This may be due to 
the fact that the biological damages caused by bad hab-
its depend on many factors 30: age of initiation, duration, 
intensity and type, and, above all, individual biological 
and genetic features 31-33. The early cessation of bad habits 
leads spontaneously to structural and functional normali-
sation, especially if the patient has a eugnatic growth di-
rection 34. 
In this regard, Cozza et al. has linked the pattern of verti-
cal growth and non-nutritive sucking habits with trans-

Table II. Sample distribution.

Males Females Primary school Secondary school

N 1375 1642 1529 1488

Prevalence (%) 45.6 54.4 50.7 49.3
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verse maxillary deficit  35. The authors concluded that if 
the habit of sucking in mixed dentition is associated with 
increased vertical dimension it is significantly associated 
with a transversal maxillary deficit, with narrow diame-
ters of the upper jaw and increased prevalence of posterior 
crossbite.
Probably, thus, the risk for children with bad habits to de-
velop a crossbite depends on the genetic pattern of growth, 
so not all individuals who have bad habits have crossbite 
or will develop crossbite in the future. Is therefore very 
important to assess the direction of skeletal growth of the 
patient with bad habits to determine the degree of risk of 
developing a malocclusion.

Mouth breathing
The presence of obstruction of the airways, especially at 
the level of the nose and pharynx, forces the patient to 
breathe through the mouth 36. Allergic rhinitis and adeno-
tonsillar hypertrophy are the main cause of airway ob-
struction. They are usually associated with various symp-
toms: lack of nasal airflow, sneezing, itching, runny nose 
clear, but also snoring, possible obstructive sleep apnoea 
syndrome (OSAS) and increased respiratory infections 
such as ear infections, sinusitis and tonsillitis 37 38. Mouth 
breathing due to airway obstruction leads postural chang-
es such as lip incompetence, low position of the tongue 
in the mouth floor and increased vertical facial height for 
clockwise rotation of the jaw 39. 
The association between insufficient nasal breathing and 
dentofacial morphology has been studied extensively 
and many authors believe that the pattern of craniofacial 
growth can be affected by unbalanced muscle function 
typical of mouth breathing  14  40  41. Children with mouth 
breathing have typical facial features: long face, dark cir-
cles, narrow nostrils, transverse contraction of the upper 
jaw, high arched palate and gummy smile associated with 
malocclusion of class II or, sometimes, class III, with a 
high prevalence of posterior crossbite and anterior open-
bite 15 16 42 43. Children who mouth breath and who rotate 
the mandible in a posterior and inferior direction develop 
a Class II malocclusion and a skeletal Class II profile with 
increased overjet. In fact, the muscles which depress the 
jaw to open the mouth exert a backward pressure upon 
it which displaces the mandible distally and retard its 
growth. The buccinator muscles are made tense by open-
ing the mouth and tend to exert lingual pressure on the 
maxillary bicuspids and molars, which do not receive 
sufficient support from the tongue, so that the palate and 
the upper dental arch becomes quite narrow. Lip function 
is abnormal, the lower lip being large and bulbous and 
the upper lip short and functionless, with often lower lip 
forced up under the upper incisor, that are further pro-
truded with increased overjet. Bresolin et al. found that 
mouth breathers had longer faces with a narrower maxilla 
and retrognathic jaws  44 45 and Trask found that allergic 

children who were mouth breathers had longer and more 
retrusive faces than nasal breather children 46. 
In the opinion of Rakosi and Schilli, mouth breathing 
may have a role in the aetiopathogenesis of some forms 
of Class III malocclusion. Oral breathing children have 
constantly open jaw and a low posture of the tongue with 
excessive mandibular growth, with constant distraction of 
the mandibular condyle from the fossa which may be a 
growth stimulus  47. In addition, the lack of thrust of the 
tongue on the palate and on the upper jaw may cause a 
sagittal and transverse maxillary skeletal deficit, a Class 
III malocclusion with reduced or reverse overjet.
Many authors also found that mouth breathers have a high 
prevalence of narrow dental arches and dental crowd-
ing 15 48, especially considering the upper arch 49. 
The results of our study agree fully with literature reports: 
we found that mouth breathing is closely related to increased 
overjet, reduced overjet, anterior or posterior crossbite, open-
bite and displacement. Therefore, it is necessary to intervene 
early on aetiological factors of mouth breathing to prevent the 
development or worsening of malocclusion and, if already 
developed, to correct it by early orthodontic treatment to pro-
mote eugnatic skeletal growth. Early orthodontic treatments 
in these young patients are needed to modify skeletal maloc-
clusions: more stable results are achievable, less extractions 
of permanent teeth are needed with increased parental satis-
faction and the length of orthodontic treatments in permanent 
dentition is sensibly reduced with lower risks of enamel de-
calcifications and gum diseases after treatment 50-52. 

Conclusions
The scientific community acknowledges that bad hab-
its and oral breathing have a role in the aetiopathogen-
esis of malocclusions, and their association is confirmed 
herein. Mouth breathing and bad habits can be considered 
as risk factors of malocclusion because they change the 
physiological balance of growth. However, while mouth 
breathing is always significantly associated with all oc-
clusal problems examined, bad habits have a significant 
role only in some, probably because of their lower rel-
evance than other factors implicated in the aetipathogen-
esis of malocclusions. Thus, we can assume that the “risk 
of developing malocclusion” related to bad habits would 
be expressed in individuals more susceptible to genetic 
causes and unfavourable growth pattern. 
Nonetheless, we believe that for these type of problems 
close collaboration is needed between different special-
ists (paediatrician, allergist, ENT specialist, orthodontist, 
speech therapist) and that early orthodontic visits and 
treatment, when needed in children with bad habits or 
with allergic rhinitis and/or adeno-tonsillar hypertrophy 
will allow early detection and timely treatment of dys-
functions and avoid worsening of already established 
malocclusions.
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Comparison between videofluoroscopy,  
fiberoptic endoscopy and scintigraphy  
for diagnosis of oro-pharyngeal dysphagia
Confronto tra videofluoroscopia, endoscopia a fibre ottiche e scintigrafia  
per la diagnosi di disfagia oro-faringea
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SUMMARY

The purpose of this study was to compare videofluoroscopy (VFS), fiberoptic endoscopic evaluation of swallowing (FEES) and oro-phar-
yngo-oesophageal scintigraphy (OPES) with regards to premature spillage, post-swallowing residue and aspiration to assess the reliability 
of these tests for detection of oro-pharyngeal dysphagia. Sixty patients affected with dysphagia of various origin were enrolled in the study 
and submitted to VFS, FEES and OPES using a liquid and semi-solid bolus. As a reference, we used VFS. Both the FEES and the OPES 
showed good sensitivity with high overall values (≥ 80% and ≥ 90% respectively). The comparison between FEES vs VFS concerning drop 
before swallowing showed good specificity (84.4% for semi-solids and 86.7% for liquids). In the case of post-swallowing residue, FEES vs 
VFS revealed good overall validity (75% for semi-solids) with specificity and sensitivity well balanced for the semi-solids. OPES vs. VFS 
demonstrated good sensitivity (88.6%) and overall validity (76.7%) for liquids. The analysis of FEES vs. VFS for aspiration showed that 
the overall validity was low (≤ 65%). On the other hand, OPES demonstrated appreciable overall validity (71.7%). VFS, FEES and OPES 
are capable of detecting oro-pharyngeal dysphagia. FEES gave significant results in the evaluation of post-swallowing residues.

KEY WORDS: Dysphagia • Videofluoroscopy • Fiberoptic Endoscopic Evaluation of Swallowing • Oro-pharyngo-oesophageal 
Scintigraphy • Speech-language pathology

RIASSUNTO

L’obiettivo di questo studio era quello di confrontare la Videofluoroscopia (VFS), la valutazione endoscopica a fibre ottiche della degluti-
zione (FEES) e la scintigrafia oro-faringo-esofagea (OPES) per quanto riguarda la caduta pre-deglutitoria, il ristagno post-deglutitorio 
e l’aspirazione, al fine di valutare l’attendibilità di questi test nel rilevare la disfagia orofaringea. Sessanta pazienti, affetti da disfagia di 
varia origine, sono stati arruolati nello studio e sottoposti a VFS, FEES e OPES utilizzando un bolo liquido e uno semi-solido. Abbiamo 
usato la VFS come esame di riferimento. La FEES e la OPES hanno entrambe mostrato una buona sensibilità, con valori complessivi 
elevati (rispettivamente ≥ 80% e ≥ 90%). Il confronto tra FEES e VFS relativamente alla caduta pre-deglutitoria ha evidenziato una buona 
specificità (84,4% per i semi-solidi e 86,7% per i liquidi). Nel caso di ristagni post-deglutitori, il confronto tra FEES e VFS ha rivelato una 
buona validità complessiva (75% per i semi-solidi), con specificità e sensibilità ben equilibrate per i semi-solidi. Il confronto tra OPES e 
VFS ha dimostrato buona sensibilità (88,6%) e validità complessiva (76,7%) per i liquidi. Il confronto dei dati ottenuti tra FEES e VFS, 
relativamente all’ aspirazione, ha evidenziato una bassa validità complessiva (≤ 65%). D’altra parte, la OPES ha mostrato una validità 
complessiva apprezzabile (71,7%). VFS, FEES e OPES sono in grado di rilevare la disfagia oro-faringea. La FEES ha fornito risultati 
significativi nella valutazione dei ristagni post-deglutitori.

PAROLE CHIAVE: Disfagia • Videofluoroscopia • Valutazione endoscopica a fibre ottiche della deglutizione •Scintigrafia 
orofaringoesofagea • Foniatria

Acta Otorhinolaryngol Ital 2016;36:395-402

Introduction
Videofluoroscopy (VFS), fiberoptic endoscopic evaluation 
of swallowing (FEES) and oro-pharyngo-oesophageal scin-
tigraphy (OPES) are all widely used tools for studying swal-
lowing disorders in the oro-pharyngeal area. While VFS is 

still considered by speech-language pathologists to be the 
gold standard, there are numerous reports in the literature 
that emphasise the validity of the other two methods 1-5. Ac-
curate assessment of the oro-pharyngeal phase of swallow-
ing is particularly important since this presents the great-
est clinical risk for dysphagic patients: tracheo-bronchial 
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aspiration. Furthermore, early diagnosis of oro-pharyngeal 
dysphagia can prevent malnutrition and dehydration in the 
patient, as well as avoiding significant impairment to the 
quality of his life. In the literature there are numerous stud-
ies that compare the efficacy of the various diagnostic tools 
for detecting penetration and aspiration 6-15. Some authors 
demonstrated a good agreement between VFS and FEES, 
especially regarding aspiration (82.3-90% agreement); the 
analysis of FEES vs. VFS showed that the sensitivity of 
FEES was 88% and specificity was overall lower, but was 
92% for detection of aspiration 11 13 14. In 2003, Rao et al. 15 
studied sensitivity and specificity values for laryngeal pen-
etration, tracheal aspiration and pharyngeal residue for both 
the VFS and FEES. When the VFS was used as the gold 
standard, sensitivity of the FEES for laryngeal penetration 
was 87%, aspiration 96% and pharyngeal residue 68%. 
Specificity of the FEES for laryngeal penetration and aspi-
ration were both 100%, and pharyngeal residue was 98%. 
When the FEES was used as the gold standard, sensitivity 
of the VFS for laryngeal penetration and aspiration were 
both 100%, and pharyngeal residue was 96%. Specificity of 
the VFS for laryngeal penetration was 58%, aspiration 63% 
and pharyngeal residue 78% 15.
There are few data in the literature regarding the OPES. 
In 2004, Shaw et al. 5 calculated that the specificity of the 
OPES retention indices for liquid boluses is 100% in the 
oral area and 96% in the pharynx, while sensitivity in these 
areas is low (being 72% and 57%, respectively). More re-
cently, Huang et al. 9 studied the correlation between OPES 
and VFS; scintigraphy parameters had good predictive val-
ue for VFS findings, with sensitivity, specificity, positive 
predictive values and negative predictive values between 
70% and 95%. OPES had good sensitivity in detecting 91% 
of aspirations and 81% of penetrations and/or aspirations in 
VFS, while the specificity was lower 9.
There are few reports in the literature that take into ac-
count other parameters that are equally important for a 
precise definition of swallowing efficiency and, in par-
ticular, the degree of oro-pharyngeal dysphagia 5 8 9 16-18. In 
fact, by assessing the pre-swallowing presence of a bolus 
in the pharynx, the presence and amount of residue in the 
hypo-pharyngeal area, we can more accurately estimate 
the efficacy of this oro-pharyngeal phase and consequent-
ly the risks involved in penetration and aspiration, even if 
these events are not immediate but later in time after the 
administration of the bolus 16 19.
These parameters (premature spillage, post swallowing 
residue and aspiration) can be assessed with all three of 
the above-mentioned methods; in this respect, we com-
pared them to see if any one of these methods was better 
suited for overall clinical evaluation of the oro-pharyngeal 
phase of swallowing and if there was any correspondence 
among the various parameters studied with the three tests. 
In our study, the three methods (VFS, FEES and OPES) 
were performed on the same day.

Materials and methods
For this study we enrolled 60 dysphagic patients (22 fe-
males and 38 males; mean age 63.66 yrs ± 16.5 SD) who 
were referred to the unit for dysphagia studies of Pisa 
University Hospital between January and April 2014. The 
disorders behind the dysphagia were neurological in 34 
(56.7%), post-surgical for head-neck cancer in 15 (25%) 
gastroenterological with pharyngeal-laryngeal reflux in 
7 (11.6%) and pneumological with bronchial-pulmonary 
disease in 4 (6.7%). The mean onset of the dysphagia 
was 1.5 years (1.2 SD) prior to the study. All the patients 
enrolled in the study were collaborative and capable of 
maintaining good postural alignment. None had under-
gone any type of speech rehabilitation and none had to 
use either a NGFT or a PEG. Furthermore, none of the 
patients referred an allergy to drugs, to suffer from favism 
or to be pregnant. All patients were submitted to FEES, 
VFS and OPES performed with both a liquid bolus (5 cc 
water) and a semi-solid one (5 cc jellied drink, Bevanda 
Gelificata, Novartis S.A.®). 
The first test was always performed with the FEES since 
these were first-time patients in our dysphagia surgery in 
the ENT, Audiology and Phoniatric Unit. Moreover, the 
operators who performed and reported the results of the 
individual tests (FEES, VFS and OPES) were unaware of 
the results of the other investigations. The parameters we 
took into account for all three of the tests were: presence 
of premature spillage, presence and amount of post-swal-
lowing residue in the hypo-pharyngeal area, presence of 
tracheo-bronchial aspiration (Table I) 20-23.
Informed consent was obtained from all participants and 
the study was approved by the Ethical Research Commit-
tee of the University Hospital of Pisa.

Fiberoptic endoscopic evaluation of swallowing (FEES)
FEES is performed with a flexible fiberoptic rhinophar-
yngolaryngoscope (Olympus ENF-P3) connected to a 
CCD camera and colour monitor and recorded digitally 
on a Digital Swallowing Workstation (Kay Pentax Ltd®, 
Montvale, NJ, USA). The examination was carried out by 
two speech-language pathologists and each patient was 
administered two or more semi-solid (jellied drink, Bev-
anda Gelificata, Novartis S.A.®) or liquid boluses (water 
marked with methylene blue for easy detection), swallow-
ing 5 cc of each type of bolus. Evaluation of pre-swallow-
ing penetration and aspiration was given Score 0 if it was 
absent and Score 1 if it was present. The amount of the 
residue (pooling amount) in the hypopharynx was calcu-
lated against the Farneti pooling-score scale 21 22 (Table I).

Videofluoroscopy (VFS)
The digital fluoroscopy examinations were performed 
with a Clinodigit Compact Xframe Italray device. The 
digital images were acquired by filming at a frame rate of 
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30/sec, which was sufficient for recording the swallowing 
act. Acquisition resolution was 3001x3001x14 bit. 
Digitalised imaging permits the creation of a PACS (pic-
ture archiving and communication system), which is a 
computerised system where the images are uploaded, to-
gether with the relative data supplied by the various di-
agnostic tools available in the hospital, thus allowing the 
images to be archived and shared. Furthermore, the PACS 
permits viewing information concerning any previous in-
vestigation the patient has been submitted to whenever a 
new examination has become necessary. Patients are ini-
tially positioned in the lateral view, and regions of visu-
alisation include the oral cavity, pharyngeal cavity larynx 
and cervical oesophagus. The patient is then positioned in 
the anterior-posterior (i.e. frontal) viewing plane so that 
judgments may be made regarding symmetry of bolus 
flow, pharyngeal wall contraction and symmetry of struc-
ture and function when viewing bolus flow  24. Dynamic 
recording at a minimum of 30 video frames/sec is es-
sential for detecting the rapid movements and bolus flow 
events associated with oropharyngeal swallowing. The 
possibility to perform an accurate evaluation with freeze-
frame and slow motion capability must be allowed  24. 
An image is enlarged on the neck region of the patient 
in an orthostatic latero-lateral position, and the contrast 
medium is administered. The contrast medium used was 
Prontobario HD (Bracco®): the packaging supplied con-
tains 340 g powder for oral suspension, 98.45% barium 
sulphate. The powder is diluted in 65 ml of water for the 
liquid consistency and in 30 ml of water for the semi-solid 
bolus; for each density, the patient is invited to take three 
sips of 5 cc. 
The fluoroscope is activated at the time of administration 
of the contrast bolus and is deactivated immediately af-
ter the bolus has passed through the upper oesophageal 
sphincter in order to minimise exposure. The total radi-
ation exposure it is fairly constant and is similar to the 
amount typically encountered in an upper gastrointestinal 
series. The examination may be extended depending on 
nature and severity of the patient’s swallowing problem 
and condition, although the goal of minimising radiation 
exposure while maximising clinical results is consistently 
maintained 24. 

Oro-pharyngo-oesophageal scintigraphy (OPES)
In the OPES investigation, the patient’s face is in an 80° 
oblique projection on front of a single rectangular headed 
large-field-of–view (LFOV) gamma camera equipped 
with a low energy-high resolution (LEHR) parallel hole 
collimator using a 140 KeV (±  10%) energy window. 
Prior to the marked bolus, patients were given 5 cc of the 
non-marked bolus to allow them to practice taking it be-
fore the actual investigation. The patient is administered 
a single bolus of 5 cc of water marked with 37 MBq (1 
mCi) of 99mTc nanocolloid (Nanocoll-Amersham®, UK). 
Eight images per sec (0.125 sec/frame) are acquired for 
one min, by means of dynamic acquisitions (with a 64 
x 64 matrix and zoom at 1), including the oral region as 
far as the epigastric area within the imaging field. The 
pharyngeal region of interest (ROI) was that between the 
oral cavity and the external reference corresponding to 
the pharyngo-oesophageal transition. An external marker 
was positioned at mandibular angle level and another one 
at the level of the cricoid 25. Two sec after the start, the 
patient is invited to take the liquid bolus in one swallow. 
At the end of the test, a static image lasting 60 sec is ac-
quired, with the patient still in the same position, to evalu-
ate any possible tracheo-bronchial aspiration. 
After an interval of 30 min, the procedure is repeated, but 
this time with a semi-solid bolus marked with 37 MBq 
(1 mCi) of 99mTc nanocolloid. The acquisitions were ob-
tained with the same method as with the liquid bolus. 

Statistical analysis
Analyses were carried out with the SPSS statistical pack-
age (version 20). Descriptive statistics were performed to 
describe a sample characteristic (age, gender and the time 
of onset of dysphagia). Sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV) 
and validity, for FEES and OPES, were determined by 
comparing to the gold standard (VFS), both in the liquid 
and semi-solid tests. Furthermore, with the same indices 
(sensitivity, specificity, PPV, NPV and validity), the OPES 
method was compared to FEES, considering the latter as 
the gold standard (Table II).

Table I. OPES - VFS - FEES Ratio Score.

Premature spillage Aspiration

ABSENT 0 0

PRESENT 1 1

Hypopharyngeal residue None Mild Moderate Severe

VFS(20) 0
(< 3%)

1
(≥ 3 to < 25%)

2
(≥ 25 to < 55%)

3
(≥ 55%)

OPES(23) 0
(< 5%)

1
(≥ 5 to < 20%)

2
(≥ 20 to < 40%)

3
(≥ 40%)

FEES(21-22) 0 1 2 3
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Results
The first evaluation carried out was to assess the ability of 
the three tests (VFS; OPES; FEES) to detect the presence 
of swallowing alterations. As a reference value, we ini-
tially used the VFS since this is the gold standard. FEES 
showed good sensitivity with both semi-solids (85.2%) 
and liquids (80.4%), and the overall validity of the test 
was 83.3% and 80%, respectively. OPES also demonstrat-
ed good sensitivity with semi-solids (96.3%) and liquids 
(94.1%), with an overall validity of the test of 93.3% and 
90%, respectively (Table III and Table IV). 
The comparison between OPES and FEES in the detec-
tion of dysphagia gave high sensitivity values (> 97.9%) 
and a high overall validity (> 83%) for both densities con-
sidered. 
We then evaluated the parameters of the study on oro-
pharyngeal dysphagia: premature spillage, hypopharyn-
geal residue and aspiration. 

The premature spillage parameter in the case of FEES vs 
VFS showed good specificity with both semi-solids (84.4%) 
and liquids (86.7%), but sensitivity values were low (both 
equal to 60%) and the overall validity of the test was 78.3% 
in the case of semi-solids and 80% with liquids (Table III 
and Table IV). OPES showed the highest specificity (95.6% 
with both semi-solids and liquids) and an overall validity 
at 81.7% for semi-solids and 85% for liquids, but very low 
sensitivity values (40% and 53.3%, respectively). 
The comparison between OPES and FEES gave a speci-
ficity of 86% for liquids and 95.5% for semi-solids, but 
sensitivity was low (37.5%). 
Post-swallowing hypopharyngeal residue. The FEES vs. 
VFS assessment gave a good overall validity (75%), with 
the specificity and sensitivity values being well balanced 
in the case of semi-solids; the overall validity for the liq-
uids was lower (65%). OPES vs. VFS showed a low over-
all validity in the case of semi-solids (43%), while in the 

Table II. Results of a diagnostic test presented as a 2x2 table.

Result of diagnostic tests Results of Gold Standard Test

Disease present Disease absent

Test positive True positive (a) False positive (b)

Test negative False negative (c) True negative (d)
Sensitivity = a/a+c
Specificity = d/b+d 
PPV = Sensitivity* π/ Sensitivity* π+(1- Specificity)*(1- π) 
NPV = Specificity*(1- π)/ Specificity*(1- π)+(1- Sensitivity)* 
Validity = (True positive+True negative)/(True positive+True negative+False positive+False negative).

Table III. The sensitivity, specificity, predictive positive value (PPV), predicitive negative value (PNV) and validity in the three tests (VFS; FEES; OPES) with 
semi-solid boluses.

Semisolid

  Sensitivity Specificity PPV NPV Validity

FEES vs VFS 85.2 66.7 95.8 33.3 83.3

OPES vs VFS 96.3 66.7 96.3 66.7 93.3

OPES vs FEES 97.9 41.7 87.0 83.3 86.7

FEES vs. VFS

  Sensitivity Specificity PPV NPV Validity

Premature spillage 60.0 84.4 56.3 86.4 78.3

Hypopharyngeal residue 75.6 73.3 89.5 50.0 75.0

Aspiration 33.3 87.9 69.2 61.7 63.3

OPES vs. VFS

Sensitivity Specificity PPV NPV Validity

Premature spillage 40.0 95.6 75.0 82.7 81.7

Hypopharyngeal residue 33.3 73.3 78.9 26.8 43.3

Aspiration 63.0 78.8 70.8 72.2 71.7

OPES vs. FEES

Sensitivity Specificity PPV NPV Validity

Premature spillage 37.5 95.5 75.0 80.8 80.0

Hypopharyngeal residue 36.8 77.3 73.7 41.5 51.7

Aspiration 76.9 70.2 41.7 91.7 71.7
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case of liquids the sensitivity was good (88.6%), as was 
the overall validity (76.7%). The results of the compari-
son between OPES and FEES were poor, showing that the 
best results are obtained with the VFS test. 
Aspiration. FEES vs. VFS demonstrated a low overall va-
lidity of the test both with semi-solids (63.3%) and liquids 
(65%). In contrast, OPES showed a fairly good overall 
validity (71.7%), with a balance between sensitivity and 
specificity values for both the densities tested. 
The number and relative percentage of the subjects in 
the study who were positive (pathological) for premature 
spillage, hypopharyngeal residue and aspiration in the 
FEES, VFS and OPES tests with liquid and semi-solid 
boluses, respectively, are given in Table V.

Discussion
For years, VFS has been considered by speech-language 
pathologists as the gold standard test for studying oro-
pharyngeal dysphagia. Recently, however, its role has been 
debated, principally because of the introduction of other 
diagnostic tools for studying swallowing in the clinical 
field, such as videoendoscopy (FEES) and oro-pharyngo-
oesophageal scintigraphy (OPES)  2  3  5  23-30. Hence, VFS, 
FEES and OPES are three important tests for the early 
detection of dysphagia and all three should be taken into 
account when oro-pharyngeal dysphagia is suspected and/
or when it is necessary to programme strict follow-up 1 5 17. 
The importance of early diagnosis of dysphagia and the 
consequent care of the patient is linked with the need to 

Table IV. The sensitivity, specificity, predictive positive value (PPV), predicitive negative value (PNV) and validity in the three tests (VFS; FEES; OPES) with 
both liquid boluses.

Liquid

  Sensitivity Specificity PPV NPV Validity

FEES vs VFS 80.4 77.8 95.3 41.2 80.0

OPES vs VFS 94.1 66.7 94.1 66.7 90.0

OPES vs FEES 97.7 47.1 82.4 88.9 83.3

  FEES vs. VFS

  Sensitivity Specificity PPV NPV Validity

Premature spillage 60.0 86.7 60.0 86.7 80.0

Hypopharyngeal residue 61.4 75.0 87.1 41.4 65.0

Aspiration 37.0 87.9 71.4 63.0 65.0

  OPES vs. VFS

  Sensitivity Specificity PPV NPV Validity

Premature spillage 53.3 95.6 80.0 86.0 85.0

Hypopharyngeal residue 88.6 43.8 81.3 58.3 76.7

Aspiration 51.9 72.7 60.9 64.9 63.3

OPES vs. FEES

  Sensitivity Specificity PPV NPV Validity

Premature spillage 80.0 86.0 53.3 95.6 85.0

Hypopharyngeal residue 96.8 41.4 63.8 92.3 71.7

Aspiration 71.4 71.7 43.5 89.2 71.7

Table V. The number and relative percentage of the subjects in the study who resulted to be positive (pathological) for premature spillage, hypopharyngeal 
residue and aspiration in the FEES, VFS and OPES tests with liquid and semi-solid boluses, respectively.

Liquid

FEES VFS OPES

Premature spillage 15/60 (25%) 15/60 (25%) 10/60 (16.7%)

Hypopharyngeal residue 31/60 (51.7%) 44/60 (73.3%) 48/60 (80%)

Aspiration 14/60 (23.3%) 27/60 (45%) 23/60 (38.3%)

Semi-solid

FEES VFS OPES

Premature spillage 16/60 (26.7%) 15/60 (25%) 8/60 (13.3%)

Hypopharyngeal residue 38/60 (63.3%) 45/60 (75%) 19/60 (31.7%)

Aspiration 13/60 (21.7%) 27/60 (45%) 24/60 (40%)
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prevent complications due to malnutrition, dehydration 
and ab ingestis pneumonia 6. Furthermore, oro-pharyngeal 
dysphagia can drastically alter the patient’s quality of life, 
especially during meals.
There are many reports in the literature that compare 
FEES with VFS, OPES with VFS and OPES with FEES 
(both in normal and dysphagic subjects) 5 8-10 14 16-18 31. In 
particular, there is no report in the literature of a study 
that statistically compares the results obtained from the 
three examinations performed at the same time (FEES vs. 
VFS vs. OPES) in the same group of patients, either to 
achieve a correct diagnosis of oro-pharyngeal dysphagia 
or to evaluate individual swallowing parameters such as 
premature spillage of the bolus, post-swallowing residue 
and tracheo-bronchial aspiration. 
In this study, we compared the results obtained with these 
three diagnostic tools using liquid and semi-solid boluses 
to assess the reliability of these tests in the detection of 
oro-pharyngeal dysphagia in patients affected with swal-
lowing disorders of various origins. 
The results revealed that both FEES and OPES performed 
with both of the densities show good sensitivity and over-
all validity compared to the gold standard (VFS), and that 
sensitivity and overall validity values were high (97.9% 
and 86.7%, respectively), demonstrating that these two di-
agnostic tools (OPES and FEES) are essentially superim-
posable in the detection of dysphagia. OPES objectively 
measures and quantifies bolus transit, bolus residues and 
tracheobronchial aspiration, and allows a simultaneous 
qualitative analysis of each swallow by means of activity/
time curves. Combining OPES systematically with FEES 
without performing VFS might actually be sufficient in 
many clinical situations 32-35 . 
Thus, all three of these tests, FEES, VFS and OPES, are 
capable of supplying an accurate diagnosis of oro-phar-
yngeal dysphagia. 
However, when we take into account the single param-
eters individually, we notice that in the case of premature 
spillage, VFS is still the test to be considered the gold 
standard. FEES was statistically better than OPES be-
cause the videoendoscopic evaluation of this parameter 
is seen directly by the observer and even the penetration 
of small amounts of liquid or semi-solid boluses is clearly 
visible. In the OPES test, on the other hand, small quanti-
ties of premature spillage can escape the attention of the 
observer during the evaluation since the main aim is to de-
lineate the regions of interest (ROI). Our results indicate 
that VFS and FEES are tests to refer to for demonstrating 
premature spillage, while the OPES is less precise for this 
parameter. Other authors however have shown a good cor-
relation between OPES and VFS for this parameter 9.
The evaluation of post-swallowing residue with FEES 
gave better results than with OPES, because the vid-
eoendoscopic method permits a direct view of the hypo-
pharyngeal region and residues are therefore clearly vis-

ible and easily quantified even when they are negligible. 
However, a report in the literature found that there is a 
possibility that FEES might over-estimate pharyngeal 
residue compared to VFS, and this must be taken into ac-
count when managing dysphagia patients 16. On the other 
hand, the scintigraphic examination (OPES) results were 
less precise than the other two tests in demonstrating and 
calculating post-swallowing residue. This poor accuracy 
probably derives from the fact that this test fails to sup-
ply anatomical definitions and that it has to construct the 
regions of interest (ROI) on the images acquired, a factor 
that makes OPES operator-dependent. In the literature, 
however, there are some reports of a good correlation be-
tween OPES and VFS concerning the post-swallow phar-
yngeal residue parameter, proving the usefulness of the 
scintigraphic examination even for this parameter 5 9 17, but 
our data do not agree with these results. 
According to the results of our statistical analysis of tra-
cheo-bronchial aspiration, VFS appears to define it very 
well even if its quantification is nevertheless evaluated 
well by OPES. Our results are also in agreement with the 
latest data published in the literature, which indicate the 
good sensitivity of scintigraphy in detecting penetration 
and/or aspiration 9. As far as FEES is concerned, however, 
the data in the literature point out that videoendoscopic 
examination of swallowing can over-estimate penetration 
and aspiration of the bolus, producing important clinical 
and rehabilitative implications as a consequence 10. Never-
theless, other studies stress that FEES is useful for evalu-
ating episodes of aspiration, since the test is non-invasive 
and is inexpensive 14. The results of the FEES test in our 
study on aspiration were less accurate than those obtained 
with the other two examinations, especially in cases of 
aspiration of small quantities of bolus. 

Conclusions
Our study leads us to conclude that the VFS, FEES and 
OPES tests are all capable of detecting oro-pharyngeal 
dysphagia, whichever disorder is at the basis of it. Never-
theless, VFS must still be considered by speech-language 
pathologists as the gold standard since it supplies values 
that are more reliable than those obtained with the other 
two tests, at least as far as the swallowing parameters we 
took into account are concerned. Furthermore, VFS gives 
more information about the physiology of pharyngeal 
phase of swallowing and is particularly useful in cases 
when the swallowing mechanism is altered during the oral 
and/or oesophageal phase 16 31. FEES gave results that were 
statistically significant compared to VFS and OPES, par-
ticularly in the evaluation of post-swallowing residues in 
the hypopharyngeal region, residues that become of impor-
tant predictive value even of the risk of aspiration 16 17 21 and 
which we believe to be the most important (together with 
aspiration) of the three parameters taken into consideration. 
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In addition, as reported in the literature, FEES has a great 
advantage over VFS in that it uses real food during the test 
and allows a better view of the larynx movement 16. There-
fore, on the grounds of these considerations and our results, 
we maintain that FEES should always be considered as a 
valid test for studying swallowing, particularly since it is 
able to replace the VFS for investigating oropharyngeal 
dysphagia, and that it should be performed first of all when 
it is not possible to use VFS. Other advantages of the FEES 
test are that it is simple to perform, it is well tolerated by 
the patient and its use is much more economical than the 
other two methods 36. Moreover, since FEES does not ex-
pose the patient to radiation, unlike VFS and OPES, it can 
be repeated several times even at brief intervals for accu-
rate follow-up of dysphagia, perhaps during rehabilitation 
with speech therapy 37. However, it must be remembered 
that OPES exposes the patient to very low dosages of radia-
tion and that for this reason it can be used instead of VFS 
for monitoring swallowing disorders during speech therapy 
and rehabilitation 38-39. On the other hand, we believe that 
OPES is to be considered a more complementary type of 
test. In this respect, this test in our study was more useful 
than VFS and FEES for semi-quantitative evaluation of tra-
cheo-bronchial aspiration, permitting us to obtain percent-
ages of aspiration that would have been difficult to quantify 
with the other methods. 
Hence, our study has shown how VFS can be considered 
as the test of choice for assessing pre-swallowing spillage 
and tracheo-bronchial inhalation, while FEES is the test 
of choice for studying residue. If these three parameters 
are to be evaluated from a semi-quantitative point of view, 
then OPES can be used together with the other two as a 
complementary test.
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Open partial horizontal laryngectomies:  
is it time to adopt a modular form of consent  
for the intervention?
Laringectomie parziali orizzontali: è tempo di adottare un form modulare  
di consenso all’intervento?
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SUMMARY

Nowadays, open partial horizontal laryngectomies (OPHLs) are well-established procedures for treatment of laryngeal cancer. Their 
uniqueness is the possibility to modulate the intervention intraoperatively, according to eventual tumour extension. An OPHL procedure 
is not easy to understand: there are several types of procedures and the possibility to modulate the intervention can produce confusion and 
lack of adherence to the treatment from the patient. Even if the surgery is tailored to a patient’s specific lesion, a unified consent form that 
discloses any possible extensions, including a total laryngectomy, is still needed. We reviewed the English literature on informed consent, 
and propose comprehensive Information and Consent Forms for OPHLs. The Information Form is intended to answer any possible ques-
tions about the procedure, while remaining easy to read and understand for the patient. It includes sections on laryngeal anatomy and 
physiology, surgical aims and indications, alternatives to surgery, complications, and physiology of the operated larynx. The Consent Form 
is written in a “modular” way: the surgeon defines the precise extension of the lesion, chooses the best OPHL procedure and highlights 
all possible expected extensions specific for the patient. Our intention, providing these forms both in Italian and in English, is to optimise 
communication between the patient and surgeon, improving surgical procedure arrangements and preventing any possible misunderstand-
ings and medico-legal litigation.

KEY WORDS: Open partial horizontal laryngectomies • Informed consent • Modular consent • Larynx cancer Treatment

RIASSUNTO

Al giorno d’oggi le laringectomie parziali orizzontali (OPHLs) rappresentano un’alternativa ben consolidata per il trattamento dei tumori 
della laringe. La particolarità di questa chirurgia è rappresentata dalla possibilità di modulare, anche intraoperatoriamente, l’intervento 
sulla base di una eventuale estensione della malattia. Tuttavia una OPHL è una procedura non semplice da comprendere: esistono diversi 
tipi di intervento e la possibilità di modulazione di quest’ultimo può provocare confusione e perdita di aderenza al piano terapeutico da 
parte del paziente. Allo stesso tempo, sebbene il tipo di intervento e le possibili estensioni, compresa la laringectomia totale, dipendano 
strettamente dalla specifica estensione della lesione di ogni paziente, si sente la necessità di poter disporre di un unico modulo di consenso 
informato, che racchiuda al suo interno ogni possibilità. Dopo una revisione della letteratura riguardo il Consenso Informato, proponiamo 
una Brochure Informativa ed un unico Modello di Consenso per le OPHLs. La brochure informativa risulta di facile lettura per il paziente, 
e ha lo scopo di rispondere a qualsiasi dubbio egli abbia sulla procedura. Al suo interno ci sono capitoli riguardanti il sistema delle OPHL 
con una speciale attenzione sulla modularità dell’intervento, l’anatomia e la fisiologia della laringe, lo scopo, le indicazioni e le alternati-
ve alla chirurgia, infine le complicanze e la fisiologia della laringe operata. Il Modello di Consenso è scritto in forma modulare: il chirurgo 
è chiamato a definire la specifica estensione della malattia, ad indicare il tipo di OPHL prescelto e ha la possibilità di mettere in evidenza 
le possibili estensioni chirurgiche tipiche di ogni paziente. Il nostro scopo, fornendo questi moduli sia in Italiano che in Inglese, è quello 
di ottimizzare l’alleanza medico-paziente, raggiungendo il massimo accordo riguardo la procedura e cercando di limitare ogni possibile 
incomprensione e contenzioso medico-legale.

PAROLE CHIAVE: Laringectomie parziali orizzontali • Consenso informato • Consenso modulare • Trattamento carcinoma della laringe 
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Introduction
Supraglottic, supracricoid, and supratracheal laryngec-
tomies are well accepted surgical procedures for the 

treatment of laryngeal cancer that provide excellent on-
cological and functional results 1-4. Since many different 
surgical techniques have been described over the years, 
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a new classification of these procedures has been recent-
ly proposed by the working committee on nomenclature 
of the European Laryngological Society  5, based on the 
craniocaudal extent of laryngeal structures resected. Ac-
cording to the proposed classification system, three types 
of open partial horizontal laryngectomies (OPHL) have 
been defined: Type I (supraglottic), Type II (supracricoid) 
and Type III (supratracheal). Each type may be extended 
to adjacent laryngeal and/or pharyngeal sites: OPHL Type 
I can be extended to one arytenoid, the base of tongue, 
or to a piriform sinus; OPHL Type II can be extended to 
one arytenoid; OPHL Type III can be extended to one cri-
co-arytenoid unit. Moreover, OPHL Types II and III are 
further distinguished by the suffix “a” or “b” depending 
on the sparing or removal of the suprahyoid epiglottis. 
This classification reflects the complexity of this surgery 
and its wide range of variability. Thanks to this classifi-
cation, all the possible variations, in terms of extent of 
resection, are now clearly defined. 
One of the advantages of OPHLs is the possibility to tailor 
the procedure to the specific extent of disease. Surgeons 
can shift from one OPHL Type to another, even intraop-
eratively, if oncological safety cannot be clearly achieved 
with the scheduled procedure. On the basis of pathological 
findings in frozen sections, the procedure can be extended 
to adjacent sites, according to the classification, or it can 
shift to another OPHL Type. However, shifting to a differ-
ent OPHL Type can result in a higher complication rate or 
longer rehabilitation time. In extreme cases, the procedure 
can be converted to a total laryngectomy, causing a radi-
cal change in the patient’s lifestyle after surgery. Patients 
must be aware of the possibility and accept this eventual-
ity. When approaching an OPHL, the surgeon should refer 
to a surgical plan rather than to a single procedure.
The amazing advantage of tailoring the procedure to the 
extent of disease reveals two essential difficulties: 1) it 
may be hard for the patient to understand the meaning 
and the complexity of an OPHL, together with its ben-
efits, risks, potential complications and alternatives; 2) 
OPHLs lack a unified consent form that includes every 
possible extension of every possible procedure, including 
total laryngectomy.
These difficulties can be hard to manage, both for the sur-
geon and patient. Furthermore, providing appropriate pre-
operative information to a patient undergoing surgery is 
dictated by the law and may prevent litigations.
We propose the use of a unified Consent Form (CF), in 
which the surgeon can specify the predicted OPHL Type 
and can detail all possible extensions. This CF can be cus-
tomised to each patient in a “modular” way, exactly as the 
procedure.
In association with the CF, we propose an Information 
Form (IF), containing explanations on laryngeal anatomy 
and physiology, rational of OPHLs, description of each 
procedure with all possible extensions, alternatives to sur-

gery, eventual complications and physiology of the oper-
ated larynx.
In our opinion, these forms could become a very useful 
tool for both patients and surgeons in planning surgery 
and in limiting unpleasant misunderstandings and medi-
co-legal litigations.

Materials and methods
We reviewed the English literature looking for the es-
sential elements of an appropriate informed consent (IC) 
form. IC is a legal term, defined as “voluntary authorisa-
tion, by a patient or research subject, with full compre-
hension of the risk involved, for diagnostic or investiga-
tive procedures, and for medical and surgical treatment” 
(year introduced: 1973 (1971), http://www.ncbi.nlm.nih.
gov/mesh/68007258?ordinalpos=1&itool=EntrezSyst
em2.PEntrez.Mesh_ResultsPanel.Mesh_RVDocSum). IC 
is supported by three cornerstones: preconditions, infor-
mation and consent 6.
The preconditions for IC are competence and voluntari-
ness. A patient is a person with the right of self-determina-
tion 7. They must have the competence to make decisions, 
and they must express voluntariness, without external in-
fluence. The surgeon must be sure of the presence of these 
preconditions before proposing any surgical procedure.
Information is the second cornerstone. The 1995 WHO 
Declaration on the Promotion of Patients’ Rights states 
that the patient has the right to be fully informed about 
their health status. This includes information about: their 
condition, proposed medical procedures, potential risks 
and benefits of each procedure, alternatives to the pro-
posed procedures (including the effects of non-treatment), 
and about the diagnosis, prognosis and progress of treat-
ment 8. The surgeon should discuss with the patient a well-
defined care plan, and must be sure that they understand 
the information.
Consent is the registration of the patient’s decision and 
the authorisation to proceed. Depending on each coun-
try’s legislation, consent can be obtained orally or in writ-
ing. A consent form should be readable and written at a 
12-year-old’s reading level 9. According to the Constitu-
tion of the Italian Republic, art. 32, “no one can be forced 
to a specific medical treatment, except if this is stated by 
law”. In Italy, consent to a surgical procedure is obtained 
verbally; a written form is not mandatory, but is advisable 
to prove that IC was obtained. 
Our intention is to produce a booklet that could respond 
to all the questions patients have about the surgical pro-
cedure. We utilised both our personal experience and 
literature on indications, surgical techniques, possible 
extensions, possible alternatives, physiology of the oper-
ated larynx and possible complications 1-4 10-15. In addition, 
with the assistance of a forensic scientist, we managed to 
write a readable and complete CF, in which the surgeon 
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has the possibility to specify the suggested procedure and 
to clearly define every eventual extension according to the 
OPHL classification 5. 

Results
The complete information form and the consent form are 
available in both english and italian as appendix to the on-
line free download PDF version of the manuscript (http://
www.actaitalica.it/issues/2016/5-2016/07_GIORDANO.
pdf).

Information Form (IF)
The booklet is intended for persons without any medical 
knowledge. We try to explain medical terms in simple 
words, and include figures when needed. 
The first section deals with laryngeal anatomy and physi-
ology, with a figure to make it easier to understand. Then, 
the surgical procedures are presented according to the 
OPHL classification 5, describing the levels of resection 
with an image; the aim of surgery is discussed, focus-
ing particularly on oncological safety. The next section 
is about indications for each type of OPHL. Next, we 
describe the crucial concept of dynamism present in this 
type of surgery, presented here as “modular” surgery, fol-
lowed by a description of all possible variations, includ-
ing the possibility of shifting to a total laryngectomy. A 
passage about all possible alternatives to the intervention 
follows, in which radiation and chemo-radiation therapy 
are described; this passage includes the possibility of not 
doing anything. We then describe how the procedure is 
performed, what the patient should expect after surgery, 
and how the neo-larynx will work. Finally, all possible 
complications are disclosed.

Consent Form (CF)
Our intention is to write a CF with the possibility to “mod-
ulate” the surgical procedure, depending on intraoperative 
findings. Multiple choice lists have been included, so that 
it can be tailored to every possible case.
It begins with an introductory section that must be filled-
in with the personal details of the patient and surgeon. 
The surgeon is called to define the precise dimension 
of the lesion with the help of a multiple choice list, in 
which all laryngeal and extra-laryngeal subsites that can 
be involved are included. Later, the surgeon must choose 
from a second multiple-choice list, the specific scheduled 
procedure. A third multiple choice list includes all pos-
sible extensions of the procedure according to the OPHL 
classification 5: the most likely extensions that could result 
from intraoperative findings are highlighted. In the final 
passage, the declaration of the consent to the procedure 
must be signed by both the patient and the surgeon.
Note that the use of some technical terms is fundamental 
in the CF: medical terms are essential for the precise defi-

nition of the scheduled surgical procedure and possible 
expected extensions. The need for medical terms reflects 
the complexity of the procedure. By using simplified 
terms, we could lose the accuracy required in a CF.

Discussion
The concept of informed consent has developed over 
time, since medieval times to the present 16-18. Past juridi-
cal sentences on litigations between patients and doctors, 
together with the memory of what happened during the 
Second World War in the Nazi concentration camps, have 
lead the way to the current legislation on informed con-
sent. At present, the three cornerstones of Informed Con-
sent are: preconditions, information and consent 6. 

Preconditions
They express the right of self-determination of the patient, 
who must decide freely for himself, without any kind of 
influence. Generally, competence is recognised by the 
surgeon if communication appears to be “normal”. How-
ever, in a review on patient competence, Appelbaum  19 
surprisingly found that the number of “incompetent” pa-
tients was higher than expected, and that doctors are un-
able to differentiate between competent and incompetent 
patients.
OPHLs require a strong alliance between surgeon and pa-
tient: during the postoperative period patient collabora-
tion, and firm compliance are essential for rehabilitation. 
For this reason, psychiatric disorders represent absolute 
contraindications to OPHLs 11.

Information
Communication is fundamental: most legal cases are not 
due to failures in treatment, but due to failure in commu-
nication  20. Often informed consent is obtained by resi-
dents, who may not exactly know what to tell a patient 21.
A written leaflet, as our IF, would undoubtedly be helpful 
to inform patients. It is demonstrated that oral information 
is retained very poorly, and patients tend to forget crucial 
parts 22. Better informed patients will have more realistic 
expectations, higher satisfaction and demonstrate more 
treatment cooperation 23.
Information must be as complete as possible. Albera et 
al. 24 25 demonstrated that informing the patient not only 
about the disease, but also about the logical course that 
leads the doctor to a certain diagnosis and a description of 
the proposed treatment possibilities, including treatment 
modalities excluded, is appreciated by more than 90% of 
patients.
Some patients prefer not being informed about the pro-
cedure and completely rely on the surgeon’s decisions 26. 
Even in these cases, a written form provided in advance 
may be helpful to the patient whether they would need 
some information. 



L. Giordano et al.

406

Furthermore, the IF can be a useful tool to instruct non-
medical staff or non-specialised doctors about this proce-
dure.

Consent
A patient that agrees to an OPHL is not accepting a single 
procedure, but a system of similar procedures strictly re-
lated with one another, linked by the common concept of 
removing a horizontal portion of the larynx, while main-
taining the function of at least one crico-arytenoid unit. 
They must accept the possibility that the procedure may 
become more extended, implying that the rate of com-
plications may become higher and the time of rehabilita-
tion may become longer. For example, if frozen sections 
reveal positive margins on the subglottic mucosa during 
an OPHL Type II, the procedure will be converted to an 
OPHL Type III, which still provides the same excellent 
oncological and functional outcomes, but will have a 
longer hospital stay and rehabilitation time, and a higher 
rate of immediate and late complications 2 10 27. In this CF, 
the surgeon has the possibility to highlight the most plau-
sible extensions for each patient, if unexpected infiltration 
of surrounding tissues is discovered during surgery.
OPHLs have some limitations: if the tumour spreads 
to some particular regions (i.e. the posterior paraglottic 
space or both the arytenoid cartilages), the procedure can 
no longer be performed, and must be intraoperatively con-
verted into a total laryngectomy to achieve oncological 
safety. This will happen only in extreme cases, but the pa-
tient must know about this eventuality, because it will pro-
duce a significant change in their lifestyle. Even though 
this possibility can never be completely excluded, only a 
very limited subset of patients has a concrete risk for this 
extreme measure; for this reason, this eventuality can be 
highlighted in our CF. In all cases in which the extent of 
the tumour determines the indication for a more extreme 
Type III partial laryngectomy (and this occurs for most 
tumours with sub-glottic extension or extension towards 
the posterior commissure), this imposes a serious ethical 
consideration. In fact, in many specialised centres, these 
cases are considered to be “amenable with total laryngec-
tomy” and therefore, up-front directed to non-surgical 
treatment in order to spare the larynx. When discussing 
a conservative surgical option with the patient, it must be 
explained clearly that if the resection margins are posi-
tive in frozen sections, the option immediately following 
that is total laryngectomy, thus “jumping” the option of 
concomitant chemoradiotherapy, which has a degree of 
recommendation IA.
Our “modular” CF does not limit itself to registration of 
the patient’s decision and authorisation to proceed: it rep-
resents an agreement on a surgical plan that can be tai-
lored to each patient’s specific disease. This agreement 
will be an insurance for both: the patient, to have the best 
surgical procedure according to oncological safety, and 

the surgeon, to perform an OPHL without any concern of 
extending the procedure if needed.
It is crucial to remember that the IF does not replace the 
surgeon’s oral explanations to the patient. The surgeon 
performing the procedure should first orally discuss mat-
ters with the patient, and then provide the IF and the CF. 
The conversation should be tailored to the patient’s socio-
cultural conditions, with appropriate and clear vocabulary, 
and the patient should be urged to ask for any further in-
formation. At the end of the discussion, the IF is provided 
to the patient, and the CF is completed by the surgeon and 
subsequently signed by both. This should happen some 
days before surgery, in order to give the patient enough 
time to meditate. The patient is asked again for any ques-
tions the day before the procedure.

Conclusions
The primary goal of OPHLs is always oncological safety. 
For this reason, the surgeon must be allowed to extend the 
procedure as far as needed, according to the possible ex-
tensions reported 5. In this article, we propose the use of a 
written IF that tries to be as complete and as clear as pos-
sible, and a CF that can reproduce the “modular” concept 
of OPHLs. The patient-surgeon relationship is based on 
trust: with these forms our intention is to improve the level 
of patient-surgeon cooperation and to avoid any possible 
litigation by improving comprehension of the procedure 
and reaching complete agreement on surgical planning.
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Surgical treatment of sporadic vestibular 
schwannoma in a series of 1006 patients
Trattamento chirurgico degli schwannomi vestibolari: risultati su una serie di 1006 
pazienti
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SUMMARY

The management of sporadic vestibular schwannoma (VS) has evolved in the last decades. The aim of this study was to analyse the evolu-
tion in surgical outcomes of VSs operated by a neurotological team between 1990 and 2006 by different approaches. A monocentric retro-
spective review of medical charts of 1006 patients was performed. In order to assess eventual changes and progress, the 17-years period was 
divided in three periods, each one comprehending 268 VS (1990-1996), 299 VS (1997-2001), and 439 VS (2002-2006). Mean follow-up 
was 5.9 ± 2.4 years. Overall, complete VS removal was achieved in 99.4% of cases. Mortality rate was 0.3%, meningitis and CSF leaks 
were observed in 1.2 % and 9 % of the cases, respectively. CSF leakage decreased from 11.6% to 7.1% between the first and last period (p < 
0.01) as well as revision surgery from 3.4 % to 0.9 % (p < 0.05). Facial nerve was anatomically preserved in 97.7% of cases. At one year, a 
good facial nerve function was observed in 85.1% of patients (grade I and II of House-Brackmann grading scale), which ranged between the 
first and last period from 78.4% to 87.6% (p <0.05). At one year, hearing preservation was obtained in 61.6% of patients, which increased 
from the first period to the last one from 50.9% to 69.0% (p < 0.05) (class A+B+C from the AAO-HNS classification). Useful hearing (class 
A+B) was observed in 33.5% of cases overall, with 21.8% and 42% in the first and last period, respectively (p < 0.01). Surgical outcomes 
of sporadic vestibular schwannoma have improved concerning facial nerve function outcomes, hearing preservation and cerebrospinal fluid 
(CSF) leaks, mainly due to the neuro-otological team’s experience. Functional results after complete microsurgical removal of large VS 
depend on experience gained on small VS removal.

KEY WORDS: Facial nerve • Vestibular schwannoma • Translabyrinthine • Hearing levels

RIASSUNTO

La gestione dello schwannoma vestibolare (SV) sporadico si è gradualmente evoluta negli ultimi decenni. Lo scopo di questo studio è di 
analizzare l’evoluzione negli esiti chirurgici dell’exeresi di queste lesioni, realizzata da un team neurotologico tra il 1990 e il 2006, at-
traverso differenti approcci. È stata eseguita una revisione retrospettica monocentrica dei dati clinici di 1006 pazienti. Al fine di valutare 
eventuali modifiche e progressi, il periodo di 17 anni è stato diviso in tre periodi, ciascuno comprendente rispettivamente 268 SV (1990-
1996), 299 SV (1997-2001), e 439 SV (2002-2006). Il follow-up medio è stato di 5,9 ± 2,4 anni. Complessivamente l’asportazione totale è 
stata ottenuta nel 99,4% dei casi. Il tasso di mortalità è stato dello 0,3%, la meningite e la perdita di liquido cefalo rachidiano (LCR) sono 
stati osservati nel 1,2% e il 9% dei casi, rispettivamente. La frequenza della perdita di LCR è diminuita dal 11,6% al 7,1% tra il primo e 
dell’ultimo periodo (p < 0,01) e la revisione chirurgica dal 3,4% al 0,9% (p < 0,05). Il nervo facciale è stato anatomicamente conservato 
nel  97,7% dei casi. Ad un anno, una buona funzione del nervo facciale è stata osservata nel 85,1% dei pazienti (I e II grado House-
Brackmann), con una variazione tra il primo e l’ultimo periodo che andava dal 78,4% al 87,6% (p < 0,05). Ad un anno post-operatorio la 
conservazione dell’udito è stata ottenuta nel 61,6% dei pazienti, passando dal 50,9% del primo periodo, al 69,0% del periodo piú recente 
(p < 0,05) (classe A + B + C dalla classificazione AAO-HNS). L’udito utile (classe A + B) è stato conservato nel 33,5% dei casi comples-
sivamente, con percentuali comprese tra il 21,8% e 42% nel primo e nell’ultimo periodo rispettivamente (p < 0,01). Gli esiti chirurgici 
dell’asportazion dello schwannoma vestibolare sporadico sono migliorati negli anni per quanto riguarda i risultati funzionali del nervo 
facciale, la conservazione dell’udito, le perdite di liquido cefalorachidiano, principalmente grazie all’esperienza del team neurotologico. I 
risultati funzionali dopo la rimozione microchirurgica completa SV di grandi dimensioni dipendono dall’ esperienza maturata sulle lesioni 
di piccole dimensioni.

PAROLE CHIAVE: Nervo facciale • Schwannoma vestibulare • Translabirintico • Udito

Acta Otorhinolaryngol Ital 2016;36:408-414
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Introduction
Complete microsurgical excision of sporadic vestibular 
schwannoma (VS) has been advocated for all tumour 
sizes, up to the beginning of this century. Because of the 
development of magnetic resonance imaging (MRI) tech-
niques, which have been easier to obtain, a wait and scan 
policy was introduced in the early 1990s 1. Since then, 
the introduction of radiotherapy in stereotaxic conditions, 
mainly by gamma-knife, invigorates the debate concern-
ing the microsurgical removal of small and middle-sized 
VS, especially in the elderly when VSs are progressive. 
Besides, radiosurgery has become more popular as far as 
the doses have been reduced to limit the toxic effects of 
radioactive agents on neurological structures, and it has 
been proposed, in case of large VS, to reduce the posterior 
fossa extension of the tumour by a partial microsurgical 
excision before irradiating the remaining tumour 2.
Nevertheless, recent studies have described advances in 
surgical techniques and devices, which in association with 
the improvement of surgeon’s experience may have led 
to a gradually decreasing surgical mortality and morbidi-
ty. Hence, the modern surgical goals of sporadic VS have 
changed to achieve higher complete tumour removal, with 
higher rates of facial nerve (FN) function and hearing lev-
el preservation, lower mortality and neurological morbid-
ity incidence 3-8. 
Good postoperative outcomes depend on several factors 
including tumour size, surgical approaches, intraoperative 
nerve monitoring, cranial nerve displacement pattern and 
tumour adherence to neurological structures, in addition to 
surgical experience 4-12. However, few authors have reviewed 
surgical outcomes of large series of more than 500 cases 4-8 13.
The aim of this study is to report the surgical outcomes 
in a large series of more than 1000 sporadic VS operated 
by the same neuro-otological team over a 17-year period.

Materials and methods
A monocentric retrospective review was performed on 
medical charts of 1006 consecutive patients operated for 
sporadic VS removal between January 1990 and Decem-
ber 2006. Patients with neurofibromatosis Type II (NF2) 
were excluded. Data were extracted pertaining to the fol-
lowing variables: patient demographics; tumour localisa-
tion; clinical and imaging features; facial nerve function, 
hearing levels, and details of surgical intervention. Patient 
demographics are reported in Table I. In order to investi-
gate the changes and eventual progresses of the surgical 
management during the 17-year period, 3 consecutive pe-
riods were explored separately: the earlier period (period 
1) between 1990 and 1996, the intermediate period (pe-
riod 2) between 1997 and 2001 and the last period group 
(period 3) between 2002 and 2006. Mean follow-up was 
5.9 ± 2.4 years.

All surgical procedures were performed by the same neu-
ro-otological team (AR and MK, neurosurgeons; OS otol-
ogist) in a tertiary referral centre. 
The FN function was assessed using the House-Brack-
mann (HB) grading system 14. HB grade I or II, grade III 
or IV, and grade V or VI were defined as good, mild and 
poor FN function respectively. Intraoperative facial nerve 
monitoring (NIM and NIM II, Medtronic, Xomed, Jack-
sonville, FL, USA) was routinely used.
All patients completed a series of audiovestibular as-
sessments including pure tone audiometry, intelligibility 
scores, auditory brainstem evoked responses and calor-
ic and videonistagmography testing. Hearing level was 
evaluated using the American Academy of Otolaryngol-
ogy-Head and Neck surgery (AAO-HNS) guidelines and 
staged in 4 classes 15. Preservation of hearing was calcu-
lated as the sum of class A+B+C and a serviceable hear-
ing as the sum of class A+B. Tumour size measurement 
was based on the largest extrameatal diameter in the cer-
ebello-pontine angle (CPA) from T1-weighted MRI with 
gadolinium. The tumours were divided into 4 stages 10-12: 
stage I (intracanalicular), stage II (inferior or equal to 15 
mm in the CPA), stage 3 (from 16 to 30 mm in the CPA) 
and stage IV (superior to 30 mm in the CPA).
We analysed functional surgical outcomes among the 
three groups considering the following variables: com-
pleteness of tumour removal, intraoperative FN status, 
postoperative FN outcomes at one year, hearing preserva-
tion, CSF leakages and other complications.

Statistical methods
Data are expressed as mean ± SD. All data were analysed 
with the software SPSS 19.0. The χ2 and Fisher’s exact 
tests were used to compare surgical outcomes and the 
general characteristics of the three groups. Significance 
was considered at p < 0.05.

Results
Preoperative clinical and radiological data are reported in 
Table I. No significant difference in demographics was ob-
served among the patients in the three periods. Mean age 
was 55.6 ± 13.6 years with a sex ratio of 0.88:1. VS was 
revealed by progressive or a sudden hearing loss in 84.3% 
or 10.7% of cases, respectively. Vertigo and tinnitus were 
present in 33.7% and 38.9% of cases, respectively.
Preoperative FN function was normal or subnormal in 
98.8 % cases. Trigeminal nerve dysfunction was observed 
in 17% of patients. Pre-operative useful hearing was in 
41.7% and dead ear or absence of intelligibility in 35.5%. 
In the different groups, intracanalicular VS ranged from 
7.7% to 9. %, stage 2 VS from 35.4% to 46.2% and large 
VS (stage 3 and 4) from 44.9 to 54.9%. 
The surgical approach was chosen depending on: (i) tu-
mour size, its extension into the CPA anterior to the inter-
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nal auditory meatus (IAM), at the IAM fundus, or intra-
cochlear extension; (ii) ipsilateral and contralateral hearing 
level; (iii) general status and patients’ expectations. Pre-
cisely, a translabyrinthine approach (TLa) for stage 3 and 
4 VS or stage 1 and 2 VS with class C or D hearing loss; 
transotic approach (TOa) for stage 3 and 4 VS with exten-
sion anterior to the IAM or any stage VS with intracochlear 
extension; retrosigmoid approach (RSa) for stage 1 and 2 
VS with class A or B hearing loss and IAM fundus free 
of tumour; and middle fossa approach (MFa) for stage 1 
VS with class A or B hearing level. The extent of tumour 
resection was defined accordingly to the Acoustic Neuroma 
Consensus on System Reporting Results 16.
Table II shows the approaches performed in relation to the 
size of VS. It appears that in few stages 2 MSa was chosen as 
well as RSa in few stages 3; TOa was mainly used in stage 4 
VS. These approaches were differently used as a function of 
the period. More TLa and few RSa were performed during 
the early period as compared to the last one. More TOa and 
less MFa were performed during the last period.

Intraoperative FN status and postoperative FN function
Anatomical FN integrity was preserved in 983 patients 
(97.7%). Seven hundred and twenty-four patients (72.0%) 
completed the postoperative FN function evaluation at 
1-year. There were 616 (85.1%), 103 (14.2%) and 5 (0.7%) 
patients with, respectively, good, medium and poor post-

Table II. Surgical approaches according to tumour stage.

Tumour stage

1
(n = 88) 

2
(n = 434)

3
(n = 298)

4
(n = 186)

TLa 27
(30.7%)

242
(55.8%)

259
(86.9%)

120
(64.5%)

TOa 10
(11.4%)

7
(1.6%)

17
(5.7%)

66
(35.5%)

RSa 1
(1.1%)

158
(36.4%)

22
(7.4%)

-

MFa 50
(56.8%)

27
(6.2%)

- -

TLa: translabyrinthine approach; TOa: transotic approach; RSA: retrosigmoid 
approach; MFA: middle fossa approach.

Table I. Preoperative clinical and radiological data of patients.

Characteristic Period 1
1990-1996
 n = 268

Period 2
1997-2001 

n = 299

Period 3
2002-2006, 

n = 439

Total
1990-2006 
n = 1006

Male 105 151 216 472 (46.9%)
Female 163 148 223 534 (53.1%)
Left side 145 177 320 642 (63.8%)
Right side 123 122 119 364 (36.2%)
Age (yr) 64.2 ± 13.8 57.4 ± 12.4 55.3 ± 13.1 51.3 ± 13.6
Tumour size (mm) 19.0 ± 12.5 16.9 ± 10.8 16.4 ± 11.9 17.2 ± 11.7 

Tumour Stage

1 26 (9.7%) 23 (7.7%) 39 (8.9%) 88 (8.7%)

2 95 (35.4%) 136 (45.5%) 203 (46.2%) 434 (43.1%)

3 91 (34.0%) 97 (32.4%) 110 (25.1%) 298 (29.6%)

4 56 (20.9%) 43 (14.4%) 87 (19.8%) 186 (18.5%)
Trigeminal nerve dysfunction 55 (20.5%) 47 (15.7%) 69 )15.7%) 171 (17.0%)

Facial nerve 

HB I-II 266 (99.3%) 298 (99.7%) 430 (97.9%) 994 (98.8%)

HB III-IV 1 (0.4%) 1 (0.3%) 9 (2.1%) 11 (1.1%)

HB V-VI 1 (0.4%) - - 1 (0.1%)
Tinnitus 126 (47.0%) 133 (44.5%) 132 (30.1%) 391 (38.9%)
Vertigo 107 (39.9%) 128 (42.8%) 104 (23.7%) 339 (33.7%)
Otalgia 1 (0.4%) 1 (0.3%) 8 (1.8%) 10 (1.0%)
Hearing loss

Progressive 223 (83.2%) 247 (82.6%) 378 (86.1%) 848 (84.3%)

Sudden 30 (11.2%) 32 (10.7%) 46 (10.5%) 108 (10.7%)

Class A 54 (20.1%) 68 (22.7%) 72 (16.4%) 194 (19.3%)

Class B 56 (20.9%) 84 (28.1%) 85 (19.4%) 225 (22.4%)

Class C 68 (25.4%) 70 (23.4%) 92 (21.0%) 230 (22.9%)

Class D 90 (33.6%) 77 (25.8%) 190 (43.3%) 357 (35.5%)
Headache 18 (6.7%) 16 (5.4%) 14 (3.2%) 48 (4.8%)
Intracranial hypertension 7 (2.6%) 1 (0.3%) 3 (0.7%) 11 (1.1%)

HB: House-Brackmann facial nerve grading system.
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operative FN function. The good FN function rate was in-
versely proportional to the tumour size (Table III): 91.7% 
in stage 1, 86.2% in stage 2, 84.9% in stage 3 and 79.9% 
in stage 4 (good FN function between stage 1 and 4 had 
significant different, p = 0.04). Good FN function was seen 
87.7% of cases in TLa, 82.0% in TOa, 81.1% in RSa and 
78.1% in MFa, and it was higher in TLa than that in MFa 
(p = 0.048). Furthermore, the good FN function in period 1 
was lower than that in period 3 (78.4% vs 87.6%, p = 0.02).
Out of 23 FNs interrupted during surgery, 13 (56.5%) 
were repaired by end-to-end anastomosis and 10 (43.5%) 
by great auricular nerve graft with fibrin glue 17.

Hearing results
Out of 419 patients with a preoperative hearing level class 
A, B and C, 245 patients (58.5%) underwent tumour re-
moval via RSa or MFa (Table IV). Overall, the hearing 
preservation rate was 61.6% (151 patients), and a service-
able hearing level was achieved in 82 patients (33.5%). 
Both these two rates in group 3 were higher than those 
in groups 1 and 2 (hearing preservation rate: 69.0% vs 
50.9%, p = 0.028; serviceable hearing preservation rate: 
42.2% vs 21.8%, p = 0.01).

Complications 
The complications occurred in the present series are report-
ed in Table V. CSF leakage occurred in 91 patients (9.0%), 
72 of whom were treated conservatively with pressure 
dressings and lumbar drainage, and 19 underwent revision 
surgery. The management of CSF leakage was decided on 
the base of the cerebrospinal fluid pressure value18. Accord-
ing to the tumour size classification, the incidence of CSF 
leakage was 5.0% (4 cases) in stage 1, 7.4% (32 cases) in 
stage 2, 9.5% (28 cases) in stage 3 and 14.7% (27 cases) in 
stage 4. According to the surgical approaches, it occurred 

in 7.9% (51 cases) in TLa, 12.2% (12 cases) in TOa, 10.5% 
(19 cases) in RSa and 11.7% (9 cases) in MFa. 
We used four techniques of wound closure to prevent CSF 
leakage during the three consecutive periods 19: 1) place-
ment of the fascia graft on the dural defect and afterwards 
fat tissue placement over the fascia; 2) large musculoperi-
osteal flap to compress the fascia-fat complex; 3) fat tis-
sue directly placed into the operative cavity without fascia 
graft, then covered with a musculoperiosteal flap; 4) fat 
tissue directly placed into the operative cavity and hold 
in place with a titanium plate fixed to the mastoid bone. 
The incidence of CSF leakage decreased along the three 
periods: 11.6%, 9.7% and 7.1% in the early, intermediate 
and last periods, respectively. Likewise, the incidence of 
postoperative septic meningitis decreased throughout the 
different periods: 1.9%, 1.3% and 0.7% in early, interme-
diate and last periods, respectively.
The mortality rate reported in this series was 0.3% (3 pa-
tients). One patient with stage 3 VS deceased of postop-
erative CPA hematoma. The two other patients presenting 
a stage 4 VS deceased of postoperative pulmonary embo-
lism and cerebral haemorrhage, respectively. 
Twelve patients (1.2%) with a total tumour resection pre-
sented a recurrence, detected through the routine annual 
MRI. The mean interval between surgery and recurrence was 
2.8 ± 1.9 years (range 1-6 years). The mean diameter of the 

Table III. Postoperative facial nerve function at 1 year.

HB Grade I-II 
(%)

HB Grade III-IV
 (%)

HB Grade V-VI
 (%)

Tumour stage

1 (n = 60) 55 (91.7) 5 (8.3) -
2 (n = 333) 287 (86.2) 46 (13.8) -
3 (n = 192) 163 (84.9) 27 (14.1) 2 (1.0)
4 (n = 139) 111 (79.9) 25 (18.0) 3 (2.2)

Surgical approach

TLa (n = 456) 400 (87.7) 51 (11.2) 5 (1.1)
TOa (n = 61) 50 (82.0) 11 (18.0) -
RSa (n = 143) 116 (81.1) 27 (18.9) -
MFa (n = 64) 50 (78.1) 14 (21.9) -

Surgical period

Period 1 (1990-1996, n = 88) 69 (78.4) 18 (20.5) 1 (1.1)
Period 2 (1997-2001, n = 241) 201 (83.4) 38 (15.8) 2 (0.8)
Period 3 (2002-2006, n = 395) 346 (87.6) 47 (11.9) 2 (0.5)

HB: House-Brackmann facial nerve grading system; TLa: translabyrinthine approach; TOa: transotic approach; RSa: retrosigmoid approach; MFa: middle fossa approach.

Table IV. Hearing results at the last follow-up (n = 245).

Postoperative
hearing level

Preoperative hearing level

A B C Total (%)

A 30 7 - 37 (15.1)
B 16 27 2 45 (18.4)
C 17 30 22 69 (28.2)
D 50 30 14 94 (38.4)
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recurrence was 10.4 ± 3.6 (range 5-15 mm). Among these 12 
cases, five lesions were stable and continued to be observed, 
and 7 patients underwent surgical revision by TLa by reason 
of rapid growth tumour (> 2 mm/year) or aggravating symp-
toms. There was no evidence of tumour regrowth in the 6 
patients who underwent a near total tumour removal. 

Discussion
Over the last decades, the incidence of VS has increased to ap-
proximately 19 tumours per million per year. Several factors 
might be the cause of this increase, most important of which is 
the improvement in diagnostic equipment, i.e., magnetic reso-
nance imaging, in a context of increased life expectation. 
Along with the improvement of surgical techniques, the ac-
quiring importance of radiosurgery and the advancement of 
diagnostic equipment led to a change in the objectives of 
VS treatment. Modern VS surgery is reaching the goal of 
preservation of function. Although facial nerve preservation 
was the major concern in the past decades, currently hear-
ing preservation is the main challenge. To date, the choice 
of the surgical strategy depends on tumour size, hearing 
and facial nerve function, patient age and the presence of 
other disabling symptoms. The challenge and the matter of 
the actual debate is to achieve major tumour removal, with 
a minimal impairment of these functions. 
The extension of tumour removal is strictly related to tu-
mour size and to the adherence of the tumour to critical 
neurovascular structures 5  20-22. The analysis of the present 
series shows that over the years advancements such as the 
electrophysiological monitoring of facial function influ-
enced technical procedures and surgical outcomes. Over-
all in the present study, total tumour removal was reached 
in 99.4% of patients, with a higher rate of functional 
preservation in the last period. Moreover, the remaining 
0.6% of patients who underwent a near total removal 

was treated during period 3. In these cases (three stages 
3 and four stages 4, mean tumour size: 31.2 ± 9.8 mm), 
the presence of a tumour adherent to CPA structures led 
the surgeon to choose a conservative technique leaving in 
place a small residual. However, an average follow up of 
5 years demonstrated the stability of the lesions and none 
of the cases presented a growth of the residual. Therefore, 
in line with other reports we can state that near total tu-
mour resection might be a safe and effective method for 
preserving postoperative cranial nerve function without 
negatively impacting tumour control 23.

FN function
Several prognostic factors influence the postoperative 
FN function: tumour size, patient age, course of disease, 
previous treatment, surgical approach, intraoperative 
four-channel electromyography monitoring, FN displace-
ment pattern, tumour adhesion and heterogeneous or cys-
tic tumours 4 10 24 25. 
All surgeries were performed using a FN monitoring sys-
tem. FN anatomical integrity does not necessarily corre-
spond to good FN function. In our series, with 97.7% of 
FN anatomical integrity, good FN function was achieved 
only in 85.1% of patients. The good FN function rate var-
ied from 91.7% to 79.9%, and it was inversely proportion-
al to the tumour size. Thus, a larger tumour size implies a 
worse postoperative functional outcome. Recently, Esquia 
et al. 10 observed that the FN outcome is influenced by the 
displacement pattern and adhesion between the tumour 
and nerves. In addition, Bernat et al. 25 defined, as a crite-
ria for good FN prognosis, the use of supramaximal stim-
ulation threshold, that would increase the predictive value 
of monitoring during VS surgery. 
Several authors have reported the results of FN preserva-
tion by various surgical approaches 26-28. Our experience 
highlights that the choice of the approach has an influence 

Table V. Postoperative complications (n = 1006).

Complications Period 1
(1990-1996,
n = 268) (%)

Period 2
(1997-2001,
n = 299) (%)

Period 3
(2002-2006,
n = 439) (%)

Total 
(1990-2006, 

n = 1006) (%)

Mortality 1 (0.4) 1 (0.3) 1 (0.2) 3 (0.3)
CPA haematoma 2 (0.7) 2 (0.7) 1 (0.2) 5 (0.5)
Subarachnoid haemorrhage 1 (0.4) 1 (0.3) - 2 (0.2)
Lateral sinus thrombosis 1 (0.4) 1 (0.3) 1 (0.2) 3 (0.3)
Cerebellar oedema - 1 (0.3) 1 (0.2) 2 (0.2)
Pulmonary embolism 1 (0.4) - 1 (0.2) 2 (0.2)
Meningitis 5 (1.9) 4 (1.3) 3 (0.7) 12 (1.2)
Phlebitis 2 (0.7) 4 (1.3) 3 (0.7) 9 (0.9)
CSF leak 31 (11.6) 29 (9.7) 31 (7.1) 91 (9.0)
Revision 9 (3.4) 6 (2.0) 4 (0.9) 19 (1.9)
Conservative treatment 22 (8.2) 23 (7.7) 27 (6.2) 72 (7.2)
Lower cranial nerve palsy - 1(0.3) - 1 (0.1)
Subcutaneous abdominal haematoma 9 (3.4) 7 (2.3) 5 (1.1) 21 (2.1)
Recurrence 5 (1.9) 4 (1.3) 3 (0.7) 12 (1.2)
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on functional outcomes. TLa and TOa (applicable to all 
tumour sizes) lead to an easier identification of the FN, on 
the other hand, in VS approached by MF the FN preserva-
tion rate was lower (78.1%). Finally, the surgeon’s expe-
rience and postoperative rehabilitation training improved 
the results (87.6% in last period, 83.4% in intermediate 
period, and 78.4% in early period) without any change of 
the mean tumour size (p > 0.05). 

Hearing preservation
In the literature, data concerning hearing preservation vary 
from 18% to 96% of success 1-4 6 26 29 30. In our series, RSa 
was used in tumour < 15 mm in CPA with class A or B 
hearing level and free fundus, while MFa was preferred in 
intracanalicular tumours with class A or B hearing level. 
Preserved hearing and serviceable hearing were obtained 
in 61.6% and 33.5% of patients, respectively. Both of these 
two rates in period 3 were significantly higher than in the 
earlier periods (hearing preservation rate: 69.0% vs. 50.9%, 
p = 0.028; serviceable hearing preservation rate: 42.2% vs. 
21.8%, p = 0.010). As described, the preoperative pure tone 
average, free IAM fundus and tumour size 32,33 are predic-
tive factors for hearing preservation, but we believe that 
surgical experience may be crucial for hearing preserva-
tion, and in particular for intraoperative identification and 
protection of blood vessels and cochlear nerve.
In the last decade (2007-2016), the strategy for hearing 
preservation in VS removal has seen some changes. More 
frequently than before, subtotal or partial removal of the 
tumour via RSa is proposed to patients, even with a class 
3 VSs, followed by gamma knife radiotherapy. 

Complications
Mortality rates associated with VS removal have been de-
creasing from 20 to 0% during the past decades, but still 
remain significantly higher in patients over 70 years  33. 

Neurovascular disorders, brainstem injury and serious 
intracranial infections are the major causes of death. In 
our series, three patients deceased from CPA hemato-
ma, pulmonary embolism and cerebral haemorrhage. All 
life-threatening complications occurred in patients with 
VS higher than stage 3.
CSF leakage was the most frequent perioperative com-
plication in our series (9.0%). Our results confirm the re-
lation between CSF leakage and tumour size (14.7% in 
stage 4, 9.5% in stage 3, 7.4% in stage 2 and 4.5% in 
stage 1) 34 35,which is in contrast to what reported by Stieg-
lizt et al 36. However, its incidence is not related with the 
approach even if the occurrence of CSF leakage in TLA 
was lower (7.9%) than in the other approaches. Merkus 
et al. 35 reported 0.8% of CSF leakage after TLA during 
a 15-year period, suggesting some modification of clo-
sure techniques. Our incidence of CSF leakage decreased 
during the three periods (14.2% in early period > 9.0% in 
intermediate period > 5.9% in last period) demonstrating 

that the development of closure technique and surgeon’s 
experience helped to prevent this complication. Out of the 
four techniques of wound closure, the recent technique 
with a titanium plate anchored to the mastoid led to the 
most satisfactory results with a lower incidence of leak-
age compared to the average in the literature of 6.6% and 
15% 6. Consequently, the meningitis rate was 1.2%, which 
was lower than other reports (1.5%-2.6%) 34 36-38. 
The most serious complication in the present series was 
CPA hematoma. It usually occurs within the first 12 to 
24 hours and the key point is the immediate removal and 
decompression of the CPA hematoma, even without con-
firmation by CT scan. 

Conclusions
Many factors influence the surgical outcomes of sporadic 
VS. Our experience in a large series of 1006 sporadic VS 
treated over a 17-year period revealed that good function-
al outcomes depend on several critical variables, includ-
ing tumour size, surgical approach, surgeon’s experience 
and development of technique.
Over the years the surgical outcome of sporadic VS has 
improved, in particular regarding facial nerve function 
outcomes and cerebrospinal fluid (CSF) leaks, mainly 
due to the neuro-otological team’s experience. The actual 
challenge is hearing preservation after complete micro-
surgical removal of large VS, which depends on the expe-
rience gained on small VS removal.
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Severe to profound deafness may be associated 
with MYH9-related disease: report of 4 patients 
La sordità da severa a profonda può essere associata alla malattia MYH9-
correlata: report di 4 pazienti 
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SUMMARY

MYH9-related disease (MYH9-RD) is a rare genetic syndromic disorder characterised by congenital thrombocytopenia and is associated 
with the risk of developing progressive sensorineural hearing loss, nephropathy and presenile cataracts during childhood or adult life. All 
consecutive patients enrolled in the Italian Registry for MYH9-RD with severe to profound deafness were included in a retrospective study. 
The study population involved 147 Italian patients with MYH9-RD: hearing loss was identified in 52% of cases and only 4 patients (6%) 
presented severe to profound deafness at a mean age of 33 years. Deafness was associated with mild spontaneous bleeding in all patients 
and with kidney involvement in 3 cases. Cochlear implantation was carried out in 3 cases with benefit, and no major complications were 
observed. Diagnosis was performed about 28 years after the first clinical manifestation of MYH9-RD, which was never suspected by an 
otolaryngologist. The clinical and diagnostic aspects of 4 patients with severe to profound deafness are discussed with a focus on thera-
peutic implications.

KEY WORDS: MYH9 • Hearing loss • Genetic syndrome 

RIASSUNTO 

La malattia MYH9-correlata è una rara sindrome genetica caratterizzata da piastrinopenia congenita associata al rischio di sviluppare, 
durante l’infanzia o l’età adulta, ipoacusia neurosensoriale, nefropatia e cataratta presenile ad andamento evolutivo. Furono inclusi in 
uno studio retrospettivo tutti i casi con sordità da severa a profonda arruolati consecutivamente nel Registro Italiano dei pazienti affetti 
da malattia MYH9-correlata. La popolazione esaminata coinvolse 147 pazienti Italiani con malattia MYH9-correlata: l’ipoacusia fu iden-
tificata nel 52% dei casi e solo 4 pazienti (6%) presentarono un quadro di sordità da severa a profonda all’età media di 33 anni. In tutti 
i 4 pazienti, la sordità fu associata ad un lieve sanguinamento spontaneo e in 3 pazienti fu accompagnata da un coinvolgimento renale. 
L’impianto cocleare fu eseguito in 3 casi, con beneficio, in assenza di complicanze maggiori. La diagnosi di malattia MYH9-correlata fu 
eseguita circa 28 anni dopo la prima manifestazione clinica della malattia che non fu mai sospettata da un otorinolaringoiatra. Saranno 
discussi gli aspetti clinici e diagnostici di 4 pazienti con sordità da severa a profonda affetti da malattia MYH)-correlata, focalizzando 
anche le implicazioni terapeutiche. 

PAROLE CHIAVE: MYH9 • Ipoacusia • Sindrome genetica

Acta Otorhinolaryngol Ital 2016;36:415-420

Introduction

Over the last century, research and technology have pro-
gressively made advances related to deafness and hearing 
loss, which still remains the most frequent sensory dis-
ability in developed societies 1-4. About 50% of cases with 
congenital sensorineural hearing loss can be attributed to 
a genetic cause, and epidemiological studies estimate that 
in a considerable proportion of “unknown deafness aeti-
ology”, genetic factors are extremely relevant with both 
diagnostic and therapeutic implications 3 5-10. 
MYH9-related disease (MYH9-RD) is a rare autosomal-
dominant syndromic disorder deriving from mutations in 
MYH9, the gene encoding for the heavy chain of non-

muscle myosin IIA (NMMHC-IIA) 11 12. NMMHC-IIA is 
expressed in most cell types and tissues and is involved in 
several processes requiring force and translocation, thus 
it is essential during cell motility, cytokinesis and mainte-
nance of cell shape 13. In the inner ear, NMMHC-IIA is ex-
tensively distributed in the sensory hair cells of the organ 
of Corti, as well as in the spiral ligament, spiral limbus, 
with only minimal expression within the spiral ganglion. 
All patients with MYH9-RD present since birth with 
thrombocytopenia and inclusions of NMMHC-IIA in leu-
kocytes. During infancy or adult life, most MYH9-RD pa-
tients develop additional clinical manifestations: sensori-
neural hearing loss, proteinuric nephropathy often leading 
to end-stage renal failure, cataracts and/or alterations of 
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liver enzymes 14-16. Each of these non-congenital manifes-
tations can occur alone or can variably associate with the 
others  17. MYH9-RD includes four syndromes that have 
been considered for many years as distinct disorders: 
May-Hegglin Anomaly, Sebastian syndrome, Fechtner 
syndrome and Epstein syndrome. After the identification 
of MYH9 as the gene responsible for all of these syn-
dromes, analyses of large series of patients demonstrated 
that they actually represent some of the different possible 
clinical presentations of the same condition, for which the 
definition of MYH9-RD has been introduced 14 18 19. De-
scribed in 60% of cases and in 36-71% of pedigrees, hear-
ing loss is the most frequent non-congenital manifestation 
of MYH9-RD 20 21. Hearing impairment is limited to high 
frequencies at clinical onset and in mild forms, but it pro-
gressively involves all frequencies in severe phenotypes. 
When hearing disability is present since childhood or 
adolescence, patients usually develop severe to profound 
deafness within the first decades of life 17 22 23. 
Nowadays, a simple immunofluorescence assay on pe-
ripheral blood slides is available to identify patients with 
MYH9-RD  24  25. When severe to profound deafness oc-
curs, performing a proper etiological diagnosis of deaf-
ness may have implications for prognostic assessment, 
patient counselling and treatment. Given that MYH9 mu-
tations primarily damage hair cells, the finding that most 
MYH9-RD patients have excellent cochlear implantation 
(CI) outcomes is consistent with the NMMHC-IIA ex-
pression pattern observed in animals 26. A correct diagno-
sis of MYH9-RD may help surgical decision-making due 
to hearing benefits related to CI in this specific genetic 
disorder. In 2006, the Italian Registry for MYH9-RD was 
created and approved by the Institutional review board 
of the IRCCS Policlinico San Matteo Foundation, Pavia, 
Italy. The experience from the Italian Registry for MYH9-
RD of patients with severe to profound deafness is dis-
cussed herein, focusing on clinical and diagnostic aspects. 

Materials and methods
All consecutive patients enrolled in the Italian Registry 
for MYH9-RD with severe to profound deafness were in-
cluded in this retrospective study. All patients underwent 
a multidisciplinary assessment comprising haematologi-
cal, audiological, ophthalmologic and nephrological eval-
uations. Diagnosis of MYH9-RD was made on the basis 
of the identification of NMMHC-IIA leukocyte inclusions 
by immunofluorescence assay on peripheral blood slides 
and confirmed through the identification of the causative 
MYH9 mutation by molecular screening 24. Basic audio-
logical examination consisted of microscopic ear study, 
pure-tone audiometry, speech recognition score (SRS) 
using disyllabic word lists presented in quiet conditions, 
tympanometry and acoustic reflex tests (if necessary). 
Pure tone average (PTA) was calculated considering air 

conduction thresholds at 0.5-1-2-4 KHz (PTA was higher 
than 70 dB HL in enrolled patients). 
Severity of bleeding was classified according to the WHO 
bleeding score (BS) 17: 
• grade 0 = no bleeding; 
• grade 1 = only cutaneous bleeding; 
• grade 2 = mild blood loss; 
• grade 3 = gross blood loss, requiring transfusion; 
• grade 4  =  debilitating blood loss, retinal or cerebral 

associated with fatality.

Results
The study population involved 147 Italian patients with 
MYH9-RD (mean age at the last evaluation: 36 years, 
standard deviation: 20). Altogether, 139 subjects under-
went complete multidisciplinary evaluation. Hearing im-
pairment was identified in 72 cases (52%). Of these, 7 
presented mild hearing loss (10%) and 61 showed moder-
ate hearing impairment (84%). The 4 patients with severe 
to profound deafness (6%) were included in this study. 
Hearing loss was initially limited to high frequencies and 
in more severe forms it involved the middle and the low 
frequencies. In the 72 patients with hearing impairment, 
the age at onset was homogeneously distributed along the 
first to sixth decades. In 3 of the 4 cases with severe to 
profound deafness, hearing loss developed in childhood 
or adolescence and became severe by the age of 30 years. 
The mean age of enrolled subjects was 40 years. Table 
I provides an overview of the basic clinical features. Of 
note, three patients had sporadic disease deriving from 
a de novo mutation localised in the N-terminal head do-
main of NMMHC-IIA. CI was suggested and performed 
in three patients; in one case CI was carried out before 
definitive molecular diagnosis of MYH9-RD. CI selection 
criteria included mean thresholds between 0.5-1-2 kHz  
> 75 dB HL with open-set SRS ≤ 50% in the best aided 
condition without lip reading according to Italian recom-
mendations 27. Figure 1 shows pure-tone audiometry be-
fore surgery (patients 1, 2 and 3) or during the last follow-
up (patient 4). In all cases CI was safe and effective in 
improving the hearing ability, without any perioperative 
bleeding complications after prophylactic platelet transfu-
sions 26. The CI electrode array was inserted through the 
round window in all cases. CI outcomes were stable over 
time. Diagnosis of MYH9-RD was made from 14 to 41 
years (mean: 28 years) after the first clinical presentation 
of disease symptoms. In no patients was clinical suspect 
raised by an otolaryngologist. The main medical history 
of each patient is summarised below. 

Case 1
The patient was referred at the age of 12 years to a neph-
rology unit because of proteinuria and mild alteration of 
kidney function. On the same occasion, thrombocytope-
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nia resulting in easy bruising and menorrhagia was also 
found. The kidney damage quickly progressed over the 
following years to end-stage renal disease requiring peri-
toneal dialysis. At the age of 21, the patient underwent 
a first kidney transplantation that was rejected; a second 
kidney transplantation was successfully performed at the 
age of 25. Diagnosis of MYH9-RD was made at the age of 
26 and suspected by a nephrologist. Hearing impairment 
was referred from the age of 20. The first audiological 
evaluation performed at 22 years of age showed bilateral 
moderate symmetrical sensorineural hearing loss with re-
cruitment (Metz test: positive). Hearing loss progressed to 
severe deafness two years later. The patient received ben-
efit from bilateral hearing aids for about 12 years. At the 
age of 34 years, the patient no longer received sufficient 
benefit from hearing aids (Table I) and was successfully 
submitted to CI (SRS with CI and hearing aid: 100% at 
50 dB, SRS with CI and without hearing aid: 100% at 
60 dB). Post-CI follow-up was of 7 years. Preoperative 
temporal bone CT scan and MRI showed no anomalies. 

Case 2
The patient was referred to a haematology unit at the age 
of 4 years because of severe thrombocytopenia and easy 
bruising. A diagnosis of acquired immune thrombocyto-
penia was made. The patient was therefore treated with 
several lines of immunosuppressive therapy without any 
improvements in platelet count; at the age of 12 splenec-
tomy was performed, without benefit. Hearing loss was 
referred from the age of 20 and progressed to severe deaf-
ness by 32 years. Bilateral hearing aids were first used 
at 30 years: the first audiological evaluation revealed a 
moderate bilateral symmetrical sensorineural hearing loss 
with recruitment (Metz test: positive). At the age of 40 
years, the patient developed profound hearing loss, pro-
teinuria and chronic renal failure. A diagnostic hypoth-
esis of MYH9-RD was raised by an internist 36 years af-
ter the first clinical presentation. Some months later the 
patient was submitted to CI with benefit: SRS with and 
without hearing aid in the non-implanted ear was 90% at 
50 dB. Preoperative imaging (CT scan and MRI) revealed 
no anomalies. Hearing results were stable over time (last 
follow-up: 6 years). Residual hearing in the non-operated 
side was not useful despite the best aided conditions: a 
bilateral sequential CI was proposed, but the patient de-
cided to wait. 

Case 3
The patient was first referred at the age of 3 years for 
thrombocytopenia that was discovered because of pro-
longed bleeding after tonsillectomy. Hearing loss was 
noticed at the age 8 when he underwent audiometric 
evaluation that revealed mild bilateral sensorineural hear-
ing defect. Hearing loss was quite asymmetrical (left ear 
worse than the right one). Consecutive imaging investiga-

tions (CT and MRI) did not show inner ear malformations 
or retrocochlear pathologies. The patient experienced 
progression of hearing loss during the following years; 
the first use of bilateral hearing aids was reported at 34 
years when deafness was already severe. Of note, at 12 
years a diagnosis of immune thrombocytopenia was es-
tablished leading to a series of ineffective immunosup-
pressive treatments (including splenectomy and chronic 
immunosuppressive drugs) until the age of 21 when the 
patient refused any further therapies. CI was carried out 
in the left ear (worst side) at 43 years, one year before the 
diagnosis of MYH9-RD that was performed at 44 years 
by an internist. Bilateral sequential CI was carried out in 
the right ear two years later (SRS with bilateral CI was of 
100% at 50 dB). Post-operative follow-up was for 6 years 
from the first CI. 

Case 4 
The patient was referred at the age of 35 for a history of 
thrombocytopenia, recurrent epistaxis and gum bleeding 
present from late childhood. A history of hearing impair-
ment was also present from at least 3 years. Family his-
tory revealed that his mother also had chronic thrombo-
cytopenia and hearing loss. On these bases, a diagnosis 
of MYH9-RD was suspected by an internist and suc-
cessively confirmed (21 years after the onset of MYH9-
RD symptoms). Audiometric examination at diagnosis 
revealed moderate bilateral symmetrical sensorineural 
deafness requiring bilateral hearing aids. Hearing loss 
progressed to severe deafness after 6 years and mostly 
involved medium-high frequencies than lower ones (“ski-
slope” hearing loss – Fig. 1). During the last follow-up, 
hearing evaluation did not require CI according to Italian 
recommendations 27 (Table I). No signs of kidney impair-
ment or cataract were present, whereas chronic elevation 
of transaminases was found.

Discussion
MYH9-RD is a rare autosomal dominant disorder charac-
terised by congenital thrombocytopenia and characteristic 
leukocyte inclusions of the mutant protein associated with 
the risk of developing progressive sensorineural hearing 
loss, nephropathy, cataracts and/or liver enzyme altera-
tions during childhood or adult life 12 15. The spectrum of 
causative mutations of MYH9-RD consists in at least 45 
different mutations that have been identified in more than 
300 MYH9-RD unrelated families 15 17 28 34. Of note, 35-
40% of reported patients have sporadic disease caused by 
a de novo mutational event 15. 
In the experience of the Italian Registry for MYH9-RD, 
4 patients developed severe to profound deafness at a 
mean age of 33 years. The disease was inherited with a 
dominant pattern in only one subject, whereas three pa-
tients were sporadic cases. In 3 patients (case 1, 2 and 3), 
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the NMMHC-IIA mutation involved the N-terminal head 
domain: according to genotype-phenotype studies, these 
patients developed severe and early-onset deafness with se-
vere kidney involvement 17 21. Mutations in the C-terminal 
tail domain (case 4) show a low risk of developing severe 
hearing and kidney impairment: genetic or environmental 
factors probably interact with the MYH9 mutation lead-
ing to profound deafness and renal failure  17  21. Deafness 
was clinically associated with mild spontaneous bleeding 
(grade 1 or 2 of WHO BS) in all patients and with kidney 
involvement (one case of kidney transplant) in three cases. 
Mean age at onset of hearing impairment was 21 years and 
severe to profound deafness occurred after a mean age of 
11.5 years. Diagnosis was reached at a mean age of 36 
years with a diagnostic delay of about 28 years after the 
first clinical manifestation of MYH9-RD. In no patients the 
clinical suspect was raised by an otolaryngologist, even if 
patients were submitted to audiological evaluations starting 
from a mean age of 24 years. Since the identification of the 
first MYH9 gene mutations, the number of MYH9-RD cas-
es described in literature has greatly increased, particularly 
in Italy and Japan 24. Even though diagnosis of MYH9-RD 
can be easily confirmed by a immunofluorescence screen-
ing test, it is often missed because it is not suspected 15 24. 
Diagnostic difficulties derive from the poor awareness of 
the disease by physicians because of its rarity, heterogene-
ous MYH9-RD clinical presentation and the relative high 

frequency of sporadic patients who have negative family 
history. From the otolaryngologist’s point of view, the as-
sociation of bilateral sensorineural deafness with a personal 
or familiar history of thrombocytopenia, possibly associ-
ated with the other non-haematological manifestations of 
the disease, represents the key element for raising diagnos-
tic suspicion of MYH9-RD. The literature highlights that 
3-7% of patients with severe to profound deafness do not 
benefit from CI 8 9. It has been hypothesised that patients 
with mutations causing spiral ganglion pathologies may 
show poor results in comparison with those ones involv-
ing hair cells  10  29. The effectiveness of CI in MYH9-RD 
patients is strongly related to the localisation of NMMHC-
IIA mutations in the sensory hair cells of the organ of Corti 
with only minimal involvement of the spiral ganglion  26. 
During the last years, we are witnessing a rapid evolution 
in genetics with specific implications 5. “Operate” without 
a diagnosis of disease may be debatable, and it also means 
the best management required with medical, legal and eth-
ics implications is largely unknown. 

Conclusions 
According to the experience of the Italian Registry for 
MYH9-RD, hearing loss was observed in about half of 
cases, but severe to profound deafness was found in a 
limited percentage of subjects. When severe to profound 

Fig. 1. Pure-tone audiometry before surgery (patients 1, 2 and 3) or during the last follow-up (patient 4).



Deafness and MYH9-related disease

419

deafness occurred, kidney involvement was present in 
almost all cases according to the genotype-phenotype 
correlation. When bilateral sensorineural hearing loss is 
associated with a personal or family history of thrombo-
cytopenia and/or kidney involvement, MYH9-RD should 
be suspected.
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A connection between neurovascular conflicts  
within the cerebellopontine angle and vestibular 
neuritis, a case controlled cohort study
Relazione fra conflitti neurovascolari a livello dell’angolo pontocerebellare  
e neurite vestibolare, uno studio di coorte caso-controllo
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SUMMARY

This retrospective, observer blinded case-control study aims to compare the prevalence of neurovascular conflicts (NVCs) of the vestibu-
locochlear nerve and the anterior inferior cerebellar artery (AICA) in patients presenting with clinical signs of acute vestibular neuritis 
with and without subsequent objective vestibular function loss (VFL). 58 acute cases of clinically suspected acute vestibular neuritis were 
investigated with same day cranial MRI at a tertiary referral centre and compared to 61 asymptomatic controls. The prevalence of NVCs 
in cases with objective VFL were also compared to cases without VFL. Radiologists described the NVC as “no contact” (Grade 0), “con-
tact < 2 mm” (Grade 1), “contact > 2 mm” (Grade 2) and “vascular loop presence” (Grade 3) without knowledge of neurotological data. 
Neurotological data was collected without knowledge of MRI findings. Vestibular function was tested by bithermic caloric irrigation. 26 
cases (45%) showed caloric VFL (Group A), whereas 32 (55%) exhibited no VFL (Group B). Group A included 13 cases with NVCs (50%), 
Group B included 26 NVC cases (82%) (p = 0.012) and the control group included 16 individuals (26%) (p < 0.001 for comparison of all 
3 groups). Group B had a significantly higher NVC-Grading than Group A (p = 0.009). There was no statistically significant association 
between NVCs and either SNHL or tinnitus (p > 0.05). Our results suggest that patients presenting with clinical signs of acute vestibular 
neuritis who show symmetrical caloric vestibular function test results have a significantly higher NVC prevalence in the cerebellopontine 
angle.

KEY WORDS: Neurovascular conflict • Vestibular neuritis • Vestibular function loss • SNHL • Tinnitus

RIASSUNTO

Il presente studio retrospettivo a singolo cieco si pone come obbiettivo quello di valutare in che percentuale di casi di pazienti che si 
presentano con sintomatologia compatibile con neurite vestibolare acuta, con e senza perdita oggettiva della funzione vestibulare (VFL), 
sia presente un conflitto neurovascolare fra il nervo vestibolococleare e la arteria cerebellare anteroinferiore (AICA). 58 pazienti con 
sintomatologia suggestiva per neurite vestibolare acuta, valutati con RMN presso un centro di terzo livello, sono stati confrontati con 61 
pazienti asintomatici. I radiologi hanno dato valutato la presenza di conflitto neurovascolare, in assenza di dati clinici, conferendo ai rilievi 
oggettivi una valutazione in una scala da 0 a 3 a seconda che il contatto fosse: nesuno; inferiore a 2 mm; superiore ai 2 mm; presenza di 
vacular loop. I reperti neurootologici sono stati quindi raccolti all’oscuro del risultato dell’imaging. La funzione vestibolare è stata testata 
con prova calorica bitermica. Alla prova calorica 26 casi (45%) hanno mostrato segni oggettivi di deficit vestibolare (Gruppo A), 32 casi 
(55%) non hanno invece mostrato alcun deficit labirintico (Gruppo B). Il gruppo A ha incluso 13 casi (50%) con evidenza di conflitto neu-
rovascolare (NVC), il gruppo B ha incluso 26 casi con NVC (82%) (p = 0.012) mentre i controlli hanno incluso 16 casi con NVC (26%). 
La differenza fra i tre gruppi ha mostrato significatività statistica (p<0.001). Il Gruppo B ha mostrati un associazione con un grading di 
conflitto piu elevato rispetto al Gruppo A (p = 0.009). La presenza di NVC non ha avuto un associazione statisticamente significativa ne 
con la presenza di SNHL ne con la presenza di acufene (p > 0.05). I nostri dati indicano che la presenza di conflitti neurovascolari a livello 
dell’angolo pontocerebellare è superiore in quei pazienti che in presenza di una sintomatologia compatibile con neurite vestibolare acuta 
abbiano una funzionalità simmetrica alla prova calorica.

PAROLE CHIAVE: Conflitto neurovascolare • Neurite vestibolare • Deficit vestibolare • SNHL • Acufene
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Introduction
The phenomenon of neurovascular conflicts (NVCs) and 
compression syndromes of the head and neck has been 
controversially discussed for over three decades. Primarily 
entities such as trigeminal neuralgia and hemifacial spasm 
have been accepted to have a pathogenetic and clinically 
relevant connection to a neurovascular conflict 1. In neu-
rotology, a variety of symptom combinations have been 
studied to analyse the relevance of neurovascular conflicts 
within the cerebellopontine angle. Primarily, sensorineu-
ral hearing loss, tinnitus and recurrent paroxysmal vertigo 
have been studied. Neurovascular surgical intervention 
for intractable symptoms, mainly vertigo, have repeatedly 
been described since 1975 2 3. Additionally, Esfahani et al. 
studied the efficiency of CT-cisternography in the analy-
ses of patients with recurrent vertigo episodes in the late 
1980s 4. With the development of MRI techniques, the fo-
cus on vessel loops, neurovascular compression and neu-
rovascular conflicts has intensified 5-7. After having been 
described over 30 years ago, vestibular paroxysmia has 
subsequently become a well-known differential diagnosis 
in patients with recurrent paroxysmal vertigo, character-
ised by short intense recurrent vertigo attacks 8.
However, it is not yet clear whether NVCs might be con-
nected to acute vestibular neuropathy itself or if NVCs may 
mimic the clinical signs of acute vestibular neuritis in cer-
tain cases. For instance, although suffering from vestibular 
paroxysmia and responding well to medical treatment, it 
has been shown that patients suffer from a slow progressive 
reduction in peripheral vestibular function over time  9. It 
has also been shown that a NVC does alter the functional-
ity of the 8th cranial nerve as such and influences the com-
pound action potential in audiometric brainstem response 
(ABR) studies 10. To the best of our knowledge, it is not yet 
evident that a NVC might trigger a prolonged and intense 
vertigo attack such as is seen in acute vestibular neuritis. 
Therefore, the present study aimed to scrutinise the preva-
lence of the neurovascular conflict in patients presenting 
with clinical signs of acute vestibular neuritis, such as 
massive primary onset vertigo with a duration of several 
hours, vomiting and spontaneous horizontal nystagmus, 
without signs of central nervous system pathology. Our 
study especially aimed to identify a difference in the fre-
quency of neurovascular contact, and the extent of contact 
between nerve and blood vessel, in patients with subse-
quent normal vestibular function compared to those with 
reduced objective vestibular activity.

Materials and methods
Ethical Considerations
Due to the anonymous and retrospective and com-
pletely non-invasive nature of this study, there were no 
ethical concerns with this study. Where applicable, the 

instructions in the Declaration of Helsinki were fol-
lowed.
Overall, data from 119 MRI patients admitted to our in-
stitution for clinically suspected acute vestibular neuritis 
were retrospectively analysed. 58 patients with clinically 
suspected vestibular neuritis (acute vertigo, spontaneous 
nystagmus, nausea, vomiting) and 61 controls (who had 
presented with tinnitus without vestibular signs) were in-
cluded in the study.
Firstly, age and sex were noted before results of audiometric 
and vestibular testing were documented. All patients includ-
ed had a pathological clinical head thrust test in the plane of 
the lateral semicircular canal, suggesting superior vestibu-
lar neuritis. Further objective vestibular testing was done 
by binaural caloric water irrigation according to Fitzgerald 
and Hallpike (44°C and 30°C) 3-5 days after symptom onset 
before the Jongkees formula was used to determine vestibu-
lar loss. Patients with a caloric asymmetry of >30% were 
grouped as objective VFL. Total bilateral vestibular areflex-
ia was deemed bilateral VFL. Posturography and vestibu-
lar evoked myogenic potential testing was not available at 
our institution during the time frame patients presented to 
our clinic. Central signs such as ataxia and skew deviation 
were excluded via neurological consult. All patients under-
went pure tone audiometry. No patient with low-frequency 
hearing loss was included in the study, thereby eliminating 
Meniere’s disease from cohort. Cases with a positive history 
of Meniere’s disease and/or recurrent vertigo attacks were 
also excluded. Patients with benign paroxysmal positional 
vertigo were not included. Cases of acoustic neurinoma, 
cerebellar infarction, multiple sclerosis or other central 
nervous system pathologies were excluded.
Secondly, radiologists independently re-evaluated all im-
ages for the presence of neurovascular contact between 
the anterior inferior cerebellar artery (AICA) and the 
vestibulocochlear nerve (VIII). This neurovascular con-
tact was graded as “no contact” (Grade 0), “contact up to 
2 mm” (Grade 1), “contact larger than 2 mm” (Grade 2) 
and “vascular loop presence” (3). The grading system was 
based on the work of Siricki et al. 11

The study was conducted with bilateral observer blinding. In 
essence, the radiologist did all analyses without knowledge 
of otologic pathologies, while the otologic findings were 
also documented without knowledge of radiologic results. 
The standard 1.5 TESLA-MRI protocol consisted of T2 
turbo spin echo (TSE) transversal with 5 mm section 
thickness, diffusion weighted imaging transversal (DWI), 
T2 constructive interference steady state (CISS) transver-
sal with 1 mm section thickness across the cerebellopon-
tine angle and T1 multiplanar reconstruction (MPR) coro-
nal 3 mm sections with contrast.

Statistical analyses 
Statistical analyses were independently done by the Cen-
tre for Medical Statistics, Informatics and Intelligent Sys-
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tems, Medical University of Vienna. Frequencies of bi-
nary variables were compared between groups using the 
Chi-square test. The ordinal scaled grade of neurovascular 
contact (grades 0 to 3) was compared between groups us-
ing the nonparametric Wilcoxon rank sum test (2-group 
comparisons) and the nonparametric Kruskal-Wallis test 
(3-group comparisons), respectively. P values < 0.05 were 
considered as indicating statistical significance. The SAS 
software (SAS 9.3; 2002-2010, SAS Institute Inc., Cary, 
NC, USA) was used for statistical calculations.

Results
In total 119 patients were included in the study. 58 pa-
tients with clinical signs of vestibular neuritis had an 
average age of 54.2 years (± 14.1 years) with 33 males 
and 25 females in the cohort, without significant differ-
ences between sexes. Of these, 58 cases 26 had objec-
tive caloric vestibular loss (Group A), whereas 32 had 
no objective caloric weakness (Group B). The control 
group of patients without signs of vestibular neuritis 
(Group C) had an average age of 55.1 years (±  11.2 
years) with 24 males and 37 females.
There was no statistically significant correlation between 
neurovascular conflict and tinnitus or sensorineural hear-
ing loss with no significant differences between the groups 
(p > 0.05).
In cases of suspected vestibular neuritis with pathological 
caloric irrigation results (Group A, Fig. 1, n = 26), neuro-
vascular contact could only be seen in 50% of cases. In 

patients presenting with initial clinical signs of acute ves-
tibulopathy, who consequently showed symmetrical ca-
loric results, without objective peripheral vestibular loss 
(Group B, n = 32) a significantly higher presence of neu-
rovascular contact was seen (n = 26/32 = 82%; p = 0.012) 
(Fig. 1). 
In Group C (asymptomatic controls), 16/61 cases with 
NVCs could be identified (26%). When compared to 
controls (Group C), patients with signs of vestibular 
neuritis (Group A and B) had significantly more NVCs 
(p  <  0.001). When compared separately, a significantly 
higher prevalence of NVCs could be identified in Group A 
(with objective loss) than in controls (Group C, p = 0.039) 
(Table I).
Additionally, the grading of the NVC was significantly 
higher in patients with no objective vestibular loss compared 
to patients with vestibular loss and controls (p < 0.001, Fig. 
2). Group A (n = 26) showed 13 cases (50%) without NVC, 
while grade 1 NVC could be identified in 4 (15%), grade 
2 in 3 (12%) and grade 3 in 6 (23%) cases. In comparison, 
patients with acute vestibular clinical signs without objec-
tive VFL in Group B exhibited no contact in 4 (13%), grade 
1 in 7 (21%), grade 2 in 8 (25%) and grade 3 in 13 (41%) 
cases. Group C (control group) revealed no contact in 44 
(72%), grade 1 in 4 (7%), grade 2 in 9 (15%) and grade 3 
in 4 (7%) cases. The absolute number of cases per grade 
is summarised in Table II. Group B (patients with signs of 
vestibular neuritis without objective vestibular loss) had 
significantly higher NVC grading than Group A (patients 

Fig.1. 13 of 26 cases (50%) without caloric vestibular loss (Group A; left) presented NVCs. In Group B, i.e. cases without vestibular 
loss, a significantly higher amount NVCs could be identified, namely in 26/32 cases (82%) compared to 7 (20%) cases without 
NVCs (p = 0.012) and controls (p < 0.001).
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with signs of vestibular neuritis with subsequent objective 
vestibular loss) (p = 0.009).
Interestingly, more bilateral NVC’s could be identified 
in group B, while unilateral contact was evenly spread 
between right and left (Fig. 3). In patients with objec-
tive VFL (Group A), the side of the NVC did not cor-
relate significantly with the acute objective vestibular 
loss.

Discussion
New findings
The present study showed a significantly higher number 
of NVCs in patients presenting with symptoms of acute 
peripheral vestibulopathy without objective vestibular 
function loss (Group B) compared to patients with VFL 
and controls. Secondly, Group B had a statistically sig-

Table I. Absolute number of cases analysed. Detailed analyses showed an equal amount of patients with neurovascular conflicts (NVCs) in patients with 
signs of vestibular neuritis with subsequent objective vestibular loss (Group A). Group B (patients with signs of vestibular neuritis without objective vestibular 
loss) had significantly more NVC’s than controls (p < 0.001), as well as significantly more than Group A (p = 0.012).

NVC Group A
(n)

Group B
(n)

Group C 
(Controls) (n)

Total
(n)

No 13 6 45 64

Yes 13 26 16 55

Total (n) 26 32 61 119

Fig. 2. Distribution of NVC grading depicted as percentage of cases per NVC Grade. In cases with caloric vestibular loss, signi-
ficantly fewer NVC’s could be described (“no contact”) and the higher the NVCs grading became, the more cases with normal 
calorics were identified (p < 0.0001).

Table II. Grading of NVCs per group. The grading of groups A and B where significantly higher than the control group C (p < 0.001). Group B (patients with 
signs of vestibular neuritis without objective vestibular loss) had significantly higher NVC grading than Group A (patients with signs of vestibular neuritis with 
subsequent objective vestibular loss) (p = 0.009).

Grade of NVC Group A 
(n)

Group B 
(n)

Group C
(n)

Total 
(n)

0 13 4 44 61

1 4 7 4 15

2 3 8 9 20

3 6 13 4 23

Total (n) 26 32 61 119
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nificantly higher NVC grading than Group A and con-
trols (Fig. 2). Thirdly, a noticeably high ratio of bilateral 
NVC’s could be found in Group B (Fig. 3). 

Comparison to previously published data:
It has been reported previously that caloric weakness does 
not correlate to the severity of subjective symptom per-
ception and symptom intensity in peripheral vestibular 
disorders  12. This also seems to be a relevant considera-
tion when scrutinising the relevance of vessel loop pres-
ence in the inner ear canal. Interestingly, Applebaum et 
al. described normal calorics in 50% of a small cohort of 
vessel loop cases (n = 10) with sensorineural hearing loss 
as identified with CT, where the looping occurred within 
the auditory canal 13. A second manuscript by the same re-
search group also identified pathological vestibular func-
tion results in a case series of 15 patients, with spontane-
ous nystagmus in all but one case, without having vertigo 
as a primary presenting symptom 14. As in our study, the 
low frequency caloric test was used. In the data presented 
here, the clinical head thrust test (which is a high frequen-
cy test) complemented the caloric findings. In our MRI-
based collective, similar results to the first patient collec-
tive was found with 50% of vestibular loss patients having 
NVCs, yet all our cases presented with acute clinical signs 
of vestibular neuritis such as spontaneous nystagmus, per-
sistent rotatory vertigo of sudden onset and vomiting. Ad-
ditionally, in this study it was not a prerequisite, as it was 
in the cited study, that the NVC was located within the 
internal auditory canal (IAC) but merely in the entry zone 
of the vestibulocochlear nerve into the cerebellopontine 
angle. Our findings for vertigo patients seem to be analo-
gous to the findings of van der Steenstraten, who reported 

no correlation between the extension of the AICA into the 
IAC and hearing loss cases 15. This is in turn analogous to 
the work of Sirikci, who classified NVCs similarly to the 
grading system used in this study, while adding on a class 
4 (“indentation”), which could not be implemented using 
our methodology 11. 
It has been accepted that the mere chronic contact between 
the nerve and blood vessel seems to be vital in the patho-
genesis of vestibular paroxysmia. This vertigo entity typi-
cally presents with short, sharp spells of vertigo, periodic 
(but not compulsory) nausea and has a recurrent nature. 
In up to 60% of paroxysmia cases vertigo spells might be 
induced by certain head movement 9. Over time, patients 
seem to develop a caloric vestibular function loss  9  14. 
Despite evidence of vestibular loss developing over time 
in patients with vestibular paroxysmia, it is still unclear 
whether a neurovascular conflict can mimic the acute 
symptoms of vestibular neuritis. This stands in contrast to 
vestibular “pseudoneuritis” or acute vestibular syndrome 
of vascular origin, which can easily be mistaken for acute 
peripheral vestibulopathy and has been widely accepted 
as important differential diagnoses to acute vestibular 
neuropathy 16.
The actual pathogenesis of acute vestibulopathy (i.e. 
“vestibular neuritis”) has to date not been proven beyond 
a doubt. Among others, strong arguments have been made 
for the reactivation of herpes simplex virus type 1 17. Re-
currence of vestibular neuritis is deemed as rare as 1.9% 
and mostly occurs contralaterally, although varying num-
bers and hypotheses on the cause of recurrence have been 
published 18 19. However, objective recovery of vestibular 
function occurs over months to years and not over days 20. 
In our patient cohort, we identified a remarkably high 

Fig. 3. One case showed bilateral contact and bilateral vestibular loss, whereas in 12 symptomatic cases bilateral NVCs with no 
vestibular loss could be identified. In addition, noticeably more cases of unilateral hypofunction could be identified in patients wi-
thout NVC’s (“no contact”) than patients with objective vestibular loss.
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number of cases with presenting signs of vestibular pathol-
ogy, where caloric irrigation values were symmetrical and 
within the normal range within days (Group B, Fig. 1). With 
the exclusion of Meniere’s disease (through the absence of 
recurrent attacks in the patient history and no low-frequency 
hearing loss found in the pure tone audiometry), migraine 
and other central nervous system pathologies via neurologi-
cal consult and imaging from Groups A and B, the focus fell 
on why patients showed non-pathological caloric irrigation 
results within days of symptom onset. The only remark-
able finding in Group B (Fig. 1) was the high prevalence 
of NVCs within this group (n = 28 / 32 = 88%, Fig. 1). No 
remarkable findings could be found in the remaining 7 cases 
of Group B reported herein. 

Clinical aspects and hypotheses
Although our data cannot objectively prove beyond a 
doubt that the neurovascular conflict of the cerebellopon-
tine angle is to blame for the results of the cases of Group 
B, it does suggest a possible connection between NVCs 
and acute vestibular system dysfunction. Further study is 
necessary to prove or disprove the suspicions raised by 
our patient groups before treatment options similar to 

those implemented in vestibular paroxysmia could be ex-
plored.
Hypothetically, two pathological mechanisms might be 
suspected and considered for further study: 1) neuronal 
excitation due to direct contact between blood vessel and 
nerve; 2) progressive neuronal damage. On the one hand, 
the nerve-vessel conflict may stimulate the activity of the 
vestibular nerve pathologically in analogous fashion to ves-
tibular paroxysmia, albeit with a vertigo attack of longer 
duration and a greater intensity of the attack as a result. 
On the other hand, repeated and continual contact of nerve 
and blood vessel might result in a slow and progressive 
loss of function until an attack is precipitated. This seems 
possible (although speculative at best), because it has pre-
viously been shown that vestibular paroxysmia patients 
slowly lose vestibular activity over time  9. To the best of 
our knowledge, there have been no reports on AICA – ves-
tibular nerve conflicts resulting in acute vestibular neuritis 
symptoms to date. Conversely, in cases of bilateral NVC, a 
combination of excitation and damage might be a relevant 
factor. However, the data available to us at present does not 
allow for a conclusive explanation of the pathogenesis and 
physiological proof behind our observations.

Conclusions
To the best of our knowledge, the clinical data that pa-
tients presenting with classical signs of vestibular neu-
ritis, who show normal caloric irrigation results, have a 
high presence of NVCs between the 8th cranial nerve and 
the AICA compared to patients with objective vestibular 
functional loss, is unique.
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Case series and reports

Cochlear implantation in delayed sudden hearing 
loss after conservative vestibular schwannoma 
surgery
Impianto cocleare in ipoacusia improvvisa ritardata dopo chirurgia conservativa 
per neurinoma dell’acustico
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SUMMARY

This is a case of successful cochlear implantation in a 50-year-old man who experienced sudden hearing loss and developed ipsilateral 
severe tinnitus at three years following conservative stage 1 vestibular schwannoma retrosigmoid surgery. After cochlear implantation, tin-
nitus improved from THI grade 4 to 2. Localisation skills improved. Hearing in noise (S/N + 7 dB) with target signal from the operated side 
improved from 38 to 100% of correct answers. A significant improvement of spatial and speech items of the “speech, spatial and qualities 
of sounds” questionnaire was also measured. In conclusion, cochlear implantation is a feasible and effective solution after conservative 
vestibular schwannoma surgery should delayed hearing loss occur.

KEY WORDS: Cochlear implant • Vestibular schwannoma • Single-sided deafness

RIASSUNTO

Presentiamo un caso di posizionamento di impianto cocleare in un uomo di 50 anni che, dopo aver subito tre anni prima un intervento per 
via retrosigmoidea per un neurinoma dell’acustico in stadio 1, è stato colpito da ipoacusia improvvisa ipsilaterale sviluppando un intenso 
acufene. Dopo l’attivazione dell’impianto l’acufene è sceso da un grado 4 ad un grado 2 secondo il THI. Sono migliorate le capacità di 
localizzazione. L’ascolto nel rumore (S/R + 7 dB) con il segnale proveniente dal lato operato è migliorato da 38 a 100%. Abbiamo inoltre 
verificato un significativo incremento dei punteggi relativi a spazialità e linguaggio del questionario “Speech, spatial and qualities of soun-
ds”. In conclusione l’impianto cocleare è una soluzione praticabile ed efficace in caso di insorgenza di ipoacusia ritardata dopo chirurgia 
conservativa del neurinoma dell’acustico.

PAROLE CHIAVE: Impianto cocleare • Neurinoma dell’acustico • Ipoacusia monolaterale
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Introduction

Hearing preservation after surgical removal of vestibular 
schwannoma (VS) has become one of the greatest con-
cerns in this field with many reports advocating very high 
rates of useful postoperative hearing with both middle 
cranial fossa (MCF) and retrosigmoid approaches. Recent 
reviews report that MCF is the best option for hearing 
conservation with tumours less than 1.5 cm in diameter, 
while the retrosigmoid corridor would be the best choice 
for larger tumours 1. The chance of hearing preservation 
decreases as tumour size increases and this is one of the 
reasons for offering early surgery according to several 
groups. Despite all efforts, hearing deterioration after VS 
surgery still remains an unsolved issue, which can lead to 
unserviceable hearing 2-4. Even if hearing is well preserved 
it is not clear if it can deteriorate more quickly in the years 

following surgery. From this point of view, there is a lack 
of studies investigating what happens to postoperative re-
sidual hearing and what solutions can be effectively used 
in case of delayed deterioration.

Case report
We present a 50-year-old male who had undergone sur-
gery for right VS three years before, coming for consul-
tation for sudden sensorineural hearing loss at the same 
side of the operation. VS removal was carried out by a 
retrosigmoid approach without any particular complica-
tion as stated in the operative report. The VS was in-
tracanalicular (stage I according to Koos’ classification) 
and 9 × 6 × 4 mm in size. There were no facial or coch-
lear nerve damage as shown by postoperative audiogram 
(Table I).
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After three years of good hearing, he experienced sudden 
hearing loss, which we ascertained through pure tone au-
diometry (Table II).
We immediately started intravenous therapy with steroids 
at a conventional suggested dose and hyperbaric oxygen 
therapy, without any hearing threshold improvement. The 
patient also developed severe tinnitus (THI: grade 4).
After thorough evaluation including HRCT scan and MRI 
showing the presence of the cochlear nerve on that side, 
without any recurrence of VS and a patent cochlea, we 
decided to offer cochlear implantation as a solution for his 
hearing loss and tinnitus.
A Cochlear Nucleus Freedom Contour Advance (Cochle-
ar, Australia) was implanted and activated after 1 month.
The cochlear implant restored normal hearing threshold in 
the deaf ear. The patient improved his localisation skills as 
reported in Figure 1, which shows azimuth error in degrees 
in an identification task of the source of target signals ran-
domly delivered through one out of 15 speakers panned 
from -60° to +60°. His hearing in noise, tested with disyl-
labic words at 70 dB with S/N + 7 dB, also improved from 
38 to 100% of correct answers, when target signals were 
presented to the implanted ear, and from 74 to 80% when 
target signals were presented to the contralateral side.
The speech, spatial and qualities of hearing scale also con-
firmed this data with improvement of spatial and speech 
items (Fig. 2).
Also his tinnitus dropped from THI grade 4 to 2 with CI 
on. Tinnitus evolution over time is plotted in Figure 3.

Conclusions
This case shows several interesting aspects dealing with 
hotly debated topics: hearing preservation and restora-
tion after VS surgery. This case is of particular interest 
because there are no reports in the literature about hearing 
restoration with cochlear implant in delayed sudden hear-
ing loss after prior conservative VS surgery.
Hearing preservation in VS surgery is one of the key Fig. 3. Tinnitus handicap inventory (THI) score over time.

Fig. 2. Results of the “Speech, Spatial and Qualities of hearing” 
questionnaire over time.

Fig. 1. Azimuth error (°) in localisation test before and after 
cochlear implantation. Positive values refer to sounds coming 
from the right and vice-versa. Triangles are median values.

Table II. Speech perception in noise.

Noise (63 dB) S/N Rate pre-op Rate post-op CI on

Right +7 dB 38% 100%

Left +7 dB 74% 80%

Table I. Hearing threshold after vestibular schwannoma (VS) excision and 
at first consultation.
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elements for subsequent hearing restoration  2. In fact, 
a cochlear implant can be a valid therapeutic option 
only if cochlear nerve function is preserved in the first 
place. There are several reports, which show how coch-
lear implantation can be an effective solution for hear-
ing restoration in patients with VS either as hearing loss 
treatment without removing the tumour 3 or after VS re-
section, although they deal with severe bilateral hear-
ing loss patients affected by neurofibromatosis 2 or by 
sporadic VS in the only hearing ear  4  5. The presented 
case was treated as a single-sided deafness in order to 
relieve the patient’s severe tinnitus and to restore bin-
aural hearing. VS surgery does not seem to affect the 
results of cochlear implantation, which are comparable 
to “normal” single-sided deafness implanted patients 6-8. 
We cannot understand the aetiology of the subsequent 
hearing loss, which might be a delayed consequence of 
the VS surgery itself or not. Whatever the aetiology, it 
did not affect the retrocochlear auditory pathway.
In conclusion, this case shows that in case of conservative 
VS removal, should a delayed hearing loss occur, it can 
be managed with cochlear implantation with good, stable 
and satisfactory results.
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Case series and reports
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A.E. ARSLANKOYLU1, M. UNAL2, N. KUYUCU3, O. ISMI4
1 Department of Pediatric Intensive Care, Faculty of Medicine, University of Mersin, Turkey; 2 Department of 
Otorhinolaryngology, Faculty of Medicine, University of Mersin, Turkey; 3 Department of Pediatric Infectious 
diseases, Faculty of Medicine, University of Mersin, Turkey; 4 Department of Otorhinolaryngology, Faculty of 
Medicine, University of Mersin, Turkey

SUMMARY

Laryngeal and laryngotracheal clefts are rare congenital malformations of the laryngobronchial tree. Their symptoms vary from mild cough 
to life threatening pulmonary aspiration and cyanosis. Type I and II clefts can be observed without surgical intervention, whereas type III 
and IV clefts usually require an anterior or lateral cervical approach. We present a case of type III laryngotracheal cleft seen in a 3-month-
old male infant who died during revision surgery after an anterior laryngofissure approach. We discuss the difficulties in diagnosis, manage-
ment and importance of anaesthesia for these rare anomalies in light of the current literature.

KEY WORDS: Larynx • Laryngeal cleft • Laryngotracheal cleft • Laryngofissure • Mortality

RIASSUNTO

I cleft laringei e laringotracheali sono rare malformazioni congenite dell’albero laringo-tracheo-bronchiale. La sintomatologia associata 
va dalla blanda tosse all’aspirazione e alla cianosi. I cleft di tipo I e II possono essere tenuti sotto osservazione senza intervenire chirurgi-
camente, mentre i tipi III e IV richiedono un approccio chirurgico anteriore o laterocervicale. Presentiamo il caso di un neonato di 3 mesi 
affetto da cleft laringotracheale di tipo III, deceduto in corso di revisione chirurgica dopo un approccio in laringofissura anteriore. Nel 
presente lavoro discutiamo, alla luce della letteratura, le difficoltà diagnostiche, le modalità di trattamento e le tecniche anestesiologiche 
relative a questa rara patologia. 

PAROLE CHIAVE: Laringe • Cleft laringeo • Cleft laringotracheale • Larinogofissura • Mortalità
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Introduction
Congenital laryngeal anomalies are seen less than 0.5% 
of the population, and among these laryngeal clefts (LCs) 
account for 0.3-0.5%. These rare malformations are due 
to an embryological fusion defect of tracheo-oesophageal 
septum (TES). Early insult before 25 to 28 days of in-
trauterine life, which is the critical period for formation 
of TES, can cause incomplete formation of the septum. 
Defect in the fusion causes on-going relationship between 
the gastrointestinal and respiratory systems, which is the 
main cause of chronic cough or cyanosis during feeding 
and swallowing 1.
Since signs, symptoms and treatment options differ ac-
cording to the severity of LCs, multiple classifications re-
garding the severity of disease have been proposed; that 
of Benjamin and Inglis is the simplest and most clinically 
applicable, which is used by most authors 2. Type I is the 
interarytenoid cleft of soft tissue without involvement of 

cricoid cartilage. A type II cleft involves cricoid cartilage 
without involvement of the inferior lamina. Type III LC 
involves the entire posterior cricoid lamina with or with-
out involvement of cervical trachea. Type IV is the total 
TES clefts with involvement of thoracic trachea. Type I is 
seen most often, while type IV was found in only 3% of 
cases in the series by Evans et al. 3. The mortality rate is 
higher than than 90% for type IV clefts 1.
A 3-month-old male infant who died after revision ante-
rior laryngofissure surgery for a type III LC due to anaes-
thesia complications is presented.

Case
A 3-month-old male infant was hospitalised in Mersin 
University paediatric intensive care unit due to frequent 
pulmonary infections after birth and cyanosis attacks after 
feeding. He was intubated for 7 days when consulted to 
our otorhinolaryngology department with the complaint 
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of a decrease in oxygen saturation after feeding with a 
nasogastric tube. Bedside examination was performed 
with a laryngeal blade. A posteriorly placed intubation 
tube was seen near the nasogastric tube. He had no addi-
tional illnesses or concomitant congenital malformations. 
Direct laryngoscopic examination in the operating thea-
tre revealed a type III LC with involvement of the cricoid 
cartilage and first tracheal ring. A tracheotomy at the third 
tracheal cartilage was performed for protection and clear-
ance of lower airways. After preparation of general anaes-
thesia and improvement of general health status and lung 
parenchyma, the infant underwent intervention for LC 
repair at the fourth month of life. An anterior laryngofis-
sure approach was planned (Fig. 1). The LC was repaired 
with sternocleidomastoid muscle flap and three layers of 
closure (Fig. 2). In the postoperative period, proton pump 
inhibitor and antibiotic treatment including sulbactam-
ampicillin was administered. He was discharged from 
hospital after recovery on fifth month of life with trache-
ostomy and nasogastric tube. Three months later, he was 
re-admitted with complaints of pulmonary infection. On 
direct laryngoscopic examination there was a cleft at in-
terarytenoid area through the beginning of the cricoid car-
tilage. After preparation for general anaesthesia following 
treatment of pulmonary infection, he underwent revision 
surgery. The anterior laryngofissure approach revealed an 
approximately 1.5 cm defect at the previous suture line 
(Fig. 3). A sternocleidomastoid muscle flap and three lay-
ers of closure were used to repair the defect. During ex-
tubation, a sudden decrease in oxygen saturation to 60% 
was seen. Aspiration from tracheotomy was performed, 
and re-intubation and mechanical ventilation were admin-
istered by the anaesthesiologist. During aspiration, gastric 
fluid with saliva was seen although there was nasogastric 
tube during the surgical procedure. After deterioration of 
pulse oximetry levels, cardiopulmonary arrest developed. 
Although resuscitation was administered for one hour by 
the anaesthesiologist, spontaneous ventilation and cardiac 
beat could not be achieved and he was regarded dead. 

Discussion
Laryngeal clefts are rare malformations and their inci-
dence is challenging to accurately estimate since type I 
clefts can be asymptomatic or misdiagnosed for years; 
secondly, submucosal cleft, which is the absence of inter-
arytenoid musculature with presence of the mucosa, can 
hide physical findings 4. There is no known prenatal diag-
nostic tools, and only polyhydramnios can be a non-spe-
cific finding that makes diagnosis more difficult 1. Signs 
and symptoms of LCs differ according to the severity of 
disease; most are respiratory in nature including chronic 
cough, aspiration, cyanosis and recurrent pulmonary in-
fection associated with feeding. More serious symptoms 
such as severe respiratory infection and distress, stridor 

needing hospitalisation and even entubation as in our case 
are usually seen in type III and IV LCs 1 4. Rarely, type III 
LCs can be misdiagnosed as asthmatic attack and treated 
accordingly with delayed diagnosis  5. Posterior place-

Fig. 1. Perioperative appearance of the patient during laryngo-
fissure approach. The long arrow shows the cleft area with a 
nasogastric tube behind it. The short arrow shows dissected 
thyroid cartilage. 

Fig. 2. Postoperative appearance of the patient. The arrow 
shows the three layer closed cleft area, while the nasogastric 
tube is behind the surgical wound.
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ment of an endotracheal intubation tube and multiple un-
successful oesophageal intubations can be seen as in our 
case 1.
Although LCs can be seen alone, concomitant multiple 
congenital malformations may also exist. Opits-Frias 
syndrome (oculo-gential-laryngeal or G syndrome) with 
airway cleft, cleft lip, cleft palate, swallowing dysfunc-
tion, imperforate anus and hypospadias can be seen in 
patients with LC. Pallister-Hall syndrome is another syn-
drome consisting of airway cleft, congenital hypothalam-
ic hamartoblastoma, hypopituitarism, imperforate anus, 
and postaxial polydactyly that may be present with LC. 
VATER association (vertebral defects, anal atresia, tra-
cheo-oesophageal fistula, oesophageal atresia, renal dys-
plasia) also commonly includes LC  6. Overall, the most 
commonly accompanying anomalies are gastrointestinal; 
oesophageal atresia and tracheo-oesophageal fistula is the 
most common seen in 20-27% of cases, followed by geni-
tourinary anomalies 1. In our case there was no accompa-
nying congenital malformation.
Microscopic examination of the larynx under general an-
aesthesia and palpation of interarytenoid area is the gold 
standard diagnostic tool for LCs. Barium swallow study 
and video fluoroscopy may miss aspiration of contrast 
agent for intermittent aspirating cases 6. Functional endo-
scopic evaluation of swallowing is helpful in diagnosis as 
it provides the chance of evaluation of anatomic structure 
during swallowing including vocal cord motion and loca-
tion of aspiration  4. Pneumonia or peribronchial cuffing 
can be seen as a result of persistent chronic aspiration in 
chest X-ray 4.
Just as symptoms of LCs vary between cases, treatment 
options also differ according to severity of disease. Ob-
servation without surgical treatment can be a suitable 

option for type I and II cases with mild symptoms. For 
medical management, feeding therapy involving thicken-
ing of liquids and food consistency can be used. Gastro-
oesophageal reflux can be seen with LCs and can cause 
oedema of mucosa postoperatively. Proton pump inhibitor 
for prevention is mandatory and endoscopic Nissen fun-
doplication can be an additional procedure for control of 
reflux 4 7. In our case, high dose proton pump inhibitor was 
administered in the perioperative period. For symptomat-
ic cases of type I and II clefts, or unresponsive to medical 
treatment endoscopic repair, can be considered. Flapping 
and suturing techniques of interarytenoid area are widely 
used 6. More recently, injection laryngoplasty to the inter-
arytenoid region can be an alternative technique for type I 
cases 8. For type III and IV LCs, open cervical approaches 
are preferred. A posterior approach is used with a vertical 
incision along the anterior border of sternocleidomastoid 
muscle for achieving lateral pharyngotomy after retrac-
tion of major vessels. It does not provide visual access 
as good as that is provided by an anterior approach, and 
recurrent and superior laryngeal nerves are at great risk 
for damage. The anterior approach is the most commonly 
used and safe procedure done via a horizontal incision 
above the tracheostomy line if present. After retraction of 
strap muscles, a laryngofissure incision through thyroid 
cartilage is made. The cleft area can be repaired with in-
terposing grafts such as sternocleidomastoid muscle flaps, 
pleura, pericardium, strap muscle, periosteum with two 
or three layers of closing the wound 4 6. We also preferred 
an anterior cervical approach with laryngofissure incision 
and sternocleidomastoid muscle flap used as an interpos-
ing graft. Tracheotomy is widely used for type III and 
IV clefts for prevention of lung against aspiration after 
enteral feeding. Gastrostomy may also be performed for 
enteral feeding 4. We also performed a tracheotomy before 
an open anterior cervical approach. 
Anaesthesia is very critical during surgery for manage-
ment of LCs. For endoscopic procedures, an endotracheal 
intubation tube can hinder the surgeon from studying 
at a well visualised area. Usage of tubeless anaesthesia 
and insufflation with spontaneous breathing and jet ven-
tilation can be used  6. After induction with inhalational 
agent, maintaining the general anaesthesia with propofol 
or remifentanyl, without using jet ventilation is also a 
possible option. In this situation, a modified cut-off en-
dotracheal tube can be used near the laryngoscope blade 
to support ventilation 4. Ferrari et al. recommends tubeless 
total intravenous anaesthesia (TIVA) with spontaneous 
ventilation during endolaryngeal management of LCs  9. 
For open procedures, anaesthesia risks are more compli-
cated. LC cases are in children whose lung functions are 
affected due to chronic aspiration. During reverse anaes-
thesia, children are prone to aspiration of gastric contents 
and thick salivary secretions to preoperatively affected 
pulmonary parenchyma 10. In the series by Kluger et al. 

Fig. 3. Re-opened cleft area during revision with a laryngofis-
sure approach. The arrow shows the cleft area with the naso-
gastric tube behind it.
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with 133 cases, five children died postoperatively due to 
aspiration 11. In data in 2011 from United Kingdom, pul-
monary aspiration was the most common cause of anaes-
thesia-related death accounting for 50% of mortality  12. 
In our case, bronchospasm and sudden deterioration of 
pulse oximetry was observed during reverse anaesthesia 
and extubation from tracheotomy. Although a post-mor-
tem study could not be performed, we believe that gastric 
content and salivary aspiration to previously affected lung 
parenchyma was the cause. 
In conclusion, LCs are rare malformations of the laryn-
gobronchial tree. Some LCs can be life-threatening and 
early diagnosis is important to protect lung parenchyma 
from chronic aspiration. Type III and IV cases are prone 
to open surgical procedures. In the reverse anaesthesia 
and extubation period, these patients can aspirate secre-
tions to previously diseased pulmonary parenchyma. Fre-
quent aspiration of tracheotomy is important for releasing 
secretions. Extubation after ensuring that spontaneous 
ventilation and aspiration reflexes are achieved is critical 
for prevention of life threatening complications. 

References
1 Chitkara AE, Tadros M, Kim J, et al. Complete laryngotra-

cheoesophageal cleft: complicated management issues. La-
ryngoscope 2003;113:1314-20.

2 Benjamin B, Inglis A. Minor congenital laryngeal clefts: 
diagnosis and classification. Ann Otol Rhinol Laryngol 
1989;98:417-20.

3 Evans KL, Courtney-Harris R, Bailey M, et al. Management 
of posterior laryngeal and tracheoesophageal clefts. Arch 
Otolaryngol Head Neck Surg 1995;121:1380-5.

4 Johnston DR, Watters K, Ferrari LR, et al. Laryngeal cleft: 
evaluation and management. Int J Pediatr Otorhinolaryngol 
2014; 78:905-11.

5 Parsons DS, Herr T. Delayed diagnosis of a laryngotra-
cheoesophageal cleft. Int J Pediatr Otorhinolaryngol 
1997;39:169-73.

6 Clark K. Anterior repair of posterior laryngeal and laryn-
gotracheal clefts. Operat Tech Otolaryngol Head Neck Surg 
1999;10:42-52.

7 Kamata S, Ihara Y, Usui N, et al. Surgical management for 
posterior laryngeal cleft developing subglottic airway steno-
sis. J Ped Surg 2005;40:15-6.

8 Cohen MS, Zhuang L, Simons JP, et al. Injection laryngo-
plasty for type 1 laryngeal cleft in children. Otolaryngol 
Head Neck Surg 2011;144:789-93.

9 Ferrari LR, Zurakowski D, Solari J, et al. Laryngeal 
cleft repair: the anesthetic perspective. Paediatr Anaesth 
2013;23:334-41.

10 Kelly CJ, Walker RWM. Perioperative pulmonary aspiration 
is infrequent and low risk in pediatric anesthetic practice. 
Paediatr Anaesth 2015;25:36-43.

11 Kluger MT, Short TG. Aspiration during anaesthesia: a re-
view of 133 cases from the Australian anaesthetic incident 
monitoring study (AIMS). Anaesthesia 1999;54:19-26.

12 Cook TM, Woodall N, Frerk C: Fourth National Audit Pro-
ject. Major complications of airway management in the UK: 
Results of the fourth national audit project of the Royal col-
lege of anaesthetists and the difficult airway society. Part 1: 
anaesthesia. Br J Anaesth 2011;106:617-31. 

Received: March 7, 2015 - Accepted: July 24, 2015

Address for correspondence: Onur Ismi, Mersin University-Otorhi-
nolaryngology department, Mersin Üniversitesi Tıp Fakültesi Ha-
stanesi, Kulak Burun Boğaz A.D Çiftlikköy Kampüsü, Çiftlikköy/
Yenişehir, Mersin, Turkey. E-mail: dronurismi@gmail.com, dronu-
rismi@outlook.com



435

ACTA OTORHINOLARYNGOLOGICA ITALICA 2016;36:435-437

Calendar of events – Italian and International 
Meetings and Courses

Acta Otorhinolaryngol Ital 2016;36:435-437

Information, following the style of the present list, should be submitted to the Editorial Secretariat of Acta 
Otorhinolaryngologica Italica (actaitalicaorl@rm.unicatt.it). 
In accordance with the Regulations of S.I.O. and Ch.C.-F. (Art. 8) Members of the Society organis-
ing Courses, Congresses or other scientific events should inform the Secretary of the Association 
(A.U.O.R.L., A.O.O.I.) within the deadlines set down in the respective Statutes and Regulations.

15th INTERNATIONAL CONGRESS OF IRANIAN SOCIETY OF OTOLARYNGOLOGY, HEAD AND NECK 
SURGERY • November 8-11, 2016 • Tehran – Iran

E-mail: mahtab_rabbani@yahoo.com – Website: www.iranent.org/congress/

APPROCCIO PRATICO ALLA VPPB LEZIONI TEORICHE E PRATICHE
November 10-12, 2016 • Matera – Italy

Scientific Secretariat: G.A. Liberati, Hotel Del Campo, Matera, Italy. Organizing Secretariat: Prisco Provider Srl – 
E-mail: info@priscoprovider.it – Website: www.priscoprovider.it

4° CONGRESSO AGGIORNAMENTI IN ORL “ENDORL” • November 12, 2016 • Montegranaro (Fermo) – Italy

President: Luigi Fasanella – Scientific Secretariat: Cesare Carlucci – Tel. +39 0733 823030 – E-mail: carlucci7@tin.it

OCTOBER-DECEMBER 2016
CORSO PRATICO DI ANATOMIA CHIRURGICA E DISSEZIONE SPERIMENTALE OTOLOGICA  
2° LIVELLO - XX EDIZIONE • October 3-7, 2016 • Sanremo (IM) – Italy

President: S. Nosengo – E-mail: franco.cocchini@studiumorl.com – A cura di: A. Tombolini, F. Baricalla – Co-
ordinato da: A. Tombolini – Website: www.studiumorl.com

IFHNOS 2016 • October 5-7, 2016 • Praha – Czech Republic

E-mail: ifhnos2016@guarant.cz – Website: www.ifhnosprague2016.org/

RHINOLOGY & RHYNOALLERGOLOGY INTERNATIONAL CONFERENCE  
5th BULGARIAN ITALIAN RHINOLOGY MEETING • October 13-15, 2016 • Senigallia – Italy

Directors: Dilyana Vitcheva, Alessandro Varini, Giuseppe Frau, Alessandro Bucci. Scientific Secretariat: A. 
Bucci, Finis Africae Country House S.P. Sant’ Angelo 155 Senigallia (AN), Italy – Website: www.rhinology.eu. 
Organizing Secretariat: Events Congress & Communication – Website: wwww.rhinology.eu

SWISS ENDOSCOPIC EAR SURGERY COURSE (SEES) • October 14-15, 2016 • Bern – Switzerland

E-mail: anschuetz.lukas@gmail.com – Website: http://sees.swiss-meeting.org

6th INTERNATIONAL COURSE ON FUNCTIONAL AND AESTHETIC SURGERY OF THE NOSE – LIVE 
SURGERY • October 16-19, 2016 • Imola (BO) – Italy

Course Director: Ignazio Tasca – Scientific Secretariat, E.N.T. Department, Imola Hospital, Italy – Tel. +39 0542 
662101/293 – Fax +39 0542 662284 – E-mail: i.tasca@ausl.imola.bo.it – Executive Secretariat: A & R Eventi 
sas di Verlicchi Clara e C., via R. Benassi 28, 40068 San Lazzaro di Savena (BO), Italy – Tel. +39 051 474238 – 
Fax +39 051 4839525 – E-mail: clara@areventi.it – Website: www.imolarhinoplasty2016.com

4° MASTER DI LARINGOLOGIA ONCOLOGICA • October 17-20, 2016 • Vittorio Veneto – Italy

Scientific Secretriat: A. Bertolin, Ospedale Civile di Vittorio Veneto, Vittorio Veneto, Italy. Organizing Secretariat: 
Nord Est Congressi – E-mail: mail@nordestcongressi.it – Website: www.nordestcongressi.it

ANZHNCS ANNUAL SCIENTIFIC MEETING AND THE IFHNOS 2016 WORLD TOUR
October 25-27, 2016 • The Langham Auckland – New Zealand

E-mail: anzhncs.asm@surgeons.org – Website: www.ifhnosauckland2016.org
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HANDS-ON COURSE ON NEW ENDOSCOPIC APPROACHES TO LATERAL SKUL BASE, INNER EAR 
AND CEREBELLO-PONTINE ANGLE
November 12-13, 2016 • Verona – Italy and November 14, 2016 • Modena – Italy

Scientific Secretariat: L. Presutti, D. Marchionni, AOU di Modena Policlinico. Organizing Secretariat: ICLO Srl  – 
E-mail: info@iclo.eu – Website: www.iclo.eu

CORSO DI ANATOMIA CHIRURGICA ENDOSCOPICA DEI SENI PARANASALI E DELLA BASE CRANICA 
November 13-15, 2016 • Verona – Italy 

Scientific Secretariat: F. Pagella, E. Emanuelli, ICLO San Francesco di Sales Teaching and Research Center 
di Arezzo (Via A. Einstein, 12). Organizing Secretariat: ICLO Srl – E-mail: info@iclo.eu – Website: www.iclo.eu

MASTER DI DISSEZIONE E CHIRURGIA ENDOSCOPICA DEI SENI PARANASALI E DEL BASICRANIO 
November 14-18, 2016 • Milan – Italy

Director: Alberto Dragonetti – E-mail: a.dragonetti@fastwebnet.it

9th INTERNATIONAL SYMPOSIUM ON RECENT ADVANCES IN RHINOSINUSITIS AND NASAL 
POLYPOSIS (ISRNP 2016) • November 21-23, 2016 • Kuala Lumpur – Malaysia

E-mail: sympo@isrnp2016.net – Website: http://www.isrnp2016.net/

CORSO MICROSCOPICO E VIDEOENDOSCOPICO DI DISSEZIONE SU CADAVERE PROPEDEUTICO 
ALLA CHIRURGIA OTOLOGICA • November 24-25, 2016 • Milan – Italy

Presidents: Raffaele Pugliese, Alberto Dragonetti – E-mail: corsieconvegni@eurocompany.mi.it

RHINOFORUM 2016 • December 1-3, 2016 • Warsaw – Poland

E-mail: info@forumrynologiczne.pl – Website: http://rhinoforum.pl/en

JANUARY-DECEMBER 2017
CORSO DI DISSEZIONE OTOLOGICA, OTONEUROLOGICA E IMPLANTOLOGIA UDITIVA, DISSEZIONE 
ENDOSCOPICA DELL’ORECCHIO MEDIO E INTERNO • January 10-12, 2017 • Paris – France

Directors: Olivier Sterkers and Daniele Bernardeschi

12th SURGICAL ANATOMY IN HEAD&NECK CANCERS PROCEDURES • March 1-3, 2017 • Arezzo – Italy

Scientific Secretariat: M. Benazzo, F.G. Chiesa, ICLO San Francesco di Sales Teaching and Research Center 
di Arezzo (Via A. Einstein, 12). Organizing Secretariat: ICLO Srl – E-mail: info@iclo.eu – Website: www.iclo.eu

9th MILANO MASTERCLASS • March 24-28, 2017 • Milan – Italy

Charimen: Paolo Castelnuovo and Pietro Palma – Website: www.milanomasterclass.it

2nd WORLD CONGRESS ON ENDOSCOPIC EAR SURGERY • April 27-29, 2017 • Bologna – Italy

Chairmen: Livio Presutti, Muaaz Tarabichi, Daniele Marchioni

104° CONGRESSO NAZIONALE SIO – SOCIETA ITALIANA DI OTORINOLARINGOLOGIA E CHIRURGIA 
CERVICO-FACCIALE • May 24-27, 2017 • Sorrento – Italy

President: Carlo Antonio Leone – Website: www.sioechcf.it

9th INTERNATIONAL BIENNALE MILANO MASTERCLASS – THE NOSE INSIDE OUT
March 24-28, 2017 • Milan – Italy

Scientific Secretariat: P. Castelnuovo, P. Palma – Website: www.milanomasterclass.it. Auditorium “IL SOLE 24 
ORE” Via Monte Rosa, 91 - 20149 Milano. Organizing Secretariat: MZ Congressi Srl – E-mail: mima@mzcon-
gressi.com

IFOS PARIS 2017 - ENT WORLD CONGRESS • June 24-28, 2017 • Paris – France

Tel. +33 (0)1 44 64 15 15 – E-mail: contact@ifosparis2017.org – Website: www.ifosparis2017.org

4th CONGRESS OF THE EUROPEAN ORL-HNS • October 19-22, 2017 • Antalya – Turkey

E-mail: dburkaya@topkon.com – Website: www.ceorlhns2017.com
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CORSI PRATICI DI VIDEOCHIRURGIA ENDOSCOPICA NASO-SINUALE E DEL BASICRANIO  
November 13-17, 2017 • Milan – Italy

Scientific Secretariat: A. Dragonetti, ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy. Organizing 
Secretariat: Eurocompany Srl – E-mail: corsieconvegni@eurocompany.mi.it

17th ASEAN ORL HNS CONGRESS • November 16-18, 2017 • Myanmar

E-mail: phillip.samual27@gmail.com

JANUARY-DECEMBER 2018
15th INTERNATIONAL CONFERENCE ON COCHLEAR IMPLANTS AND OTHER IMPLANTABLE 
AUDITORY TECHNOLOGIES • June 13-16, 2018 • Antwerp – Belgium

Chairman: Paul Van de Heyning – E-mail: vincent.van.rompaey@uza.be – Website: www.ci2018.org

6th WORLD CONGRESS OF THE INTERNATIONAL FEDERATION OF HEAD AND NECK ONCOLOGIC 
SOCIETIES • September 1-5, 2018 • Buenos Aires – Argentina

Website: http://ifhnos2018.org/

JANUARY-DECEMBER 2019

14th ASIA-OCEANIA ORL-HNS CONGRESS 2019 • January 9-13, 2019 • Hyderabad – India

E-mail: secretariat@14asiaoceania.com – Website: http://14asiaoceania.com/








