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Review

Endoscopic management of posterior epistaxis:  
a review
Il trattamento endoscopico delle epistassi posteriori: revisione della letteratura

S.W. McClurg, r. Carrau
Department of Otolaryngology-Head and Neck Surgery, The Ohio State university, Columbus, OH, uSa

SummAry

The paradigm for the management of epistaxis, specifically posterior epistaxis, has undergone significant changes in the recent past. recent 
prospective and retrospective data has shown that the endonasal surgical management of posterior epistaxis is superior to posterior nasal 
packing and angiography/embolization with regards to various factors including pain, cost-effectiveness, risk and overall control of bleed-
ing. Endonasal endoscopic surgical techniques for posterior epistaxis include direct cauterization and transnasal endoscopic sphenopala-
tine/posterior nasal artery ligation or cauterization with or without control of the anterior ethmoidal artery. Despite the evidence provided 
by the current literature, a universal treatment protocol has not yet been established. This review article provides an up-to-date assessment 
of the available literature, and presents a structured paradigm for the management of posterior epistaxis.

KEy worDS: Epistaxis • Endoscopic sphenopalatine artery ligation • Posterior epistaxis • Sphenopalatine artery

riASSunTo

Il trattamento delle epistassi posteriori ha subito significativi cambiamenti negli ultimi anni. I recenti dati prospettici e retrospettivi hanno 
dimostrato che il trattamento chirurgico endoscopico delle epistassi posteriori presenta dei vantaggi rispetto al tamponamento nasale e/o 
all’embolizzazione previa angiografia ed in particolare in termini di dolore, rapporto costo-beneficio, effetti collaterali, e infine in termini 
di controllo di sanguinamento. Il trattamento endoscopico chirurgico delle epistassi posteriori include la cauterizzazione diretta e la lega-
tura dell’arteria sfeno-palatina e/o cauterizzazione dell’arteria etmoidale anteriore. Nonostante le evidenze presenti in letteratura un pro-
tocollo universale non è stato ancora realizzato. Questa revisione della letteratura offre un aggiornamento sui dati attuali sull’argomento, 
proponendo un algoritmo per il trattamento delle epistassi posteriori.

ParolE chiavE: Epistassi • Legatura endoscopica della arteria sfeno palatina • Epistassi posteriore • Arteria sfeno-palatina

Acta Otorhinolaryngol Ital 2014;34:1-8

Introduction
Epistaxis is a very common presenting complaint and 
the most common emergency for the Otolaryngologist-
Head and Neck Surgeon. The distribution of epistaxis 
is bimodal. It is most common before age 10, and then 
peaks again between ages 45 and 65 years of age 1 2. Many 
factors including seasonal variation, concomitant inhala-
tional allergy, oestrogens (extraneous and endogenous), 
environmental humidity and upper respiratory tract infec-
tions affect the incidence of epistaxis.
Epistaxis can be divided into anterior and posterior based 
upon the arterial supply and location of the offending 
vessel. Most cases of epistaxis are anteriorly located 
(90-95%), and are usually treated effectively after visual 
localization with local chemical or electrical cauteriza-
tion via anterior rhinoscopy  3. Approximately 5-10% of 
epistaxis arises posteriorly 3, and requires more aggressive 
measures for control. It has been prospectively shown that 

patients with posterior epistaxis are more likely to require 
hospitalization, are twice as likely to require nasal pack-
ing and require a longer hospital stay 4.
The sphenopalatine (SPA) and posterior nasal (PNA) ar-
teries, terminal branches of the internal maxillary artery 
(IMA), provide blood supply to the lateral nasal wall be-
low the middle turbinate, rostrum of the sphenoid sinus 
and posterior nasal septum. Therefore, a majority of pos-
terior epistaxes arise from these two vessels. Measures to 
control posterior epistaxis include direct cauterization, 
posterior nasal packing, embolization or surgery. Many 
studies have shown surgical control to be superior to an-
giography/embolization 3 5 as well as posterior packing 3. 
Intervention for posterior epistaxis is direct endonasal en-
doscopic cauterization of the offending site. However, in a 
significant number of patients, if not most, with posterior 
epistaxis, the site will remain undefined. Recent reports 
suggest that ligation of the sphenopalatine and posterior 
nasal arteries seems to be the best option for patients with 
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posterior epistaxis and without comorbidities that would 
preclude a surgical intervention 3 5.
The surgical management of epistaxis has undergone 
significant transitions and changes. Carnochan  6 de-
scribed the first surgical technique to the pterygopala-
tine fossa (PTPF) in 1858, using a transfacial-transantral 
approach to the pterygopalatine fossa (PTPF). In 1890, 
Segond introduced a lateral transfacial approach to the 
pterygopalatine fossa  6. Subsequently, Hide introduced 
the ligation of the external carotid artery for the manage-
ment of epistaxis. In 1948, Silverblatt first described the 
ligation of the anterior ethmoid artery. These techniques 
are still utilized around the world to manage patients 
with refractory epistaxis. In 1929, Seiffert described the 
sublabial-transantral approach for ligation of the max-
illary artery, which was subsequently standardized and 
popularized by Chandler (1956); and, further improved 
upon by Simpson (1982) by focusing on its terminal 
branches (i.e. sphenopalatine and posterior nasal arter-
ies)  6. In 1976, Prades described an endonasal micro-
scopic ligation of the sphenopalatine artery, which was 
emulated by Borgstein who introduced the endoscope as 
a visualization tool in 1987 6.
A thorough knowledge of the anatomy of the posterior 
nasal cavity and pterygopalatine fossa is essential for the 
proper surgical management of posterior epistaxis. Arte-
rial supply to the nasal cavity is both robust and variable, 
with contributing arteries deriving from both the internal 
and external carotid arteries. Contributions from the ex-
ternal carotid artery include the sphenopalatine, posterior 
nasal, superior labial, greater palatine, angular and as-
cending pharyngeal arteries. The internal carotid artery 
furnishes the anterior ethmoid and posterior ethmoid ar-
teries via the ophthalmic artery. Branches of the ethmoi-
dal arteries supply the lateral nasal wall above the level 
of the middle turbinate. It 
must be noted that there 
is ample communication 
between the two systems. 
The vidian artery and the 
artery that accompanies 
V2 (artery of the foramen 
rotundum) are robust ex-
amples of these commu-
nications that can lead to 
collateral blood flow, thus 
causing re-bleeding and 
which must be considered 
when embolizing the in-
ternal maxillary artery.
The sphenopalatine fo-
ramen (SPF), which is a 
notch between the orbital 
and sphenoidal processes 
of the ascending aspect 

Fig. 1. Right pterygopalatine fossa.
PF: pterygopalatine fossa; SPA: sphenopalatine artery; MAX: posterior wall of maxillary sinus.

of the palatine bone (Fig. 1), usually lies at the posterior 
end of the middle turbinate, in the lower part of the supe-
rior meatus, and at the junction between the palatine and 
sphenoid bone on the lateral nasal wall. Simmen reported 
that the mean vertical and horizontal diameters of the SPF 
are 6.2 and 5.1 mm, respectively 7. From an endoscopic 
standpoint, the foramen can be found just posterior to the 
superior one-third of the posterior wall of the antrum. An-
other reliable landmark is the crista ethmoidalis, which is 
a small spur of bone just anterior to the sphenopalatine 
foramen (Fig. 2).
The arterial configuration within the pterygopalatine 
fossa is also highly variable and complex. In a cadaveric 
study of 128 tissue blocks by Chiu  8, it was found that 
the internal maxillary artery bifurcates before reaching 
the sphenopalatine foramen in 89% of cases, splitting off 
into two (69%), three (19%) or four branches (2%). In a 
similar anatomical study, Simmen documented that there 
may even be up to 10 arterial branches 7. This study also 
demonstrated that in 58% of cases the SPF lies in both the 
superior and middle meati.
Variability of the vascular anatomy within the pterygopala-
tine fossa is remarkable and ranges from a relatively simple 
or “classic” pattern to one that is highly complex 9. In turn, 
the branching pattern of the sphenopalatine artery is also 
striking. Schartzbauer showed that in fresh cadavers, ap-
proximately 16% of the terminal branches split off from 
the maxillary artery distal to the sphenopalatine foramen, 
42% branch proximally and 42% branch through separate 
foramina  10. In 75 cadaveric specimens, Simmen showed 
that in 97% of the samples the sphenopalatine artery had 
2 or more branches exiting the lateral nasal wall, 67% had 
3 or more branches, 35% had 4 or more branches, 3% had 
1 single trunk and 1% had 10 branches 7. A representative 
example of the sphenopalatine artery is shown in Fig. 1.
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Another common and useful landmark for the identi-
fication of the sphenopalatine foramen is the ethmoid 
crest or crista ethmoidalis (CE), (Fig.  2). In a study by 
Rezende, the crista ethmoidalis was found in 96% of ca-
daveric specimens, and was located just anterior to the 
SPF in most cases  11. Similar to other aforementioned 
studies, they found that 43% of specimens had accessory 
foramina. Similarly, Padua showed that the crista ethmoi-
dalis was anterior to the sphenopalatine foramen in 98% 
of specimens 12. In this latter study, the SPF was located 
between the middle meatus and the superior meatus in 
87% of specimens, and at the superior meatus in 13%. In 
Padua’s study accessory foramina were present in 10% of 
specimens. These studies suggest that, in fact, the most re-
liable localizer for the SPF is the crista ethmoidalis; how-
ever, the frequency of multiple foramina and branches is 
significant; thus, the surgeon should anticipate their pres-
ence 12.

Initial management
The initial evaluation of the patient presenting with 
epistaxis should focus on evaluating the stability of the 
airway, initial control of the bleeding and stabilization of 
vital signs with fluid replacement or blood transfusions. In 
a patient with severe uncontrolled epistaxis, the need for 
intubation or even a surgical airway, albeit rare, must be 

considered. If the airway 
is deemed stable, non-
surgical approaches for 
haemostasis should first 
be attempted. Local vaso-
constrictors (i.e. epineph-
rine), either topical and/or 
injected, may assist with 
haemostasis. If the site 
of bleeding is visible, its 
cauterization may be pos-
sible. Posterior epistaxis 
is usually quite brisk, and 
also due to its inherent 
position in the posterior 
nasal cavity, it is often dif-
ficult to pinpoint the lo-
cation of bleeding. In the 
surgical theatre, however, 
Thornton et al.  13 were 
able to identify the loca-
tion of posterior epistaxis 
in 36 of 43 cases. Of these, 
20% were located on the 
posterior nasal septum, 
and 80% of those were lo-
cated on the lateral aspect 
of the middle or inferior 

turbinates or the lateral aspect of the middle or inferior 
meatus. It should be noted that all identified sites were lo-
cated within the distribution of the sphenopalatine artery. 
Intraoperatively, anaesthesia-induced hypotension and/or 
elevation of the head of the bed may decrease bleeding; 
thus, potentially facilitating the identification and control 
of the bleeding site.
Any surgical intervention requires prior stabilization of 
the patient and control of bleeding. If the patient had pre-
viously been treated (commonly by a non-otolaryngolo-
gist), the patient may present with posterior packing al-
ready in place. In the hands of a non-specialist, posterior 
packing is efficacious in approximately 70% of cases 14. 
In the untreated patient, a posterior nasal pack using tra-
ditional tonsil packs with ribbon-gauze coated with anti-
biotic ointment, expandable sponges such as the Merocel 
Pope nasal packing (Medtronic ENT, Jacksonville, FL, 
USA), Rapid Rhino (Applied Therapeutics, Tampa, FL, 
USA) Epistat, Postpac (Medtronic ENT, Jacksonville, FL, 
USA) or any of the multiple available balloon-packing de-
vices may be effective. Topical haemostatic compounds 
such as a mixture of gelatin and thrombin (e.g. Floseal, 
Baxter Healthcare Corp., Deerfield, IL, USA) has been 
shown to be effective in anterior epistaxis 15, but it has not 
been properly assessed for posterior bleeds; thus, it is not 
advocated in the setting of posterior epistaxis where a spe-
cific site of bleeding cannot be identified.

Fig. 2. Right ethmoid crest. Yellow arrow pointing to crista ethmoidalis. Red dashed arrow showing the path of the 
internal maxillary before it divides in to the sphenopalatine and posterior nasal arteries.
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There have been multiple studies comparing the various 
types of nasal packing for anterior bleeds, but unfortu-
nately, there are relatively few studies looking at com-
parisons between various posterior nasal packings. In a 
comparison study by Callejo 16, classic tetracaine-coated 
gauze packing was compared to a bi-chambered pneumat-
ic packing device. They found that the classic packing was 
less expedient, and less comfortable, but was associated 
with fewer episodes of re-bleeding (17% against 28%, re-
spectively) and less expensive (€ 1327 vs. € 1648).
Posterior packing is associated with its own set of specific 
complications, such as the naso-vagal reflex that can trig-
ger cardiac dysfunction or respiratory arrest 17. In addition, 
packing may be inadvertently swallowed or aspirated if 
not adequately secured 18. Conversely, if the packing is se-
cured too tightly, it may lead to alar, columellar or septal 
necrosis 19. Due to the possible compressive ischaemia of 
nasal structures, we advocate to avoid bilateral posterior 
packing whenever possible, and to routinely deflate the 
cuff of balloon occlusive devices to allow septal blood 
flow.
If a Foley balloon-type device (i.e. any inflatable balloon) 
is used for posterior packing, air is not suitable for in-
flating the balloon. Rashid showed that Foley catheters 
inflated with air deflated within approximately 48  hr  20; 
therefore, saline or sterile water should be utilized for bal-
loon inflation.
We recommend utilizing antibiotics while the posterior 
packing is in place, even though prophylactic antibiot-
ics have not been shown to decrease infectious compli-
cations 21. However, rare complications such as infective 
endocarditis and spondylodiscitis have been reported in 
patients with posterior nasal packing who were not cov-
ered with systemic antibiotic prophylaxis 22.
Once the bleeding is controlled, all contributing fac-
tors that may be exacerbating the epistaxis should be 
addressed. These may include co-morbidities such as 
coagulopathies (congenital or acquired), hypertension, 
maxillofacial trauma, recent endonasal or orthognathic 
surgery and history of hereditary hemorrhagic telangiec-
tasia (HHT). Basic laboratory studies (including complete 
blood count, chemistry panel, platelet count, prothrombin 
time and partial thromboblastin time) should be obtained 
during initial workup. Consider blood transfusion if hae-
moglobin is noted to be significantly low (this varies ac-
cording to patient’s cardiovascular reserve, comorbidities, 
symptoms and regional practices). These contributing fac-
tors should be addressed prior to any operative interven-
tion whenever feasible.
There are specific clinical scenarios that deserve special 
consideration. In patients with hereditary hemorrhagic 
telangiectasia (HHT), an autosomal dominant disorder re-
sulting in localized vascular malformations, these malfor-
mations may extend posteriorly, and their acute manage-
ment includes surgical cauterization or angiography and 

embolization. Ligation of the arteries is rarely performed 
as this precludes the possibility of angiography and em-
bolization and due to the nature of the disease, and the 
benefits of the surgery are short-lived. The possibility of 
a primary or metastatic tumour causing the epistaxis may 
also need to be addressed with thorough history and phys-
ical examination and possibly further imaging studies. In 
any adolescent male patient, the possibility of a juvenile 
nasopharyngeal angiofibroma should also be considered.
A history of recent maxillofacial trauma, or recent en-
donasal or orthognathic surgery, poses the possibility of 
an arterial injury or a pseudoaneurysm. This latter lesion 
results from an incomplete tear a major artery, causing 
bleeding from the artery into the arterial adventitia, result-
ing in a localized haematoma with a continued connec-
tion to the offending artery. Pseudoaneurysms are usually 
unresponsive to nasal packing (immediate re-bleeding 
upon packing removal). They may arise from any sinona-
sal artery, but the arteries most commonly involved after 
orthognathic surgery are the internal maxillary artery and 
the sphenopalatine artery 2. The treatment for a pseudoa-
neurysm is arterial selective embolization 2.

Surgery
After haemodynamic stabilization, the patient is taken to 
the operative suite. As previously discussed, anaesthesia-
controlled hypotension and/or elevation of the head of 
the bed decreases the bleeding, and potentially facilitates 
localization of the offending bleeding site. Any previous 
nasal packing is removed and a thorough nasal endos-
copy is performed to identify the specific site of bleed-
ing. Some common locations for bleeding include the 
spheno-ethmoid recess, turbinates, middle meatus and the 
septum. If a bleeding site is identified, it may be directly 
cauterized. Local cauterization has the advantage of re-
quiring no packing, and is associated with shorter hospi-
tal stay and greater patient comfort 23. Direct cauterization 
may also be conducted under topical or local anaesthesia. 
A potential disadvantage of this technique include a lower 
success rate than formal sphenopalatine artery ligation 
(mostly due to inadequate identification of the bleeding 
site).
Some propose attempting a local cauterization of bleed-
ing sites in cases of posterior epistaxis  23 under general 
or local anaesthesia, by first visualizing the various sites 
of possible bleeding including the posterior aspect of the 
lateral wall of inferior meatus; posterior part of lateral na-
sal wall near the sphenopalatine foramen; posterior end of 
inferior turbinate; the middle turbinate and its medial sur-
face; middle and posterior part of septum and floor of nose 
beneath the inferior turbinate  23. However, the preferred 
approach for surgical management of posterior epistaxis, 
in which a specific site is indisputably identified, is endo-
nasal endoscopic ligation of the sphenopalatine and pos-
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terior nasal arteries. The efficacy of this technique is de-
pendent on controlling the multiple, robust branches that 
the sphenopalatine and posterior nasal arteries give rise 
to. Indications for surgical ligation include the inability to 
place packing effectively due to an anatomical deformity, 
failure of non-surgical therapy, recurrent epistaxis, con-
traindications for embolization and patient preference. 
Contraindications for embolization include severe carotid 
atherosclerosis, prior external carotid or internal maxil-
lary artery ligation or bleeding from the anterior ethmoid 
artery (which arises from the ophthalmic artery, a branch 
of the ICA).
A cost analysis study by Dedhia 24, showed that first-line 
endonasal endoscopic sphenopalatine/posterior nasal 
arteries ligation results in a significant overall cost sav-
ings if ≥ 3 days of posterior nasal packing were required 
($  6,450 vs. $  8,246, respectively). Therefore, it is rec-
ommended that endonasal endoscopic sphenopalatine 
and posterior nasal artery ligation should be offered as an 
initial treatment option for medically stable patients diag-
nosed with posterior epistaxis 24.
Our preferred technique for endonasal endoscopic sphe-
nopalatine and posterior nasal artery ligation 25 26 involves 
performing a standard uncinectomy, with identification of 
the natural maxillary sinus ostium and its enlargement in-
feriorly (to the level of the inferior turbinate), superiorly 
(to the level of the orbit) and posteriorly (to be flush with 
the back wall of the antrum). Next, the sphenopalatine 
foramen is identified using all the previously discussed 
anatomical landmarks (posterior wall of the antrum, mid-
dle turbinate root, and crista ethmoidalis). Using a Freer 
or Cottle periosteal elevator, the mucoperiosteum over the 
ascending process of the pala-
tine bone is widely elevated to 
expose the sphenopalatine fo-
ramen and the sphenopalatine 
and posterior nasal arteries. 
Wide elevation is important to 
identify anatomical variants 
such as multiple foramina 
and/or multiple vessels tra-
versing the lateral nasal wall 
from the pterygopalatine fos-
sa. The vessels can frequently 
be controlled at this point ei-
ther with haemostatic clips 
or bipolar electrocautery. If 
necessary a longer segment of 
the arteries can be exposed by 
removing the anterior aspect 
of the sphenopalatine fora-
men (i.e. posterior nasal wall) 
using a Kerrison or Citelli 
rongeur; thus, following the 
arteries into the pterygopala-

tine fossa. It is important to dissect the sphenopalatine and 
posterior nasal arteries free from the posterior aspect of 
the SPF, as this will allow a complete clipping or cauteri-
zation of the arteries.
A concurrent anterior ethmoid artery (AEA) ligation 
along with the endonasal endoscopic ligation of the sphe-
nopalatine and posterior nasal arteries should be consid-
ered, if the site of bleeding is not known pre-operatively, 
if the patient’s history is unreliable, if packing was placed 
at an outside institution, or if there is no evidence of 
bleeding at the time of surgery (unidentified site of bleed-
ing). AEA ligation has a low morbidity, and should be 
strongly considered if the patient has been referred for 
definitive treatment from a region distant from the hos-
pital. Approaches for AEA ligation include an external 
incision and dissection between the lamina papyracea and 
the periorbita with endoscopic assistance, and endonasal 
approach with bipolar cauterization of the AEA (Fig. 3). 
Identification of the anterior ethmoidal artery on coronal 
computed tomography is assisted with its location at the 
retro-bulbar level, or by utilizing the “nipple or pyramidal 
sign” (a triangular evagination of the lamina papyracea 
between the superior oblique and medial rectus muscles) 
(Fig. 4). It has been shown that 36% of anterior ethmoidal 
arteries were located in a mesentery, and 20% could be 
clipped endoscopically 27. However, an external approach 
is safer to access the AEA. A small naso-orbital incision 
provides access to the periorbita, which is incised and 
elevated under endoscopic visualization. Following the 
frontoethmoidal suture leads to the ethmoidal foramina, 
located an average of 24 mm from the lacrimal crest. In 
turn, the posterior ethmoid artery (PEA) is located 12 mm 

Fig. 3. Endoscopic view of left nasal cavity. Orbital decompression with lamina papyracea bone (LP) removed. 
This specimen shows a middle ethmoidal artery.
AE: anterior ethmoid artery; ME: middle ethmoid artery; PE: posterior ethmoid artery/
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posterior to the anterior ethmoidal artery, and the optic 
canal is located 6 mm posterior to the posterior ethmoid 
artery. After surgical control is achieved, silicone septal 
splints are placed if there was excessive trauma to the 
mucosa or if there is a possibility of post-operative nasal 
synechiae.
In a retrospective review, Kumar showed that the overall 
mean success rate of sphenopalatine artery ligation in 11 
case series including 127 patients was 98% (range 92-
100%)  28. In a retrospective study of 678 patients, Soy-
ka 5 showed that the successful treatment in patients with 
posterior epistaxis could be achieved in 62% by packing 
(Foley + fat-gauze), and in 97% by surgery. Despite the 
high success rate of arterial ligation, there is still the pos-
sibility of failure. Possible reasons for recurrent bleeding 
include failure to ligate all terminal branches of the sphe-
nopalatine artery, dislodged clips, bleeding diatheses, the 
development of collateral blood vessels or unrecognized 
AEA bleeding sites.
In a recent prospective study by Nikolaou 29, it was shown 
that surgery was the most cost effective and least pain-
ful treatment regimen for posterior epistaxis. Their treat-
ment regimen consisted of placement of either a Rapid 
Rhino 7.5  cm packing or balloon packing for posterior 
epistaxis, followed by endonasal endoscopic sphenopala-
tine and posterior nasal artery ligation for patients that 
had further bleeding upon removal of the packing. In this 
study of 61 patients (45 with anterior epistaxis, 16 with 
posterior epistaxis), they showed that the median visual 
analogue scale for the evaluation of pain (VAS score) for 
Rapid Rhino packing, surgery and balloon packing was 
6.0, 3.0 and 7.5, respectively. The median costs of treat-

ment for 96 patients were calculated, and were found to 
be approximately the same for patients with Rapid Rhino 
packing and surgery (10,192 Swiss Francs), balloon pack-
ing and surgery (10,192 Swiss Francs) and surgery alone 
(10,269 Swiss Francs). Overall, their findings suggested 
that surgery is less troublesome to the patient, and does 
not increase the costs of treatment. This technique has al-
so been shown to be efficacious and safe in the paediatric 
population 30.
After control of the posterior epistaxis is achieved, ap-
propriate postoperative care is needed. Elevate the head 
of the bed, avoid hypertension, provide appropriate an-
algesia and promote aggressive nasal hygiene. Nasal 
hygiene includes saline nasal sprays, saline irrigations, 
use of oxymetazoline and/or a nasal sling. The patient 
should follow-up in clinic 5-7 days after surgical in-
tervention for removal of silicone splints, if they were 
placed.
If endonasal endoscopic sphenopalatine and posterior na-
sal arteries ligation is not successful, a transantral internal 
maxillary artery (IMAX) ligation or angiography with 
embolization may be considered. Further, if IMAX liga-
tion is not successful or angiography with embolization 
is not available, an external carotid artery ligation may be 
considered. It should be noted that this is a last resort, as 
a retrospective review conducted by Spafford 31 showed a 
high rate of re-bleeding with external carotid artery liga-
tion (45%), but showed that IMAX ligation was success-
ful in 90% of patients.
Embolization is an alternative option for posterior 
epistaxis, and is our preferred intervention for recurrent 
epistaxis after a seemingly adequate endonasal endo-
scopic sphenopalatine and posterior nasal artery liga-
tion. Angiographic embolization was first described for 
posterior epistaxis in 1974 by Sokolof 32. Possible candi-
dates for embolization include patients with HHT (Os-
ler-Weber-Rendu) syndrome, bleeding tumours, poor 
surgical candidates or if the patient chooses it. Bleeding 
during transphenoidal or maxillofacial surgery should 
be considered for endovascular management due to pos-
sible internal carotid artery injury or pseudoaneurysm 
formation  33. Possible minor complications of angiog-
raphy include trismus, facial pain, facial paresthesia 
or haematoma. Possible major complications include 
cerebrovascular accident, internal carotid artery dissec-
tion, blindness, necrosis or facial paralysis. In a retro-
spective review of 70 patients, Christensen found that 
86% of their cases had minor or no complications after 
embolization, and were discharged within 24 hours  34. 
A major re-bleed, requiring surgical intervention, oc-
curred within 6 weeks of embolization in 13% of these 
patients, and one patient had a significant cerebrovascu-
lar accident. Also of note, this study showed that the av-
erage cost of hospitalization in the respective institution 
was $  18,000 per patient with epistaxis, and the cost 

Fig. 4. Coronal cut of CT image showing “nipple sign” at the level of entry 
(white arrow) of the anterior ethmoid artery into the nasal cavity.
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my of the pterygopalatine fossa and the transpterygoid ap-
proach. Laryngoscope 2008;118:44-9.

10 Schartzbauer HR, Shete M, Tami TA. Endoscopic Anatomy 
of the sphenopalatine and posterior nasal arteries: Implica-
tions for the endoscopic management of epistaxis. Am J Rhi-
nol 2003;17:63-6.
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12 Padua FG; Voegels RL. Severe posterior epistaxis - endo-
scopic surgical anatomy. Laryngoscope 2008;118:156-61.

13 Thornton MA, Mahesh BN, Lang J. Posterior epistaxis: 
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2005;115:588-90.
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17 Fairbanks DN. Complications of nasal packing. Otolaryngol 
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pack: a rare but serious complication of the management of 
epistaxis. J Laryngol Otol 2004;118:372-3.

19 Civelek B, Kargi AE, Sensöz O, et al. Rare complication of 
nasal packing: alar region necrosis. Otolaryngol Head Neck 
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of embolization was an average 
of $  11,000  34. In a retrospec-
tive study by Cohen, 19 patients 
underwent endovascular embo-
lization with no minor or major 
complications, and an average 
hospital stay of 11.1 days 35. As 
previously mentioned, in any 
adolescent male patient, the pos-
sibility of a juvenile nasopharyn-
geal angiofibroma should also 
be assessed. In these patients, 
embolization via angiography is 
usually utilized prior to surgical 
resection 33.
Given the various presentations 
and possible sources of bleeding 
in a patient with posterior epistax-
is, we propose the following di-
agnostic workup and treatment 
(Fig. 5) to optimize the manage-
ment of posterior epistaxis.

Conclusion
Ligation of the sphenopalatine and posterior nasal arteries 
is a very effective treatment for severe posterior epistaxis. 
Concomitant anterior ethmoidal artery ligation may be 
more effective than sphenopalatine artery/posterior na-
sal artery ligation alone. Surgical intervention of poste-
rior epistaxis provides a low-morbidity and cost-effective 
treatment. We present a flow diagram for management of 
posterior epistaxis.
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SummAry

Differentiated thyroid cancers may be associated with regional lymph node metastases in 20-50% of cases. The central compartment (Vi-
upper Vii levels) is considered to be the first echelon of nodal metastases in all differentiated thyroid carcinomas. The indication for central 
neck dissection is still debated especially in patients with cn0 disease. For some authors, central neck dissection is recommended for lymph 
nodes that are suspect preoperatively (either clinically or with ultrasound) and/or for lymph node metastases detected intra-operatively with 
a positive frozen section. in need of a better definition, we divided the dissection in four different areas to map localization of metastases. 
in this study, we present the rationale for central neck dissection in the management of differentiated thyroid carcinoma, providing some 
anatomical reflections on surgical technique, oncological considerations and analysis of complications. Central neck dissection may be 
limited to the compartments that describe a predictable territory of regional recurrences in order to reduce associated morbidities.

Key worDS: Thyroid cancer • Central neck dissection

riASSunTo

I tumori differenziati della tiroide possono essere associati a metastasi linfonodali regionali nel 20-50% dei casi. Il compartimento centrale 
(VI livello – VII livello superiore) è considerato la prima sede di metastasi linfonodali in tutti i carcinomi tiroidei differenziati. L’indica-
zione per la dissezione del centrale (CND) è ancora in discussione soprattutto in pazienti cN0. Per alcuni autori, la dissezione centrale 
è raccomandata solo in pazienti sospetti preoperatoriamente (clinicamente o alla ecografia) e/o per metastasi linfonodali rilevate intra-
operativamente. Per una migliore definizione abbiamo diviso la dissezione in quattro diverse aree per mappare la localizzazione delle 
metastasi. In questo studio presentiamo il razionale per la dissezione centrale del collo in pazienti affetti da carcinoma differenziato della 
tiroide, fornendo alcune considerazioni anatomiche sulla tecnica chirurgica, considerazione oncologiche e l’analisi delle complicanze. 
La dissezione centrale del collo potrebbe essere limitata ai compartimenti che descrivono un’area prevedibile di recidive locali, al fine di 
ridurre la morbilità.

PArole ChiAVe: Carcinoma della tiroide • Svuotamento centrale del collo

Acta Otorhinolaryngol Ital 2014;34:9-14

Introduction
Differentiated thyroid cancers generally have a very good 
prognosis, with a 10-year survival rate greater than 90% 1. 
However, lymph node metastases are frequent (20-50%) 2, 
and up to 15% of patients will develop a regional recur-
rence after total thyroidectomy 3. The prognostic value of 
nodal metastases is controversial: some Authors consider 
their presence predictive of local disease recurrence 4-11, 
but overall disease-specific survival does not seem to be 
adversely affected. Loco-regional metastasis to the cervi-
cal lymph node network can take place in one or more 
of the levels originally described by Robbins  12. Cervi-
cal lymph node levels VI and the upper part of VII, most 
commonly known as the central compartment, are often 

involved in thyroid malignancy. This anatomical district 
is considered to be the first echelon of nodal metastases in 
all thyroid carcinomas 13.
The most important morbidities associated with central 
neck dissection (CND) consist of recurrent laryngeal 
nerve damage and hypocalcaemia related to parathyroid 
hypo-function or to accidental parathyroidectomy. The 
incidence of surgical complications is variable, surgeon- 
and centre-dependent, and correlates with pathological 
features of the tumour. It is important to keep in mind 
the data available in the most current scientific literature: 
transient hypocalcaemia has been reported with an inci-
dence of up to 30% 14, while recurrent laryngeal nerve in-
jury has been observed with an incidence of in 1-3% 15 16.
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Complications are an unpleasant, and sometimes unavoid-
able, which are a reality of intense surgical activity. Mini-
mization of their incidence can only come from accurate 
knowledge of the relevant surgical anatomy, standardized 
and careful surgical techniques and clear therapeutic in-
dications.
In the latest guidelines published by the European Thy-
roid Association (ETA)  17, compartment-oriented micro-
dissection (CND) of lymph nodes is recommended for 
lymph nodes that are suspect preoperatively and/or lymph 
node metastases detected intra-operatively with a positive 
pathologic examination  18. The rationale for this recom-
mendation is based on the evidence that radical primary 
surgery has a favorable impact on survival in high-risk pa-
tients, and on the recurrence rate in low-risk patients 19-21.
The American Thyroid Association (ATA) Surgery Work-
ing Group in collaboration with the AAES, AAO-HNS 
and the AHNS recently published a consensus statement 
on the Terminology and Classification of central neck 
dissection for thyroid cancer  22. These guidelines were 
formulated in response to inconsistencies in the terminol-
ogy pertaining to central neck dissection in the current 
scientific literature. While the terminology may now be 
standardized, controversy remains surrounding treatment 
indications for CND in papillary thyroid carcinoma.
With a view to maximizing disease-free survival and min-
imizing morbidity, in this paper the Authors provide some 
technical considerations for CND, as this is often a site of 
persistent disease or subclinical node involvement.

Materials and methods

Anatomical considerations
The central compartment is composed of level VI and 
the upper part of level VII (Fig. 1). The VI level (or the 
anterior neck compartment) is defined as the anatomical 
area between the hyoid bone, supra-sternal notch and ca-
rotid arteries (bilaterally); it includes the peri-thyroidal 
paralaryngeal, paratracheal (in the tracheo-esophageal 
groove), pretracheal and prelaryngeal (or Delphian) 
nodes. The VII level contains the upper anterior medias-
tinal lymph nodes found above the innominate (brachio-
cephalic) artery 23.
The peri-glandular lymphatic network and tracheal plexus 
provide drainage of the thyroid gland to the pre-laryngeal, 
pre- and para-tracheal lymph nodes. Laterally, lymphatic 
vessels along the superior thyroid vessels drain to the 
deep cervical nodes, and additional drainage is provided 
by the brachiocephalic nodes in the superior mediastinum 
towards the tracheo-bronchial nodes and ultimately to the 
thoracic duct.
Most studies show that metastatic lymph nodes are situ-
ated in the lateral neck (II III IV levels), and central neck 
nodes (VI VII levels); I and V levels are of less frequent 
localization 24-27. Lateral neck nodes are usually identified 

both with clinical evaluation and/or ultrasound scan, while 
central neck nodes often bear subclinical metastasis.
For this reason, adequate removal of central neck lymph 
nodes should include: 1)  lymph nodes along the midline 
(linea alba) between the strap muscles; 2) lymph nodes pre-
sent between the major neurovascular bundles of the neck.
It is possible to delineate four areas (or sub-compart-
ments) where the clinically most important lymph nodes 
are usually found, starting from the classification recently 
described by Orloff  28 (Figs.  2,  3). These sub-compart-
ments may be described in detail as containing the fol-
lowing structures:
Area A: the delphian and pre-thyroidal lymph nodes in-
cluded in the adipose tissue present in a medial sub-plat-
ysmal space that develops from the median fascial folds. 
This area corresponds to the region of the neck commonly 
defined as the muscular linea-alba and is superficial to the 
thyroid capsule and cartilage.

Fig. 1. Standard classification for neck node levels.

Fig. 2. Central neck sub-compartment. The author’s classification.
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Areas B/D: deep lymph nodes contained in the adipose 
tissue on the right (B) and left side (D) respectively; they 
are bound laterally by the neuro-vascular bundle of the 
neck, medially by the trachea, posteriorly by the oesopha-
gus, anteriorly by each lobe of the thyroid, cranially by 
the horizontal line delimited by the entrance point of the 
recurrent laryngeal nerves into the cryco-thyroid mem-
brane and inferiorly by the brachiocephalic (innominate) 
trunk.
Area C: deep pre-tracheal nodes present in the adipose 
tissues bound superficially by the strap muscles, the pre-
tracheal fascia at its deepest point, cranially by the thyroid 
isthmus and caudally by the brachiocephalic (innominate) 
trunk.

Oncological considerations
There is a general consensus with regards to the treatment 
of clinically-evident neck metastases in PTC patients 2. In 
contrast, the benefits of prophylactic, en-bloc, CND are 
still controversial 29-40.
Factors supporting prophylactic CND are: 1)  accurate 
staging of disease to plan the best treatment and follow-
up; 2) changing radioiodine treatment indication or dos-
ing; 3)  decreased rates of local recurrence and the po-
tential morbidity of reoperation  5  8  9  26; and 4)  possible 
improvement in overall survival 30 31.
Factors against CND are: possible side-effects of dissec-
tion, primarily transient or permanent hypocalcaemia re-
lated to parathyroid gland damage and recurrent laryngeal 
nerve injury and overtreatment in N0 patients.
The literature offers no definitive evidence that CND im-
proves both overall survival and disease-free survival. In-
deed, most studies are limited to retrospective analysis of 

case series. A common bias is the insufficient stratification 
of nodal involvement according to primary tumour size 
and overall stage. The indolent course of disease progres-
sion 41 is an important obstacle to the evaluation of treat-
ment efficacy and recurrence. Finally, most practitioners 
do not perform a true CND: sometimes lymphadenectomy 
is limited to the peri-glandular, pre-tracheal, pre-laryngeal 
and delphian nodes without dissection above the thyroid 
cartilage all the way to the hyoid bone  23. For all these 
reasons, the need and the extent of prophylactic CND ac-
cording to the tumour size and localization are still a mat-
ter of debate.

Surgical technique
A recent report in the literature provides one of the first 
attempts to give a standard and rational description of the 
surgical technique for central neck (or central compart-
ment) dissection 42. Lymphadenectomy can be performed 
either unilaterally (A-B-C/A-D-C areas), or bilaterally 
(A-B-C-D), (Figs. 2, 3).
We perform a standard Kocher incision. The skin flaps are 
raised and the strap muscles are dissected and separated 
to maximize lateral retraction. Visualization of the medi-
an inter-muscular line allows identification of area A (the 
delphian and pre-laryngeal lymph nodes anterior to the 
cryco-thyroid membrane.) leaving the loose fibro-fatty 
glandulo-stromal tissue adhering to the thyroid capsule.
After isolation and dissection of the strap muscles on the 
right side and thus removing the A area, the homolateral 
hemi-thyroid is visualized, the middle thyroid vein is li-
gated and the carotid fascia is isolated. Progressing cra-
nially, the superior pole vasculature is ligated preserving 
the superior parathyroid gland in situ along with its pri-
mary blood supply from the superior branch of the infe-
rior thyroid artery. The inferior thyroid artery is identified 
and ligated terminally after it branches to the parathyroid 
gland. The inferior thyroid artery allows identification 
of the recurrent laryngeal nerve in its medial and lateral 
branches which are visualized and preserved (the nerve 
may follow a different path, above, below or in between 
the arterial branches). Superior retraction of the thyroid 
gland allows removal of compartment B from the medial 
aspect of the common carotid artery to its origin at the 
branching point of the innominate trunk. The dissection 
proceeds in its deepest portion from lateral to medial, de-
taching the glandulo-stromal tissue from the oesophageal 
musculature and the lateral aspect of the trachea, taking 
great care to preserve the branches of the sympathetic cer-
vical plexus and the recurrent laryngeal nerve. The most 
caudal portion of the compartment (Area C) from the 
thymus gland and the innominate trunk is dissected after 
ligation of the inferior thyroid veins and eventually IMA 
by the innominate trunk, until the left tracheal margin is 
reached. The right hemi-thyroidectomy is completed en-
block with lymph node compartments B and C after sec-

Fig. 3. View of surgical specimen: thyroid gland and central compartment 
nodes.
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tioning Berry’s ligament and releasing the isthmus from 
the pre-tracheal fascia.
The B area and the D area differ in some anatomical 
asymmetries and thus can lead to changes in the surgical 
approach, but procedures are the same: after left hemithy-
roidectomy, compartment D is dissected and removed 
with preservation of the left parathyroid glands, ligation 
of the inferior thyroid arteries, and identification and pres-
ervation of the left recurrent laryngeal nerve in the tra-
cheo-oesophageal recess as described for the right side. It 

is important to remember the virtual line extending from 
the brachio-cephalic trunk on the right side to the carotid 
artery on the left, which delineates the inferior boundary 
of the central compartment to be dissected and removed.

Results
Between April 2010 and December 2011, 65 patients, 16 
(24.6%) males and 49 (75.4%) females with a median age 
51 years old (26-82 years), underwent total thyroidectomy 
and CND with the new technique of 4 areas (A, B, C, D) 
for papillary thyroid cancer, according to the guidelines 
currently used at IEO, and were included in this prelimi-
nary study.
CND was performed simultaneously during total thyroid-
ectomy. Written informed consent was obtained for surgi-
cal options from all patients. The clinical, pathological and 
follow-up characteristics of patients are shown in Table I.
A total of 601 lymph nodes from central compartment (A, 
B, C, D areas) were removed in the first 65 patients. Of 
these, 44 lymph nodes were from A area, 218 from B, 
145 from C and 194 from D. The number of metastases 
were 11 in A, 42 in B, 42 in C and 34 in D. The mean of 
removed lymph nodes was 9 with a range between 1 and 
22. Before using the new technique in IEO we previously 
had a mean of 4 lymph nodes from each patient.
In 64 (98.5%) patients, the analysis of nodal spreading 
showed an homolateral nodal diffusion (B if right, D if 
left) and/or central (A and C) lymph nodal diffusion when 
T disease arises within each lobe. Lesions from isthmus 
had wide diffusion, involving both sides and indifferently 
any areas. One (1.5%) patient had a contralateral nodal 
spread.
A more recent update of our data showed that from April 
2010 to March 2012 167 patients underwent CND of the 
four areas. Of these, 122 (73%) were total thyroidecto-
my (TT), of which 101 (83%) were carcinomas. In 122 
patients undergoing total thyroidectomy, only 2 patients 
(3.1%) had metastases in a contralateral side.

Discussion
CND is currently performed for patients with pathologi-
cal nodes that are clinically apparent at diagnosis. It is 
clear from the available scientific literature and from the 
approach taken in multiple major clinical centres world-
wide that CND and the central compartment of the neck 
are not one and the same. As recently pointed out 23 43 44, 
CND should be limited, in an effort to reduce the associ-
ated morbidity, to the compartments that describe a pre-
dictable territory of regional disease presentation. Our 
clinical experience is congruent with the consensus rec-
ommendation to remove all four areas of the central neck 
in patients with cN1 disease. The decision to perform a 
prophylactic CND in patients with cN0 disease should be 

Table I. Clinical, pathological and follow-up characteristics of patients who 
received total thyroidectomy and central neck dissection for differentiated 
thyroid cancer (n = 65).

Characteristics Value (%)
Age (years)
Median (range) 51 (26-82)
Sex
Male 16 (24.6)
Female  49 (75.4)
Tyr
4 19 (29.2)
5 46 (70.8)
Lateral Neck Dissection
No 48 (73.9)
Monolateral 16 (24.6)
Bilateral 1 (1.5)
Histology
Papillary 65 (100)
Multifocality/multicentricity
Yes 28 (43.1)
Pathological tumour stage
T1a 15 (23.1)
T1b 15 (23.1)
T2 3 (4.6)
T3 26 (40.0)
T4a 6 (9.2)
Pathological neck stage
No 29 (44.6)
N1a 20 (30.8)
N1b 16 (24.6)
Post surgery complications
Yes 37 (56.9)
Transient hypocalcaemia 26 (40.0)
Permanent hypocalcaemia 6 (9.2)
Transient recurrent nerve paresis 8 (12.3)
Permanent recurrent nerve paresis 0 (-)
Local infection 1 (1.5)
Other 2 (3.1)
Follow-up (months)
Median (range) 16 (1-31)
Status at last clinical visit
Alive with no evidence of disease 65 (100)
Type of relapsed
Lateral neck 1 (1.5)

* Dysphagia, lymphorrhoea.
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taken into account not only for T3 and T4 tumours, but 
also for all lesions above 1 cm in diameter, because com-
plete pathological examination of central neck nodes can 
change both the tumour stage and therapeutic approach, 
especially for small tumours. In fact, pT1 tumours with 
central node metastasis (pT1pN1) are usually submitted 
to radioiodine treatment, while larger tumours such as 
pT2 without nodal involvement can avoid it 43 44.
For patients with DTC, neck ultrasound is the most im-
portant imaging technique for pre-operative assessment 
of non-palpable lymph node metastasis, but diagnostic 
accuracy in central neck disease is lower than that for 
lateral node disease, even in skilled hands  24. CND can 
overcome the shortcomings of diagnostic techniques. For 
early stage non-multifocal tumours (T1-T2), we advocate 
hemi-thyroidectomy plus selective lymphadenectomy of 
the ipsilateral compartments (A+B+C or A+D+C, Fig. 3), 
because we found contralateral nodal metastasis only 
in more advanced or multifocal diseases. In the first 20 
months of our experience, the approach seems to be very 
promising to obtain up a lymphatic drainage map from 
each tumour localization, and to assess the genuine prog-
nostic value of nodal metastases and micrometastases. 
These very preliminary data must be validated by further 
ongoing studies, and currently represent an active area of 
prospective clinical research in our Institute.
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Cervical metastasis on level IV in laryngeal cancer
Metastasi latero cervicali al livello IV nei carcinomi della laringe
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SummAry

The presence of cervical metastasis has substantial negative impact on survival of patients with laryngeal cancer. Bilateral elective selective 
neck dissection of levels ii, iii and iV is usually the chosen approach in these patients. however, there is significant morbidity associated 
with level iV dissection, such as phrenic nerve injury and lymphatic fistula. The objective of the present study was to evaluate the frequency 
of metastatic nodes in level iV in clinically T3/T4n0 patients with laryngeal cancer. The pathological reports of 77 patients with clinically 
T3/T4n0 laryngeal squamous cell carcinoma were reviewed. Patients underwent bilateral lateral neck dissection from January 2007 to no-
vember 2012. The surgical specimens were subdivided in levels before evaluation. There were 12 patients with neck metastasis (15.58%). 
in 3 cases (3.89%), there were metastatic lymph nodes in level iV, all T4 and with ipsilateral metastasis. in conclusion, the incidence of 
level iV metastasis was 3.89%, an in all patients was staged as T4.

Key wordS: Laryngeal neoplasms • Neck dissection • Lymphatic metastasis • Squamous cell carcinoma • Neoplasm staging

riASSunTo

La presenza di metastasi laterocervicali ha un impatto sostanzialmente negativo sulla sopravvivenza dei pazienti con tumori della laringe. 
Lo svuotamento laterocervicale elettivo selettivo dei livelli II, III e IV rappresenta di consuetudine l’approccio di scelta in questi pazienti. 
Tuttavia la morbidità associata allo svuotamento del IV livello non può essere trascurata per il rischio di danno del nervo frenico e di 
lesione del dotto linfatico. Obbiettivo del nostro studio è stato valutare la frequenza di metastasi linfonodali al livello IV in pazienti clinica-
mente T3/T4N0 affetti da carcinoma della laringe. Abbiamo esaminato retrospettivamente l’esame istopatologico definitivo di 77 pazienti 
stadiati clinicamente T3/T4N0 affetti da carcinoma della laringe. I pazienti furono sottoposti a svuotamento latero cervicale bilaterale nel 
periodo compreso fra il gennaio 2007 e novembre 2012. I pezzi istopatologici furono suddivisi in livelli prima di essere inviati in anatomia 
patologica. In 12 pazienti sono state riscontrate metastasi latero cervicali (15.58%). In 3 casi (3.89%), fu riscontrato un interessamento 
del IV livello, tutti i pazienti erano T4 con metastasi laterocervicali ipsilaterali al tumore. In conclusione nei pazienti clinicamente stadiati 
come T4 l’incidenza di metastasi latero cervicali al IV livello era del 3,89%.

PArole ChiAVe: Neoplasia laringea • Dissezione del collo • Metastasi laterocervicali • Carcinoma a cellule squamose • Stadio della 
neoplasia

Acta Otorhinolaryngol Ital 2014;34:15-18

Introduction

The presence of cervical metastasis has substantial nega-
tive impact on the survival of patients with laryngeal can-
cer. The appropriate dissection of cervical lymph nodes 
is important in the surgical approach for determination of 
pathological staging, indication of adjuvant treatment and 
definition of prognosis 1.
In patients with squamous cell carcinomas of the larynx 
clinically staged as N+, the goal of surgical management 
is the total removal of the primary tumour with thera-

peutic neck dissection. However, the treatment strategy 
for clinically N0 patients is still controversial. Bilateral 
elective selective neck dissections including levels II, 
III and IV are usually indicated. Nonetheless, there is 
important morbidity associated with level IV dissection, 
such as phrenic nerve injury and lymphatic fistula fol-
lowing thoracic duct injury (when the left level IV is 
involved) 2.
Due to these potential complications, some Authors have 
analyzed the need for inclusion of level IV in neck dis-
sections in patients with T3/T4N0 laryngeal cancer. It has 
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been reported that the incidence of level IV metastasis is 
less than 4% 3-6.
The objective of this study was to evaluate the frequency 
of metastatic nodes in level IV in patients with clinically 
T3/T4N0 laryngeal cancers who underwent bilateral elec-
tive selective neck dissection of levels II, III and IV.

Methods
This is an observational study of pathological reports of 
77 patients with clinically T3/T4N0 laryngeal squamous 
cell carcinoma. Patients underwent bilateral elective se-
lective lateral neck dissection (levels II, III and IV) over 
a period of 5 years (January 2007 to November 2012) at 
Hospital das Clínicas of São Paulo School of Medicine, 
University of São Paulo (HC-FMUSP) and at Institute of 
Cancer of São Paulo (ICESP). The exclusion criteria were 
insufficient clinical information, previous treatment with 
radiotherapy or chemotherapy and oncologic diagnoses 
other than squamous cell carcinoma of the larynx.
Surgical specimens were subdivided in levels before be-
ing sent to the pathologist. The presence of lymph node 
metastasis in level IV and in the other dissected levels was 
studied using H-E stain.

Results
Of the 77 patients, there were 7 (9%) women and 70 men 
(90%). The average age was 58.8 years, ranging from 38 to 
82. Twenty-eight cases were T3 (35.8%) and 50 were T4 
(64.2%). The primary tumour subsites were 13 supraglot-
tic (16.8%), 42 glottic (45.5%) and 22 transglottic (28.5%).
There were 12 patients with neck metastasis (15.58%). 
In 3 cases (3.89%), there were metastatic lymph nodes in 
level IV, 2 from transglottic tumours and one in a case of 

supraglottic tumour. All 3 cases had T4 tumours and all 
metastases were ipsilateral to the primary tumour. In one 
of these, there were simultaneous metastases in level III, 
ipsilateral to the primary tumour (Table I).

Discussion
Cervical lymph nodes metastases are one of the most sig-
nificant prognostic factors in patients with laryngeal can-
cer. The rationale for performing elective selective neck 
dissections is based on the predictable pattern of lym-
phatic spread of upper aerodigestive tract tumours 7. The 
first echelon of lymphatic drainage should be removed. 
If it does not harbour metastatic disease, the incidence of 
metastasis in other levels of the neck is believed to be ex-
tremely low. Elective dissection of lymph nodes at levels 
II-IV is indicated for patients with T3 and T4 laryngeal 
cancers. However, the need to remove level IV has been 
questioned. Furthermore, there is a possible risk for as-
sociated morbidity 4.
The patterns of cervical metastasis from laryngeal can-
cer were studied in 262 radical neck dissection specimens 
from 247 patients. Occult positive adenopathy was found 
in 37% of patients, mainly on levels II-IV, whereas only 
rarely were levels I (14%) and V (7%) involved 8.
Selective lateral neck dissection (levels II-IV) was pro-
spectively compared to type III modified radical neck dis-
section as part of elective treatment for patients with su-
praglottic and transglottic laryngeal cancer. After a mean 
follow-up of 42 months, no difference was found in the 
outcome between patients treated with either modality. It 
supports the use of lateral neck dissection as an effective 
treatment for patients with T2/T4 supraglottic and trans-
glottic cancer, which is the elective treatment of choice 
for patients with laryngeal cancer 9.

Table I. Staging characteristics of patients with neck metastases (n = 12).

Age (years) Subsite and T staging Level II Level III Level IV

66 Transglottic T4 1 (ipsilateral) 0 0

49 Supraglottic T4 0 0 1 (ipsilateral)

82 Transglottic T4 0 0 1 (ipsilateral)

52 Supraglottic T4 2 (ipsilateral) 1 (ipsilateral) 0

56 Transglottic T4 2 (ipsilateral) 1 (ipsilateral) 0

56 Transglottic T4 2 (ipsilateral) 2 (ipsilateral) 0

49 Glottic T3 1 (contralateral) 1 (contralateral 0

71 Supraglottic T4 1 (contralateral) 0 0

53 Glottic T4 1 (ipsilateral) 2 (1 ipsilateral and 1 
contralateral) 0

68 Glottic T3 1 (ipsilateral) 0 0

59 Glottic T3 4 (2 contralateral and 2 
ipsilateral) 0 0

69 Transglottic T4 0 1 (ipsilateral) 1 (ipsilateral)
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One hundred forty-five selective neck dissections were 
performed at levels II-III in 79 patients who were surgi-
cally treated for laryngeal carcinomas. A more extensive 
neck dissection that included levels IV-V was performed 
in all patients with nodal metastasis pathologically dem-
onstrated by intraoperative frozen section analysis. Patho-
logic assessment of neck dissection specimens revealed 
nodal metastasis at level IV in 2 patients (2.5%). After a 
follow-up of at least 24 months, no patients had regional 
recurrence 10.
Forty-two patients with supraglottic cancers and 29 with 
transglottic cancers were reviewed. Levels II-IV had been 
removed in all cases. Of 43 patients who underwent elec-
tive lateral neck dissection, one (2.3%) presented level IV 
metastasis – with simultaneous level II metastases. The 
authors recommend dissection of level IV as part of thera-
peutic neck dissection for patients with clinically enlarged 
lymph nodes. However, they consider the absence of de-
tectable adenopathy a challenge 4.
In a series of 155 N0 patients with supraglottic cancer, 
whose treatment consisted of an elective neck dissection 
limited just to level II, 10 patients (6.5%) experienced ip-
silateral neck recurrences after a minimum follow-up of 
5 years 11.
A prospective study of 142 lateral neck dissections in 73 
patients with laryngeal tumour and N0 neck evaluated 
the incidence of pathological metastases in level IV. Five 
necks had positive lymph nodes for microscopic metas-
tasis in level IV (3.5%), all of which were ipsilateral. 
Separate skip metastases in level IV lymph nodes were 
observed in two cases. Postoperative chylous leakage and 
phrenic nerve paralysis occurred in 5.5% and 2.7%, re-
spectively 12. In fact, potential damage to the major lym-
phatic vessels leading to chylous leakage and phrenic 
nerve paralysis are the two major complications associ-
ated with level IV dissection 5.
The results of our study further support a more selective 
approach, with dissection limited to levels II-III as the 
primary elective treatment of a clinically negative neck 
for patients with supraglottic and transglottic cancers. In 
spite of this, further prospective studies are necessary to 
determine its safety in the clinical setting. On the other 
hand, for patients with clinically positive adenopathy at 
higher levels (II-III), a more extensive neck dissection 
(modified radical neck dissection) would appear to be 
warranted.
The current clinical staging criteria fail to differentiate 
patients with occult metastases from those without metas-
tases 13. Molecular markers of metastatic potential could 
help to indicate treatment of the neck in patients with un-
detectable disease and to avoid unnecessary approaches. 
However, since the metastatic process is complex with 
the involvement of many factors, there are still no genetic 
biomarkers, and recently published studies are contradic-
tory and of little benefit for routine clinical use 3. Many 

investigators are working to identify molecular markers of 
disease, to improve the understanding of the mechanisms 
underlying the pathogenesis and development of larynge-
al cancer and to improve its clinical staging 13. The degree 
of differentiation is the most important histologic factor. 
Overexpression of EGFR has been associated with poor 
prognosis, whereas the association with HPV infection is 
distinguished by better prognosis. p53 mutations and cy-
clin D1 amplification have also been subject to intensive 
research 14.

Conclusion
In the present study, the frequency of occult lymph node 
metastases on level IV in patients with T3-T4 laryngeal 
cancers was very low (3.89%). No patient with a T3 prima-
ry had occult metastases on level IV. Therefore, the results 
suggest that it is oncologically safe to include only levels II 
and III in elective neck dissections performed for laryngeal 
cancer and ipsilateral IV level for T4 tumours. However, 
prospective studies are necessary to confirm this.
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SummAry

After open partial laryngectomy (hoPl), many patients experience deterioration of laryngeal function over time. The aim of this study 
was to evaluate laryngeal functional outcome at least 10 years after surgery in a cohort of 80 elderly patients. The incidence of aspiration 
pneumonia (AP) and objective/subjective laryngeal functional assessments were carried out. Eight patients experienced AP including four 
with repeated episodes. A significant association was observed between AP and severity of dysphagia (p < 0.001). Dysphagia was more 
pronounced than in a normal population of similar age, but less than would be expected. There was a significant association between the 
type of intervention and grade of dysphagia/dysphonia; a difference in voice handicap was found, depending on the extent of glottic resec-
tion. After hoPl, laryngeal function was impaired, but this did not significantly affect the quality of life. AP is more frequent in the initial 
post-operative period, and decreases in subsequent years.

KEy worDS: Open partial laryngectomy • Elderly • Supraglottic partial laryngectomy • Supracricoid partial laryngectomy • Supratracheal 
partial laryngectomy • Aspiration

riASSunTo

Molti pazienti sottoposti ad intervento chirurgico di laringectomia parziale vanno incontro con il tempo a fenomeni di deterioramento della 
funzione laringea. L’obiettivo del presente lavoro è stato quello di valutare in un campione di 80 pazienti anziani la funzionalità laringea 
a distanza di almeno 10 anni dall’intervento chirurgico. Abbiamo valutato l’incidenza delle polmoniti da aspirazione (AP) e la funziona-
lità laringea da un punto di vista oggettivo e soggettivo. Otto pazienti hanno presentato polmoniti da aspirazione, di cui quattro episodi 
ripetuti. È stata riscontrata un’associazione statisticamente significativa tra polmonite da aspirazione e grado di severità della disfagia 
(p < 0,001). Il fenomeno della disfagia è risultato essere maggiormente accentuato rispetto a quanto osservato nella popolazione normale 
di età analoga, ma meno di quanto ci si aspettasse. È stata riscontrata un’associazione statisticamente significativa fra tipo di intervento 
chirurgico e grado di disfagia/disfonia; è stata altresì evidenziata una differenza nel deficit funzionale vocale, a seconda dell’estensione 
della resezione glottica. Dopo interventi di laringectomia parziale, la funzionalità laringea appare alterata, ma questo non incide signi-
ficativamente sulla qualità di vita del paziente. Gli episodi di polmonite da aspirazione sono più frequenti nell’immediato periodo post-
operatorio, riducendosi poi di numero negli anni successivi.

PArolE ChiAvE: Laringectomia parziale • Anziano • Laringectomia orizzontale sopraglottica • Laringectomia sopracricoidea • 
Laringectomia sopratracheale • Aspirazione

Acta Otorhinolaryngol Ital 2014;34:19-28

Introduction
In the second half of the 20th century, horizontal open par-
tial laryngectomies (HOPLs), including, supraglottic laryn-
gectomies (SLs), supracricoid laryngectomies (SCPLs) and 
most recently, supratracheal laryngectomies (STPLs), have 
become established as a viable surgical option, primary or 
salvage, for the treatment of intermediate stage laryngeal 
cancer. Many authors 1-3 have reported the oncological and 
functional results of HOPLs, while others have reported da-
ta relating to complications and, in particular, on the more 
frequent and problematic complications, namely chronic 
aspiration of food and aspiration pneumonia (AP) 4.

Globally, HOPLs have demonstrated the possibility to 
obtain a high rate of 5-year local/regional control of dis-
ease, often in over 70% of cases, and were used widely 
in the 1980s and 1990s, particularly for SCPLs 5-7. It is 
therefore logical to assume that there is now the opportu-
nity to observe a population of elderly patients, cured of 
laryngeal cancer, and who have experienced aging with 
an operated larynx.
An accurate literature analysis was carried out and, to our 
knowledge, there are few reports focusing on the interest-
ing question of how the operated larynx ages. Therefore, 
a retrospective cohort study was carried out on a group 
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of 80 elderly patients (age  >  70 years) who underwent 
HOPLs at least 10 years prior, focusing on swallowing 
and phonatory results. Laryngeal function analysis was 
performed using objective and subjective methods, com-
paring data on episodes of AP during the follow-up pe-
riod. A comparison was then carried out with literature 
data on swallowing impairment in elderly subjects who 
had not undergone laryngeal surgery, as dysfunctions can 
be considered as an expression of the physiological aging 
of the larynx.
The goal was to evaluate functional outcomes at least 10 
years after HOPL in a cohort of elderly patients to look 
for correlations between the amount of resection and 
grade of impairment of swallowing and phonatory pa-
rameters detected by self-evaluation and accurate func-
tional tests. Another aim was to examine the relationship 
between the type of surgery and incidence of AP during 
follow-up.

Materials and methods
From 1976 to the time of writing, 1486 HOPLs (supra-
glottic, supracricoid, supratracheal) have been performed 
at the Departments of Otorhinolaryngology of the Hos-
pital of Vittorio Veneto and the Martini Hospital in Turin 
(Italy). This group represents a subset of 2986 patients 
suffering from invasive squamous cell carcinoma of the 
larynx (SCC) treated during the same period.
This retrospective study focused on a cohort of 80 patients 
with the following characteristics: patients without evi-
dence of disease with a minimum follow-up performed in 
the above-mentioned departments of at least 120 months, 
current age greater than 70 years and previous interven-
tions of SL, SCPL or STPL. At the time of the last follow-
up, the current age of the cohort of patients ranged be-
tween 70 and 83 years with a mean of 74.8 years.
Seventy-one patients were male (88.8%) and nine female 
(11.2%); at the time of surgery, 91% were current or for-
mer smokers, with a mean age of 63 years (range 56-73); 
all patients had a biopsy-proven laryngeal SCC staged 
from II to IVa according to the 2002 TNM staging clas-
sification system 8.
During the 3 weeks preceding surgical treatment, all pa-
tients underwent the same diagnostic work-up that in-
cluded flexible videolaryngoscopy, intraoperative rigid 
endoscopy with 0°/angled telescopes and biopsy during 
microlaryngoscopy under general anaesthesia, laryngeal 
and neck CT-scan or MRI, bronchoscopy and oesopha-
goscopy to rule out synchronous tumours, chest X-ray or 
CT-scan to exclude lung tumours or distant metastases, 
assessment of bronchopulmonary function and comorbid-
ities for at-risk patients, as well as nutritional evaluation. 
The Karnofsky performance status index had to be at least 
80 (i.e. patient able to carry out normal activities, even 
though with difficulty) 9.

In addition to a Karnofsky score < 80, exclusion criteria 
were severe diabetes mellitus, severe bronchopulmonary 
chronic obstructive disease and severe cardiac disease. 
Even though historically an age of 70 years is an impor-
tant cut-off age for relative surgical indication of some 
partial laryngectomies, in our experience advanced age is 
no longer, in itself, an exclusion criterion. After accurate 
selection of patients on the basis of the absence of impor-
tant comorbidities and the strong desire of the patient to 
avoid permanent tracheostomy, age was also considered 
along with the patient’s general condition.
On the basis of pathological findings, 13 patients (16.3%) 
were subjected to post-operative radiation therapy with a 
mean dose of 64 Gy delivered to the larynx (three patients, 
range 62-66 Gy) and 54 Gy to the neck (10 patients, range 
50-66 Gy).

Surgery
Of the 80 patients, 23 underwent SL, 45 underwent SCPL 
and 12 underwent STPL. In the subset of SLs, there were 
6 extended supraglottic laryngectomies (ESL), 4 to the 
base of the tongue and 2 to the pyriform fossa. In the sub-
set of SCPLs, the procedures used at the time of recon-
struction were cricohyoidoepiglottopexy (SCPL-CHEP) 
and cricohyoidopexy (SCPL-CHP). Removal of one ary-
tenoid was indicated in the surgical records by adding the 
notation “+ A” to the abbreviation for the laryngectomy, 
specifying the side, left or right, of the removed aryte-
noids. In the subset of STPLs 10, the procedures used at 
the time of reconstruction were tracheohyoidoepiglot-
topexy (STPL-THEP) and tracheohyoidopexy (STPL-
THP). Removal of one cricoarytenoid unit was again in-
dicated by adding the notation “+ A” to the abbreviation 
for the laryngectomy, specifying the side, left or right, 
of the removed cricoarytenoid unit. Interventions carried 
out are reported in Table I.
Neck dissection (ND), classified according to the AAO-
HNS 11, was performed in all patients and was unilateral in 

Table I. Surgical procedures in the study cohort.

Type of procedure No. (%)
SLs
Extended SLs
to base of tongue
to pyriform sinus

SCPLs
CHEP
CHEP + A
CHP
CHP + A

STPLs
THEP
THEP + A
THP

17 (21.2)
6 (7.5)

4
2

45 (56.3)
19
17
4
5

12 (15)
7
3
2
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36 and bilateral in 44 patients. Neck dissection was elec-
tive (level II-III-IV + ev. level VI in the case of subglottic 
extension) in 67 cN0 patients (83.8%) and curative (level 
II-V + ev. level VI in the case of subglottic extension) in 
13 cN > 0 patients (16.3%). Overall, lymph node metasta-
ses were detected in 12 patients.
In all patients, resection margins were examined intraop-
eratively by frozen sections; when positive, the resection 
was expanded until the margins were negative. The mar-
gins of the surgical specimen were always checked again 
until pathology reports indicated that the margins were 
closed (< 3 mm) in four patients.

Functional assessment
All patients underwent the same rehabilitation protocol, 
with the obvious exception of those with serious early 
complications. The post-operative protocol consisted of 
the following: a)  post-operative days 1-4: insertion of 
un-cuffed tracheal cannula and beginning of phonation; 
b)  post-operative days 4-6: during daytime, intermittent 
occlusion of the tracheostoma with saline-soaked gauze 
and starting of feeding without the tracheal cannula in po-
sition; c)  post-operative day 6 onwards: the nasogastric 
tube (NGT) was removed as soon as a good level of swal-
lowing of both solids and liquids was achieved.
Grading of post-operative aspiration was performed ac-
cording to Pearson’s scale  12 (0  =  none; I  =  occasional 
cough but no clinical problems; II = constant cough wors-
ening with meal or swallowing; III = pulmonary compli-
cations).
The study took place in 2011, and during the annual fol-
low-up visit, all patients underwent the following evalu-
ations: ENT clinical examination coupled with fibre op-
tic videolaryngoscopy; accurate assessment of episodes 
of AP occurring during the follow-up period; evaluation 
of dysphonia using subjective and objective methods; 
evaluation of dysphagia using subjective and objective 
methods.
All episodes of AP and acute pneumonia were considered, 
documented by chest X-rays and/or by a medical report, 
in the period from the day of discharge to the date of the 
last follow-up visit, whether the patient had required hos-
pitalization or had been treated at home.
For evaluation of dysphonia, all patients were admin-
istered the Voice Handicap Index (VHI) questionnaire 
proposed by Benninger in 1998 13 for self-assessment of 
vocal disability. This is a questionnaire consisting of 30 
items referring equally to three different aspects of vocal 
disorders: physical, functional and emotional. The patient 
can provide five possible answers, from never to always, 
assigning a score from 0 to 4. Summing the values as-
signed to the 30 responses, an overall score between 0 
and 120 is obtained that corresponds to the highest level 
of phonatory disability perceived by the patient. Then a 
phoniatrician and a speech therapist evaluated the voice 

in all patients by assigning to each a score based on the 
GIRBAS scale 14, after reading a standard text from SIFEL 
(Italian Society of Phoniatrics and Logopedics).
For evaluation of dysphagia, all patients were adminis-
tered the MD Anderson Dysphagia Inventory (MDADI) 
questionnaire 15, which consists of 20 questions related to 
three different aspects of dysphagia: functional, physical 
and emotional. Again, the patient can provide five pos-
sible responses, ranging from never to always, assigning 
a score from 1 to 5, to obtain an overall score between 20 
and 100, which corresponds to the highest level of dis-
ability perceived by the patient swallowing. Radiological 
study of swallowing was performed by videofluoroscopy. 
The radiographs obtained for each patient were then eval-
uated together by a radiologist (CB) and a phoniatrician 
(PC), and each patient was assigned a score based on the 
DOSS (Dysphagia Outcome and Severity Scale)  16. The 
DOSS assigns 7 degrees (the highest level of dysphagia 
corresponds to level 1), and is based on an objective as-
sessment of dysphagia from the videofluoroscopy and the 
level of independence during the intake of food and type 
of food. This score allows us to understand which patients 
need more attention and care to avoid the risk of AP.

Statistical analysis
Statistical analyses were conducted using SAS System 
9.2. The association between AP and type of intervention 
was analyzed using the chi-square test. Fischer’s exact 
test was used since the number of cells with the expected 
frequency of less than 5 was greater than 50%. The as-
sociation among the degree of dysphonia, dysphagia and 
type of intervention was analyzed using ANOVA tests, 
whereas the association between AP and degree of dys-
phagia was analyzed using the Student’s t-test.

Results
At the time of last follow-up, performed by clinical ex-
amination of the neck, fibreoptic videolaryngoscopy and 
chest X-ray, all 80 patients were free of disease.
At the end of the first post-operative month, normal swal-
lowing (Pearson’s Scale Grade 0) was achieved in 56 of 
80 patients (70.0%), grades I and II were observed in 10 
(12.5%) and 8 (10.0%) patients, respectively, while AP 
(Pearson’s Grade III) was recorded in 6 of 80 patients 
(7.5%). The nasogastric tube remained in place for an 
average of 15 days after surgery (range 6-67 days), the 
mean duration of tracheostomy intermittent occlusion 
was 25 days (range 13-92 days), and the average time of 
tracheostomy closure was 57 days (range 29-131 days). 
In our protocol, progressive closure of the tracheostomy 
is preferred, and occurs spontaneously in the majority of 
patients following occlusion. For patients, this leads to a 
sensation of greater safety concerning small episodes of 
food inhalation, which are relatively frequent, especially 
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in the first week after discharge. When the tracheostomy 
has almost closed, a small plastic skin closure can then 
be performed. The tracheostomy tube was removed at av-
erage of 39 days after surgery (range 13-92 days), and 
always when the patient was able to feed themselves. Two 
months after surgery, Pearson’s Grades I and II were not-
ed in four (5%) and two (2.5%) patients, respectively. Due 
to intense dysphagia and AP episodes in 8 of 80 patients 
(10%), a temporary gastrostomy was needed; in 75% of 
the cases, this was removed during the first post-operative 
year. Only in one case was the gastrostomy maintained for 
a longer period (4 years) due to repeated episodes of AP 
and severe dysphagia for liquids. Two patients were sub-
jected to endoscopic procedures of injective laryngoplasty 
using Vox-Implant which successfully resolved dyspha-
gia, allowing gastrostomy removal.
From the day of discharge and during the whole period 
of follow-up, eight patients (10%) experienced at least 
one episode of AP, including four patients who experi-
enced repeated episodes, for a total of 13 episodes of 
AP reported in the years after intervention (Table  II). 
In three cases, hospitalization of the patient was neces-
sary (1 SCPL-CHEP + A, 1 SCPL-CHP + A, 1 STPL-
THEP + A), while among the cases treated at home, one 
patient had undergone extended SL (extended to base 
of tongue), five patients had been subjected to SCPL 
(2 SCPL-CHEP, 2 SCPL-CHEP + A, 1 SCPL-CHP + A), 
and two patients had been subjected to STPL (1 STPL-
THEP + A, 1 STPL-THP). Analysis of AP episodes dem-

onstrated that these occur more frequently in the early 
years after surgery, but are less frequent at longer times 
after the operation, as illustrated in Fig. 1. There was a 
statistically significant association between AP and type 
of intervention (Fischer test, p  =  0.0131), and a higher 
rate of AP was observed in the more extended procedures 
(one arytenoid resection, one cricoarytenoid unit resec-
tion, enlargement at the base of the tongue, supratracheal 
resection).
The results of videofluoroscopy, assessed using the DOS 
Scale and divided by type of intervention, are shown in 
Table  III. The vast majority of patients (58/80; 72.5%) 
achieved and maintained a very good level of rehabilita-
tion over time, identified by grades 6-7 on the DOS Scale. 
The SLs reached grade 6-7 in 87.0% of cases (20/23), SC-
PLs in 77.8% (35/45) and STPLs in 25% (3/12); the more 
pronounced levels of dysphagia, corresponding to grade 
3-4 of the DOS Scale, were found in SLs at a rate of 4.3% 
(1/23), in SCPLs at a rate of 8.9% (4/45) and in STPLs at 
a rate of 33.3% (4/12).
The study of swallowing function was completed by self-
assessment of dysphagia using the MDADI question-
naire, and scores were stratified by type of intervention 
(Table  IV). Overall, in 83.8% of patients, the degree of 
perceived swallowing disability was low with MDADI 
scores of 20-40, and it was possible to observe statisti-
cally significant differences between the various cat-
egories of intervention (100% of SLs, 82.2% of SCPLs, 
58.3% of STPLs). The most significant perceived swal-
lowing disability, with MDADI scores of 61 to 80, was 
observed in two interventions (4.4%) by SCPL. There 
was a statistically significant association between the type 
of intervention and degree of dysphagia, evaluated in an 
objective manner using videofluoroscopy and with the 
DOS Scale (ANOVA test, p < 0.001), both perceived by 
the patient and self-assessed using MDADI (ANOVA test, 
p = 0.0125). Additionally, in this case, the worst levels of 

dysphagia were associated with 
the most extensive procedures 
resulting in anatomic-functional 
violation of the glottic sphincter, 
particularly when such violation 
led to the removal of one aryte-
noid or the removal of the entire 
cricoarytenoid unit as in supratra-
cheal laryngectomies.
The results of voice analysis us-
ing the GIRBAS scale as well as 
the results of self-evaluation using 
the VHI questionnaire are shown 
in Table  V and are stratified for 
each type of intervention. Objec-
tive assessment with the GIRBAS 
scale showed that overall, HOPLs 
enabled patients to achieve and Fig. 1. Frequency of AP episodes during the follow-up period.

Table II. Number (%) of patients with AP and association between AP and 
type of procedure.

Surgical procedures No. patients (%) No. AP (%)
SL 1/23 (4.3) 2 (15.4)
SCPL 5/45 (11.1) 6 (46.1)
STPL 2/12 (16.7) 5 (38.5)
Statistical analysis p= 0.0131
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maintain very good voice restoration (GIRBAS score 0-1) 
in 20% of cases, only those patients who underwent SLs 
(16/23, 69.5%); 50% of patients (the group consisting of 
4/23 SLs [17.4%], 30/45 SCPLs [66.7%] and 6/12 STPLs 
[50%]) showed a medium value of dysphonia (GIRBAS 
score 1.01-2); the worst results for dysphonia (GIRBAS 
score 2.01-3) were found in 30% of patients, the group 
consisting of 3/23 SLs (13.0%), 15/45 SCPLs (33.3%) 
and 6/12 STPLs (50%). Similar to what was observed 
for self-assessment of dysphagia, the study of phona-
tory function using the VHI questionnaire demonstrated 
that a large number of patients, representing 60% of the 
study cohort (69.5% of SLs, 62.2% of SCPLs and 33.3% 
of STPLs), perceived a low level of vocal handicap (VHI 
score 0-30), while 11 of 80 patients (13.8%) receiving 
SCPLs (8/45, 17.8%) or STPLs (3/12, 25%) complained 
of a high degree of speech handicap. Since there is a re-
markable difference in voice handicap between HOPLs 
depending on the extent of glottic resection, a statistically 
significant association was found between the type of 

intervention and grade of dysphonia, both perceived by 
patients (ANOVA test, p = 0.0125) and evaluated in an 
objective manner (ANOVA test, p < 0.001). In addition, 
in this case, poorer functional results were proportional to 
the amount of larynx resected downwards (best results for 
SLs followed by SCPLs and then STPLs).
To understand whether AP was associated with severity 
of dysphagia, the values of DOS scale and MDADI of the 
eight patients who developed AP during follow-up were 
considered (Table VI). A clear correlation was observed 
between pneumonia and severity of dysphagia both evalu-
ated in an objective manner (Student’s t-test, p < 0.001) 
and perceived by the patient (Student’s t-test, p < 0.001).
Patients who complained of repeated episodes of pneu-
monia were those who had more severe levels of dyspha-
gia. The average DOS Scale value of patients who had 
at least one episode of pneumonia was 4.38 (range 3-6), 
whereas in those patients who had never developed an 
episode of pneumonia, this value was 6.19 (range 4-7). 
The average MDADI score in patients with at least one 

Table III. Videofluorographic study of swallowing assessed using the DOS scale and listed by type of procedure.

DOSS No. % Type of procedure
SL Extended SL CHEP CHEP + A CHP CHP + A THEP THEP + A THP

7 34 42.5 15 - 12 4 1 2 - - -
6 24 30.0 1 4 3 11 1 1 1 2 -
5 13 16.3 - 2 3 1 1 1 5 - -
4 7 8.8 1 - 1 1 1 1 1 - 1
3 2 2.5 - - - - - - - 1 1

Statistical analysis p < 0.001

Table IV. Results of dysphagia self-assessment using the MDADI questionnaire listed by type of procedure.

MDADI No. % Type of procedure
SL Extended SL CHEP CHEP + A CHP CHP + A THEP THEP + A THP

20-40 67 83.8 17 6 15 15 3 4 6 1 -
41-60 11 13.8 - - 3 1 1 1 1 2 2
61-80 2 2.5 - - 1 1 - - - - -

81-100 - - - - - - - - -
Statistical analysis p = 0.0125

Table V. Results of voice analysis by GIRBAS scale and by self-evaluation using the VHI questionnaire listed by type of procedure.

No. % Type of procedure
SL Extended SL CHEP CHEP + A CHP CHP + A THEP THEP + A THP

GIRBAS
0-1 16 20 15 1 - - - - - - -

1.01-2 40 50 1 3 12 11 4 3 4 1 1
2.01-3 24 30 1 2 7 6 2 3 2 1

Statistical analysis p < 0.001
VHI

0-30 48 60 13 3 10 10 3 5 1 2 1
31-60 22 27.5 4 3 4 5 1 - 4 1 -
61-90 9 11.3 - - 5 2 - - 1 - 1

91-120 1 1.3 - - - - - - 1 - -
Statistical analysis p = 0.0125
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episode of pneumonia was 56.38 
(range 38-73), whereas in patients 
who had never complained of any 
episode of pneumonia, the score 
was 33.00 (range 20-67). These 
data allow us to conclude that 
these episodes of pneumonia are 
closely correlated with the degree 
of dysphagia.

Discussion
Over the last three decades, HOPLs have emerged as an 
important weapon in the surgical treatment of laryngeal 
cancer at intermediate/advanced stages and, especially in 
Europe, there are now thousands of patients who have un-
dergone HOPLs and are aging with an operated larynx 1-3. 
Dysphagia, dysphonia and aspiration pneumonia have 
been recognized as major complications in patients sub-
jected to these interventions, and can significantly affect 
their physical and emotional condition 4 17.
Starting from the observation that the phenomena referred 
to as presbyphagia and presbyphonia represent functional 
alterations that can occur even in normal elderly subjects 
never subjected to laryngeal surgery, we asked a series of 
questions.
What can be expected for a patient subjected to HOPLs 
and aging with an operated larynx? Will the degree of 
dysphagia remain stable over time or will it undergo 
physiological deterioration? What is the degree of AP ob-
served in a cohort of elderly patients undergoing HOPLs 
compared to a cohort of elderly subjects that were never 
subjected to laryngeal surgery? During follow-up, is it 
necessary to use corrective behaviour to ensure that the 
patient has a good quality of life?
The quality of voice is one of the most critical aspects of 
HOPL, especially when the resection is extended to the 
glottis or downward to the subglottis  18. In a functional 
study on 64 patients who underwent SCPL, Makeieff  19 
found that the intervention could have marked social and 
professional impact. Comparing voice analysis in patients 
subjected to total laryngectomy and voice prosthesis (TL-
VP) vs. SCPL, Yoon Kyoung  20 demonstrated that the 
maximum phonation time was longer in the TL-VP group 
than in the SCPL group. Finally, Schindler 21 conducted a 
cross-sectional study on 20 patients who underwent SCPL 
and in whom perceptual assessment revealed a very harsh 
voice, acoustic analysis displayed an irregular signal, and 
aerodynamic measurements showed an inefficient system.
A remarkable difference in voice handicap was found be-
tween HOPLs in the study cohort depending on the extent 
of glottic resection with a statistically significant associa-
tion between the type of intervention and grade of dys-
phonia, both perceived by the patient and evaluated in an 
objective manner. A poorer functional result was found 

to be proportional to the extent of the larynx resected 
downwards (best results for SLs, then SCPLs and finally 
STPLs).
There are several studies on swallowing impairment fol-
lowing HOPLs, especially following SCPLs, demonstrat-
ing an overall incidence of temporary aspiration vary-
ing from 32-89%, regardless of patient age at surgery 22; 
similarly, the rate of AP in the initial post-operative pe-
riod ranges from 4.3-23%. In a large series of patients, 
Benito  4 have demonstrated that age (alone) should not 
be considered as a major contraindication for SCPLs de-
spite the fact that statistical analysis has demonstrated a 
risk of Grade II-III aspiration (Pearson’s scale) only in 
patients > 70 years old in the case of CHP with partial 
or total arytenoid resection. In another study, Schindler 
have compared 10 patients aged  >  65 years at the time 
of surgery with 10 younger patients, concluding that age 
(alone) was not a major drawback in these interventions 21.
The cases in the present study cohort are different. Patients 
undergoing surgery ranged between 56 and 73 years, 
were analyzed after a minimum follow-up period of 120 
months (range 120-232 months) and were subjected to 
different types of open partial interventions on the larynx 
(nine different types) that essentially differ in the amount 
of resection and in the functional violation of glottic and 
sub-glottic sites. This is therefore a study that directly and 
indirectly analyzes the function of the neolarynx at a con-
siderable period of time after surgery, when, in particular, 
the function of swallowing may have largely stabilized 
and therefore be subjected to possible physiological dete-
rioration of function, referred to as ‘presbyphagia’.
In 2011, Van der Maarel-Wierink 23 conducted a system-
atic literature review of risk factors for aspiration pneu-
monia in the elderly, and the results showed evidence of a 
positive relationship between AP and dysphagia.
In another literature review, Eisenstadt 24 found that dys-
phagia and the resulting aspiration may be prevalent in the 
older population, but symptoms are not always clinically 
evident. In 1995, using videofluoroscopy, Frederick  25 
showed an increase in swallowing alterations with aging. 
In particular, in subjects older than 60 years, persistence 
of the bolus in the valleculae and pyriform fossa was ob-
served with an increased risk of laryngeal penetration 

Table VI. Correlation between number of AP episodes and grade of dysphagia.

Patient Procedure No. of AP episodes DOSS grade MDADI grade
1 THP 3 3 58
2 THEP + A 2 3 55
3 Extended SL 2 5 38
4 CHEP 2 5 67
5 CHEP 1 4 58
6 CHP 1 4 43
7 CHEP 1 6 59
8 CHEP 1 5 73

Statistical analysis p < 0.001 p < 0.001
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and aspiration, asymmetry and hypertrophy of the crico-
pharyngeal muscle and, in some cases, the presence of a 
Zenker’s diverticulum.
These latter features are the same as those found in a sub-
set of our more dysphagic patients who, statistically, were 
those undergoing more extended resections. In this series, 
at the end of the first post-operative month, normal swal-
lowing (Pearson’s Scale Grade 0) was achieved in 70.0% of 
patients, while at 2 months after surgery some difficulties 
of swallowing were encountered with Pearson’s Grades I 
and II in 5% and 2.5% of patients. Overall, for 8 of 80 pa-
tients (10%), a temporary gastrostomy was needed and in 
75% of these cases, this was removed during the first post-
operative year. Only in one case was the gastrostomy main-
tained for a long period (4 years) due to repeated episodes 
of AP and severe dysphagia for liquids until the patient had 
been subjected to two endoscopic procedures of injective 
laryngoplasty using Vox-Implant that successfully resolved 
the dysphagia, allowing gastrostomy removal.
After a long-term follow-up period, swallowing analysis 
showed that, in patients aging with a larynx subjected 
to HOPLs, the severity of dysphagia in those aged > 70 
years was definitely more pronounced than in a normal 
population of similar age, but certainly less than would 
be expected as 72.5% of patients, despite a previous inter-
vention of HOPL, achieved and maintained a very good 
level of rehabilitation, identified by grades 6-7 of the DOS 
Scale. Since all of these patients were elderly (mean age 
74.8 years) at the time of the videofluorographic study of 
swallowing, it is clear that, in patients who had achieved 
a good level of swallowing rehabilitation after surgery, 
dysphagia remains stable over time and, compared to a 
population of the same age not suffering from particular 
diseases, is not significantly worse.
These considerations do not apply to patients who have al-
ready suffered important swallowing disorders in the im-
mediate post-operative period. The more severe levels of 
dysphagia, grade 3-4 of the DOS scale, were found in SLs 
at a rate of 4.3%, in SCPLs at a rate of 8.8% and in STPLs 
at a rate of 33.3%. AP episodes occur more frequently in 
the early years after surgery in the more extended pro-
cedures (one arytenoid resection, one cricoarytenoid unit 
resection, enlargement to the base of the tongue, supratra-
cheal resection), but are less frequent at longer times after 
the operation.
The latter data referring especially to supratracheal laryn-
gectomies require careful and cautious evaluation. In a se-
ries of 70 consecutive supratracheal laryngectomies, Riz-
zotto 2 observed acute complications in 7.1% of patients. 
The most frequent was AP, found in 60% of all acute com-
plications. Late sequelae occurred in 28.6% of patients. Of 
these, the majority were due to laryngeal obstruction (70% 
of late sequelae), most of which were related to chronic 
oedema or mucosal flaps of the neolarynx, while in 27.1% 
of cases, patients suffered from intermittent or persistent 

aspiration. The authors emphasized that the majority of 
late sequelae were treated by one or two transoral proce-
dures using a CO

2
 laser. In patients who developed late se-

quelae, the larynx was spared in 17 of 20 cases (85%), and 
total laryngectomy was proposed in only one patient for 
persistent aspiration even though he refused preferring to 
keep the gastrostomy and maintain voice. After these “ex-
treme” function sparing procedures, it is necessary to be 
prepared for subsequent endoscopic surgery, laser surgery 
or injective laryngoplasty to correct anatomical and func-
tional results and to achieve the best possible outcome. 
Fortunately, in only a few cases, persistent dysphagia and 
aspiration pneumonia still represent major complications 
in patients undergoing STPLs and significantly affect their 
physical and emotional condition.
The reality, therefore, is that, after a supratracheal laryn-
gectomy with cricoarytenoid unit resection, it is difficult 
to achieve an optimal degree of recovery of swallowing 
(grade 7-6 of the DOSS in only 25% of cases), and, in 
most cases (>  75% of cases), the patient still manages 
to reach and maintain a sufficient level of rehabilitation 
from dysphagia over time (DOSS grade > 4), which corre-
sponds to an acceptable autonomy of solid and liquid food 
oral intake. This aspect can be understood by analyzing 
the characteristics of supratracheal laryngectomy extend-
ing to a cricoarytenoid unit 10. In this case, from the side 
of the resected hemy-cricoid plate, there is a clear lack of 
wall between the hypopharynx and larynx, represented by 
the posterolateral portion of the cricoid cartilage, which 
is only replaced by suturing the hypopharyngeal mucosa 
to the tracheal stump to recreate good patency of the pyri-
form sinus (Fig. 2). This defect may represent a route of 

Fig. 2. Supratracheal laryngectomy, highlighting the reconstructive step 
with suturing of the hypopharyngeal mucosa to the tracheal stump in order 
to recreate a good patency of the pyriform sinus.
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food entry into the larynx that can be treated by main-
taining a proper laryngopharyngeal sensation, recreating 
a functional neoglottic valve with the contralateral crico-
arytenoid unit, constructing a pexy between the trachea 
and hyoid bone, and enhancing physiological coordina-
tion during swallowing.
Since the dysphagia observed in patients who under-
went HOPL is undoubtedly the product of anatomical 
and physiological alterations of the larynx, but also due 
to presbyphagia, what possible explanation can be given 
for the interesting phenomenon represented by having a 
degree of dysphagia less than expected (taking into ac-
count the amount of larynx resected) and in particular, 
that the dysphagia does not appear to deteriorate during 
aging? Furthermore, why did data collected from pa-
tients using self-assessment questionnaires of dysphagia 
report rates that were more than satisfactory in 97.5% 
of cases?
The explanation could be that, in addition to providing 
the cornerstone of functional recovery, all horizontal 
partial laryngectomies offer the following surgical high-
lights: (a) preservation of the superior laryngeal nerves, 
(b) good patency of the pyriform sinuses, (c)  the pres-
ence of at least one functioning cricoarytenoid unit and 
finally, (d)  the suspension of the residual larynx to the 

hyoid bone. This latter condition involves the placement 
of the cricoid at a level higher than what is physiologi-
cally found in the healthy adult, in a position more simi-
lar to what is found in the newborn, where a facilitated 
swallowing act is favoured by the higher position of the 
larynx and large patency of the pyriform sinuses. This is 
what is obtained by raising the cricoid closer to the base 
of the tongue, in a more advantageous position for swal-
lowing, and is equivalent to what is observed in the adult 
during the pharyngeal phase of swallowing. As evidence 
of this statement, videofluorography frames are shown 
during the respiratory phase in a newborn (Fig. 3A), in a 
normal elderly subject (Fig. 3B) and in an elderly patient 
who had undergone SCPL-CHEP (Fig. 3C). As can be 
seen, the lower edge of the cricoid both in the newborn 
and in the patient subjected to SCPL-CHEP is located 
at the level of the vertebral body of C5, and this is a 
consistent condition in all patients subjected to HOPL; 
on the other hand, in the elderly patient, the lower edge 
of the cricoid is located at the level of the vertebral body 
of C6-C7, in a less advantageous functional position. It 
can therefore be said that this condition, reproducing 
the anatomical conditions found in the newborn, tends 
to counteract the physiological decay of the laryngeal 
swallowing function, despite the fact that significant 

portions of the larynx have been 
sacrificed.
In this way, it is possible to ex-
plain the low incidence of AP 
episodes observed during long-
term follow-up and the fact that 
the clinical evaluation of pulmo-
nary function of patients at last 
follow-up was still satisfactory 
(no cases of dyspnoea at repose, 
only four patients with a Kar-
nofsky score less than 80, two 
patients with a Karnofsky score 
less than 70). After discharge, 13 
episodes of AP were observed, 
which occurred in only eight of 
80 patients. Overall, three epi-
sodes of AP occurred in the last 
3 years and 10 in the previous 12 
years, nine of which occurred in 
the first 3 years after surgery. In 
our opinion, this is related to the 
adoption by physicians and pa-
tients of measures to reduce the 
risk of aspiration (placement of 
temporary gastrostomy for pa-
tients suffering from severe dys-
phagia, prolonged and repeated 
chest therapy and swallowing 
rehabilitation, elimination of at-

Fig. 3. Videofluoroscopy during the respiratory phase in a newborn (A), in a normal elderly subject (B), and 
in an elderly patient who had undergone SCPL-CHEP + A (C). The line is placed at the level of the lower edge 
of the cricoid plate.

A

B C
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risk foods in two patients with more than one episode of 
pneumonia during follow-up) and the possibility to carry 
out corrective endoscopic procedures (e.g. injective la-
ryngoplasty in two patients with more than one episode 
of pneumonia during follow-up).
It is thus established on the basis of indirect findings on 
the AP episodes that the incidence of these phenomena 
increases slightly with age, but this is not statistically sig-
nificant, while a statistically significant correlation was 
confirmed between the extent of resection and the risk of 
AP, as already observed by Benito 4.
In conclusion, the results of laryngeal functionality in a 
sample of elderly patients (age  >  70 years subjected to 
HOPLs and examined at least 10 years after surgery) are 
undoubtedly stable and repeatable both for SLs and SC-
PLs, as already reported by many authors. For STPLs, this 
is the first study in terms of functional outcome and, al-
though the function of the remaining larynx is poorer, both 
objective and subjective outcomes have demonstrated the 
quite satisfactory validity of STPLs in sparing laryngeal 
function, albeit at the obvious expense of a ‘simplified’ 
laryngeal framework. This shows the immense ability of 
this organ to recover the essentials of its function after 
partial surgical mutilation, provided that tissue has been 
sacrificed and the organ reconstructed according to ‘func-
tional criteria’.
The results of this study reveal that, despite the disrup-
tion of the normal anatomy of the larynx, in patients who 
underwent HOPLs (and aged with an operated larynx), 
laryngeal functions, in particular swallowing, are im-
paired but this did not significantly affect the quality of 
life, especially when compared to the laryngeal functions 
of elderly subjects who did not receive any procedures on 
the larynx.
Aspiration pneumonia, the most dangerous complication 
of HOPL, seems to be more frequent in the initial post-
operative period and less so in subsequent years, thanks 
to the maintenance of temporary gastrostomy, prolonged 
chest therapy and rehabilitation of swallowing. Finally, 
injective laryngoplasty techniques can now offer effective 
solutions in the more dysphagic patients 26.
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External vs. endonasal dacryocystorhinostomy:  
has the current view changed?
Dacriocistorinostomia esterna ed endonasale a confronto:  
si è modificata l’opinione comune?
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SummAry

in past years, external dacryocystorhinostomy has been considered the gold standard in terms of functional outcome for treatment for 
nasolacrimal duct obstruction. in comparison, interest in the use of the recently developed endonasal dacyocystorhinostomy procedure has 
been rekindled because of advances in instrumentation. For the past 10 years, differences in the outcomes between the two techniques have 
been reduced; thus, currently, the choice of the type of surgery is associated with the experience of the surgeon, resources available in the 
healthcare system and patient preferences.

Key wordS:  Epiphora • Nasolacrimal duct obstruction • Dacryocystorhinostomy • Endonasal endoscopy

riASSunTo

In passato la dacriocistorinostomia per via esterna (EXT-DCR) è stata considerata il gold standard in termini di risultato funzionale nel 
trattamento delle ostruzioni del dotto naso lacrimale. L’innovazione della strumentazione ha recentemente incrementato l’interesse per 
la dacriocistorinostomia endoscopica per via endonasale (EES-DCR). Negli ultini 10 anni le differenze in termini di risultati tra le due 
tecniche chirurgiche sono andate riducendosi; la scelta del tipo di tecnica chirurgica è attualmente legata all’esperienza del chirurgo, alle 
risorse economiche del sistema sanitario e alle preferenze del paziente.  

PArole ChiAve: Epifora • Ostruzione del dotto naso-lacrimale • Dacriocistorinostomia • Endoscopia endonasale

Acta Otorhinolaryngol Ital 2014;34:29-35

Introduction
Nasolacrimal duct obstruction (NLDO) inhibits the flow 
of tears from the eye to the nose, leading to symptoms of 
epiphora. The clinical spectrum of epiphora ranges from 
the occasionally trickle to chronically irritating overflow 
of tears. Epiphora results from a disruption in the balance 
between tear production and drainage 1. NLDO is a disor-
der in which the symptomatology and objective findings 
do not often consistently correlate. Chronic dacryocystitis 
is the permanent obstruction of the nasolacrimal duct.
The usual causes of stenosis of the nasolacrimal drainage 
system include chronic or acute inflammation, traumatism 
and congenital malformations 2-4. Tears from the conjunc-
tival sac pass through the lacrimal puncta in the upper and 
lower lids to the upper and lower lacrimal canaliculi and 
then to the common canaliculi to empty into the lacrimal 
sac located in the lacrimal fossa. From the lacrimal sac, 
tears pass to the nasolacrimal duct along the lateral wall 
of the nose into the inferior meatus.

Secondary acquired lacrimal drainage obstruction can re-
sult from a wide variety of infectious, inflammatory, neo-
plastic, traumatic or mechanical causes. Bacteria, viruses, 
fungi and parasites have all been implicated in infectious 
lacrimal drainage obstruction. Inflammation can also oc-
cur through endogenous sources, such as Wegener’s gran-
ulomatosis, sarcoidosis and sclerodermia or exogenous 
sources, such as radiation, systemic chemotherapy and 
bone marrow transplantation. The observed neoplasms 
include primary growth, secondary spread or metastatic 
spread. Trauma can be iatrogenic or accidental. Mechani-
cal lacrimal drainage obstruction can result from the pres-
ence of intraluminal foreign bodies, such as dacryoliths or 
casts. Females are affected more than males. The higher 
incidence of females undergoing DCR has been attributed 
to social and anatomical factors, as anatomical studies of 
the nasolacrimal system, using radiological techniques, 
have shown that its dimensions are smaller in females 
than in males 1. NLDO is typically treated using external 
dacryocystorhinostomy (EX-DCR), in which the lacrimal 
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sac is directly connected to the nose through the removal 
of the layers of bone and mucosa that separate these two 
structures.
The development of fine nasal surgical instrumentation 
has rekindled an interest in the endoscopic endonasal ap-
proach (EES-DCR). A review of the literature concerning 
the outcomes and complications of these surgical tech-
niques is discussed and compared.

Patient clinical evaluation
Patients with a history of tearing, dacryocystitis, or both 
should be treated through a standard clinical workup that 
includes the documentation of the tearstrip level, examina-
tion of the eyelids for punctual malpositioning, horizon-
tal laxity or orbicularis weakness, compression over the 
lacrimal sac to observe mucoid or purulent reflux and ir-
rigation through the canaliculi to document the patency of 
the lacrimal outflow tracts. Dacryocystography can be per-
formed, and the examination of the nasal cavity is recom-
mended 5 6. Obstructions observed with on syringing and 
probing or lacrimal scintigraphy are used for diagnosis of 
NLDO 7. Lacrimal scintigraphy is a “physiological” test 7 8 
that is likely to yield abnormal results in patients with FN-
LDO (“functional” nasolacrimal duct obstruction).

Treatment
Dacryocystorhinostomy (DCR) involves the creation of 
an alternative route for the drainage of tears between the 
lacrimal sac and nasal cavity, bypassing the nasolacrimal 
duct. This alternative route is generated using an exter-
nal approach (external DCR) or through the nasal cavity 
using an endoscope (EES-DCR). Research suggests the 
use of general anaesthesia 5 and, more recently, the use 
of local anaesthesia has also been proposed  8 for both 
techniques.

External dacryocystorhinostomy
Addeo Toti first described external DCR in 1904, and with 
the exception of minor changes, DCR is currently per-
formed in much the same way. Toti suggested that gaining 
access to the sac using an external approach, where the 
area of the sac adjacent to the canaliculi is preserved and 
absorbed into an area of the nasal cavity where the nasal 
mucosa has been removed 10. Mucosal anastomosis, with 
suturing of the mucosal flaps, was later described 10.
A 1.2-cm vertical skin incision is typically made at 1 cm 
from the medial canthus to reduce the risk of scars and 
avoid the angular vessels (Fig. 1). A nasal tamponade is 
applied to induce vasoconstriction using a gauge soaked 
in adrenaline, diluted (1:100,000) or (1:200,000), for 
10 min. The periosteum at the anterior lacrimal crest is 
incised using a Traquair’s periosteal elevator and subse-
quently the lacrimal fossa is entered. The lacrimal and 
maxillary bones are removed using Kerrison rongeurs to 
create a large rhinostomy (Fig. 2) 9. The lacrimal sac and 
nasal mucosa are opened longitudinally, the sac contents 
are examined, and a silicone stent is routinely inserted 
and tied loosely to prevent cheese wiring of the canali-
culi. Patency of the internal punctum is confirmed. Some 
surgeons remove the nasal mucosa entirely to the mar-
gins of the osteotomy window using monopolar needle-
tip cautery and the edge of the lacrimal sac anterior flap 
is sutured to the periosteum of the lip at the osteotomy 
site 5. Other surgeons 12 open the nasal mucosa longitudi-
nally and suture the posterior and anterior mucosal flaps 
to the flaps of the lacrimal sac. Still other surgeons create 
an anastomosis between the anterior flaps and remove the 
posterior flaps (Fig. 3) 9. In a recent study, Turkcu showed 
that there was no statistically significant difference be-
tween DCR using both anterior and posterior flap anas-
tomosis and DCR using only anterior flap anastomosis 13. 
Subsequently, a running 6-0 polypropylene skin suture is 

Fig. 1. Vertical skin incision at medial canthus. Fig. 2. Rhinostomy.
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applied. A large bony resection of 15-20 mm in external 
DCR is required to ensure a large anastomosis and high 
success rate 14.
Lindberg studied a series of 22 external DCR and found no 
statistically significant correlation between the size of the 
bony opening and the final outcome of the resection 15.
Regarding silicone tube removal, Karim left the tubes in si-
tu for 1-2 months 7, while Cheung proposed that intubation 
with silicone tubes should remain for only 3-4 weeks 1-7.
The role of antimetabolites for the maintenance of paten-
cy in external DCR is currently being studied. Intraopera-
tive mitomycin C (MMC) application is a safe adjuvant 
for reduction of the closure rate of the osteotomy site after 
primary EX-DCR 16.

Shine reported a significantly higher success rate in the 
MMC group compared with the control group 17. In two 
randomized, controlled clinical trials (RCTs), the mean 
osteotomy size at 6 months postoperatively was signifi-
cantly larger in the MMC group than in the control group 
(approximately 27 mm in the MMC group vs. and 12 mm 
in the control group in the first study, and approximately 
22 mm in the MMC group and 18 mm in the control group 
in the second study; p  <  0.005). No intraoperative or 
postoperative complications were recorded in the MMC 
group, except for two cases with delayed healing of the 
external skin wound (Table II) 16.

Endoscopic endonasal dacryocystorhinostomy
Caldwell first described the endonasal approach in 1893 18; 
however, the use of this method lost popularity because 
of the difficulty in accessing the narrow nasal cavity us-
ing the instrumentation available. The endoscopic proce-
dure has became more popular in last decade due to the 
advancement of the nasal endoscope and familiarity of 
endonasal treatment for surgeons with experience in the 
endoscopic anatomy of the nasal cavity 19.
EES-DCR facilitates the accurate identification of the 
intranasal causes of DCR failures, such as adhesions, an 
enlarged middle turbinate, or an infected ethmoid sinus. 
EES-DCR plays a definitive role in failed external DCR 
and revision cases 20. Most studies have reported good re-
sults and excellent patient acceptability 12.
Many surgeons prefer to operate under general anesthe-
sia 7 21 22. However, the procedure can also be performed 
under sedation and local anaesthesia  12  19. To induce lo-
cal vasoconstriction, a nasal tamponade in a mixture 

Fig. 3. Anastomosis between the anterior flaps.

Table I. Studies reporting results of external and endoscopic endonasal dacryocystorhinostomy.

Study Year Endonasal success External success Prospective/Retrospective Comparative

Dolman 5 2003 89.1% 90.2% Retrospective Yes

Zaidi 9 2011 86% 100% Prospective Yes

 Karim 7 2011 93.2% 91% Retrospective Yes

David 23 2000 100% 93.8% Prospective Yes

Saroy 12 2010 90% 95% Prospective Yes

Harugop 24 2008 93.3% Prospective No

Sinha 19 2008 96% Retrospective No

Gupta 40 2011 97% Retrospective No

Deviprasad 8 2009 92% Retrospective and prospective No

Mikito 41 2011 90.5% Prospective No

Preechawai 42 2012 74.7% Retrospective No

Leong 43 2010 86% 94% Review Yes

Sharma 44 2008 88.5% 90.5% Retrospective Yes

Ben Simon 45 2005 84% 70% Retrospective Yes

Cokkeser 46 2000 88.2% 89.8% Prospective Yes

Agarwal 47 2009 94% Retrospective No

Sonkhya 48 2009 92% Prospective No
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of lidocaine and adrenaline at various concentrations 
(1:200,000, 1:100,000, 1:30,000, 1:10,000) is used 8 12 23. 
The anaesthetic is administered before the starting pro-
cedure in accordance with the surgeon performing the 
procedure 12 21 23 24. A 20-gauge vitrectomy light probe was 
introduced through the upper canaliculus until reaching 
the bony medial wall of the lacrimal sac and subsequently 
turned downward. A right-handed surgeon takes position 
on the right side of the patient for both right- and left-
sided EES-DCR and directly views the transilluminated 
target area through a nasal speculum with 7.5-cm long 
blades and a fibre optic light carrier (Fig. 4) 21.
Ordinarily, a 0° nasal endoscope is used  23; however, in 
cases of nasal septum deviation towards the obstructed 
side, a 30° nasal endoscope is preferred to enhance visu-
alization of the lacrimal sac area, and the endoscope is 
negotiated gently beyond the point of maximum devia-
tion 19. A Freer periosteum elevator is used to incise the 
nasal mucosa using the light probe in the lacrimal sac as a 
guide. The incision was made vertically or in a curvilinear 
fashion down to the bone 21.

The incision line should extend above the anterior end of the 
middle turbinate, as the sac typically extends above the mid-
dle turbinate (Fig. 5). Restricting the incision to the anterior 
end of the middle turbinate can result in the incomplete ex-
posure of the sac and compromise long-term results 12.
A variety of lasers with different wavelengths have recent-
ly been used to incise the mucosa, including high-powered 
blue argon, potassium titanyl phosphate and carbon diox-
ide. These lasers require safety precautions and generate 
char around the ostium site, requiring frequent lavage and 
debridement during the postoperative period 25-29.
Currently, most surgeons remove 1 to 1.5 cm of the nasal 
mucosa using Blakesley or Takahashi forceps 21. Hajek’s 
bone punch can also be used to remove the lacrimal bone. 
The thick region of the frontal process of the maxilla is 
drilled using a 3-mm burr to expose the entire medial wall 
of the lacrimal sac 8. The tented medial wall of the sac is 
then removed. Once the sac wall is removed the lumen of 
the sac can be inspected.
When preserving the nasal submucosal injection in the 
presumed lacrimal fossa during opening of the sac, mar-
supialization can occur in the opposing nasal mucosa 7.
As in an open technique, a posterior based mucoperiosteal 
flap is created and positioned at the end of the procedure 

Table II. Studies reporting results of intraoperative use of mitomycin C in dacryocystorhinostomy.

Study Year EXT/EES % Success MMC 
group 

% Success control 
group Randomized Retrospective/

prospective Comparative

Prasannaraj 35. 2010 EES 82.30% 85.70% Yes Prospective Yes

Camara 39 2000 EES 99.20% 89.60% No Retrospective Yes

Gorgulu 49 2012 EES 90% No Prospective No

Penttila 38 2011 EES 93% 60% Yes Prospective Yes

Shine 17 1997 EXT 100% 87.50% No Prospective Yes

Yldrim 50 2007 EXT 95% 60% Yes Prospective Yes

Fig. 4. A light probe introduced through the upper canaliculus. (MT: middle 
turbinate).

Fig. 5. The incision line above the anterior end of the middle turbinate. 
(AN: agger nasi, MT: middle turbinate, S: septum, PU: uncinate process, LM: 
maxillary line).
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to keep the two mucosal layers in contact and ensure pa-
tency 30. Some surgeons do not prefer to advocate creation 
of mucosal flaps at the bony window area to reduce the 
risk of postoperative fibrosis and obstruction 31. Further-
more, the creation of mucosal and nasal flaps should not 
increase the success rate of EES-DCR 32.
Bicanalicular silicone tubes are introduced into both can-
aliculi and retrieved from the nasal cavity using a hae-
mostat 21 33. Nonetheless, some studies have reported good 
results without the need of nasolacrimal stenting 34.
There are few controlled trials in which MMC has been 
used as an adjunct to EES-DCR. MMC is generally ap-
plied using a cotton ball soaked in 0.2 mg/ml of solution 
and placed over the raw edges of the stoma for 10 min. 
The use of mitomycin does not influence the occurrence 
of granulations, synechiae, or obliterative sclerosis, and 
the success rate is not significantly altered 35-37.
However, other studies have suggested significant ad-
vantages in using MMC  38. Camara conducted a study 
using 171 patients, of which 123 received adjuvant topi-
cal MMC intraoperatively in laser-assisted EES-DCR. 
These patients were observed for an average period of 
51 months. The success rate was 99.2% when MMC was 
used and 89.6% when MMC was not used (Table II) 39.

Surgical outcomes
We compared various studies published in the last 15 
years (1997-2012), and with respect to the definition of 
surgical success, we observed differences among the arti-
cles reviewed (Table I). There were no randomized stud-
ies in the literature.
The major outcomes used to define surgical success in-
cluded subjective success based on the patient’s symp-
toms and objective success based on assessment of the 
patency through syringing. In a retrospective study, Dol-
man reported 5 complete success in 90.2% of patients us-
ing EXT-DCR and in 89.1% patients using EES-DCR.
Complete success was considered when the tearing under 
normal conditions had been resolved, with no recurring 
infection and minimal or no reflex through the opposite 
canaliculus after lacrimal irrigation 5. To our knowledge, 
Dolman’s report is the largest combined EES-DCR and 
EX-DCR analysis, which included a sufficient number of 
subjects to demonstrate equivalent surgical outcomes be-
tween the two techniques.
In prospective studies, Zaidi  9 showed a 100% success 
rate for EXT-DCR and an 86% success rate for EES-
DCR. Success was based on the degree of epiphora after 
6 months and assessment of patency through syringing.
Others prospective studies 12 suggest comparable results 
for both procedures. Harugop 24 recorded a success rate of 
93.3% in EES-DCR without intubation and 96% in EES-
DCR with intubation, evaluating the degree of epiphora 
and the size of the rhinostomy.

Discussion and conclusions
External DCR remains the gold standard in terms of 
functional outcome in the treatment of nasolacrimal duct 
obstruction. In comparison, interest in the recently devel-
oped EES-DCR technique has been rekindled because of 
advances in instrumentation, notably the introduction of 
the rigid nasoendoscope, FESS and laser surgery. The ad-
vantages of external DCR include high predictability and 
the direct visualization of anatomy, which is highly rel-
evant for sac tumours. This technique facilitates accurate 
anastomosis between the lacrimal sac and nasal mucosa. 
However, external DCR has some disadvantages, includ-
ing facial scarring, lacrimal pump dysfunction resulting 
from the interruption of medial canthal anatomy and the 
orbicularis oculi muscles, and limitations in acute dacryo-
cystitis patients with abscess formation.
An endoscopic approach reduces the risk of interfer-
ing with the medial canthal tendon and lacrimal pump 
physiology. This approach also reduces scarring, which 
is cosmetically important for certain patient groups, par-
ticularly young individuals. EES-DCR also has a shorter 
postoperative recovery time and reduced rates of postop-
erative complications, such as haemorrhage and cerebro-
spinal fluid rhinorrhoea. Serious complications, including 
orbital and subcutaneous emphysema, retrobulbar haem-
orrhage, medial rectus paresis and orbital fat herniation, 
are rarely observed in either form of DCR surgery.
An endoscopic approach facilitates diagnosis and man-
agement of the associated conditions, including septal de-
viation, sinus disease and turbinate hypertrophy.
Endoscopic endonasal DCR plays an established role in 
the revision DCR surgery. In the case of cicatricial ob-
struction at the osteotomy site, it is easier to perform en-
doscopic revision, and the patient is more likely to accept 
such a revision without visible external cuts.
Compared with external DCR, endoscopic DCR is more 
expensive, with high equipment costs. Endoscopic DCR 
is also technically more difficult to learn, and the learning 
curve for the endoscopic procedure has been reported in 
several studies.
However, it is difficult to compare the success rate for pri-
mary surgery between external DCR and endoscopic en-
donasal procedures, as there are few comparative studies. 
Few studies have standard outcome measures, with some 
defining success as patency to irrigation, whereas others 
have focused on symptom resolution. The results of EES-
DCR are not as good as those with EX-DCR, presumably 
reflecting the fact that most surgeons traditionally create 
a smaller rhinostomy when performing an EES-DCR, al-
though the use of this technique varies.
In the last 10 years, the differences in outcomes between 
the two techniques have been reduced because of advanc-
es in technology, and we affirm that the choice of the type 
of surgery is currently based on the experience of the sur-
geon, available resources and the patient preferences.
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SummAry

rhinitis and rhinosinusitis (with/without polyposis), either allergic or non-allergic, represent a major medical problem. Their associated 
comorbidities and relationship with family history have so far been poorly investigated. We assessed these aspects in a large population of 
patients suffering from rhinosinusal diseases. Clinical history, nasal cytology, allergy testing and direct nasal examination were performed 
in all patients referred for rhinitis/rhinosinusitis. Fibre optic nasal endoscopy, CT scan and nasal challenge were used for diagnosis, when 
indicated. A total of 455 patients (60.7% male, age range 4-84 years) were studied; 108 (23.7%) had allergic rhinitis, 128 (28.1%) rhinosi-
nusitis with polyposis, 107 (23.5%) non-allergic rhinitis (negative skin test); 112 patients had associated allergic and non-allergic rhinitis, 
the majority with eosinophilia. There was a significant association between non-allergic rhinitis and family history of nasal polyposis 
(or = 4.45; 95%Ci = 1.70-11.61; p = 0.0019), whereas this association was no longer present when allergic rhinitis was also included. 
Asthma was equally frequent in non-allergic and allergic rhinitis, but more frequent in patients with polyposis. Aspirin sensitivity was more 
frequent in nasal polyposis, independent of the allergic (p = 0.03) or non-allergic (p = 0.01) nature of rhinitis. nasal polyposis is signifi-
cantly associated with asthma and positive family history of asthma, partially independent of the allergic aetiology of rhinitis.

Key WordS: Allergic rhinitis • Non-allergic rhinitis • Nasal polyposis • Nasal cytology • Family history • Atopy

riASSunTo

Le riniti allergiche e non allergiche, le rinosinusiti (con / senza poliposi), rappresentano un importante problema medico. La loro comorbilità, 
e il rapporto con la familiarità sono stati finora poco studiati. Abbiamo valutato questi aspetti in un’ampia popolazione di pazienti affetti da 
patologie rino-sinusali. Tutti i soggetti sono stati sottoposti ad indagine anamnestica, citologia nasale, test allergologici, rinomanometria an-
teriore attiva (RAA) ed endoscopia nasale a fibre ottiche. Quando indicata è stata eseguita TC naso-sinusale. Sono stati studiati 455 pazienti 
(60,7% maschi, di età compresa tra i 4 e 84 anni). 108 di essi (23,7%) presentavano rinite allergica, 128 (28,1%) avevano rinosinusite con po-
liposi, 107 (23,5%) rinite non allergica. 112 pazienti avevano una rinite allergica associata ad una forma non allergica (riniti “sovrapposte”), 
prevalentemente a cellularità eosinofila. Abbiamo riscontrato una significativa associazione tra le forme di riniti non allergiche “cellulari” e 
la familiarità per poliposi nasale (OR = 4,45, 95%CI = 1,70-11,61, p = 0,0019), mentre questa associazione non è stata rilevata nelle forme 
allergiche. L’asma era ugualmente frequente nella rinite allergica e non allergica, maggiore nei pazienti con poliposi. La sensibilità all’aspiri-
na era più frequente nella poliposi nasale, indipendente dalla presenza di associate allergie (p = 0,03) o riniti non allergiche (p = 0,01). Infine, 
la poliposi nasale è significativamente associata ad asma e familiarità per asma, indipendentemente dalla rinite allergica.

PArole ChiAve: Rinite allergica • Rinite non allergica • Poliposi nasale • Citologia nasale • Familiarità • Atopia

Acta Otorhinolaryngol Ital 2014;34:36-41

Introduction
Allergic and non-allergic rhinitis, rhinosinusitis (with/
without nasal polyposis, NP) and other associated diseases 
(i.e. asthma, hearing disorders, sleep disorders) severely 
impair the quality of life of patients, and represent impor-
tant challenges to the physician both from diagnostic and 
therapeutic points of view 1-4. For years, scientific efforts 
have been made to identify and distinguish the patho-
physiology of these diseases, but to date many aspects still 

remain unclear. In fact, if for allergic rhinitis (AR) and 
chronic rhino-sinusitis without nasal polyposis, the epi-
demiology and immunological mechanisms are relatively 
well known 5-10, but few data are available for non-allergic 
rhinitis (NAR), in particular for the forms called “cellu-
lar”, which include non-allergic rhinitis with neutrophils 
(NARNE), non-allergic rhinitis with eosinophils (NAR-
ES), non-allergic rhinitis with mast cells (NARMA), non-
allergic rhinitis with eosinophils and mast cells (NARES-
MA) (Fig. 1A-D) 11-14. and the overlapping forms 15.
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Fig. 1. Nasal cytology: A)  non-allergic rhinitis with eosinophils (NARES); 
B) non-allergic rhinitis with mast cells (NARMA); C) non-allergic rhinitis with 
neutrophils (NARNE); D) non-allergic rhinitis with eosinophils and mast cells 
(NARESMA) May-Grünwald- Giemsa staining, original magnification ×1,000.

To date, no precise pathogenic link among these diseases 
has been demonstrated, although it would be of enormous 
benefit in establishing appropriate medical/surgical man-
agement, and to prevent the onset of complications.
In this study, we evaluated a large number of patients suf-
fering from nasal disorders (AR, NAR, NP, overlapping 
rhinitis), assessing the occurrence of selected comorbidi-
ties (allergy, asthma, aspirin sensitivity), and their possi-
ble correlation with family history of atopy, asthma and 
nasal polyposis.

Materials and methods
Patients referred to our ENT unit for nasal diseases be-
tween January 2010 and December 2012 were evaluated. 
Thorough medical history was always obtained, and all 
patients underwent skin prick test, flexible nasal endos-
copy and nasal cytology.
The family history primarily focused on asthma, aspirin 
sensitivity, nasal polyposis and atopy, investigating at 
least four degrees of relationship (1st degree: parents and 
children; 2nd degree: siblings, grandparents and grandchil-
dren, 3rd degree: aunts and uncles; 4th degree: cousins). 
This aspect was detailed as best as possible, since the usu-
al response to the question “Do any of your family mem-
bers and/or relatives suffer from nasal polyposis, asthma 
or atopy?” was vague or negative.
Nasal endoscopy was carried out by mean of a flexible 
fiberscope (Vision Science ENT 2000, diameter 3.4 mm). 
None of the patients received local anaesthesia or nasal 
decongestion. Allergic sensitization was assessed by a 
skin prick test that was carried out and read according to 
guidelines. Results were considered positive if the ma-
jor wheel diameter was 3 mm or greater 16. The panel of 
commercial allergens used (Stallergenes, Milan, Italy) in-
cluded: house dust mite (Dermatophagoides farinae and 
pteronyssinus), cat, dog, grass mix, Compositae mix, Pa-
rietaria judaica, birch, hazelnut, olive, Alternaria tenuis, 

Cladosporium and Aspergilli mix. A CAP-RAST assay 
(Phadia, Uppsala, Sweden) was carried out as a second 
line test when indicated, and a specific IgE concentration 
> 0.35 kU/l was considered positive.
Nasal cytology was performed obtaining a nasal scraping 
from the middle portion of the inferior turbinate, using a 
Rhino-Probe® 17 18. Samples were placed on a glass slide, 
fixed by air drying and stained by May-Grunwald Giemsa 
method (Carlo Erba®, Milan, Italy). The slides were read 
under a Nikon E600 light microscope (Nikon, Canada) 
equipped with a digital camera. For the rhinocytogram 
analysis, 50 microscopic fields were read at a magnifica-
tion of 1,000× to assess the presence of normal and ab-
normal cellular elements, or other pathologic microscopic 
features. Cell count was carried out by a semi-quantita-
tive grading, as proposed by Meltzer and Jalowayski  19. 
In particular, bacteria and fungal spores were quantified 
as follows: Grade 0 (not visible); Grade 1+ (occasional 
groups); Grade 2+ (moderate number); Grade 3+ (easily 
visible); Grade 4+ (entire field).
Patients were classified as having AR or NAR based on 
skin prick test results. The cellular forms of rhinitis were 
further subdivided based on their cytotype into NARNE 
(neutrophils > 50% with absent spores and bacteria); NAR-
ES (eosinophils >  20%); NARMA (mast cells >  10%); 
NARESMA (eosinophils > 20% and mast cells > 10%) 20.
All data were recorded in a dedicated database (FileMak-
er Pro) and analyzed using STATA software MP11. For 
proportions, the chi-square test was used. To evaluate the 
association between the disease and the investigated de-
terminants, the OR with confidence intervals was calcu-
lated and the chi-square test was performed. For all tests, 
a p < 0.05 was considered statistically significant.

Results
In the present study, 455 patients (60.7% male, mean age 
38.7 ± 18.3 years, age range 4-84 years) were studied. Of 
these, 108 (23.7%) had AR (30.5% monosensitized), 128 
(28.1%) had nasal polyposis (32.8% with concomitant aller-
gy), 107 (23.5%) had cellular rhinitis, of which 53 (49.5%) 
NARES, 54 (50.5%) NARESMA. Finally, 112 (24.6%) pa-
tients were classified as “overlapping” AR+NAR, of whom 
39 (34.8%) with NARES, 8 (7.1%) with NARMA and 65 
(58%) with NARESMA. These overlapping patients had a 
positive skin test/IgE assay, but also positive cytology for 
eosinophils and/or mast cells outside the pollen season.
Within IgE positive patients, the most frequent sen-
sitizations were for mite (57.4%) followed by cypress 
(46.3%), olive (44.4%), grasses (38.9%), Parietaria 
(36.1%), dog/cat epithelium (30.5%) and fungi (6.5%). 
The distribution of patients by gender was not different 
for any of the diseases (chi-square = 4.12, p = 0.38). Ta-
ble  I summarizes the occurrence of the various diseas-
es, the frequency of positive family history for allergy/
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asthma, nasal polyps and acetyl-
salicylic acid sensitivity.
Positive family history for allergy 
had the same prevalence in AR and 
NAR groups (p = 0.79), and in the 
AR and NP groups (p = 0.37). A 
positive family history of allergy 
was more frequent in the overlap-
ping forms of rhinitis compared 
to the pure AR group (p = 0.03), 
and when compared with NAR 
(p = 0.02) and nasal polyposis pa-
tients (p = 0.002). Table II shows 
the frequencies for family history 
of allergy at different degrees of 
relationships.

Table I. Occurrence of family history of atopy, asthma, nasal polyps and clinical signs such as: allergies, 
asthma and acetylsalicylic acid (ASA) sensitivity.

AR
n = 108

NAR
n = 107

AR+NAR
n = 112

NP
n = 128

Family history of allergy 9
(8.3%)

10
(9.3%)

22
(19.6%)

8
(6.25%)

Family history of asthma 21
(19.4%)

26
(24.3%)

43
(38.4%)

21
(16.4%)

Family history of nasal 
polyposis

5
(4.7%)

19
(17.8%)

22
(19.6%)

21
(16.4%)

Allergy - - - 42
(32.8%)

Asthma 16
(14.8%)

8
(7.5%)

29
(25.9%)

42
(32.8%)

Sensitivity to 
acetylsalicylic acid 
(ASA syndrome)

5
(4.6%)

4
(3.7%)

5
(4.5%)

16
(12%)

AR: allergic rhinitis; NAR: non-allergic rhinitis; NP: nasal polyposis.

Table II. Frequency of family history of allergy, asthma and nasal polyposis in different degrees of relationship.

DEGREE OF RELATIONSHIP

1st DEGREE
Parents and offspring

2nd DEGREE
Brothers, grandparents/

grandchildren

3rd/4th DEGREE
Aunts, uncles and cousins

FAMILIARITY FOR ALLERGY
Allergic rhinitis (n = 12) 7 (58.3%) 4 (33.3%) 1 (8.3%)
Non-allergic rhinitis (n = 11)
NARES 2 (18.1%) 2 (18.1%) -
NARMA - - -
NARESMA 6 (54.5%) - 1 (9%)
Allergic rhinitis + non-allergic rhinitis (c.n. 24)
NARES 5 (20.8%) 2 (8.3%) 3 (12.5%)
NARMA 1 (4.1%) 1 (4.1%) -
NARESMA 6 (24%) 4 (16.7%) 2 (8.3%)
Nasal polyps (n = 9) 4 (44.4%%) 4 (44.4%%) 1(11.1%)
FAMILIARITY FOR ASTHMA
Allergic rhinitis (n = 21) 10 (47.6%) 6 (28.6%) 5 (23.8%)
Non-allergic rhinitis (n = 30)
NARES 8 (26.7%) 8 (26.7%) 2 (6.7%)
NARMA - - -
NARESMA 5 (16.7%) 4 (13.3%) 3 (10%)
Allergic rhinitis + non-allergic rhinitis (n = 45)
NARES 4 (8.9%) 2 (4.4%) 4 (8.9%)
NARMA 1 (2.2%) 2 (4.4%) -
NARESMA 12 (26.7%) 11 (24.4%) 9 (20%)
Nasal polyps (n = 22) 12 (54.5%) 6 (27.3%) 4 (18.1%)
FAMILIARITY FOR NASAL POLYPS
Allergic rhinitis (n = 6) 2 (33.3%) 3 (50%) 1 (16.7%)
Non-allergic rhinitis (n = 20)
NARES - 1 (5%) 3 (15%)
NARMA - - -
NARESMA 9 (45%) 4 (20%) 3 (15%)
Allergic rhinitis + non-allergic rhinitis (n = 25)
NARES 2 (8%) 3 (12%) 5 (20%)
NARMA - 1 (4%) -
NARESMA 5 (20%) 4 (16%) 5 (20%)
Nasal polyps (n = 22) 10 (45.5%) 7 (31.8%) 5 (22.7%)
TOTAL (n = 247) 111 (44.9%) 79 (31.9%) 57 (23%)
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A positive family history for asthma was found with the 
same prevalence in the AR group and NP (p = 0.54), in 
AR and NAR (p = 0.41) and in NAR and NP (p = 0.68). In 
contrast, overlapping rhinitis showed a higher frequency of 
familiarity both for AR (p = 0.002) and for NP (p = 0.02). 
Comparing NAR and overlapping rhinitis, asthma was 
associated with a greater risk for the overlapping forms 
(OR = 1.96, 95%CI = 1.06-3.68, p = 0.02) (Table II).
Comparing the frequency of family history for nasal 
polyps in NAR and AR patients, a statistically signifi-
cant association emerged in favour of NAR (OR = 4.45, 
95%CI = 1.70-11.61, p = 0.0019). No significant differ-
ence in the frequency of family history of nasal polyps be-
tween NAR and NP (p = 0.46), and between overlapping 
rhinitis and NP (p = 0.31) was found (Table II).
The difference in the frequency of asthma in the AR and 
NAR groups remained borderline (p = 0.06). In addition, 
asthma had a comparable frequency between overlapping 
rhinitis and NP groups (p = 0.15), but asthma was more 
common in the NP group compared with the AR group 
(p = 0.001) and the NAR group (p < 0.0001).
ASA sensitivity had the same prevalence in the AR vs. 
NAR group (p  =  0.5), in the AR group vs. overlapping 
rhinitis group (p = 0.6) and in the NAR vs. overlapping 
group (p = 0.5). ASA sensitivity resulted more frequent in 

the NP group than in AR (p = 0.03), as compared to NAR 
(p = 0.01) and overlapping rhinitis (p = 0.02).

Discussion
In daily clinical practice of an ENT-Allergology centre, dif-
ferent forms of rhinitis, such as allergic, non-allergic, rhino-
sinusitis with or without nasal polyposis are seen. Therefore, 
the specialist must adopt increasingly complex diagnostic 
and instrumental methods for diagnosis and management. 
In fact, only a detailed diagnosis allows to characterize and 
optimally treat nasal diseases. Nonetheless, the identifica-
tion of more complex and less characterized entities still 
poses diagnostic and therapeutic challenges 15 17 21.
To receive the most accurate diagnosis, the patient should 
undergo thorough diagnostic work-up, where family his-
tory must not be excluded, and accompanied by imaging, 
functional and immunological evaluations (Fig. 2).By per-
forming a broad investigational procedure, in the present 
study we observed that there was a high “global” familial 
incidence of allergy, asthma and nasal polyposis, not only 
between first and second degree relatives (44.9 and 31.9%), 
but also in third and fourth degree ones (23%). These data 
confirm the fact that, for some diseases, genetic background 
plays a crucial role and should be taken into consideration.

Fig. 2. For more accurate diagnosis, the rhinological patient must be able to follow a precise diagnostic work-up, where family history must not be excluded, 
in addition to careful and thorough clinical history, and at least four levels of analysis should be provided: “macroscopic” investigation (by anterior rhinoscopy 
and nasal endoscopy); “microscopic” investigation (by nasal cytology); allergy investigation (by skin prick tests) and “functional” investigation (by basic active 
anterior rhinomanometry and after decongestion).
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In particular, “cellular” rhinitis such as NARES, NARMA 
and NARESMA had a high percentage of positive family 
history for asthma and nasal polyposis, similar to patients 
with NP (24.3 vs. 16.4% and 17.8 vs. 16.4%); while aller-
gic rhinitis (although with a familial incidence of asthma 
slightly higher than in patients with NP [19.4 vs. 16.4%]) 
presented a lower positive family history for nasal poly-
posis (4.7 vs. 16.4%), approaching the epidemiological 
data of the general population 22.
Patients with “overlapping” rhinitis (AR+NAR) showed a 
familial incidence of asthma and nasal polyps greater than 
the NAR forms, of 38.4 and 19.6%, respectively. The data 
describing the familial incidence of NP, both in “cellular” 
and “overlapping rhinitis” (17.8 and 19.6%, respectively) 
demonstrate a clear link between these diseases and NP 
(OR = 4.45; 95%CI = 1.70-11.61, p = 0.0019), further con-
firming the confusion of numerous aetiopathogenetic theo-
ries on the formation of nasal polyps described in the last 20 
years 23, and from time to time the denial of the theory of “ep-
ithelial breaking” 24, fungal aetiology 25, superantigens, etc. 26 
We propose a hypothesis based on “familial-inheritance” 
that leads to the formation of nasal polyps as the “hyperplas-
tic” evolution of a vasomotor cellular type rhinopathy. If this 
occurs in association with allergy, the IgE component would 
seem not determinant to lead to hyperplasia. Nonetheless, 
longitudinal studies of patients with NARES, NARMA and 
NARESMA are necessary to confirm this hypothesis.
Concerning AR, our data confirm those of the available lit-
erature 29 that exclude a common aetiology with NP, with an 
incidence of 32.8% in the group of patients with NP, simi-
lar to that found in the general population. Concerning the 
prevalence of asthma in rhinitis, our data are also consistent 
with that reported in epidemiological studies for both AR 
(14.8%) and NP (32.8%) 16. On the other hand, our find-

ing of a large difference in incidence of asthma between 
cellular NAR (7.5%) and “overlapping” rhinitis (22.3%) 
is more difficult to interpret. Undoubtedly, the presence of 
two diseases (AR + NAR) in the same patient could justify 
an increased damage to respiratory epithelium 31 32 34-36.
Remaining within the rhino-allergic diagnostic realm, we 
suggest that “overlapping” rhinitis should always be diag-
nosed, since it has a different clinical evolution from the 
“pure” forms of AR. Its diagnosis would also avoid er-
roneous epidemiological estimates, such as: i) indicating 
that AR increases the incidence of asthma, or increases 
comorbidities such as sinusitis, otological diseases, sleep 
disorders and nasal polyps; ii) treatment failures (e.g. the 
failure of specific immunotherapy), and iii) preventing 
complications such as asthma, nasal polyps, etc.).
In this regard, the important role of nasal cytology is para-
mount, as it is the only laboratory investigation capable 
of diagnosing “cellular” NAR, to expose “overlapping” 
rhinitis (Table III), and to confirm the IgE-mediated rhini-
tis and monitor treatment. Therefore, although little used 
and valued, in our opinion this very useful method should 
systematically be used as a tool for diagnosis of rhinitis.
Rhino-allergic diagnosis is an articulate and complex 
procedure, and detailed patient history is mandatory. The 
instrumental diagnostic tools play a crucial role in clini-
cal diagnosis, especially in the “cellular” forms of non-
allergic vasomotor rhinitis and “overlapping” rhinitis, 
diseases that are not always diagnosed correctly and for 
many still unknown. Our results reasonably suggest the 
existence of a direct link between non-allergic rhinitis 
and nasal polyposis, based on hereditary-familial aspects. 
More systematic and larger cohort studies will be of help 
in understanding the pathogenetic mechanisms of both 
nasal polyposis and its comorbidities.

Table III. When to suspect “overlapping” of different rhinopathies (allergic rhinitis+NARES, NARMA or NARESMA).

When to suspect “overlapping” of different rhinopathies
(allergic rhinitis + NARES, NARMA or NARESMA)

Clinical criteria
•	 Chronic	“vasomotor”	rhinitis	symptoms	(nasal	congestion,	rhinorrhoea,	volley	of	sneezing)	present	even	outside	the	pollen	season,	in	a	patient	skin	prick	

test and/or RAST test positive.
•	 Increased	“vasomotor”-	 type	 nasal	 reactivity	 to	 non-specific	 stimuli	 [sudden	 changes	 in	 temperature,	 light	 stimuli,	 strong	 smells,	 cigarette	 smoke,	

exposure to chlorine (swimming), etc.].
•	 Disturbances	of	taste	and	smell	(suspect	onset	of	nasal	polyposis).
•	 Positive	family	history	of	nasal	polyposis,	NARES,	NARMA,	NARESMA,	asthma,	sensitivity	to	acetylsalicylic	acid,	hypo-anosmia,	vasomotor	rhinitis	labelled	

“non-specific”, previous turbinate surgery for nasal congestion which gave poor medium- to long – term results.
•	 Recurrent	use	of	nasal	decongestants.
•	 Little	or	no	clinical	benefit	following	turbinate	surgery	for	nasal	congestion.
•	 Little	or	no	clinical	benefit	following	a	cycle	of	specific	immunotherapy	(SIT).
Cytologic criteria
•	 In	the	forms	with	“persistent”	symptoms,	overlapping	should	be	suspected	in	all	patients	with	rhinocytogram	showing	a	cell	profile	different	form	that	

associated with “persistent minimal inflammation” (i.e. different from that characterized by numerous neutrophils, some lymphocytes and occasional 
eosinophils, with rare signs of degranulation), where there are eosinophils > 20% and/or mast cells > 10%.

•	 In	the	forms	with	“intermittent”	symptoms,	overlapping	should	be	suspected	in	all	patients	with	a	positive	rhinocytogram	(eosinophils	> 20%	and/or	mast	
cells > 10%.) outside the pollen season for the allergen/s identified by allergy testing (skin prick test and/or RAST test).

•	 In	rhinocytology,	November	tends	to	be	preferred	for	“unravelling”	overlapping	rhinopathies,	as	this	is	the	month	in	which	most	airborne	pollens	are	absent.
•	 The	presence	of	 immuno-inflammatory	cells	(eosinophils	and/or	mast	cells)	associated	with	rhinitis	symptoms	confirms	the	presence	of	overlapping	

diseases.
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Cochlea size variability and implications in clinical 
practice
Variabilità delle dimensioni cocleari e sue implicazioni nella pratica clinica
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SummAry

The objectives of this study were: 1) study cochlea size variability among age and degree of deafness; 2) calculate the length of the cochlear 
implant electrode needed to obtain the optimal final insertion depth angle of 270°. A total of 241 patients (482 ears) that underwent high 
resolution computed tomography (hrCT) of the ear in our institution between 2003 and 2008 were included to collect temporal bone data, 
and were divided in 3 groups: 97 (194 ears) patients with bilateral severe or profound sensorineural hearing loss (group A), 70 patients 
(140 ears) with bilateral moderate sensorineural hearing loss (group B), 74 patients (148 ears) without sensorineural or mixed hearing loss 
(group C). in each of the 3 groups, 5 subgroups were identified with the following age criteria: 1) subgroup 1: subjects ≤5 years old; 2) 
subgroup 2: subjects 6-10 years old; 3) subgroup 3: patients 11-15 years old; 4) subgroup 4: patients 16-20 years old; 5) subgroup 5: sub-
jects > 20 years old. The length of the cochlea, height of the cochlea, basal turn lumen diameter (BTlD) and volume of the cochlea were 
measured. The  mann-Whitney test was used to assess the alternative hypothesis that a statistically significant difference in size exists be-
tween the different groups and subgroups. The following equation was adopted to calculate the length of a straight electrode which follows 
the outer wall of the scala tympani required to obtain the ideal insertion depth angle of 270°( l

iC 
):    l

iC
 = 2.62 x l x log

e
 (1+ 270°/235).

We found that the cochlea is completely developed and has reached adult size at birth. The degree of deafness does not affect the length or 
volume of the cochlea, while it can affect the height and BTlD. To assist the surgeon to calculate the ideal insertion depth angle of 270° in 
order to preserve residual hearing, it is useful to propose a straight electrode with 3 landmarks on the array (the first at 16.635 mm from the 
tip, the second at 17.987 mm and the third at 19.34 mm).

Key WorDS: Cochlear implant • Cochlea size • Degree of deafness • Age • Length of cochlea • Height of cochlea • Basal turn lumen 
diameter • Volume of cochlea • Residual hearing preservation • Insertion depth angle

riASSunTo

Gli obbiettivi di questo studio sono stati: 1) lo studio della variabilità delle dimensioni cocleari in relazione all’età e al grado di ipoacu-
sia; 2) calcolare la lunghezza dell’elettrodo dell’impianto cocleare richiesta per ottenere l’angolo ideale d’inserzione profonda di 270°. 
Per raccogliere i dati riguardanti le ossa temporali sono stati inclusi nello studio 241 pazienti (482 ossa temporali) che hanno ricevu-
to una Tomografia Computerizzata a alta risoluzione (HRCT) dell’orecchio nel nostro Policlinico Universitario tra il 2003 e il 2008; 
i pazienti sono stati divisi in 3 Gruppi: 97 (194 orecchie) aventi una ipoacusia neurosensoriale severa o profonda bilaterale (Gruppo 
A), 70 (140 orecchie) aventi una ipoacusia neurosensoriale moderata bilaterale (Gruppo B), 74 pazienti (148 orecchie) senza ipoacu-
sia neurosensoriale o mista (gruppo C). In ciascuno dei 3 gruppi, sono stati identificati 5 sottogruppi in base all’età: 1) sottogruppo 
1: soggetti ≤ 5 anni, 2) sottogruppo 2: soggetti da 6 a 10 anni; 3) sottogruppo 3: pazienti da 11 a 15 anni, 4) sottogruppo 4: pa-
zienti da 16 a 20 anni, 5) sottogruppo 5: soggetti > 20 anni. Sono stati misurati la lunghezza della coclea (L), l’altezza della coclea 
(H), il diametro del lume del giro basale (BTLD) e il Volume della coclea (V). Il Test di Mann-Whitney è stato utilizzato per verificare 
l’ipotesi alternativa che a livello di queste dimensioni esiste una differenza statisticamente significativa tra i differenti gruppi e sotto-
gruppi. La seguente equazione è stata adottata per calcolare la Lunghezza di un elettrodo rettilineo che segue la parete esterna del-
la scala timpani necessaria per ottenere l’angolo ideale di inserzione profonda di 270° (LIC): L

IC
 = 2,62 x L x log

e
 (1+ 270°/235). 

Secondo i nostri risultati alla nascita la coclea è completamente sviluppata e ha già raggiunto le dimensioni dell’adulto. Il Grado di ipoa-
cusia non influenza la Lunghezza (L) e il Volume (V) della coclea, mentre può influenzare la sua altezza (H) e il diametro del lume del giro 
basale (BTLD). Per aiutare il chirurgo a ottenere l’angolo di inserzione profonda ideale di 270° nell’intento di preservare l’udito residuo 
sarebbe utile proporre un elettrodo rettilineo con 3 punti di riferimento: il primo a 16.635 mm dalla punta, il secondo a 17.987 mm, il terzo 
a 19,34 mm)  

PARoLe CHIAVe: Impianto cocleare • Dimensioni cocleari • Grado d’ipoacusia • Età • Lunghezza della coclea • Altezza della coclea • 
Diametro del giro basale della coclea • Volume della coclea • Preservazione dell’udito residuo • Angolo d’inserzione profonda dell’impianto 
cocleare

Acta Otorhinolaryngol Ital 2014;34:42-49
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Introduction
By the middle of gestation, the cochlea is completely 
developed and has reached adult size: no further gain 
in size or change in shape is expected after birth 1-3. At 
present, there is anatomic 4 5 and radiological 6-16 evi-
dence that the size of the cochlea presents some degree 
of variation between normal hearing subjects. Such 
evidence, on the one hand, prompted different authors 
to look radiologically for the existence of differences 
in cochlea size between normal hearing subjects and 
subjects with sensorineural hearing loss having a nor-
mal inner ear 7-11 16 17, and on the other hand have raised 
awareness regarding the cochlea size related variabil-
ity of insertion depth angles for cochlear implant elec-
trodes, making cochlear measurements and prediction 
of insertion depth angles for cochlear implant elec-
trodes two important prerequisites to develop a next 
generation of implants that are more suited to cochlear 
size and therefore less traumatic 6 12.
The aims of the current study were: 1) study cochlea 
size variability considering age and degree of deafness 
in 3 groups of subjects: patients with bilateral severe 
or profound sensorineural hearing loss (group A), pa-
tients with bilateral moderate sensorineural hearing loss 
(group B), patients without sensorineural or mixed hear-
ing loss (group C); 2) calculate the length of the coch-
lear implant electrode needed to obtain a final insertion 
depth angle of 270°, which in our opinion is the optimal 
insertion depth angle in the modern soft surgery era, 
since it allows to preserve most residual hearing without 
significant loss in hearing performances after cochlear 
implantation.

Methods

Patients
A total of 241 patients (482 ears) were included in this 
study to collect HRCT temporal bone data, and were di-
vided in 3 groups: 97 (194 ears) patients with bilateral 
severe or profound sensorineural hearing loss (Group A), 
70 patients (140 ears) with bilateral moderate sensorineu-
ral hearing loss (Group B), 74 patients (148 ears) without 
sensorineural or mixed hearing loss (Group C).
The 97 patients with bilateral severe or profound senso-
rineural hearing loss were selected between all patients 
who received a cochlear implant and had a preoperative 
HRCT in our institution between 2003 and 2008. The 70 
patients with bilateral moderate sensorineural hearing loss 
were selected between all patients with bilateral moder-
ate sensorineural hearing loss that received a hearing aid 
device who had been screened in our institution for mid-
dle and/or inner ear anomaly in the same period. The 74 
patients without sensorineural or mixed hearing loss were 
selected between all patients with cholesteatoma sched-

uled for tympanoplasty who had a preoperative HRCT in 
our institution during the same period. The criteria for in-
clusion were: 1) HRCT performed in our institution and 
still available on the PACS; 2) slice thickness of 0.6 mm 
or less 3) radiologically undetectable abnormalities of the 
inner ear.  
In each of the 3 groups, 5 subgroups were identified fol-
lowing  age criteria: 1) subgroup 1: subjects ≤5 years 
old; 2) subgroup 2: subjects 6-10 years old; 3) subgroup 
3: patients 11-15 years old; 4) subgroup 4: patients 16-20 
years old; 5) subgroup 5: subjects > 20 years old (Table I). 

Images processing
The images were treated with the Myrian® Expert 1.2 
software developed by Intrasense® in order to obtain 
the following measures: 1) cochlear length (L); 2) coch-
lear height (H); 3) basal turn of cochlea lumen diameter 
(BTLD); 4) cochlear volume (V).
A view of the basal turn of the cochlea was developed as 
shown in Figure 1 to obtain L, H and BTLD, in accord-
ance with the method described by Fraysse et al. [6]

The aim was to view the lateral wall from the round win-
dow to one full turn (360°). The entire basal turn cannot 
be viewed using a single two-dimensional plane and thus 
a reconstruction was performed using a 1.1 mm layer with 
minimum intensity projection. This layer captures the ex-
tremity of the cochlear canal and either the scala tympani 
or scala vestibuli. The viewing angle was adjusted with 
the aid of the perpendicular sections to obtain a view that 
gave the largest area of dark pixels. In one view, one can 
visualize round window, oval window, basal turn of the 
cochlea, vestibule and the anterior branches of the lateral 
and superior semicircular canals. 
The view developed allowed the largest distance L from 
the inferior lip of the round window niche, through the 
modiolar axis, to the lateral wall and the perpendicular 
distance H to be measured as in Figure 1. The same view 
also allowed BTLD to be measured: it was arbitrarily 
decided to measure BTLD in the bisector of the second 
quarter of the cochlea as in Figure 1.
To measure the volume (V), the software required en-
compassing the limits of the cochlea in multiple contigu-
ous axial slices. The accuracy of the measurement V was 
checked by visual inspection of the area obtained in the 
view of the basal turn of the cochlea developed to obtain 
the other measures and in the axial, coronal and sagittal 
view, as shown in Figure 2.

Statistical analysis
The Mann-Whitney test was used to  assess the alterna-
tive hypothesis that a statistically significant difference in 
size exists between the different groups and subgroups. 
The same test was used to assess the alternative hypoth-
esis that a statistically significant difference in size exists 
between the left ear and the right ear.
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CI array optimal length determination 
According to Fraysse et al, [6] the following equation was 
adopted to calculate  the length of a straight electrode 
which follows the outer wall of the scala tympani required 
to obtain  the ideal insertion depth angle  of 270° (L

IC
):    

L
IC

 = 2.62 x L x log
e
 (1+ 270°/235).

Results
Cochlear measurements in group A (bilateral severe or 
profound sensorineural hearing loss)
The median, mean, range and the standard deviation for 
each measurement in group A was, respectively:
1. cochlear length (L): 9 mm, 9.0623 mm, 7.4-11.4 mm, 

0.7036 mm;
2. cochlear height (H): 6.9 mm, 6.9247 mm, 4.8-8.5 mm, 

0.6101 mm;
3. Basal Turn Lumen Diameter (BTLD): 2.2 mm, 2.1814 

mm, 1.5-2.8 mm, 0.2266 mm;

4. cochlear volume (V): 0.1415 ml, 0.1504 ml, 0.067-
1.112 ml, 0.0963 ml.

Table II summarizes the results of the cochlear measure-
ments in group A. 

Cochlear measurements in group B (bilateral moderate 
sensorineural hearing loss)
The median, mean, range and standard deviation for each 
measurement in group B was, respectively:
1. cochlear length (L): 8.95 mm, 8.9642 mm, 7.4-11 mm, 

0.5481 mm;
2. cochlear height (H): 6.8 mm, 6.7678 mm, 5.3-7.7 mm, 

0.4143 mm; 
3. Basal Turn Lumen Diameter (BTLD): 2.1 mm, 2.1264 

mm, 1.8-2.8 mm, 0.2306 mm;
4. cochlear volume (V): 0.1335 ml, 0.1460 ml, 0.094-

1.101 ml, 0.117 ml.
Table III summarizes the results of the cochlear measure-
ments in group B. 

Cochlear measurements in group C (patients without sen-
sorineural or mixed hearing loss)
The median, mean, range and standard deviation for each 
measure in group C was, respectively:
1. cochlear length (L): 9.1 mm, 9.125 mm, 7.7-11.9 mm, 

0.6806 mm; 
2. cochlear height (H): 6.85 mm, 6.8128 mm, 4.8-8.2 

mm, 0.502 mm;
3. Basal Turn Lumen Diameter (BTLD): 2.2 mm, 2.2263 

mm, 1.5-2.7 mm, 0.2322 mm;
4. cochlear volume (V): 0.152 ml, 0.1854 ml, 0.084-2.01 

ml, 0.2309 ml.
Table IV summarizes the results of the cochlear measure-
ments in group C. 

Influence of the side on cochlear measurements
No statistical difference was found between the length 
(L), the height (H), BTLD and volume (V) of the right 
and left cochlea in any of the three groups (p > 0.05).

Statistical analysis of the influence of age on cochlear size
In all groups, there was no increase in length (L), height 
(H), BTLD or volume (V) after birth (Figs. 3-5). 

Fig. 1. Two-dimensional reconstruction from HRCT data of the basal turn of 
the cochlea using a 1.1 mm layer, minimum intensity projection. Distance L 
(cochlear length), here 8.4 mm, perpendicular distance H (cochlear height), 
here 6.1 mm, and distance BTLD (basal turn lumen diameter), here 1.9 mm, 
are measured using the scanner system.  

Table I. Distribution of patients in the 3 groups among the age-related subgroups.

Subgroup

Group

1
(<5 years-old) 

2
(6-10 years-old) 

3
(11-15 years-old) 

4 
(16-20 years-old) 

5 
(>20 years- old) 

Total 

A (bilateral severe or profound 
sensorineural hearing loss) 

24 7 5 5 57 97

B (bilateral moderate sensorineural 
hearing loss) 

15 29 16 7 3 70

C (no sensorineural or mixed hearing 
loss) 

2 11 14 10 37 74
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Fig. 2. The accuracy of the manually defined volume was checked by visual inspection of the coloured area obtained in four planes: coronal (upper left), 
sagittal (upper right), axial (lower left) and reconstructed view (lower right). Cochlea should only be defined by the striped area.  

Table II. Cochlear measurement results in group A (bilateral severe or profound sensorineural hearing loss): length (L), height (H), basal turn lumen diameter 
(BTLD), volume (V).

L (mm) H (mm) BTLD (mm) V (ml)

Mean 9.0623 6.9247 2.1814 0.1504

Median 9 6.9 2.2 0.1415

Min 7.4 4.8 1.5 0.067

Max 11.4 8.5 2.8 1.112

Range 7.4-11.4 4.8-8.5 1.5-2.8 0.067-1.112

Standard deviation 0.7036 0.6101 0.2266 0.0963

Table. III. Cochlear measurement results in group B (bilateral moderate sensorineural hearing loss): length (L), height (H), basal turn lumen diameter (BTLD), 
volume (V). 

L (mm) H (mm) BTLD (mm) V (ml)

Mean 8.9642 6.7678 2.1264 0.1460

Median 8.95 6.8 2.1 0.1335

Min 7.4 5.3 1.8 0.094

Max 11 7.7 2.8 1.101

Range 7.4-11 5.3-7.7 1.8-2.8 0.094-1.101

Standard deviation 0.5481 0.4143 0.2306 0.1170
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Statistical analysis of the influence of the degree of deaf-
ness on cochlear length (L), cochlear height (H), BTLD 
and cochlear volume (V)
No statistically significant difference was found between 
the L of the different groups (p > 0.05) (Fig. 6). A sta-
tistically significant difference was found between  the 
H in group A (bilateral severe or profound sensorineural 
hearing loss) and group B (bilateral moderate sensorineu-
ral hearing loss) (p ≤ 0.02308), although no statistically 
significant difference was found between the H of group 
A and group C (patients without sensorineural or mixed 
hearing loss) (p > 0.05) or between the H of group B and 
group C (p > 0.05) (Fig. 6).
A statistically significant difference was found between 
the BTLD of the group B (bilateral moderate sensorineural 
hearing loss) and group C (patients without sensorineural 
or mixed hearing loss) (p ≤ 0.02373), but no statistically 
significant difference was found between the  BTLD of 
group A (bilateral severe or profound sensorineural hear-
ing loss) and group B (p > 0.05) or between the BTLD of 
group A and group C (p > 0.05) (Fig. 6).
No statistically significant difference was found between 
the V between groups (p > 0.05) (Fig. 6).

Statistical analysis of the influence of age in each group
We defined 5 age related subgroups for group to analyze 
the influence of age in each group: 1) subgroup 1: subjects 
≤5 years old; 2) subgroup 2: subjects 6-10 years old; 3) 
subgroup 3: patients 11-15 years old; 4) subgroup 4: pa-

Fig. 3. Group A (bilateral severe or profound sensorineural hearing loss): 
measurement obtained in left ear versus age for L, H, BTLD and V.

Fig. 5. Group C (patients without sensorineural or mixed hearing loss): 
measurement obtained in left ear versus age for L, H, BTLD and V.

Fig. 4. Group B (bilateral moderate sensorineural hearing loss): measure-
ment obtained in left ear versus age for L, H, BTLD and V.

Tab. IV. Cochlear measurements results in group C (patients without sensorineural or mixed hearing loss): length (L), height (H), basal turn lumen diameter 
(BTLD), volume (V).

L (mm) H (mm) BTLD (mm) V (ml)

Mean 9.125 6.8128 2.2263 0.1854

Median 9.1 6.85 2.2 0.152

Min 7.7 4.8 1.5 0.084

Max 11.9 8.2 2.7 2.01

Range 7.7-11.9 4.8-8.2 1.5-2.7 0.084-2.01

Standard deviation 0.6806 0.502 0.2322 0.2309
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tients 16-20 years old; 5) subgroup 5: subjects > 20 years 
old (tab 1). Comparing the L, H, BTLD and V of the dif-
ferent subgroups a statistically significant difference was 
found in in 2 cases:
1. H between subgroup A1 (48 ears) and subgroup B1 

(30 ears) (p ≤ 0.02417);
2. H between subgroup A5 (112 ears) and subgroup C5 

(74 ears) (p ≤ 0.03517).

Length of a straight electrode required to obtain the ideal 
insertion depth angle of 270° ( L

IC 
)

The length of a straight electrode that follows the outer 
wall of the scala tympani required to obtain  the ideal 
insertion depth angle  of 270° (L

IC 
) was calculated for 

the cochlea of all groups (482 ears), and not just for 
the patients in group A, as no statistical difference was 
found between the L of the different groups. The mean, 
standard deviation and range of L

IC 
we found was, re-

spectively, 18.144 mm, 1.316 mm, 14.831-23.85 mm. 
The histogram in Figure 7 shows the distribution of 
L

IC
 in the three groups. L

IC
 ranged between 16.635 and 

19.34 mm in more than 75% of inner ears. 

Discussion
The current investigation was designed to study cochlea 
size variability considering age and degree of deafness in 
3 groups of subjects, and assist in the conception of coch-
lear implants designed to preserve residual hearing by 
calculating the length of the straight (e.g. not preformed) 
cochlear implant electrode needed to obtain a final inser-
tion depth angle of 270°.
The L and H obtained in the current investigation were 
similar to those obtained by Dimopoulos and Muren from 
95 plastic casts 4 and to those obtained by Fraysse et al. 
from HRCT of 42 patients.6  The latter had already shown 
the L and H measurement method to be reliable at least to 
within the resolution of the HRCT scan 6.
The measurement of BTLD was similar to that obtained 
by Purcell et al. from the HRCT of 15 patients 7. The 
BTLD measurement method, different from the L and H 
measurement method, showed obvious limits related to 
the voxel resolution of the images, but a more accurate 
method is not possible with current technology. 
The measure of V was not similar to that obtained by Ken-

Fig. 6. Box-plots illustrating the influence of the degree of deafness on the length of the cochlea (L) (upper-left), height of the cochlea (H) (upper-right), basal 
turn lumen diameter (BTLD) (lower-left) and volume of the cochlea (V) (lower-right). Group A: bilateral severe or profound sensorineural hearing loss; group B: 
bilateral moderate sensorineural hearing loss; group C: patients without sensorineural or mixed hearing loss.
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di et al. from the MR of 29 healthy volunteers 18: in fact, 
we found a considerably higher mean value for V, but an 
obvious explanation can be suggested. We measured the 
volume of the anterior bony labyrinth on HRCT images, 
while Kendi et al. measured the volume of the anterior in-
ner ear fluids on MR images, i.e. we obtained a measure 
of the container while Kendi et al. measured the content. 
Nonetheless, the V measurement method showed obvious 
limits related to the necessity of manually encompassing 
the limits of the cochlea in multiple axial slices and to the 
necessity of subjectively distinguishing the limit between 
the cochlea and other anatomical structures of the inner 
ear in multiple axial slices. This difficulty could represent 
another explanation for the discordance from results of 
Kendi along with the use of MRI. Also in the case of the 
V measurement method, a more accurate method is not 
possible with current technology. The interobserver vari-
ability was not calculated in the current investigation, but 
it was clearly felt that it is expected to be important for 
volume and especially for BTLD.
Our results confirm that cochlear size variability exists, 
and that this variability is not related to either age or 
side. The degree of deafness does not affect the length or 
volume of the cochlea, while it can affect height and the 
BTLD.
We found that the degree of deafness can affect the height 
of the cochlea, and the age-related subgroups analysis 
showed that this measure is also influenced by the age in 
each group. A statistically significant difference for H was 
found for the following:
1. between  group A (bilateral severe or profound senso-

rineural hearing loss) and group B (bilateral moderate 
sensorineural hearing loss) (p ≤ 0.02308 ). The H of 
group B seems to be smaller;

2. between subgroup A1 (bilateral severe or profound 
sensorineural hearing loss, ≤ 5 years old) and subgroup 

B1 (bilateral moderate sensorineural hearing loss, ≤ 5 
years old) (p ≤ 0.02417). The H of group B1 seems to 
be smaller;

3. between subgroup A5 (bilateral severe or profound 
sensorineural hearing loss, > 20 years old ) and sub-
group C5 (patients without sensorineural or mixed 
hearing loss, > 20 years old) (p ≤ 0.03517). The H of 
group C5 seems to be smaller.

Interestingly, other authors have previously noted that the 
degree of deafness affects the height of the cochlea, even 
if they performed measurements of H on coronal or axial 
temporal bone CT, so that it is missing the real axis of the 
cochlea and underestimating H. Purcell et al. have sug-
gested routine measurement of H on HRCT coronal im-
ages to improve the sensitivity of HRCT in detecting in-
ner ear malformations when very subtle abnormalities are 
involved, and established a normative measurement to aid 
in the diagnosis of inner ear malformations (4.27 mm to 
6.35 mm) 7. Moreover, performing measurements of the 
inner ear structures on axial temporal bone CT scans of 45 
ears with congenital SNHL and grossly normal temporal 
bone CT scans and 45 ears with normal inner ear struc-
tures and normal hearing, Lan found that there were sig-
nificant differences in the measurements of the maximal 
height of cochlea between the two groups (the maximal 
height of cochlea in the SNHL group was larger than the 
control group: 4.79 vs. 4.46 mm) 11.
The BTLD measurement method showed obvious limits 
related to the voxel resolution of images, thus making our 
results unreliable; however, we found a statistically sig-
nificant difference between the BTLD of the 70 patients 
(140 ears) with bilateral moderate sensorineural hearing 
loss (Group B) and the  BTLD of the 74 patients (148 
ears) without sensorineural or mixed hearing loss (Group 
C). Interestingly, measuring BTLD on HRCT axial slice 
Purcell et al. found that the lumen of the basal turn in a 
group of 15 congenital SNHL with grossly normal tem-
poral bone CT scans was smaller than the control group 
composed of 15 patients with normal hearing 8.
In the modern cochlear implantation era, there is growing 
interest in developing an atraumatic surgical technique 
designed to preserve cochlear function, minimize cochle-
ar damage and allow easy, possibly repeated reimplanta-
tion 19-21. We used the data collected herein to optimize the 
length of the electrode array to preserve residual hearing 
by obtaining a final insertion depth angle of 270°. We cal-
culated the length of a straight electrode which follows 
the outer wall of the scala tympani required to obtain the 
ideal insertion depth angle of 270° (L

IC
) for the cochlea of 

subjects in all groups (482 ears) and found that the mean 
L

IC
 was 18.144 mm with a SD of 1.316 mm. L

IC
 ranged 

from 16.635 to 19.34 mm in more than 75% of inner ears, 
so we propose to place 3 landmarks on the array, the first 
at 16.635 mm from the tip, the third at 19.34 mm, and the 
second between the first and the third, at 17.9875 mm. 

Fig. 7. Histogram illustrating the distribution of  the calculated length of a 
straight electrode required to obtain the ideal insertion depth angle of 270° 
(L

IC
 ) in the subjects of all group.  



Cochlea size variability and implications in clinical practice

49

These 3 landmarks could help to obtain a 270° inser-
tion depth angle if preoperative measurement of cochlear 
length on HRCT has been performed, and could replace 
fluoroscopy. These conclusions only apply to straight 
electrodes that follow the outer wall of the scala tympani. 

Conclusions
Cochlear size variability exists, and this variability is not 
age-related; the cochlea has already reached adult size at 
birth. The degree of deafness does affect the length or vol-
ume of the cochlea, while it can affect height and BTLD. 
In order to preserve residual hearing it seems reasonable 
to propose a straight electrode with 3 landmarks on the 
array (the first at 16.635 mm from the tip, the second at 
17.987 mm, the third at 19.34 mm) to assist the surgeon 
in obtaining the ideal insertion depth angle of 270° when 
a preoperative measurement of cochlear length (L) by 
HRCT has been performed. These landmarks might be 
an alternative to fluoroscopy to assist array insertion, and 
could be an interesting subject for future research.    
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Quantitative enhancement of speech in noise through 
a wireless equipped hearing aid
Miglioramento della percezione verbale attraverso apparecchi acustici dotati  
di sistema wireless

A. CiorbA, S. ZAttArA, G. Loroni, S. ProSSer
ent and Audiology Department, University Hospital of Ferrara, italy

SummAry

The development of new hearing aid technology can improve speech understanding in complex listening environments. The purpose of this 
study is to evaluate the benefit offered by the use of wireless technology applied to hearing aids. Participants were fit with binaural hearing 
instruments and underwent speech-in-noise tests. The signal was transmitted either by a speaker or wirelessly directly to the hearing aid. in 
our experience, hearing aids with wireless systems have an advantage in two particular conditions. The first can be achieved while listening 
wirelessly with microphones excluded (recommended when listening in noisy environments), while the second is in conditions of asym-
metric listening; the wireless signal perception remains effective, but at the same time it allows the patient to receive environmental signals. 
hearing aids equipped with wireless systems may be particularly useful when listening to people talking even in noisy environments and/
or receiving other sound sources such as TV and landline or cell phones.

Key wordS: Sensorineural hearing loss • Hearing aids • Rehabilitation • Wireless technology

riASSunTo

Lo sviluppo di nuove tecnologie audioprotesiche potrebbe migliorare la comprensione del parlato in particolari condizioni di ascolto 
ambientale. Scopo di questo studio è stato valutare i benefici offerti dall’utilizzo della tecnologia wireless applicata agli apparecchi 
acustici. I partecipanti sono stati sottoposti a test di percezione verbale nel rumore dopo aver indossato apparecchi acustici binaurali. Il 
segnale è stato trasmesso sia da un altoparlante sia in modalità wireless direttamente all’apparecchio acustico. Nella nostra esperienza, 
gli apparecchi acustici con sistemi wireless risultano utili soprattutto in due situazioni. La prima è l’ascolto wireless a microfoni esclusi 
(particolarmente raccomandato in ambienti rumorosi), mentre la seconda è in condizioni di ascolto asimmetrico; la percezione del segnale 
via wireless rimane efficace, ma allo stesso tempo anche la percezione dei segnali ambientali rimane buona. Concludendo, gli apparecchi 
acustici dotati di sistemi wireless risultano particolarmente utili per una buona percezione verbale anche in ambiente rumoroso, e/o per la 
ricezione di altre sorgenti sonore come la TV o telefoni di rete fissa o cellulare.

PArole ChiAVe: Ipoacusia neurosensoriale • Apparecchi acustici • Riabilitazione • Tecnologia wireless
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Introduction
Sound is an integral part of our daily experience as it 
conveys relevant acoustic information that contributes 
to communication and mapping the environment where 
we live. Hearing impaired subjects, by means of ampli-
fication, may compensate only partially for the loss of 
acoustic information. In fact, hearing aid users are al-
ways searching for a kind of “auditory clearness”, either 
in situations in which communication is corrupted by 
ambient noise, or in situations in which verbal message 
comes from electronic devices such as television, com-
puter and mobile phone. Several studies have already 
reported speech perception as the single most important 
aspect of hearing that attributes to hearing aid success 1-5. 

The continuous search for solutions to improve hear-
ing aid efficacy in listening to electroacoustic sources 
has led to the implementation of wireless technology in 
hearing instruments.
The purpose of this study is to evaluate the benefit of-
fered by the use of wireless technology applied to hear-
ing aids. In particular, we measured the aided reception 
threshold for speech stimuli as emitted by a loudspeaker 
within a room contaminated by a composite cocktail party 
and traffic noise. This acoustic condition is intended to 
simulate listening to a radio or TV in a noisy room full 
of people speaking together and with a window open on 
a busy road. Speech reception threshold (SRT) was thus 
compared in condition of free-field air-conducted speech, 
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and wireless-conducted signal. Changes in signal to noise 
ratio was the parameter that was evaluated.

Materials and methods

Subjects
A total of 9 subjects aged between 21 and 27 years were 
included in this study (3 males and 6 females). All partici-
pants had normal hearing (≤ 15 dB HL at 250, 500, 1000, 
2000, 4000 Hz).

Hearing aid
For the time of experience, each subject was binau-
rally fitted with Gn-Resound Alera hearing aids using 
a standard soft earmold. The instruments were pro-
grammed for a linear gain of 16  dB, omnidirectional 
microphone and noise reduction system excluded. In 
addition, they were set up to operate in the following 
modalities: wireless off/on (P1, P2) and microphone on/
off (mic+, mic-). It is notable that while in the wireless 
mode, the Alera may be programmed to operate either 
with mic- or mic+. With microphone excluded (mic-), 
only the wirelessly transmitted signals reach the sub-
ject’s ear. With microphone open (mic+), wireless sig-
nals from the electroacoustic source and acoustic sig-
nals processed by the hearing aid mix together within 
the external ear canal.
Gn Resound uses a proprietary wireless technology 
operating in a frequency range of 2.4 GHz that allows 
communication between the hearing aids and other de-
vices up to a distance of 7-10 m. The main feature of 
these devices is the ability to connect wirelessly to any 
electroacoustic source. The communication between the 
sound source and the hearing aid is operated through an 
interface-device (“Unite TV Streamer” for TV or an au-
dio-system, or “Unite Phone Clip” for mobile phones). 
Using a remote control, the hearing aid user can manually 
choose among the available listening programme, enable 
or disable the wireless connection, or modify the volume 
(range 0-40 dB) of the wireless transmitted sounds. For 
the present experience, the volume control was fixed half-
way, corresponding to 20 dB of extra-output.

Examination room
Subjects were examined in a sound-attenuated 3 × 4 m 
room, with a reverberation time of 0.4 sec. A noisy dif-
fuse sound-field was obtained by using four loudspeakers 
horizontally arranged (placed at 0°, 90°, 180° and 270°, 
height 1.20 m) each at distance of 1 m around the subject. 
A fifth loudspeaker delivering the speech message was 
placed frontally.
A PC was programmed to play the sound files containing 
the stimuli, activate the loudspeakers via a MOTU board 
and control the sound levels. The fifth speaker, devoted to 
speech signal delivery, was also connected to the United 

TV streamer; in this way, the speech message could also 
reach the hearing aids wirelessly.

Stimuli
Background noise consisting of cocktail party was de-
livered from the 0°, 90°, 180°, 270° speakers, with the 
addiction of traffic noise on the 90° and 270° speakers. 
The overall background noise level as measured after 
balancing the single speaker output, and at the subjects’ 
head position was kept at 55 dB SPL(A). Speech signal 
consisted of 13 lists, each of 20 Italian meaningful sen-
tences (speech audiometry by GNResound Italia, 2000). 
The speech delivered from the fifth speaker at 0°, was 
calibrated as rms level with reference to the overall back-
ground noise level.

Measurements
Speech reception threshold (SRT), corresponding to 50% of 
correct responses, was recorded through a simple up-down 
2 dB step adaptive procedure going on up to 7-8 reversals. 
Usually, each SRT measure needed 14-18 sentences.
SRT was thus obtained in free field, in the following aided 
conditions:
1. both hearing aids in P1 and mic+ (reference condition);
2. both hearing aids in P2 and mic-;
3. both hearing aids P2 and mic+;
4. both hearing aids in P2, mic- in one ear and mic+ con-
tralaterally.
The first condition was taken as a reference to evaluate 
the effect of wireless transmission compared to the usual 
condition. Moreover, while the first three conditions real-
ize a symmetrical listening condition, the fourth realizes a 
condition of asymmetrical listening.

Results
The results corresponding to the SRT in noise are expressed 
in terms of s/n ratio. Recall that more negative values of 
s/n ratio indicate higher performance. To better appreci-
ate the effect of listening through the different setting of 
the hearing aids, data from all the aided conditions were 
normalized with reference to those obtained in the unaided 
condition (unaided = 0 dB s/n).
Figure 1 reports the means and standard deviation values of 
the s/n ratio as obtained from the nine subjects across the 
tested conditions.

Listening with hearing aids in normal mode (Woff/M.on)
If compared to unaided condition, the performance wors-
ens, since the SRT requires a higher signal (3.7 dB). This 
is due to the lack of the effect of the pinna and the loca-
tion of the hearing aid’s microphones at the head side: they 
directly collect the masking from the speakers at 90° and 
270° at some expense of the speech signal coming from the 
speaker at 0° (Fig. 1).
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Listening in wireless mode: 
Won/M.off
In this condition, the primary 
speech signal is directly trans-
ferred to the ear canal from the 
electroacoustic source; as micro-
phones are off, the effect of mask-
ing noise within the ear canal 
should be consistently reduced, 
at least to the minor portion over-
passing the earmold. The Won/M.
off condition improves the s/n ratio 
by about 23 dB when compared to 
the unaided condition, or 27  dB 
if compared to the aided condi-
tion in normal mode (Woff/M.on) 
(Fig. 1).

Listening in wireless mode: 
W.on/M.on
In this “hybrid” condition, the 
hearing aid output contains both the wirelessly received 
speech signal, and the masking noise collected by the 
open microphones. The SRT requires a s/n of -4.5 dB, cor-
responding to a better performance of 7 dB compared to 
the normal mode condition (Woff/M.on), but a worsening 
of about 18.5  dB, if compared to the W.on/M.off condi-
tion. To explain these data, the output of the hearing aid 
was measured while operating in this hybrid condition. 
The measurement revealed that the gain for external source 
was lowered of 5 dB and the gain volume for the wireless 
source was incremented of 5 dB. Even if the purpose of 
these adjustments was to maintain a favourable s/n ratio, 
the result seems quite faraway from that seen with micro-
phones excluded (Fig. 1).

Listening in wireless mode: Won/Mon-Moff
In this condition, both the hearing aids are working in wire-
less mode, but the microphones, open in one ear and closed 
in the other, realize an asymmetric acoustic condition. As 
shown by the above results, this asymmetry is remarkable 
as the SRTs require s/n ratios definitely different when mi-
crophones are kept both excluded or opened. In this par-
ticular condition, the SRT is measured at a s/n ratio close to 
that observable with microphones excluded, indicating that 
the ear with the best S/N ratio actually drives the speech 
recognition (Fig. 1).

Discussion
A noisy environment is invariably more challenging for 
most hearing aid users. The primary reasons for decline 
in hearing aid use include difficulties in communicating 
in a noisy environment or difficult listening situations. In 
particular, elderly users of hearing aids often complain 

Fig. 1. Mean s/n ratios for SRT (50% correct responses) obtained in the different hearing aid settings. Verti-
cal bars represent standard deviation.
W: wireless; M: hearing aid microphone.

that listening to television is a major problem. Other than 
ambient noise, this may be due to speakers of low quality 
and non-ideal room acoustics. Naturalness and clarity of 
sound have been reported to be the strongest attributes for 
successful use of amplification 4. The development of new 
hearing aid technology should improve speech under-
standing in complex listening environments, especially in 
the presence of competing talkers 4-10. In particular, with 
the advent of wireless communication systems linking the 
hearing aids to different devices, it is necessary to under-
stand the possible advantages of these tools in complex 
listening environments.
While the effect of these devices could be physically 
measured, their impact on everyday listening conditions 
is more elusive. This is explainable considering the nu-
merous variables, partly attaining the nature of hearing 
impairment and partly the environmental acoustics. The 
present experience, by using normal hearing subjects, ex-
cluded the influence of factors due to hearing loss. Hence, 
the results may be regarded as the effect of the different 
set-up of a hearing aid type, while tested in a particular 
sound-field. Of note, laboratory conditions are difficult 
to reproduce in everyday life, as, for instance, noise is 
mostly temporary fluctuating in terms of spectral content, 
level, direction, with speech-when present, and changing 
accordingly.
We analyzed the speech reception thresholds in noise ob-
tained by hearing aids equipped with a wireless device 
linked to electro-acoustic sources. The advantage of the 
modern hearing aid that can also manage wireless signals 
is that they can easily shift across a number of listening 
programs. The user may choose among different configu-
rations, wireless or normal mode, also including micro-
phones on or off, and how the source level has to be set 
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when transmitted wirelessly. These features allow a flexible 
use of hearing aids with wireless systems that can be very 
helpful when listening to electroacoustic sources.
Compared to the hearing aid in normal mode, the wire-
less mode as set up in this test allows for a very consistent 
improvement of SRT, which is close to 30 dB in terms of 
higher signal or lower masker. This is due to the combined 
effect of attenuation of the external noise exerted by the 
earmolds, and the extra-gain of 20 dB given to the transmit-
ted signal.
While listening in wireless mode, some difficulty could 
arise in perceiving other environmental sounds, as for ex-
ample, warning signal, or other people talking. For this 
reason, we tested the “hybrid” condition of listening a 
wirelessly transmitted source, while maintaining the hear-
ing aid with microphones open. Although an improvement 
of 7  dB was measurable compared to the hearing aid in 
normal mode, the result was decisively below the use with 
microphones excluded. However, the data showed a return 
to a significant improvement of the S/N if one of the two 
microphones is off.
This realizes a condition of asymmetric hearing, where 
the performance is mainly driven by the ear with the bet-
ter s/n ratio. In addition, other factors may also contrib-
ute to the advantage, such as the perception of spatially 
separated sources 11-16 and effects related to selective at-
tention.
The use of the newest technologies may be difficult for el-
derly people with some cognitive impairment. However, 
the sibstantial improvement of the s/n ratio as shown by 
our results is expected to decisively facilitate the listening 
to acoustic sources like TV, one of the commonest habits 
in the elderly.

Conclusion
In conclusion, the examined situation demonstrates that 
hearing aids incorporating wireless systems can con-
sistently improve the perception of signal emitted by a 
loudspeaker even within extremely noisy environments. 
In such challenging conditions, the wireless mode with 
excluded microphones can be recommended. An alterna-
tive setting may be one that exploits a condition of asym-
metric listening: the wireless signal perception remains 
effective, while allowing for other environmental signals 
to also be perceived.
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SummAry

The aim of this study was to investigate the presence of mitochondrial DnA (mtDnA) alterations and metabolic dysfunctions in patients 
with presbyacusis, and to discover correlations between presbyacusis and the degree of hearing loss and mitochondrial damage. Seventy pa-
tients with presbyacusis were examined, including 40 Egyptian patients and 30 italian patients. Forty eight normal subjects were included 
as control group, including 24 Egyptians and 24 italians. There was no common point mutation, and A1555g, A3243g, A7445g not were 
detected in any patients or controls. haplogroup u was significantly common in patients in comparison to controls. mutation of antioxidant 
genes (gSTT1, gSTm1) were significantly present in only italian patients compared to italian controls.

KEy worDS: Presbyacusis • Mitochondria • Haplogroup • Antioxidant genes

riASSunTo

Lo scopo dello studio è stato quello di indagare la presenza di alterazioni del DNA mitocondriale (mtDNA) in pazienti affetti da presbiacu-
sia e di evidenziare eventuali correlazioni tra la presbiacusia, il grado di deficit uditivo e le alterazioni mitocondriali. Sono stati esaminati 
settanta pazienti affetti da presbiacusia, tra cui quaranta pazienti egiziani e trenta italiani. Quarantotto soggetti normoacusici sono stati 
utilizzati come gruppo di controllo, tra cui ventiquattro soggetti egiziani e ventiquattro italiani. In nessun paziente, né nei controlli, ab-
biamo identificato le mutazioni puntiformi A1555G, A3243G, A7445G. L’aplogruppo U era significativamente più comune nel gruppo di 
pazienti in confronto al gruppo dei controlli. La mutazione dei geni Antioxidant (GSTT1, GSTM1) sono state riscontrate più comunemente 
nei pazienti italiani rispetto ai controlli italiani, in maniera significativa.

PArolE ChiAvE: Presiacusia • Mitocondria • Aplotipi • Geni antiossidanti
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Introduction
Presbyacusis is a complex disorder, influenced by genetic, 
environmental/lifestyle and stochastic factors. Approxi-
mately, 13% of those over age 65 show advanced signs of 
presbyacusis. By the middle of 21st century, the number 
of people with hearing impairment will have increased by 
80%, partly due to an aging population, and partly to the 
increase of social, military and industrial noise 1.
According to Portmann and Portmann 2, presbyacusis is 
a biologic phenomenon that no one can escape, starting 
at 20-30 years of age, and becomes socially bothersome 
when the person reaches 40-50 years. Early diagnosis and 
intervention in presbyacusis are paramount to provide the 
elderly with a good quality of life.
Even though all individuals show a steady decline in hear-
ing ability with ageing, there is a large variation in age of 
onset, severity of hearing loss and progression of disease, 

which results in a wide spectrum of pure-tone threshold 
patterns and word discrimination scores. Presbyacusis has 
always been considered to be an incurable and an unpre-
ventable disorder, thought to be part of the natural process 
of ageing, but nowadays, it is recognized as a complex 
disorder, with both environmental and genetic factors 
contributing to its aetiology. This also means that it is not 
an inevitable disorder, and presbyacusis should be consid-
ered as any other complex disease with a possible treat-
able and/or preventable nature. Scientific research should 
aim at the elucidation of the contributing factors 3.
Forward genetic examination is a promising approach. 
Isolating all the genes in the human genome, as well as 
identifying and cataloguing the functional variants within 
them in the human population, will allow assessment of 
the impact of genotype on phenotypic outcome of inter-
est. Additionally, complementary strategies, based on 
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functional genomics technology involving microarrays 
and proteomics, can be used to develop predictors of dis-
ease susceptibility based on biological pathways physi-
ologically relevant to presbyacusis. Nevertheless, choices 
in study designs will still be a major factor in the prob-
ability of success. Determination of the genetic variants 
involved in presbyacusis should provide new insights into 
the disorder mechanism, which may uncover new leads 
for pharmaceutical intervention and could result in the 
development of screening kits to identify individuals at 
increased risk 4.
To date, genetic analysis of presbyacusis has been lim-
ited. However, with recent major advances in hearing 
research, the human genome sequence completed and 
a comprehensive map of human genetic variation (Hap 
Map) available, together with a growing awareness of the 
importance of healthy ageing as global populations begin 
to age, a search for susceptibility alleles for presbyacusis 
can be justifiably undertaken 5.
Screening of cochlear tissue from blood of patients with 
presbyacusis have identified mtDNA mutations, which 
could be related to age-related hearing loss. Many mito-
chondrial mutations cause defects in mitochondria from 
tissues such as lymphocytes and fibroblasts, yet the only 
phenotype associated with these mutations is hearing 
loss  6. This tissue specificity may be the result of envi-
ronmental factors. Tissue-specific patterns of gene ex-
pression are also likely to influence the effect of mtDNA 
mutations, with several examples of nuclear background 
affecting the defect caused by a mutation of the mtDNA 7.
The A3243G mutation, a variant located in the mitochon-
drial tRNALeu (UUR) gene and also known as MTTL1, 
is one of the most frequent heteroplasmic mitochondrial 
mutation  8. Individuals carrying the A3243G mutation 
may manifest either as syndromic or non-syndromic mi-
tochondrial disorders, and others may be asymptomatic. 
The most frequent syndromic manifestation of this muta-
tion is mitochondrial encephalopathy, lactic acidosis and 
stroke-like episodes syndrome (MELAS) 9. The original 
disorder in which the mutation was found is MELAS, but 
the majority of patients with the A3243G mutation show 
other clinical symptoms such as maternally inherited dia-
betes and deafness (MIDD), progressive external ophthal-
moplegia (PEO) or other symptoms which include pres-
byacusis, kidney disease, cardiomyopathy, neuropathy or 
endocrinopathies different from diabetes 10.
The A7445G mutation, identified as T7445C in some ear-
lier papers, was first described in a Scottish family and 
confirmed and established in two unrelated pedigrees 
from New Zealand and Japan 11. The penetrance of this 
mutation in the Scottish pedigree is quite low, while in 
the New Zealand and Japanese pedigrees is very high. 
Thus, mutation of A7445G itself may not be sufficient to 
cause hearing loss, but requires additional genetic or en-
vironmental factors, which seem to be rare in the Scottish 

pedigree and common in the New Zealand and Japanese 
pedigrees 12.
The A1555G mutation in the mitochondrial 12S rRNA 
gene is one of the most common causes of sensorineural 
hearing loss and aminoglycoside-induced deafness. This 
mutation was first discovered in a large Arab-Israeli fam-
ily, and subsequently found in various ethnic groups from 
Europe, Asia and Africa, with a variable prevalence. In 
the absence of aminoglycoside exposure, the phenotype 
observed is extremely variable in terms of the severity of 
hearing loss and age of onset. Moreover, a significant por-
tion of individuals has normal hearing for their entire life. 
In many families with the A1555G mutation, a mild and 
progressive hearing loss occurs even in the absence of ex-
posure to aminoglycosides. The hearing loss in affected 
cases shows a varied age of onset and severity, whereas 
others show a slow, progressive hearing loss beginning in 
their 40s, often preceded by tinnitus 13.
Mitochondrial DNA (mtDNA) “polymorphisms” are ma-
ternally transmitted and typically reflect different ethnic 
backgrounds. Specific mtDNA polymorphisms have now 
been classified into a number of specific mitochondrial 
haplogroups. MtDNA haplogroups, determined by poly-
morphisms that occurred tens of thousands of years ago, 
are today high-prevalence population-specific substitu-
tions. mtDNA has been used for a couple of decades as a 
molecular marker in population genetics 12.
Certain mtDNA haplogroups may increase the risk of 
presbyacusis in some individuals, and mtDNA haplo-
groups are genetic markers for presbyacusis. The mtDNA 
haplogroups U and K are independent genetic markers for 
moderate to severe presbyacusis and may modify suscep-
tibility associated with some known risk factors, but the 
precise mechanism underlying how mtDNA haplogroups 
increase genetic risk for presbyacusis remains to be clari-
fied. If these findings are confirmed, introduction of pre-
ventive strategies to minimize environmental causes could 
be implemented to reduce the overall risk of a genetically 
susceptible individual of developing presbyacusis 14.
Enzymes involved in glutathione metabolism (glutathione 
S-transferase, glutathione peroxidase, glutathione reduc-
tase) and enzymes involved in the breakdown of super-
oxide anions (catalase) have been suggested to be linked 
with presbyacusis  15. Glutathione S-transferase comprises 
several gene classes including GSTM and GSTT that show 
genetic variability in humans. Individuals who have null 
genotypes for GSTM1 and GSTT1 cannot conjugate me-
tabolites specific for these enzymes. These individuals are 
thus thought to be more prone to damage caused by oxida-
tive stress and possibly more susceptible to presbyacusis 16.
In this study, the aim was to detect the presence of mtD-
NA alterations and mitochondrial metabolic dysfunctions 
in patients with presbyacusis, and to discover any correla-
tions between presbyacusis and the degree of hearing loss 
and mitochondrial damage.
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Materials and methods

Patients
Seventy patients with presbyacusis were examined, in-
cluding 40 Egyptian patients and 30 Italian patients. The 
Egyptian patients were examined in the clinic of Audiol-
ogy Unit, ENT Department, Assiut university Hospital, 
Egypt. Italian patients were examined in the clinic of the 
Audiology Unit, ENT Department, Pisa University, Italy.
Each patient had to fulfil the following criteria: Age above 
40 years; bilateral more or less symmetrical sensorineu-
ral hearing loss, pure tone hearing threshold poorer to the 
normative values per age, determined by international 
committees; absence of any known cause of sensorineural 
hearing loss; absence of exposure to ototoxic drugs, oto-
logic diseases, cranial trauma, acoustic trauma, chronic 
exposure to noise; and absence of any other pathology po-
tentially correlated to sensorineural hearing loss 17.
Forty eight normal individuals were included as control 
group, including 24 Egyptians and 24 Italians, with the 
following criteria: age above 40 years; pure tone hearing 
threshold within normal values per age as determined by 
international committees.
Informed consent was obtained from personal partici-

pants.

Audiological evaluation
All individuals in the study and control groups were sub-
jected to:
•	 full	medical	history,	including	pedigree	chart;
•	 ENT	examination;
•	 pure	 tone	 audiometry	 with	 speech	 audiometry	 and	

tympanometry with measurement of the stapedial re-
flex. Of those volunteers who passed medical exclu-
sion criteria, air conduction thresholds were measured 
at 250, 500, 1000, 2000, 3000, 4000 and 8000 Hz and 
bone conduction thresholds at 500, 1000, 2000 and 

4000 Hz, according to clinical standards (ISO 8253-1, 
1989).

All audiograms were categorized according to sever-
ity of hearing loss into five categories: mild, moderate, 
moderately severe, severe and profound hearing loss; ac-
cording to the mean of thresholds at 500,1000,2000 and 
4000 Hz 17 (Table I).

Molecular evaluation
Peripheral blood was obtained from all participants. 
About 5 ml blood were obtained in suitable EDTA tubes
DNA was isolated from blood using a Nucleospin©Tissue 
kit (2006). mtDNA point mutations were determined by 
PCR-RFLP analysis. A set of primers, that amplifies all the 
tRNA coding regions for screening of A1555G, A3243G 
and A7445G point mutations were used. Reactions are per-
formed in 25 µl of 10 mM Tris-HCl (pH 8.9) containing 
0.4 µM each of the forward and reverse primers, 1.5 mM 
MgCl

2
, 0.2 mM each of dATP, dGTP, and dTTP, 0.02 mM 

dCTP, 1 µCi of α-32[P] dCTP, and 1.25 U of Taq DNA pol-
ymerase (Roche, Indianapolis, IN). PCR conditions were: 
94°C for 3 min, followed by 35 cycles of 94°C for 1 min, 
55°C for 1 min, 72°C for 30 sec, and a final extension step 
at 72°C for 7 min. Samples were denatured and separated 
on a 6% MDE polyacrylamide gel (BME, Rockland, ME) 
with 5% glycerol, according to the manufacturer’s proto-
col. Confirmations of single-stranded DNA are visualized 
by autoradiography using BioMax film (Kodak, Rochester, 
NY). Samples with abnormal patterns were directly se-
quenced using the ABI PRISM Big Dye Terminator Cycle 
Sequencing Ready Reaction Kit and a 310 Automatic Se-
quencer (Applied Biosystems, Foster City, CA).
Eleven mtDNA haplogroups (H, T, J, U, K, V, I, W, X, 
O, L) were categorized by the presence or absence of 
the well-defined restriction enzyme recognition sites as 
determined by PCR and RFLP analysis, in all patients 
and controls 18, (Revised Cambridge Reference Sequence 
“rCRS”).

Table I. Categories of the audiogram according to configuration.

Category Definition
Flat Audiogram where the difference between the mean of 250/500 Hz thresholds, the mean of 1/2 kHz thresholds and the mean of 

4/8 kHz thresholds, is less than 15 dB
High frequency
gently sloping
(HFGS)

Audiogram where the difference between the mean of 500 Hz/1 kHz thresholds and the mean of 4 kHz/8 kHz thresholds is greater 
than 15 dB and less than 29 dB

High frequency
steeply sloping
(HFSS)

Audiogram where the difference between the mean of 500 Hz/1 kHz thresholds and the mean of 4 kHz/8 kHz thresholds is greater 
than 30 dB

Low frequency
ascending (LFA)

Audiogram where the difference between the poorer low frequency thresholds and better high frequency ones is greater than 15 dB

Mid frequency
U-shape (MFU)

Audiogram where the difference between the poorest thresholds in the mid-frequencies and those at higher and lower frequencies 
is greater than 15 dB

Mid frequency
reverse U-shape
(MFRU)

Audiogram where the difference between the best thresholds in the mid-frequencies and those at higher and lower frequencies is 
greater than 15 dB
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The genetic polymorphism analysis for the GSTM1 and 
GSTT1 genes was determined using the multiplex PCR 
procedure of Abdel-Rahman  19. Isolated DNA (40  ng) 
was amplified in a 25  µl reaction mixture containing 
25  pmol of each of the following: GSTM1 primers of 
5’-GAA CTC CCT GAA AAG CTA AAG C-3’, 5’-GTT 
GGG CTC AAA TAT ACG GTG G-3’ and GSTT1 prim-
ers of 5’-TTC CTT ACT GGT CCT CAC ATC TC-3’, 5’-
TCA CCG GAT CAT GGC CAG CA-3’. As an internal 
control exon 7 of the CYP1A1, genes were co-amplified 
using the primers 5’-GAA CTG CCA CTT CAG CTG 
TCT-3’ and 5’-CAG CTG CAT TTG GAA GTG CTC-
3’ in the presence of 200 µmol dNTP (deoxynucleotide 
triphosphate), 25 µl 10 × PCR buffer, 1.5 mM MgCl

2
, 

and 1 U Taq polymerase. The PCR conditions consisted 
of an initial melting temperature of 94°C (5  min) fol-
lowed by 35 cycles of melting (94°C, 2  min) and an-
nealing (59°C, 1 min), and an extension step (72°C) for 
10 min terminated the process. The PCR products were 
then analyzed electrophoretically on an ethidium bro-
mide stained 1.5% agarose gel.
Data were analyzed by using the SPSS-11 statistics pro-
gramme to detect haplogroup distribution and differences 
between patient and control groups for point mutations 
and antioxidant defects.

Results
The study included 70 patients with presbyacusis. Forty 
patients were Egyptian and 30 were Italian. The study in-
cluded also 48 subjects as a control group; 24 were Egyp-
tian and 24 were Italian.
Thirty-six patients were male, and 34 were female. Twen-
ty four patients had positive history of consanguinity be-
tween their parents, and they were all Egyptian patients. 
Twenty-nine patients had familial history of presbyacu-
sis; 25 were Egyptian, and only four were Italian. Fig. 1 
shows distribution of the patient group according to age. 
Mean (±  SD) age for Egyptian patients was 61.2  ±  9.0 
years, while the mean age for Italian patients was 
69.1 ± 7.5 years. Mean (± SD) age for Egyptian controls 
was 54 ± 6.8 years, and the mean age for Italian controls 
was 60.1 ± 7.5 years. There was no statistically significant 
difference between the mean age in Egyptian and Italian 
patients.

Audiological results
Patients were classified according to the degree of hear-
ing loss into five categories: mild, moderate, moderately 
severe, severe and profound hearing loss (Fig.  2). The 
mean (± SD) hearing threshold for Egyptian patients was 
62.7 ± 4.7 dB HL, while the mean hearing threshold for 
Italian patients was 67.1 ± 8.2 dB HL. There was no sta-
tistical significant difference between the mean hearing 
threshold in Egyptian and Italian patients.

The control groups including Egyptians and Italian sub-
jects had normal peripheral hearing.
Patients were also classified according to the shape of 
audiograms into five categories: flat, HFGS, HFSS, LFA, 
MFU and MFRU (Fig. 3).

Molecular results
Point mutations in A1555G, A3243G, and A7445G were 
not detected in any subject in either the study or control 
groups.

After identification of haplogroup distribution, the hap-
logroup  U was the most common haplogroup (32.5%) 
among Egyptian patients, followed by haplogroup  H 
(27.5%), haplogroup I (20%) and haplogroup T (7.5%). In 
Italian patients, haplogroup H was the most common hap-
logroup (30%), followed by haplogroup U (23.3%) hap-

Fig. 1. Distribution of patients according to age.

Fig. 2. Classification of patients according to degree of hearing loss.

Fig. 3. Classification of patients according to shape of audiogram.
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logroups T, I and O (13.3% each). In Egyptian controls, 
haplogroup L was the most common haplogroup (33.3%), 
followed by haplogroups H and T (20.8% each) and hap-
logroup U (12.5%). In Italian controls, haplogroup H was 
the most common (58.3%), followed by haplogroups T, I, 
W and O (8.3% each) (Table II).
Genetic polymorphism analysis for the GSTM1 and 
GSTT1 genes was performed in all patients and control 
subjects. The polymorphism analyzed in the GSTM1 
and GSTT1 genes was the null geneotype. For GSTM1, 
this mutation was identified in 25 patients (35%) (10 
Egyptians, 15 Italians). Only four subjects in the con-
trol group (8.3%) had this mutation, and they were all 
Egyptians. There was a statistically significant dif-
ference (p  <  0.001) between the patient and control 
groups, and between the Italian patient and control 
groups, but no statistically significant difference was 
detected between Egyptian patients and control groups 
(Table III, Fig. 4).
For GSTT1 gene, this mutation was identified in 21 pa-
tients (30%) (10 Egyptian patients, 11 Italian patients). 

Only nine control individuals (18.75%) had this mutation 
(six Egyptians and three Italians). There was statistically 
significant difference between both patient and control 
groups in total, and between the Italian patient and con-
trol groups, but no significant difference was detected be-
tween the Egyptian patients and control groups (Table IV, 
Fig. 5).

Table IV. GSTT1 gene mutation in study groups.

Group Positive GSTT1
in patients

Positive GSTT1
in controls p value

Total 21/70 (30%) 9/48 (18.75%) < 0.001

Egyptians 10/40 (25%) 6/24 (25%) Not significant

Italians 11/30 (36.6%) 3/24 (12.5%) < 0.001

Fig. 5. Genetic polymorphism analysis for GSTT1.

After statistical analysis of the results with a One Way 
Anova test, no statistical significance was detected be-
tween groups (one way Anova > 0.05)
After analysis there was no correlation between separate 
groups, and no significant correlations were identified be-
tween any audiological or molecular variables including 
age, degree of hearing loss, shape of audiogram, haplo-
group distribution, GSTM1 and GSTT1 mutations among 
Egyptian, Italian and all patients (Table V).

Table II. Distribution of haplogroups in the study and control groups.

Group H T J U K V I W X O L

Eg patients 11 
(27.5%)

3
(7.5%)

1
(2.5%)

13
(32.5) 0 (0%) 0 (0%) 8

(20%) 0 (0%) 1 (2.5%) 2
(5%) 1 (2.5%)

It patients 9 (30%) 4 (13.3%) 1
(3.3%) 7 (23.3%) 0 (0%) 0 (0%) 4 (13.3%) 0 (0%) 1 (3.3%) 4

(13.3%) 0 (0%)

Eg controls 5 (20.8%) 5 (20.8%) 0
(0%) 3 (12.5%) 0 (0%) 0 (0%) 1

(4.1%) 1 (4.1%) 0 (0%) 1
(4.1%) 8 (33.3%)

It controls 14 
(58.3%)

2
(8.3%)

0
(0%) 1 (4.1%) 0 (0%) 1 (4.1%) 2

(8.3%) 2 (8.3%) 0 (0%) 2
(8.3%) 0 (0%)

Table III. GSTM1 gene mutation in study groups.

Group Positive GSTM1
in patients

Positive GSTM1
in controls p value

Total 25/70 (35%) 4/48 (8.3%) < 0.001

Egyptian 10/40 (25%) 4/24 (16.6%) Not significant

Italians 15/30 (50%) 0/24 (0%) < 0.001

Fig. 4. Genetic polymorphism analysis for GSTM1.



Mitochondrial DNA (mtDNA) haplotypes and dysfunctions in presbyacusis

59

Discussion
The aim of epidemiological and genetic studies is to iden-
tify risk factors for presbyacusis, such as environmental 
factors or genetic factors. Presbyacusis is defined as a dis-
order, often quantified by a certain degree of hearing loss. 
In genetic terms, any study uses only ‘one’ phenotype to 
define the presence/ absence of hearing impairment due to 
ageing, and to determine possible risk factors or causes 20.
Most patients with presbyacusis have mild (28.5%) or 
moderate (32.8%) SNHL, and the ‘flat-configuration’ was 
most dominantly represented (35.7%), followed by HFSS 
(32.8%), while the ‘LFA’, ‘MFU’ and ‘MFRU’ configura-
tions were very rare (together less than 1%). These data 
agree with previous studies evaluating audiometric data 
on presbyacusis 21-23. As animal studies have shown that 
aging alone does not cause outer hair cell loss, some Au-
thors have emphasized that in humans, typically associ-
ated with a HFSS audiometric configuration, this has little 
to do with age.
It has been well documented that mutations in the 12S rR-
NA gene are hot spots that are antibiotic-induced and/or as-
sociated with presbyacusis, and several deafness-associated 
mtDNA mutations have been identified in this gene. These 
mutations in a highly conserved decoding site of 12S rRNA 
could associate with both aminoglycoside treatment and 
presbyacusis hearing loss in families with different ethnic 
backgrounds. The most common mutations in 12S rRNA 
causing presbyacusis are A1555G, A3243G and A7445G. 
These gene mutations have also been involved in amino-
glycoside-induced hearing impairment 15. The progressive 
breakdown of mitochondrial function with age might result 
in presbyacusis. Fischel-Ghodsian 24 reported mutations in 
the mitochondrially encoded cytochrome oxidase II gene in 
the auditory system of five patients with presbaycusis with 
large individual variability in both quantity and cellular lo-
cation of these mutations.
However in our study, these mutations were not detected 
in any patient. Recent studies indicate that the phenotypic 
expression of mtDNA mutations is highly variable, which 
indicates that these mutations may not be present, and 
some differences in either the nuclear gene content or ac-
tivity appears to contribute significantly to the biochemi-
cal defect 25. Because of heteroplasmy, the proportion of 

mutant mtDNA varies in cells/tissues of an individual, 
and affected organs can be variable in patients with the 
12S rRNA gene mutation 26.
We found a significantly higher prevalence of presbyacu-
sis in subjects with mtDNA haplogroups U and I in Egyp-
tian patients in comparison with Egyptian controls, while 
haplogroup  H was not statistically significant between 
Egyptian patients and controls. The Egyptian controls 
had significantly high prevalence of haplogroups L and T 
compared to Egyptian patients.
In Italian patients, haplogroup H is not statistically great-
er, while haplogroup U was significantly higher in com-
parison to Italian controls who had a significantly high 
prevalence of haplogroup H.
Different mtDNA haplogroups may cause mild delete-
rious bioenergetic abnormalities. Impairment in mito-
chondrial function due to mutations in the mitochondrial 
genome is associated with an insidious decline in physi-
ologic and biochemical performance that contributes to 
the aging process and to the ultimate death of the organ. 
There is a growing body of evidence to suggest that pres-
byacusis may be associated with a reduction in mitochon-
drial function. In keeping with this, mutations in mtDNA 
and reduced mitochondrial function have been reported in 
human models of presbyacusis 27.
Our findings suggest that haplogroup U may be used as 
a genetic marker for presbyacusis susceptibility. Our re-
sults further support the concept that certain mtDNA 
haplogroups may cause mild deleterious bioenergetic ab-
normalities rather than merely representing the “neutral” 
polymorphisms reflecting different ethnic backgrounds. It 
is possible that genetic variants in specific mtDNA haplo-
groups may impair respiratory chain function within the 
cochlea to increase the risk of developing presbyacusis.
A number of studies have suggested associations between 
various mtDNA haplogroups and a variety of medical 
conditions, including Parkinson’s disease, Alzheimer’s 
disease, occipital stroke in migraine, Leber hereditary 
optic neuropathy and multiple sclerosis. Of particular in-
terest, haplogroup U has previously been associated with 
occipital stroke, azoospermi and Alzheimer’s disease 28.
In many population studies, the prevalence of mtDNA 
haplogroup  U, reported from studies of European and 
North American populations 29 30, was similar to our data, 

Table V. Correlation between audiological and molecular variables in the study group.

Variable Age Degree of
hearing loss

Shape of 
audiogram

Haplogroup 
distribution GSTM1 mutation GSTT1 mutation

Age NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05)
Degree of
hearing loss NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05)

Audiogram shape NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05)
Haplogroup distribution NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05)
GSTM1 mutation NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05)
GSTT1 mutations NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05) NS (p > 0.05)
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suggesting that our results would likely be applicable to 
other populations.
Several antioxidant enzymes have been demonstrated to 
be active in the adult cochlea, for instance, enzymes in-
volved in glutathione metabolism and enzymes involved 
in the breakdown of superoxide anions. The GSTM1 and 
GSTT1 genes show genetic variability in humans. Geno-
types can be classified as null genotypes, heterozygotes, or 
wild type on the basis of whether they are homozygotes or 
heterozygotes. Approximately half of the white and black 
population are homozygotes for the deletion (null geno-
type). However, the percentage of the population carrying 
the null genotype varies in different geographic regions 
and ethnicities 31. Individuals who are null genotypes for 
GSTM1 and GSTT1 cannot conjugate metabolites specif-
ic for these enzymes. These individuals are thus thought 
to be more prone to damage caused by oxidative stress 
and possibly more susceptible to presbyacusis 32.
The present study highlights the genotypic variability of 
antioxidant enzymes among different ethnic populations. 
This study emphasizes ethnic discrepancies and how they 
relate to presbyacusis. These ethnic variabilities may play 
a role in genotype-phenotype associations, antioxidant 
enzymes and presbyacusis. This study demonstrated an 
increased risk of presbyacusis among Italian subjects car-
rying the GSTM1 and GSTT1 null genotype, but no in-
creased risk was demonstrated in Egyptian patients. Of 
clinical importance, recent studies in animals have shown 
the potential importance of antioxidant enzyme supple-
mentation in the prevention of presbyacusis. Bared  33 
showed an increased risk of presbyacusis among white 
subjects, and presbyacusis was more prevalent in white 
Hispanics than in white non-Hispanics.
These results are in contrast with previously published 
data. In a study of 68 white subjects of Turkish descent, 
Ates  16 did not find a statistically significant correla-
tion between individuals with a GSTM1 or GSTT1 null 
genotypes and presbyacusis. Similarly, Unal 34 found no 
association between the GSTT1 and the GSTM1 null 
genotypes and presbyacusis in white subjects of Turkish 
descent. However, In contrast to these studies, Bared 33, 
showed a clinically significant correlation for the devel-
opment of presbyacusis among subjects with the GSTT1 
mutant allele and the GSTM1 mutant allele.
In conclusion, our findings suggest that mtDNA haplo-
groups U are independent genetic markers for presbyacu-
sis and may modify susceptibility associated with some 
known risk factors. Mitochondrial DNA may play a role 
in the pathogenesis of presbyacusis, but our findings need 
to be corroborated by future studies to confirm the preva-
lence of mtDNA haplogroups in other populations of in-
dividuals affected with presbyacusis. The precise mech-
anism underlying how mtDNA haplogroups increase 
genetic risk for presbyacusis remains to be clarified. If 
these findings are confirmed, the introduction of preven-

tive strategies to minimize environmental causes could be 
implemented to reduce the overall risk in a genetically-
susceptible individual of developing presbyacusis.
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Epigone migraine vertigo (EMV): a late migraine 
equivalent
Vertigine emicranica epigona (VEE): un equivalente emicranico tardivo

P. Pagnini, P. Vannucchi, B. giannoni, R. Pecci
Department of Surgical Sciences and Translational Medicine, unit of audiology, careggi hospital, university  
of Florence, italy

SummAry

migrainous headache is determined by pathogenetic mechanisms that are also able to affect the peripheral and/or central vestibular system, 
so that vestibular symptoms may substitute and/or present with headache. We are convinced that there can be many different manifestations 
of vestibular disorders in migrainous patients, representing true different clinical entities due to their different characteristics and temporal 
relashionship with headache. Based on such considerations, we proposed a classification of vertigo and other vestibular disorders related to 
migraine, and believe that a particular variant of migraine-related vertigo should be introduced, namely “epigone migraine vertigo” (EmV): 
this could be a kind of late migraine equivalent, i.e. a kind of vertigo, migrainous in origin, starting late in the lifetime that substitutes, as 
an equivalent, pre-existing migraine headache. To clarify this particular clinical picture, we report three illustrative clinical cases among 
28 patients collected during an observation period of 13 years (november 1991 - november 2004). For all patients, we collected complete 
personal clinical history. All patients underwent standard neurotological examination, looking for spontaneous-positional, gaze-evoked and 
caloric induced nystagmus, using an infrared video camera. We also performed a head shaking test (hST) and an head thrust test (hTT). 
ocular motility was tested looking at saccades and smooth pursuit. To exclude other significant neurological pathologies, a brain magnetic 
resonance imaging (mri) with gadolinium was performed. During the three months after the first visit, patients were invited to keep a 
diary noting frequency, intensity and duration of vertigo attacks. After that period, we suggested that they use prophylactic treatment with 
flunarizine (5 mg per day) and/or acetylsalicylic acid (100 mg per day), or propranolol (40 mg twice a day). All patients were again recom-
mended to note in their diary the frequency and intensity of both headache and vertigo while taking prophylactic therapy. Control visits 
were programmed after 4, 12 and 24 months of therapy. All patients considerably improved symptoms with therapy: 19 subjects (68%) 
reported complete disappearance of vestibular symptoms, while 9 (32%) considered symptoms very improved. The subjective judgement 
was corroborated by data from patients diaries. We conclude that EmV is a clinical variant of typical migraine-related vertigo: a migraine-
associated vertigo, headache spell independent, following a headache period, during the lifetime of a patient.

KEy WorDS: Headache • Migraine vertigo • Epigone migraine vertigo • Motion sickness • Aura

riASSunTo

La cefalea emicranica è determinata da meccanismi patogenetici che possono interessare anche il sistema vestibolare, periferico e/o cen-
trale, quindi la sintomatologia vestibolare può sostituire e/o manifestarsi insieme alla cefalea. Nei pazienti emicranici ci possono essere 
diverse manifestazioni di natura vestibolare, che rappresentano delle vere entità cliniche, diverse tra loro per le differenti caratteristiche 
e relazioni temporali con la cefalea. Su questa base abbiamo proposto una classificazione dei disturbi vestibolari correlati all’emicrania, 
e tra questi dovrebbe essere introdotta una variante particolare, la “vertigine emicranica epigona” (VEE): questa potrebbe essere un 
equivalente emicranico tardivo, cioè una vertigine di origine emicranica, che comincia tardivamente nella vita e che sostituisce, come 
equivalente, una cefalea emicranica preesistente. A questo proposito, riportiamo tre casi esemplificativi, scelti tra 28 pazienti selezionati 
durante un periodo di 13 anni (novembre 1991 – novembre 2004). Per tutti i pazienti è stata raccolta una dettagliata storia clinica. Tutti 
sono stati sottoposti ad un esame otoneurologico standard, per la ricerca del nistagmo spontaneo-posizionale, evocato da manovre oculari 
e provocato da stimolazione termica, usando una video-camera a raggi infrarossi. Abbiamo eseguito anche un head shaking test (HST) 
e un head thrust test (HTT). E’ stata valutata l’oculomotricità, con lo studio dei saccadici e dello smooth pursuit. Per escludere altre pa-
tologie neurologiche, è stata effettuata una risonanza magnetica nucleare (RMN) dell’encefalo con gadolinio. Durante i tre mesi dopo la 
prima visita, i pazienti sono stati invitati a compilare un diario, annotandovi la frequenza, l’intensità e la durata degli attacchi vertiginosi. 
Al termine di tale periodo, gli abbiamo consigliato di usare una terapia di profilassi con flunarizina (5 mg/die) e/o acido acetilsalicilico 
(100 mg/die), o con propranololo (40 mg x 2/die). Ancora una volta, abbiamo chiesto ai pazienti di annotare sul loro diario la frequenza e 
l’intensità sia della vertigine che della cefalea durante il trattamento. Le visite di controllo sono state programmate a 4, 12 e 24 mesi dall’i-
nizio della terapia. In tutti i pazienti si è avuto un miglioramento considerevole della sintomatologia: 19 soggetti (68%) hanno riportato la 
scomparsa completa della sintomatologia vestibolare, mentre 9 (32%) consideravano i loro sintomi notevolmente migliorati, anche se non 
completamente risolti. Il giudizio soggettivo era supportato dai dati ricavati dai diari dei pazienti. Possiamo concludere che la VEE è una 
variante clinica della vertigine correlata all’emicrania: una vertigine emicranica, indipendente dalle crisi algiche, che segue il periodo 
della cefalea, nel corso della vita del paziente. 

PArolE ChiAVE: Cefalea • Vertigine emicranica • Vertigine emicranica epigone • Cinetosi • Aura
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Introduction 
Headache and vertigo are both very common complaints 
among internal medicine, neurological and neuro-otolog-
ical patients; nevertheless, the frequency of the clinical 
association of vertigo and headache among migraine pa-
tients is too high to be justified only by chance  1. It is 
a common opinion 2 that migrainous headache is deter-
mined by pathogenetic mechanisms that are also able to 
affect peripheral and/or central vestibular structures: the 
consequence is that vestibular disturbances may substitute 
and/or present with headache. 
Therefore, the hypothesis that migraine vertigo (MV) 
may be a real clinical entity seems, by now, confirmed 3. 
In fact, during the last decades some sorts of vertigo and 
dizziness associated with clinical syndromes typical of 
migrainous patients have been identified.
In 1961 Bickerstaff 4, for first, collected a series of young 
females complaining of vertigo, staggering and gait ataxia 
associated with other neurological disturbances like dys-
arthria, visual symptoms in both eyes, acroparesthesia, 
cranial nerve impairment and altered sensorium. In such 
a group of patients, the latter symptoms were followed 
by severe, occipital, throbbing headache associated with 
vomiting. This particular clinical picture was called “basi-
lar artery migraine”: it is the expression of functional dis-
turbance of the brainstem, cerebellum and occipital cortex 
as a probable effect of a transient ischaemia in the distri-
bution area of the basilar artery in migrainous subjects. 
Basser, in 1964  5, detected a kind of vertigo, typical of 
childhood, that he named “benign paroxysmal vertigo of 
childhood”. It is characterized by sudden, recurrent brief 
vertigo attacks associated with nausea and pallor making 
the patient unable to move, with a serious inability to stand. 
Vertigo attacks are not associated with headache or impair-
ment of consciousness. Paediatric patients usually have a 
clear family history for migraine and often develop true 
migraine headache after adolescence. Precocious vestibu-
lar symptoms are therefore considered as “precursors” of a 
migrainous headache (precocious canalar equivalent).
A similar manifestation is “ benign torticollis of infancy”, 
a clinical picture described by Snyder in 1969 6, that de-
velops during the first four years of life in some subjects 
with a clear family history of migraine. This manifesta-
tion seems to represent a “crisis” of the otolithic system 
induced by biochemical mechanisms of migrainous origin 
(precocious otolithic equivalent). 
In 1979, Slater 7 described a “benign recurrent vertigo of 
adults”, a vestibular syndrome characterized by recurrent 
spells of sudden and intense vertigo or unsteadiness as-
sociated with vagal symptoms. Such vertigo attacks occur 
in adults with migraine alternating with headache spells. 
In such patients, therefore, vertigo substitutes headache 
as migraine without headache, as described by Whitty 8, 
during the florid period of recurrent painful spells.

The International Headache Society (IHS), in the clas-
sification of the “ad hoc committee” of 1988 9, took in 
account the practical issue of “migraine related vertigo”. 
Vestibular disturbances occurring in patients suffering 
from migraine are separated in two groups: neuro-otolog-
ical disorders that are “due” to migraine and those that are 
“associated” with it. The first group includes: (1) benign 
paroxysmal torticollis of infancy, (2) benign paroxysmal 
vertigo in childhood, (3) basilar artery migraine, (4) be-
nign recurrent vertigo in adults and (5) migrainous infarct 
resulting in vertigo. The second group includes: (1) mo-
tion sickness, (2) Menière’s disease and (3) benign par-
oxysmal positional vertigo. On the other hand, both the 
IHS and the international literature did not overcome this 
simple subdivision and did not propose an actual classi-
fication of vestibular symptoms that can occur in persons 
with migraine. In the IHS classification of 2004 10 11 only 
two vestibular syndromes are listed: basilar type migraine 
and benign paroxysmal vertigo of childhood.
We are convinced that there are many different manifes-
tations of vestibular disorders in patients with migraine, 
representing true different clinical entities due to their 
different characteristics and temporal relationship with 
headache. Based on such characteristics, our group has 
proposed a classification of vertigo and other vestibular 
disorders related to migraine 12. Based on clinical expe-
rience acquired while evaluating and treating vestibular 
disorders occurring in patients with migraine, we believe 
that a particular variant of migraine-related vertigo should 
be introduced.
In November 1993, a woman affected by migraine without 
aura that suffered by intense and frequent headache spells 
since many years came to our attention. She referred that, 
during her lifetime, headaches began to decrease, while 
recurrent vertigo developed. In the patient’s history, the 
temporal sequence of the two symptoms was so striking 
that it came to our immediate attention. During the fol-
lowing years, we encountered other patients complaining 
of recurrent vertigo after a period of headache had ceased, 
or that headache was markedly decreased in frequency 
and intensity. 
To obtain a group of patients that was as clinically homo-
geneous as possible, we adopted rigorous selection crite-
ria to include such patients in our case study. 
The similarity of temporal succession of symptoms, ty-
pology of headache and vertigo spells, habitus, absence 
of any other definite vestibular pathology and negativity 
of general and neurological investigations that we noticed 
among our patients, lead us to consider such patients ho-
mogeneous enough to be grouped into a new nosological 
entity that we called “Epigone migraine vertigo” (EMV), 
from “epigonous” a term that means “borne after”.
Such a pathology could therefore represent a type of late 
migraine equivalent that can be defined as a “recurrent 
vestibular disorder occurring in migrainous subjects, ap-
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pearing late in their lives, substituting headache spells 
when the latter disappear or considerably reduce in fre-
quency and strength, when (for women) patients are still 
in their fertile age or sometimes at menopause”. 
To clarify this particular clinical picture we report three 
illustrative clinical cases.

Case 1: GS, female, 41 years old, date of visit 10.02.1995
Motion sickness since the age of 4 years, partially im-
proved after puberty. Springtime vasomotorial rhinitis. 
No general disorders in personal pathological history. 
Mother and grandmother with migraine without aura, ma-
ternal aunt with migraine with aura.
Headache. Migraine headache without aura since the age 
of 20 years. Acute headache spells lasting from 3 to 8 
hours, often throbbing, unilateral, with periorbital pain, 
always with phono/photophobia and nausea. Frequency: 
3-5 episodes each month, always during pre-menstrual 
period. Headache got only partially better using com-
mon analgesics, more often ceasing spontaneously with 
sleep. Maximal intensity and frequency between 20 and 
25 years. When the patient was 28, at the time of her first 
pregnancy, her headache completely disappeared. 
Vertigo. Immediately after her pregnancy, during the 13 
years before the visit, the patient started complaining of 
postural disturbances associated with instability in the up-
right position and nausea; each episode lasted from 6 to 
48 hours, had an acute onset and a complete resolution, 
without any residual symptoms. Frequency: 2-4 episodes 
each year. During the month prior to the visit she had 5 
episodes of imbalance, associated with nausea and vomit-
ing and inability to stand, lasting 6-12 hours. Such epi-
sodes were just a little bit shorter but more intense than 
the former, and symptoms were worsened by any move-
ment. Postural symptoms often improved with sleep. She 
came to visit because of worsening of symptoms.
Investigations. Cerebral magnetic resonance imaging 
(MRI), high resolution computed tomography (CT) 
scan, epiaortic Doppler sonography, electroencephalo-
gram (EEG) and serologic tests were normal as were 
audiometric, vestibular and neurological exams. Audio-
logical and vestibular tests remained negative during the 
follow-up period.
Therapy. Vestibular symptoms completely disappeared 
using migraine prophylactic drugs (acetylsalicylic acid 
100 mg plus flunarizine 5 mg per day) during 4 years fol-
low up. 
Comments. Patient suffers from migraine without aura 
with high familial history. Headache disappeared with 
pregnancy and vestibular symptoms (imbalance and sub-
jective rotatory vertigo) started immediately after it. The 
nine months of pregnancy represent, therefore, the free 
interval during which both symptoms were absent. After 
this period, migraine headache evolved into migraine-as-
sociated vertigo (late equivalent). Absence of other defi-

nite vestibular pathologies that could explain symptoms, 
negativity of audio-vestibular investigations and disap-
pearance of symptoms with migraine prophylaxis con-
firmed diagnosis of EMV. 

Case 2: ER, female, 47 years old, date of visit 24.03.1995
Motion sickness started during early childhood, hypoten-
sion since adolescence; no other significant subsequent 
pathology. Mother and maternal aunt suffered from mi-
graine without aura; a son who suffered from paroxysmal 
torticollis of infancy at the age of 28 months. 
Headache. Migraine headache since the age of 10 years; 
acute, throbbing headache crisis, with phono/photophobia 
and vomiting. Headache worsened with physical activity, 
it was rarely unilateral, it lasted from 2 to 48 hours and the 
maximal frequency of spells (2-3 per week) was between 
the age of 20 and 30 years. Only few episodes were pre-
ceded by visual aura involving both eyes (scotomata and 
flickering lights). Since June 1992 headaches became mild-
er, very rare, only sometimes related with menstrual cycle.
Vertigo. July 1992: first rotational vertigo with vomiting 
and inability to stand, lasted 10 hours, started acutely and 
rapidly ceased without signs. A similar rotational attack, 
6 hours long, occurred one month later. Since September 
1992, 2-4 episodes per month of marked dizziness associ-
ated with nausea and intolerance to standing, lasting from 
2 to 4 hours. Nearly half of vestibular crises were pre-
ceded by visual aura lasting 10-15 minutes. 
Investigations. Cerebral MRI, epiaortic colour Doppler 
sonography, EEG and serological tests were normal. Neu-
rologic examination and audiometry were normal. First 
vestibular testing showed a small amplitude down-beating 
nystagmus that was more pronounced in the sitting posi-
tion. With the patient on a left lateral position, there was 
a small amplitude, persistent, right beating nystagmus. 
During follow up, after therapy, down-beating nystagmus 
was even less pronounced, while right-beating positional 
nystagmus disappeared. 
Therapy. During 2 years prophylactic treatment with ace-
tylsalicylic acid 100 mg plus flunarizine 5 mg, daily, re-
current postural disturbance was no longer present.
Comments. Patient had migraine with aura (fulfilling IHS 
criteria) with a clear familial component. She did not suf-
fer from any other otologic or general pathology. Vestibular 
disturbances appeared immediately after the headache pe-
riod was almost completely over; between the two symp-
toms there was no, therefore, any free interval. It has to be 
remarked that visual aura was more frequent before vertigo 
than before headache. Using migraine prophylactic treat-
ment, dizziness and postural instability disappeared.

Case 3: AMG, female, 45 years old, date of visit 18.07.1996
Two normal pregnancies in patient’s history; marked mo-
tion sickness during childhood; hypotension, as a current 
general pathology. Father suffering from migraine with 
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aura, paternal grandmother and a daughter suffering from 
migraine without aura. 
Headache. Since puberty the patient suffered from mi-
graine headache, often intense, unilateral and with a 
periorbital localization; pain was throbbing, accompa-
nied by nausea and photophobia, exacerbated by physi-
cal activity.
Headache spells lasted 5-6 hours and were resistant to 
common analgesics, sometimes withdrawing with vomit-
ing. When headache occurred during the menstrual period 
it was associated with bilateral aural fullness and tinnitus. 
Only a few headache spells lasted more than 12 hours. 
Frequency of attacks: 1-3 episodes each month. Only be-
tween the ages of 19 and 25 years did the patient have 
more than one spell per month. Eighteen months before 
the visit, at the beginning of the menopausal period, the 
patient referred a gradual reduction of headache intensity 
and frequency, until its disappearance.
Vertigo. Since 18 months, patient suffered from rotational 
vertigo that, during the first 3 months, were of the sub-
jective type, associated with nausea and lasted from 30 
min to 2 hours; vertigo spells occurred more than once 
a week and were followed by light and diffuse headache 
that could last many hours.
Investigations. Cerebral MRI with gadolinium, colour 
Doppler sonography, serological tests, neurologic exami-
nation were negative. Audiometry and vestibular exams 
were normal both at the first visit and during the follow-
up period.
Therapy. During 3 years of prophylactic treatment with 
flunarizine 5 mg BID (she did not receive acetylsalicylic 
acid because of gastric intolerance) vestibular symptoms 
practically disappeared; only a light and rare sense of in-
stability, during the menstrual period, persisted. 
Comments. Patient suffered from migraine without aura 
and had a clear familial component for migraine. She 
did not suffer from any definite vestibular pathology that 
could explain vestibular symptoms. Headache gradually 
decreased at the beginning of the menopausal period, with 
the appearance of vestibular disturbances. Only during the 
first three months from the appearance of vertigo were 
vestibular symptoms followed by light headache. After-
wards, with the worsening of vertigo, the residual head-
ache disappeared. Both headache and vertigo improved 
with vomiting. The effectiveness of prophylactic treat-
ment confirmed a diagnosis of EMV. 

Materials and methods
To have a higher probability to include in our case study 
only patients suffering from migraine-related vertigo, we 
adopted the following selection criteria:
1. subject suffering from migraine as identified by IHS 

criteria;
2. recurrent vertigo and/or postural disturbances;

3. onset of vestibular symptoms after the disappearance 
(or remarkable reduction) of headache;

4. absence of audiologic and vestibular symptoms and 
signs having reference to definite neuro-otological pa-
thologies;

5. negative neurological examination and cerebral MRI;
6. absence of any vascular pathology or vascular risk fac-

tor;
7. effectiveness of migraine prophylactic treatment (dis-

appearance or marked reduction of vestibular symp-
toms);

8. at least 2 years of follow-up.
Considering these standards for inclusion, we collected 28 
patients during an observation period of 13 years, roughly 
November 1991- November 2004.
Inclusion criteria and purpose of the study were already 
determined since the first cases, and were maintained 
during the entire collection period. Therefore, our study 
was prospective. We collected a homogeneous group of 
patients sharing some characteristics that are specific for 
such a pathology.
The strict selection criteria allows us to affirm that pa-
tients with a different vestibular pathology would not have 
been included in the present case study. 
For all patients we collected complete personal clinical 
history, including family, remote and near pathological 
history. Particular attention was given in collecting the 
history regarding headache and vestibular disturbances.
We looked into the migrainous habitus searching for mi-
grainous manifestations in infancy (benign vertigo, par-
oxysmal torticollis and motion sickness). 
Firstly, we made us sure that patients suffered from head-
ache fulfilling migraine criteria as stated by the IHS. Af-
terwards, concerning headache, we determined: a) age of 
onset, duration and frequency; b) presence or absence of 
aura; c) family history.
Regarding vestibular symptoms, we determined: a) age 
of onset; b) type of vestibular symptom (rotational ob-
jective or subjective vertigo or postural troubles); c) du-
ration, intensity and frequency of spells; d) presence or 
absence of associated vagal symptoms; e) temporal trend 
of symptoms. 
Afterwards, we defined the temporal relationships between 
headache and vertigo periods over the patient’s lifetime; 
we asked patients to point out one of the following pos-
sible temporal relationships: a) between headache and ver-
tigo periods there was a symptom free interval; b) the two 
symptoms came one after the other, without any interval; c) 
vertigo gradually took place together with headache. More-
over, we asked to females if the passage of one symptom 
into the other coincided with the menopausal period. 
Furthermore, we asked all patients if at the time of the 
beginning of the period of vertigo their headache was: 
a) completely vanished; b) residual but reduced; c) only 
fairly reduced; d) nearly unchanged. 
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The persistence of a moderately reduced or unchanged 
headache lead us to exclude such patients from the study. 
Finally, during follow-up, we asked patients if, using 
prophylactic treatment, their vestibular symptoms were: 
a) completely vanished, b) residual but reduced; c) only 
fairly reduced; d) unmodified. The persistence of an un-
modified (or only partially reduced) vertigo led to exclu-
sion from the study.
We also asked patients if they had ever had audiological 
symptoms such as hearing loss, unilateral or bilateral tin-
nitus or fullness, together with vertigo or independently 
of from it.
Oto-microscopy was performed for all patients in addition 
to pure tone audiometry and impedance testing.
All patients underwent standard neurotological examina-
tion. Vestibular spontaneous-positional nystagmus was 
checked in seven positions (sitting, supine, right side, left 
side, head hanging, right and left Dix-Hallpike’s) using 
an infrared video camera. Gaze evoked nystagmus was 
also checked with the same modalities. Moreover, we per-
formed a head shaking test (HST) and a horizontal head 
thrust test (HTT) to test vestibulo-ocular reflex (VOR) to 
higher frequencies with respect to caloric stimuli.
Caloric induced nystagmus was investigated using 
Fitzgerald-Hallpike’s technique. To calculate labyrinthine 
and directional preponderance, we applied Jongkeens’ 
formulae considering, as a reference parameter, the slow 
phase angular velocity of caloric-induced nystagmus. 
Reference normative data were those indicated by Ba-
loh  13. Ocular motility was tested looking at horizontal 
and vertical saccades velocity, accuracy and latency and 
horizontal and vertical smooth pursuit gain 14. Both ocular 
motility and caloric nystagmus were recorded using com-
puted electronystamography.
All patients underwent a neurological visit to exclude oth-
er significant neurological pathologies that could justify 
both headache and vertigo. Moreover, for all patients, we 
carried out haematological workup, especially concerning 
vascular risk factors, as well as colour Doppler sonogra-
phy of carotid and vertebral arteries and brain MRI with 
gadolinium.
During the three months after the first visit, patients were 
asked to keep a diary noting frequency, intensity and du-
ration of vertigo attacks. In case of crises they should use 
only symptomatic drugs (antiemetics, anxiolytics).
After that period, we prescribed prophylactic treatment 
with flunarizine and acetylsalicylic acid. The suggested 
doses for flunarizine and acetylsalicylic acid were, re-
spectively, 5 mg and 100 mg per day.
If patients could not take acetylsalicylic acid for a gastric 
or other pathology, they were prescribed only flunarizine 
at 10 mg per day. On the other hand, if patients had some 
contraindications to flunarizine (obesity, depression) and/
or significant side effects (i.e. drowsiness), they were 
treated only with acetylsalicylic acid at 100 mg BID. 

Moreover, if patients could not take either drug, we pre-
scribed, as prophylactic therapy, propranolol at 40 mg BID.
All patients were again asked to record in their diary the 
frequency and intensity of both headache and vertigo 
while taking prophylactic therapy.
Control visits were programmed after 4, 12 and 24 months 
of therapy. Informed consent was obtained from all pa-
tients.

Results

Subjects
Our case study of patients affected by EMV includes 28 
subjects (23 females and 5 males): their mean age, at the 
first visit to our clinic, was 43 years, with a minimal age 
of 18 and a maximal age of 64 (SD: 11.9, mode: 45). The 
mean age at the onset of headache was 18 years (min: 8, 
max: 38; SD 7.4, mode 15); the mean age at the onset of 
vestibular symptoms was 38 years (min: 16; max 55; SD: 
11, mode: 46). Thus, EMV occurs after a mean headache 
period of 20 years. In more of 70% of patients vertigo 
started between 26 and 46 years, but among them, in half 
of cases, its onset peak is concentrated into the fourth dec-
ade (40-46 years). There was no difference between fe-
males and males concerning the age of onset of headache 
and vertigo or the interval between the periods of the two 
symptoms.

Headache
Twenty-two patients (78%) had migraine without aura 
and 6 (22%) suffered from migraine with aura. No pa-
tient suffered from any other type of migraine included in 
the definitions of the IHS. Among the 6 patients affected 
by migraine with aura, in one patient visual aura antici-
pated EMV spells more often than those of headache. In 
another patient migraine with aura first changed into mi-
graine without aura (roughly along a period of 2 years) 
and was then substituted by EMV (without aura). Among 
the remaining 4 patients, as vertigo began headache dis-
appeared together with the aura in three, and it markedly 
decreased in one.
Twenty-two of 28 patients affirmed to have or to have had 
motion sickness during their lifetime, at least during in-
fancy. Twenty-five subjects out of 28 had a clear family 
history of migraine. 

Vertigo and dizziness
Vestibular disturbances in our patients were very differ-
ent in terms of type, duration and frequency. We found 
that patients suffered both from objective and subjec-
tive rotational vertigo and postural imbalance. Vestibular 
symptoms were very different among subjects, while in 
the same patient they presented more similar in terms of 
quality, varying only in duration and intensity. In fact, 17 
patients (61%) always reported the same type of vertigo: 
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10 subjects (36%) had only objective rotational vertigo, 
4 (14%) had only postural disturbances and 3 (11%) had 
only subjective crises of rotational vertigo. In the remain-
ing 11 patients (39%), at least two types of vestibular 
symptoms were associated; only in three patients did ves-
tibular disturbances manifest with all the three kinds of 
vestibular symptoms (objective and subjective vertigo and 
postural disturbance). In any case, objective rotational 
vertigo, alone or associated, was referred by more than 
half of patients: in fact, true objective vertigo was report-
ed by 18 patients: vertigo alone, in 10 patients, vertigo 
alternating with subjective crises or postural imbalance, 
was seen in 8 subjects. 
The duration of the individual crisis was highly variable 
(Fig. 1): objective vertigo lasted, on the average, 15 hours 
(min 1/2 hour - max 3 days), while postural disturbances 
usually were longer, with a mean duration of 73 hours 
(min 1 hour – max 10 days). The mean duration of pos-
tural spells was reached by only a few subjects who had 
particularly prolonged crises. In individual patients also, 
duration of crises was variable, and was always shorter 
for objective spells compared to subjective ones. Accom-
panying vagal symptoms were present in all patients to-
gether with stronger crises; they were less severe in 11 
patients (only nausea) and more pronounced (nausea and 
vomiting) in 18 of the 28 subjects.
Almost all patients reported that head movements wors-
ened both vestibular and neurovegetative symptoms. Most 
patients returned to a relative well-being after the attack 
had ceased; a few subjects (7 of 28) had transient residual 
unsteadiness for a few days.
The mean frequency of spells (considering period of 
maximum incidence) varied from a minimum of one cri-
sis every 6 months to a maximum of 5 spells each month.

Only 2 patients were diagnosed as having a possible 
vestibular migraine, whether the other 26 had a diag-
nosis of Menière’s disease, vestibular neuritis, benign 
paroxysmal positional vertigo and psychogenic verti-
go. Twenty of 28 patients complained of kinetosis dur-
ing adult life, childhood or both, and 17 suffered from 
hypotension. 

Headache versus vertigo
In our case studies, the shift of headache into vestibular 
symptoms, over a patient’s lifetime, occurred according 
to three different patterns (Fig. 2): 1) with a variable free 
interval from both symptoms; 2) headache shifted directly 
into vertigo without a free interval; 3) headache gradu-
ally changed into vertigo with a period during which both 
symptoms are present. 
Transition with a free interval was reported by 8 patients 
(28.5%); in one case, the free interval coincided with 
pregnancy and, in other two, with menopause. Twelve pa-
tients (43%) reported the second modality of transforma-
tion, i.e. direct transformation of headache into vertigo: in 
4 cases transformation occurred during menopause. Final-
ly, 8 patients (28.5%) referred the gradual shift of the two 
symptoms, sensing a partial overlap. These patients there-
fore noticed a gradual reduction of headache and, at the 
same time, the worsening of vestibular disturbances until 
there persistence (or clear prevalence) of vertigo. Half of 
these patients noticed that the shift of the two symptoms 
occurred during menopause. 
Among the 23 females in our case study, in 10 cases 
(43.5%) headache shifted into vertigo at menopause or 
immediately after it. In one case, such a shift occurred 
after pregnancy and in the remaining 12 cases (52%) it 
occurred during the fertile age. 

Residual headache
Once headache changed into ver-
tigo, 16 patients (57%) reported 
that headache completely ceased, 
while 12 subjects (43%) noticed 
substantial improvement of this 
headache (only a light headache 
often limited to menstrual period) 
that became a minor disturbance 
compared with vertigo.
It should be noted that while in 
the group of patients with gradual 
transformation of the two symp-
toms, a light headache was still 
present in 6 of 8 subjects; in the 
group of patients with a symp-
tom-free interval, such a residual 
symptom was present in only 6 of 
20 cases.

Fig. 1. Reported duration of vestibular crisis in our case study: for each patient, the mean duration of pos-
tural disturbances (black histogram) and objective vertigo (dotted histogram) is given.
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Audiological symptoms
Bilateral (6) or unilateral (2) fullness was reported by 8 
patients, during almost all vertigo attacks; these symp-
toms ceased as vertigo disappeared. Five patients re-
ported tinnitus that also continued after a vertigo spell 
in only one case. Three patients had associated tinnitus 
and fullness. 

Audiometry and impedance testing
Twenty-one of 28 patients had normal audiometric and 
impedance exams. Three subjects had mild conductive 
hearing loss (1 tympanosclerosis, 2 myringosclerosis) 
and three had a high frequency sensorineural hearing 
loss. 

Vestibular testing
Only 4 patients had a spontaneous-positional nystagmus. 
One patient, at the first visit, had a pluri-positional down-
beating nystagmus associated with a right-beating nystag-
mus in the left lateral position: at follow-up visits, during 
prophylactic treatment, right horizontal nystagmus disap-
peared while down-beating nystagmus remained, even if 
reduced in amplitude. One patient had down-beating nys-
tagmus in all clinical positions that remained unchanged 
during follow-up. Another subject had a slight geotropic, 
persistent nystagmus on the left and right lateral posi-
tions: this sign disappeared after one year of follow-up 
(this patient also had unilateral labyrinthine weakness). 
One patient had a horizontal spontaneous left beating nys-
tagmus only on the right lateral position that decreased 
in amplitude with time. Moreover, during caloric tests 19 
patients (68%) showed a significant vagal reaction with 
nausea and vomiting. Only one patient had a unilateral 
labyrinthine failure (associated with a spontaneous nys-
tagmus of the central type) and one subject had unilateral 

labyrinthine weakness, without spontaneous-positional 
nystagmus. None of our patients was evaluated during the 
acute phase of vertigo.

Pharmacological prophylaxis
All 28 patients were treated using a prophylactic regimen: 
22 took acetylsalicylic acid 100 mg per day and flunar-
izine 5 mg per day; 3 patients took propranolol 40 mg 
BID, because of contraindication to both acetylsalicylic 
acid and flunarizine; 3 patients took only flunarizine at a 
dose of 5 mg BID because of contraindication to acetyl-
salicylic acid. 
Symptoms considerably improved in all patients with 
therapy (failed improvement was an exclusion criteria). 
Nineteen subjects (68%) reported the complete disappear-
ance of vestibular symptoms, while 9 (32%) considered 
their symptoms very much improved even if not com-
pletely resolved.
Subjective judgement was corroborated by data extracted 
from diaries during the three months before and after the 
beginning of prophylactic therapy. Four patients were ex-
cluded from the case series due to unsatisfactory response 
to therapy (therapeutic failure was considered as a marker 
of a diagnostic error).

Discussion and conclusions
In the literature there is no mention of the existence of a 
structured survey of EMV: a type of vertigo, migrainous 
in origin, starting late in lifetime that substitutes, as an 
equivalent, a pre-existing migrainous headache. On the 
other hand, several authors have noted that some migraine 
patients, suffering from headache in a young or adult age, 
also suffered from recurrent vertigo later in their lives. 
In 1985, Hood and Kayan 15 stated: “we have recently 
seen a number of patients at the National Hospital Queen 
Square of London, whose migrainous attacks ceased af-
ter middle age, giving way to recurrent attacks of ver-
tigo”. A belated transformation of headache into vertigo 
in migrainous women at menopause was also reported by 
Harker in 1996 16; the author wrote: “many older women, 
who had severe migraine headache earlier in their lives 
that had become much milder after menopause, postmen-
opausally, however, begin to experience episodic vertigo, 
sometimes with accompanying mild headache”.
Similarly, in 1961 Atkinson 17 observed a temporal rela-
tionship between migraine headache and Menière’s dis-
ease: “a frequent story told by the Menière’s patient is 
that he suffered from migraine all his life, but that when 
the dizzy attacks began, his headache ceased”. Such a cor-
relation was confirmed by Toglia in 1981 18: “attacks of 
vertigo typical of Menière’s disease may replace, usually 
later in life, the attacks of migraine”.
Even if occasional and brief, these literature annotations 
prompted us to look for such patients in daily clinical 

Fig. 2. Headache vs. vertigo: patterns of transitions of the two symptoms 
over the course of a lifetime. Height and width of triangles indicate, respec-
tively, the strength and duration of headache or vertigo spells.
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activity: subjects suffering from vestibular migraine in 
which vertigo could represent a late equivalent of their 
migraine headache. The first patient satisfying these crite-
ria was found in November 1993. 
Examining the previous reports of patients in our survey, 
not only was no temporal relationship noted between 
headache and vertigo, but a diagnosis of vestibular mi-
graine was not presumed in 26 of 28 cases. 
The extended suffering of these patients lead us to two 
considerations: 1) the diagnosis of vestibular migraine is 
too often neglected by general practitioners and, some-
times, by neuro-otologists as well; 2) patients with vestib-
ular migraine do not have improvement of symptoms with 
drugs other than those indicated in migraine prophylaxis.
Therefore, also for EMV, we agree with Dieterich and 
Brandt 19 when they state that in subjects suffering from 
vestibular migraine there are “difficulties in defining the 
disease and frustrating attempts to treat these patients”. 
During 9 years of EMV case selection, we never encoun-
tered patients suffering from any type of primary head-
ache (cluster, tension or occasional headache) other than 
migraine and whose vestibular symptoms manifested in 
substitution of headache. Hence, EMV could represent a 
typical manifestation solely of primary migraine head-
ache. 
Particularly interesting is the clinical fact that in spite of 
the long duration of vestibular symptoms before diagno-
sis (at least 10 years in 6 patients and three years in 16 
cases), none or our patients had another transformation of 
the vestibular disturbance into headache or into another 
migraine equivalent; therefore, vestibular symptoms of 
patients with EMV appear to represent the last delayed 
manifestation of their migrainous habitus. Hence, EMV 
does not seem to be a temporary conversion, but rather a 
definite conversion of migrainous symptoms. 
With the intent of comparing benign paroxysmal vertigo 
of childhood and EMV, we can affirm that the former is 
the first kind of migrainous vertigo that will often give 
rise, later, to migraine headache 20, whereas the latter is 
the last manifestation of a migrainous vertigo that will 
substitute migraine headache. Therefore, the two forms 
of vertigo could be, respectively, the first and the last mi-
graine equivalent, as shown in migraine classification that 
we proposed in 2003 12. 
In our EMV survey we collected 25 cases of migraine 
without aura and 3 with aura: such a distribution seems 
to represent the reported prevalence of the two forms in 
migraine population. Thus, the presence or absence of an 
aura does not seem to favour the evolution towards EMV.
Moreover, among our patients there was a clear preva-
lence of females over males, thus reflecting the female 
prevalence of migraine headache.
Ten of 23 females (43.5%) in our case study had trans-
formation of migraine headache into EMV during or im-
mediately after menopause; in the remaining 13 women, 

such a transformation manifested during the fertile age. 
Menopause therefore seems to be a facilitating and not a 
decisive factor for the transformation of migraine head-
ache into EMV. Almost all patients experienced recurrent 
attacks of vertigo, belatedly and unexpectedly manifested, 
as more severe and disabling than the previous headache.
In patients with EMV, current or pre-existing motion 
sickness, hypersensitivity to rapid head movements 
and an intense vagal reaction to vestibular instrumen-
tal stimuli (caloric and rotational) were very common 
complaints; they showed particular hypersensitivity 
and, consequently, intolerance to vestibular stimulation. 
When not experiencing a crisis, in spite of the large 
number of attacks of vertigo or postural disturbances 
that patients referred, neuro-otologic investigation was, 
very often, negative. 
Among our patients we found a remarkable polymor-
phism of vestibular symptoms (objective and subjective 
vertigo, dizziness); various types of symptoms were also 
reported also by the same patients in different occasions. 
Many of the characteristics of EMV are thus very similar 
to those reported by Dieterich and Brandt 19 for 90 pa-
tients with vertigo related to migraine. 
In young patients suffering from migraine, recurrent 
episodes of vertigo, both quantitatively and qualitatively 
polymorphic, also long-lasting and without associated 
relevant clinical cochleo-vestibular signs, diagnosis of 
migraine-associated vestibulopathy is very probable, in 
agreement with Baloh’s statement 21: “when recurrent at-
tacks begin at an early age in a patient with normal hear-
ing and migraine there are a few diagnosis other than mi-
graine that need to be considered”; the same consideration 
goes for EMV. 
We conclude that EMV is a clinical variant of typical 
migraine-related vertigo: a migraine-associated vertigo, 
headache spell independent, following the headache pe-
riod, over the course of a lifetime.
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Case series

Can lateral semicircular canal dysplasia play a role  
in the genesis of hyperacusis?
La displasia del canale semicircolare laterale può avere un ruolo nella genesi 
dell’iperacusia?

G.C. ModuGno, C. Brandolini
department of Experimental, diagnostic and Specialty Medicine, university of Bologna

SummAry

hyperacusis can be a prominent and disabling symptom of superior semicircular canal dehiscence associated with autophony and the Tullio 
phenomenon. We report three clinical cases characterized by disabling hyperacusis in which semicircular canals dehiscence was excluded 
by temporal bone high-resolution computed tomography. The images disclosed lateral semicircular canal dysplasia, characterized by a 
small bony island, and dilatation of both the anterior and the posterior arms of the lateral semicircular canal. Cochleo-vestibular examina-
tions (pure tone audiometry, infra-red videonystagmoscopy, vibration-induced nystagmus test, vestibular evoked myogenic potentials) will 
also be described. To verify the transtympanic ventilation tube effect, bilateral myringotomies tubes were performed in one patient but no 
long lasting subjective benefit was noted. Concerning the pathophysiology of this condition, we hypothesized that the increased volume of 
inner ear liquid can modify the micromechanical function of the cochlea and the labyrinthine hydrodynamics. in conclusion, in the case 
of specific symptoms, such as hyperacusis, it is important to consider the possibility of an inner ear morphological alteration involving the 
lateral canal and vestibule structures, as well as the existence of bony semicircular canal dehiscence.

Key WordS: Hyperacusis • Inner ear malformation • Lateral canal dysplasia • Semicircular canal dehiscence • Vestibular aqueduct

riASSunTo

L’iperacusia può rappresentare un importante ed invalidante sintomo della deiscenza del canale semicircolare superiore, associato ad 
autofonia ed al fenomeno di Tullio. Riportiamo tre casi clinici caratterizzati da iperacusia invalidante in cui deiscenze dei canali semicir-
colari furono escluse dallo studio TAC ad alta risoluzione delle rocche petrose. Lo studio radiologico rilevò una displasia del canale semi-
circolare laterale, caratterizzata da una isola ossea ridotta e dilatazione sia del braccio anteriore che di quello posteriore. Descriveremo 
gli elementi provenienti dalle indagini cocleo-vestibolari effettuate (esame audiometrico tonale liminare, videoculoscopia, test vibratorio 
mastoideo, studio dei potenziali evocati vestibolari miogeni). In un paziente è stato tentato un trattamento con drenaggio transtimpanico 
bilateralmente senza alcun beneficio duraturo. Per quanto concerne la fisiopatologia del fenomeno, noi ipotizziamo che l’aumento di volu-
me dei liquidi dell’orecchio interno possa modificare la micromeccanica della coclea e l’idrodinamica labirintica. Concludendo, in caso di 
un sintomo specifico come l’iperacusia, è importante considerare la possibilità di una malformazione che coinvolga il canale semicircolare 
laterale e il vestibolo tanto quanto una deiscenza della capsula otica.

ParoLe cHIaVe: Iperacusia • Malformazione dell’orecchio interno • Displasia del canale laterale • Deiscenza del canale semicircolare 
• Acquedotto vestibolare

Acta Otorhinolaryngol Ital 2014;34:71-74

Introduction
Hyperacusis is an auditory condition characterized by 
hypersensitivity and decreased tolerance to sounds, fre-
quently concerning a definite range of frequencies 1. Pa-
tients with hyperacusis are also disturbed by low daily 
sounds, such as normal conversation, running water, 
flipping through pages, cooking, etc. Hyperacusis is fre-
quently associated with tinnitus and emotional distress 
(above all anxiety) 2.
Although hyperacusis can be due to several pathologic 
conditions, some of which affect the neurological path-

way (head injury, migraine, Lyme Disease, Williams 
syndrome) or the psychological/psychiatric apparatus 
(autistic spectrum disorders, chronic fatigue syndrome, 
fibromyalgia), it can also be part of the clinical spec-
trum of auditory and vestibular disorders 1 2. For exam-
ple, it is a symptom described in acoustic shock injury, 
Meniere’s disease, otosclerosis, perilymphatic fistula 
and Bell’s Palsy, and can represent a prominent and 
disabling symptom of superior semicircular canal dehis-
cence (SSCD) associated with autophony and the Tullio 
phenomenon 3. No other inner ear malformations associ-
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ated with hyperacusis have been described in the English 
literature.
In the present report, three clinical cases characterized 
by disabling hyperacusis in which SSCD was excluded 
by temporal bone high-resolution computed tomography 
(HRCT) will be described. The images disclosed lateral 
semicircular canal (LSC) dysplasia, characterized by a 
small bony island, and dilatation of both the anterior and 
the posterior arms of the LSC.

Patients
Brief case histories of three patients with hyperacusis are 
herein presented. Standard clinical neuro-otological as-
sessment was normal in all three patients. Otoscopy, pure-
tone audiometry and acoustic reflexes established the 
existence of normal hearing function (no evidence of sen-
sorineural, conductive or mixed hearing loss). Infra-red 
videonystagmoscopy did not reveal either spontaneous or 
evoked nystagmus (head pitch test, Hallpike manoeuvre, 
bilateral mastoid 100 Hz-vibration, head shaking test and 
Valsalva manoeuvre with pinched nostrils).
Each patient was screened to exclude central nervous sys-
tem and VIII cranial nerve enhancing lesions using con-
trast-enhanced brain MRI.
The temporal bone HRCT, performed on a multi-slice GE 
Medical Systems scanner, was completed by reformatted 
images (at 0.3  mm increments) along the Pöschl plane 
(parallel to the superior semicircular canal) and Stenver 
plane (perpendicular to the superior semicircular canal).

Patient 1
A 39-year-old man presented to our hospital complaining of 
a continuous sensation of hyperacusis of three years’ dura-
tion, following an acoustic trauma (disco music exposition). 
Auditory symptoms, including left tinnitus, were also pre-
sent. The anamnesis disclosed interesting elements, such as 
considerable intolerance to low sounds and vibrations, such 
as traffic, rain, background office noise, humming from the 
refrigerator, etc. He denied having had any notable cranial 
trauma in the past or a history of migraine headaches. In 
extreme situations, even the use of earplugs failed to bring 
relief and the patient had been spending his life trying to 
avoid all sounds and just staying at home. No vestibular 
symptom was present in his clinical history. Medical thera-
py was ineffective in relieving the tinnitus and hyperacusis.
Pure tone audiometry established a normal hearing func-
tion in absence of negative bone conduction thresholds 
bilaterally.
The cochleo-vestibular evaluation was completed by cer-
vical air-conducted vestibular evoked myogenic potentials 
(C-AC-VEMPs) testing which showed a normal threshold 
bilaterally (120 dB SPL). A very recent bithermal caloric 
test showed right canalar hypofunction.
Visual inspection of the temporal bone HRCT images dis-

closed a normal inner ear. However, careful analysis of the 
CT images excluded SSCD while disclosing the presence 
of bilateral dysplasia of the LSC (Fig. 1a). Both the cochlea 
and the vestibular aqueducts appeared normal in shape.

Patient 2
A 70-year-old man presented to our hospital with a his-
tory of recurrent benign positional paroxysmal vertigo 
(BPPV) following a mild cranial trauma that occurred 
five years earlier; the BPPV involved the left posterior 
semicircular canal. The patient also described bilateral 
fullness, but pure tone audiometry established a slight 
age-related hearing loss bilaterally.
When he had undergone vestibular examination, particu-
larly during bone conduction VEMPs testing (500 Hz TB, 
6 msec, 1.0 V – delivered to each mastoid by a hand-held 
minishaker with an attached perspex rod [type 4810, Bruel 
and Kjaer P/L, Denmark]), he had vertigo and subsequent 
dizziness for some days thereafter. Since then, he had ex-
perienced disabling autophony resulting in difficulties in 
holding conversations, and hyperacusis associated with 
bilateral tinnitus and fullness. No other symptoms were re-
ported. A normal threshold bilaterally (120 dB SPL on the 
right side and 115 dB SPL on the left side) was observed 
with C-AC-VEMPs testing. A bithermal caloric test was at-
tempted, but the patient was unable to tolerate it.
Temporal bone HRCT scans excluded the presence of de-
hiscence of the otic capsule, even if we noted a thinning of 
the cortical bone at the right arcuate eminence. Additional 
careful analysis of axial CT images disclosed the presence 
of bilateral LSC dysplasia (Figs. 1b, c). In order to relieve 
the hyperacusis and tinnitus, a bilateral myringotomy with 
ventilation tube insertion was carried out, after which the 
patient immediately noted relief from the tinnitus. How-
ever, the original condition returned a few months later, 
with bilateral fullness and intense hyperacusis.

Patient 3
A 47-year-old female presented with a five-year history 
of transitory pulsating left tinnitus without hearing loss 
or vestibular symptoms. She described a long episode 
of acute and intense hyperacusis after having flown in 
the past. Pure tone audiometry established normal hear-
ing function in the absence of negative bone conduction 
thresholds bilaterally.
A C-AC-VEMPs study showed normal inner ear imped-
ance (115  dB SPL threshold bilaterally). A bithermal 
caloric test was attempted, but the patient was unable to 
tolerate it.
Temporal bone HRCT excluded inner ear malformations. 
However, a detailed axial CT study analysis carried out 
at our institution disclosed bilateral LSC dysplasia, in the 
absence of cochlear malformations. Moreover, the right 
high-riding jugular bulb showed slight dehiscence to-
wards the vestibular aqueduct (Fig. 1d).
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Discussion
Hyperacusis, especially in the case of somatosounds, is a 
typical finding of SSCD in association with a Tullio phe-
nomenon and autophony 3. Over the past 10 years we have 
identified 176 cases of SSCD, of which about 48% of pa-
tients had hyperacusis together with their cochlear symp-
toms. As a result, every time a patient describes hyperacu-
sis in his/her clinical history, we recommend a temporal 
bone HRCT completed with reformatted images along 
the superior and posterior semicircular canals planes to 
look for the presence of a “third mobile window”, such 
as SSCD.
Apart from SSCD, to our knowledge, there are no reports 
in the literature describing other inner ear malformations 
that are responsible for hyperacusis. We have identified 
three cases of disabling hyperacusis in which radiologic 
exam excluded the presence of semicircular canal de-
hiscence (superior, posterior and lateral canals) and ves-
tibular aqueduct enlargements, allowing the detection of 
bilateral dysplasia of the LSC canal and vestibule. As for 
patient 2, we actually identified a thinning of the corti-
cal bone overlying the right superior semicircular canal, 
which could not be completely excluded as being respon-
sible for both the long history of left posterior semicircu-
lar canal involvement by BPPV (positioning nystagmus 
very similar to SSCD) and the hyperacusis 4.

In the CT images of patient 3, we identified a small ero-
sion of the right vestibular aqueduct by an enlarged jugu-
lar bulb, a condition which has been described to have 
features similar to SSCD, such as conductive hearing 
loss associated with normal C-AC-VEMPs  5. However, 
patient 3 had normal hearing function and a normal C-
AC-VEMPs threshold; therefore, the third window effect 
could be excluded.
In any case, the radiologist reported LSC malformation. 
Through a later T2-MR images analysis, we confirmed 
the LSC malformation in spite of any description by ra-
diologists.
We therefore confirm, as has already been stated by other 
authors, that LSC dysplasia may be missed by simple vis-
ual inspection of radiologic images, especially if cochlear 
or vestibular aqueduct malformations, frequently associ-
ated findings, are absent 6. In the axial CT images, the LSC 
bony island diameter, the lumen of the anterior and the 
posterior arms and the vestibular shape should always be 
examined carefully 7. In cases of dilation both the anterior 
and the posterior arms, the LSC is called dysplasic (or hy-
poplasic) whereas, in cases of absent or rudimental LSC, 
it is called aplasic. However, the possibility of a partial 
malformation with dilation involving only one canal arm 
(anterior or posterior) has also been described; in these 
cases, the cochlea is normal while, in case of posterior 

Fig. 1. Temporal bone HRCT showing inner ear in of our series.
a) The axial CT sections of the right temporal bone of case 1, at the level of the internal auditory canal, show the LSC dysplasia; the small LSC bony island 
and the wide vestibule are clearly evident. b) The axial CT sections of the left temporal bone of case 2, at the level of the basal cochlear turn, show the LSC 
dysplasia: the lumen of the LSC anterior arm, like that of the posterior arm, is dilated. c) Temporal bone reformatted oblique CT images in the Pöschl plane 
(parallel to the right superior semicircular canal) of case 2, demonstrating the integrity of the cortical bone at the right arcuate eminence, even if thinner than 
normal. d) The axial CT sections of the right temporal bone of case 3, at the level of the basal cochlear turn, show the vestibular aqueduct erosion by the 
jugular bulb (black arrow).
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arm dilation the vestibular aqueduct, is often enlarged 8 9. 
According to Sennaroglu and Saatci 10, LSC dysplasia is 
considered a minor dysmorphology belonging exclusively 
to vestibular labyrinthine malformations.
The results of several studies have not shown any consistent 
relationship between LSC bony island hypoplasia and hear-
ing loss. Indeed, hearing function can be normal or impaired 
by pure sensorineural or pure conductive or mixed hearing 
loss  8-13, similar to the absence of a direct correlation be-
tween a large vestibular aqueduct and hearing loss 14. As for 
vestibular function, few reports have examined the vestibu-
lar symptoms of these patients, but similar to hearing func-
tion, no correlation between the severity of the canal and the 
vestibule malformations and vestibular impairing exists 15.
Nevertheless, no study in the literature has reported cases 
of hyperacusis associated with LSC aplasia and/or dyspla-
sia. Concerning the pathophysiology of this condition, we 
hypothesized that the increased volume of inner ear liquid 
can modify the micromechanical function of the cochlea. 
The presence of LSC dysplasia is thought to allow larger-
than-normal fluid motion, thereby producing an increased 
response in the basal turn of the cochlea, resulting in high 
frequency sound intolerance. Regarding this aspect, the 
study of otoacoustic emissions could be a useful tool to 
carry out a more in-depth analysis of cochlear function.
Moreover, the increased volume of the LSC could affect 
labyrinthine hydrodynamics and the driving force for the 
base-to-apex travelling wave along the basilar membrane, 
producing stationary waves capable of stimulating the 
neighbouring saccular receptors, which are responsive to 
low frequency stimuli 16, and are thus responsible for low 
frequency tone discomfort in patients. In our opinion, the 
use of HRCT segmentation images could be helpful in 
verifying the actual increase in vestibular liquid volume.
In the future, additional studies are required to follow 
the clinical evolution of patients, to complete the study 
of cochlear function with an otoacoustic emissions study, 
electrocochleography and, above all, to carry out HRCT 
segmentation images of the inner ear.
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Calendar of events – Italian and International 
Meetings and Courses
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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.

january-december 2014

RhInOPLASTy InTERnATIOnAL COURSE • March 11-12, 2014 • Milan – Italy

Course Director: Mario Bussi. Organizing Secretariat: San Raffaele Congress Centre, via Olgettina 58, 20132 Milan, 
Italy. Tel. +39 02 2643 6227 – Fax +39 02 2643 3754 – E-mail: isella.linda@hsr.it Website: www.entcourses.it

CORSI dI dISSEzIOnE ChIRURgICA In OTORInOLARIngOIATRIA – SEgMEnTO dI ChIRURgIA 
LARIngEA EndOSCOPICA LASER E OPEn • March 12-14, 2014 • Milan – Italy

Organizing Secretariat: linda.isella@spr.it – Website: www.entcourses.it

11th RHINOCAMP WINTER  • March 12-16, 2014 • Saint Moriz – Switzerland

Website: www.rhinocampwinter.org

CORSI DI VIDEOCHIRURGIA ENDOSCOPICA NASO-SINUSALE E DEL BASICRANIO • Milan – Italy
March 17-21, 2014 (corso base)
June 9-13, 2014 (corso intermedio)
October 27-31, 2014 (corso avanzato)

Course Director: Alberto Dragonetti – Scientific Secretariat: Gabriella Mantini, Valentina Casoli- Tel. +39 02 
64444545 – Fax +39 02 64444003 – E-mail: gabriella.mantini@ospedaleniguarda.it. Organizing Secretariat: 
Eurocompany Srl, via Canova 19, 20145 Milano. Tel. +39 02 315532 – Fax +39 02 33609213 – E-mail: 
corsieconvegni@eurocompany.mi.it

UP dATE On SLEEP APnEA ThERAPy - dALLA SLEEP EndOSCOPy ALLA SCELTA TERAPEUTICA
March 19-20, 2014 • Bologna – Italy

Course Director: Giiovannii Sorrentii. Scientific Secretariat: Ottavio Piccin – E-mail: ottavio.piccin@gmail.com

4th InTERnATIOnAL RhInOPLASTy COURSE In LEUVEn ‘ExCELLEnCE In RhInOPLASTy’
March 19-21 2014 • Leuven – Belgium

Website: www.excellenceinrhinoplasty.be

CORSO dI AnATOMIA E ChIRURgIA CERVICO-FACCIALE • March 19-21, 2014 • Nîmes – France

Information: Pierfrancesco Pelliccia, E-mail: pierfrancesco.pelliccia@hotmail.it

ROnCOChIRURgIA 3d E BARBEd SnORE SURgERy • March 21, 2014 • Milan – Italy

Coordinatori: F. Salamanca, E. Colombo. Scientific Secretariat: Alessandro Bianchi, Andrea Zani, Tel. +39 02 
69516442 – E-mail: orl.spiox.plv@camilliani.net. Organizing Secretariat: Erica Monese, via G. Passeroni 1, 20135 
Milano. Tel. /Fax +39 02 58319743 – Infoline: 3392168235 –E-mail: ericamonese@yahoo.it

AMERICAn ACAdEMy OF AUdIOLOgy AAA AnnUAL COnVEnTIOn
March 26-29, 2014 • Orlando, Fla – USA

Website: www.audiologynow.org
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CURSO dE MICROCIRUgÍA dEL OÍdO y dISECCIÓn dEL hUESO TEMPORAL - TEMPORAL BOnE SUR-
gICAL dISSECTIOn COURSE 
March 26-28, 2014 – July and November 2014, date to be announced • Barcelona – Spain

Instituto de Otología García-Ibáñez, Conchi Castilla, C/ Dr. Roux, 91, 08017 – Barcelona. Tel. 93 205 02 04 ¬ Fax 
93 205 43 67 – E-mail: iogi@iogi.org

11th InTERnATIOnAL COURSE In AdVAnCEd SInUS SURgERy TEChnIQUES 
March 27-28, 2014 • Amsterdam – The Netherlands

Course secretariat: AMC, ENT Dept., P.O. Box 22660, Location D2-312, 1100 DD Amsterdam, The Netherlands. Tel. 
00 31 20 5668586 – Fax 00 31 20 56 69 573 – E-mail: M.B.vanhuiden@amc.uva.nl – Website: www.sinuscourse.nl

ASOhnS ASM 2014 MOdERn APPROAChES TO EnT
March 29-April 1, 2014 • Brisbane Queensland – Australia

Website: www.asohns.consec.com.au

10th COngRESS OF ThE EUROPEAn LARyngOLOgICAL SOCIETy – 2nd JOInT MEETIng OF ABEA & ALA
April 9-12, 2014 • Antalya – Turkey

Website: www.els2014.org

RInITE ALLERgICA E PATOLOgIE RESPIRATORIE: Ix CORSO TEORICO-PRATICO
April 10-11, 2014 • Rome – Italy

Responsabile dell’Evento: Lino Di Rienzo Businco, Coordinatore Scientifico: Andrea Di Rienzo Businco. Segrete-
ria Organizzativa: Scuola Medica Ospedaliera, borgo S. Spirito 3, Roma. Tel. +39 06 68802626 – 06 68352411;  
E-mail: segreteria@smorrl.it

18th InTERnATIOnAL VOICE WORKShOP 2014 • April 11-12, 2014 • Paris – France

Information to: Jean Abitbol, 1, Rue Largillière – 705016 Paris. E-mail: voice.abitol@gmail.com 

SInO-nASAL & SKULL BASE dISSECTIOn COURSE • April 12-13, 2014 • Milan – Italy

Organizing Secretariat: San Raffaele Congress Centre, via Olgettina 58, 20132 Milan, Italy. Tel. +39 02 2643 6227 
– Fax +39 02 2643 3754 – E-mail: isella.linda@hsr.it – Website: www.entcourses.it

4th MIddLE EAST COngRESS On RhInOLOgy And FACIAL PLASTIC SURgERy (MERC2014)
April 12-14, 2014 • Tehran – Iran

Website: www.merc2014.com

xVIII CORSO RESIdEnzIALE dI MEdICInA dEL SOnnO • April 12-16, 2014 • Bertinoro (FC) – Italy

Organizing Secretariat: Centro Residenziale Universitario di Bertinoro, Monica Michelacci. Tel. +39 0543 446555 – 
E-mail: mmichelacci@ceub.it 

18th WCBIP/WCBE
18th WORLd COngRESS FOR BROnChOLOgy And InTERVEnTIOnAL PULMOnOLOgy
18th WORLd COngRESS FOR BROnChOESOPhAgOLOgy
April 13-17, 2014 • Kyoto – Japan

Website: www2.convention.co.jp/wcbipwcbe2014/

ThE FOURTh MIddLE EAST COngRESS On RhInOLOgy & FACIAL PLASTIC SURgERy
April 23-25, 2014 • Tehran – Iran

Website: www.merc2014.com

3rd InTERnATIOnAL SyMPOSIUM On OTOSCLEROSIS And STAPES SURgERy
April 24-26, 2014 • Siófok – Hungary

President of the Congress: I. Sziklai – Secretary of the Congress: T. Karosi. Website: www.otosclerosis2014.com

SKIn CAnCER OF ThE hEAd And nECK COURSE  • May 1, 2014 • Utrecht – The Netherlands
InTERCOnTInEnTAL RhInOPLASTy • May 2-3,  2014 • Utrecht – The Netherlands

Websites: http://reconstruction-skin-cancer.com – http://intercontinental-rhinoplasty.nl

V INTERNATIONAL WORKSHOP ON ENDOSCOPIC EAR SURGERY • May 5-7, 2014 • Modena – Italy

Course Directors: Livio Presutti, Daniele Marchioni. Website: http://www.meetandwork.it/livesurgerymodena
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2nd AnnOUnCEMEnT OTOLOgy JUBILEE: 150 yEARS OF ThE ARChIV FUR OhOREnhEILKUndE
Past-Present-Future in Otology & neurology •  May 7-10, 2014 • Halle/Saale – Germany

Website: www.otology-jubilee.com

BALBUZIE - IL TRATTAMENTO TRA STUDIO E HOMEWORK • May 9-10, 2014 • Turin – Italy

Coordinatore Scientifico: Mario D’Ambrosio. Organizing Secretariat: Centro Congressi Internazionale Srl, via 
San Francesco da Paola 37, 10123 Torino. Tel. +39 011 2446911 – Fax +39 011 2446950 – E-mail: info@con-
gressiefiere.com – Website: www.congressiefiere.com

gIORnATA dI AggIORnAMEnTO AICEF - 6a edizione • May 10, 2014 • Ravenna – Italy

Scientific Secretariat: Domenico Minghetti, E-mail: minghetti@tin.it – Patrizia Schiavon, E-mail: patrizia.schiavon@
gmail.com. Website: www.lopezcongressi.it

3rd IRAnIAn COngRESS On COChLEAR IMPLAnT & RELATEd SCIEnCE
May 10-12, 2014 • Tehran – Iran

IRANCI 2014 Secretariat: Tel. - Fax 098-21-8860-0006 – E-mail: info@irancochlear.com – Website: www.irancoch-
lear.com

101° COngRESSO nAzIOnALE SIO – Società italiana di Otorinolaringoiatria e Cervicofacciale  
May 28-31, 2014 • Catania – Italy

President: A. Serra. Website: www.sio2014.org – www.eac.it

CURSO dE dISECCIÓn EndOSCÓPICA dE LOS SEnOS PARAnASALES - EndOSCOPIC SInUS 
SURGICAL DISSECTION COURSE • May 29-31, 2014 • Barcelona – Spain

Instituto de Otología García-Ibáñez, Isabel, C/ Dr. Roux, 91, 08017 Barcelona. Tel. 93 205 02 04 – Fax 93 205 43 
67 – E-mail: gi.fundacion@gmail.com, fundacion@iogi.org

hEAL 2014 (hEaring Across the Lifespan): “EARLy InTERVEnTIOn: ThE KEy TO BETTER hEARIng CARE”
June 5-7, 2014 • Cernobbio (Lake Como) – Italy

Website: http://www.heal2014.org

TEMPORAL BONE DISSECTION COURSES 2014 • June 10-13, December 9-12, 2014 • Brazil

Website: www.forl.org.br/courses

4th hAndS On dISSECTIOn AdVAnCEd COURSE: “FROM REMOVAL TO RECOnSTRUCTIOn In hEAd 
And nECK CAnCERS” • June 17-20, 2014 • Paris – France

Directors: Marco Benazzo, Department of Otolaryngology HN Surgery, University of Pavia, Italy; Fausto Giuseppe 
Chiesa, Department of Otolaryngology HN Surgery, IEO Milan, Italy. Organizing Secretariat: Bquadro Congressi srl, 
via S. Giovanni in Borgo 4, 27100 Pavia. Tel. +39 0382 302859 – Fax +39 0382 27697 – E-mail: bolla@bquadro-
congressi.it.

24th COngRESS OF EUROPEAn RhInOLOgIC SOCIETy (ERS) and  32nd InTERnATIOnAL 
SyMPOSIUM OF InFECTIOn And ALLERgy OF ThE nOSE. ThE nOSE AS InTERFACE 
June 22-26, 2014 • Amsterdam – The Netherlands

President: W.J. Fokkens. Website: www.ers-isian2014.com – E-mail: ers-isian2014@kenes.com

5th WORLd COngRESS OF ThE InTERnATIOnAL FEdERATIOn OF hEAd And nECK OnCOLOgIC 
SOCIETIES (IFhnOS) – AnnUAL MEETIng OF ThE AMERICAn hEAd And nECK SOCIETy (AhnS) 
July 26-30, 2014 • New York – USA

Congress Chairman: Jatin Shah. Program Chairman: Bevan Yueh. Websites: www.ifhnos2014.org, www.
ahns2014.org

4th InTERnATIOnAL COURSE On EndOCRInE SURgERy - InTRAOPERATIVE MOnITORIng OF 
LARyngEAL nERVES In ThyROId SURgERy • June 27, 2014 • Stresa (Lake Maggiore, VB) – Italy

Organizing Secretariat: Summeet Srl, via P. Maspero 5, 21100 Varese. Tel. +39 0332 231416 – Fax +39 0332 
317748 – E-mail: mb.calveri@summeet.it – Website: www.summeet.it

BEST EVIDENCE ENT 2014 • August 2-5, 2014 • Wisconsin – USA

Course Directors: John S. Rhee, David R. Friedland, Charles J. Harkins. Department of Otolaryngology 9200 West 
Wisconsin Avenue Milwaukee, WI 53226
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40° CONGRESSO CONVENTUS SOCIETAS ORL LATINA • September 1-5, 2014 • Baia de Luanda – Angola

Info: Departamento de ORL da Facultdade de Medicina da Universidade Agostino Neto Hospital Josina Machel- 
Maria Pia  Av. 1° Congresso do MPLA. Tel. 00244-923784901/914381304 – E-mail: mfilipe@snet.co.ao, drma-
tuba@gmail.com

XL CONVENTUS SOCIETAS ORL LATINA CONGRESSO • September 3-5, 2014 • Luanda – Angola

Website: www.conventussocietasorllatina-luanda2014.org

ORL ENDO 2014 • Modena – Italy
Chirurgia endoscopica dell’orecchio medio (Middle ear endoscopic surgery) • September 9-10, 2014
Chirurgia endoscopica dei seni paranasali (Endoscopic sinus surgery) • November 11-12, 2014

Course Director: Livio Presutti. Scientific Secretariat:  Angelo Ghidini, Daniele Marchioni. Tel. +39 059 4222402 - 
4223022 – E-mail: Ghidini.angelo@policlinico.mo.it, Marchioni.daniele@policlinico.mo.it - Website: www.meetand-
work.it/orl-endo2014

7th InSTRUCTIOnAL WORKShOP – COnSEnSUS In AUdITORy IMPLAnTS  “EUPOREAn gUIdELInES  
IN OTOLOGY AND NEURO-OTOLOGY” • September 13-16, 2014 • Siena – Italy

Website: www.eaono2014.org

IV CORSO TEORICO-PRATICO dI AUdIOLOgIA  E VESTIBOLOgIA
September 22-24, 2014 • Benevento – Italy

Course Director: L. Califano. Scientific Secretariat:  Luigi Califano, Maria Grazia Melillo  – E-mail: luigi.califano@tin.
it, vertigobn@hotmail.com

EUROPEAn UnIOn OF hEARIng AId ACOUSTICIAnS (EUhA) 59th InTERnATIOnAL COngRESS OF hEARIng 
AId ACOUSTICIAnS (EUHA) • October 15-17, 2014 • Hanover – Germany

Website: www.euha.org

5th ASIAN FACIAL PLASTIC SURGERY SOCIETY CONGRESS • October 15-19, 2014 • Cappadocia – Turkey

Website: www.afpss2014.org

january-december 2015

3rd CONGRESS OF CE ORL-HNS • June 7-11, 2015 • Prague – Czech Republic

Website: Congress secretariat: GUARANT International Na Pankraci 17, 14021 Prague4, Czech Republic. Website: 
www.CEorl-hnsprague2015.com

22nd INTERNATIONAL CONGRESS ON THE EDUCATION OF THE DEAF • July 6-9, 2015 • Athens – Greece

Website: www.iced2015.com

WORLD CONGRESS ON LARYNX CANCER 2015 • July 26-30, 2015 • Queensland – Australia

Website: www.wclc2015.org


