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Management of idiopathic epistaxis in adults: 
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Il trattamento dell’epistassi idiopatica nell’adulto: cosa c’è di nuovo?
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SUMMARY

Epistaxis is one of the most common complaints presenting to emergency departments. The aim of this study is to systematically review and 
critically evaluate the evidence relating to treatment of idiopathic epistaxis for guiding best practice. A comprehensive review of the English 
language literature was performed using PubMed, Embase, Cochrane Library and Central electronic databases. The inclusion criteria were: 
retrospective or prospective or randomised controlled clinical trials which included outcomes in the management of idiopathic epistaxis. Twenty-
three articles met inclusion criteria and were reviewed. Nasal packing still represents the first-line approach to epistaxis, although, at present, it 
appears that there is clear evidence in the literature to suggest that it is less effective and associated with more admissions and longer hospital 
stays than endoscopic electrocoagulation-based management of epistaxis. In conclusion, cauterisation should be the first-line approach for its 
high cost-effectiveness rate and low risk of complications. Further research is urgently needed to assess the efficacy of new biomaterials.

KEY WORDS: Epistaxis • Protocol • Endoscopy • Cautery • Sphenopalatine artery • Embolisation

RIASSUNTO 

L’epistassi è uno dei disturbi più comuni per il quale il paziente si rivolge spesso al pronto soccorso. Questa revisione della letteratura si 
propone di valutare sistematicamente e criticamente gli studi scientifici riguardo il trattamento dell’epistassi idiopatica al fine di ottenere utili 
spunti per la pratica clinica. La ricerca è stata eseguita nei database elettronici: PubMed, Embase, Cochrane e Central. I criteri di inclusione 
sono stati: studi clinici controllati retrospettivi o prospettici o randomizzati o studi su modelli animali che includevano i risultati nella gestione 
dell’epistassi idiopatica. Sono stati individuati 23 articoli che soddisfano i criteri di inclusione. Il tamponamento nasale rappresenta ancora 
l’approccio di prima linea all’epistassi, anche se è evidente dalla letteratura che sia il meno efficace ma il più associato a ricoveri ospedalieri 
di maggior durata rispetto alla chirurgia endoscopica basata sull’elettrocoagulazione. In conclusione appare sempre più evidente che la cau-
terizzazione dovrebbe essere l’approccio di prima linea per l’alto tasso di costo-efficacia e il basso rischio di complicanze. Tuttavia, ulteriori 
ricerche urgenti sono necessarie per validare l’efficacia dei nuovi biomateriali nel trattamento dell’epistassi.

PAROLE CHIAVE: Epistassi • Endoscopia nasale • Cauterizzazione • Arteria sfenopalatina • Embolizzazione

OPEN ACCESS  

© Società Italiana di Otorinolaringoiatria e Chirurgia Cervico-Facciale

Introduction

Epistaxis is one of the most common presenting symptom 
to both primary care and accident and emergency depart-
ments. It is thought to affect 10-12% of the population 1, 
and although most cases are self-limiting, some do not re-
solve without intervention. Among these, 80% are from the 
Kiesselbach’s plexus (anterior epistaxis)  2. Interestingly, 
some studies have suggested a positive correlation between 
epistaxis and atmospheric pressure or relative humidity and 
changes in temperature 3 4; others also included allergic rhi-
nitis as one of the main causes of epistaxis 5. Only 6% of 
patients with epistaxis will require medical assistance, and 

cases of severe intractable epistaxis are rare 6. Anterior na-
sal packing, the most common therapy for epistaxis, has 
some limitations including potential for reduced ventilation 
and sleep apnoea, need for analgesics and, in some cases, 
need for prophylactic antibiotics 6. Nasal cautery forms an 
important part of first line management, and is considered 
an important skill for anyone treating epistaxis 7, but is un-
likely to be practiced by non-otolaryngologists. The goal of 
this study was to assess current trends in the management 
of epistaxis in the adult population. 
The aim of this study is to systematically review and criti-
cally evaluate the evidence relating to treatment of idi-
opathic epistaxis in order to guide best practice.
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Search strategy
A comprehensive review of the English language litera-
ture was performed using PubMed, Embase, Cochrane Li-
brary and Central electronic databases using the keyword 
“epistaxis”. The search was executed in March 2016 and 
was limited exclusively to studies published after 2010. It 
yielded a total of 1917 articles. We retrieved the full text of 
any reports potentially meeting inclusion criteria and ex-
amined these independently to determine study eligibility. 
Articles were examined for data resolution with the intent 
to perform a meta-analysis. Different methods of meta-
analyses were considered in reviewing the literature to 
seek results that would provide meaningful analysis with 
the least risk of introducing biases. The inclusion criteria 
were: retrospective or prospective or randomised controlled 
clinical trials which included outcomes in the management 
of idiopathic epistaxis. Exclusion criteria were case reports 
or letters/correspondence to editor; clinical studies includ-
ing the management of epistaxis other than idiopathic or 
mixed cases in which was not possible to extrapolate data 
concerning idiopathic epistaxis; paediatric population or 
animal model; systematic reviews and meta-analyses; non- 
English language manuscripts. To reduce the risk of incom-
plete literature search, a manual search of the references of 
included papers was performed (Fig. 1 for flowchart). Data 
from studies were first extracted and assessed by the prin-
cipal investigator (MG) and thereafter independently by 2 
co-authors (MF and GC) using standardised data forms. 
Quality assessment of studies (QUADAS-2) tool was used 
to evaluate relevant study design characteristics of includ-
ed studies 8. A graphical display of QUADAS-2 results is 
shown in Figure 2.

Results
The search was performed in March 2016 and yielded 
1,917 articles. Moreover, 2 records were added from a 
manual search. Twenty-three articles  9-31 met inclusion 
criteria. An overview of included studies is included in 
Table I.

Nasal packing
The first-line therapy includes anterior-posterior 
synthetic nasal packs and balloons in most stud-
ies 9 10 17 18 20 21 23 26 27 31 32 34 35. More specifically, the effective-
ness of chitosan-based packing was assessed by Kourelis 
and Shikani 24. Chitosan is a natural cationic polysaccha-
ride with well-known powerful haemostatic properties. 
The study group consisted of 35 consecutive patients with 
drug-induced bleeding diathesis. The pack consisted of a 
single sheet of ChitoFlex® (Hemcon, Inc. Portland, OR, 

USA), wrapped around a hydroxylated polyvinylacetal 
sponge (Pope Merocel®, Medtronic, Inc, Minneapolis, 
MN, Usa). The chitosan-based nasal packing achieved 
instant control of bleeding in 32 cases (91%). The mean 
time to bleeding cessation was 3.5 min, ranging from 1 to 
10 min. Moreover, a comparison among different types 
of nasal packings was performed by Dutta et al. 17. Three 
methods were included for the anterior nasal packing, na-
sal packing-merocel (group A), gauze pack lubricated by 
sisomicin ointment (group B) and the same gauze pack 
used with a splint made of a sterilised aluminium foil 
sheet prepared from the cover of the suture materials used 
over the septum (group C), carefully using the paper-cov-
ered surface of the foil to remain in contact with the mu-
cosa to eliminate any systemic absorption of aluminium. 
In 26.7% (n = 64), patients nasal tampon was used (30 for 
epistaxis and 34 for postoperative pack); 39.2% (n = 94) 
of patients were treated with conventional gauze pack with 
sisomycin cream (60 for epistaxis and 34 for post opera-
tive pack). The remaining 34.2% (n = 82) of patients were 
treated with the gauze pack with splint as described ear-
lier (42 for epistaxis and 40 for postoperative pack). The 
“Behavioural Observational Pain Rating Scale” meas-
ured perception of pain during the procedure of packing. 
Fifty-six of 60 patients (93.33%) with gauze packing for 

Fig. 1. Process for sifting search results and selecting studies for inclusion.
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Fig. 2. Proportion of studies with unclear, low and high risk of bias and concerns regarding applicability.

Table I. Included studies.

Authors Publication 
year

Study 
design

N  
of patients

Site of 
epistaxis

Materials Outcomes

Lau et al. 9 2016 Prospective, 
control-
matched, 
longitudinal

20 (cases)
20 (control group)

Anterior and 
posterior

FloSeal vs nasal packing FloSeal efficacy 75% vs nasal 
packing 85% (NS)

Zou et al. 10 2015 Retrospective 53 Posterior fornix 
of the inferior 
nasal meatus 

Endoscopic bipolar electric 
haemostat vs nasal packing

Lower VAS score, rate of re-
bleeding, and nasal cavity 
adhesion for endoscopic bipolar 
electric haemostat (p < 0.001)

Limura et al. 11 2015 Retrospective 167 Posterior Electrocoagulation vs gauze 
tamponade vs balloon tamponade 
vs follow-up

Recurrent bleeding rates 
based were 8.5% (8/94) for 
electrocoagulation, 41.2% (21/51) 
for gauze tamponade, 50% (1/2) 
for balloon tamponade, and 45% 
(9/20) for follow-up 

Butrymowicz et al. 12 2015 Anatomical 
model and 
prospective 
case series

4 Anterior Endoscopic electrocautery greater 
palatine artery

No recurrences

Khan et al. 13 2015 Prospective 101 Anterior and 
posterior

FloSeal vs nasal packing Success rate: 14% 

Kilty et al. 21 2014 Prospective 20 Posterior FloSeal Success rate: 80%

Shrestha 14 2014 Retrospective 12 Posterior Endoscopic sphenopalatine ligation Success rate: 100%

Henderson et al. 15 2013 Retrospective 124 Anterior and 
posterior

Electrocautery vs nasal packing The rates of admission and of 
nasal packing reduced with 
the increasing of usage of 
electrocautery (p < 0.001)

Gandomi et al. 16 2013 Retrospective 27 Posterior Endoscopic sphenopalatine artery 
ligation

Success rate 87%

Gottumukkala et a.l 18 2013 Retrospective 84 Posterior Embolisation of one or more external 
carotid artery branches 

Success rate of 89%

Zahed et al. 19 2013 Randomised 
controlled

109 (anterior nasal 
packing group)

109 (topical 
tranexamic acid 

group)

Anterior Anterior nasal packing vs topical 
tranexamic acid

Recurrence rates: 11% for anterior 
nasal packing, 2.8% for topical 
tranexamic acid (p = 0.018)

Shargorodsky et al 20 2013 Retrospective 147 Anterior and 
posterior

Nasal packing vs silver nitrate vs 
dissolvable packing 

Failure rate 23.8% for silver 
nitrate vs 57.4% for nasal packing 
vs 20% dissolvable packing

continues
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epistaxis experienced severe pain (score 8-10), while 36 
of 42 (85.71%) experienced severe pain when aluminium 
foil splints were used. When nasal tampon was used, only 
4 of 30 patients (13.33%) felt severe pain. This difference 
was statistically significant. Obviously, pain could not be 
recorded if the packing was inserted under general anaes-
thesia during septal surgery. With gauze pack in situ, 22 
of 34 patients (64.70%) experienced moderate pain, in 6 
patients (17.65%) pain was mild and another 6 patients 
felt severe pain. With the addition of septal splint, 10 of 40 
patients (25%) felt mild pain, 28 (70%) had moderate pain 
and 2 patients (5%) experienced severe pain. Nasal tam-
pon packing was almost painless in postoperative group 
as 30 of 34 patients (88.23%) felt only mild pain. The 
episodes of bleeding while packed in situ, within first 48 h 
and forced for repacking, was significantly more preva-
lent among nasal tampon group (group  A) of patients, 
but as such no difference was revealed between groups B 
and C. Regarding experience of bleeding after removal 
of packing, no difference could be observed between 
nasal tampon and gauze packing with or without splint. 
Whereas group  B showed a significantly higher rate of 
bleeding compared to group C. Synaechia formation was 
not lower among group A patients; however, comparison 

with the other two groups showed that the event was more 
common among subjects who belonged to group  B vs 
group C, with a statistically significant difference.

Electrocoagulation
In other studies  9 10 17, the efficacy of nasal packing was 
compared to electrocoagulation. Zou et al.  10 compared 
the outcomes between a group of 15 patients who un-
derwent nasal packing for inferior meatus epistaxis and 
a group of 38 patients who had electrocoagulation using 
bipolar forceps both under general and local anaesthesia. 
The incidence of re-bleeding was significantly lower in 
the electrocoagulation group (0/38) than in the packing 
group (4/15; p = 0.001). Re-bleeding occurred within 48 
and 24 hours after nasal pack removal in three and one 
patient, respectively. All patients with re-bleeding under-
went endoscopic surgery with successful achievement of 
haemostasis. The discomfort visual analogue score (VAS) 
differed significantly between groups, ranging from 1 to 
5 in the surgery group (2.4 ± 1.4) and 6 to 9 in the pack-
ing group (7.6 ± 1.0; p = 0.001). The incidence of nasal 
cavity adhesions was significantly lower in the surgery 
group (2/38) than in the packing group (7/15; p = 0.007). 
Iimura et al.  11 evaluated 167 patients with idiopathic 

Table I. follows.
Authors Publication 

year
Study 
design

N  
of patients

Site of 
epistaxis

Materials Outcomes

Dutta et al. 17 2012 Prospective 132 Anterior Merocel vs gauze with sisomicin 
cream vs gauze with sisomicin 
cream and septal splint

No recurrence rates after removal: 
96.9% for Merocel, 89.4% for 
gauze with sisomicin cream, 
97.6% for gauze with sisomicin 
cream and septal splint (NS)

Mudunuri, Murthy 22 2012 Prospective 42 (conservative 
group)

52 (silver nitrate 
group)

Anterior Silver nitrate vs conservative Failure rate: 26% for silver nitrate, 
30% for conservative

George at al. 23 2012 Retrospective 25 Anterior and 
posterior

Endoscopic sphenopalatine artery 
ligation

Success rate 88%.

Kourelis, Shikani 24 2012 Prospective 35 Anterior Chitosan-based packing Success rate: 91%.

Baloch et al. 25 2012 Retrospective 16 - Angioembolisation Success rate: 87.5% 

Zhang and Qiu 26 2012 Randomised 
controlled

41 (Nd:YAG Laser)
41 (liquid paraffin 

plus antiseptic 
cream)

Anterior Nd:YAG laser vs liquid paraffin plus 
antiseptic cream

Success rate: 85% for Nd:YAG 
laser vs 40% for control group

Strach et al. 29 2011 Retrospective 31 - Endovascular embolisation with 
polyvinyl alcohol particles

Long-term success rate: 93.5%

Eladl et al. 28 2011 Prospective 42 Posterior Endoscopic sphenopalatine artery 
ligation

Success rate: 100%

Lesley et al. 27 2010 Retrospective 20 Posterior Angioembolisation with detachable 
platinum fibered coils

Success rate: 95%

Cotê et al. 30 2010 Prospective 10 Posterior FloSeal Success rate: 80%

Minni et al. 31 2010 Retrospective 48 Anterior and 
posterior

Endoscopic cautery of 
sphenopalatine artery or anterior 
ethmoidal artery

Success rate: 93%

VAS: visual analogue scale; NS: not statistical significant.
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posterior epistaxis. Bleeding sites included the olfac-
tory cleft in 39 of 167 patients (23.4%), middle meatus 
region in 44 patients (26.3%), inferior meatus region in 
36 patients (21.6%), other in 8 patients (4.8%) and un-
known in 40 patients (24.0%). Electrocoagulation was 
performed in 94 patients (56.3%), gauze tamponade in 51 
patients (30.5%), balloon tamponade in 2 patients (1.2%) 
and follow-up in 20 patients (12.0%). Of note, electro-
coagulation was performed using an endoscope in pa-
tients in whom electrocoagulation under direct vision was 
not possible. Monopolar forceps were used on bleeding 
sites where haemostasis using bipolar forceps (straight/
curved) was difficult. Recurrent bleeding occurred in 39 
of 167 patients (23.4%). The bleeding sites at initial ex-
amination in 39 patients with recurrent bleeding were the 
olfactory cleft, middle meatus and inferior meatus, in 6, 
8 and 4 patients, respectively, and was unknown in 21 pa-
tients. The recurrent bleeding rates based on bleeding site 
(patients with recurrent bleeding/patients with bleeding 
from the site) were 15.4% (6/39) for the olfactory cleft, 
18.2% (8/44) for the middle meatus, 11.1% (4/36) for the 
inferior meatus and 52.5% (21/40) if the bleeding point 
was unknown. Haemostatic procedures at initial examina-
tion for 39 patients with recurrent bleeding were electro-
coagulation (n = 8), gauze tamponade (n = 21), balloon 
tamponade (n = 1) and follow-up (n = 9). The recurrent 
bleeding rates based on the haemostatic procedure were 
8.5% (8/94) for electrocoagulation, 41.2% (21/51) for 
gauze tamponade, 50% (1/2) for balloon tamponade and 
45% (9/20) for follow-up, with electrocoagulation show-
ing the lowest rate of recurrent bleeding. 
Henderson et al.  15 assessed the benefit of implementing 
a standardised treatment protocol for adult epistaxis man-
agement based upon the use of bipolar electrocautery in 
preference to nasal packing. The study compared the re-
sults of epistaxis treatment before and after introduction of 
the protocol. There were 61 and 63 individuals included in 
the pre- and post-protocol groups. The introduction of bi-
polar electrocautery as a treatment modality into the post-
protocol group resulted in a significant change in treat-
ment outcomes. The frequency of nasal packing reduced 
significantly from 34 (56%) to 14 (22%) (p = 0.0002), with 
a corresponding rise in bipolar electrocautery from nil to 
27 (43%) cases. The use of AgNO

3
 remained relatively 

constant between both groups, despite not being on the in-
tervention protocol. Admission rates fell significantly be-
tween the two groups from 38 to 23 (62-37%, p = 0.0068). 
Admissions for social/medical reasons rose very slightly 
in the post-protocol group with an increase in social ad-
missions (5.7%). There were no cases recorded as read-
missions. The overall average hospital length of stay was 

1.2 days for the pre-protocol group, 0.83 days post-proto-
col and 2.4 days for those who underwent nasal packing 
in either group. Using actual numbers of overnight admis-
sions, ward attenders and treatment used, total costs were 
£ 24,706 for the pre-protocol group, and £ 18,175 for the 
post-protocol group. This represented a per-patient aver-
age saving of £ 117, and per year £ 43,345 assuming an 
average of 31 presentations per month.

FloSeal 
The usage of FloSeal haemostatic matrix (Baxter Health-
care, Deerfield, IL, USA), a human thrombin-impregnat-
ed, bovine gelatin matrix, has been evaluated in managing 
epistaxis alone 21 30 or compared to nasal packing 9 13. Kilty 
et al. 21 evaluated this matrix in 20 patients with posterior 
epistaxis. Gelatin-thrombin matrix successfully stopped 
posterior epistaxis in 16 cases (80%). All of these cases 
received a single gelatin-thrombin matrix treatment. Four 
patients (20%) required additional treatment after gelatin-
thrombin matrix failed to stop posterior epistaxis; two had 
surgical treatment; and two had posterior packing. No pa-
tient complications occurred in this study. Anticoagulant 
use was not significantly associated with treatment failure 
(p = 1.0). There was likewise no association with gender 
(p = 0.58), hypertension (p = 1.0), or diabetes (p = 0.62). 
VAS assessment for pain with the gelatin-thrombin ma-
trix treatment had a mean of 3.6. On the other hand, Côté 
et al. 30 observed that epistaxis was adequately controlled 
in 8 of 10 patients without any adverse events. In Lau et 
al. 9, nasal packing controlled epistaxis in 95% (19/20) of 
patients. Eleven patients underwent packing with inflat-
able packs and 9 with nasal tampons. The individual who 
experienced immediate treatment failure had been packed 
with a nasal tampon and epistaxis was controlled after re-
insertion of a second nasal pack. In the FloSeal group, 
epistaxis was controlled in 17 of 20 patients (85%). Of the 
3 patients who experienced immediate treatment failure, 
inflatable nasal packs controlled bleeding in 2. When in-
flatable nasal packing also failed to control the remaining 
person’s epistaxis, she underwent endoscopic sphenopala-
tine artery ligation. There were two readmissions within 7 
days for both groups. The readmission rate was therefore 
10% for both groups. Taking into account the readmis-
sion rate, the overall treatment success rate for nasal pack-
ing was 17 of 20 patients (85%); it was 15 of 20 patients 
(75%) for FloSeal. There was no significant difference 
between the primary outcomes for both groups (p = 0.73). 
Conversely, Khan et al. 13 evaluated FloSeal in 36 of 101 
patients admitted for anterior and posterior epistaxis. The 
total success rate was 14% (5 of 36 cases). It was success-
ful in 2 of 3 cases of anterior epistaxis (66%) and in only 3 
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of 33 cases of posterior epistaxis (9%). Fisher’s exact test 
indicated a significant difference in the success rates of 
FloSeal and nasal packing in the management of posterior 
epistaxis (9% vs 92%, respectively; p < 0.001).

Tranexamic acid
Zahed et al. 19 conducted a trial to assess the efficacy of 
topical tranexamic compared to nasal packing. This ran-
domised clinical trial study was conducted on 216 sub-
jects (124 men and 92 women). Within 10 minutes of 
treatment, bleedings were arrested in 76 (71%) of 107 
patients in the tranexamic acid group, compared with 
34 (31.2%) of 109 patients in the anterior nasal packing 
group (odds ratio, 2.27; 95% CI, 1.68-3.06; p < 0.001). In 
addition, 102 (95.3%) of 107 patients in the tranexamic 
acid group were discharged in 2 hours or less vs 7 (6.4%) 
of 109 patients in the anterior nasal packing group. Re-
bleeding was reported in 5 (4.7%) of 107 and 14 (12.8%) 
of 109 patients during the first 24 hours in the tranexamic 
acid and the anterior nasal packing groups, respectively 
(p = 0.034). After 1 week, re-bleeding in the tranexamic 
acid and the anterior nasal packing groups were 2.8% 
and 11%, respectively (p = 0.018). Satisfaction rate was 
higher with tranexamic acid (8.5 ± 1.7) than with anterior 
nasal packing (4.4 ± 1.8) (p < 0.001).

Silver nitrate
Chemical cautery using the silver nitrate has also been in-
vestigated 20 22. Chemical cautery was the most commonly 
used treatment modality for anterior epistaxis (77.1%) in a 
cohort of 147 individuals 20, and non-dissolvable packing 
was the most common intervention for posterior epistaxis 
(78.6%). The failure rate was 23.8% for all patients un-
dergoing chemical cautery. Among patients with anterior 
epistaxis who underwent chemical cautery, the failure rate 
was 21.0%. All 3 patients who received chemical cautery 
for posterior epistaxis (posterior epistaxis cautery in the 
clinic is done with the use of an endoscope) all experi-
enced treatment failure. The multivariate OR of failure 
was significantly higher for non-dissolvable packing than 
for chemical cautery (6.08; 95% CI, 2.17-17.09) in cases 
of anterior epistaxis. Of note, 4 patients underwent opera-
tive sphenopalatine ligation for their initial epistaxis epi-
sode. All of those patients had posterior bleeding that the 
surgeon believed was of high enough severity that it re-
quired a surgical intervention. Furthermore, Mudunuri and 
Murthy 22 conducted a prospective study on 114 patients. 
Half of patients (n = 57) were managed using conserva-
tive treatment. The other half (n = 57) were treated with 
silver nitrate cautery of the bleeding points/prominent ves-
sels. In the group treated conservatively, 30% (13 cases) 

had at least one episode of epistaxis. In the group treated 
with cautery, 26% (14 cases) had at least one episode of 
epistaxis. No statistical comparison was done.

Endoscopic surgical procedures
Butrymowicz et al. 12 proposed an innovative surgical treat-
ment to control recalcitrant anterior epistaxis based on ana-
tomical dissections, computed tomography (CT) scan and 
small cohort of patients. The authors evaluated the feasibility 
and effectiveness of surgical ligation of the greater palatine 
artery endoscopically. They treated surgically, after careful 
cadaveric dissections and CT scan analyses, 4 patients with 
reasonable efficacy and feasibility of the procedure. 
Shrestha  14 described his personal results on 12 patients 
with epistaxis managed with endoscopical sphenopalatine 
artery ligation under general anaesthesia. Three of 12 pa-
tients developed synechia. However, the success rate in 
controlling epistaxis was 100%. 
George et al.  23 investigated the efficacy sphenopalatine, 
anterior ethmoid and internal maxillary artery interven-
tion in 25 patients. This series included 19 primary en-
doscopic sphenopalatine artery ligations, and three cases 
required adjuvant anterior ethmoid artery surgery. Exclu-
sive anterior ethmoid artery ligation was done in two sub-
jects and was indicated when a suspicious anterior bleed 
refractory to packing or cautery was present. One patient 
underwent embolisation of the internal maxillary artery 
because of high anaesthetic risk. Patients waited on av-
erage 1.9 days for the operating theatre whilst undergo-
ing conservative management for epistaxis. The success 
rate for primary endoscopic sphenopalatine artery ligation 
surgery on the same admission was 89.4% (17/19). 80% 
(20/25) of patients had no further epistaxis episodes fol-
lowing their primary surgery, and so after discharge the 
overall success rate was 88% (22/25). 
In a prospective study, Gandomi et al.  16 endoscopically 
coagulated the sphenopalatine artery in 27 patients. Three 
patients required bilateral cauterisation. All operations in-
volved cauterisation with bipolar diathermy. No patient suf-
fered recurrent epistaxis within the first 24 hours of surgery 
(immediate post-op. period). Three patients suffered recur-
rent epistaxis within 2 weeks following surgery (early post-
op. period), two of whom needed anterior nasal packing 
with the third requiring no medical attention. One further 
patient had recurrent epistaxis within 7 days (early post-op. 
period) and also 2 months after surgery (late post-op. pe-
riod). This patient further responded to conservative man-
agement including local cautery and anterior nasal packing. 
None of these four patients required any new surgical inter-
vention. Therefore, the success rate was 87%. Furthermore, 
in another prospective study, Eladl et al. 28 showed a success 
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rate of 100% and no recurrence of epistaxis in a cohort of 
42 patients after endoscopic sphenopalatine cauterisation. 
Post-operative subjective evaluation of eye dryness indicat-
ed no dryness in 90.5% of patients (n = 38) and mild dryness 
in only 9.5% (four patients, who complained of mild eye 
burning and congestion). Objective evaluation of eye dry-
ness (using Schirmer’s test) was negative in all cases. Post-
operative subjective evaluation of nasal dryness indicated 
that dryness was present in 81% of patients (n = 34), but 
was severe in only 9.5% (n = 4), and resolved with medical 
treatment (i.e. nasal debridement and irrigation). Post-oper-
ative subjective evaluation for nasal sensation (i.e. para-aes-
thesia or hypoaesthesia of the nose, upper teeth and palate) 
indicated numbness and para-aesthesia of the upper teeth 
in three patients. Objective evaluation of nasal sensation 
found hypoaesthesia of the nasal mucosa in eight patients, 
but without any patient complaint. No hypoaesthesia of the 
hard palate was detected. No major post-operative compli-
cations or irreversible damage was encountered. Similar 
results, achieving the control rate of 93%, were described 
in the study of Minni et al. 31 (42 sphenopalatine artery and 
6 anterior ethmoidal artery ligations).

Endovascular embolisation
Gottumukkala et al.  18 reviewed their experience with 
routine multivessel embolisation for intractable idiopath-
ic epistaxis in 84 patients and examined the association 
between the number of vessels receiving embolisation 
and treatment outcomes. Embolisation of bilateral inter-
nal maxillary artery (IMA) with or without facial artery 
embolisation was performed in 76 patients (41 with one 
or both facial arteries, 35 without facial artery). In cases 
where embolisation of three vessels was performed, the 
facial artery treated was always ipsilateral to the bleed-
ing site. In 10 patients, it was unclear which side was the 
source of bleeding. Four of these patients received bilat-
eral IMA and bilateral facial artery embolisation, whereas 
six received bilateral IMA embolisation alone. Successful 
treatment (no re-bleeding within 30 days) was achieved 
in 75 patients (89%). Of the nine patients who had early 
re-bleeding, 6 experienced re-bleeding within 1 day of 
embolisation and did not require additional hospital ad-
mission. All nine patients required some form of retreat-
ment, including surgical ligation of the ipsilateral anterior 
or posterior ethmoidal arteries (n = 6), endoscopic elec-
trocautery (n = 4), and repeat embolisation (n = 1). There 
was one major complication (1%). A patient who under-
went bilateral IMA and bilateral facial artery embolisa-
tion experienced skin sloughing of the chin, submandibu-
lar pain and oedema that caused difficulty swallowing, 
and severe lip oedema with mild ulceration. The oedema, 

pain and ulceration subsided by 1-month follow-up; the 
skin sloughing resolved by 8 weeks. Minor complications 
occurred in 22 patients (26%).
In another retrospective study 25, 16 patients were evaluat-
ed. After embolisation, immediate cessation of bleed was 
achieved in all 16 (100%) patients. However, in 2 (12.5%) 
of cases angioembolisation had to be repeated; in 1 pa-
tient on the same day and in another patient after a month. 
Thus, the overall success rate was 87.5%. In majority of 
cases (56.25%), ipsilateral IMA was the bleeding source 
and was embolised.
Lesley et al. 27 studied the efficacy and safety profile of de-
tachable platinum fibered coil embolisation in a cohort of 
20 patients. Seventeen patients underwent bilateral IMA 
embolisation. Three patients had unilateral IMA embosur-
gery of which two had previously undergone contralateral 
IMA open ligation for remote, but severe bouts of epistax-
is. During the 30-day follow-up period, 95% of the cohort 
remained free of recurrent nose bleeding that required 
medical or surgical intervention. Open surgical anterior 
ethmoid cauterisation was needed to control bleeding in 
one patient (5%) who re-bled 4 days after embosurgery. 
95% of patients had no complications, while one patient 
(5%) had short-lasting, transient unilateral facial pain. 
Strach et al. 29 evaluated 48 patients suffering from intrac-
table epistaxis underwent angiography and selective intra-
arterial intervention. In this series, a total of 31 individu-
als presented with idiopathic epistaxis. The success rate 
after first-time embolisation was 29 of 31 (93.5%). After 
ineffective unilateral embolisation of the sphenopalatine 
artery in one patient (1/31; 3.2%), second-phase emboli-
sation of the contralateral sphenopalatine, the descending 
palatine and branches of the facial artery, and, in a third 
phase, the ipsilateral sphenopalatine artery was performed, 
which finally lead to cessation of epistaxis increasing the 
success rate in group 1 to 96.8% (30/31). Despite bilateral 
embolisation of the sphenopalatine arteries, one patient 
(1/31; 3.2%) had to undergo surgical coagulation of the 
ethmoidal artery to achieve haemostasis. One patient with 
initially successful unilateral embolisation of the spheno-
palatine artery experienced reoccurrence of epistaxis after 
an asymptomatic period of 14 days and underwent addi-
tional septoplasty, thereby achieving haemostasis. Thus, 
the overall long-term success rate was 93.5%.

Laser
Zhang and Qiu  26 conducted a prospective, randomised, 
single-blinded study on the use of Nd:YAG laser for treat-
ment of anterior epistaxis. A total of 80 consecutive pa-
tients were included and equally divided into Laser and 
ointment groups. After 12 weeks, 85% of laser patients 
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and 40% of control patients had no reported bleeding. The 
outcome score of the 80 patients at 4 weeks after treatment 
showed no significant differences between groups (mean 
rank: 43.93 vs 37.08, ointment group versus laser group, 
p = 0.130). However, the outcome score at 12 weeks after 
treatment showed a significant difference between the two 
groups (mean rank: 49.60 vs 31.40, ointment group versus 
laser group, p < 0.01). Neither experimental group had com-
plications, such as blood transfusion, hospitalisation, visible 
nasal scars, nasal adhesions, or nasal septum perforation.

Discussion
The purpose of this study was to examine recent concepts 
in managing idiopathic epistaxis. Nasal packing still repre-
sents the first-line approach to epistaxis, although, at pre-
sent, it appears that there is clear evidence in the literature 
suggesting that it is less effective and associated with more 
admissions and longer hospital stays than endoscopic elec-
trocoagulation-based management of epistaxis. In 65% to 
70% of cases of epistaxis, simple first aid measures provided 
by the primary care physician or emergency physician are 
effective. If bleeding persists, patients should be urgently re-
ferred to the ENT Department. So long as the source of the 
bleeding is visible, most cases of epistaxis can be success-
fully treated using electrical or chemical cautery. For pos-
terior epistaxis, surgical intervention is markedly superior 
to packing. The method of choice is endoscopic clipping 
or coagulation of the sphenopalatine artery, which controls 
bleeding in 98% of cases 32. Early sphenopalatine ligation 
has a cost-effective profile, while a randomised prospective 
trial of early ligation vs nasal packing found an overall cost-
savings of approximately $ 7080. Additionally, the length 
of stay was less than half that for nasal packing. A 2003 
retrospective study by Klotz et al. 33 found that ligation had 
a mean length of stay of 2.1 days and $ 3851 of associated 
costs. Moreover, Henderson et al. 15 conducted an analysis 
on costs before and after application of a protocol teaching 
junior physicians on the use of cauterisation instead of nasal 
packing. They found a per-patient average saving of £ 117, 
and per year £ 43,345 assuming an average of 31 presenta-
tions per month. Its cost-effectiveness was also confirmed 
in the management of posterior epistaxis with endoscopic 
sphenopalatine ligation instead of traditional nasal packing. 
Dedhia et al. 34 found, in the base case, costs for first-line 
endoscopic sphenopalatine ligation and current practice (na-
sal packing) arms were $ 6450 and $ 8246, respectively. In 
other words, there was a cost savings of $ 1796 in the first-
line endoscopic sphenopalatine ligation arm.
On the other hand, endovascular interventions are an im-
portant option for the treatment of life-threatening posterior 

epistaxis. Percutaneous embolisation is highly efficient and 
its safety profile compares favourably with alternative ther-
apeutic modalities. It is noteworthy that, unlike other treat-
ment strategies, major complications, such as cerebrovas-
cular embolism or soft-tissue damage, may occur. Hence, 
this approach should be the last option and to be used only 
when all other options fail or in the presence of severe co-
morbidities that might preclude general anaesthesia 35.
Finally, data concerning the use of drugs (i.e. tranexamic 
acid) or other medical devices did not show a substantially 
stronger clinical applicability. This is due to the fact that 
the data are extrapolated from few studies usually with a 
small cohort of patients, and most are neither randomised 
nor comparative. 

Conclusions
Currently, the most common first-line treatment of idio-
pathic epistaxis is nasal packing, although there is a clear 
trend away from the use of nasal packs. Although it is 
a quick and easy to learn technique, emerging evidence 
show that cauterisation provides economic advantages 
and is easy to teach, especially for anterior epistaxis, to 
non-otolaryngologists. Early sphenopalatine artery liga-
tion should also confer financial advantages, while the use 
of endovascular techniques should be reserved as a last 
option. Further research is urgently needed to assess the 
efficacy of new biomaterials that might have a significant 
impact on first-line management.
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Differential isoform expression of SERCA  
and myosin heavy chain in hypopharyngeal muscles
Espressione differenziale di isoforma del SERCA e delle catene pesanti  
della miosina nella muscolatura ipofaringea
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SUMMARY

Composition of slow, fast and hybrid fibres of pharyngeal muscles, associated with pharyngeal movements and regulation, has been rarely 
studied. The present study aimed to identify expression of sarcoplasmic reticulum Ca2+ ATPase (SERCA) and myosin heavy chain (MHC) 
and hybrid isoforms in different pharyngeal muscles of young and aged rats as well as humans. Isoform expression profiles of SERCA, 
MHC and hybrid isoforms among six components of pharyngeal muscle were immunohistochemically evaluated in rat and human. The re-
sult showed that pharyngeal muscles predominantly expressed fast fibres (SERCA1 and MHCII), whereas expression of slow fibres (SER-
CA2 and MHCI) was low, but different depending on muscle components. Inner layer of pharyngeal muscles expressed more SERCA2 and 
hybrid fibres than the outer layer. Pharyngeal muscles in aged rats showed increased hybrid fibers and SERCA2. Human thyropharyngeus 
also showed a higher portion of fast fibres compared to cricopharyngeus. Thus, in contrast to abundance of fast fibres, slow and hybrid 
fibres are differentially expressed depending on muscle components and layers as well as aging. These results lead to further understanding 
of coordinated regulation for speech and swallowing. The unique data presented in this study on SERCA isoform expressions in both rats 
and human suggest an ability to handle calcium changes according functional demands.

KEY WORDS: Hypopharynx • SERCA • Myosin heavy chain • Isoform • Aging

RIASSUNTO 

La correlazione fra la funzione faringea e la composizione delle fibre lente, rapide ed ibride della muscolatura faringea è stata scarsamente 
studiata. Questo lavoro si propone di studiare l’espressione del SERCA, MHC ed isoforme ibride muscolari in topi giovani, di età avan-
zata ed anche in pazienti attraverso metodiche di immunoistochimica. I risultati evidenziano una maggior espressione nella muscolatura 
faringea delle fibre muscolari veloci SERCA1 e MHCII. Lo strato interno  esprime maggiormente SERCA2 e fibre ibride rispetto allo strato 
esterno. La muscolatura faringea dei topi di età avanzata mostra un aumento di espressione delle fibre ibride e SERCA2. Le fibre muscolari 
veloci, lente ed ibride sono pertanto espresse in misura diversa a seconda dei fasci muscolari, strati ed età dei pazienti e potrebbero giocare 
un ruolo nella coordinazione del linguaggio e deglutizione. Questi dati suggeriscono inoltre una possibile variabilità nello sfruttamento del 
calcio a seconda delle richieste funzionali.

PAROLE CHIAVE: Ipofaringe • SERCA • Catena pesante della miosina • Isoforma •Invecchiamento
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Introduction

Pharyngeal muscles play a crucial role in the deglutition 
process by applying the proper pressures required to re-
ceive and propel swallowed material (bolus) through the 
pharynx and upper oesophageal sphincter (UES), and to 
shape the airway to modulate resonance during voice and 
speech production 1. In fact, the pharyngeal stage of swal-

lowing is involuntary, and is the most rapid and complex 
phase in the entire deglutition process that requires bilat-
eral sequenced activation and inhibition of more than 30 
pairs of different muscles of the mouth, pharynx, larynx 
and oesophagus 2. All these different muscles need to be 
adaptable to boluses of differing volumes, consistency 
and rheological characteristics.
Moreover, UES prevents reflux of oesophageal contents 
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into the pharynx to guard airway aspiration and prevent air 
from entering the oesophagus while breathing. It is gener-
ally agreed that the cricopharyngeus is a major contribu-
tor to the UES (thyropharyngeal (TP) muscle in animals), 
and the cranial cervical oesophagus also contributes to 
it in its proximal and distal extents. These muscles have 
unique rich innervation (1:2-1:6 nerve-to-muscle fibre in-
nervation ratio) compared with limb and extraocular eye 
muscles, which is important for the fine control required 
for their highly specialised and complex functions 3.
Weakness and fatigue of pharyngeal muscles due to aging 
or any other factor may result in risks of malnutrition and/
or aspiration pneumonia because of either miss-direction 
into the lungs or retention of pharyngeal residue that pos-
es an increased aspiration risk 4 5. Indeed, normal pharyn-
geal deglutition constitutes the most important element in 
a safe swallowing process.
For the above reasons, understanding the anatomical, 
physiological and biological characteristics of pharyngeal 
muscles and their functions in the deglutition process has 
widely attracted the attention of scientists for decades. 
However, much remains unknown with respect to the 
distributions of the different fibre types in the pharyngeal 
muscles as well as the different muscle functional behav-
iours. What can be currently inferred from the available 
information is that pharyngeal muscles are very different 
from the extensively studied limb and trunk muscula-
tures, whose main functions are locomotion and posture, 
in terms of specialization that in turn produces functional 
differences in contraction times, tension generation, en-
durance and tuning of movement. A condition that per-
mits pharyngeal muscles to engage in extremely rapid 
and prolonged contraction, perform highly refined con-
tractions, constant activity even at rest, and has specific 
aging-related influences 6 7. 
In fact, muscle fibres have very different structures, his-
tochemistries, biochemistries and physiologies. The func-
tional properties of each muscle are established by the 
speed, force, sustainability of contraction (endurance) and 
contraction/relaxation rate. The major proteins respon-
sible for contraction and relaxations in skeletal muscle 
are sarcoplasmic reticulum Ca2+-ATPase (SERCA) and 
myosin heavy chain (MHC)  8 9. SERCA plays the main 
role in the muscle contraction/relaxation cycle  10, while 
MHC in muscle fibres regulates the contraction force and 
velocity. Consequently, the difference between contrac-
tion and relaxation times of fast and slow muscle fibres is 
linked to different SERCA and/or MHC isoform expres-
sion: fast fibres express SERCA1 and MHCII, whereas 
slow fibres express SERCA2 and MHCI 11. Fast muscle 
fibres (type II) are recruited for short maximal efforts with 

fast contraction speeds and are fatigued easily. In contrast, 
slow muscle fibres (type I) have a slow contraction speed 
and are highly resistant to fatigue. Thus, muscle regions 
with a high proportion of fast type II fibres facilitate rapid 
and phasic movements, whereas those with a high pro-
portion of type I fibres are generally involved in postural 
adjustments 12. Therefore, the proportions and distribution 
patterns of MHC- and SERCA-containing fibres in mus-
cle are closely related to muscle functions.
The distribution and role of SERCA and MHC isoforms 
in pharyngeal muscles are relatively poorly documented. 
Thus, the present study aimed to identify expression of 
SERCA, MHC and hybrid isoforms in different pharyn-
geal muscles of young and aged rats. SERCA isoform 
expression was also examined in two human pharyngeal 
muscles, thyropharyngeus (TP) muscle and cricopharyn-
geus (CP). Because of the lack of available information on 
the expression and role of SERCA isoforms in pharyngeal 
muscles, the data obtained in the current study may assist 
in better understanding of the physiological functions of 
pharyngeal muscle, age-related remodelling and their ef-
fects on pathological conditions.

Materials and methods

Animal tissue preparation
Adult male Wistar rats at 8-12 weeks of age and weighing 
280-350 g were used in the current study (n = 10). Rats 
at 24 months of age were also employed as aged models 
(n = 4) (Shimizu Laboratory Supplies Co., Kyoto, Japan). 
Animals were anaesthetised by intraperitoneal injection of 
sodium pentobarbital (30-60  mg/kg) and then fixed with 
4% paraformaldehyde following cardiac perfusion. The 
pharyngolarynxes were excised immediately and immersed 
in the same fixative for approximately 12 hours at 4°C. Par-
affin processing of tissues was performed before prepara-
tion for microtome sectioning at 8-10 μm thicknesses.

Surgical microscopic examination and haematoxylin  
and eosin staining
The anatomy of rat pharyngeal muscles was studied care-
fully under an operating microscope (ICOM 300) by mi-
crodissection. Next, a complete set of serial transverse 
sections (5-8 μm thick) were obtained and mounted on 
glass slides. Some of these sets were stained with haema-
toxylin and eosin for initial close anatomical inspection of 
the rat pharyngeal muscles.

Immunohistochemistry 
Deparaffinised sections were incubated with 3% H

2
O

2
 in 
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PBS for 10 minutes. After microwave treatment (5 min-
utes × 3 times at 500 W in citrate buffer, pH 6), the sec-
tions were incubated in blocking solution (0.3 M glycine, 
50 mM ammonium chloride, and 1% bovine serum albu-
min in PBS) for 30 minutes before incubation with pri-
mary antibodies. The sections were then incubated with 
anti-SERCA1 or 2 and anti MHCI or II (Table I) antibod-
ies for 12 days at 4°C, washed, and incubated with Alexa 
Fluor® 488 donkey anti-mouse IgG and Alexa Fluor® 594 
donkey anti-goat IgG secondary antibodies for 1 hour at 
room temperature. Double immunohistochemistry was 
performed using anti-SERCA1  +  anti-SERCA2, and 
anti-SERCA2  +  anti-MHCII antibody combinations for 
dual detection. Negative controls (no application of the 
primary antibody) were used to document the extent of 
non-specific binding of the secondary antibody.
At the beginning of our research, we tried to perform 
a double IHC for MHC and SERCA study. For, MHC 
isoforms in frozen section (primary AB I “BA-D5”; IIa 
“SC-71”; IIb “BF-F3” and IIX “6H1” with secondary AB 
Alexa 488 IgG2b; Alexa 647 IgG1; Alexa 488 IgM; Al-
exa 647  IgG1 and Alexa 555  IgM respectively) but, we 
failed to get immunoreaction at several concentrations. 
Hence, we shifted to paraffin sections, the current anti-
bodies and protocol. We tried triple IHC and experienced 
some difficulties for autofluorescence and poor identifica-
tion of low amounts of expression of MHCI.
Immunostained tissue sections were examined using a 
FV-1000 laser confocal microscope (Olympus, Tokyo, Ja-
pan). ImageJ 1.46 software was used to manually count 
and calculate the ratio of cells positive for each antibody.

Human samples
Human TP and CP muscle specimens were used in the cur-
rent study. Specimens were intra-operatively obtained from 
non-malignant laryngeal tissue of patients undergoing total 
laryngectomy for malignancy if the sampling site was not 
affected by malignancy or preoperative radiotherapy and 
specimen sampling did not interfere with diagnosis.
The study involved five male patients with a mean age 
of 52.7 years. All tissue samples were fixed immediately 
after surgery in 4% paraformaldehyde and then embed-
ded in paraffin. Paraffin processing of all specimens and 

microtome sectioning at 8-10 μm was performed. Similar 
to rats, standard immunofluorescence staining procedures 
were applied to evaluate SERCA1, SERCA2 and dual ex-
pression in human TP and CP muscles. Immunostained 
tissue sections were examined using a FV-1000 laser con-
focal microscope, followed by quantification of positive 
cells for each antibody by ImageJ 1.46 software.

Statistical analysis
Data of the positive cell ratio for each antibody in rats and 
humans were statistically analysed using SPSS statistical 
software version 16. The unpaired Student’s t-test was ap-
plied to compare differences between SERCA, MHC, and 
hybrid isoforms in various pharyngeal muscles of young 
and aged rats as well as humans. Values are presented as 
means ± standard deviation (SD). For all statistical tests, 
p < 0.05 was considered as significant.

Results

Anatomy of rat pharyngeal muscles
The anatomy of rat pharyngeal muscles was microscopi-
cally studied by microdissection (see Fig. 1). As reported 
by Kobler et al.  13, rigorous examination of pharyngeal 
muscle anatomy confirmed that the HP and TP muscles 
formed the main bulk of the rat posterior pharyngeal wall, 
which originated from the hyoid bone and thyroid carti-
lage, respectively, while both muscles inserted obliquely 
into the midline pharyngeal raphe. HP muscle is not de-
fined in human and higher vertebrate animals and appears 
anatomically homologous to the superior and middle con-
strictor muscle. In addition, at the pharyngo-oesophageal 
junction, we observed muscle fibres that arched across 
the posterior pharyngeal wall to the opposite side with-
out inserting into the midline raphe. These fibres were 
overlapped by the more oblique fibres of the TP muscle. 
According to the previous report, this muscle should be 
labelled as semicircular SC muscle that does not have an 
insertion on the cricoid cartilage through serial sections. 
Thus, it appeared that the rat did not have a strictly de-
fined CP muscle, although the SC resembled it in terms of 
the general location and arrangement. 

Table I. Antibodies used in this study.

Isoform Antibody Description

SERCA1 VE121G9; ab2819 Mouse monoclonal to SERCA1 IgG1 (abcam)

SERCA2 SERCA 2 (C-20):sc-8094 Goat polyclonal against peptide mapping at C-terminus of SERCA 2 (Santa Cruz Biotechnology)

MHCI NOQ7.5.4D Mouse monoclonal to slow myosin skeletal muscle IgG1 (abcam)

MHCII MY-32; ab51263 Mouse monoclonal to fast myosin skeletal muscle IgG1(abcam)
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Immunolocalisation of myosin and SERCA isoforms  
in young rat pharyngeal muscle
Expression of myosin (MHCI and II) and SERCA (1 and 
2) isoforms and hybrid isoforms were evaluated in the six 
selected pharyngeal muscle components in young rats. 
The studied hypopharyngeal muscle components were 
hyopharyngus (HP), thyropharyngeus (TP), semicircular 
(SC) muscles, palatopharyngeus (PP), soft palate and cer-
vical oesophagus (CE). SERCA1 and MHCII, which are 
considered as fast fibres, were predominant and similarly 
expressed in all hypopharyngeal muscles, compared with 
slow muscle fibres (MHCI or SERCA2) (Fig. 2, Table II). 
Expression of slow fibres was basically low in all exam-
ined muscles, but slow fibres showed differential patterns 
depending on muscle components, where SERCA2 ex-
pression was found in all muscles in high proportion than 
the corresponding slow MHCI which was observed only 
in HP, TP and SC (Table II). Hybrid fibres (SERCA1 + 2 
or MHCII  +  SERCA2) were detected in all pharyngeal 
muscles which may assist their complex functional de-
mands. SERCA/MHC mismatches (mainly SERCA2/
MHCI; HP, 12.9 ± 1.7/6.2 ± 1; TP, 14.3 ± 2.3/5.5 ± 1.6; 
SC, 30.9 ± 2.7/9.2 ± 1.4) were found in normal rats, which 
usually occur in some pathological muscle diseases such 
as muscle disuse and denervation. This suggests that cal-
cium handling fibre types are regulated differently than 
that for myosin (Table II). Furthermore, we evaluated po-
tential differences of SERCA isoforms in muscular lay-
ers, comparing inner submucosal layer versus outer layer 

in SC and CE muscles. The inner layer expressed more 
SERCA2 and hybrid fibres than the outer layer, although 
sharp delineation between the two layers was indistinct 
(Fig. 3). Those results indicate that the vast majority of 
pharyngeal muscles were regulated by fast fibres, together 
with differentially coordinated distribution of slow and 
hybrid fibres in pharyngeal muscle components as well 
as muscular layers, which may assist their complex func-
tional demands in pharyngeal kinetics.

Aging-related changes in pharyngeal muscles
To understand potential effects of aging on pharyngeal 
muscles, we performed comparative analysis of MHC and 
SERCA, and hybrid isoforms in young and aged rats. We 
found that aged rats showed higher ratios of hybrid fibres 
in all pharyngeal muscle components than young rats (Ta-
ble II). Among slow fibres, SERCA2 was increased during 
aging, whereas MHCI was decreased (Fig. 4 and Table II). 
These observations suggest the presence of aging-related 
changes in pharyngeal muscles, where an increase of hybrid 
fibres and differential slow fibre isoforms was observed. 

SERCA expression in human hypopharyngeal muscles
Finally, we verified our findings in rats by evaluating 
human tissues derived from clinical specimens by im-
munohistochemistry. SERCA isoforms were analysed in 
CP muscles, in consideration of anatomical differences 
between human and rat since rats possess SC, but not a 
counterpart corresponding to CP in humans. SERCA1 

Fig. 1. Anatomical findings of rat pharyngeal muscles. (a) Posterior view of the pharynx showing hyopharyngus (HP), thyropharyngeal (TP) and semicircular 
(SC) muscles, and the cervical oesophagus (Eos). (b) Haematoxylin and eosin staining (× 200) showing SC muscle attachment to thyroid cartilage (TC), LCA 
(lateral cricoarytenoid), and PCA (posterior cricoarytenoid).

a b
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was less predominant in human CP muscle in comparison 
with human TP muscle (74 ± 10.1 in TP vs 47.7 ± 14.5 
in CP). However, human CP muscle contained more 

SERCA2 (61.9 ± 14.9) and hybrid fibres (15.6 ± 3.3) than 
human TP muscle (Fig. 5a and Table III). Next, we ana-
lysed isoform expression in TP muscles in which humans 

Fig. 2. Myosin heavy chain (MHC) isoform expression in hyopharyngus (HP) and thyropharyngeal (TP) muscles. (a) MHCI expression (slow fibres) in HP muscle, 
(b) MHCII (fast fibres) in HP muscle, (c) MHCI expression (slow fibres) in TP muscle, and (d) MHCII (fast fibres) in TP muscle; young rats, ×100. Scale bar = 50 mm.
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and rats have anatomical analogy. Human TP muscles 
showed higher expression of SERCA1 than SERCA2. 
Those observations were similar to our findings in rats, 

although SERCA2 was relatively high in human TP mus-
cles (74 ± 10.1 vs 37.5 ± 11.8) (Fig. 5b , Table III), which 
also leads to the notion that mean age in human samples 

Table II. Summary of the ratios of cells positive (mean ± SD) for SERCA1, SERCA2, MHCI, MHCII and hybrids in young and aged rat hypopharyngeal mus-
cles and the results of unpaired t-tests.

SERCA1 SERCA2 MHCI MHCII Hybrid (S1+S2) Hybrid (MII+S2)

Hyopharyngus

Young (mean ± SD) 94 ± 0.4 12.9 ± 1.7 6.2 ± 1 94.5 ± 1 10.4 ± 4 11.5 ± 2.9

Aged (mean ± SD) 97.9 ± 0.7 17.8 ± 2.2 4.8 ± 1.7 97.5 ± 0.6 16.7 ± 0.8 18.3 ± 0.6

Young vs aged (P value) < 0.05 < 0.05 NS < 0.05 < 0.05 < 0.05

Thyropharyngus 

Young (mean ± SD) 95.4 ± 1 14.3 ± 2.3 5.5 ± 1.6 94.9 ± 1.2 12 ± 2.7 12 ± 2.2

Aged (mean ± SD) 97.9 ± 1 16.9 ± 1.5 3.6 ± 0.3 98.1 ± 1 14 ± 2 14.3 ± 2.4

Young vs aged (P value) < 0.05 < 0.05 <0.05 < 0.05 < 0.05 < 0.05

Semicircular muscle 

Young (mean ± SD) 90.7 ± 1.4 30.9 ± 2.7 9.2 ± 1.4 91 ± 1.4 19.7 ± 2.7 17.4 ± 2.8

Aged (mean ± SD) 92.7 ± 1.9 34.5± 2.5 6.6 ± 1.5 94.5 ± 0.9 25.4 ± 1 26.3 ± 6

Young vs aged (P value) NS < 0.05 < 0.05 < 0.05 < 0.05 < 0.05

Cervical oesophagus 

Young (mean ± SD) 100 26.1 ± 2.5 0 100 — —

Aged (mean ± SD) 100 30.8 ± 2.5 0 100 — —

Young vs aged (P value) NS < 0.05 NS NS — —

Palatopharyngeus

Young (mean ± SD) 100 19.2 ± 3.5 0 100 18 ± 4.2 18.3 ± 4.5

Aged (mean ± SD) 99 ± 0.8 28.4 ± 2.4 1 ± 0.9 99.3 ± 0.7 28.4 ± 4.2 28.5 ± 3

Young vs aged (P value) NS < 0.05 NS NS < 0.05 < 0.05

Soft palate

Young (Mean ± SD) 100 15.7 ± 2.3 0 100 15.6 ± 3 15 ± 2

Aged (mean ± sD) 99.7 ± 0.5 19.1 ± 2.2 0.9 ± 0.8 99.6 ± 0.5 19 ± 1.7 18.8 ± 2.7

Young vs aged (P value) NS NS NS NS NA NS
P < 0.05 was considered as statistically significant; SD: standard deviation.

Fig. 3. Differential expression of SERCA isoforms in inner and outer layers of semicircular muscle. SERCA1 (green) was more apparent in the outer layer, 
while SERCA2 (red) was apparent in the inner layer. Scale bar = 50 mm.
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is 52.7 years. These data support our observations in rats 
and highlight differential isoform expression depending 
on the components of hypopharyngeal muscles.

Discussion

By expression analysis of SERCA and MHC isoforms in 
multiple components of pharyngeal muscles, this study 
has provided further insights into understanding fibre 
types and their particular functions, which are potentially 
associated with muscle types and aging. As shown in Ta-
ble  II, all examined pharyngeal muscles predominantly 
contained fast fibres (SERCA1 and MHCII) at almost 
similar high ratios (90-100%), while showing a lower pro-
portion (0-35%) of SERCA2 and MHCI (slow fibre) ex-
pression. SERCA2 was observed at a significantly lower 
proportion in all muscles, while MHCI was localised only 

in pharyngeal constrictor (HP and TP) and SC muscles, 
and not detected in other muscles. However, the rat CE 
striated muscle was found to contain only fast twitch fi-
bres (MHCII and SERCA1), which is inconsistent with 
previous observations 14. In fact, to the best of our knowl-
edge, the present SERCA isoform data represent a unique 
data set that supplements the few relevant data. 
The composition of MHC isoforms in pharyngeal muscle 
is still controversial. Our results of MHCI isoform profiles 
supported early data in the literature. Bonington et al. 15 
reported that MHCI accounted for approximately 10% 
of the SC muscle, which is similar to the ratio found in 
the current study. In a study by Taguchi et al.  16, it was 
reported that 18.2% and 37.8% MHCI were found in TP 
and SC muscles, respectively, by myosin-ATPase stain-
ing, whereas another report showed no detection of MH-
CI in any pharyngeal muscles 17. These discrepancies are 

Table III. Summary of SERCA1, SERCA2, and hybrid (S1+S2) expression values (mean ± SD) in humans and the results of unpaired t-tests (p-value).

SERCA1 SERCA2 Hybrid (S1+S2)

Thyropharyngus (TP)

Mean ± SD 74 ± 10.1 37.5 ± 11.8 9.5 ± 3.9

Cricopharyngus (CP)

Mean ± SD 47.7 ± 14.5 63 ±13.1 16.2 ± 4.1

TP vs CP (P value) < 0.05 < 0.05 < 0.05
P < 0.05 was considered as statistically significant; SD: standard deviation.

Fig. 4. Age-related decrease of MHCI in SC muscle: (a) MHCI in young rats at 8-12 weeks, and (b) MHCI in aged rats at 24 months. Expression of MHCI in 
aged mice decreased in SC muscle. Scale bar = 50 mm.



SERCA and myosin heavy chain expression in hypopharyngeal muscles

227

potentially derived from different techniques and a lack 
of consideration of the anatomical differences in rat hy-
popharyngeal muscles in which the SC muscle is likely 
present instead of CP muscle in upper species including 
humans (Fig. 1).
Our data of MHC and SERCA expression patterns demon-
strated the presence of three different sub-classifications 
in pharyngeal muscle fibres: fast fibres represented by ex-
pression of SERCA1 and MHCII, which are associated 
with short bursts for rapid and powerful motion despite 
the lack of endurance; slow fibres represented by expres-
sion of SERCA2 and MHCI, which generate fatigue-re-
sistant and sustainable motion with low peak power; hy-
brid intermediate fibres represented by MHCII, SERCA1, 
and SERCA2, which have a hybrid phenotype of fast and 
slow fibres i.e. fast and fatigue-resistant. In fact, muscle 
regions with a high proportion of fast fibres facilitate rap-
id, phasic and forceful movements as fast peristaltic con-
traction that propels the food bolus during swallow. Slow 
muscle fibres might play a role in maintenance of upper 
airway patency and prevent the pharyngeal tube from col-
lapse with inspiratory negative pressure. Moreover, hy-
brid fibres may permit the muscle to recruit the desired 
form of contraction and relaxation, which allows highly 
specific fine-tuned movement. This complexity enables 
organisation of heterogeneous and simultaneous func-
tions during sphincter tonic contraction and relaxation. In 
addition, the co-existence of both SERCA1 and 2 in either 

fibre type may be advantageous for more Ca2+-handling 
versatility  18. These observations support the hypothesis 
that the proportions and distribution patterns of MHC and 
SERCA in muscle fibres are closely related to unique and 
specific pharyngeal muscle functions. 
In this study, we observed interesting histological features 
in the SC muscle in which fast and slow fibres appeared 
to divide the muscles into two indistinct layers: a fast-
outer layer (FOL) containing MHCII/SERCA1 fibres and 
a slow inner layer (SIL) containing a higher percentage of 
SERCA2, MHCI, and hybrid fibres (Fig. 3). This property 
may allow them to function independently and supports 
the idea that both layers cooperatively generate a shearing 
effect in the UES. These results are compatible with pre-
vious reports indicating that the inner muscle layer with 
neonatal MHC myofibers is functionally analogous to 
the slow twitch myofiber layer in humans. Previous stud-
ies reported that the human CP, which resembles rat SC 
muscle, can also be divided into FOL and SIL fibres 19-21. 
Mu et al.  21 suggested that the different distributions in 
SIL and FOL are reflective of their different physiological 
capabilities and independent functionalities. SIL is asso-
ciated with fine movements and tonic activity, enabling 
sustained resting tone of the UES, which is required to 
prevent aerophagia and occasional forceful contraction 
during deglutition. FOL is associated with rapid and pow-
erful contraction enabling prompt and phasic dynamics 
while swallowing. These findings suggest that both fibre 

Fig. 5. SERCA isoform expression in human muscles: expression of both SERCA1 (green) and SERCA2 (red) were observed in the cricopharyngeus (CP) 
muscle (a) and thyropharyngeal (TP) muscle (b). SERCA1 was more predominant in the TP muscle, while SERCA2 was expressed more in the CP muscle. 
Scale bar = 50 mm.

a b



M. Elrabie Ahmed et al.

228

layers have distinct contractile properties and play differ-
ent roles. 
Because muscles are generally susceptible to degenera-
tion- and contraction-induced injuries associated with dai-
ly activities, which lead to muscle atrophy and decreased 
functionality with aging 22, we investigated the potential 
aging effects on expression of MHC and SERCA by com-
parative analysis between young and aged rats. The effect 
of aging was associated with maintenance of a higher pro-
portion of fast MHCII/SERCA1 fibres. There were also 
significant increases in SERCA2 and hybrid fibres in all 
pharyngeal muscles. The age-associated shifts in MHC 
expression with decrease in MHCI support a muscle-spe-
cific change rather than follow a “fast to slow” rule. These 
changes may be associated with slowing of the contrac-
tion-relaxation cycle in pharyngeal muscles. Senescence 
is associated with loss of swallowing efficiency by slow-
ing of the swallow sensitivity response in the pharynx, 
coordination of swallowing, impaired opening of the UES 
and loss of UES elasticity or compliance 23. 
In humans, both SERCA1 and 2 were detected in TP and 
CP muscles. Notably, the frequency of slow muscle fibres 
(SERCA2) in CP muscle was significantly higher than that 
in TP muscle. This finding is supported by previous reports 
showing the predominance of MHCI slow twitch fibres in 
CP muscle (> 80%) 24 25. Our study also showed that CP 
muscle had a significantly higher ratio of hybrid fibres than 
TP muscle. In a similar context, rat SC muscle, which is 
an analogue to CP muscle in humans, had the highest fre-
quency of hybrid fibres (SERCA1 and SERCA2) among all 
examined muscles. These findings support the notion that 
CP muscles are relatively biased toward slow and hybrid 
fibres rather than fast fibres. In fact, TP muscle serves as 
an inferior pharyngeal constrictor and plays an important 
role in respiration and maintaining patency of the collaps-
ible pharyngeal airway during swallowing, respiration and 
vocalisation, which can benefit from the predominance of 
fast fibres. In contrast, CP/SC muscles form a transition 
sphincter between the pharynx and oesophagus, whereby 
successive contractions of the pharyngeal constrictors dur-
ing swallowing propel the bolus downward to the CP/SC 
muscles, followed by its relaxation to allow bolus passage 
into the oesophagus. Thus, MHCI and SERCA2 myofibers 
provide the tonic force to maintain closure of the UES, 
which benefits from the predominance of slow and hybrid 
fibres. In support of this speculation, slowing of peristalsis 
and decreased relaxation in the sphincter produce swal-
lowing abnormalities, leading to retained food or saliva 
in the pharynx after swallowing 26. Moreover, the variety 
of hybrid CP/SC muscle fibre types may explain its wide 
range of contraction characteristics. These observations 

support that differential compositions of fibre types are as-
sociated with differential motor functions of pharyngeal 
muscles, contributing to coordinated regulation for speech 
and swallowing movements.

Conclusions
In this study, we demonstrated different proportions and 
patterns of slow and fast muscle fibres represented by 
MHC and SERCA isoforms in pharyngeal muscles in hu-
mans and rat. Based on rigorous examination and com-
parative analyses of the obtained results, the following 
conclusions can be drawn:
•	 Pharyngeal muscles have different proportions and 

patterns of MHC and SERCA, which are potentially 
associated with coordination of pharyngeal muscle 
functions.

•	 Histological analysis of rat SC muscle revealed two 
distinct layers: SIL and FOL.

•	 Aging might be associated with an increase of SER-
CA2 and hybrid fibres in pharyngeal muscles.

•	 In humans, CP muscle has higher portions of slow 
muscle (SERCA2) and hybrid (SERCA1 and 2) fibres 
in comparison with TP muscles.

These observations may provide a new insight into further 
physiology for regulation of pharyngeal movement and 
function.
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Systemic inflammatory response after endoscopic 
surgery of Zenker’s diverticulum 
Risposta infiammatoria sistemica dopo trattamento chirurgico endoscopico  
del diverticolo di Zenker 
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1 Department of Otorhinolaryngology, Head and Neck Surgery, University Hospital Giessen and Marburg GmbH, 
Marburg, Germany; 2 Department of Otorhinolaryngology, Head and Neck Surgery, University Hospital Leipzig, 
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SUMMARY

Zenker’s diverticulum can be treated with a carbon dioxide laser or linear stapling device. A retrospective study on patients undergoing elec-
tive surgery for Zenker`s diverticulum with carbon dioxide laser or stapler was performed to analyse possible differences in inflammatory 
responses during the postoperative period. Leucocyte counts and C-reactive protein levels in peripheral blood were measured before and on 
days 1, 2, 3 and 5 after the operation. Statistical analysis was performed using the Mann-Whitney U-test. Of 34 patients, 16 were treated by 
laser and 18 by stapler. Age, sex ratio and ASA grade did not differ between the groups. Postoperative leukocytosis was significantly milder 
in the stapler group compared with patients who were treated by carbon dioxide laser. The mean C-reactive protein (CRP) level on day 1, 
2 and 3 after surgery was significantly higher in the CO

2
 laser group than in the stapler group. Leukocyte counts recovered on day 3 after 

surgery in both groups while CRP levels did not decline to preoperative levels at day 5 after the operation in either group. No inflamma-
tory complications such as mediastinitis or pneumonia occurred. In conclusion, the inflammatory response in the early period after carbon 
dioxide laser diverticulotomy of Zenker’s diverticulum is higher than after stapler-assisted surgery of Zenker’s diverticulum. 

KEY WORDS: Zenker’s diverticulum • C reactive protein • Leukocytosis • Stapler • CO2 laser

RIASSUNTO

Il diverticolo di Zenker può essere trattato con il laser CO2 o con l’utilizzo di una suturatrice lineare. È stato quindi realizzato questo stu-
dio retrospettivo condotto su pazienti affetti da diverticolo di Zenker sottoposti, in elezione, a trattamento chirurgico o con laser CO2 o con 
suturatrice al fine di analizzare eventuali differenze nella risposta infiammatoria durante il periodo post-operatorio. Sono state misurate la 
conta dei leucociti e la proteina C-reattiva nel sangue periferico sia il giorno prima dell’operazione, sia in prima, seconda, terza e quinta 
giornata post-operatoria. È stata quindi eseguita l’analisi statistica utilizzando il Test U di Mann-Whitney. Dei 34 pazienti, 16 sono stati 
trattati con laser e 18 con suturatrice. Non c’erano differenze di età, sesso e grado ASA tra i due gruppi. La leucocitosi postoperatoria è 
stata significativamente più modesta nei pazienti trattati con suturatrice rispetto a quelli trattati con laser, e i livelli di proteina C-reattiva 
in prima, seconda e terza giornata post-operatoria si sono rivelati significativamente più alti nei pazienti trattati con laser. La conta dei 
leucociti si è normalizzata in terza giornata postoperatoria, invece i livelli di proteina C-reattiva, in entrambi i gruppi, non sono diminuiti, 
neppure in quinta giornata postoperatoria. Non si sono verificate complicanze infiammatorie, quali polmoniti o mediastiniti. In conclu-
sione, la risposta infiammatoria precoce dopo diverticolomia con laser CO

2
 di un diverticolo di Zenker è maggiore rispetto a quella dopo 

diverticolomia tramite suturatrice. 

PAROLE CHIAVE: Diverticolo di Zenker • Proteina C reattiva • Leucocitosi • Suturatrice • Laser CO2
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Introduction
Zenker’s diverticulum is an acquired pulsion diverticulum 
of the mucosa which develops in the so-called Killian tri-
angle, a triangular shaped area between the oblique mus-
cle fibres of the inferior pharyngeal constrictor muscle 
and the horizontal muscle fibres of the cricopharyngeus 
muscle. Zenker’s diverticula typically present in middle-
aged and elderly individuals, especially during the sev-

enth and eighth decades of life. Dysphagia is the main 
presenting symptom; other symptoms are regurgitation of 
undigested food, choking, cough, halitosis, globus, aspi-
ration, pneumonia and oesophageal obstruction. 
Zenker’s diverticulum was first reported in 1767 by Lud-
low 1, but named after the German pathologist Friedrich 
Albert von Zenker who published a case series in 1877 2. 
Since the first report of successful open surgical treatment 
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by Wheeler in 1886 3, many options have been described 
for the treatment of Zenker’s diverticulum. The external ap-
proach was the treatment of choice for many years. Mosher 
in 1917 introduced the treatment by rigid endoscopy, sec-
tioning the septum of the diverticulum 4. In the last decades, 
endoscopic treatment has gained more popularity also due 
to the use of carbon dioxide laser, which was introduced by 
van Overbeek et al. 5. In 1993, Collard at al. introduced di-
verticulotomy by using the endostapler 6. 

Since the invention of the carbon dioxide laser and the 
linear stapling device, these methods have become widely 
used once they were demonstrated to be secure and pre-
cise 7-9. Compared with classic surgery the main advantag-
es of the endoscopic approach are shorter operative time, 
less surgical trauma and lower morbidity rate 10. 
Until now, it is unclear which technique is superior in terms 
of outcomes. It is controversial if the open wound after laser 
surgery leads to bacterial penetration into the mediastinum 
and if closure of the wound by stapler prevents a mediastinal 
bacterial invasion, and therefore minimises complication 
rates like mediastinitis. Therefore, the issue of early diag-
nosis of inflammatory changes in the post-operative period 
is important. Post-operative serial screening of white blood 
cell count (WBC) and C-reactive protein (CRP) is useful as 
an indicator of infectious complications. CRP is an acute-
phase protein synthesised by hepatocytes, largely in re-
sponse to pro-inflammatory cytokines 11. CRP is not specific 
for a particular disease, but can arise due to inflammation, 
trauma, malignancy and tissue infarction. In bacterial infec-
tion, CRP levels increase within 6 hours 12. CRP is consid-
ered to be useful for detection of an inflammatory response 
early in its course, and also for monitoring disease activ-
ity 11. Leukocytosis also commonly accompanies infection 
and may serve as an early marker for a developing infection. 
Normal WBC and CRP responses can rule out almost all 
early infectious complications.
There is no study that has investigated inflammatory 
changes after rigid endoscopic surgery of Zenker’s diver-
ticulum by laser or stapler. The objective of the present 
study was to investigate whether endoscopic stapler sur-
gery causes a less pronounced release of inflammatory 
cytokines compared to endoscopic laser surgery. 

Materials and methods
This retrospective study included patients having elective 
endoscopic surgery for Zenker’s diverticulum by carbon 
dioxide laser or stapler from 2001 to 2011 and fulfilled the 
following inclusion criteria: 
•	 The diagnosis of Zenker’s diverticulum was made 

through clinical and radiologic examination. 

•	 Patients had a baseline examination 1 or 2 days before 
the procedure. Blood samples for biochemistry were 
obtained as part of the preoperative examination (day 
0) and subsequently at day 1, 2, 3 and 5 upon comple-
tion of the procedure. 

•	 C-reactive protein (CRP) and white blood cell 
count (WBC) at baseline were in the normal range 
(CRP < 5 mg/l, WBC 4000-10,000/µl). Therefore, any 
inflammatory situations due to comorbidity could be 
excluded.

The procedures were performed under general anaesthe-
sia. Patients were placed supine with their neck overex-
tended. The diverticular sac was exposed with a Weerda 
distending operation laryngoscope. After transoral po-
sitioning of the laryngoscope in the hypopharynx, the 
wall containing cricopharyngeus muscle fibers between 
the diverticular sac and hypopharynx lumen was visu-
alised. Then, division of the septum was performed by 
CO

2
 laser or stapler. By endoscopically dividing the 

cricopharyngeal muscle the diverticula were marsu-
pialised to become one cavity with the hypopharynx. 
Post-operatively, patients were kept on total parenteral 
nutrition for a period of at least 48 hours. A liquid oral 
diet was introduced at first, followed by solids accord-
ing to the patients’ acceptance. No post-operative rou-
tine radiological swallow examination was performed. 
All patients received intravenous fluid infusion, peri- 
and post-operative intravenous antibiotics [cefuroxime 
(1.5 g per 8 h) and metronidazole (500 mg per 12 h)], a 
proton pump inhibitor and analgesics. 
The ASA score is a subjective assessment of a patient’s 
overall health that is based on six classes (I to VI). I: A 
normal healthy patient; II: A patient with mild systemic 
disease; III: A patient with severe systemic disease; IV: 
A patient with severe systemic disease that is a constant 
threat to life; V: A moribund patient who is not expected 
to survive without the operation; VI: A declared brain-
dead patient whose organs are being removed for donor 
purposes 13. 

Statistical analysis
The Mann-Whitney-U-test was used to compare sex, age, 
ASA grade, and WBC and CRP levels of both patient 
groups. Results were considered statistically significant if 
p ≤ 0.05.

Results
In all, 34 patients fulfilled the inclusion criteria and were 
investigated. Of these, 18 patients underwent stapler-as-
sisted diverticulotomy, and the remaining 16 patients were 
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subjected to diverticulotomy by carbon dioxide laser. All 
procedures were performed by an experienced surgeon, 
who was defined as one having more than 5 years expe-
rience as an attending surgeon. In each group, 3 patients 
were endoscopically treated for Zenker’s diverticulum in 
other hospitals before. Basic parameters of both patient 
groups prior to Zenker’s diverticulum surgery are shown 
in Table  I. There was no significant difference between 
the two groups of patients in terms of age, sex ratio and 
ASA grade.
The mean operative time was 15 minutes shorter in the 
stapler group (53 vs 68 minutes); however, this difference 
was not statistically significant. No serious post-operative 
complications such as mediastinitis or pneumonia oc-
curred in either group. 
Before the operation, the levels of neither CRP nor 
WBC were significantly different between two groups. 
In both groups the WBC peaked as early as one day 
post-surgery, returning to normal range at the third day 
after surgery in all patients of both groups. However, 
there was a significant difference on the first day after 
surgery between the groups regarding the mean WBC. 
The patient group who was subjected to carbon diox-
ide laser diverticulotomy had a significant higher WBC 
than patients after stapler-assisted surgery (p  <  0.05) 
(Fig. 1).
Mean CRP levels reached their maximum 2 days after 
surgery in both groups and did not decline to preopera-
tive levels at day 5 after the operation. The increase in 
the carbon dioxide laser group was significantly higher 
than in the stapler group. Significant differences between 
both groups were seen on day 1, 2 and 3 after surgery 
(p < 0.05). Figure 2 shows the chronological change in the 
mean CRP level after surgery.
In one patient of the stapler group revision surgery was 
performed 6 months later due to recurrence of the di-
verticulum. In the other patients, no recurrence was ob-
served.

Discussion
Due to its good safety and long-term efficacy, rigid en-
doscopic surgery of Zenker’s diverticulum has become 
increasingly popular, although there is some controversy 
about the optimal surgical method  14-16. A recent meta-
analysis demonstrated increased non-dental complica-
tions in patients treated by CO

2
 laser compared to patients 

treated by stapler, but no difference in overall complica-
tions or revision surgery  17. Endoscopic surgery for Ze-
nker’s diverticulum can be complicated by inflammatory 
processes and mediastinitis 18. An elevated WBC and el-
evated CRP have been associated with an increased risk 
of inflammatory events. Until now, there are no studies on 
the inflammatory response after laser surgery or stapler 
surgery for Zenker’s diverticulum. Therefore, the influ-
ence of carbon dioxide laser surgery and stapler surgery 
of Zenker’s diverticulum on WBC and CRP were retro-
spectively investigated.

Fig. 1. WBC at baseline (0) and days 1, 2, 3 and 5 after surgery (mean val-
ues) in the carbon dioxide laser and stapler groups.

Fig. 2. CRP at baseline (0) and days 1, 2, 3 and 5 after surgery (mean val-
ues) in the carbon dioxide laser and stapler groups.

Table I. Demographic details of patients.

Stapler Laser

Patients 18 16

Gender
Male
Female

11
7

9
7

Age mean (range) 68.4 (46-86) 70.9 (56-85)

ASA grade (mean) 2.4 2.5

Primary surgery
Revision surgery

15
3

13
3
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The present study shows no differences in pre-operative 
clinical parameters between the two groups. The results 
showed that endoscopic surgery for Zenker’s diverticulum 
whether performed by carbon dioxide laser or stapler is 
associated with an inflammatory response. There were no 
differences between CRP and WBC count at baseline be-
tween both groups since values within the normal range 
at baseline were defined as inclusion criteria. The stapler 
group was superior to the carbon dioxide laser group in 
terms of post-operative systemic inflammation. There was 
a significant lower mean WBC on the first post-operative 
day and significant lower CRP levels on days 1, 2 and 3 
after surgery in patients treated by stapler.
The reason for the lower inflammatory response in the 
stapler group may is that carbon dioxide laser diverticu-
lotomy causes greater tissue trauma since the stapler has 
the advantage of simultaneously cutting and sealing the 
wound edge. It is possible that the inflammatory reac-
tions were the result of possible unnoticed leakages. In 
order for a leak to occur, the peri-oesophageal fascia 
must be violated. Because the fascial planes in the neck 
are continuous with the mediastinum, leakage of oesoph-
ageal contents into the neck can cause mediastinitis. The 
greater physical trauma due to laser surgery may lead to 
an increased liberation of inflammatory cytokines and 
enhancing post-operative systemic inflammation. An-
other cause for the higher inflammatory response in the 
CO2

 laser group could be the longer mean operative time 
which was 15 minutes longer in the CO

2
 laser group. 

This difference was not statistically significant although 
the longer duration of tissue injury can lead to a greater 
amount of released mediators resulting in a higher in-
flammatory response. However, in our patients no in-
flammatory complications occurred and there were no 
significant differences in outcomes. In one patient in the 
stapler group a recurrence of the diverticulum occurred, 
while in the laser group there were no recurrences.
There are some limitations to our study. The first and most 
obvious is that it consists of a relatively small number of 
patients who were studied retrospectively. We know that 
laser surgery is possible when stapler surgery is not, for 
example in cases with cricopharyngeal dysfunction or 
small diverticulum. Due to the retrospective nature of the 
study, we do not know what influences the decision for 
stapler or laser surgery. Additionally, all patients were 
treated with intravenous antibiotics in the post-operative 
period since these antibiotics were part of our treatment 
scheme. This affected post-operative inflammatory reac-
tion, although antibiotic treatment was the same in both 
groups. 

Conclusions
The inflammatory response in the early period after carbon 
dioxide laser diverticulotomy of Zenker’s diverticulum is 
higher than after stapler-assisted surgery of Zenker’s di-
verticulum. Prospective studies with larger numbers of pa-
tients are needed to further address this issue.
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Patterns of recurrence after open partial horizontal 
laryngectomy types II and III: univariate and logistic 
regression analysis of risk factors 
Patterns di recidiva dopo intervento di laringectomia parziale orizzontale tipo II  
e III: analisi univariata e regressione logistica dei fattori di rischio
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SUMMARY

In choosing the best surgical treatment (total or partial laryngectomy) for patients affected by laryngeal squamous cell carcinoma (SCC), it 
is still necessary to identify a link between prognostic factors and oncological outcomes.  A retrospective analysis of clinical outcomes of 
819 patients affected by laryngeal cancer who underwent OPHL type II and III between 1995 to 2014 was carried out. Focusing on recur-
rence and its site (local, regional or distant), our cohort has been divided in two groups: patients showing recurrence (n = 108) vs those 
without recurrence (n = 711). Thirteen clinical-pathological parameters have been studied by univariate and multivariate analysis to identify 
possible correlations between recurrence and oncological outcomes (overall survival (OS), disease free survival (DFS), disease specific sur-
vival (DSS), laryngectomy free survival (LSF), laryngectomy free freedom (FFL). In multivariate analysis, we found 4 negative prognostic 
factors for recurrence: site of tumour (> supraglottic), cartilage invasion (> if present), perineural invasion (> if present) and type of OPHL 
(> in OPHL type III). The knowledge and detection of negative prognostic factors for the risk of recurrence (pN classification, cartilage 
involvement, perineural invasion, and thus the type of surgical treatment adopted) could increase the already well-established potentiality 
of OPHLs in treating cases with a safe indication after careful discussion in the tumour board.

KEY WORDS: Open partial horizontal laryngectomy • Supracricoid partial laryngectomy • Supratracheal partial laryngectomy • 
Recurrence • Laryngeal cancer • Multivariate analysis

RIASSUNTO 

Nella scelta del trattamento chirurgico (laringectomia totale o parziale) in pazienti affetti da carcinoma laringeo, è ancora necessaria 
l’identificazione di una correlazione tra fattori prognostici e risultati oncologici. Una coorte multi-istituzionale di 819 pazienti affetti da 
carcinoma laringeo e sottoposti a laringectomia parziale orizzontale (OPHL) tipo II e tipo III dal 1995 al 2014 è stata suddivisa in base 
alla comparsa o meno di recidiva (108 vs 711) ed alla sede di ricomparsa di malattia (loco-regionale, locale, a distanza). Sono state analiz-
zate, mediante analisi uni e multivariata, tredici variabili cliniche e istologiche nei due gruppi, in relazione agli esiti oncologici (OS, DFS, 
DSS, LSF, FFL). All’analisi multivariata quattro sono risultati i fattori determinanti rischio di recidiva: sede del tumore (maggiormente 
nei tumori sopraglottici), invasione cartilaginea (maggiormente se presente), invasione perineurale (maggiormente se presente) ed il tipo 
di OPHL (maggiormente in caso di OPHL tipo III). La conoscenza  e la detezione dei fattori prognostici negativi per il rischio di recidiva 
(classificazione pN, interessamento cartilagineo, invasione perineurale e quindi trattamento chirurgico adottato) potrebbero aumentare le 
già note potenzialità delle OPHL nel trattare casi con indicazione certa dopo attenta discussione collegiale. 

PAROLE CHIAVE: Laringectomia parziale orizzontale • Laringectomia parziale sopracricoidea • Laringectomia parziale sopratracheale • 
Recidiva • Carcinoma laringeo • Analisi multivariata 
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Introduction
Nowadays, surgery can be offered to patients affected by 
laryngeal cancer as a valuable method to preserve part of 
the larynx and its functions, avoiding the negative physical 
and psychosocial impact of permanent tracheostomy  1  2. 
In the last decade, organ-sparing techniques have been 
developed and extensively used, with excellent results, 
as upfront treatment in early 3 4 and in selected more ad-
vanced stages (cT3 and cT4) 5. Different therapeutic op-
tions are now available for cT3 and cT4 larynx cancers 6 7 
but a dichotomy exists considering locally advanced tu-
mours: is the lesion amenable to partial laryngectomy or 
to total laryngectomy? During multidisciplinary discus-
sions about larynx cancer treatment, this is not a simple 
question. 
Each time, the surgeon faces the decision to attempt con-
servative treatment or to address the patient to a safer 
up-front total laryngectomy. The choice of treatment to 
recommend can be difficult to understand, especially for 
young or less experienced surgeons. In fact, if two lesions 
are at the same stage and patients are free from contrain-
dications related to general conditions, why are they se-
lected for different treatments?
This is because a clear consensus is still lacking for what 
concerns simple and objective parameters that should be 
used in the selection of patients amenable to one or the 
other technique. Although staging of laryngeal cancer has 
been considered for a long period the criterion that better 
correlates with loco-regional control and patient survival, 
prognosis is a complex phenomenon arising from tumour 
and patient characteristics, molecular biology, genetics 
and environment  8  9. However, the importance of each 
has not been unequivocally demonstrated. To complicate 
matters further, negative prognostic factors involved in 
recurrence onset are not established universally, but are 
important to discriminate the most suitable treatment for 
the patient.
The application of logistic regression models to retrospec-
tive studies allows detection and/or analysis of prognostic 
factors that are potentially useful to predict the main onco-
logic and functional outcomes. Furthermore, data emerg-
ing from large multi-institutional series of cases who were 
treated with the same protocols provide insights about the 
most controversial aspects in the treatment indications. 
In this multi-institutional retrospective study, we analysed 
a large series of locally advanced laryngeal cancer pa-
tients treated by open partial horizontal laryngectomies 
(OPHL) spurred by a dual aim: a) the identification of 
novel prognostic factors correlating with disease recur-
rence; b) improvements for more correct use of OPHL as 

a single and up-front laryngeal cancer treatment, based on 
results of the previous point. 

Patients and methods

Patients
The study was conducted retrospectively analysing medi-
cal records from 819 patients affected by laryngeal cancer 
who underwent OPHL between January 1995 and De-
cember 2014 in tertiary reference Italian hospitals: Hospi-
tal of Vittorio Veneto (Treviso), Martini Hospital (Turin), 
Candiolo Cancer Institute (Turin) and Policlinico Hospi-
tal (Modena). Patient characteristics, distribution accord-
ing to the involved laryngeal sites, as well as their pT and 
pN categories (2009 TNM classification system)  10, are 
reported in Table I. 
Inclusion criteria were histological diagnosis of glottic or 
supraglottic laryngeal squamous cell carcinoma (LSCC), 
Karnofsky index  11 higher than 80 and amenability to 
OPHL type II for advanced laryngeal cancers maintaining 
laryngeal functions  12 and type III surgeries for glottic/
transglottic cancers extending to the cricoid or to extra-
laryngeal space 1 13 14. 
Exclusion criteria were: a) purely supraglottic T3 tu-
mour with limited extension to the pre-epiglottic space 
(and therefore amenable to OPHL type I or transoral la-
ser microsurgery); b) lesions extended to base of tongue 
or pyriform sinus; c) lesions with major invasion of 
pre-epiglottic space involving the hyoid bone, involving 
the inter-arytenoid space, the posterior commissure and 
both arytenoid cartilages; d) large extralaryngeal spread 
of cancer involving thyroid gland, strap muscles, cervi-
cal skin, internal jugular vein or common carotid artery; 
e) lesions reaching the first tracheal ring; f) severe dia-
betes mellitus; g) severe chronic obstructive pulmonary 
disease; h) neurological problems impairing the ability to 
expectorate and/or swallow; and i) severe cardiac disease. 
The presence of clinically positive nodes > cN1 was not 
considered as an absolute contraindication. However, it 
should not represent a good indication for OPHL due to 
the probable need for post-operative radiotherapy (RT) 15.
One hundred and forty patients (17.1%) had already 
been treated previously for laryngeal carcinoma by CO

2
 

transoral laser surgery (61/140; 43.6%), radiation thera-
py (39/140; 27.9%), laser surgery and radiation therapy 
(11/140; 7.8%), cordectomy (21/140; 15.0%), open par-
tial laryngectomy (7/140; 5.0%), or chemotherapy (1/140; 
0.7%).
Thirteen clinical-pathological parameters are studied as 
possible negative prognostic factors: previous treatments, 
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type of surgery, tumour site, pT subcategory, pN classifi-
cation, grading, cartilage involvement, vascular invasion, 
perineural invasion, Delphian lymph node pN+, extran-
odal extension (ENE), status of margins, adjuvant treat-
ments (Table II). Age was not considered among these 
factors because elderly patients affected by laryngeal can-
cer can be treated as younger patients 16. 

Surgical procedures
Total laryngectomy and OPHL Type II are the most estab-
lished solutions for intermediate-advanced stage larynge-
al tumours affecting the glottis. OPHL Type III, instead, 
is amenable to glottic/transglottic tumours with subglottic 
extension reaching the cricoid and glottic/transglottic T4a 
lesions with extralaryngeal progression through the cau-
dal end of the thyroid cartilage and/or through the crico-
thyroid membrane 1.
According to this, after informed consent had been ob-
tained, all patients underwent OPHL types II-III  17 
with curative intent: type IIa  =  159/819 (19.4%), type 
IIa+ARY = 354/819 (43.2%), type IIb = 46/819 (5.6%), 
type IIb+ARY = 138/819 (16.9%), type IIIa = 10 (1.2%), 
type IIIa+CAU  =  99/819 (12.1%), type IIIb  =  5/819 
(0.6%), type IIIb+CAU = 8/819 (1.0%) (Table III).
Neck dissection (ND), graded according to the Ameri-
can Academy of Otolaryngology – Head and Neck Sur-
gery Foundation classification  18, was performed in 704 
patients (85.9%), and was unilateral in 606 (86.1%) and 
bilateral in 98 (13.9%) cases. ND was elective (ND lev-

els II-IV) in 634 cN0 (90.1%) and curative in 70 cN > 0 
(9.9%) patients. Level VI or unilateral paratracheal lymph 
node clearance was added in 449 (63.7%) patients. No 
ND was performed in 115 cN0 (14.1%) cases.

Adjuvant treatment
Based on pathological findings, 95 (11.6%) patients were 
subjected to adjuvant treatment. Ninety-four (99.0%) 
were subjected to radiotherapy. The indications were: 
pN>1 (60 patients - 63.8%) and/or gross extralaryngeal 
extension (34 patients - 36.2%) with or without positive 
margins. A large volume encompassing the primary site 
and all draining lymph nodes were irradiated with a dose 
of up to 54 Gy. Regions at higher risk for malignant dis-
semination received a 12 Gy boost (total, 66 Gy; range, 
62–68 Gy). Because of a higher risk of local recurrence 
[Delphian nodes pN+, pN+ with extracapsular spread 
(ECS), more extended pT4a tumours showing positive/
close margins toward pre-laryngeal tissues, perineural 
invasion, or cartilage invasion], 52/95 (55.3%) patients 
received cisplatin (100 mg/m2 on days 1, 22, and 43) con-
comitant with radiotherapy. 
The remaining patient (1.0%) was subjected to chemo-
therapy alone, due to presence of distant metastasis. 

Statistical methods
OS, DSS, DFS, FFL, LFS and laryngo-oesophageal 
dysfunction-free (LEDFS)  19 survivals were assessed by 
Kaplan-Meier curves. Log-rank (LR) and Gehan-Bres-

Table I. Epidemiologic and clinical characteristics of patients treated by OPHL in the present series (N = 819).

No of patients (%)

Age Mean ± standard deviation 60.2 ± 9.4

Range 16-87

Gender Male 755 (92.2%)

Female 64 (7.8%)

Arytenoid mobility Normal 581 (70.9%)

Impaired/fixed 238 (29.1%)

pTN (VII ed.) Glottic Supraglottic

pT2 N0 201 (31.8%) 22 (11.8%)

N1 2 (0.3%) 4 (2.2%)

N2 3 (0.5%) 4 (2.2%)

pT3 N0 291 (46.0%) 86 (46.2%)

N1 13 (2.1%) 11 (6.0%)

N2 13 (2.1%) 23 (12.4%)

pT4 N0 94 (14.7%) 27 (14.4%)

N1 10 (1.6%) 4 (2.2%)

N2 6 (0.9%) 5 (2.6%)

Total 633 (77.3%) 186 (22.7%)
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low-Wilcoxon (GBW, for early events) tests were used 
to compare Kaplan-Meier estimates among the different 
subcategories. 
The endpoints considered were obtained as the length of 
time from the date of diagnosis to: date of death (OS), 
date of death from disease (DSS), date of first recurrence 
(DFS), date of salvage laryngectomy (FFL), date of sal-
vage total laryngectomy or date of death (LFS), date of 
salvage total laryngectomy or date of tracheostomy and/
or PEG for functional reasons or date of death (LEDFS). 
Univariate regression with collinearity analysis was used 
to evaluate independent risk factors (previous treatment, 
type of surgery, tumour site, pT stage, pN stage, grad-
ing, cartilage involvement, vascular or perineural inva-
sion, Delphian lymph node pN+, ENE, status of margins, 
and adjuvant treatment). Variables were than included in 
logistic regression model. Kaplan-Meier curves, LR and 
GBW tests were performed with GraphPad Prism version 
7.0a (GraphPad Software, San Diego, CA, USA), where-
as univariate and multivariate regression analyses were 
performed with IBM® SPSS® Statistics version 24 (IBM 
Corp., Armonk, NY, USA). The incidences of relevant 
prognostic factors were analysed by a chi-squared test 
(PRIMIT-statistics for biomedical learning version 3.03). 
For all analyses, p < 0.05 was considered as the threshold 
for statistical significance.

Results 
Pathology
Pathology reports showed close margins (<  2 mm on 
the specimen side) in 43 cases of 819 (5.3%) and posi-
tive margins (negative at frozen sections on the mucosa 
taken from the remaining larynx, but positive at definitive 
histopathologic examination on specimen) in 68 cases 
(8.3%). Positive or closed margins were associated with 
more advanced pT classification in both previously treat-

Table II. Stratification of patients (N = 819) according with the clinic-path-
ological parameters evaluated as possible risk factors for development of 
recurrences.

Clinic-pathological 
parameters

Recurrences Patients

Negative Positive

Previous treatment
Positive 119 (16.7%) 21 (19.4%) 140 (17.1%)
Negative 592 (83.3%) 87 (80.6%) 679 (82.9%)

Type of surgery
OPHL Type II 620 (87.2%) 77 (71.3%) 697 (85.1%)
OPHL Type III 91 (12.8%) 31 (28.7%) 122 (14.9%)

Tumour site
Supraglottic 149 (21.0%) 32 (29.6%) 181 (22.1%)
Glottic 556 (78.2%) 73 (67.6%) 629 (76.8%)
Other 6 ( 0.8%) 3 ( 2.8%) 9 ( 1.1%)

pT stage
pT1 3 ( 0.4%) 2 ( 1.9%) 5 ( 0.6%)
pT2 217 (30.5%) 17 (15.7%) 234 (28.6%)
pT3 385 (54.1%) 51 (47.2%) 436 (53.2%)
pT4 106 (14.9%) 38 (35.2%) 144 (17.6%)

pN stage
pN0 645 (90.7%) 76 (70.4%) 721 (88.0%)
pN1 30 ( 4.2%) 13 (12.0%) 43 ( 5.3%)
pN2 36 ( 5.1%) 19 (17.6%) 55 ( 6.7%)

Grading
Basaloid 10 ( 1.4%) 3 ( 2.8%) 13 ( 1.6%)
G1 179 (25.2%) 11 (10.2%) 190 (23.2%)
G2 326 (45.9%) 45 (41.7%) 371 (45.3%)
G3 196 (27.6%) 49 (45.4%) 245 (29.9%)

Cartilage involvement
Positive 116 (16.3%) 50 (46.3%) 166 (20.3%)
Negative 595 (83.7%) 58 (53.7%) 653 (79.7%)

Vascular invasion
Positive 194 (27.3%) 43 (39.8%) 237 (28.9%)
Negative 517 (72.7%) 65 (60.2%) 582 (71.1%)

Perineural invasion
Positive 119 (16.7%) 39 (36.1%) 158 (19.3%)
Negative 592 (83.3%) 69 (63.9%) 661 (80.7%)

Delphian lymph node pN+
Positive 19 ( 2.7%) 10 ( 9.3%) 29 (3.5%)
Negative 692 (97.3%) 98 (90.7%) 790 (96.5%)

Extranodal extension
Positive 18 ( 2.5%) 11 (10.2%) 29 ( 3.5%)
Negative 693 (97.5%) 97 (89.8%) 790 (96.5%)

Status of margins
Positive 55 ( 7.7%) 13 (12.0%) 68 ( 8.3%)
Close 29 ( 4.1%) 14 (13.0%) 43 ( 5.3%)
Negative 627 (88.2%) 81 (75.0%) 708 (86.4%)

Adjuvant treatment
Positive 67 ( 9.4%) 28 (25.9%) 95 (11.6%)
Negative 644 (90.6%) 80 (74.1%) 724 (88.4%)

Table III. Treatments performed in the 819 patients.

Type of treatment N (%)

OPHL

IIa 159 (19.4%)

IIa + ARY 354 (43.2%)

IIb 46 (5.6%)

IIb + ARY 138 (16.9%)

IIIa 10 (1.2%)

IIIa + CAU 99 (12.1%)

IIIb 5 (0.6%)

IIIb + CAU 8 (1.0%)
ARY: arytenoid; CAU: crico-arytenoid unit.
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ed (p  <  0.05) and untreated (p  <  0.001) patients, while 
it correlated with the employment of the more aggres-
sive OPHL type III only in previously treated patients 
(p < 0.01).
We detected 166 patients with cartilage invasion among 
the 582 (28.5%) who are affected by T3-T4 tumours 
(categories that could have cartilage invasion as defini-
tion). In particular, we detected the following pattern of 
cartilage invasion: 86/166 (51.8%) inner cortex of thy-
roid cartilage, 59/166 (35.5%) full thickness thyroid car-
tilage, 13/166 (7.8%) cricoid cartilage and 8/166 (4.9%) 
epiglottis cartilage. Among patients who experienced a 
recurrence, 50 (46.3%) had pathologic involvement of 
cartilages, the majority (44, 88.0%) at level of the thyroid 
cartilage. Furthermore, the development of recurrences 
and crico-arytenoid fixation did not correlate with patho-
logical grading of lesions.
Finally, 746/819 patients (91.1%) had been staged as cN0. 
In contrast, 44 (5.9%) became pN+ after ND. Overall, 
lymph node metastases were detected in 98 (11.9%) pa-
tients, of whom 55 (56.1%) had multiple metastases. 

Patterns of failure
Globally, 108 (13.2%) patients developed recurrences 
within 5 years after surgery. Thirty-eight patients (35.2%) 
displayed local recurrence, 25 patients (23.1%) regional 
and 8 (7.4%) distant. Twenty (18.5%) had local and re-
gional recurrences, 6 (5.6%) were regional and distant and 
4 (3.7%) local and distant recurrences. 7 patients (6.5%) 
developed both loco-regional and distant recurrences. 
Among the 69 patients affected by local recurrence, 55 
were endolaryngeal (79.7%), 9 extralaryngeal (13.0%) 
and 5 indeterminate (7.3%). The regional recurrences 
were detected on level VI in 19/58 patients (32.8%), 

whereas it affected levels II-V in the remaining 39 cases 
(67.2%). Among the latter, 34 (87.2%) recurrences were 
detected homolaterally, 3 contralaterally (7.7%) and 2 bi-
laterally (5.1%).
Recurrences were detected equally in patients who 
received previous treatments (21/140,15.0%) or not 
(87/679, 12.8%, p  =  0.576). Furthermore, local recur-
rences displayed similar patterns between the two groups 
(p = 0.917). Otherwise, although the difference was not 
statistically significant (p = 0.065), previously treated pa-
tients seemed to have a higher incidence of regional recur-
rences at level VI (6/10, 60.0%) compared with the other 
patients (13/48, 27.1%). Furthermore, no differences 
(p = 0.241) were detected in terms of distant recurrences.
Similarly, no differences in terms of regional recurrences 
were detected between patients who underwent (47/704) 
or not (11/115, p = 0.356) ND. At any rate, among those 
who also received level VI clearance (20/449), the asso-
ciated risk was higher (p = 0.055) likely due to a more 
advanced pathology.

Survival and disease control according to different pat-
terns of failure 
Patients were followed for a minimum period of 2 years 
and a maximum period of 16.4 years. The mean and the 
median period were 5.3 and 4.8 years, respectively. Eight 
patients were lost to follow-up: 3 among recurrent pa-
tients and 5 not previously treated. 5-year survival esti-
mates are reported in Table IV. All endpoints were highly 
impaired by the onset of recurrences (p < 0.001, LR and 
GBW) compared to the non-recurring counterpart. Even 
if the majority of stratifications did not indicate significant 
differences among the different types of local recurrence, 
OS and DSS were more affected by local recurrences of 

Table IV. Five-year Kaplan–Meier estimates of assessed oncologic outcomes.

OS DSS DFS FFL LFS LEDFS

Patients with recurrent tumours

T

Endolaryngeal 57.8% 69.7% 7.8% 42.5% 33.2% 16.5%

Extralaryngeal 64.8% 88.9% 0.0% 38.1% 27.8% 0.0%

Indeterminate 28.6% 28.6% 0.0% 47.6% 28.6% 14.3%

N

Level II-V 42.5% 63.9% 5.3% 74.8% 37.1% 25.1%

Level VI 51.2% 63.3% 11.1% 59.5% 41.4% 20.8%

M

Positive 40.0% 43.6% 9.5% 81.3% 33.9% 21.8%

Patients with non-recurrent tumours 93.4% 98.9% 100% 99.8% 93.2% 93.1%
OS: overall survival; DSS: disease-specific survival; DFS: disease-free survival; FFL: freedom from laryngectomy; LFS: laryngectomy-free survival; LEDFS, laryngo-oesophageal 
dysfunction-free survival.
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undetermined origin. These were, indeed, more prone 
to induce the exitus of patients with respect to both in-
tralaryngeal (p < 0.05, OS, and p < 0.01, DSS) and clearly 
extralaryngeal (p < 0.05 OS and DSS) recurrences.
Comparing previously treated and untreated patients, 
there was no significant differences, with the exception 
of the incidence of recurrence on regional lymph node 
(p < 0.01). This was likely because previous treatment al-
ready involved this site.

Risk analysis on the development of recurrences
At univariate analysis, all variables assessed correlated 
(p < 0.05) with development of recurrences. Nevertheless, 
at logistic regression, significantly correlated variables 
were pN classification (p < 0.001), presence of cartilage 
involvement (p < 0.001), presence of perineural invasion 
(p < 0.05) and type of surgical treatment (OPHL type III, 
p < 0.05) (Table V).
The onset of recurrences was detected in the 30.6% of 
patients diagnosed with pN+ cancers and in 10.5% of 
pN0 (RR = 3.1). Similarly, the frequencies of recurrence 
were higher in patients with cartilage invasion, both the 
inner cortex or through the outer cortex, (30.1%) and/or 
perineural invasions (24.7%), compared to those without 
these aspects (8.9% RR = 3.4 and 10.4% RR = 2.4, respec-
tively). More extended OPHL type III entailed a 25.4% of 
recidivate patients, whereas the onset of recurrence after 
OPHL type II was limited to 11.0% (RR = 2.3). At further 
analysis, OPHL type III was more frequently employed 
in patients with previous treatment and in glottic tumours 
(both p < 0.001), though being responsible for a higher 
incidence of recurrences at level VI (p < 0.01).

Discussion
T and N staging are recognised as the best factor to predict 
survival of patients with laryngeal cancer 20 21 24. Notwith-
standing, prognosis is generally more complex and also 
depends on many other variables, such as age, clinical-
pathologic characteristics, surgical margin status and type 
of surgery. Some of these could be responsible of adverse 
events 22, complications or even recurrences that hamper 
survival of patients 16. Thus, the literature is rich in manu-
scripts describing demographic, clinical, pathological and 
therapeutic variables that have been evaluated as possible 
prognostic factors for local control of disease and overall 
survival in patients affected by laryngeal cancer. 
On the other hand, evaluation of prognostic factors that 
are expendable in predicting the onset of recurrences are 
not so common. The data emerging from this analysis do 
not correspond exactly to the few studies that have per-
formed appropriate statistical assessment on these factors 
and the possible inter-relationship between them 23.
Among the few, in the analysis of 253 patients affected 
glottic and supraglottic laryngeal cancer and undergo-
ing OPHL, Gallo and colleagues  20  demonstrated that 
the presence of positive surgical margin was the unique 
significant prognostic factor correlated with the onset of 
local recurrences. However, we should keep in mind that 
this was a monocentric study, homogenous regarding in-
dications and surgical techniques and no patients were 
included with previous treatment for laryngeal cancer. 
Indeed, with regards to the major differences found be-
tween the study by Gallo and coworkers  20, focused on 
the parameters influencing local control and survival after 

Table V. Analyses of factors predicting recurrence.

Variable Univariate analysis Logistic regression model

Score test P value Score test P value 

Previous treatments 0.604 0.437 0.038 0.846

Type of surgery 14.118 < 0.001 4.928 0.026

Tumour site 1.131 0.288 0.932 0.334

pT subcategory 16.389 < 0.001 0.100 0.752

pN ≥ 1 staging 15.742 < 0.001 15.643 < 0.001

Grading 6.481 0.011 1.299 0.254

Cartilage involvement 38.174 < 0.001 24.221 < 0.001

Vascular invasion 3.725 0.054 0.857 0.355

Perineural invasion 15.062 < 0.001 6.018 0.014

Delphian node pN+ 5.033 0.025 0.155 0.694

Extranodal extension 16.620 < 0.001 2.253 0.133

Status of margins 6.124 0.013 1.253 0.263

Adjuvant treatments 14.393 < 0.001 0.859 0.354
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supracricoid laryngectomy, it should be noted that neither 
T category nor positivity of resection margins correlated 
with the risk of recurrence. 
The reason may lie in the different types of surgery adopt-
ed. In addition, in order to point out the factors that under-
lie the onset of recurrences (n = 108, 13.2%) in a broader 
cohort of patients (n = 819), we analysed oncologic re-
sults. To obtain this, we subdivided patients accordingly 
to their pattern of failure. All oncologic outcomes (OS, 
DSS, DFS, FFL, LFS, and LEDFS) were significantly im-
paired by the onset of recurrences though the entity was 
similar among the different pattern on T, N and M. How-
ever, local recurrences (T) of indeterminate origin, mean-
ing an iceberg-like recurrence affecting in small part the 
remnant endolarynx, but massively the paralaryngeal tis-
sues, were more prone to induce exitus (OS and DSS) of 
patients with respect to the intralaryngeal and extralaryn-
geal ones. In fact, in these cases it is practically impossi-
ble to carry out salvage resection in free and safe margins 
because diagnosis of recurrence was often late.
Considering that, as expected, recurrent patients had 
worse prognosis than non-recurrent ones, we evaluated 
the characteristics of the two populations to detect pos-
sible risk factors. Among the 13 different variables as-
sessed, at logistic regression analysis only pN ≥ 1, carti-
lage invasion (both the inner cortex or through the outer 
cortex), perineural invasion and employment of more in-
vasive OPHL type III were directly correlated with the 
onset of recurrences. 
N classification has been often related to worse progno-
sis. In this point of view, it should not be surprising that 
patients classified as pN≥1 had a higher risk (RR = 3.1) to 
generally develop recurrences than those without lymph 
node involvement (pN0). Neck dissection was performed 
with either elective or curative purposes in the majority 
of patients (85.9%). Nevertheless, neck recurrences were 
detected in 25 of 98 (25.5%) pN+ patients, of whom 14 
(14.3%) had undergone adjuvant radiotherapy or radio-
chemotherapy, and in 33 of 721 (4.6%) pN0 patients. In-
terestingly, recurrences were predominantly at levels II-V 
in pN+ patients (88.0%), but were equally detected at both 
level VI (48.5%) and levels II-V (51.5%) in pN0 patients. 
This different distribution was likely due to the cancer lo-
calisation, as recurrence at levels II-V are more frequent 
in supraglottic tumours. In fact, lymph node relapsing 
patients were affected by supraglottic cancer in 56.0% 
of pN+ cases, if compared with the 24.2% of those pN0 
(p < 0.05). Nevertheless, no differences in terms of tumour 
classification or use of adjuvant therapy were detected be-
tween relapsing and non-relapsing pN+ patients.
In the present cohort, patients with cartilage invasion at the 

inner cortex or through the outer cortex showed a greater 
probability to develop recurrences (RR = 3.4). This phe-
nomenon is because the cartilage invasion demonstrates an 
extralaryngeal escape pathway. This aspect, if suspected 
pre-operatively, should always determine the recourse to a 
ND of the ipsilateral levels II-IV, but in particular to me-
ticulous dissection of the central compartment of the neck 
as well as strap muscles resection and dissection of the 
pre-laryngeal tissue, immediately analysed by frozen sec-
tions. Considering the pattern of failure, the involvement 
of cartilages had no effect on T and M recurrence, but sig-
nificantly correlated with that on N. Indeed, cartilage inva-
sion increased the rate of recurrences on level VI lymph 
nodes (14/50, 28.0%, p < 0.05) rather than level II-V ones 
(10/50, 20.0%, p < 0.01), compared to patients with nega-
tive cartilage (5/58, 8.6%; and 29/58, 50.0%, respectively). 
The lack of significance at logistic regression of T clas-
sification, despite being strongly related to depth of car-
tilage invasion seems plausible to us because, beyond T4 
tumours, many lesions classified as T3 had focal or multi-
focal invasion of internal lamina of thyroid cartilage. This 
phenomenon occurs more frequently in the lower aspect of 
the thyroid cartilage since the tumour often shows progres-
sion towards the crico-thyroid space. Even in the absence 
of full-thickness cartilage invasion, the behaviour of this 
subcategory of tumours, schematically represented by a 
subglottic extension more than 10 mm at the true vocal 
cord (TVC) midline, is to be considered similar to that of 
tumours staged in the upper category of T4a. Therefore, 
more cautious surgical resection should be preferred, char-
acterised by careful dissection of level VI nodes. 
For what concerns perineural invasion, although enhanc-
ing the overall risk of developing recurrences (RR = 2.4), 
the risk factor did not correlate per se with significant al-
teration of the pattern of failure. However, it is generally 
present in tumours characterised by advanced T stage and 
high histological grade classification, which are thus more 
refractory to treatments and show worse prognosis. Patients 
with perineural invasion should undergo strict follow-up to 
diagnose recurrences early. Moreover, this result gives rise 
to discussions in the tumour board about the necessity to 
treat patients affected by locally advanced tumours with ad-
juvant radiotherapy, possibly showing this negative prog-
nostic factor for loco-regional recurrence. 
Finally, regarding the type of surgery, we detected a 
higher risk of developing recurrences in cases treated by 
OPHL type III (RR = 2.3). We should keep in mind that 
supratracheal laryngectomies (OPHL type III) are gener-
ally employed in the treatment of more aggressive and 
advanced disease. Thus, more attention should be paid to 
this analysis. 
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Undoubtedly, OPHL type III extended indications of par-
tial laryngectomy in case of cancers (glottic-subglottic 
tumours, T4a tumours) that, historically, were treated by 
total laryngectomy. Nevertheless, it determines a major 
rate of close margins, negative the frozen sections when 
the sample is collected on the side of the remnant larynx, 
but positive on the side of the specimen, generally corre-
lates with a major rate of level VI lymph nodes metastasis. 
Although not mathematically, considering that the larynx 
also “accepts” minimal resection margins, this can expose 
patients to a greater number of loco-regional relapses 
(compared to those after OPHL type II) especially when 
detected as T indeterminate feature recurrences or on the 
level VI lymph nodes. Therefore, cases to be addressed to 
this surgical option must be selected very well. 
OPHLs type III are safely indicated in case of T3 tumours 
with subglottic extension preferable < 10 mm at the TVC 
midline or in case of T4a “anterior” tumour 15, because 
these patients have demonstrated good oncologic results 
with a low percentage of recurrence. On the contrary, even 
T3 or T4a “posterior” tumours, where arytenoid fixity is 
related to an infraglottic extension > 10 mm at the TVC 
midline or to a massive posterior crico-arytenoid unit in-
vasion, the tumour clearly acts aggressively as if it were 
always a T4.
OPHLs type III surgeries are therefore quite safe in first 
two cases, especially if the resection encompasses one cri-
co-arytenoid unit. In the latter conditions, the safest treat-
ment is total laryngectomy, also considering some disap-
pointing events (positive margins, level VI pN+, ENE), 
that are more frequently associated with recurrence. Only 
in the case of categorical refusal by the patient to total 
laryngectomy, after informing about the risk of giving pri-
ority to the functional outcomes rather than to oncologic 
ones, in some very selected cases it is still possible to car-
ry out an OPHL type IIIa. This option, even if not optimal, 
should be equally considered as chemoradiotherapy when 
drafting guidelines. 

Conclusions
To our knowledge, this study is the first to use logistic 
regression on a very large cohort of patients treated by 
all different types of supracricoid and supratracheal par-
tial laryngectomies (OPHL type II / III). The detection 
of clinical and pathological parameters that correlate with 
the development of recurrences (pN classification, carti-
lage involvement, perineural invasion, and thus the type 
of surgical treatment adopted) can be useful to reduce the 
event rate. Therefore, we suggest serious discussion in the 
multidisciplinary tumour board regarding the possible in-

dications of OPHL, rather than resorting to a simpler and 
safer total laryngectomy or, alternatively, to concomitant 
chemoradiation-therapy, especially in cases where addi-
tional risk factors are present, such as the exiguity of sur-
gical margins and use of more extensive surgeries.
In this delicate process, the patient and his/her caregiv-
ers also are involved, being important actors. With due 
delicacy, also analysing data from large series, they must 
be faced with and helped in choosing among the difficult 
dichotomy to give greater emphasis to a “quoad vitam” 
rather than to a “quoad functionem” prognosis.
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Time as a factor during endoscopic assessment  
of swallowing: relevance in defining the score  
and severity of swallowing disorders
Il tempo come fattore durante la valutazione endoscopica della deglutizione:  
la sua rilevanza nel definire il punteggio e la gravità dei disturbi della deglutizione
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1 Audiology and Phoniatrics Department, Romagna Health Service, Rimini Hospital, Italy; 2 ENT Department, Audiology 
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SUMMARY

Time is a parameter of great interest in swallowing and can be considered in different ways to express severity during endoscopic evaluation. The 
objectives of this study are to evaluate how the severity of this score changes at different times of scoring and the interaction between residue persis-
tence and airway invasion. Two experienced raters blindly evaluated 35 short clips of bolus transit that were recorded during endoscopic evaluations 
of 16 patients with dysphagia of differing aetiologies. The pooling score (p-score) and the Penetration Aspiration Scale (PAS) were detected after 
the first swallowing (T1) and after the fifth dry swallow (T5). For each task, the time needed to complete the clearing of the bolus (total time: TT) 
was blindly determined by the two raters and compared with the Functional Oral Intake Scale (FOIS) and Dysphagia Outcome and Severity Scale 
(DOSS) scales, previously detected.The inter-rater agreement between the 2 raters in scoring the p-score and PAS was good (ICC > 0.800) for T1 
vs T1 and T1 vs T5, and in determining TT for each consistency (ICC > 0.9), with a Spearman’s Rho > 0.70 and > 0.90 respectively. A statistical 
correlation of the p-score total, TT and consistency with FOIS and DOSS was found. The p-score showed a good trade-off between sensitivity and 
specificity compared with the PAS aspiration and penetration scores. The time of scoring (T1 vs T5) is relevant in detecting severity of dysphagia 
during endoscopic evaluation. The time spent to clear residue is a useful parameter and is correlated with severity of dysphagia expressed by the 
p-score and with functional swallowing status in dysphagic patients. The p-score is correlated with the PAS score in detecting airway invasion.

KEY WORDS: Swallowing • Deglutition disorders • Endoscopy • Aspiration • Residue • Severity

RIASSUNTO 

Il tempo è un parametro di grande interesse nella deglutizione variamente considerato per esprimere  gravità durante una valutazione endosco-
pica. Gli obiettivi del lavoro sono di valutare come la gravità di un punteggio cambia in diversi tempi di rilevazione e l’interazione tra persi-
stenza di residui e invasione delle vie aeree. Due valutatori esperti hanno valutato in cieco 35 brevi filmati di transiti faringei di bolo, registrati 
durante valutazioni endoscopiche di 16 pazienti con disfagia a differente eziologia. Il punteggio del pooling score (p-score) e la Penetration 
Aspiration Scale (PAS) sono stati rilevati dopo la prima deglutizione (T1) e dopo la quinta (T5). Per ogni transito, il tempo necessario per com-
pletare la detersione del bolo (tempo totale: TT) è stato determinato in cieco dai due valutatori e confrontato con le scale Functional Oral Intake 
Scale (FOIS) and Dysphagia Outcome and Severity Scale (DOSS) scales, precedentemente determinate. L’affidabilità inter-rater tra i 2 valu-
tatori nel punteggio del p-score e PAS è stata buona (ICC > 0,800) per T1 vs T1 e T1 vs T5, e nel determinare TT per ogni consistenza (ICC > 
0,9), con Rho di Spearman > 0,70 e > 0,90 rispettivamente. È stata trovata una correlazione statistica fra il p-score totale, TT, e la consistenza 
con il FOIS e il DOSS. Il p-score ha mostrato un buon trade-off tra sensibilità e specificità rispetto ai punteggi PAS che esprimono aspirazione e 
penetrazione. Il tempo di applicazione di una scala (T1 vs T5) è rilevante nel determinare la severità della disfagia durante una valutazione en-
doscopica. Il tempo impiegato dal paziente per detergere i residui è un parametro utile da determinarsi ed è correlato alla gravità della disfagia 
espressa dal p-score e allo stato funzionale di pazienti disfagici. Il p-score è correlato al punteggio PAS nel rilevare l’invasione delle vie aeree. 

PAROLE CHIAVE: Deglutizione • Disturbi della deglutizione • Endoscopia • Aspirazione • Ristagni • Gravità

Introduction 
In normal conditions, the progression of the bolus through 
the upper digestive tract must meet criteria of efficiency 
and effectiveness: any condition that deviates from these 

criteria generates an unsafe swallowing act with nasal re-
gurgitation, penetration, aspiration, or an inefficient swal-
lowing act, with residue of bolus 1. These two conditions 
can coexist and influence each other: a bolus that leaves 
residue in the pharynx can be cleared or can invade the 
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upper airway during a subsequent swallowing act 2, while 
a bolus invading the upper airway can indefinitely remain 
in the larynx or cervical trachea. Instrumental investiga-
tion must be able to document these conditions, with the 
aim of defining criteria of severity that better indicate, 
in a clinical context, the risk of respiratory or nutrition-
al complications  3 4. This same information, in the short 
term, is useful in planning therapeutic strategies and in 
reducing long-term complications 5. Today, several tools 
are available to evaluate and quantify ineffective or inef-
ficient swallowing. Some tools designed for the radiologi-
cal setting have been adapted and applied to endoscopic 
examination. An example is the penetration aspiration 
scale (PAS) 6, originally designed for the modified barium 
swallow (MBS) and subsequently replicated for endos-
copy 7-10. The PAS is widely used to define the entity of 
airway invasion and possible ejection attempts. The PAS 
score is applied after the first/second swallow, without a 
standard reported in the literature or in the original pa-
per  6. However, in clinical practice, more varied condi-
tions can be found. A bolus can be propelled by more 
swallowing acts (multiple swallowing) or coexist with 
residue, imposing several dry swallows before clearing. 
In these conditions, airway invasion may occur after the 
swallow 11 or require defensive strategies (spontaneous or 
requested) carried out over a longer period of time (more 
than one or two dry swallows). 
In the literature, some rating scales are applied after the 
first-second swallowing acts, such as the aforementioned 
PAS, and others after the second one, such as the pool-
ing score (p-score) 12 and Boston Residue and Clearance 
Scale 13. Some scales do not mention the time of scoring 8 
and others leave the decision to the clinician as to when 
to score 14-18. The first tool proposed, to be applied after 
the second swallow, was the p-score, a validated scale 12 19 
that considers 5 dry swallows before scoring residue in 
the pharyngeal or laryngeal cavities. The total score de-
rives from the sum of partial scores attributed to the ana-
tomical site where material is pooling, its amount (semi-
quantitatively compared to the volume’s bidimensional 
viewing of the cavities) and to the number and effective-
ness of dry swallowing, or other strategies, performed in 
the attempt to clear residue (“management” of residue, 
see Table I). The score expresses a continuum of severity 
which, in clinical practice, can be spread over four levels, 
describing different levels of clinical severity (Table I). 
The consistency of the bolus does not seem to affect the 
score 19. The p-score, like the other scores, does not con-
sider the parameter ’time’, i.e. the time necessary to clear 
the bolus or to complete the 5 dry swallows requested, 
but focuses on the residue and the correlates that define it. 

Swallowing times during endoscopic evaluation of swal-
lowing have been assessed in several studies 20-25 and time 
association with swallowing abnormalities was explored 
in some of them  22-25. Nevertheless, the time considered 
in those investigations does not include the time needed 
to clear residue, a parameter which has previously been 
considered in our preliminary report 26. Cinical observa-
tions, indeed, show conditions where the material pooling 
is cleared in a few seconds and other conditions where a 
longer time is needed to match this goal, provided that it is 
possible. In this context, the time of ‘management’ of the 
residue recalls the attempts to clear saliva with spontane-
ous swallowing acts performed by elderly patients  15 or 
stroke patients 27, although different pressure and aware-
ness are required to clear residue. This perspective leads 
to a parameter of severity where the clearing time can 
become a marker of effectiveness of the swallowing act 
in pathological conditions or where its increase, under 
stress, can become a marker of fatigue 28 29. If this were 
true, the time of ‘management’ could vary similarly to 
the variation of other scales 26 such as the Functional Oral 
Intake Scale (FOIS)  30 and the Dysphagia Outcome and 
Severity Scale (DOSS) 31.
With these considerations in mind, the aims of this study 
are to evaluate: 1) if the p-score changes when applied be-
fore the fifth swallowing act and whether the PAS changes 
when applied after the first; 2) the reliability of 2 raters in 
scoring residue at different times and their reliability in 
determining these times (time of ’management’ of the p-
score); 3) possible correlation of PAS to p-score.

Table I. Pooling score (p-score). 

Pooling Endoscopic landmark

Site Vallecule – marginal zone 1

Pyriform sinus 2

Vestibule – vocal cords 3

Below the vocal cords 4

Amount Coating 1

Minimum 2

Maximum 3

Management < 2 2

2 > < 5 3

> 5 4

Score P 4-11
“Pooling” any material that dwells or coats the hypopharynx and/or larynx cavities 
before/after swallowing. Site: anatomical landmark in a cranio-caudal direction. 
Amount: volumetric ratio between content and container (minimally filled, less than 
half or more than half). Management: any spontaneous/reflex activity adopted to clear 
pooling (dry swallows, gurgling, clearing and cough). p- score: 4-5 = minimum score, 
corresponding to no endoscopic signs of dysphagia; 6-7 = low score, corresponding 
to mild dysphagia; 8-9 = middle score, corresponding to moderate dysphagia; 10-
11 = high score, corresponding to severe dysphagia
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Materials and methods 
In a prospective way, 16 consecutive outpatients (11M/5F, 
mean age 63.94 years ± 15.46, range 25-88) were submit-
ted to a fibreoptic endoscopic evaluation of swallowing 
(FEES) 32. The patients were complaining of swallowing 
disorders due to different aetiologies (Table II). Inclusion 
criteria were: over 18 years old, an instrumentally docu-
mented impaired swallow (residue, false routes), com-
pliance to the endoscopic procedure; exclusion criteria 
were: less than 18 years old and non-compliance to the 
endoscopic procedure. The patients with low dysphagia 
were considered because they respected the criteria of 
inclusion. FEES was performed with a Storz endoscope 
(model 11101RP2, 30 cm long, 3.5 mm in diameter) and 
recorded with a workstation (Xion medical products Gm-
bH, Berlin Buchholz). During FEES and with the endo-
scope in place, one bolus of each consistency was given 
to each patient: 5 cc pureed (P), ¼ of a cracker (regular-R) 
and 5 cc liquid (L) 33. The patients prepared the bolus and 
swallowed without any command. Some patients were not 
able to test all three consistencies, owing to the severity 
of their complaint. For each patient, short videos were ob-
tained for each swallowing trial so that a total of 35 clips 
were collected and reviewed by two expert raters (with 
more than 15 years’ experience in performing FEES) in 
a blind manner. The raters were requested to score each 
bolus trial with the p-score and the PAS. Both the p-score 
and the PAS score were applied after the first (time 1 – T1) 
and fifth swallow (time 5 – T5). In this way, the parameter 

‘management’ of the p-score was always the minimum 
provided by the score. The raters also blindly determined 
the time necessary to perform the 5 dry swallowing acts 
(total time: TT). TT was timed with a stopwatch in iOS 
9.0, 4+ (Tim O’s Studios, LLC) at the beginning of the 
first white-out and at the conclusion of the fifth white-
out  34. In accordance with the p-score, spontaneous and 
cued dry swallows were considered. TT was compared 
with the patients’ ability for oral intake of food and liq-
uid, measured against the Functional Oral Intake Scale 
(FOIS), even if only validated for stroke patients  30 and 
the functional severity of dysphagia measured against the 
Dysphagia Outcome and Severity Scale (DOSS)  31. The 
scales were previously determined by rater 1. Because of 
the small sample, monovariate analysis was previously 
performed among TT and consistencies (explanatory vari-
ables) and FOIS and DOSS, respectively. Subsequently, 
multiple linear regression, considering FOIS and DOSS 
as dependent variables, was performed taking into ac-
count the TT, p-score total and consistency. 
The intra-class correlation coefficient was performed to 
evaluate the inter-rater reliability of the two raters for 
FEES at T1 and T5 (ICC) and determine TT. In accord-
ance with the literature, the following were considered for 
ICC values: 0-0.2 poor; 0.3-0.4 fair; 0.5-0.6 moderate; 
0.7-0.8 strong; and > 0.8 almost perfect. For each rater, 
the Rho Spearman’s coefficient (r > 0.70-sing < 0.05) was 
performed to evaluate the correlation between PAS and p-
score and TT. Furthermore, in order to determine optimal 
thresholds for the p-score when compared to PAS diag-
noses, the Receiver Operator Characteristic (ROC) curve 
analysis was performed after dichotomising PAS between 
penetration scores 2 to 5 and aspiration scores 6 to 8. To 
determine the best balance between sensitivity and speci-
ficity, the Youden Index (Y = sensitivity+specificity−1), 
was chosen as the criterion for cut-off value selection. All 
statistical analyses were performed using SPSS v.21.0 
(IBM Corp., Armonk, NY, USA) and STATA version 13 
(STATA Corp., TX, USA). 
All patients gave their written consent to the procedures, 
in accordance with the Declaration of Helsinki. The study 
was approved by the local Ethical Research Committee.

Results 
The mean times necessary to clear residue for P, R and L 
were 22.5 secs (range 4-42), 30.7 secs (range 11-44) and 
16.6 secs (range 8-33), respectively, with a mean TT of 
53.8 sec. The inter-rater agreement between the 2 raters 
in scoring the p-score and PAS was good (ICC > 0.800) 
for each consistency and time of scoring (T1 vs T1 and 

Table II. Case series.

Pts n. Main pathology Gender Age

1 Arnol-Chiari malformation M 56

2 MSA-P M 85

3 Myasthenia gravis M 73

4 Vascular dementia M 74

5 Parkinson’s disease M 75

6 TBI sequelae M 44

7 Oesophageal dysphagia F 72

8 Supraglottic laryngectomy F 80

9 Stroke sequelae M 88

10 Parkinson’s and ictus M 81

11 Cervical hyperostosis M 84

12 Steinert syndrome M 69

13 Klinefelter syndrome M 25

14 Cerebral palsy F 26

15 Subtotal laryngectomy F 58

16 Multiple sclerosis F 33
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T1 vs T5) with the exception of the liquid bolus. The 
inter-rater agreement between the 2 raters in detecting 
TT was good (ICC  >  0.9) for each consistency (Spear-
man’s Rho > 0.90-sing < 0.001). A correlation between 
the PAS and the p-score at T1 vs T1 and T1 vs T5 was 
observed only for the pureed consistency for rater 1 and 
for pureed and liquid ones for rater 2 (Spearman’s Rho 
>  0.70-sing  <  0.05). The linear regression model docu-
mented a significant correlation of the p-score total, TT 
and consistency with FOIS and DOSS. In particular, in-
creasing the time spent in clearing residue corresponded 
to an increase in the p-score and decreased the FOIS for 
all consistencies; increasing the p-score decreased the 
DOSS score for R and L (Table III, IV). A good correla-
tion between PAS score and p-score was found (Spear-
man’s rho 0.924-P < 0.05). The screening properties of 
the p-score when compared to the PAS cut-off diagnosis 
of penetration (scores 2 to 5) and aspiration (scores 6 to 8) 
showed a good trade-off between sensitivity and specific-
ity compared with the PAS aspiration scores (area under 
the ROC curve = 0,958; 95% CI = 0.784-0.994) and with 
the PAS penetration scores (area under the ROC curve = 
0.622; 95% CI = 0.352-0.792), with a p-score cut-off of 3 
for penetration and of 4 for aspiration, respectively.

Discussion
Our experience shows that when applying the p-score at 
T1 and the PAS at T5, with FEES, they correlate only for 

the P consistency for rater 1 and P and L for rater 2. This 
leads us to consider that the lack of correlation between 
T1 and T5 suggests a real different value of the score ap-
plied, i.e. applying the PAS over the first swallowing act 
changes the score itself. It is also worth mentioning that 
for the liquid bolus there was no concordance between the 
two raters, contrary to the other consistencies. 
The parameter ‘time’ also shows its importance under the 
quantitative perspective, as the time spent in completing a 
sequence of dry swallows. In our sample, the mean time 
necessary to clear residue for P, R and L was far longer 
than the time physiologically reported in the literature for 
clearing boluses of the same consistency 20-25. The detec-
tion of this parameter, in our experience, seems to be a re-
liable parameter worth including in endoscopic evaluation 
of swallowing 26. The p-score, which indirectly considers 
this parameter (residue ‘management’ in TT) enriched in 
that sense, may express a further criterion of severity (see 
Appendix). In our sample, the increase in TT is related 
to the increase in the p-score, and both are related to the 
decrease in the FOIS score for all consistencies tested and 
to the increase of the DOSS scale for R and L 26. 
Even the consistency, which does not affect the p-score 19, 
when related to the TT, seems to be a parameter able to 
influence the outcome of the swallowing act (presence of 
residue) performed spontaneously or upon request by the 
patients in our sample. Increasing TT, a reduction in the 
efficiency of the swallowing act could be hypothesised: 
the fate of the residue during the TT is not predictable, 

Table III. Linear regression models: relationship between TT and consistencies (explanatory variables) and FOIS score (dependent variable).

Beta 95% confidence interval P value

Fees - T - P tot -1.321 -4.649 -0.635 0.029
Fees - T - P sec 1.128 -0.022 1.216 0.053
Fees - T - R tot -1.927 -0.801 -1.494 0.004
Fees - T - R sec -2.437 -0.370 -0.171 0.007
Fees - T - L tot -0.439 -0.505 -0.080 0.027
Fees - T - L sec -0.903 -0.113 -0.050 0.007

T = time, P = pureed, R = regular, L = liquid

Table IV. Linear regression models: relationship between TT and consistencies (explanatory variables) and DOSS score (dependent variable).

Beta 95% confidence interval P value

Fees - T - P tot -,294 -,519 ,208 ,208

Fees - T - P sec ,025 -,034 ,039 ,826

Fees - T - R tot -1,338 -,378 -1,215 ,015

Fees - T - R sec -,931 -,173 -,033 ,024

Fees - T - L tot -,488 -,697 -,047 ,046

Fees - T - L sec -,634 -,101 -,014 ,030
T = time; P = pureed; R = regular; L = liquid
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but it is plausible that it may be related to the aetiology/
comorbidities 35 36. In this sense, a possible correlation be-
tween the p-score compared with PAS, in detecting pen-
etration and aspiration, is expressed by the area under the 
ROC curves: these values indicate a good predictability 
of the p-score for the three consistencies in terms of sen-
sitivity and specificity. The cut-off for aspiration is 4 and 
the cut-off for penetration is 3, coinciding with the sub-
parameter ‘site’ of the p-score, identifying residues below 
and above the vocal cords, respectively. 
The main limitations of this work are the small sample 
and the different numerical representations of the bo-
lus swallowed in different consistencies. Bearing this in 
mind, the work is intended to have a preliminary charac-
ter, and to test the value of the ‘time’ parameter in defin-
ing the clinical severity of a swallowing disorder. Further 
research is in progress to correlate the tp-score with the 
fatigability of patients with swallowing disorders due to 
specific aetiologies.

Conclusions 
The parameter ‘time’ was evaluated applying scores that 
consider directly (p-score) or indirectly (PAS) the bolus 
and its fate after subsequent swallowing acts (multiple 
swallows or cued swallows). The evaluation of FEES 
clips of swallowing tasks suggests how, by applying the 
p-score at T1 and PAS at T5, although for different con-
sistencies, produced different scores between two expert 
raters. We conclude that the time of detection of a score 
modifies the score, so that the time of scoring (the first or 
subsequent swallowing act) should be previously defined 
and considered. 
The time needed by the patient to clear the residue is a 
reliable parameter that correlates with the severity of the 
p-score and other scales that relate to the patients’ func-
tional status or with their deglutition skills, suggesting the 
possibility of a clinical use of the tp-score (Appendix) in 
the follow-up of patients with swallowing disorders due to 
specific aetiologies or after stressful swallowing activities 
(fatigue detection). 
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APPENDIX
With respect to our sample, the time spent to clear the 3 
consistencies tested ranges from 4 up to 44 seconds. Strat-
ifying linearly this time on 9 levels of 5 seconds, a factor 
of correction (FOC) is obtained to adjust the p-score in 
the following way: 0-5 secs =+ 1, 6-10 secs = +2, 11-15 
secs = +3, 16-20 secs = +4, 21-25 secs = +5, 26-30 secs 
= +6, 31-35 secs = +7, 36-40 secs = +8, > 40 secs = +9 
(Table V). The sum of the p-score total + FOC represents 
the timed p-score (tp-score). In this new role, the tp-score 
ranges from 5 up to 20, expressing itself as a continuum of 
severity 26. The possibility of a clinical subdivision of the 
tp-score in further levels is under consideration. 

Table V. Timed p-score (p-score).

Pooling Endoscopic landmark

Site Vallecule – marginal zone 1

Pyriform sinus 2

Vestibule – vocal cords 3

Below the vocal cords 4

Amount Coating 1

Minimum 2

Maximum 3

Management < 2 2

2 > < 5 3

> 5 4

Score P 4-11 T

Time FOC X
Factor of correction (FOC): 0-5 secs =+1, 6-10 secs =+2, 11-15 secs =+3, 16-20 
secs =+4, 21-25 secs =+5, 26-30 secs =+6, 31-35 secs =+7, 36-40 secs =+8, 
> 40 secs =+9
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Nasal pathologies in patients with obstructive  
sleep apnoea
Patologie nasali in pazienti affetti da sindrome delle apnee ostruttive del sonno
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SUMMARY

Nasal obstruction is a frequent condition in patients with obstructive sleep apnoea (OSA). Nasal obstruction leads to mouth breathing, which 
is thought to destabilise the upper airway and aggravate the condition. Three conditions could be considered as the cause of the nasal breath-
ing obstruction: anatomical conditions of the nose (septum deviation, hypertrophy of the inferior turbinates), chronic rhinosinusitis (CRS) 
and chronic nasal inflammation caused by allergic rhinitis or non-allergic cellular rhinitis. In this prospective study, we present an evaluation 
of all these possible rhino-sinusal aspects in OSA patients to correlate different nasal pathologies with nasal obstruction. Fifty patients with 
a diagnosis of OSA were enrolled in the study. In 70% of OSA patients, nasal obstruction was confirmed by clinical evaluation and rhi-
nomanometry testing. Normal rhino-sinus aspects were present in only 20% of OSA patients, whereas one or more pathological rhino-sinus 
conditions were present in the remaining 80%. The percentage of OSA patients with a diagnosis of allergic rhinitis and non-allergic rhinitis 
was 18% and 26% respectively. Non-allergic rhinitis with neutrophils (NARNE) was the most frequent type of cellular rhinitis diagnosed 
in OSA patients (20% of cases). The results of the present study support and extend the observation that rhinitis is present in OSA patients. 
Mucosal inflammation caused by these conditions could be the cause of  upper airway patency impairment inducing nasal mucosa swelling.

KEY WORDS: Obstructive sleep apnoea • Nasal obstruction • Allergic rhinitis • Non-allergic rhinitis • Nasal mucociliary cleareance

RIASSUNTO 

L’ostruzione nasale è una condizione frequentemente riportata in pazienti con sindrome delle apnee ostruttive del sonno (OSAS). L’ostru-
zione nasale porta alla respirazione orale, che si pensa possa destabilizzare le vie aeree superiori e aggravare l’OSAS. Tre condizioni 
potrebbero essere considerate come la causa dell’ostruzione respiratoria nasale: condizioni anatomiche nasali (deviazione del setto, 
ipertrofia dei turbinati inferiori), rinosinusite cronica (CRS) e infiammazione nasale cronica causata da rinite allergica o riniti non aller-
giche a cellularità. In questo studio prospettico presentiamo una valutazione di tutti questi possibili aspetti naso-sinusali in pazienti con 
OSAS al fine di correlare le diverse patologie nasali con l’ostruzione respiratoria nasale. Cinquanta pazienti con una diagnosi di OSAS 
sono stati arruolati nello studio. Nel 70% dei pazienti con OSAS, l’ostruzione nasale è stata confermata dalla valutazione clinica e dal 
test della respirazione con rinomanometria. Normali aspetti naso-sinusali erano presenti solo nel 20% dei pazienti con OSAS, mentre una 
o più condizioni patologiche naso-sinusali erano presenti nel restante 80%. L’incidenza di pazienti con OSAS con una diagnosi di rinite 
allergica e rinite non allergica era rispettivamente del 18% e del 26%. La rinite non allergica con neutrofili (NARNE) è stata la  diagnosi 
più frequente nei pazienti con OSAS (20% dei casi). I risultati del presente studio supportano ed estendono l’osservazione che condizioni 
rinitiche sono presenti nei pazienti con OSAS. L’infiammazione della mucosa causata da queste condizioni potrebbe essere la causa della 
compromissione delle vie aeree superiori inducendo edema della mucosa nasale.

PAROLE CHIAVE: Sindrome delle apnee ostruttive del sonno • Ostruzione nasale • Riniti allergiche • Riniti non allergiche • Cleareance 
mucociliare nasale
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Introduction
Obstructive sleep apnoea (OSA) is a clinical entity char-
acterised by recurring episodes of apnoea and/or hypo-
pnoea during sleep due to a total or partial collapse of 
the upper airway 1-3. OSA is characterised by night snor-
ing with excessive daytime sleepiness and is commonly 

associated with a reduced quality of life, cardiovascular 
diseases, increased healthcare utilisation, motor vehicle 
accidents and decreased of cognitive performance 3-5.
Multilevel anatomical obstruction may play a role in OSA 3-7. 
Nasal obstruction is frequently reported in these patients 5-8. 
Various authors have supported the theory that nasal ob-
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struction is a contributing factor in the pathogenesis of 
OSA despite numerous controversies 6-10. Nasal obstruc-
tion leads to mouth breathing, which is thought to desta-
bilise the upper airway and aggravate OSA 7-9. Moreover, 
nasal breathing obstruction might represent a factor influ-
encing the clinical history of this disease as well as the 
patient’s compliance with CPAP 8-11. 
What is the cause of nasal obstruction in OSA patients? 
Based on current knowledge about these patients, three 
conditions could be considered as the cause of the nasal 
breathing obstruction: anatomical conditions of the nose 
(septum deviation, hypertrophy of the inferior turbinates), 
chronic rhinosinusitis (CRS) and, as recently reported, 
nasal inflammation 5-13. 
The effect of anatomical abnormalities of the nose on the 
sleep disorders has been analysed by different authors, 
who confirm an  improvement in the number of apnoea/
hypopnoea episodes following surgical correction of na-
sal abnormalities (septoplasty or turbinoplasty) 6-10. It has 
also been well established that CRS causes impaired sleep 
quality and represents a risk factor for sleep apnoea and 
daytime sleepiness 14 15. 
Recently, Zheng et al.  16 reviewed the literature and 
suggested a possible correlation between rhinitis and 
nasal obstruction in OSA patients. Today, it is gen-
erally accepted that the chronic nasal inflammation 
present in allergic and non-allergic rhinitis is a cause 
of increased nasal airway resistance due to mucosal 
swelling  9-13. Therefore, nasal inflammation caused 
by these conditions may be a factor influencing na-
sal mucosa swelling and obstruction in OSA patients 
during sleep 10-13 16. However, these conditions cannot 
be identified from clinical assessment, nasal symptom 
scores or rhinomanometry, and need to be studied us-
ing specific tests such as the skin prick test and nasal 
cytology 9-12 17. 
In our opinion, the conditions responsible for nasal ob-
struction should not be considered separately in OSA 
patients but rather as a whole, since they may overlap 
and contribute in different ways to nocturnal nasal ob-
struction. No study has so far analysed the incidence 
of these different nasal conditions (AR, NAR, CRS) in 
OSA patients and their relationship to nasal obstruction. 
According to the above observations, we designed a 
prospective study with the subsequent aims: 1) perform 
an extensive evaluation of all rhino-sinusal aspects in 
OSA patients; 2) characterise the presence of allergic 
rhinitis (AR) and non-allergic cellular rhinitis. 3) cor-
relate the different rhino-sinusal pathologies with nasal 
obstruction.

Materials and methods 

Subjects
Patients affected by OSA were enrolled in our prospective 
clinical observational study at the “Organi di Senso” De-
partment of the “Sapienza” University in Rome between 
December 2014 and January 2018. 
Subjects eligible for the study were initially selected 
from patients referred to our Department with suspect-
ed OSA. All these patients underwent polysomnogra-
phy (PSG) for diagnosis of this pathology. In accord-
ance with the American Academy of Sleep Medicine 
(AASM), diagnosis and classification of OSA patients 
were performed on the basis of the apnoea + hypopnoea 
index (AHI) index. Patients were classified as normal 
(AHI was < 5/h), mild (AHI ≥ 5 and < 15 plus typical 
symptomatology), moderate (AHI  ≥  15 and  <  30) and 
severe (AHI ≥ 30) 18 19. 
Patients who had undergone surgery to the nose and/or 
rhino-sinusal surgery were excluded from the study. No 
patients were undergoing treatment with a CPAP device 
at home. Patients who were receiving topical or systemic 
steroids or other nasal therapies were also excluded from 
the study.
Clinical data, including height and weight, in order to cal-
culate body mass index (BMI), medical history, tobacco 
use and a list of current medications were initially col-
lected for each patient. 
Nasal obstruction and possible presence of the three situa-
tions believed to cause OSA (nasal abnormalities, chronic 
sinusitis, allergic and non allergic cellular rhinitis) were 
investigated in all patients.

Nasal respiratory obstruction
The diagnosis of nasal respiratory obstruction was per-
formed by clinical evaluation (self-reported sensation of 
nocturnal nasal obstruction and dry mouth upon awaken-
ing) and a rhinomanometry test. Anterior rhinomanom-
etry is widely used to evaluate nasal resistance. It has been 
reported in the literature 20 that the mean total resistance 
in normal subjects ranges between 0.10 and 0.3 Pa/cm3/s, 
with a mean of 0.25 Pa/cm3/s. For this reason, total nasal 
airway resistance > 0.3 Pa/cm3/s was considered patho-
logical. 

Nasal abnormalities 
All patients were submitted to ENT physical examina-
tion with nasal endoscopy (2.7 mm 0° rigid endoscope) 
to evaluate the features of nasal structures (septum devi-
ation, hypertrophy of the inferior turbinates) and detect 
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anatomical abnormalities responsible for nasal obstruc-
tion.

Chronic rhinosinusitis
A diagnosis of CRS was made according to the EPOS 
classification of rhinosinusitis  21 which considers pa-
tients with two or more signs and symptoms (bilateral 
nasal obstruction, nasal discharge, facial pain/ headache, 
subjective olfactory dysfunction) for 12 or more weeks, 
without complete resolution. Any rhinosinusal patholo-
gies (such as nasal polyposis, aspects of chronic rhinosi-
nusitis, nasal infection) were also investigated during 
nasal endoscopy.
Moreover, all patients underwent CT scan of rhinosi-
nusal structures (axial, coronal and sagittal projections, 
without the use of intravenous contrast) at the same time 
as the ENT examination to confirm or exclude CRS. 

Allergic and non-allergic cellular rhinitis (AR and NAR)
According to ARIA diagnostic criteria 22 patients with at 
least 2 of the allergic rhinitis (AR) symptoms were in-
vestigated for AR (suggestive symptomatology according 
to Skin prick test/IgE positivity) and non-allergic cellular 
rhinitis (NAR). Cellular rhinitis was diagnosed by nasal 
cytology in patients with a clinical suggestive history of 
AR, but without allergic sensitisation (skin prick test/IgE 
positivity) 11 22-24.
Patients with rhinopathy were subdivided on the basis of 
the prick test and of nasal cytology into subjects with AR 
or with NAR 11 22-24. Cellular forms were further sub-divid-
ed on the basis of cytotype 11 24.
In accordance with the European Academy of Allergy and 
Clinical Immunology, standardised allergen panels were 
employed to detect an IgE-mediated allergic response in 
all CVID patients 22 23. The allergen panel consisted of the 
following: house dust mites (Dermatophagoides farinae 
and pteronyssinus), cat and dog hair, grasses mix, com-
posite mix, parietaria judaica, birch, hazel tree, olive tree, 
alternaria tenuis, cladosporium and aspergilli mix; the 
concentration of allergen extracts was 100 IR/mL (Stal-
lergenes, Milan, Italy). Sensitisation was considered pre-
sent when the diameter of local reaction was equal to or 
greater than 3 mm 22 23.
Scrapings of the nasal mucosa were placed on a micro-
scope slide,  fixed for air dry and stained by the May-
Grunwald-Giemsa method  11  24. The semi-quantitative 
analysis proposed by Meltzer et al. 25 was used to evaluate 
nasal cytology. 
According to the semi-quantitative analysis and to the re-
sults of skin prick tests, patients were classified as nor-
mal or as having AR or NAR 11 22-25. NAR subjects, also 

defined as cellular rhinitis, were further subdivided into 
NARNE (neutrophils  >  50% with absent spores and 
bacteria); NARES (eosinophils > 20%); NARMA (mast 
cells > 10%); NARESMA (eosinophils > 20% and mast 
cells > 10%) 11 24 25.

Diagnosis of rhino-sinusal pathologies 
By comparing the results of the above mentioned tests, 
different conditions were diagnosed: isolated nasal abnor-
malities, chronic rhinosinusitis (CRS),AR), AR  +  CRS, 
NAR and NAR + CRS. Each of these conditions was cor-
related with the presence of nasal obstruction.

Statistical analysis
A Student’s T test and χ2 test were employed to evaluate 
the significance of multiple factors. A p value of < 0.05 
was taken as the threshold of statistical significance. This 
research study was performed in accordance with the 
principles of the Declaration of Helsinki and approved by 
the local Ethics Committee of the University ‘‘Sapienza’’ 
of Rome. All patients gave written informed consent for 
the PSG, CT scan and other rhinologic tests of the study.

Results
55 patients with a diagnosis of OSA were enrolled in the 
study. The mean age of the study group was 55.2 years 
(range 35-79): 33 subjects were male and 17 were female.
The clinical characteristics of the study group are reported 
in Table I.
In 35 (70%) patients with OSA, nasal obstruction was 
confirmed by clinical evaluation and rhinomanometry 
testing (Table  I). No difference emerged between OSA 
subgroups and the incidence of nasal obstruction using the 
chi square test (p > 0.5 in each case). This was confirmed 
by regression analysis between AHI index and mean na-
sal airway resistance calculated with the rhinomanometry 
test (p = 0.7) (Fig. 1). 
The diagnostic protocol used in this study showed that 
normal rhino-sinus aspects were present in only 20% of 
OSA patients, whereas one or more pathological rhino-
sinus conditions were present in the remaining 80%. 
The incidence of the different rhino-sinus pathologies 
present in OSA patients is reported in Table II. Interest-
ingly, the incidence of OSA patients with a diagnosis of 
AR and NAR was 18% and 26%, respectively. 
In patients with a diagnosis of AR or NAR, mean AHI did 
not differ from those without rhinitis diagnosis (p > 0.05 
in each case; Fig. 2).
In 82.5% of patients suffering from a pathological rhino-
sinus condition, nasal obstruction was present. There was 



Obstructive sleep apnoea syndrome

253

a significant difference between normal and pathological 
subjects regarding nasal obstruction (p = 0.004).
Analysing the different pathological rhino-sinus conditions 
regarding the simultaneous presence or absence of nasal 
obstruction, interesting aspects emerged (Table II): 100% 
of patients with AR, CRS and AR+CRS showed nasal ob-
struction, whereas this condition was present in 92.3% of 
patients suffering from NAR. Different from these inflam-
matory conditions, only 60% of patients with isolated nasal 
abnormalities (nasal deviation, inferior turbinate hypertro-
phy etc.) had a diagnosis of nasal obstruction. 
Table III displays a subdivision of different pathological 
rhino-sinus conditions according to Nasal Cytological 
Outcomes classification. Non-allergic rhinitis with neu-

Table I. Clinical characteristics of the study group.

OSA patients 
50 pts

Mean age 55.2 years (range 35-79 years old)
Mild OSA: 54.5
Moderate OSA: 55.1
Severe OSA: 57.4

Sex 33 male 
17 female

BMI (mean value) 32.5

OSA severity Mild OSA
15 pts (mean AHI = 10.9)
Moderate OSA
18 pts (mean AHI = 21.5)
Severe OSA
17 pts (mean AHI = 42.6)

NASAL OBSTRUCTION
(Clinical evaluation + 
rinomanometry) 
Mild OSA
Moderate OSA
Severe OSA

35 pts

10 pts
11 pts
14 pts

70% 

20%
22%
28%

Fig. 1. Regression analysis between AHI index and mean nasal airway re-
sistance calculated with the rhinomanometry test (p = 0.7).

Fig. 2. Mean AHI value of patients without rhinitis and patients with allergic 
rhinitis and non-allergic rhinitis diagnosis.

Table II. Different rhino-sinusal pathologies present in OSA patients.

OSA patients
N (%)

OSA patients with nasal 
obstruction N (%)

OSA patients without nasal 
obstruction N (%)

Number of patients 50 35 (70%) 15 (30%)

Normal rhino-sinusal aspects 10 (20%) 2 (20%) 8 (80%)

Pathological rhino-sinusal aspects
Isolated nasal abnormalities  
(nasal septum deviation, inferior turbinate hypertrophy)
Chronic rhinosinusitis (CRS)
Allergic rhinitis (AR)
CRS + AR
Non-allergic rhinitis (NAR)
NAR + CRS

40 (80%)
15 (30%)

3 (6%)
4 (8%)

5 (10%)
13 (26%)

-

33 (82.5%)
9 (60%)

3 (100%)
4 (100%)
5 (100%)

12 (92.3%)
-

7 (15.5%)
6 (40%)

-
-
-

1 (7.7%)
-
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trophils (NARNE) was the most frequent NAR diagnosed 
in OSA patients (20% of cases). In patients diagnosed 
with AR, numerous neutrophils and eosinophils, partially 
degranulated, were evident at cytology, whereas in all 
those diagnosed with CRS cytological characteristics of 
infective rhinitis were present.

Discussion
There is evidence showing that nasal obstruction can con-
tribute to the pathogenesis of OSA, decrease the quality of 
life in OSA patients, contribute to snoring and represent 
an obstacle for effective treatment with CPAP 6-11 26-28.
What is the cause of nasal obstruction in OSA patients? A 
systematic evaluation of nasal obstruction remains chal-
lenging due to the high number of factors that contrib-
ute to nasal obstruction 6 8 10. Currently, nasal obstruction 
evaluation in OSA patients in most medical environments 
is limited to anterior rhinoscopy: this allows evaluation of 
anterior septal deviation, internal nasal valve angle and 
inferior turbinate size, but fails to identify other factors 
that could play a role in nasal obstruction  6-11. In addi-
tion, characteristics of the anterior nasal cavity frequently 
do not correlate with the patient’s symptoms and/or nasal 
breathing. Patients often complain of nasal obstruction 
despite no objective signs of anatomical abnormalities in 
the nasal cavity when examined with anterior rhinoscopy 
and/or nasal endoscopy 11 16. 
Other aetiologies for nasal obstruction such as chronic si-
nusitis or inflammatory problems such as AR and/or non-
allergic cellular rhinitis, could be the reason why noctur-
nal nasal breathing is absent 11 16.
In our observational study, it emerged that 70% of OSA 
patients displayed nasal respiratory obstruction. Normal 
rhino-sinusal aspects were present in only 20% of OSA 
patients examined, whereas one or more pathological 
rhino-sinusal conditions were present in 80% of enrolled 
patients. It is interesting to note that only 30% of these 
patients had isolated anatomical abnormalities, 6% had 

chronic rhinosinusitis, 18% AR and 26% NAR. These 
corroborate the results reported by Shadan et al.  29 who 
employed nasal cytology as a marker of clinically silent 
inflammation in a group of 38 OSA patients, diagnosing 
AR in 37% and NAR in 21% of subjects.
Regarding the cause of nasal obstruction in OSA patients, 
it should be noted that 95.4% of patients with nasal in-
flammatory conditions such as AR or NAR, suffered from 
nocturnal respiratory obstruction. In contrast, 40% of 
patients with isolated nasal abnormalities did not suffer 
from nasal obstruction. 
Some observational studies have shown how the nasal 
congestion induced by AR is an important factor in sleep 
impairment  12 16 30. One large population-based study in-
volving about 5,000 adults demonstrated that individuals 
reporting frequent nasal congestion (5 nights/month) due 
to allergy were almost twice as likely to have moderate-
to-severe SDB than individuals without nasal congestion 
due to allergy 15. Moreover, the incidence of AR among 
patients with OSA was recently estimated to be between 
11.7% and 27.1% with no significant differences in sleep-
ing parameters between allergic and non-allergic pa-
tients 10. 
The mechanism through which AR causes poor quality of 
sleep and daytime fatigue is not entirely clear, but several 
factors are believed to be involved. Inflammatory mediators 
such as interferon- (IFN-) gamma, tumour necrosis factor- 
(TNF-) alpha, interleukin- (IL-) 1b, IL-4, IL-10, postural 
changes and certain therapeutic agents, such as antihista-
mines, may have a direct impact on sleep regulation 12 13 16. 
However, like AR, non-allergic cellular rhinitis should 
also be considered among the possible causes of nasal 
congestion due to inflammation of the mucosa 11-13.
A high incidence of NAR of 28.7% in OSA has been re-
cently reported by Zheng et al.  12 using validated ques-
tionnaires and skin prick tests. The patients in this study 
with NAR had lower average arterial oxygen saturation 
and minimal arterial oxygen saturation, compared with 
subjects categorised as no-rhinitis.

Table III. Nasal cytological outcomes.

Nasal cytology Cytological characteristics Total of patients N (%)

Allergic rhinitis
(skin prick test +)

Numerous neutrophils and eosinophils, partially degranulated 9 (18%)

Non allergic cellular rhinitis 
NARNE
NARMA
NARES
NARESMA

Neutrophils > 50% with absent spores and bacteria
Mast cells > 10%
Eosinophils > 20%
Eosinophils > 20% and mast cells > 10%

13 (26%)
10 (20%)

-
2 (4%)
1 (2%)

Infective* Numerous neutrophils and bacteria 3 (6%)
*: patients with cytological characteristics of infective rhinitis was the same with a CRS diagnosis.



Obstructive sleep apnoea syndrome

255

According to the recent ARIA classification, in order to 
obtain a more precise classification of NAR, nasal cytol-
ogy tests should be performed in patients with sugges-
tive history of AR, but without allergic sensitisation (Skin 
prick test/IgE positivity) 11 22-24. 
Using these tests, Gelardi et al. 11 were the first to demon-
strate a subclinical nasal inflammation in patients with OSA 
in CPAP treatment. They showed that at cytology examina-
tion 9 patients (28.1%) had aspects of NARNE, 6 (18.7%) of 
NARES and 4 (12.5%) of NARESMA, whereas 5 (15.6%) 
patients showed cellular signs of AR with numerous neu-
trophils and eosinophils, partially degranulated: finally in 8 
(25%) patients the cytologic signs of rhinosinusitis charac-
terised by numerous neutrophils and the presence of bacteria.
Using the same diagnostic protocol as Gelardi et al. 11, in 
our study group of OSA patients NARNE was present in 
20% of cases, whereas NARES and NARESMA was seen 
in 4% and 2%, respectively.
Different from other studies, patients with a diagnosis of 
AR or NAR did not seem to have a mean AHI that was 
significantly different from that of patients not diagnosed 
with rhinitis 12 16 (p > 0.05 in all cases). Similar results have 
been reported by Kramer et al. 10 who found no significant 
differences in sleeping behaviour or polysomnography 
parameters comparing allergic and non-allergic patients. 
The results of the present study support and extend the 
observation that rhinitis is present in OSA patients 11 12 16. 
Mucosa inflammation caused by these conditions may 
further compromise upper airway patency by inducing 
nasal mucosa swelling. 
In our opinion, inflammatory conditions such as AR and/
or cellular rhinitis should be evaluated in OSA patients to 
avoid unnecessary surgical procedures, re-establish nor-
mal nasal function and improve compliance with eventual 
CPAP treatment  11  29-32. Notwithstanding, further studies 
are necessary to investigate inflammation mediators in na-
sal mucosa of OSA patients and correlate these with the 
presence of nasal obstruction and the severity of OSA. 

Conclusions
One or more pathological rhino-sinusal conditions were 
present in 80% of OSA patients evaluated in this study. 
The incidence of OSA patients with a diagnosis of AR 
and NAR was 18% and 26%, respectively. A diagnosis 
of AR or NAR does not seem to correlate with severity 
of AHI.
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Hearing loss in very preterm infants:  
should we wait or treat?
L’ipoacusia nei neonati estremamente prematuri: trattare subito o aspettare?

S. FREZZA1, P. CATENAZZI1, R. GALLUS2, F. GALLINI1, M. FIORETTI1, R. ANZIVINO2, M. CORSELLO1, F. COTA1, 
G. VENTO1, G. CONTI2
1 Department of Woman and Child Health, Division of Neonatology, 2 Department Head and Neck Surgery, Institute 
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SUMMARY

This study investigated hearing threshold changes during the first year of corrected age (CA) in infants admitted in a neonatal intensive care unit 
(NICU). In 5 years, 239 infants with birth weight (BW) ≤ 1,000 gm and/or gestational age (GA) ≤ 30 weeks were enrolled. Hearing was evaluated 
by oto-acoustic emission (OAEs) before discharge and auditory brainstem response (ABR) within 3 months of CA. Infants affected by unilateral 
or bilateral hearing loss were addressed to audiological follow-up until definitive diagnosis (within 6 months of CA). Changes in hearing threshold 
were also carefully analysed. 207 (86.6%) infants had normal hearing while 32 infants (13.4%) showed hearing loss (HL) at the confirmative ABR 
evaluation (9 mild, 16 moderate, 4 severe, 3 profound). The latter showed lower GA (27.7 ± 2 vs 28.4 ± 1.2; p = 0.0061) and BW (950 ± 390 vs 
1,119 ± 326 gm; p = 0.0085). At final evaluation, 15 infants (47%) recovered a normal hearing. HL was confirmed in 17 patients. Among these, 3 
infants were addressed to audiological follow-up (one case of mild unilateral hearing loss (UHL) and two with moderate UHL), while in 14 cases 
(44%) with bilateral sensory neural hearing loss (SNHL) (7 moderate, 4 severe, 3 profound) hearing aids were prescribed. They showed signifi-
cantly lower GA and longer hospital stay in the NICU in comparison with infants without indication for audiological habilitation (18 infants) (GA 
26.2 ± 2.2 weeks vs 28.4 ± 2.4; p = 0.01; NICU stay 132 ± 67 vs 59 ±  7; p = 0.0002). Definitive diagnosis was obtained at 5.9 ± 1.3 months of CA. 
Our study confirms the importance of audiological surveillance in preterm newborns. Hearing thresholds of preterm infants with hearing loss can 
change during the first year of CA and we observed normalisation in 47% of our patients. Most vulnerable to permanent SNHL were very preterm 
infants with a longer NICU stay, while a shorter stay represents a favourable prognostic factor for hearing improvement.

KEY WORDS: Preterm infants • NICU • Sensorineural hearing loss • Newborn Hearing Screening • Hearing Aids

RIASSUNTO 

Un’ipoacusia permanente infantile (IPI) può avere gravi conseguenze sullo sviluppo del linguaggio e delle abilità cognitive. Le IPI congenite 
hanno una prevalenza di circa 1,5-3 nuovi casi per mille neonati. Esistono tuttavia alcuni gruppi di bambini, come quelli ricoverati in unità 
di terapia intensiva neonatale (UTIN), in cui il rischio può essere 10-20 volte maggiore. La diagnosi precoce delle IPI consente di adottare 
misure altamente efficaci di trattamento/abilitazione. Non vi è, tuttavia, uniformità nella gestione del follow-up di questi bambini, con difficoltà 
nella definizione fisiopatologica del deficit uditivo e nella sua quantificazione. Scopo dello studio è stato quello di valutare la prevalenza delle 
ipoacusie e i risultati del follow-up audiologico in una popolazione di prematuri dimessi dalla UTIN. Sono stati inclusi nello studio i neonati 
con EG ≤ 30 settimane e PN ≤ 1.000 gr, nati nell’arco di 5 anni, dimessi dalla UTIN e seguiti presso il nostro Servizio di Follow-Up. Tutti 
sono stati sottoposti a registrazione di OAEs alla dimissione (dopo le 32 settimane di età post-mestruale) e ABR diagnostico (con strumenti e 
personale di laboratorio) entro i tre mesi di età corretta (EC). Tutti i bambini con ipoacusia mono- o bilaterale da lieve (soglia elettrofisiologia 
oltre 20, entro 40 dBnHL) a profonda (soglia > 90 dBnHL) sono stati controllati fino alla diagnosi audiologica definitiva, (entro i 5-6 mesi 
di EC) e sono state verificate, in particolare, le eventuali modificazioni della soglia elettrofisiologica entro i 12 mesi di EC. Di 239 bambini 
valutati, 32 (13,4%; EG 27 ± 2 sett, PN 950 ± 390 g) hanno presentato un’ipoacusia mono/bilaterale (9 lievi, 16 medie, 4 gravi, 3 profonde) ai 
tre mesi di EC. I 32 bambini con rilievo iniziale di ipoacusia hanno mostrato nei controlli successivi una normalizzazione della soglia uditiva 
in 15 casi (47%) e in 3 casi un’ipoacusia monolaterale (1 caso lieve, 2 casi media) che non ha richiesto protesizzazione. In 14 casi (44%) (EG 
26,2 ± 2,2 sett, PN 820 ± 330 g) è stata confermata una diagnosi di ipoacusia neurosensoriale bilaterale (7 medie, 4 gravi, 3 profonde). In 
questi ultimi la diagnosi di conferma è stata completata entro il 5°mese di EC, con protesizzazione acustica, attuata in media a 5,9 (± 1,3 mesi) 
di EC. Lo studio conferma l’importanza dell’intervento audiologico nella gestione dei neonati estremamente prematuri. Le soglie uditive dei 
neonati pretermine con ipoacusia possono cambiare durante il primo anno di EC e noi abbiamo descritto una normalizzazione nel 47% dei 
nostri pazienti. Maggiormente predisposti all’IPI erano i neonati estremamente pretermine con una permanenza in UTIN più lunga, mentre 
una durata inferiore del ricovero si è rivelata essere un fattore prognostico favorevole per il miglioramento della soglia uditiva.

PAROLE CHIAVE: Neonati pretermine • UTIN • Ipoacusia neurosensoriale • Screening uditivo neonatale • Protesi acustiche
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Introduction
Permanent bilateral hearing loss (PHL) affects 1-3/1000 
live births in wellborn infants and 2-4/100 infants in the 
neonatal intensive care unit (NICU) population 1-3. In or-
der to achieve effective treatment, congenital or perinatal 
hearing loss should be recognised within three months of 
life, with confirmative audiological diagnosis and early 
intervention before the 6th month of age 4. Early treatment 
is essential, as the first year of life is critical for normal 
development of speech and language, as well as intellec-
tual and emotional growth 5-7.
Preterm infants, with an increased risk for SNHL and au-
ditory neuropathy spectrum disorders, are screened with 
auditory brainstem response (ABR) which allows objec-
tive and accurate assessment of the hearing function, with 
normal variation according to age due to physiological 
maturation of the auditory pathway 7.
In the last few years, an improvement over time with re-
gards to initial hearing thresholds in infants who failed 
newborn hearing screening has been reported in several 
studies 1 2 8 9. Changes in hearing threshold in infants can 
depend on factors temporary affecting the auditory pe-
riphery as well the neural pathway and/or on a delay in 
“auditory maturation” 9-11. This latter factor seems to have 
a major role in premature infants, whose behaviour has 
been addressed in studies based on both heterogeneous 1 2 
or homogeneous 12-14 groups of children.
Most of these studies lack uniformity with regards to the 
degree of prematurity, age of the first audiological diagno-
sis, definition of the hearing loss level and procedures and 
methodology of follow-up. In addition, they are usually 
based on retrospective/descriptive analysis of small series 
of infants. 
This study reports the prevalence rates of SNHL in a 
cohort of preterm infants admitted in the NICU of “A. 
Gemelli” Hospital in Rome. We prospectively analysed 
changes in threshold during the first 12 months of CA 
in infants who resulted affected by hearing loss at initial 
evaluation on the basis of homogeneously applied objec-
tive procedures.

Materials and methods
From January 2009 to December 2014, 245 infants with 
birth weight (BW)  ≤  1,000  gm and/or GA  ≤  30 weeks 
who were treated in our NICU were included in the study. 
These infants were enrolled prospectively in our follow-
up monitoring, within the first weeks after discharge. Mul-
tidisciplinary health assessments occurred at 40 weeks of 
post menstrual age (PMA) and at 3, 6, 9 and 12 months 
of CA. 

A schematic overview of the neonatal hearing screening 
program in our Division for NICU infants is shown in 
Figure 1. For the purpose of the present study, all infants 
underwent a diagnostic ABR recording at about 3 months 
(+ 2 weeks) of CA. Infants affected by hearing impair-
ment where then addressed, within 5-6 months of CA, to 
confirmative audiological evaluation, which was aimed to 
eventually activate the rehabilitation programme. Hear-
ing impaired children were further evaluated about every 
three months within the first year of CA.
The audiological evaluation consisted of history, otos-
copy, oto-acoustic emission (OAEs), diagnostic ABR and 
tympanometry.
Infants affected by bilateral hearing loss were also evalu-
ated with behavioural audiometry (behavioural obser-
vation audiometry or visual reinforcement audiometry, 
depending on the child’s age and participation) after con-
firmative physiological diagnosis and fitting of hearing 
aids. Results of behavioural evaluation are not considered 
in the present study.
ABRs were recorded in a soundproof and electrically 
shielded room. All children were in natural sleep through-
out the recording session. Both ears were sequentially 
tested. Stimuli were clicks 0.1 msec duration and alter-
nating polarity, presented by earphones (TDH-49P) at 
21.1/sec. ABRs were recorded using the ICS Chartr EP 
system, with an ICS Chartr PA-800 preamplifier. Surface 

Fig. 1. Schematic overview of the neonatal hearing screening programme 
for preterm infants in “A. Gemelli” Hospital.
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electrodes where placed at the ipsilateral ear lobe (-), 
vertex (+), or just ventrally to the bregmatic fontanelle, 
and contralateral ear lobe (ground) and impedance was 
kept under 5 kΩ. The signal was amplified (100 k) and 
filtered (50-3,000 Hz). Each trace was obtained by aver-
aging 500-1,500 single epochs and was replicated at least 
twice, mainly at the electrophysiological threshold level. 
This was determined as the lowest intensity level where a 
response could be assessed thorough the identification of 
the V wave, starting from 60 dB nHL, by a “20 dB down 
- 10-5 dB up” procedure. ABR measurements were per-
formed by an audiology technician under supervision of 
an expert physician. Our protocol did not include auto-
matic ABR.
TEOAEs measurements were performed using the Mad-
sen Accuscreen®, which performs an evaluation of a pa-
tient’s TEOAES through a noise-weighted averaging and 
counting of significant signal peaks. The stimulus sent 
through the probe is a non-linear click sequence at 60 Hz 
rate with a sound pressure level of 70-84 dB SPL with a 
self calibration depending on ear canal volume. 
Tympanometry was performed with a Tympstar® by Gran-
son Stadler with a 226/660 (depending on the age) Hz 
probe tone (85 dB SPL ± 1.5 dB).
Changes in hearing threshold were particularly analysed. 
Hearing loss was defined as: mild (20-40 dB nHL), mod-
erate (41-70 dB nHL), severe (71-90 dB nHL), profound 
(> 90 dB nHL) 4.
Parents were supplied with detailed informing brochures 
about significance and importance of the path of audio-
logical screening and rehabilitation, when needed.
With regard to terminology used to define the age of pa-
tients, the standardised definition of gestational age (GA), 
postmenstrual age (PMA) and corrected age (CA) was ap-
plied as reported by Engle in 2004 15.
For statistical analysis, continuous variables were pre-
sented as mean ± standard deviation (SD) and categori-
cal variables as number and percentage. Comparisons 
between continuous variables were performed using Stu-
dent’s t-test. Comparisons between categorical variables 
were performed using the Fisher’s exact test. A two-tailed 
p < 0.05 was considered significant. Statistical analyses 
were performed with Graph Pad Prism 4 software.

Results 
Among the 245 infants enrolled, only 6 (2.4%) were lost 
to follow up. 
At the initial ABR 207 of 239 (86.6%) subjects showed 
normal hearing thresholds, while 32 (13.4%) showed 
unilateral or bilateral HL (9 mild, 16 moderate, 4 se-

vere, 3 profound HL). Infants with hearing impairment 
showed a significantly lower GA (27 ± 2 vs 28.4 ± 1.2 
weeks; p = 0.0061) and BW (950 ± 390 vs 1,119 ± 326 g; 
p = 0.0085) in comparison to normal hearing babies.
Substantial changes in hearing threshold were observed 
during follow-up. Fifteen of 32 children with an initial 
finding of bilateral HL (47%) showed a normalisation of 
hearing threshold evaluations (Fig. 2). Figure 3 displays 
the changes in ABR in one of these infants. From an ini-
tial bilateral moderate/severe SNHL, there was a clear 
progressive improvement of hearing threshold. In par-
ticular, at the first ABR (performed at 40 weeks of PMA) 
the electrophysiological threshold was 60/50  dB nHL 
(right side) and 80  dB nHL (left side). When the baby 
was 3 months of CA, the threshold was unchanged on the 
right but showed a remarkable improvement on the left 
(30 dB nHL). In the following evaluation at 6 months of 
CA a substantial improvement of hearing was observed 
bilaterally, with threshold near to normalisation (left ear 
30 dB nHL, right ear 20 dB nHL).
To better appreciate the effective improvement pattern of 
these 15 infants, their 30 ears were evaluated separately. 
Hearing threshold improved from a moderate loss to a 
normal level in 12 ears (40%) and from a mild loss to 
normal hearing in 18 ears (60%). The average threshold 
variation was 20 ± 10.94 dB nHL (range 10-45 dB nHL).
Normalisation of hearing threshold was reached at the 

Fig. 2. Changes in hearing thresholds in our population at the time of first 
evaluation (ABR within 3 months of CA) and during hearing diagnosis and 
follow-up.
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mean age of 6.3 (+ 1.3; range 5-8) months of CA for mild 
loss and of 8.6 (+ 3.4; range 5-12) months of CA for mod-
erate loss.
Among infants with initial diagnosis of hearing loss, the 
threshold remained unchanged in 17 cases (53.1%): 10 
cases of mild-moderate loss and all 7 cases (21.9%) with 
higher degree of bilateral loss (4 severe, 3 profound). 
Among 17 patients affected by confirmed hearing loss, 
3 infants showed unilateral (mild to moderate) loss. In 
these cases, audiological and phoniatric monitoring was 
proposed and later improvement with recovery to normal 
hearing was observed within 15 months of CA. In the re-
maining 14 cases affected by bilateral SNHL (7 moderate, 
4 severe, 3 profound), acoustic amplification by hearing 
aids was indicated.
A definitive diagnosis of SNHL was reached by the fifth 
month of CA. When indicated, hearing aids were fitted at 
the mean age of 5.9 (± 1.3) months of CA.
None of our children were submitted to cochlear implan-
tation (CI) during the time period of our study.
Table  I shows the main neonatal features of infants 
with indication to aural habilitation (confirmed SNHL; 
14 cases) and infants in whom amplification was not 

needed (normal and unilateral hearing loss; 18 cases). 
Infants addressed to amplification showed significantly 
lower GA and longer hospital stay in the NICU (GA 
26.2 ± 2.2 weeks vs 28.4 ± 2.4; p = 0.0122 and NICU stay 
132 ± 67 days vs 59 ± 27; p = 0.0002).

Discussion 
Our study consists of an analysis of a homogeneous 
population of very preterm infants, admitted to “A. Ge-
melli” Hospital NICU, and followed prospectively after 
discharge. In our study we applied homogenous timing 
to perform initial electrophysiological evaluation by diag-
nostic ABR in all infants. We believe that this evaluation 
at 2-3 months allows for better comparison among infants 
and neonatal features, and reduces the possibility to detect 
temporary auditory dysfunction and, as a consequence, 
the risk of initial overestimation of hearing loss and an 
unjustified and dangerous increase in parental anxiety.
The prevalence of hearing loss in our group of very pre-
term infants was 13.4% at initial evaluation and 5.9% at 
confirmative diagnosis. This latter value is in substantial 
agreement with the available literature data 14 16.

Fig. 3. Changes in hearing threshold in a preterm infant (GA 28.5 wk., PN 1160 g) in ABR performed at 40 weeks of postmenstrual age (PMA), 3 months 
and 6 months of corrected age (CA). The red traces refer to the stimulation of the right ear, the blue traces refer to the left one.
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We observed a trend towards improvement of hearing 
threshold in the first months of life in many infants, as 
already observed in several previous studies. In particu-
lar, 47% of our babies showed normalisation of initial 
mild-moderate hearing losses at final diagnosis. Coenraad 
et al. 1 showed an overestimation of hearing loss and an 
improvement in threshold (even with normalisation), in 
a heterogeneous population, also including term infants 
(GA median 34.7, interquartile range 27.3-39.3 weeks). 
Kang et al. 2 reported an improvement in hearing threshold 
even if these authors evaluated only 13 preterm subjects 
for 6 months, without providing any neonatal features. 
Preterm infants were also studied by Jiang et al.  17 who 
studied changes in hearing threshold in neonates born be-
low 30 weeks of gestation at 28-42 of CA and found aver-
age changes from 28 dB at 28 weeks of CA to 13 dB at 
42 weeks, without extending the audiological follow-up. 
Bovo et al. 11 studied 7 premature children within an het-
erogeneous group of potential candidates to CI and found 
improvement from a severe/profound degree of hearing 
loss up to mild degree/normalisation in all cases.
Hof et al. 9 retrospectively studied 14 preterm infants catego-
rised as “refer” at hearing screening. These authors observed 
a tendency towards improvement of abnormal threshold in 
some subjects born at 28 weeks of GA or less. Among 3 chil-
dren showing hearing improvement, two had moderate hear-
ing loss with an initial diagnosis at one month of CA, while 
the third one had profound hearing loss initially diagnosed at 
only 33 weeks of PMA. Hof et al. 9 suggested that lower GA 
at birth and lower birth weight may be associated with better 
prognosis for hearing improvement.
After separating our infants in two subgroups, with and 
without indication for amplification, we found that infants 
with indication for hearing aids showed significantly low-
er GA and longer stay in NICU in comparison with infants 
without indication to audiological treatment. Taking into 
account the results of audiological follow-up, our data 
suggests that higher GA and shorter NICU stay represent 
favourable prognostic factors for hearing improvement 
within the first year of life. On the contrary, lower GA at 
birth and longer stay in NICU should be considered unfa-

vorable prognostic factors for degree of hearing loss and 
improvement of hearing after initial electrophysiological 
diagnosis. Our results, based on a larger group of infants 
and with a homogeneous benchmark for initial diagnosis, 
is in contrast with those of Hof et al. 9.
Very premature infants are at high risk for hearing loss and 
their evaluation has to be prompt and accurate to ensure 
early (within the accepted boundary of 4-6 months of CA) 
activation of habilitation which can, in addition, promote 
auditory pathway maturation  18-20. However, this category 
of children requires particular caution because of the com-
monly observed changes in auditory dysfunction. This as-
pect is critical in choice and timing of treatment, but also 
in communication and counseling to the parents of our pa-
tients. Accurate audiological surveillance is needed beyond 
the time of confirmative diagnosis. We found that most 
hearing threshold changes occur within about 6 months, 
but can be observed up to 12 months of CA. Our data sug-
gest that changes in hearing threshold from initial diagnosis 
are more common in premature infants with higher GA at 
birth and shorter NICU stay and in mild/moderate degree 
of loss. On the contrary, our results suggest that changes 
are less likely to be found in infants with lower CA at birth 
and longer NICU stay and in cases with initial diagnosis 
of severe/profound hearing loss. However, we believe that 
reported observations of improvement (even to normalisa-
tion) of hearing in these categories of infants justify the 
recommendation of accurate audiological follow-up until 
80-85 weeks of GA before changing habilitative indication, 
mostly in the case of CI 9 11 21 22.

Conclusions 
Our study confirms the key role of audiological interven-
tion in the management of very premature infants due to 
the prevalence and characteristics of hearing dysfunction 
in these patients.
We recommend initial electrophysiological evaluation of 
these infants performed at 2-3 three months of CA and 
followed by confirmative diagnosis within 5-6 months 
of CA.

Table I. Clinical characteristics of infants without hearing aids (normal or unilateral hearing loss) or with indication for hearing aid (confirmed bilateral SNHL).

Infants without hearing aids
(18 infants)

Infants with hearing aids
(14 infants)

p

Gestational age (weeks - mean ± SD) 28.4 ± 2.4 26.2 ± 2.2 0.0122

Birth Weight (grams - mean ± SD) 1,045 ± 333 820 ± 330 ns

SGA (%) 22.2 28.6 ns

NICU stay (days - mean ± SD) 59 ± 27 132 ± 67 0.002
NICU: Neonatal Intensive Care Unit; SGA: Small for Gestational Age; SNHL: Sensorineural Nearing Loss; SD: Standard Deviation.
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Accurate audiological follow-up in very premature infants 
should continue until 8-10 months of CA (in particular up 
to 80-85 weeks in candidates to CI).
Particular attention to possible changes in audiological di-
agnosis should be considered in infants with higher GA at 
birth, shorter admission in NICU and hearing loss of mild/
moderate degree.
Further studies are needed to better delineate conditions 
associated with uncertainty and variations in audiological 
data in premature infants and to increase reliability of the 
procedures of audiological diagnostic set-up.
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SUMMARY

Height intolerance often includes various clinical conditions ranging from physiological height instability, which is a common condition, to 
acrophobia, considered to be a specific phobia in the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-V). Visual 
dependence is commonly reported in patients with height intolerance, and physiological mechanisms may include conflicting information 
from visual cues on one hand and vestibular-proprioceptive cues on the other. This study examines the physiological mechanisms underly-
ing height intolerance and phobic-cognitive mechanisms leading to more severe clinical manifestations (i.e. acrophobia). Diagnosis mainly 
relies on history, while the use of specific questionnaires has been proposed in a clinical setting. Treatment includes physical therapy with 
the purpose of habituation to the condition; on the other hand, psychological disorders should be considered and treated. Finally, our own 
experience in treating patients with height intolerance is included. In a sample of 164 acrophobic patients with imbalance lasting for at 
least 6 months, a prevalence of females was found (59.7%); among comorbidities, motion sickness (51.8%), migraine (50.6%) and panic 
disorders (18.9%) were reported. Interestingly, acrophobia always preceded the first panic attack.

KEY WORDS: Fear of height • Height intolerance • Acrophobia • Vestibular system • Phobic disorders

RIASSUNTO 

Il termine “mal d’altezza” comprende spesso condizioni cliniche differenti che vanno dalla fisiologica instabilità, che può essere conside-
rata una condizione comune, all’acrofobia, che è stata inclusa tra le forme fobiche specifiche nella quinta edizione del Manuale Diagno-
stico e Statistico dei Disturbi Mentali (DSM-V). Una dipendenza dalle informazioni visive è comunemente descritta nei pazienti con mal 
d’altezza; i meccanismi fisiologici alla base del disturbo potrebbero essere le informazioni contrastanti provenienti dal sistema visivo da 
un lato e propriocettivo-vestibolare dall’altro. Il nostro studio esamina le pubblicazioni relative ai meccanismi fisiologici che producono 
il mal d’altezza e ai disturbi di tipo fobico-cognitivo che producono le manifestazioni cliniche più severe (i.e. acrofobia). La diagnosi si 
basa essenzialmente sulla storia clinica e l’uso di questionari specifici è stato proposto come il migliore metodo di indagine. Il trattamento 
comprende una fisioterapia specifica con lo scopo di abituare il paziente alla condizione; d’altro canto i disturbi psicologici che producono 
i quadri clinici più severi devono essere indagati e trattati. Infine, abbiamo incluso la nostra esperienza clinica sull’argomento. In un cam-
pione di 164 pazienti acrofobici e con instabilità presente da almeno 6 mesi, abbiamo trovato una prevalenza del sesso femminile (59,7%); 
tra le comorbidità la cinetosi (51,8%), l’emicrania (50,6%) e le patologie da panico (18,9%) erano i più comuni. Può essere rilevante 
notare come in questi soggetti l’acrofobia abbia sempre preceduto il primo attacco di panico.

PAROLE CHIAVE: Vertigine da altezza • Intolleranza all’altezza • Acrofobia • Sistema vestibolare • Disordini fobici
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Introduction
Height vertigo or visual intolerance to height refers to 
psychological, neurovegetative and behavioural disorders 
that affect predisposed individuals following exposure to 
height. It is the core part of a spectrum of manifestations 
ranging from physiological instability to height and ac-

rophobia 1 The predisposing factor is thought to be con-
flicting information arising from vestibular, somatosen-
sory and visual cues when there is an excessive distance 
of the stationary reference frame at the periphery of the 
visual field preventing perception of the body’s oscilla-
tions, which is required for locomotion and to maintain 
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an upright position; psychological factors may also play a 
role in the disorder 2. It affects about a third of the general 
population, and in about half of cases significantly im-
pacts the quality of life. It can be treated with appropriate 
recommendations or with proper rehabilitation, psycho-
therapy and drugs 3.
The research was performed on PUBMED and SCOPUS. 
To clarify our selection criteria a flowchart is shown (Fig. 1).

A proposed physiological mechanism  
for height intolerance
Correct postural control and correct spatial orientation are 
essential requirements for human survival and are the re-
sult of an evolutionary pathway that started around 6 million 
years ago when we gained the upright position. It requires 
univocal information from vestibular, somatosensory (tactile 
and proprioceptive) and visual cues. The tactile component 
is mainly represented by pressure sensors on the sole of the 
foot, providing information on how the foot approaches the 
ground, while the proprioceptive component, represented 
by the musculotendinous and articular receptors, informs us 
on the relationships between the different parts of our body 
(trunk, neck, limbs). The vestibular system works as a sen-
sor for head accelerations and, more importantly, as a sensor 
for gravity. The visual system, both foveal and peripheral, 
gives us information about the external environment: the 
shape, size, distance and movements of the objects around 
us and movements of our head in the visual scene 1.
When we stand still in a static environment, our postural 
control is maintained through continuous small oscilla-
tions laterally and back to front. In this situation, visual 
information overcomes somatosensory and vestibular in-
formation, reducing oscillations by 50-100% 4.
In order to detect the displacement of an object by the eye, 
the image must slide on the peripheral retina by at least 20’ 
of arc. Knowing that we oscillate about 2 cm laterally under 
normal conditions, the 20’ of arc threshold is reached in a 
static field of view at a distance less than 3 m. If this distance 
increases, the amplitude of the retinal slip is reduced with 
resulting conflicting information between the somatosen-
sory and vestibular systems on the one hand, perceiving our 
oscillations, and the visual system on the other, perceiving 
a static visual field 3-7. This is what physiologically happens 
when there are no static reference points near our field of 
vision, as on a mountain or on a roof or on a terrace of a 
tall building 2. This conflicting situation can be avoided or 
reduced by increasing the amplitude of postural sways in or-
der to increase visual control. It has been calculated that the 
amplitude of sways of our body cannot exceed 10 cm, corre-
sponding to a height of 20 m, which represents the threshold 

beyond which one is not able to maintain an upright position 
and increases the risk of falls 3.
The reduction or loss of visual information to postural 
control in all individuals (100%) provokes a variable 
amount of instability that can be considered physiological 
and defined as physiological visual instability at height. In 
susceptible individuals (around 30% of the general popu-
lation), the same condition generates a state of discomfort 
and anxiety with neurovegetative and motor symptoms. 
This condition is considered to be pathological and is 
called height vertigo or visual intolerance to height. Fi-
nally, in 6.4% of the general population (8.6% of women 
vs 4.1% of men), this condition is so unpleasant that it 
becomes a genuine phobia, as defined according to the 
criteria of the Diagnostic and Statistical Manual of Men-
tal Disorders, 5th edition (DSM-V), requiring treatment: 
acrophobia or fear of height 8-10.
On the other hand, some individuals, known as risk tak-
ers/risk seekers, take pleasure from the feeling of danger 
linked to exposure to height and the resultant release of 
catecholamines, and look for it voluntarily 11.

Epidemiology
Height intolerance affects 28.5% of the general popula-
tion; it is more common in women (32.4%) than in men 
(24.5%); it can begin at any age, but manifests more fre-
quently (30%) in the second decade of life with the high-
est prevalence being observed in women during the fifth 
decade 5. It often has a familiar trait and is correlated with 
migraine, motion sickness, anxiety disorders and depres-
sion 12.

Fig. 1. Search strategy flowchart.
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After initial onset, it can spontaneously improve in 31% 
of cases, persist unchanged in 52% and worsen in 13% 5.
In about half of cases, it becomes clinically significant and 
considerably impacts the quality of life. In more than 20% 
of cases, it can cause panic attacks and in 6.4% of cases, 
it worsens significantly to become acrophobia 5-7. A recent 
study focused on general phobic aspects of height intoler-
ance using the General Self-Efficacy Scale, a 10-item psy-
chometric scale designed to assess optimistic self-beliefs 
to cope with a variety of difficult demands in life. In it, the 
authors demonstrated an association between this scale 
and height intolerance 13. Primary school children can be 
affected by height intolerance, although it usually remits 
within a few years, possibly facilitated by repeated expo-
sure to the triggering situations 14. An overlap with agora-
phobia has been supposed, possibly based on commonly 
shared pathophysiological mechanisms (i.e. increased 
visual dependence in postural control)  15. Specific pho-
bias are more frequently associated with higher alcohol 
consumption; on the other hand, a recent questionnaire-
based study did not provide evidence of an association in 
subjects with height intolerance 16.

Clinical features:  
symptoms, signs and diagnosis
Looking down from a tower or from the roof or from the 
balcony of a tall building, climbing or descending a ladder, 
walking on a bridge or on a mountain, climbing, walking on 
a ridge or on an exposed path, travelling on a cable car or 
a chairlift are all conditions that can cause height vertigo 5.
The intensity of the disorder is strongly correlated to body 
position: it is highest when standing, it decreases when 
sitting or bending the knees and becomes minimal or 
disappears when lying down in the prone position. Ves-
tibular, neurological or visual disorders reducing visual 
acuity from afar can increase the disorder  3. It is more 
likely to manifest in some environmental situations that 
interfere with vision such as fog or semi-darkness, with 
some tactile and proprioceptive signals such as slippery 
ground, and with specific vestibular stimulations such as 
hyperextension of the head, which moves the macular re-
ceptors into an unnatural position. On the other hand, the 
somatosensory afferents that arise from leaning against a 
wall with your back or your side, the tactile stimulation of 
the hand touching a banister or a firm solid structure can 
relieve it. The same applies to the presence of nearby sta-
tionary reference points that are visible on the periphery 
of our visual field. In any case, the psychological attitude 
of the subject plays a lead role in the genesis of visual in-
tolerance to height because the level of anxiety and fear of 

the void can overestimate height perception when looking 
from above 17.
The disorders arise in predisposed individuals from the in-
terplay of postural and eye-gaze changes in a threatening 
situation with psychological factors. In fact, physiologi-
cal postural reactions may be recorded in healthy subjects 
when exposed to height even if virtual  18. According to 
some authors, subjects with a fear of heights are prob-
ably more prone to rely on visual information in postural 
control, compared to normal subjects. When exposed to 
optokinetic visual stimuli, they exhibit higher anxiety and 
an increased body sway  19. Subjects with height vertigo 
present an alteration of the standing position and gait, and 
of head and eye movements that are essential in exploring 
the surroundings. In an experimental setting, it has been 
demonstrated that exposure to height provokes changes 
in postural control, mainly increasing co-contraction of 
leg muscles; moreover, the severity of these changes cor-
relates with anxiety  20. Similarly, subjects with height 
intolerance walked more slowly on a 15 metre balcony, 
with reduced cadence and stride length; no changes were 
recorded when subjects performed the test walking with 
upward gaze or with eyes closed 21.
Likewise, changes in visual exploration have been demon-
strated during height exposure. Individuals with height in-
tolerance exhibit fewer and smaller amplitude eye-in-head 
saccades with a longer fixation time than in less suscep-
tible subjects. Moreover, spontaneous head movements 
were reduced with all three dimensions equally affected. 
Gaze-in-space, which expresses the ability to explore the 
surroundings by coordinated eye-head movements, cov-
ered a smaller total area of the visual scene 8 22 23. A recent 
paper showed that the height condition affects optokinetic 
gain, which was increased, and smooth pursuit, support-
ing neuro-anatomical evidence of threat-related mecha-
nisms influencing both oculomotor nuclei and vestibular 
reflex pathways; the authors emphasise how anxiety and 
cognitive activity may play a role in the performance of 
eye movements 24. Their results agree with the findings of 
previous studies, underlining the interference of fear on 
postural control and eye movements 11 25.
It could be argued that, as a consequence of these chang-
es, subjects with height intolerance exhibit a more cau-
tious, slow and rigid gait with reduced speed and length of 
steps when exposed to the triggering condition; saccades 
are reduced in number and amplitude, they last longer and 
are mainly directed on the horizontal plane. Spontaneous 
movements of the head are greatly reduced in number 
and speed in all directions and, consequently, the gaze-in-
space, which represents an indicator of eye-head move-
ment coordination, covers a smaller area of the visual 
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field and is strictly directed (frozen) toward the horizon. 
Changes of gait and eye movements are often associated 
with distress and neurovegetative symptoms 26.
Since there is no conclusive test to diagnose height in-
tolerance and its impact on quality of life, clinical his-
tory and above all, questionnaires are, at present, the best 
choice for this purpose. For evaluation of symptoms, they 
must be predictive of subjective dizziness, psychological 
distress and avoidance 27 28.

Treatment
When height intolerance becomes more severe and pre-
sents a considerable impact on quality of life, it can be 
included among phobias (acrophobia) based on DSM-V 
criteria 10 and must be treated accordingly with pharmaco-
therapy, psychotherapy and behavioural therapy.
Fortunately, the most common presentation of visual in-
tolerance to height is of little clinical relevance and mostly 
requires suggestions and recommendations, such as avoid-
ing exposure to heights and certain sports like climbing or 
mountaineering, to manage both the neurophysiological 
and psychological aspects of the disturbance. However, if 
a susceptible individual is exposed to height, some practi-
cal advice might be sufficient, such as to stop walking, to 
sit or lie down, to avoid looking down or far away but to 
fix on stable and nearby structures or to close the eyes, to 
reduce movement or hyperextension of the head, to lean 
against a fixed support even if only with the hand, to avoid 
wearing multifocal glasses or ski goggles, which prevent 
lateral peripheral vision, and to be mentally engaged in 
some cognitive tasks to shift attention from the apprehen-
sion of a possible fall 8 11.
Only more complex cases need rehabilitative therapy. 
Based on the visual dependence of these subjects, some 
authors have proposed exercise protocols not so different 
from those used in patients with agoraphobia and based on 
habituation; the phobic component must also be considered 
and treated with cognitive behavioural therapy 29-32.
Recent papers have focused on the possibility of using 
virtual reality in the habituation techniques, as well as 
using hypnosis, and these might offer an opportunity to 
decrease the phobic-cognitive disorders of more complex 
cases 33 34.

Conclusions
Height vertigo or visual intolerance to height is a very com-
mon syndrome that manifests in susceptible individuals 
following exposure to height that has been described since 
ancient times. Its relationship with vestibular disorders, in 

particular with persistent postural perceptual dizziness (PP-
PD), is still matter of debate.(35,36) It mainly presents with fear 
of falling or losing equilibrium, neurovegetative symptoms, 
reduced visual exploration and generalised contraction of 
antigravity muscles with a rigid and cautious attitude to 
standing position and gait. It originates from the interaction 
between psychological factors, mainly anxiety, and organic 
factors, such as the intersensorial conflict between visual, 
vestibular and somatosensory systems involved in postural 
control. It lies in the middle of a spectrum of disorders re-
lated to height exposure ranging from physiological visual 
instability to height up to acrophobia or fear of heights. 
Further research will allow a better understanding of the 
mechanisms behind this complex disorder that strongly im-
pacts on daily activities, on interpersonal relationships, and 
on overall quality of life.

Our experience
In order to assess comorbidities and clinical vestibular 
signs, among the records of 4850 outpatients who attended 
the tertiary Centre for Vestibular Disorders of San Raffaele 
Hospital between 2006 and 2017, we found 164 subjects 
referring fear of height and chronic dizziness without a life-
time history of vertigo of any kind. The inclusion criterion 
was the presence of both disorders for at least 6 months 
before consultation. Subjects were included if they experi-
enced fear of height interfering with the activities of every-
day life, such as standing on a ladder or a chair; moreover, 
they should have referred a persistent sensation of rocking 
or swaying, unsteadiness and/or dizziness without vertigo 
that had been present at least for the last 6 months. The age 
of onset of both disorders was noted. The mean age of the 
sample was 41.5 ± 8.7 years. Ninety-eight (59.7%) were 
female. A full clinical history was collected before exami-
nation, in particular for motion sickness, lifetime history 
of migraine and panic disorders (PD). Clinical examina-
tion included otoscopy, audiometric exam, Head Impulse 
test (from November 2013, a video HIT was performed), 
full bedside examination with video Frenzel, including 
positional tests, head shaking test and a 100 Hz vibratory 
test. Moreover, a static stabilometric exam (S.Ve.P - Am-
plaid) was performed. Results were compared with those 
of 100 normal subjects chosen to overlap for age and sex 
with controls (mean age 42 ± 7, 60 females). The sever-
ity of dizziness was measured by the 25-item Dizziness 
Handicap Inventory scale, validated Italian version, which 
generated a total score (range zero to 100) indicating the 
patient’s self-perceived level of handicap associated with 
the dizziness 37 38. DHI was further subdivided into phys-
ical (ranging from 0 to 28 points), functional (ranging 
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between 0 and 36 points) and emotional (ranging from 0 
to 36 points) subscores. A higher score indicates a more 
severe handicap.
Among comorbidities, lifetime episodes of headaches 
with migrainous features (pulsatile, associated with pho-
nophobia and photophobia, lasting for more than 4 hours 
and worsening on exertion) were reported by 83 of 164 
(50.6%) subjects; it was more frequent in females, since 
59 of 98 females (60.2%) reported it, whereas 24 of 66 
males (36.4%) reported it. Previous episodes of panic 
attacks requiring therapy were reported by 31 subjects 
(18.9%), with no difference between the two sexes, since 
19 of 98 females (19.4%) and 12 of 66 males (18.2%) 
referred it. An association was found between migraine 
and panic disorders (PD) since among 83 migraineurs, 
28 reported panic disorders whereas only 3 of 81 non-
migraineurs reported them (χ2 = 12.9, p = 0.0003). Among 
31 PD subjects, fear of height preceded the first panic at-
tacks in all subjects.
Eighty-five (51.8%) subjects reported motion sickness as 
children, while 59 (36.0%) still suffered from it as adults.
Finally, vestibular bedside examination was negative in 
132 subjects. A long-lasting smooth bipositional apo-
geotropic or geotropic nystagmus was found in 18 sub-
jects (11.0%), a positive skull vibration test in 12 sub-
jects (7.1%) and a positive head shaking test in 2 patients 
(1.2%); 3 subjects presented both a bipositional nystag-
mus and a vibration-induced nystagmus.
Results of static stabilometry are summarised in Table I. 
Stabilometric findings demonstrated increased values of 
parameters in patients above all in eyes closed conditions, 
underlining an increased dependence on visual cues. Re-
sults of the DHI questionnaire are reported in Table II. 
The DHI comprises 25 items; with a total score ranging 
between 0 and 100 points. 
Although our results are far from being conclusive, com-
paring the prevalence of comorbidities with previous 
studies on the general population, some conclusions can 
be drawn. Above all in our sample, the frequency of mi-
graineurs (50.6%) was higher than in a previous study, 

which reported a prevalence of 18.2% among females and 
6.5% among males 39. In the same way, PD was most rep-
resented among our subjects than in the general popula-
tion, in which a previous study estimated the prevalence 
to be in a range from 1.4% to 2.9% 40. On the other hand, 
it should be considered that a possible bias may arise from 
our inclusion criteria, since our subjects presented fear 
of height interfering with their daily activities and also 
reported chronic dizziness, so it can be argued that they 
presented acrophobia in a burden of symptoms of PPPD.
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3T MRI-based estimation of scalar cochlear implant 
electrode position
Valutazione con RMN 3-T della posizione degli elettrodi degli impianti cocleari 
nella scala cocleare

F. TEK1, S. MÜLLER1, E. BOGA2, H.B. GEHL2, D. SEITZ1, L.U. SCHOLTZ1, H. SUDHOFF1, I. TODT1

1 Department of Otolaryngology, Head and Neck Surgery, 2 Department of Radiology
Klinikum Bielefeld, Ruhr Universität Bochum, Germany

SUMMARY

Common techniques to evaluate intracochlear electrode position include ionised radiation by multi-slice computer tomography, digital 
volume tomography (MSCT, DVT) and flat panel tomography (FPT). Recent advances in the knowledge about handling MRI artefacts and 
the pain-free performance of MRI scans in cochlear implantees showed that estimation of the intracochlear electrode position is possible at 
1.5 T with perimodiolar or midmodiolar arrays. The aim of the present study is to evaluate the assessment of the ipsilateral scalar position 
of a cochlear implant lateral wall electrode by MRI sequences at 3T. In a prospective study we evaluated 10 patients implanted with a dia-
metrically bipolar implant magnet system with a lateral wall electrode in the intrascalar electrode position in an axial and coronal position 
and a T2 weighted sequence at 3T and a resolution of 0.8 mm. We compared the intracochlear position with routine postoperative DVT 
scan.  In all cases, the MRT-estimated scalar position corresponded with that estimated by DVT scan. In all cases, a scala tympani posi-
tion was present. While the position in the basal turn is reliably localisable, the first-turn visual assessment is difficult. Estimation of the 
intracochlear position of lateral wall cochlear implant electrodes by 3T MRI is possible for the basal turn. Electrode design plays a major 
role in visual assessment.

KEY WORDS: MRI • Cochlear implant • Electrode position

RIASSUNTO 

La valutazione del posizionamento dell’elettrodo di un impianto cocleare avviene generalmente mediante tecniche che utilizzano radia-
zioni ionizzanti come la tomografia computerizzata multi-slice (MSCT), la tomografia a volume digitale (DVT) o la tomografia flat-panel 
(FPT). Recenti sviluppi nella gestione degli artefatti in risonanza magnetica (MRI) e la possibilità di eseguire MRI senza arrecare comor-
bidità al paziente impiantato, hanno dimostrato che l’applicazione della MRI a 1,5 T è possibile per stimare il posizionamento dell’elet-
trodo di un impianto cocleare. Lo scopo dello studio è indagare il posizionamento scalare di un elettrodo a parete per mezzo di MRI a 3 
T. In questo studio prospettico sono stati arruolati 10 pazienti sottoposti ad impianto cocleare dotato di magnete bipolare, con elettrodo 
posizionato a livello intrascalare a parete. I pazienti sono stati valutati con MRI a 3 T, in sequenze T2-pesate con risoluzione di 0,8 mm, 
assiali e coronali. La posizione intracocleare dell’elettrodo osservata nelle sequenze MRI è stata comparata con quella ottenuta in DVT, 
eseguita routinariamente nel periodo postoperatorio. In tutti i casi la posizione scalare dell’elettrodo stimata in MRI era sovrapponibile a 
quella evidenziata in DVT. In tutti i casi è l’elettrodo è stato osservato nella scala timpanica. La posizione dell’elettrodo è stata valutata in 
modo affidabile a livello del giro basale della coclea, al contrario, la visualizzazione dell’elettrodo nei giri cocleari successivi è risultata 
difficoltosa. La valutazione con tecniche di MRI a 3 T del posizionamento dell’elettrodo a parete è possibile per il giro basale della coclea. 
La tipologia di elettrodo gioca un ruolo fondamentale nella stima visiva.

PAROLE CHIAVE: MRI • Impianto cocleare • Posizionamento dell’elettrodo
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Introduction
Estimation of intracochlear electrode position after CI 
electrode insertion is of high importance for audiologi-
cal outcomes 1. Radiological tools associated with ion-
ised radiation (CT, DVT, FPT) are mainly used to clarify 
this important question for the surgeon, technician and 
audiologist. Recent observations show of the possibility 

to perform radiation-free positional estimations of elec-
trode position. One option is positional estimation based 
on intraoperative electrophysiological measurements 2, 
with limitations in terms of the electrodes used and brand-
specific intraoperative electrophysiological measurement 
abilities.
Another option is the use of MRI scans to clarify this 
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clinically important question. Due to the internal magnet, 
MRI scans can be associated with complications such as 
pain or magnet dislodgements 3 4 at 1.5T, and scans can-
not be performed without removal of the magnet at 3T 
(current implant series, Cochlear Company, Sydney, Aus-
tralia). This observation limits the utility of MRI scans.
New studies show that the specific positioning of the im-
plant magnet allow MRI-based visual assessment of the 
internal auditory canal and the cochlea-even after the im-
plantation is performed 5 6. Recently, it was shown that es-
timation of the electrode position at 1.5T for perimodiolar 
or midmodiolar electrodes is possible 7.
3T scanning is known to provide increased visual reso-
lution. Diametrically bipolar internal magnet systems 
containing CI systems offer the opportunity of 3T MRI 
scanning without complications 8. This system contains 
an electrode that is positioned at the lateral wall of the 
cochlea. Lateral wall electrodes are known for their less 
effective visual localisation abilities in the CT, DVT and 
FTP in comparison to perimodiolar or midmodiolar elec-
trodes, due to their generally higher lateral position in the 
scala tympani.
The aim of the present study was to evaluate assessment 
of the ipsilateral scalar position of cochlear implant lateral 
wall electrodes by MRI sequences at 3T.

Materials and Methods
The study was approved by the institutional review 
board of Klinikum Bielefeld, Germany (IRB-klibi-
HNO-2017/05). Patients gave written informed consent 
for use of clinical records.
In this prospective study, 10 patients underwent 3T MRI 
scanning in a tertial referral centre. Between May 2017 and 
December 2017, all patients were implanted with a MED-
EL SYNCHRONY implant (MED-EL, Innsbruck, Austria) 
with a diametrically magnetised internal magnet. In all 
cases, the implant magnet was intraoperatively determined 
and positioned 7-9 cm behind the external auditory canal. 
All examinations were performed in a 3T MR imaging 
unit (Achieva, Philips Medical Systems, Best, NL) with-
out a headband on the first postoperative day. Addition-
ally, cone beam CT (NEW TOM VGI, Verona, Italy) was 
performed.
MRI scanning parameters:
TSE T2 2 D: TR: 3000 ms, TE 120 ms, slice thickness 
0.8 mm, voxel size 0.449 mm, F0V 230 ×199; 35 slices.
CBCT parameters:
FOV 15x15 cm, 10,48 mAS-20,52 mAS, KV 110, 360° 
followed by 2D and 3D reconstruction at an external 
workstation (NNT, main station).

Results
In all patients MRI scanning was performed without any 
pain or discomfort. Related to a scanning slice thickness 
of 0.8 mm, 7 to 8 pictures of the electrode inserted in the 
cochlea in the axial view were visible. In all scala tym-
pani-positioned cases, visualisation of the basal turn was 
possible with a diminished signal of the scala tympani and 
a persistent signal in the scala vestibuli (Fig. 2a). During 
the first turn, the signal at the axial overview was visible 
with improved quality compared to a previous study 7. 
The comparison between the regular axial view without 
an electrode (Fig. 1a,b) and the inserted electrode (Fig. 
2b) allowed for estimation of the inserted electrode in the 
first turn. A diminishing signal, which allows a differen-
tiation between a scala tympani or a scala vestibuli posi-
tion of the electrode, was difficult since in this series a 
CT-based scala vestibuli position is missing. The coronal 
view shows diminishing of the fluid signal of the elec-
trode (Fig. 4a,b) in comparison to the non-inserted coch-
lea (Fig. 3a,b). Coronal differentiation with a resolution of 
0.8 mm between the scala tympani and scala vestibuli was 
difficult. A simultaneous DVT scan allowed for determi-
nation of the observed MRI-based position.

Discussion
The scalar position of the cochlear implant electrode is of 
high clinical importance, as it significantly influences the 
understanding of speech 1 9. Therefore, post- or intraop-
erative estimation acts as a quality control for the surgery 
and is influenced by anatomy, electrode design and the 
surgeon’s expertise.
The techniques used thus far for visual electrode assess-
ment include the disadvantage of ionised radiation. The 
initial electrophysiological-based assessments of elec-
trode position seem to be successful under acute and long-
term conditions, but are electrode-dependent 2 and influ-
enced by the brand-specific properties for intracochlear 
electrophysiological measurement.
MRI observations on cochlear implantees have been 
shown to be possible for all implant systems-with restric-
tions in terms of the field strength of the scanner and the 
need for a headband 10 11. However, a persistent risk of 
magnet dislocation and a high rate of pain are known ob-
stacles for some of the implant systems 3 4.
The introduction of a diametrically bipolar internal mag-
net solved the problem of magnet dislocation and pain 8. 
Additionally, the observation of implant position-depend-
ent artefact removal out of the cochlear and internal audi-
tory canal area 5 6 allowed postoperative visual assessment 
of these otologically important regions. 
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In a previous study, it was shown that at 1.5T estimation 
of the electrode position by MRI is possible 7. However, 
the electrodes used in this study were non-lateral wall 

electrodes. It is more difficult to visually assess the intra-
cochlear position of lateral wall electrodes in DVT and 
FPT due to their high lateral position in the cochlear scala. 
In our study, we observed a positive correlation between 
CT-estimated positions and MRI observations. In all cas-
es, we observed a scala tympani position in the basal turn. 
Compared to the previous 1.5 T study, the assessment 
in our study is characterised by higher visual resolution. 
This is related to the higher resolution of scans at 3T. 
A difference between the fluid diminishing of the lateral 
wall electrode in this study and the perimodiolar/midmo-
diolar electrodes of the 1.5 T study was observed. While 
in both studies basal turn estimation of the electrode is 
easily possible, the more difficult assessment in the first 
turn is influenced by two factors: the scanner specific field 
strength and associated resolution abilities, and the elec-
trode itself. Because the estimation of the electrode in the 
first turn is difficult in our 3T study and possible in the 
1.5T study, electrode design thus seems to play a central 
role. Two points might explain the disadvantage of the 
lateral wall electrode used in terms of visual assessment. 
The first point is explained by a lower electrode volume 
of the lateral wall electrode in the first turn and therefore 
a lower fluid diminishing signal than a perimodiolar/mid-
modiolar electrode in this region.

Fig. 1. 3T TSE t2 0.8 mm axial cochlea: a) basal turn, b) first turn.

Fig. 2. 3T TSE t2 0.8 mm axial cochlea: a) basal turn inserted and not in-
serted, b) first turn with inserted electrode. Arrow indicates electrode-related 
signal diminishing.
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The second point has to do with the lateral position of the 
electrode in the scala itself. 
A limitation of the study is that a clear scala tympani to 
scala vestibuli translocation as a counterpart pattern for 
the scala tympani position was not observed. This is re-

lated to the lower translocation rate of lateral wall elec-
trodes  12. On the other hand, it is a disadvantage to the 
previously published 1.5T MRI study with a clear FTP 
and MRI-estimated visual translocation pattern of a peri-
modiolar electrode 7.

Fig. 3. 3T TSE t2 0.8 mm coronal cochlea: a) basal turn 1, b) basal 
turn 2.

Fig. 4. 3T TSE t2 0.8 mm coronal cochlea: a) basal turn 1, b) basal turn 2 
with inserted electrode.
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It can be assumed that with refined scanning protocols 
and prolonged scanning times better resolution will be 
possible.
Heating has a negative effect on neural structures when 
the temperature is increased to 43°C for more than 
30 min 13. The temperature increase of CI electrodes by 
a 3T scan is less than 3°C for 15 min scans. Usually the 
peak of temperature increase is reached during the first 
3-5 min (personal communication, MEDEL, Innsbruck, 
Austria). 
The postoperative MRI scanning at 3T allows high-res-
olution assessment of the internal auditory canal and the 
cochlea, if implanted with a diametrically bipolar inter-
nal magnet system. Ionised-free electrode assessment by 
MRI allows scanning in children. This opportunity is of 
reasonable clinical importance, even if it can be assumed 
that in a group of 400,000 CI-implanted patients, some 
developed a vestibular schwannoma after implantation. 
Another important reason for MRI scans in this patient 
group is the need for clarification of vertigo (e.g., infarc-
tion).
Therefore, the importance of postoperative MRI in the 
group of cochlear implantees with an otological and neu-
rotological indication should not be underestimated.

Conclusions
Estimation of intracochlear position of a lateral wall coch-
lear implant electrodes by 3T MRI is possible for the ba-
sal turn. Electrode design plays a major role for visual 
assessment.
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In Memoriam of 
Antonio Pastore

On Thursday January 3, 2019 a serious and unexpected 
bereavement struck the University of Ferrara: Professor 
Antonio Pastore suddenly died.
Antonio was born in Nocera Inferiore on July 23, 1946. 
He moved with his family to Ferrara and after leaving 
the high school specialising in classical studies (ma-
turità Liceo Classico), and graduated in Medicine and 
Surgery at the Estense University in 1973. His thesis 
was entitled “Electrocochleography”.
This initial love for audiology will always follow him, 
even if his subsequent activity was mainly devoted to 
surgical oncology under the guidance of his Masters, 
the late lamented professors Gianpietro Teatini and 
Carlo Calearo.
His entire academic career took place at the Otorhinolaryngology Clinic of Ferrara, first as a Resident, then as an or-
dinary Assistant, Associate Professor and since 2003 as Full Professor. From 1998 to November 2016 he masterfully 
directed the clinic developing teaching, clinical and research activities.
He was a member of numerous Italian and International Scientific Societies and Associations and author of over 300 
scientific papers. His main areas of interest were the study of neoplastic pathologies of the salivary glands in addition 
to audiology and laryngology.
I would like to remember Antonio Pastore, above all for the man he was.
A rigorous scientist in love with research and teaching, as witnessed by those who collaborated with him and the many 
fellow graduates under his leadership. He never forgot the respect for and comparison with students, and forever main-
tained a noble kindness in the relationship with patients to whom he always inspired confidence, courage and hope.
Outside the clinic he was a magnificent guest and an impeccable gentleman, always elegant and charismatic. For me he 
was a firm teacher but never authoritative. I owe a lot to him. He will remain in my memory and in the heart of all those 
who had the privilege of knowing him as an example and model of both professional and academic life.

Stefano Pelucchi
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UEMS 	 Miani C. 	 (Scad. Maggio 2020)
	 Motta Ga. (AUORL) 	 (Scad. Maggio 2021)
EHNS 	 Calabrese L.	 (Scad. Maggio 2020)
	 Motta Ga. (AUORL)	 (Scad. Maggio 2021)

CONSIGLIO DIRETTIVO AOOI (2018-2020)
Radici M.	 Presidente	 (Scad. Maggio 2020)
Barbara M.	 Presidente designato	 (2020-2022)
Bellocchi G.	 Vice-Presidente	 (Scad. Maggio 2020)
Della Vecchia L.	 Vice-Presidente	 (Scad. Maggio 2020)
Tortoriello G.	 Vice-Presidente	 (Scad. Maggio 2020)
Rugiu M.G.	 Segretario-tesoriere	 (Scad. Maggio 2020)
Bertolin A.	 Consigliere	 (Scad. Maggio 2020)
Crosetti E.	 Consigliere	 (Scad. Maggio 2020)
Capasso P.	 Consigliere	 (Scad. Maggio 2020)
Caporale C.	 Consigliere	 (Scad. Maggio 2020)
De Vito A.	 Consigliere	 (Scad. Maggio 2020)
Franzetti A.	 Consigliere	 (Scad. Maggio 2020)
Galfano M.	 Consigliere	 (Scad. Maggio 2020)
Nardone M. 	 Consigliere	 (Scad. Maggio 2020)
Palladino R.  	 Consigliere	 (Scad. Maggio 2020)	

Collegio dei probiviri
Barbieri F.		  (Scad. Maggio 2020)
De Benedetto M. 		  (Scad. Maggio 2020)
Laudadio P.		  (Scad. Maggio 2020)
Richichi M. 		  (Scad. Maggio 2020)
Villari G. 		  (Scad. Maggio 2020)

CONSIGLIO DIRETTIVO AUORL (2019-2021)
Nicolai P.	 Presidente	
de Vincentiis M.	 Vice-Presidente
Lauriello M.	 Segretario-tesoriere	
Benazzo M.	 Consigliere	
Berrettini S.	 Consigliere	
Iengo M.	 Consigliere	
Presutti L.	 Consigliere	
Canale A.	 Consigliere	
La Mantia I.	 Consigliere	
Rigante M.	 Consigliere	
Carta F.	 Consigliere	
Paludetti G.	 Past-President	
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Revisori dei conti (2017-2021)
Cocuzza S.
Pelucchi S. 

Collegio dei probiviri (2019-2021)
Conticello S.
Gaini R.
Martini A.
Passali D.
Pia F.

Comitato permanente per l’aggiornamento dello Statuto e del Regolamento (2017-2021)
Bussi M.
Iengo M.
Ricci G.

Temi scientifici 2020-2021

Congresso Nazionale SIO 2020
Relazione ufficiale 
“La malattia metastatica in oncologia testa e collo” a cura di Paolo Pisani
Tavola Rotonda ufficiale
“Le paralisi periferiche del nervo faciale: diagnosi, terapia e riabilitazione” a cura di  Livio Presutti

Relazione ufficiale SIO 2021
“Patologie di confine in Otorinolaringoiatria e loro trattamento” a cura di Gaetano Paludetti




