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Abstract
Surgery for ear, nose and throat (ENT) diseases most often aims to improve quality of life (QoL).
The extent of having QoL as an outcome in papers included in evidence-based medicine databases
is not known. In primary sinonasal surgery, the QoL outcomes and predictors and usability of
various QoL instruments need more clarification.
The aim was to: 1. Find out with a systematic literature review how the Cochrane database
currently includes the QoL dimension. 2. Investigate the effect of primary sinonasal surgery on
QoL, to identify predictors of QoL outcomes and to compare QoL instruments.
In total 160 adults undergoing primary septoplasty (SP) or endoscopic sinus surgery (ESS)
were recruited in 2010–2014 with 206 controls for a prospective matched cohort study.
QoL was measured with a disease-specific Sino-Nasal Outcome Test–22 (SNOT–22) and
generic RAND–36 before surgery and 12 months after surgery. Retrospective Glasgow Benefit
Inventory (GBI) was also used.
QoL was an outcome measure in 10% (3 out of 30) of trials included in Cochrane databases on
most common ENT surgeries. The use of QoL since the year 2000 has increased.
The total SNOT–22 score improved in both patient groups after surgery, almost to the level of
the controls, In the SP group (N=64) from 34.9 to 19.1 and in ESS (N=70), from 35.1 to 19.3. The
control cohort’s SNOT–22 was 17.7 at entry and after follow-up, 15.3 (N=165). RAND–36 and
GBI also improved after surgery.
The best predictor for a good QoL outcome in multivariate analysis after surgery was a high
preoperative (≥20) SNOT–22 score in the SP and ESS groups (adjusted odds ratio 10; 95%
confidence interval 1.6–64 and 12; 2.5–55, respectively). In receiver operating characteristic curve
analysis, the highest preoperative SNOT–22 total score of 30 was the most sensitive (74%) and
specific (70%).
GBI seemed to be the most sensitive instrument to detect a change, but the three instruments
in this study agreed in only about 10% of the patients who had the worst impact before surgery or
best outcome.
The results suggest that papers on the Cochrane databases on ENT surgeries have rarely
addressed the QoL outcome. Septal deviation and recurrent acute or chronic rhinosinusitis lowered
QoL. Primary surgery on these conditions improved QoL almost to the level of the control
population, which was not symptom-free either. A high preoperative SNOT–22 total score was the
best predictor of a beneficial outcome. The QoL instruments identified different patients
experiencing the best improvement after surgery.

Keywords: nasal septum, paranasal sinuses, quality of life, surgery, treatment outcome

Alakärppä, Antti, Nenän primaarikirurgia ja terveyteen liittyvä elämänlaatu
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Center Oulu; Oulun yliopistollinen sairaala
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Tiivistelmä
Korva-, nenä- ja kurkkutautien (KNK) kirurgia tähtää useimmiten elämänlaadun (EL) parantamiseen. EL:n huomioinnin yleisyys näyttöön perustuvien tietokantojen sisältämissä tutkimuksissa ei ole tiedossa. Primaareissa nenäleikkauksissa EL:n tulokset, ennustekijät ja eri mittareiden
käytettävyys kaipaavat lisätietoja.
Tarkoituksena oli 1: Tutkia systemaattisella kirjallisuuskatsauksella miten nykyiset Cochrane-suositukset huomioivat EL:n. 2: Tutkia primaarin nenäkirurgian vaikutus EL:uun, tunnistaa
EL:n ennustekijöitä ja vertailla eri mittareita.
Yhteensä 160 primaariin nenän väliseinäleikkaukseen (VL) tai sivuonteloiden tähystysleikkaukseen (ESS) tulevaa aikuista ja 206 ikä- ja sukupuolivakioitua verrokkia osallistui etenevään
kaltaistettuun kohorttitutkimukseen vv. 2010-2014.
EL mitattiin tautispesifillä Sino-Nasal Outcome Test -22:lla (SNOT–22) ja yleisellä
RAND–36:lla ennen leikkausta ja 12 kk leikkauksen jälkeen. Kolmantena mittarina käytettiin
taannehtivaa Glasgow Benefit Inventoryä (GBI).
Cochrane-tietokannan yleisimpien KNK-leikkausten tutkimuksista 10 %:ssa (3 30:stä) sisälsi EL-tuloksia. Vuoden 2000 jälkeen EL:n käyttö on lisääntynyt.
SNOT–22 kokonaispistemäärä parani VL- ja ESS-ryhmissä lähes kontrollien tasolle, VLryhmässä (N=64) 34.9:stä 19.1:een ja ESS-ryhmässä (N=70) 35.1:stä 19.3:een. Kontrollien
SNOT–22 oli alussa 17.7 ja seurannan jälkeen 15.3. Myös RAND–36 ja GBI paranivat leikkauksen jälkeen.
Monimuuttuja-analyysissä hyvän EL-tuloksen paras ennustetekijä oli korkea leikkausta edeltävä SNOT–22 sekä VL- että ESS-ryhmissä (vakioitu vetokertoimien suhde 10; 95 % luottamusväli 1.6–64 ja 12; 2.5–55, ryhmittäin). ROC (receiver operating characteristic) -käyräanalyysissä leikkausta edeltävä arvo 30 antoi parhaan herkkyyden (74 %) ja tarkkuuden (70 %).
GBI vaikutti herkimmältä aistimaan muutoksen, mutta mittarit olivat samaa mieltä vain noin
10%:ssa niistä potilaista, joilla oli huonoin EL ennen leikkausta tai paras tulos leikkauksen jälkeen.
Tulosten mukaan Cochrane-tietokannassa olevat KNK-tautien kirurgian tutkimukset ovat
ottaneet harvoin elämänlaadun huomioon. Nenän väliseinän vinous ja toistuva äkillinen tai krooninen sivuontelotulehdus laskivat EL:ua. Näiden tautien primaarikirurgia paransi EL:n lähes
samalle tasolle kuin kontrolliryhmällä. Korkea leikkausta edeltävä SNOT–22 –kokonaispistemäärä ennusti parhaiten hyvää tulosta. Eri EL-mittarit tunnistivat eri potilaat, jotka hyötyivät
parhaiten leikkauksista.

Asiasanat: elämänlaatu, hoidon vaikuttavuus, kirurgia, nenän sivuontelot, nenän
väliseinä
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1

Introduction

Nasal blockage is a common reason why patients seek help from a medical
professional. The most common conditions that cause nasal blockage as a symptom,
namely deviation of the septum of the nose and chronic rhinosinusitis (CRS) are
also very prevalent. Most septa are at least slightly crooked (Gray, 1978; Lang,
1989) and symptoms of CRS affects the daily lives of 5 to 12% of people around
the world. (Hastan et al., 2011; Hirsch et al., 2017; Pilan et al., 2012; Shi et al.,
2015) The costs associated with CRS are substantial. The estimated annual direct
costs of the management of CRS in the United States of America (USA) exceed 10
billion US dollars. (Rudmik, 2017) As most of the patients who suffer from nasal
septal deviation or rhinosinusitis are adults in the productive age of 30 to 50,
indirect costs of absenteeism from work are also considerable. (Rudmik, 2017;
Sahlstrand-Johnson, Ohlsson, Von Buchwald, Jannert, & Ahlner-Elmqvist, 2011)
Accordingly, surgeries to alleviate the symptoms of nasal septal deviation and
rhinosinusitis are among the the most common procedures in ear, nose and throat
diseases. (Manoukian, Wyatt, Leopold, & Bass, 1997; Rihkanen & Takala, 2016;
Rudmik, Holy, & Smith, 2015) In Finland, some 1700 septoplasties (SP) and 3000
endoscopic sinus surgeries (ESS) are done annually. (Rihkanen & Takala, 2016)
Although nasal septal deviation or rhinosinusitis can cause bothersome symptoms,
they very rarely lead to mortality or severe complications, so the primary aim of
surgery is to relieve patient’s symptoms and to improve the quality of life (QoL).
Clinical medicine is based on biology. To better appreciate the concept of QoL,
a clinician/physician must venture from a strictly biological view to social and
psychological dimensions of life. (Wilson & Cleary, 1995) QoL is a complex
concept mediated by several factors, figure 1. The dimensions of sinonasal disease
most apparent to the physician occupy just two of the conceptual boxes in the figure:
biological and physiological variables and symptom status. These are the
anamnesis and status that we exercise daily in clinical work. The further to the right
we continue studying the figure, the more we are exposed to the patient’s and
his/her or society’s values, expectations and preferences. QoL is defined by the
World Health Orgnization as “an individual’s perception of their position in life in
the context of the culture and value systems in which they live and in relation to
their goals, expectations, standards and concerns.” (The WHOQOL group,1998)
Severe morbidity or mortality due to disease or operations is very rare,
(Bhattacharyya, 2014; Ketcham & Han, 2010) so the QoL aspect of the impact of
the disease or surgical outcome is important. (Rudmik & Smith, 2011) Nasal septal
19

deviation causes deterioration of QoL, (Croy, Hummel, Pade, & Pade, 2010; Siegel,
Gliklich, Taghizadeh, & Chang, 2000) but the impact of septoplasty on QoL has
been a contentious matter. (Hytönen, Lilja, Makitie, Sintonen, & Roine, 2012)
Rhinosinusitis, either chronic (CRS) or recurrent acute (RARS), has also been
shown to impact QoL negatively (Linder & Atlas, 2004) and surgical treatment
with ESS improves QoL. (Soler et al., 2017) Patient–related factors that could
predict successful outcome from surgery are not as well described in literature.
Innate
immunity
IgG
deficiency
Deviated
septum
Endoscopy
Rhinomanometry

Characteristics of
the individual

Mucosal
disorder
LundMackay

Biological/
physiological
variables

Symptom
status

Functional
status

General
health
perception

Quality of
life

Characteristics of
the environment

Fig. 1. Conceptual model of quality of life with factors of sinonasal physiology and
findings that may contribute. Modified from Wilson and Cleary. (Wilson & Cleary, 1995).

Symptoms of nasal blockage, facial pain or pressure, nasal discharge or reduced
sense of smell, in other words symptoms of CRS or nasal septal deviation are not
completely absent in the ‘normal’ population. Sinonasal disease–specific QoL
20

estimates for general populations have been made. (Farhood et al., 2016) This
facilitates interpreting the scores from QoL questionnaires as we need to have an
understanding of what degree of sinonasal symptoms can be considered a normal
part of life. However, since QoL is highly complex, subjective and dependent on
surrounding community and its values, QoL measurements done in different
populations and times may not be easily comparable.
Although literature on ear, nose and throat (ENT) surgery on QoL is quite
substantial, some gaps in knowledge warrant further investigation. As QoL is a
central outcome measure in ENT surgery, it is of interest to know if studies included
in the analyses of evidence–based medicine databases measure QoL. In addition,
the relative impacts of nasal septal deviation or rhinosinusitis on QoL, and their
impact on QoL related to the normal population should be investigated in greater
depth. The predictive factors of a beneficial QoL outcome after primary sinonasal
surgery need more clarification, and that would help the clinician in recommending
surgery for the patient. Finally, knowledge of the relative usability of generic,
disease–specific or post–interventional generic QoL instruments could produce
more insight into selecting appropriate outcome measures in research and clinical
work.
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2
2.1

Review of the literature
Surgically treated nasal and sinus disease

The nose is an important organ of sensation and a respiratory passageway that heats
or cools, humidifies and filters air for the lungs. This study addresses the most
common surgically treatable nasal diseases in adults.
2.1.1 Deviation of nasal septum
The septum separates the left– and right–hand sides of the nose. The framework of
the septum consists of cartilaginous and bony parts. (Drake et al., 2015) The
anterior part of septum is cartilaginous, and the bony septum consists of the
perpendicular plate of ethmoid bone posterosuperiorly, vomer bone posteriorly and
the processes of maxillary and palatine bones basally. The periosteum or
perichondrium covers the framework and is a part of the mucoperichondrium or
mucoperiostium. The components of the mucoperichonrium and mucoperiostium
are mucosal membrane with four different cell types, a basement membrane, the
lamina propria with seromucous glands and the perichondrium or periosteum.
(Huizing & Groot, 2003) The septum also has turbinate tissue originating from the
lamina propria that plays an important physiologic role in regulating nasal airway
patency and a pathophysiologic role in creating nasal blockage. (Huizing & Groot,
2003)
Attempts to classify or define nasal septum deviation have been made, but
schemes have not been universally adopted for clinical or research work. Fifteen
classification schemes have been described, (Teixeira, Certal, Chang, & Camacho,
2016) and most describe C– or S–shaped deviations in anteroposterior or
cephalocaudal dimensions. Guyuron et al. (Guyuron, Uzzo, & Scull, 1999) reported
a series of 93 patients from a single surgeon’s practice. They proposed six classes
of septal deviation with corresponding recommended surgical manoeuvres to
correct them. Mladina presented in Yugoslavia in 1987, (Mladina, 1987) a series of
260 patients with seven classes of deviation. The patients were inquired for a
history of nasal trauma, and correlation between the positive history of trauma and
the anterior vertical ridge of the septum was noted. Baumann and Baumann
(Baumann & Baumann, 2007) proposed a new classification of nasal septal
deviation on the basis of the single surgeon’s secondary–level practice’s series of
23

predominantly male patients, numbering 1088. In this classification, concomitant
pathologies, such as turbinal hyperplasia were also incorporated and the
contralateral side of the septum was also addressed. In none of the above–
mentioned classification studies was the patients’ assessment of nasal patency
explored.
Causes of septal deviation can be classified as congenital or acquired.
Congenital cases with reported incidencews from less than 1% to 20% (Harugop et
al., 2012; Patel & Carr, 2017; Podoshin, Gertner, Fradis, & Berger, 1991) can be
caused due to the molding pressure of the birth canal during delivery (Patel & Carr,
2017) and tend to be resolved without intervention. (Sorri, Laitakari, Vainio-Mattila,
& Hartikainen-Sorri, 1990) Septal deviations, however, have been also been noted
in foetuses antenatally (Gray, 1978) and also in newborns delivered by Caesarean
section. (Kent, Reid, Nairn, & Brain, 1988) Min et al. (Min, Jung, & Kim, 1995)
noted an increasing prevalence of septal deviation with age during childhood and
adolescence suggesting acquired etiology. Trauma in childhood and adolescence
are a common reason for nasal septal deviation. (Roblin & Eccles, 2002) Minor
trauma can cause an occult injury to the cartilaginous growth areas of the septum
and thus steer the growth to one side. Persistent growth of cartilaginous septum
after completion of growth of nasal and palatal bones may lead to an excessively
tall septum and cause septal spurs and wide convex deviations. (Blaugrund, 1989)
Other proposed aetiologies for nasal septal deviation are irregularity of the
maxillary growth, asymmetric development of maxillary sinuses, thumb-sucking
habits, (Blaugrund, 1989) and a developmental consequence of an enlarged human
cranial vault to accommodate a larger brain. (Takahashi, 1988) Men have been
noted to report more trauma in their history and to have more septal deviations than
women do. (Min et al., 1995)
Prevalence of septal deviation among populations varies greatly. As much as
65 to 80% of septa in the adult population have been suggested to be crooked. (Gray,
1978; Lang, 1989) Lower numbers of prevalence of 20 to 22% have also been
reported in adults. (Blaugrund, 1989; Min et al., 1995) The wide variety probably
reflects the lack of uniform grading of deviation of the septum in prevalence studies.
(Roblin & Eccles, 2002)
Depending on the criteria, nasal septal deviation is a very common
phenomenon, but not all individuals suffer from symptoms related to crooked
septum. In a Turkish sample of nearly 10 000 young men, one third of individuals
who were diagnosed by an experienced otorhinolaryngologist to have a nasal septal
deviation did not have any or had very little symptoms of a blocked nose. (Salihoglu,
24

Cekin, Altundag, & Cesmeci, 2014) This may be due to the fact that deviation does
not always cause significant changes to the nasal function or airflow properties
even though the deviation is noted in the clinical examination by an experienced
otorhinlaryngologist. A structurally critical area for determining the patency of the
nasal passageway is said to be slightly in front of the inferior turbinate, at the
entrance to the pyriform aperture. (Eccles, 2000) In SP, the most important area to
correct deformities is at this level, namely the valve area of the nose. A smaller role
is played by the nasal vestibule and posteriorly, the turbinate area.
Objective measurements of nasal patency by rhinomanometry or acoustic
rhinometry have been in use since the 1950s and 1980s, respectively. (Andre, Vuyk,
Ahmed, Graamans, & Nolst Trenite, 2009) These tests quantify the nasal airflow
and resistance and the nasal cross-sectional area, respectively. (Clement, Gordts, &
Standardisation Committee on Objective Assessment of the Nasal Airway, IRS, and
ERS, 2005) The results of rhinomanometry or acoustic rhinometry do not seem to
correlate consistently with patient subjective sensations of nasal patency. (Andre et
al., 2009; Jones, Willatt, & Durham, 1989) The sensation of nasal blockage is a
complex and certainly multifactorial problem. The calibre of the nasal passage does
not solely determine the sensation of nasal patency, mucosal (Eccles & Jones, 1983;
Jones et al., 1989; Numminen, Ahtinen, Huhtala, & Rautiainen, 2003) and
psychological factors (Strazdins et al., 2017) also contribute and are one possible
explanation of the occasional failure of nasal airway surgery to improve patients’
symptoms. (Haavisto & Sipilä, 2013; Sundh & Sunnergren, 2015)
2.1.2 Chronic rhinosinusitis
The paired maxillary, frontal, ethmoid and sphenoid paranasal sinuses are
pneumatised extensions of the nasal respiratory part and display great individual
variation in anatomy. (Drake et al., 2015; Lang, 1989; K. L. Moore, 1992;
Stammberger & Posawetz, 1990; Wormald, 2005) The paranasal sinuses are
covered by a respiratory columnar epithelium that is pseudostratified and ciliated.
The middle meatus is the passageway into the anterior and superior paranasal
sinuses: maxillary, frontal and anterior ethmoids. Other, clinically less significant
meati are inferior and superior meati. All meati are defined by the corresponding
turbinates; lower, middle, superior and variably supreme. (Lang, 1989) The middle
meatus is a space situated above the inferior turbinate, medial to the maxillary sinus,
inferior to ethmoid cells and anterior to the nasopharynx. In the middle meatus is
the ostiomeatal complex, a central drainage pathway of the frontal, maxillary and
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anterior ethmoid sinuses. The posterior ethmoid and sphenoidal sinuses drain more
posteriorly to the superior meatus and sphenoethmoidal recess. The ostiomeatal
complex is a narrow slit–like passageway that consists of the uncinate process of
the ethmoid bone, maxillary sinus ostium and superiorly frontal sinus drainage
pathway. (Wormald, 2005)
Normal, healthy paranasal sinuses remain healthy with several mechanisms.
The epithelial barrier from epithelial cells and their tight junctions acts as a physical
defence against pathogens, airborne irritants and allergens. (Stevens, Lee,
Schleimer, & Cohen, 2015) Airway mucus production and transport are an
important part of the innate immunity of airway. Mucus is synthesised by epithelial
goblet cells and submucosal exocrine glands. (Hariri & Cohen, 2016) There are two
layers of mucus. A superficial sticky glycosylated protein–rich layer acts as a
pathogen trapping layer and a deeper less viscous periciliary layer facilitates active
and coordinated ciliary beating that transports the trapped debris to the nasopharynx
for swallowing or expectoration. (Hariri & Cohen, 2016) Epithelial cells in the nose
and paranasal sinuses produce and secrete antimicrobial peptides and radicals, such
as lysozyme, lactoferrin, defensins, cathelicidins and nitric oxide. (Hariri & Cohen,
2016; Stevens et al., 2015)
CRS is defined as an inflammation of the nose and paranasal sinuses that
causes sinonasal symptoms and objective findings in computed tomography or
nasal endoscopy and lasts at least 8 to 12 weeks. (Desrosiers et al., 2011; Fokkens
et al., 2012) CRS is also broadly divided into subtypes according to nasal polyp
status: CRS with nasal polyps (CRSwNP) and without nasal polyps (CRSsNP).
Allergic fungal rhinosinusitis has also been classified as a separate entity (Meltzer
et al., 2004) but diagnostic criteria by Bent and Kuhn (Bent & Kuhn, 1994) overlap
with the criteria of CRSwNP.
The symptoms of CRS are very common. Epidemiologic population based
studies using sound methodology and accepted criteria of rhinosinusitis (Fokkens
et al., 2012) report prevalence estimates of CRS from 5.5 to 11.9%, Table 1. (Hastan
et al., 2011; Hirsch et al., 2017; Pilan et al., 2012; Shi et al., 2015) The prevalence
estimates in the studies are derived from point sampling with questionnaires
assessing CRS symptoms during a variable recall period, most often the preceding
three months. The lowest prevalence estimate of 5.5% is from São Paulo, Brazil
(Pilan et al., 2012) and the highest 11.9% from a primary care health care provider’s
population in Pennsylvania, USA. (Hirsch et al., 2017) In the study conducted in
Europe, (Hastan et al., 2011) estimates of the prevalence of CRS symptoms varied
between 6.9% in Helsinki, Finland and 27.1% in Coimbra, Portugal. Smoking,
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either ongoing or ceased, seems to increase the risk of CRS. Increasing age or
female gender seem to be associated with CRS.
Table 1. Prevalence of CRS symptoms, risk factors and effect of smoking in
epidemiological surveys.
Study group

Population

Estimate of

Factors that increased risk of CRS

CRS

OR (95% CI)

prevalence (%)
Hastan et al.

N=57 128, 19 cities 10.9

Smoking 1.70 (1.55–1.87)

(Hastan et al.,

in Europe

Female gender 1.08 (1.02–1.15)

2011), 2011

Ex smoker 1.15 (1.04–1.28)

Shi et al. (Shi et al., N=10 636, 7 cities
2015),

8.8

in China

Smoking 1.4 (1.2–1.75)
Ethnic minority 1.54 (1.17–2.02)

2015

Divorced 2.75 (1.81–4.18)
High school or college diploma 1.26 (1.01–
1.59)

Hirsch et al. (Hirsch N= 7 847, 45
et al., 2017), 2017

11.9

Smoking 1.31 (1.01–1.7)

counties in

Non-white ethnicity 0.53 (0.40–0.70)

Pennsylvania, USA

Ex smoker 1.24 (1.01–1.52)
Need of medical assistance 1.71 (1.30–2.26)

Pilan et al. (Pilan et N=2 003, city of
al., 2012), 2012

São Paulo, Brazil

5.5

Low income 2.24 (1.06–4.72)
Physician diagnosed asthma 3.88 (1.94–7.77)
Physician diagnosed rhinitis 5.02 (3.35-–7.53)

CRS = Chronic rhinosinusitis, OR = Odds ratio, CI = Confidence interval

The pathophysiology of CRS is very tricky (Eloy et al., 2011) to be reviewed in the
following paragraphs. It involves a mix of microbial, local mucosal, systemic
immunological, genetic, and environmental factors. (Akdis et al., 2013) Systemic
immunologic and allergic mechanisms, such as immunoglobulin E (IgE) –mediated
hypersensitivity or immunoglobulin deficiency do not sufficiently explain the
persistent and intense local mucosal inflammation often seen in CRS. The majority
of patients with CRS are immunocompetent, and IgE–mediated hypersensitivity
accounts for allergic rhinitis, but not so clearly for CRS. (Hamilos, 2015) Chronic
rhinosinusitis seems to be driven both by infection and inflammation and thus by
the T–helper cell 1 (Th1) and 2 (Th2) type inflammation. (Hamilos, 2015)
Microbiological factors related to CRS are specific bacteria or fungi, formation
of biofilms and dysbiosis of the sinus microbiome. Local maladaptive Th2–
mediated inflammation is a central problem in CRS with nasal polyps. (Hamilos et
al., 1995) Staphylococcus aureus has been shown to readily drive Th2
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inflammation. It does that by secreting toxins with superantigen activity that have
the ability to stimulate the T–cell population in nonspecific ways and thus to
amplify inflammatory response inappropriately. (Alho et al., 2003; Patou et al.,
2008)
Biofilms are bacterial communities on mucosal surfaces with a high degree of
organisation. Bacteria are protected from the host’s immune response under an
extracellular matrix regulated by the bacterial community. (Suh, Cohen, & Palmer,
2010) Many chronic infections/diseases are associated with biofilms. (Potera, 1999)
In CRS, biofilm formation has been noted in over 70% of patients with CRS. (X.
Wang, Du, & Zhao, 2014) The exact mechanism is still under investigation, and
currently defects of innate immunity are being proposed as a culprit in forming
biofilms. (Douglas & Cohen, 2017)
The microbiome of paranasal sinuses refers to a genetic complement of the
complex community of various micro–organisms, both pathogenic and symbiotic.
(Lee, Frank, & Ramakrishnan, 2016) The microbiome is assessed by various
molecular methods (J. T. Lee et al., 2016) instead of only bacterial culture studies,
because laboratory conditions are not always able to reproduce the conditions
necessary for bacterial growth. Up to 45% (Mantovani et al., 2010) of bacterial
cultures remain negative in CRS. Patients who have CRS seem to have less
diversity in their microbiome than do controls, and there is selective enrichment of
certain microbes, e.g. Staphylococcus aureus. (Cleland, Bassiouni, Vreugde, &
Wormald, 2016; J. T. Lee et al., 2016) A disorder in the microbiome, dysbiosis,
may trigger a pathologic inflammatory response in CRS, and potential treatment
options for restoring microbial equilibrium in sinuses with probiotics are under
active investigation. (Cleland et al., 2014)
Fungi are present in almost all noses, whether they are healthy or not. (Lackner
et al., 2005) Many fungi, for example the Alternaria species exhibit strong
degranulation of eosinophils in vitro (Ponikau, Sherris, Kephart, Adolphson, &
Kita, 2005) and are thought to account for some types of CRS. (Hamilos, 2015)
In addition to the role of microbes, other inflammatory pathomechanisms of
CRS are known. These include disorders in epithelial barrier function, innate
immune responses or adaptive immune responses in patient with CRS. (Akdis et
al., 2013)
Each inflammatory mechanism produces combinations of inflammatory
mediators, and the division of clinical phenotypes of CRS with or without nasal
polyps (Van Zele et al., 2006) into two distinct Th1 and Th2 endotypes seems too
crude. Several other endotypes of CRS have been described based on the
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inflammatory profile of tissues and have also been correlated with distinct
phenotypes. (Tomassen et al., 2016) This presents an opportunity to derive
therapies targeted at specific inflammatory profiles.
Odontogenic sinusitis is one specific aetiology of paranasal sinus inflammation
with its unique features of causative microbes and treatments. (Little, Long, Loehrl,
& Poetker, 2018)
2.1.3 Recurrent acute rhinosinusitis
Acute rhinosinusitis (ARS) is a suddenly starting and reversible symptomatic
inflammation of the nose and paranasal sinuses. (Chow et al., 2012; Desrosiers et
al., 2011; Fokkens et al., 2012; Rosenfeld et al., 2015) It can be further divided into
acute viral and acute bacterial rhinosinusitis (ABRS). Other often used terms for
ARS are the common cold or upper respiratory tract infection. They have very
similar symptoms (Autio, Koskenkorva et al., 2015) and findings in paranasal sinus
imaging. (Autio et al., 2016) The most useful clinical method of differentiating
ABRS from ARS seems to be clinical examination and finding purulent secretions
in the nose about ten days from the onset of symptoms. (Autio et al., 2015)
Viruses cause the majority of ARS episodes, and the most common causative
agents are rhinoviruses, coronaviruses, influenza viruses, respiratory syncytial
virus and adenoviruses. (Heikkinen & Järvinen, 2003; Passioti, Maggina,
Megremis, & Papadopoulos, 2014) The pathophysiology of ARS follows a
complex interaction between the host and virus. (Passioti et al., 2014)
ABRS has been thought to be a relatively uncommon complication of ARS. A
blocked sinus ostium and subsequent retention of secretion leads to a bacterial
infection. In guidelines or review articles, a figure of 0.5 to 2% of episodes of ARS
are noted to be complicated by bacteria. (Desrosiers et al., 2011; Eloy et al., 2011;
Fokkens et al., 2012) A more recent and prospective serial sampling during ARS
with a bacterial culture done from sinus aspirate was positive for bacteria in
approximately 16% of ARS cases. (Autio et al., 2015; Autio, Tapiainen et al., 2015;
Autio et al., 2016; Autio, Koskenkorva, Leino, Koivunen, & Alho, 2017)
Bacteria cultured from sinuses in ABRS are most commonly among the
‘infernal trio’, Streptococcus pneunoniae, Hemophilus influenzae and Moraxella
catarrhalis. (Autio et al., 2015; Brook, 2005) Other pathogens are Staphylococcus
aureus, Streptococcus pyogenes and occasionally, also various anaerobic bacteria.
RARS is defined as at least three (Eloy et al., 2011) or four (Desrosiers et al.,
2011; Lanza & Kennedy, 1997; Rosenfeld et al., 2015) discrete episodes of ABRS
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per year. Between the acute infections, the patient should be free from symptoms
or signs of the disease. For the differential diagnosis of RARS, confirming the
bacterial aetiology by cultures is desirable but not required, (Rosenfeld et al., 2015)
although the considerable challenges of the diagnoses between the episodes of ARS
and ARBS remain. ABRS should be attempted to be distinguished from ARS due
to the high requency and self–limiting nature of the latter, (Chow et al., 2012;
Fokkens et al., 2012; Heikkinen & Järvinen, 2003; Passioti et al., 2014) in order to
identify patients who would be eligible for ESS due to RARS. The Finnish
guideline considers this by recommending antral puncture and culture. (Blomgren
et al., 2005)
2.2

Indications for sinonasal surgery

This thesis addresses the most common primary sinonasal surgeries, SP and ESS
and they will be presented in the following chapters.
2.2.1 Septoplasty
Septoplasty (SP) surgery is aimed at correcting a deviated cartilaginous and/or bony
septum of the nose. In adults, SP is among the commonest adult ear, nose and throat
(ENT) procedures. (Manoukian et al., 1997; Rihkanen & Takala, 2016) The
incidence rate of surgery is approximately 4 procedures per 10 000 inhabitants
annually. (Hospital Episode Statistics, 2015; Jessen & Malm, 1997; Manoukian et
al., 1997; Rihkanen & Takala, 2016) The great regional variability of SP rates has
been recorded in Finland, ranging from 1 to 11 SPs per 10 000 inhabitants per year
among different hospital districts. (Rihkanen & Takala, 2016)
Nasal obstruction is defined as the unpleasant sensation of reduced airflow
through the nose (Jessen & Malm, 1997) and is the most common indication for SP
in conjunction with a deviated septum. (Buckland, Thomas, & Harries, 2003; Croy
et al., 2010; Hong et al., 2015; Hsu et al., 2016; Pirilä & Tikanto, 2001; Sipilä &
Suonpää, 1997) In order to be a candidate for septoplasty, the patient should have
a complaint of nasal blockage with a corresponding finding of a deviated septum
assessed either with a head lamp and a nasal speculum or endoscopy. Another
common need for SP is for surgical access purposes in ESS or other endoscopic
nasal procedures. (Giles, Gross, Abram, Greene, & Avner, 1994; Rudmik, Mace,
Ferguson, & Smith, 2011) The main benefit of an access SP is improved
visualisation of the operative site and possibly reduced risk of developing
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obstructing synechiae on the mucosa of the nose. SP has also been done to relieve
nasal contact point induced headaches, for example by resecting nasal septal spurs;
(Bilal et al., 2013; Buckland et al., 2003; Sipilä & Suonpää, 1997) and to correct
nasal septal deviation causing cosmetic harm. (Sipilä & Suonpää, 1997) A patient’s
habituation to a deviated nasal septum may complicate the identification of the
relevant deviation site; the patient may feel that the contralateral side of the
deviation is intermittently blocked due to the nasal cycle. Co–morbid allergies,
paranasal sinus infections, tumours or turbinate hypertrophy can amplify the
symptoms and should be considered prior to the decision to perform a SP.
Finnish national criteria (Pirilä et al., 2009) for the surgical management of
nasal blockage mentions indications for SP to be deviated nasal septum that
obstructs the airway or causes contact point headaches, for example Sluder’s
neuralgia. The criteria statement also recommends using acoustic rhinometry or
rhinomanometry when considering surgery. The literature behind this
recommendation is not presented. An American clinical consensus statement
published by the American Academy of Otolaryngology –Head and Neck Surgery
(Han et al., 2015) was created to reduce variability in the pratice of SP and to
improve the quality of care. In the consensus statement, various diagnostic and
perioperative issues are addressed, but clear indications for SP are not presented.
2.2.2 Endoscopic sinus surgery
ESS is most often done to alleviate symptoms of medically recalcitrant
rhinosinusitis. (Fokkens et al., 2012) In Finland, the annual rate of ESS is 7.1/10
000 inhabitants with regional variation ranging from 2.5 to 11.8 operations per
10 000 inhabitants per year. (Toppila-Salmi et al., 2018) In the USA, the annual
rate of ESS was 9.4 / 10 000 inhabitants with regional variation from 5.1 to 18
surgeries per 10 000 inhabitants per year. (Rudmik et al., 2015) The indications for
ESS can be difficult to define. Firstly, the definition when a sinonasal inflammation
is ARS, ABRS, CRS or RARS is not clear cut. Available guidelines on the topic
apply varying, although similar, diagnostic criteria of CRS or RARS, Table 2.
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Table 2. Rhinosinusitis guidelines on diagnostic criteria of CRS or RARS.
Guideline

Definition of CRS

Definition of RARS

Finnish current

- Based on symptoms or signs in clinical examination,

- Three to four or more

care guidelines

imaging or microbial culture

episodes of ABRS per

( Hytönen, Nokso- - Documentation by CT or cone beam CT when planning a
Koivisto,

surgical intervention

Huovinen, Ilkko,

- Duration 12 weeks or more

year

Jousimaa, Kivistö,
Korppi, Liira,
Malmivaara,
Numminen, &
Pirilä, 2013)
EPOS 2012

- Two or more of the symptoms of nasal blockage,

- Not defined as a

(Fokkens et al.,

obstruction, congestion, anterior or posterior nasal drip of

separate entity

2012)

which at least one is either facial pain/pressure or
reduction/loss of smell
- Documented with either endoscopy or a CT scan
- Duration 12 weeks or more

AAO-HNS 2015

- Two or more of mucopurulent drainage, nasal obstruction

- Four or more episodes

Update (Rosenfeld (congestion), facial pain–pressure–fullness, decreased

per year of ABRS

et al., 2015)

sense of smell

without signs or

- Documented either by purulence or edema in middle

symptoms of

meatus or anterior ethmoid region, polyps in nasal cavity or rhinosinusitis between
the middle meatus, or radiographic image (CT/MRI)

episodes

showing inflammation of the paranasal sinuses

- Each episode of ABRS

- Duration 12 weeks or more

should meet diagnostic
criteria of ABRS

AAAAI and ACAAI - Nasal congestion, purulent rhinorrhea, postnasal drainage, - Three or more
2014 (Peters et al., facial or dental pain, headache, throat clearing, cough

episodes lasting at least

2014)

- Documentation by CT scan preferably 4 to 6 weeks after

7 days of ABRS per

initiation of therapy

year

- Allergic fungal rhinosinusitis addressed as a separate

- Consider CT and/or

subgroup of CRSwNP

endoscopy
- Evaluate for allergy,
immunodeficiency,
nasal polyps, neoplastic
lesions
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Guideline

Definition of CRS

Definition of RARS

Canadian clinical

- At least two of facial congestion/fullness, facial

- Four or more episodes

practice guidelines pain/pressure/fullness, Nasal obstruction/blockage, purulent of ARS with clear
(Desrosiers et al.,

anterior/posterior nasal discharge, hyposmia/anosmia

symptom-free episodes

2011)

- Documented by endoscopy or CT scan

between

- Duration 8 to 12 weeks or more
CRS = Chronic rhinosinusitis, RARS = Recurrent acute rhinosinusitis, CT = Computed tomography,
EPOS = European position paper on rhinosinusitis and nasal polyps, ABRS = Acute bacterial
rhinosinusitis, AAO-HNS = American academy of otolaryngology –Head and neck surgery, MRI =
Magnetic resonance imaging, AAAAI = The American academy of allergy, asthma and immunology,
ACAAI = American college of allergy, asthma and immunology, CRSwNP = Chronic rhinosinusitis with
nasal polyps, ARS = Acute Rhinosinusitis

Secondly, the failure of medical therapy is an indication to consider surgical therapy,
but what constitutes appropriate medical therapy and thus a surgical indication also
varies between guidelines, Table 3. Most disagreement exists on RARS: EPOS
2012 considers true RARS as a rare event (1/3000) and recommends immunologic
investigations. Some of the guidelines require for the diagnosis of RARS that the
episodes are ABRS (M. Hytönen, Nokso-Koivisto, Huovinen, Ilkko, Jousimaa,
Kivisto, Korppi, Liira, Malmivaara, Numminen, & Pirilä, 2013; Peters et al., 2014;
Rosenfeld et al., 2015), while Canadian guideline does not. (Desrosiers et al., 2011)
All guidelines recommend urgent surgery or referral to a specialist in case of
infectious complications or suspicions of tumours. Electively surgery is
recommended only after failed medical treatment.
Table 3. Medical management and indications for surgery for CRS and RARS in
rhinosinusitis guidelines
Guideline

Recommended medical management

Indications for surgery

Finnish current care - CRS: nasal saline irrigations, intranasal

- CRS and RARS: If

guidelines (M.

corticosteroids, bacterial culture and targeted

conservative therapy fails >

Hytönen et al.,

antimicrobial therapy, demonstration of purulence

surgery

2013)

in primary care by means of x–ray or antral
puncture

EPOS 2012

- CRSsNP: Mild disease (VAS of symptoms 0–3 +

- CRSsNP and CRSwNP:

(Fokkens et al.,

no serious mucosal disease at endoscopy) >

Urgently if warning signs or

2012)

topical steroids + nasal saline irrigation, if no

symptoms, otherwise after

improvement after 3 months or moderate/severe

failed medical therapy

disease > bacterial culture + consider long term

- RARS: No statement

antibiotics + CT scan
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Guideline

Recommended medical management

Indications for surgery

- CRSwNP: Mild disease > topical steroid spray, if
no improvement after 3 months or moderate (VAS
4–7) > consider steroid drops and/or doxycycline, if
no improvement or VAS 7–10 > oral steroids,
and/or CT scan
- RARS: Immunologic workup
AAO-HNS 2015

- CRS: Nasal saline irrigation, topical intranasal

- CRS: No statement on

Update (Rosenfeld

corticosteroids or both are recommended

surgery due to lack of

et al., 2015)

evidence (randomised
controlled trials)
- RARS: Sinus surgery may be
considered

AAAAI and ACAAI

- CRSsNP: Topical steroids, nasal saline irrigation, - CRS: Despite appropriate

2014 (Peters et al.,

consider culture-based oral antibiotic, if failure after medical treatment polyps

2014)

4 to 6 weeks > Sinus CT, consider alternate or

obstruct sinus drainage or

longer duration antibiotic therapy, consider

cause congestion, when there

immunodeficiency, rhinitis, granulomatous disorder is recurrent/persistent CRS
- CRSwNP: Topical steroids, nasal saline irrigation, despite courses of medical
oral steroid, consider culture-based oral antibiotic,

therapy, when anatomic

if failure after 4 to 6 weeks > Sinus CT, consider

defects obstruct sinus outflow

alternate antibiotic, culture, immunodeficiency,

tracts

aspirin desensitisation for AERD, consider AFRS

- RARS: Not defined
separately

Canadian clinical

- CRSsNP: Intranasal corticosteroids, antibiotics,

- CRSsNP: If no clinical

practice guidelines

consider short course of oral steroids, consider

improvement after 4 weeks >

(Desrosiers et al.,

saline irrigation, if no improvement after 4 weeks > refer for surgery

2011)

refer for surgical evaluation

- CRSwNP: If persistent or

- CRSwNP: Intranasal corticosteroids, short course recurrent symptoms after 2–4
of oral steroids, antibiotic if purulence or pain,

months > refer for surgery

consider leukotriene antagonist

- RARS: If more than three
sinus infections per year >
refer for surgery

CRS = Chronic rhinosinusitis, RARS = Recurrent acute rhinosinusitis, CRSsNP = Chronic rhinosinusitis
without nasal polyps, VAS = Visual analogue scale, CRSwNP = Chronic rhinosinusitis with nasal polyps,
EPOS = European position paper on rhinosinusitis and nasal polyps, CT = Computed tomography, ABRS
= Acute bacterial rhinosinusitis, AAO-HNS = American Academy of Otolaryngology –Head and Neck
surgery, AAAAI = American academy of allergy, asthma and immunology, ACAAI = American College of
Allergy, Asthma and Immunology, AERD = Aspirin exacerbated respiratory disease, AFRS = Allergic
fungal rhinosinusitis
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2.3

Surgical techniques

2.3.1 Septoplasty
The operation is usually done via a hemitransfixion incision, (Williams, 1967) and
then mucoperichondrial flaps are developed, thus exposing the cartilaginous and
bony septum. Areas of deviation are then addressed using various techniques, but
in general, the goal is to resect, reposition and fixate deviated cartilages. (Huizing
& Groot, 2003) Caudal septal deviation is corrected by disconnecting the base of
the septum from the premaxillary crest and repositioning the cartilage to the
midline. Extensive resections of the cartilage, especially at the dorsal and caudal
edges, are avoided to prevent post-operative deformity of the nose. Various
techniques of SP are described in literature (Aaronson & Vining, 2014), and now
obsolete methods of extensive submucous resections are replaced with the more
functional ideology of preserving cartilage, if possible. Endoscopic techniques
were also adopted into SP quite early. (Getz & Hwang, 2008; Stammberger &
Posawetz, 1990) Their main advantage is enhanced illumination and magnification
especially in the more posterior parts of the septum.
Traditionally, thin silicone–based splints with or without nasal packing are
inserted on both sides of the septum to provide support, to prevent synechia
formation and bleeding or hematoma formation after the surgery. Their use is
controversial and suggestions have been made to replace them with trans–septal
suture techniques. (Cayonu, Acar, Horasanli, Altundag, & Salihoglu, 2014; Dalgic
et al., 2016; W. W. Wang & Dong, 2017) In a meta–analysis of 19 RCTs between
1991 and 2016, Wang and Dong (W. W. Wang & Dong, 2017) found that rates of
adhesions, postoperative pain and headache were lower in trans–septal suture
groups compared to traditional packing, while no difference was noted in septal
haematoma, bleeding, infection or septal perforation.
Antibiotics have also been used traditionally, or habitually, in conjunction with
SP. The rationale behind antibiotic use in SP is to prevent serious infectious
complications, such as toxic shock syndrome, meningitis, osteomyelitis or
infectious endocarditis, or to reduce purulent nasal discharge. However, there is not
convincing support for their routine use according to a systematic literature review
and meta-analysis by Gioacchini et al. (Gioacchini, Alicandri-Ciufelli, Kaleci,
Magliulo, & Re, 2014) Serious complications are so rare that an RCT would
probably not be feasible to demonstrate the superiority or inferiority of antibiotic
prophylaxis. Also, the more common and less serious events of purulent discharge
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postoperatively do not seem to be reduced with perioperative antibiotics. (Erkul,
Babayigit, & Kuduban, 2011; Gioacchini et al., 2014)
2.3.2 Endoscopic sinus surgery
Most paranasal sinus surgery is done today with endoscopic techniques. Some
indications for external techniques still remain, not primarily for inflammatory
disease but for example as an approach to orbital floor in orbital decompression
surgery. (Matheny & Duncavage, 2003) The rationale behind ESS for treatment of
rhinosinusitis is to widen nasal passageways and remove inflammatory polyps in
critical areas of the nose and paranasal sinuses. This improves ventilation of sinuses
and drainage of secretions and restores the mucociliary function of mucosa. (Ikeda
et al., 1997)
Prior to adopting ESS in the 1970s and 1980s in Germany (Stammberger &
Posawetz, 1990) and shortly after that in the USA (Govindaraj, Adappa, & Kennedy,
2010), the goal of paranasal sinus surgery was to remove ‘irreversibly’ diseased
mucosa through external incisions or with a headlight and nasal speculum via the
nostrils. (Govindaraj et al., 2010) The drawbacks of the technique are suboptimal
visualisation of the ethmoid cavity and inability to see behind corners. In intranasal
ethmoidectomy done with headlight and speculum, potentially serious
complications can occur, although in one of the last reports before the era of ESS,
the overall complication rate was 2.8% and major complications (meningitis,
cerebrospinal fluid rhinorrea, haemorrhage) were even rarer. (Freedman & Kern,
1979) In addition, the Caldwell-Luc procedure entails quite significant rates of
morbidity and complications, facial swelling in up to 89% of patients, cheek
discomfort in 33% and significant haemorrhage in 3%. (DeFreitas & Lucente, 1988)
The technique of ESS is as the name implies, endoscopic. The operation is
done by holding the endoscope and using various cutting, grasping or drilling
instruments inside the patient’s nose or paranasal sinuses thus enabling brilliant
illumination and visibility in the tight confines of the nose. (Stammberger &
Posawetz, 1990; Wormald, 2005) The often–used term functional ESS emphasizes
that preservation of viable mucosa and respecting anatomical boundaries of the
skull base, the orbits and turbinates are important. (Stammberger & Posawetz, 1990)
The extent of surgery is tailored individually by the operating surgeon utilising
preoperative CT scans (Lund & Mackay, 1993) and findings in nasal endoscopy.
(Lund & Kennedy, 1995)
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The theoretical basis for focusing surgery only on the objective findings in
constricted drainage pathways has been challenged. There is limited evidence for
more extensive surgery predicting greater improvement of the disease-specific QoL
instrument, Sino-Nasal Outcome Test -22 (SNOT–22) postoperatively than in
targeted surgery. (DeConde, Suh, Mace, Alt, & Smith, 2015) A current trend in
literature regarding extent of ESS is toward more comprehensive surgery, in part to
facilitate postoperative high volume topical corticosteroid rinses (Yoon, Lee, Kim,
& Hwang, 2017) in marsupialised cavities. Also, advances in surgical technology
such as image–guided surgery and the evolution of endoscopic high–speed drills
make extensive surgery more feasible than in the past. (Shih, Patel, Choby,
Nakayama, & Hwang, 2017)
After ESS, medical treatment should continue in most cases to prevent
relapsing symptoms. (Desrosiers et al., 2011) Post–operative care can be divided
into the early phase after surgery and late maintenance phase. The early phase
happens in the first week after surgery and the aim is to ensure optimal mucosal
healing with endoscopic cleansing. (Bugten, Nordgard, & Steinsvag, 2006;
Stammberger & Posawetz, 1990) The frequency and number of post–operative
debridements vary a lot from surgeon to surgeon; evidence suggests that often
repeated debridements may not be cost–effective compared to those done less often.
(Kemppainen, Seppä, Tuomilehto, Kokki, & Nuutinen, 2008) A Cochrane review
in 2018 of post–operative debridement found that QoL outcomes as measured with
SNOT–22 did not differ whether post–operative debridements were done or not,
and rates of adhesions were lower in debridement groups. (Tzelnick, Alkan, Leshno,
Hwang, & Soudry, 2018)
Long–term medical treatment after ESS is varied and includes saline irrigations,
corticosteroid rinses, topical corticosteroids, systemic antibiotics and systemic
corticosteroids. (Desrosiers et al., 2011)
2.4

Means of measuring sinonasal surgical outcomes

Patient outcomes in sinonasal disease and surgery could be categorised into
physician–measured, physiological and patient–reported outcomes, figure 2. The
diversity of outcomes can make interpretation of results challenging, so work has
been done to establish a core outcome set for CRS research. (Hopkins et al., 2018)
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Patient outcomes in sinonasal disease
Examples

Clinician-reported

Patientreported

Physiological

Examples

Examples

Examples

- Global
impressions
- Obervation
and
functional tests
- Classification
of septal
deviation
- Lund-Mackay
score
- Polyp size

- Rhinomanometry
- Acoustic
rhinometry
- Nitrous oxide
levels
- Tissue
eosinophilia
- Nasal PEF
/ PIF

- Global
impression
- Functional
status
- Symptoms
- NOSE
- NLDO-SS
- HRQoL
- SNOT-22
- RQLQ
-Satisfaction
with treatment

Fig. 2. Examples of various patient outcomes in sinonasal disease according to
Acquardo et al. (Acquadro et al., 2003) PEF = Peak expiratory flow, PIF = Peak
inspiratory flow, NOSE = Nasal obstruction symptom evaluation scale, NLDO–SS =
Nasolacrimal duct obstruction symptom score, HRQoL = Health-related quality of life,
SNOT–22 = Sino-Nasal Outcome Test–22, RQLQ = Rhinoconjunctivitis quality of life
questionnaire.

2.4.1 Clinician–reported and physiological measures
When performing sinonasal surgery, a clinician can observe the presence or rate of
complications, (Dabrowska-Bien, Skarzynski, Gwizdalska, Lazecka, & Skarzynski,
2018) reoperations, (Koskinen et al., 2016) unplanned hospital ward admissions or
emergency visits after surgery, (Gengler, Carpentier, Pasquesoone, Chevalier, &
Mortuaire, 2017) the use of health care services, (Benninger, Sindwani, Holy, &
Hopkins, 2015) absenteeism from work, (Sahlstrand-Johnson et al., 2011) the
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number of episodes of ARS after ESS, the change of tissue or systemic eosinophilia
or other markers of inflammation, (Grgic, Cupic, Kalogjera, & Baudoin, 2015)
microbiological assessments and olfactory outcomes. (Katotomichelakis et al.,
2010)
The degree of nasal and/or paranasal inflammation is assessed by grading the
severity of inflammatory edema or polyps by means of endoscopy or computed
tomography (CT) imaging. Lund and Mackay presented a widely used staging
system of endoscopic appearance in 1993. (Lund & Mackay, 1993) The presence
of polyps, discharge, edema, scars or adhesions and crusting are quantified on a
point scale of zero to two in each paranasal sinus and the total score is recorded.
A staging system for CT scans was presented in 1995. (Lund & Kennedy, 1995)
Lund–Kennedy staging scores each group of sinuses independently: maxillary,
anterior ethmoids, posterior ethmoids, sphenoid and frontal and ostiomeatal
complex on both sides of the nose. Each group is graded as 0 (no abnormality), 1
(partial opacification) and 2 (total opacification) and ostiomeatal complex 0 (not
occluded) or 2 (occluded). Total score ranges between 0 and 24.
To measure the patency of nasal airway, three methods are most commonly
used: rhinomanometry, acoustic rhinometry and nasal peak inspiratory flow (NPIF).
(M. Moore & Eccles, 2011) Rhinomanometry approximates the physiological
patency of nasal passages, acoustic rhinometry provides an estimate of the
anatomical patency of the nasal airway and NPIF gives information on maximal
nasal airflow at all-out effort. Other possible objective nasal patency tests are nasal
spirometry, measurement of nasal peak expiratory flow and CT or magnetic
resonance imaging (MRI) based three–dimensional volumetric imaging studies.
(Ottaviano & Fokkens, 2016)
The goal of rhinomanometry is to determine the airflow that passes through the
nose at a given pressure thus providing a quantitative measure of airway resistance.
(Vogt et al., 2010) Methods of rhinomanometry include passive rhinomanometry,
where the subject’s nasal airflow and pressure are measured without his/her
respirations. Subject discomfort, lack of a dynamic view of inspiratory and
expiratory phases and distortion of the nares or valve area of the nose reduce the
usability of passive rhinomanometry. Active posterior or anterior rhinomanometry
uses a probe in the subject’s posterior pharynx or contralateral nares while the
measurement is done under normal breathing. This provides a view to the dynamics
of nasal breathing. The examination can be done before and after decongesting
nasal mucosa to better evaluate the role of the turbinates and other mucosa. The
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nasal resistance or flow is commonly computed at a pressure gradient of 150
Pascals or using Broms method at a radius of 200. (Wong & Eccles, 2015)
Acoustic rhinometry uses echoing sound waves and with computational
methods determines the cross–section of the nasal passage as a function of the
distance from the vestibule of the nose. (Hilberg, 2002) The information provided
by acoustic rhinometry is presented with a curve of area and distance. The examiner
looks for notches or indentations in the curve that correspond with the smallest
cross-sectional areas of the nasal cavity. One of them, usually the second from the
nostril is called the minimal cross–sectional area and represents the narrowest part
of the airway. (Nigro, Nigro, Voegels, Mion, & Mello Junior, 2005)
NPIF has been shown to produce reproducible data that correlates with nasal
resistance using inexpensive and portable equipment. It is not widely used in
Finland. (Ottaviano & Fokkens, 2016)
The mucosa of paranasal sinuses and nose secrete nitric oxide (NO) in the
upper airways. (Lundberg et al., 1995; Maniscalco, Sofia, & Pelaia, 2007) NO
increases the mucosal ciliary beat frequency and has antimicrobial properties.
(Cohen, 2017) Exhaled NO can be measured and used as a measure of nasal or
paranasal sinus inflammation, although disagreement remains on the usefulness of
the NO measurement on measuring severity or treatment effects in CRS. (Phillips,
Sacks, Marcells, Cohen, & Harvey, 2011) NO synthesis is regulated in part by bitter
taste receptors (Cohen, 2017) and their polymorphisms may account for some of
the variation in NO levels. (Douglas & Cohen, 2017)
2.4.2 Patient–reported outcomes other than health–related quality of
life
Patient–reported outcomes or outcome mesures (PROM) are defined as ‘any report
coming directly from patients (study subjects) about a health condition and its
treatment.’ (U.S. Department of Health and Human Services FDA Center for Drug
Evaluation and Research, U.S. Department of Health and Human Services FDA
Center for Biologics Evaluation and Research, & U.S. Department of Health and
Human Services FDA Center for Devices and Radiological Health, 2006) Directly
means that a physician or researcher does not interpret the patient’s responses.
PROMs may be constructed as a global impression, functional status, well–being,
symptoms status, satisfaction with treatment, treatment adherence, or
utility/preference based questionnaires. (Acquadro et al., 2003)
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Visual analogue scale (VAS) is used to assess individual symptoms or global
severity of nasal symptoms. (Lund & Kennedy, 1995) VAS is a linear scale of ten
centimetres or one hundred millimetres, and the patient marks the severity of a
symptom on the scale. Zero represents no symptoms and ten centimetres or one
hundred millimetres represents the worst symptoms imaginable. Subjects free from
sinonasal disease presented mean scores of 0.6 to 2.3 centimetres in facial
pain/pressure, headache, nasal blockage, disturbance of smell and overall
discomfort. (Walker & White, 2000) According to a systematic review of the VAS
scale in rhinologic patients and the normal population, the average VAS score for
the healthy population is 2.1 and for the general population, 4.6. (Rhee, Sullivan,
Frank, Kimbell, & Garcia, 2014) However, a minimal detectable change of VAS in
rhinology was not established. In a series of 116 rhinological patients, VAS scores
of 0 to 4 were found to correspond with mild impact of symptoms, scores of four
to seven with moderate and 7 to 10 with severe symptoms of CRS. (M. Lim et al.,
2007)
Symptom scoring instruments report results as summary scores and focus on
specific symptoms, not the broader concept of QoL. For assessing the impact of
nasal septal deviation and SP, the Nasal Obstruction and Symptom Evaluation scale
(NOSE) uses five questions about the symptoms of nasal obstruction during the
preceding month with five possible scores from 0 (not a problem) to 4 (severe
problem) and produces a summary score of 0 to 100. Zero is no complaints and 100
is the worst possible situation. (Stewart et al., 2004) Scores from the general
population and impact of surgery on select populations are known, but minimal
detectable change in the instrument is not clear, although Rhee et al. (Rhee et al.,
2014) proposed a change of 30 points as a clinically meaningful measure of surgical
success.
The Chronic Sinusitis Survey (CSS) developed in 1995 (Gliklich & Metson,
1995b) measures CRS symptoms and medication use with six severity– and
duration–based questions making it quick to administer. Scores are converted on a
range of 0 to 100, the increasing value indicating better symptom status. A limited
number of items increases ease of use, but also limits the scope of the questionnaire
to a narrower scale.
A drawback of symptom scoring instruments is that they do not assess the
impact of symptoms on an individual’s well–being, i.e. QoL.
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2.4.3 Health–related quality of life
QoL is a very broad and complex concept and it is better here to focus on healthrelated QoL (HRQoL). In this thesis, the term QoL is used interchangeably with
HRQoL. QoL has been defined by many authors, (Fitzpatrick, Davey, Buxton, &
Jones, 1998) for example the definition by the World Health Organization in 1995
is as follows:” Individual’s perception of their position in life in the context of the
culture and value systems in which they live and in relation to their goals,
expectations, standards and concerns.” (The world health organization quality of
life assessment (WHOQOL): Position paper from the world health organization,
1995) Generic QoL also encompasses dimensions of social life, housing, work and
schooling and are beyond the scope of the health care system, so we usually focus
on HRQoL. (Mayo, Figueiredo, Ahmed, & Bartlett, 2017) QoL in clinical medicine
represents the functional effects of an illness and its therapy on a patient, as reported
by the patient. (Fitzpatrick et al., 1998; Wilson & Cleary, 1995) Integrating QoL as
an outcome in medical research also means venturing from the realm of biophysical
sciences into the world of social, psychological and economic sciences. (Wilson &
Cleary, 1995) QoL is also used for measuring the cost-effectiveness or utility of
treatments in the study of health economics. This thesis does not address the cost–
effectiveness aspect of QoL.
The goal of most common rhinological procedures is to alleviate symptoms
and improve the patient’s well-being, QoL, so it is clear that measuring the impact
of disease on QoL and the effects of treatments on QoL should be incorporated
prominently both in research and clinical work. QoL is measured with specific
questionnaires that can be either generic or disease–specific. Symptom
questionnaires do not explore the psychological or social aspects of health, only
physical ones, so an instrument is required to be called a HRQoL tool that addresses
all three of the above aspects of health. (Mayo et al., 2017)
Generic HRQoL tools measure a broad range of health parameters and are thus
relevant to many patient groups and even people without illness. (Fitzpatrick et al.,
1998) Comparisons of HRQoL impact across different diseases can be made with
generic instruments and they can reveal the unexpected effects of an intervention
due to their broader scope. A clear disadvantage of a generic instrument is that it
lacks sensitivity and specificity compared to disease–specific instruments.
Disease–specific QoL instruments focus on the relevant aspects of an illness,
so have the potential to be more sensitive and specific than generic HRQoL
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instruments. If a disease–specific instrument is not constructed to capture a
dimension of an illness, it may lack the sensitivity to detect an important variable.
Several requirements should be met by a HRQoL instrument (Table 4) to
enable adequate assessment of HRQoL.
Table 4. Requirements of a health–related quality of life instrument1.
Requirement
Appropriateness

Explanation
Also known as face validity. The content of the instrument addresses relevant
questions for the studied matter.

Content validity

Also known as item selection. The range of questions in the instrument
adequately covers the addressed matter.

Construct validity

Refers to whether an instrument measures a subjective or psychological
phenomenon (e.g. pain) adequately

Internal consistency

More than one questionnaire item may measure one variable. The items
should correlate with each other and not measure other than intended items.

Reproducibility

Also known as test–retest reliability. Stability of responses over time. Measured
by repeating the test after a period of time and determining the correlation.

Criterion validity

If an instrument correlates well with a ‘gold’ or criterion standard instrument, it
has a good criterion validity. Not easy to define a gold standard in HRQoL..

Responsiveness

The ability to detect change over time. Change should be meaningful to the
patient, not just statistically but also clinically or symptom wise.

Ceiling/floor effects

The instrument identifies the full spectrum of impairment or symptoms. If
floor/ceiling are met too easily, it reduces responsiveness

Precision

Accuracy of instrument’s scoring system in relation to using appropriate Likert’s
or numerical scales.

Interpretability

The meaning of the numerical values produced by the instrument in practice. Is
the minimal important change known? What are the ‘normal’ values?

Acceptability

Patients’ readiness to complete the questionnaire. Depends for example on
wording of instrument, method of administration, topic of instrument.

Feasibility

The ease, time and energy that an instrument requires to complete by the
patient and the researcher or clinician

1

Compiled on the basis of Fitzpatrick et al and Rudmik et al. (Fitzpatrick et al., 1998; Rudmik, Hopkins et

al., 2015)

An important thing with the concept of responsiveness is the change of QoL.
Statistically significant changes of QoL scores after an intervention do not
necessarily mean that the patient can detect them or that the subjective well-being
has increased. For example, in a SP study, (Hytönen et al., 2012) the patients’ mean
SNOT–22 score improved statistically significantly after surgery by 4.11 points (p
= 0.000045), but the improvement was below the published minimal detectable
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difference of 8.9 points, (Hopkins, Gillett, Slack, Lund, & Browne, 2009) so
statistical significance does not equal significance for the patient and defining the
meaningful response of a QoL instrument is very necessary for the interpretation
of QoL outcomes.
The terminology in QoL change has been somewhat inaccurate. Minimal
detectable difference is not minimally important difference and neither of them are
minimal clinically important difference, although they are often used
interchangeably. (Norman, Sloan, & Wyrwich, 2003) Minimal detectable
difference could be viewed as analogous to a detection threshold of a laboratory
test; it does not consider valuations or possible trade-offs of treatments. Minimally
important difference, on the other hand, does. It is viewed as the smallest change
of QoL score that the patient views beneficial or harmful and would justify a
treatment decision. (Jayadevappa, Cook, & Chhatre, 2017; Norman et al., 2003)
The terms of clinically important or minimally clinically important differences are
defined as outcomes that affect directly the medical treatments or testing of patients,
for example reducing the need of surgery or rate of rehospitalisations, (Norman et
al., 2003) or as the smallest difference that patients perceive, which mandate a
change in their management. (Jayadevappa et al., 2017)
Establishing minimal detectable, important or clinically important differences
can be done by consensus, distribution–based or anchor–based methods.
(McGlothlin & Lewis, 2014) The consensus method is employed when an expert
panel defines the important differences. Distribution–based methods are based on
statistical reasoning. The aim of the reasoning is to discover a cut–off point where
chance probably does not explain the difference, but a true change in an item. Half
the SD of response values average is quite universal. (Chowdhury et al., 2017;
Norman et al., 2003) Anchor–based methods define the important or minimal
change by associating the change with the patient’s independent and subjective
assessment, for example on a Likert scale, of improvement. The advantage of
anchor–based method compared to other methods is that it considers the patient’s
valuation.
Some HRQoL instruments are retrospective and only post–interventional.
(Robinson, Gatehouse, & Browning, 1996) The HRQoL change is defined by a
single questionnaire as opposed to serial measurements. The specificity of the
method may be lower than serial measurements, but the retrospective measurement
incorporates the patient’s values, and in pain and disability studies, has been shown
to be more sensitive in detecting a change than serial measurements. (Fischer et al.,
1999)
44

2.5

Health–related quality of life instruments in rhinology

Both generic and disease–specific HRQoL instruments for use in rhinology have
been described. A recent systematic review identified ten disease–specific ones
currently in use in English. (Rudmik et al., 2015) Among the most common
instruments for rhinologic patients are Sino–Nasal Outcome Test–22 (SNOT–22),
a disease-specific HRQoL instrument, RAND–36 or SF–36, a generic HRQoL tool
and GBI developed for measuring patient benefit after otorhinolaryngological
interventions.
2.5.1 Disease–specific
According to quality analyses of disease-specific instruments, SNOT–22 is
currently the best instrument for measuring QoL in chronic rhinosinusitis. (Morley
& Sharp, 2006; Rudmik et al., 2015) Accumulating data also support its use for
measuring the impact of nasal septal deviation and the effect of SP or
septorhinoplasty. (Buckland et al., 2003; de Dorlodot et al., 2015; Hytönen et al.,
2012; Poirrier et al., 2013)
SNOT–22 is a disease specific health related QoL instrument developed
specifically for measuring impact of chronic rhinosinusitis on QoL. It is a result of
an iterative process beginning from the 31-Item Rhinosinusitis Outcome Measure
(RSOM-31) (Piccirillo,J.F.:Edwards,D.:Haiduk,A.:Yonan,C.:Thawley,SE., 1995)
and then progressing through SNOT-20 (J. F. Piccirillo, Merritt, & Richards, 2002)
and SNOT-16 (E. R. Anderson, Murphy, & Weymuller, 1999) to SNOT–22.
(Hopkins et al., 2009) SNOT–20 was derived from RSOM–31 by omitting 11 items,
changing the magnitude scale and modifying the importance scale. These changes
made the instrument easier to administer but removed two items of clinical
importance: nasal obstruction and loss of sense of smell. These two questions were
added and importance rating was removed to produce the SNOT–22.
SNOT–22 is regarded as a reliable, valid and responsive disease–specific
instrument (Morley & Sharp, 2006) and the minimal important difference of a total
SNOT–22 score of 8.9 points has been defined in a large study by Hopkins et al.
(Hopkins et al., 2009) and later reconfirmed by Chowdhury et al. (Chowdhury et
al., 2017) The phenomenon of “response shift”, meaning various biases
(reconceptualisation, reprioritisation, recalibration) of a QoL instrument due to its
self-reporting nature has been found to exist with SNOT–22 (DeConde, Bodner,
Mace, & Smith, 2014) but the magnitude is not clinically significant.
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Each question of SNOT–22 is scored on the Likert scale from 0=”no problem”,
1=”very mild problem”, 2=”mild or slight problem”, 3=”moderate problem”,
4=”severe problem” to 5=”problem as bad as it can be”. SNOT–22 produces a
summary score between 0 and 110, higher values indicating poorer disease–specific
QoL. The translation and validation of SNOT–22 have been done in many cultures
and languages, (Farhood et al., 2016) including Finnish in 2017. (M. Hytönen et
al., 2017)
Subdomains of SNOT–22 were presented in 2014: rhinologic symptoms, extranasal rhinologic symptoms, ear/facial symptoms, psychological dysfunction and
sleep dysfunction. (DeConde et al., 2014) Some disagreement exists on the topic;
in 2017, a validated four–subdomain scheme of SNOT–22 was proposed, including
sleep, nasal, otologic/facial pain and emotional symptom subdomains. (Feng et al.,
2017)
The appropriate length of follow up after intervention when using SNOT–22
has been studied in the United Kingdom and USA. (DeConde et al., 2015; Hopkins
et al., 2009) Too short a follow–up could lead to missing important outcome
information due to chronic or relapsing nature of chronic rhinosinusitis and too
long a follow-up period after intervention is not practical for the patients or the
researchers. Certain phenotypic subtypes of CRS, such as aspirin-exacerbated
respiratory disease (AERD) or CRSwNP are more likely to develop recurrent
disease over time, as demonstrated in the revision surgery rate. (Hopkins et al.,
2009) The total SNOT–22 score seems to stabilise at six months after intervention
in the CRSsNP group and there is a slight trend of worsening SNOT–22 scores in
patients with CRSwNP, although not statistically or clinically significant up to 18–
20 months post-intervention.(DeConde et al., 2015; Hopkins et al., 2009) A similar
finding has also been made with other disease-specific sinonasal QoL instruments
like the Rhinosinusitis Disability Index (RSDI) and Chronic Sinusitis Survey (CSS),
(Soler & Smith, 2010) so at cohort level, a follow–up period of six months or more
after an intervention is appropriate when conducting an outcomes study.
Detecting a change of SNOT–22 after an intervention requires serial
measurements, then calculation of the difference between the two measurements.
Originally, SNOT–22 was intended to be filled using the paper–and–pencil method,
and in QoL research, the questionnaires should be like the original in terms of
wording, layout and method of administration. (U.S. Department of Health and
Human Services FDA Center for Drug Evaluation and Research et al., 2006)
However, it has been shown by several instruments that electronic methods ensure
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very similar results to paper and pencil methods. (Gwaltney, Shields, & Shiffman,
2008)
Table 5. SNOT–22 scores in normal populations.
Study group

Population

Total score

Note

Gillett, Hopkins, Slack, &

116 from local hospital staff and

Median 7

-

Browne, 2009

tennis club evening meeting, UK Mean 9.3

de Dorlodot et al., 2015

46 volunteers from hospital staff

Lachanas et al., 2014

120 volunteers from hospital staff Mean 13, SD 11.7

Excluded if nasal

or their acquaintances

problems or if

Range 0-50
Mean 8.3, SD 8.7

-

endoscopy
revealed CRS
Hytönen et al., 2017

139 volunteers from researchers’ Mean 13.8

If rhinitis or

friends or work

allergy symptoms
within 2 weeks,
score was 25.6

251 non-rhinosinusitis adults,

Median 8

Women’s SNOT–

family and friends of hospital

Mean 12

22 values slightly

staff, UK

IQR 2–17

higher

Gregorio, Andrade,

539 volunteers from university

Median 8

Men or elderly

Caparroz, Saraceni Neto, &

hospital patients’ companions,

Mean 9.8, SD 8.6

presented lower

Kosugi, 2015

Brazil

Lange et al., 2016

268 volunteers from Danish

Mean 10.5

Allergic rhinitis

island Funen

Range 0–67

and blue–collar

Erskine et al., 2017

scores

workers
presented higher
scores
IQR = Interquartile range, SD = Standard deviation

The normal population scores of SNOT–22 (Table 5) have been characterized to
some extent. A representative Danish population sample of 268 subjects from a
geographical cohort displayed a mean SNOT–22 score of 10.5 with worse scores
seen in subjects with allergic rhinitis or a blue-collar occupation. (Lange, Thilsing,
Baelum, & Kjeldsen, 2016) The strength of this study in addition to being
population based, was that the study subjects were screened by researchers
according to EPOS criteria (Fokkens et al., 2012) to be free from CRS. In a
systematic review of published healthy populations’ SNOT–22 scores, a mean of
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11 with SD 9.4 was reported. (Farhood et al., 2016) The data were derived from ten
studies and 1517 study subjects. It appears that SNOT–22 values below 10 to 13
could be considered to represent non–CRS or the normal population’s sinonasal
complaints, but since QoL is highly dependent on the environment and the culture
that an individual lives in, comparison of scores should preferably be made to
similar populations. (Erskine et al., 2017)
Other disease specific sinonasal instruments not used in this thesis will be
presented only briefly. Examples include Chronic sinusitis survey (Gliklich &
Metson, 1995b), Rhinosinusitis disability index, (Benninger & Senior, 1997)
Rhinosinusitis Quality of life survey, (Atlas, Metson, Singer, Wu, & Gliklich, 2005)
DyNaChron, to mention a few in addition to RSOM-31 and its descendants. They
vary greatly regarding number of items (6 to 78), number of domains (two to seven)
and time to complete (2 to 15 minutes). (Rudmik et al., 2015) Also, the
psychometric and clinimetric properties vary a great deal. Current sinonsasal
disease–specific QoL instruments including SNOT–22 do not address patient
preferences or values thus limiting shared decision–making with the tools. (Rudmik
et al., 2015)
2.5.2 Generic
The RAND–36 is a widely used generic HRQoL instrument. (Hays & Morales,
2001; Ware & Sherbourne, 1992) The other names used for the instrument
depending on the distributor are SF–36 health survey, or Health status questionnaire.
RAND–36 was translated into and validated in Finnish in the 1990’s. (Aalto,
Aro, Ohimaa, & Mähönen, 1999) Age– and sex–adjusted normative values were
described for the instrument in Finland. Minimally important differences for the
RAND–36 scores are somewhat vague. The authors of the instrument have not
provided such information. The published literature is also scarce especially on
sinonasal disease. A minimal clinically important difference of 3 to 5 points per
domain has been suggested. (Samsa et al., 1999) The change or difference of
RAND–36 is assessed with serial measurements and subtracting the first
measurement from the second.
RAND–36 comprises of 36 questions assessing eight concepts of health:
physical functioning, role limitations due to physical health, role limitations due to
emotional problems, energy/fatigue, emotional well–being, social functioning, pain
and general health. The answers are scored as directed by the instrument
instructions: first, they are recoded and redistributed on a scale 0 to 100. Zero
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represents the lowest possible and 100 the highest possible QoL. Second, individual
domains are scored by adding the individual domain’s questions and dividing the
total by the number of the questions, giving the average score for each domain.
Scoring is done by domain, and the aggregate score of all domains is not reported.
SF–36 differs from RAND–36 in two domains, pain and general health. The
resultant scoring differences are very subtle and the domains of RAND–36 and SF–
36 correlate with a coefficient of 0.99. (Hays, Sherbourne, & Mazel, 1993)
Glasgow benefit inventory (GBI) is a generic HRQoL measure for determining
the impact of surgical or medical therapy for ENT diseases. (Robinson et al., 1996)
Generic HRQoL instruments, for example RAND–36 may not have enough
sensitivity to pick up changes after interventions. On the other hand, disease–
specific tools are not comparable across different conditions or patient groups. For
that need, GBI was developed in 1996.
The GBI is designed for use after an intervention to measure a change. It is an
18–item instrument with each item answered using a five-point Likert scale.
Responses are rescaled and averaged to provide a range from -100 (poorest possible
outcome) to 0 (no change) to +100 (best possible outcome). Subscales of GBI are
general, physical and social. They are scored in the same manner as the whole GBI.
The general subscale addresses general and psychosocial health status changes, the
physical subscale explores changes in physical well-being and medication use or
physician visits and the social subscale defines the need for social support after an
intervention.
A systematic review of GBI’s use and value as an outcome measure in
otorhinolaryngological surgical or medical therapy identified 118 scientific papers
prepared using GBI. (Hendry, Chin, Swan, Akeroyd, & Browning, 2016) Out of
118, three studies were done after SP and one after ESS. GBI’s drawback is that the
pre–interventional impact of disease is not addressed at all. In addition, it is not
clear what the cut–off points of patient benefit or detriment are around the score
zero. (Hendry et al., 2016)
Other generic HRQoL instruments used for rhinological study are 15–
dimension test (15D) for SP (Hytönen et al., 2012) and Euroqol 5 Dimension
questionnaire (EQ-5D) for ESS. (Remenschneider et al., 2015) 15D was noted to
be similarly affected in various rhinologic complaints. (Ylitalo-Heikkilä et al., 2018)
Both are generic instruments, but the 15D has 15 dimensions and EQ-5D five and
a general VAS assessment of health.
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2.6

The influence of a study design on the assessment of a
treatment’s effect

If a researcher defines and implements the treatment in a study, it is a study or a
trial. Clinical trials can be further subdivided into experimental and observational.
(Kapoor, 2016) An example of an experimental study is a randomised controlled
trial (RCT). Observational clinical studies analyse the effects of treatments
performed according to standard medical practice and not to a standard study
protocol. Epidemiological methods are often used in these settings to minimize bias.
Bias affects studies in several ways. In a study population, there are two types
of confounding factors: known and unknown. An RCT is a way to minimise the
effects of these factors, because in a properly conducted randomisation in a
sufficiently sized population the only difference between study groups should be
the intervention. (Vuorela, Malmivaara, Komulainen, & Jousilahti, 2014) RCT may
not always be feasible and observational studies are often used instead. When
interpreting the results, factors introducing bias should be considered. The
intervention and confounding factors should be defined reliably, population
sampling criteria should be given, cohort size and follow–up should be sufficient,
drop–out rate should be as low as feasible, outcome measures should be proven and
relevant and confounding factors should be addressed in analyses by adjusting.
The quality of study design affects the results and is linked to the grading of
the level of evidence. (Concato, Shah, & Horwitz, 2000) Several grading schemes
(Oxford centre for evidence-based medicine – levels of evidence (march 2009).;
The periodic health examination. canadian task force on the periodic health
examination.1979) have been presented, with a hierarchical approach to the
correctness of the results: systematic reviews of RCTs and RCTs with narrow
confidence intervals are considered to offer the best evidence, followed by non–
randomised trials, cohort studies, case series and, finally, expert opinions.
Systematic evidence–based medicine databases, the most notable example being
Cochrane Database of Systematic reviews, currently offer the highest level of
evidence. The RCTs included in the reviews have a diverse set of outcomes
including QoL issues.
2.7

Outcomes after sinonasal surgery

The ways to assess outcomes of sinonasal surgery are diverse: benefit can be
assessed with clinical measured or reported measures, physiological measures,
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PROMs and HRQoL. QoL can also be utilised in treatment efficacy measurements,
thus enabling assessments of health–utility and cost–utility analyses. The thesis
addresses measures other than health–utility or cost–utility as an outcome.
2.7.1 Clinician-reported and physiological measures
Rates of complications after sinonasal surgery are a clinician assessed outcome.
After SP, major complications (toxic shock syndrome, cerebrospinal fluid leak) are
very rare, and more minor (nasal septal perforation, bleeding, infection) occur at
rates between 0.4 and 6.7%. (Dabrowska-Bien et al., 2018; Ketcham & Han, 2010)
Major complications (orbital, intracranial, arterial, anosmia) are rare, less than 0.5%
and minor complications (ecchymosis of the eyelids, minor bleeding, synechiae,
hyposmia) are encountered in about 5% after ESS, although the reported incidences
vary greatly. (Hosemann & Draf, 2013)
A ‘hard’ disadvantageous outcome measure after sinonsasal surgery is
procedure-related mortality. Fortunately, such an outcome is very rare after SP or
ESS to the extent that little information exists on the topic. A North American
ambulatory surgery and hospital admission database study (Bhattacharyya, 2014)
of roughly 15000 SPs and 13000 ESSs revealed three fatalities within two weeks
after surgery, thus the mortality rate was less than 0.01%.
Use of medication after sinonasal surgery is one clinician– or patient–reported
outcome and after ESS, reductions in use of medications including antibiotics have
been noted. (Bhandarkar, Mace, & Smith, 2011; Poetker, Litvack, Mace, & Smith,
2008; K. A. Smith, Smith, Mace, & Rudmik, 2014) This is demonstrated both for
CRS and RARS.
Findings in nasal endoscopy or anterior rhinoscopy or CT scans addressed with
various classification schemes have been used as an outcome measure after surgery.
SP’s success in correcting anatomical deformity can be assessed by a clinician
through the subjective evaluation of septal crookedness or with various and
nevertheless subjective classifications. Authors presenting their classifications
(Baumann & Baumann, 2007; Guyuron et al., 1999; Mladina, 1987) did not report
the clinician-assessed results on anatomy or patients’ satisfaction, so the usability
for the schemes in assessing outcomes after SP is questionable. Hong et al. (Hong
et al., 2015) found no correlation between the severity of nasal septal deviation and
a subjective outcome after SP with or without turbinate surgery.
Clinician–assessed endoscopy or CT findings are widely used to characterize
populations undergoing ESS. (Adnane, Adouly, Zouak, & Mahtar, 2015; C. W. Lee,
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Lee, Yoo, & Yi, 2014; Mendolia-Loffredo, Laud, Sparapani, Loehrl, & Smith, 2006;
Singhal, Foreman, Bardy, & Wormald, 2011; Smith et al., 2010; Watelet, Annicq,
Van Cauwenberge, & Bachert, 2004) However, as a tool for measuring the outcome
after ESS they have only limited usefulness. CT classification is not generally
repeated in the study population after the follow–up period, maybe due to radiation
exposure concerns. While endoscopy scores may improve after surgery, (Singhal
et al., 2011) their correlation with a patient’s subjective well–being has been noted
to be quite low. (Bhattacharyya, 2006)
Objective measures, namely acoustic rhinometry and rhinomanometry are
available and used for outcome research after SP. In a systematic review article in
2011, Moore and Eccles included seven studies using rhinomanometry and six with
acoustic rhinometry prior to 2010. (M. Moore & Eccles, 2011) Only studies that
reported an objective measure of nasal patency both before and after SP were
included. All the studies reported improved nasal patency as measured with
rhinomanometry or acoustic rhinometry. Mean unilateral resistance decreased from
1.19 Pascals / cm3 / s to 0.39 Pascals / cm3 /s and mean minimal cross-sectional
area increased by 35%. The duration of follow–up varied between 1 and 18 months.
Correlations between patient satisfaction after surgery and change of crosssectional area at the nasal valve were assessed in a series of 117 SP surgeries and
the results suggested low to moderate correlations between the two. (Pirilä &
Tikanto, 2009) Haavisto and Sipilä (Haavisto & Sipilä, 2013) reported a ten-year
follow up after SP and noted an initial improvement of nasal patency at six months
after SP measured with acoustic rhinometry and rhinomanometry. However, ten
years after the SP, nasal resistance values returned to the preoperative level, and
acoustic rhinometry results of the narrower side improvement remained.
Reports on objective outcomes of acoustic rhinometry or rhinomanometry
after ESS are scarcer than after SP. A series of 40 cursorily described patients
undergoing ESS had an increase of 15% in total nasal volume after the operation.
(de Paula Santos, Habermann, Hofmann, & Stammberger, 2006) The nasal cycle
remained unchanged after ESS in a series of 10 patients. (Anselmo-Lima & Lund,
2001) Middle meatal antrostomy did not influence total nasal volume, whereas
ethmoidectomy did. Total nasal volume did not correlate well with VAS assessment
of nasal stuffiness. (Numminen, Dastidar, & Rautiainen, 2004)
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2.7.2 Patient-reported outcomes other than health-related quality of
life
On a series of 116 rhinological patients, VAS scores of 0 to 4 were found to
correspond with mild impact of symptoms, scores of 4 to 7 with moderate and 7 to
10 with severe symptoms of CRS. (M. Lim et al., 2007) The benefit of ESS on VAS
was demonstrated in a small series of 24 patients, and the six assessed mean VAS
scores decreased statistically significantly (2.45 to 3.86 centimetres) after a follow–
up period of one year after ESS. (Lund, Holmstrom, & Scadding, 1991) According
to a systematic review of the VAS scale in rhinologic patients and the normal
population, the average VAS score for the healthy population is 2.1 and for the
general population, 4.6. (Rhee et al., 2014) However, a minimal detectable change
of VAS in rhinology is not established.
2.7.3 Health-related quality of life
Previous studies on the impact of nasal septal deviation and its surgical treatment
on QoL are presented in Table 6. Generic HRQoL measured with SF-36 and its
shortened version SF-12 and 15D questionnaire were inconclusive. The impact of
septal deviation on QoL preoperatively was seen as modest and the impact of
surgical treatment was similarly modest. SP patients are younger and more often
male than the general population, so it would appear that their self–reported QoL
is better regardless of their nasal septal deviation.
Table 6. Quality of life and other patient–reported outcomes before and after
septoplasty surgery.
Study group

Design, population

Main PROM(s)

Preoperative status

Main result

Croy et al., 2010

Prospective

SF-36

General health,

Follow–up 4

inpatients

RSDI

vitality, social

months. Social

functioning and role

functioning

N=358 SP.

functioning/emotional remained lower
lower than normative than normative
German sample

scores.
Improvement in
80%
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Study group

Design, population

Main PROM(s)

Preoperative status

Main result

Siegel et al., 2000

Prospective,

SF-12

Normative levels of

Follow–up 9

consecutive

CSS

general health.

months. SF-12

patients

Subnormative nasal– virtually unchanged.

N=161 SP.

specific health

Turbinate surgery

CSS improved
significantly.

according to
surgeon discretion
Hsu et al., 2016

Retrospective

NOSE

Controls NOSE 1.07, Follow–up 1 year.

N=50 SP.

VAS

patients preop 13.4

N=20 controls
Hong et al., 2015

NOSE 3.4, VAS 2.4

VAS 1.2 vs. 7.7

Patient series,

NOSE

prospctiveness not

VAS

Preop NOSE 9.4.

months. NOSE

explicitly stated.

SQ, BDI

under 2. VAS not

N=49 SP.

Follow–up 3

reported

Turbinate surgery
according to
discretion
Mondina, Marro,

Prospective,

NOSE

Preop NOSE 58.

Gabory, 2012

N=100 primary SP

Follow–up 6
months. NOSE 23.

Maurice, Stoll, & de observational study. RhinoQoL

RhinoQoL improved

Subjective
assessment of

significantly.

satisfaction

At least moderate
satisfaction in 97
patients

Hytönen et al.,

Prospective

2012

SNOT–22

Preop SNOT–22

Follow–up 6

uncontrolled study. 15D

21.5. Preop 15D

months. SNOT–22

N=188 SP

0.949

17.4. 15D 0.928. In
older age groups,
QoL decreased

Buckland et al.

Prospective

2003

uncontrolled study

SNOT–22

N=40 SP

Preop SNOT–22

Follow–up 6

36.3

months. SNOT–22
19.3.

35% had
concomitant lateral
wall surgery
PROM = Patient reported outcome measure, SP = septoplasty, SF-36 = Short Form-36, SF-12 = Short
Form-12, CSS = Chronic sinusitis survey, NOSE = Nasal Obstruction Symptom Evaluation, VAS = Visual
Analogue Scale, SQ = Stress Questionnaire, BDI = Beck Depression Inventory, SNOT–22 = Sinonasal
Outcome Test-22, 15D = 15–dimension questionnaire
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Disease–specific PROM questionnaires displayed consistent improvement after SP.
(Hong et al., 2015; Hsu et al., 2016; Mondina et al., 2012) The instrument in the
mentioned studies was NOSE, which is sensitive, specific and feasible as a PROM
for nasal septal deviation. However, it is not a QoL instrument, because it does not
address the psychological or social aspects of well-being. SNOT–22 has been used
as a disease–specific QoL instrument for SP surgery research, (Buckland et al.,
2003; Hytönen et al., 2012) despite the fact that it was developed for QoL
assessment in CRS.
An important consideration with outcome studies after SP is the quite low
correlations between clinician–measured and patient–reported outcomes. Nasal
septal deviation classification schemes are diverse and have not been universally
adopted, nasal septal deviation is very common and the main symptom, nasal
blockage is very multifactorial. It is therefore hardly surprising that measures that
describe different dimensions of the same problem may not correlate well. (Andre
et al., 2009) The use of rhinomanometry and/or acoustic rhinometry in assisting in
the selection of suitable candidates for SP surgery has been suggested, (Holmstrom,
2010; Pirilä & Tikanto, 2009) but opposite views have also been presented. (Andre
et al., 2009) The correlation between objective measures and the subjective
sensation of airway patency is generally low in the absence of grave septal
deformities. (Andre et al., 2009)
Studies on SP benefit measured with GBI indicate improvements from 6.3 to
67 points in total score (Akduman, Yanilmaz, Haksever, Doner, & Sayar, 2013;
Konstantinidis, Triaridis, Triaridis, Karagiannidis, & Kontzoglou, 2005) and scarce
studies on ESS described an improvement of 11 points after surgery for CRS.
(Salhab, Matai, & Salam, 2004)
In ESS outcome studies, compared to SP studies, generally more clear-cut
preoperative detriment of QoL is noted, Table 7. QoL has been a central outcome
in chronic rhinosinusitis treatment studies since the 1990’s (Gliklich & Metson,
1997). The majority of published studies are descriptive patient series and in many
studies, data were collected retrospectively. The QoL benefit is nonetheless widely
demonstrated (Adnane et al., 2015; DeConde, Barton, Mace, & Smith, 2015;
Djukic, Dudvarski, Arsovic, Dimitrijevic, & Janosevic, 2015; ElBadawey, Alwaa,
ElTaher, & Carrie, 2014; J. Y. Lee, Lee, & Lee, 2008; D. T. Nguyen, Guillemin,
Arous, & Jankowski, 2014; Remenschneider et al., 2014; Rudmik et al., 2014; Shen,
Liu, Liu, Guo, & Dong, 2014; Smith et al., 2010). The instruments used in the
studies are predominantly disease-specific, such as SNOT–22 (ElBadawey et al.,
2014), SNOT-20 (Das, Becker, Perakis, Prosser, & Kountakis, 2007; J. Y. Lee et al.,
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2008; Shen et al., 2014), CSS (Gliklich & Metson, 1997; Soler & Smith, 2010a)
and RSDI (Adnane et al., 2015; Smith et al., 2010), all of which consistently
suggest that endoscopic sinus surgery for chronic rhinosinusitis improves disease–
specific QoL, despite heterogeneous study populations and methods. The surgical
cases are commonly a mix of primary and revision cases.
Table 7. Quality of life and other patient reported outcomes before and after endoscopic
sinus surgery.
Study group

Design, population

Adnane et al., 2015 Prospective series

Main PROM(s)

Preoperative status

Main result

RSDI

Total RSDI 86.43

Follow–up of one

N=58 ESS

year

CRSwNP

Mean total RSDI

Revision surgery

and domains

cases 14%

improved both
statistically and
clinically
significantly

ElBadawey et al.,

Retrospective study GBI

Mean total SNOT–22 Follow–up 3 to 12

2014

N=45 CRS

59.9

SNOT–22

months

Frontal sinus

SNOT–22 improved

surgery with various

24.4

techniques

GBI total score +26-

Revision surgery

31

cases 24%
Shen et al., 2014

Descriptive study,

SF-36

prospectiveness not SNOT-20

Mean total SNOT-20 Follow–up 6
22.5

months

explicitly stated

Role functioning

N=60 CRS

physical and mental

‘Conservative’ or

improved

‘radical’ ESS

statistically
significantly

Rudmik et al., 2014 Post hoc analysis of SNOT–22
a prospective

not reported

14 months.

database

80% of cohort

N=327 CRS

improved at least

ESS

nine points.

Revision status not
stated
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Mean total SNOT–22 Mean follow–up of

Study group

Design, population

Main PROM(s)

Preoperative status

Main result
Preoperative Total
score of 30 was
deemed a cut-off
point for a probable
improvement after
surgery

Djukic et al., 2015

Prospective series. SF-36

Follow–up at 6 and

N=85 CRSwNP

VAS of several

12 months.

ESS

symptoms and total

SF-36 improved

Revision status not

across all domains

stated

VAS improved
similarly
No change between
6 and 12 months

Remenschneider et Prospective series. CSS
al., 2014

Mean CSS 47.1

Follow–up at 3 and

N=267 CRS

SNOT–22

Mean total SNOT–22 12 months

ESS

EQ-5D

48.1

CSS improved to

EQ-5D compared to 70.7 at 12 months

43% previous ESS

general US

SNOT–22 25.6

population: more

EQ-5D

harm in pain, anxiety anxiety/depression
and usual activities

improved, overall
slightly worse than
US general
population at 12
months

Smith et al., 2010

Prospective series

RSDI

RSDI total 46.9

Mean follow–up

N=302 CRS

CSS

CSS total 37.8

17.4 months

ESS

SF-36

61% prior ESS

RSDI 18.9 point
improvement
CSS 21.2 point
improvement
SF-36 improved
across all
subscales

PROM = Patient-reported outcome measure, ESS = Endoscopic sinus surgery, CRSwNP = Chronic
rhinosinusitis with nasal polyps, RSDI = Rhinosinusitis disability index, CRS = Chronic rhinosinusitis, GBI
= Glasgow benefit inventory, SNOT–22 = Sino-nasal Outcome Test-22, SF-36 = Short Form-36 Item
Quality of Life Questionnaire, SNOT-20 = Sino-Nasal Outcome Test-20, VAS = Visual Analogue Scale,
CSS = Chronic Sinusitis Survey, EQ-5D = EuroQoL 5-Dimension Health Assessment
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The severity of symptoms and co–morbidities are different in primary and revision
surgical patients. Changes in generic HRQoL after treatments is not reported as
extensively as disease–specific QoL in chronic rhinosinusitis. In chronic sinusitis
treatment studies, the SF-36 showed mixed outcomes, in one RCT (Ragab, Lund,
& Scadding, 2004), SF-36 improved, but in an uncontrolled study with
heterogeneous interventions, SF-36 remained unchanged 12 months after
intervention (Shen et al., 2014).
SNOT–22 has been a central patient reported outcome in clinical CRS after its
publication in 2003. In a systematic review and meta–analysis, Soler et al. (Soler
et al., 2017) included 40 outcome studies from 2009 to 2016 in their results.
Altogether over 5500 CRS patients with follow–up time from 0.5 to 60 months
after ESS were analysed. The meta–analysis mostly included a mix of primary and
revision ESS, but some included papers presenting the results of primary ESS. The
average improvement in the SNOT–22 total score after ESS was 24.4.
2.7.4 Factors affecting the surgical outcome
A predictive factor is defined as a patient characteristic that identifies a treated
patient who has a different outcome as a consequence of a treatment. (Adolfsson &
Steineck, 2000) The different characteristics of patients in terms of proportions of
revision cases in studies thus affect outcomes.
|In SP, the literature is quite scarce regarding the predictive factors of a
successful QoL outcome after surgery, Table 8. In ESS, various predictive factors
of an outcome after surgery have been assessed, Table 9. The study cohorts are
often from academic or tertiary centres and a substantial portion of cases are
revision surgeries, that can skew the materials toward more difficult to treat or
advanced disease.
Predictive factors are sought to help to identify the patients who would benefit
the most from surgery and thus aid in the clinical decision to recommend surgery.
The available evidence points most strongly to the preoperative impact of the
disease on QoL that predicts postoperative improvement of QoL. (Soler et al., 2017)
In two prior patient series, a preoperative total SNOT–22 score threshold of 30 was
defined that associated with good chance of post operative improvement. (Hopkins,
Rudmik, & Lund, 2015; Rudmik, Soler et al., 2015) Other patient factors, such as
age, sex, asthma status, revision surgery status, allergies, smoking, AERD are more
varied predictors of benefit after surgery.
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Table 8. Predictive factors of outcomes of septoplasty.
Study group

Design, population

Outcome

Predictive factor(s)

Effect on outcome

instruments
Siegel et al., 2000

Prospective,

SF-12

Female sex

Worse outcome

consecutive

CSS

Previous nasal

after surgery

patients

surgery

N=161 SP
Turbinate surgery
according to
surgeon discretion
Croy et al., 2010

Prospective

SF-36

Absence of

inpatients

RSDI

concomitant disease Note: results of SP

Improved outcome

N=358 SP

Absence of allergy

or ESS not

N=360 ESS

Reduced physical

assessed

functioning

independently

presurgery
Hytönen et al.,

Prospective

Age 35 years or

15D worse 6

2012

uncontrolled study. SNOT–22

15D

more

months after

N=188

Experience level of

surgery in older age

surgeon

groups

Patient’s sex

Experience or
patient’s sex did not
affect outcome

SP =Septoplasty, SF-12= Short form 12-item quality of life questionnaire, CSS= Chronic rhinosinusitis
survey, ESS= Endoscopic sinus surgery, SF-36= Short form 36-item quality of life questionnaire, RSDI=
Rhinosinusitis disability index, 15D= 15-dimension questionnaire, SNOT–22= Sinonasal outcome test -22

Table 9. Predictive factors of outcomes of endoscopic sinus surgery.
Study group
Smith et al., 2005

Population and

Outcome

setting

instruments

Predictive factor(s)

Effect on outcome

Prospective patient RSDI

ASA intolerance

ASA intolerance

series

Depression

and depression

N=119 CRS ESS

Preoperative RSDI

associated with less

Prior sinus surgery

Preoperative CSS

improvement in

63%

CSS

RSDI
Worse preoperative
RSDI and CSS
associated with
more improvement,
respectively
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Study group

Population and

Outcome

setting

instruments

Predictive factor(s)

Effect on outcome

Litvack, Griest,

Prospective patient RSDI

Revision status

Revision and

James, & Smith,

series with an

Endoscopy score

primary surgery

2007

internal comparison

patients equally

group

likely to improve

N=167 CRS ESS

CRSsNP patients’

Prior sinus surgery

endoscopy score

61%

improved more

CSS

after revision
surgery
Smith et al., 2010

Prospective patient RSDI

Revision status

Primary surgery

series

CSS

Asthma

was twice as likely

N=302 CRS ESS

SF-36

ASA intolerance

to improve QoL

Prior sinus surgery

after surgery as

61%

revision cases
Asthma and ASA
intolerance proved
to be nonsignificant in
multivariate
modelling

Katotomichelakis et Prospective patient QOD

Olfactory dysfunction Multivariate

al., 2014

series

BDI

Presence of nasal

modelling revealed

N=111 CRS ESS

SF-36

polyps

preoperative

Sex

presence of

Socio-economic

olfactory

status

dysfunction and

Smoking habits

polyps to predict

Presence of polyps

Polyp status did not

All primary cases

better outcome
Mascarenhas et al., Prospective patient SNOT–22
2013

series

affect outcome

N=38 CRSwNP or
CRSsNP ESS
Garetier et al., 2013 Prospective patient SNOT–22

Degree of paranasal No correlation

series

sinus opacification in between sinus

N=33 CRS ESS

CT

All primary cases

opacification in CT
change and SNOT–
22
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Study group
Lind, Joergensen,

Population and

Outcome

setting

instruments

Prospective patient SNOT–22

Predictive factor(s)

Effect on outcome

Preoperative SNOT– Statistically

Lange, Svendstrup, series

22 score to Lund-

significant but weak

& Kjeldsen, 2016

N=97 CRS ESS

Mackay CT score,

correlations, higher

Prior ESS 24%

SNOT–22 score

preoperative CT

change to Lund-

scores correlated

Mackay CT score

with greater postoperative
improvement

Adappa et al. 2016 Prospective patient SNOT–22

TAS2R38

Functional

series

polymorphism

haplotype

N=123 CRS ESS

Age

associated with

30% revision cases

Sex

more improvement

Revision status

of SNOT–22
Age, sex or revision
status did not
matter

CRS = Chronic rhinosinusitis, ESS = Endoscopic sinus surgery, RSDI = Rhinosinusitis disability index,
ASA = Acetyl salisylic acid, CRSsNP = Chronic rhinosinusitis without nasal polyps, SF-36 = 36-Item shot
form quality of life questionnaire, QOD = Questionnaire of olfactory deficits, BDI = Beck Depression
Inventory, TAS2R38 = Bitter taste receptor T2R38 coding gene

According to a systematic review of SNOT–22 outcomes after ESS, a high
preoperative SNOT–22 score and asthma were associated with greater
improvement, whereas longer follow up time was associated with smaller
improvement. (Soler et al., 2017) Notably, most evidence on the subject is based
on cohort studies that are prone to biases and confounding factors. Concurrent SP
with ESS has not been noted to affect QoL outcomes when compared to only ESS.
(Rudmik et al., 2011; Smith et al., 2010)

61

62

3
1.

2.

3.
4.

Aims of the study
To assess how often PROMs, and specifically the QoL aspect, were evaluated
in the RCT projects included in the Cochrane database of systematic reviews
of the most common ENT operations. Also, to explore the same in ongoing
trials registered in ClinicalTrials.gov. (Study I).
To explore how the QoL changes in patients with septal deviation or
CRS/RARS after SP or ESS. In addition, to compare the QoL of the surgical
cohort with that of a concurrently collected control cohort. (Study II).
To investigate and identify the predictive factors of a beneficial QoL outcome
after primary SP or ESS (Study III).
To explore the differences and similarities of various outcome instruments in
detecting patient-reported change after primary sinonasal surgery. (Study IV).
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4

Materials and methods

4.1

Study I: Systematic review of literature

The study design of Study I was a systematic literature review intended to trace the
reviews that assessed the effect of the most common ENT surgical procedures:
endoscopic sinus surgery, tonsillectomy, adenoidectomy and middle ear ventilation
tube insertion.
We performed a search of Cochrane databases in October 2011 with the
following free text words and MeSH terms: Natural orifice endoscopic surgery,
endoscopic sinus surgery, sinusitis, tympanostomy, otitis media, middle ear
ventilation, tonsillar hypertrophy, tonsillar obstruction, tonsillitis, tonsillectomy,
adenoid hypertrophy, adenoid obstruction, adenoidectomy. The two authors sought
potential reviews and the eligible abstracts were screened. Relevant articles
containing RCTs were identified and reviewed fully.
The following parameters were gathered from the RCTs in these reviews: if
PROMs and specifically QoL measures were used, study populations and
interventions. PROMs were classified into those using QoL and not using QoL
assessments. The two authors did this independently of each other and possible
conflicts were resolved by discussions. If the trial was included in a trial register
(ClinicalTrials.gov), the protocol was also checked for possible unreported QoL
outcomes. Authors’ names were also run through PubMed to identify any papers
that may have reported QoL aspects after the publication of the study included in
the systematic review. Secondarily, we aimed to explore how ongoing RCTs that
deal with commonest ENT surgeries consider QoL issues. For this, we performed
a similar query in the largest trials register, ClinicalTrials.gov
(https://clinicaltrials.gov).
After a period of 6½ years, on April 2018 the ClinicalTrial database was rereviewed and histories of previously identified protocols were checked in order to
see if they had been published, withdrawn or left without updates. The publications
were sought using the author names in PubMed and reviewed for QoL outcomes.
4.2

Data collected from randomised controlled trials (Study I)

Our primary aim was to assess how the QoL aspect is considered in reviews of the
most common ear, throat and nose operations in the most highly valued EBM
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database. In October 2011, we searched the EBM Reviews: Cochrane Database of
Systematic Reviews (Ovid; http://ovidsp.uk.ovid.com/) using both the Medical
Subject Headings (MeSH) terms and text word options. The two authors (A.A., OP.A.) independently assessed the database searches to find potential EBM reviews.
We then screened the abstracts and when they contained information that suggested
the possibility of relevance for our study, the full review was examined.
The aim was to trace reviews that explored the effect of the following most
common ENT surgical procedures: middle ear ventilation tube insertion,
adenoidectomy, tonsillectomy and endoscopic sinus surgery. The RCTs included in
these EBM reviews were examined, and the following parameters were gathered:
study population, intervention and whether any PROMs, especially QoL variables
were measured. We stratified PROMs into those without and those with QoL
measurements. The two authors registered these parameters independently, and
disagreements were solved by consensus. If the trial was registered, the trial
protocol was also checked for QoL outcomes that were not reported in the
published article. To study whether the authors of the RCTs found had published
any results on the QoL aspect later on using the same material, we screened all the
studies in PubMed using the authors’ names.
Our secondary aim was to explore how the ongoing RCTs dealing with the
most common ear, throat and nose operations take the QoL aspect into
consideration. To assess this, a similar search was carried out in the largest trial
register, namely (ClinicalTrial.gov http://clinicaltrials.gov/).
4.3

Study II-IV design and population

We performed a prospective population–based age– and sex–matched cohort study
(Studies II and III) and a prospective population based cohort study (Study IV).
4.3.1 Surgical cohort
The surgical cases came from a population of 405,000 inhabitants in Northern
Finland. This is the secondary care area of the Oulu University Hospital and
comprises of 29 municipalities that maintain one primary health centre each and
one university hospital collectively (Oulu University Hospital). Practically all
sinonasal surgery in the area is done at this hospital. The health care system in
Finland is based on a general health insurance scheme and provides equal access to
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medical services for all citizens. All patients must first present in primary care
before referral to secondary or tertiary care.
The participants were enrolled from consecutive adult patients (≥18 years of
age) referred to the ENT outpatient department at Oulu University Hospital because
of chronic nasal symptoms from May, 2010 to February, 2014. The participants had
to have septal deviation requiring SP or CRS or RARS necessitating ESS based on
the following inclusion criteria: the SP group needed to have medically recalcitrant
unilateral nasal blockage due to nasal septal deviation with concurrent findings of
septal deviation on the side of complaint on clinical examination. The ESS group
had to have RARS or CRS with or without polyps that had failed conservative
treatment. The diagnostic criteria for CRS were in accordance with EPOS 2012
guideline, (Fokkens et al., 2012) with symptoms of nasal discharge, nasal blockage,
hyposmia, facial pain/pressure or nocturnal cough for at least 12 weeks and signs
of pus in the middle meatus or pathologic imaging findings in computed
tomography scans. The diagnostic criteria for RARS were the presence of at least
three discrete rhinosinusitis spells within the preceding year of less than 12 weeks
in duration with similar symptoms and signs as in CRS. Conservative treatment
followed the Finnish Current Care Guideline (Blomgren et al., 2005) and included
medication of co-morbid allergies, courses of antibiotics and intranasal
corticosteroids. Preoperative computed tomography (CT) scans were done on all
patients undergoing ESS. Exclusion criteria were prior (para)nasal surgery, a
history of sinonasal tumours and immunologic disorders.
4.3.2 Control cohort
The control population was obtained during November 2014 and February 2015
from Finland’s Population Register Centre, Helsinki, Finland. For each surgical
case, 15 age– and sex–matched control cases were randomly selected from the
whole Finnish population. The search was limited to Finnish–speaking citizens.
The postal addresses of the control cases were retrieved from the Population
Register Centre and they were sent an invitation letter.
4.4

Study II-IV interventions

According to the surgical group, either an SP or ESS was performed. Surgeons with
variable levels of surgical experience (resident to specialist rhinologist) performed
the procedures.
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SP was done in the following fashion: after topical anaesthesia with 4%
lidocaine with adrenaline, 100 to 200 mg of cocaine chloride and submucosal
injection of 0.5% lidocaine with adrenaline, a caudal septal incision was done and
submucoperichondral tunnels were developed. The cartilage or bone was then
conservatively resected at points of tension or deviation and repositioned to the
midline. If necessary, the caudal end of the septum was mobilised and refixated to
nasal spine to correct caudal deviations of the septum. Care was taken to preserve
the adequate dorsal and caudal support of the septum to prevent postoperative
deformity. If pieces of cartilage were removed, they were returned straightened or
morcellised in the operative site. Submucoperichondral flaps were repositioned,
possible perforations repaired and the incision was closed with absorbable
interrupted 5–0 clycolide–lactide copolymer sutures. Use of stents, tampons or
trans-septal mattress sutures were left to the discretion of the surgeon.
If after correcting the septal deviation a hypertrophic inferior turbinate seemed
to reduce the patency of the airway, a radiofrequency ablation or resection of the
enlarged turbinate was done according to the decision of the operating surgeon. For
radiofrequency ablation we used an Olympuslab Celon ENT device.
ESS was done according to the techniques presented by Messerklinger and
Stammberger. (Stammberger & Posawetz, 1990) The nasal cavity was topically
anaesthetised with cocaine chloride and/or 4% lidocaine with adrenaline and the
mucosal surfaces of the middle meatus were injected with 0.5% lidocaine with
adrenaline. The uncinate process of the ethmoid bone was resected or removed, and
natural ostium was identified and then widened postero–inferiorly to create a
middle meatal antrostomy. If accessory ostia were present, they were joined to the
antrostomy. Nasal polyps were removed, if present. Appropriate ethmoidectomy
was performed guided by preoperative imaging and intraoperative findings.
Haemostasis was obtained with cotton patties soaked in lidocaine with adrenaline
and the decision on whether to insert an absorbable or non-absorbable tamponade
(Ivalon sponge with strings) was done by the operating surgeon.
Post–operative treatment after SP consisted of liberal nasal saline douches and
if stents were placed, they were removed approximately one week after the surgery.
Any crusts or secretions were also removed from the nasal cavity at that visit. The
patients were free to use any corticosteroid sprays or allergy medications during
the follow up period.
After ESS, the patients were instructed to use nasal saline sprays or irrigations.
If a non-absorbable tamponade was in use, the patients removed it a day after the
surgery. The patients were also instructed to continue their intranasal corticosteroid
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sprays. A visit for endoscope–assisted cleansing of the operative sites was
scheduled about two weeks after the operation. During the follow–up period, intra–
nasal corticosteroids were continued and possible exacerbations of symptoms were
treated with systemic corticosteroids, nasal lavages or systemic antibiotics.
4.5

Background and clinical data (Studies II-IV)

Patient cohort: a detailed patient-filled background questionnaire was issued at the
enrolment. (Appendix) The patients were queried about their demographic data
including level of education, height, weight, smoking status and duration, presence
of allergies, asthma, chronic disease, use of nasal medications, presence of nasal
symptoms (nasal blockage, anterior or posterior nasal discharge, facial pain or
pressure, fever, headache, halitosis, dental pain, cough, ear pain or fullness and
fatigue/malaise). Symptom severity was also asked on a 0 to 100 mm VAS, with
zero meaning no symptoms/not a problem and 100 meaning the worst possible
symptoms. Patient records were reviewed upon enrolment for allergy tests,
medications and previous illnesses.
Control cohort: the controls were asked for their demographic data including
level of education, presence of any chronic illness, impact of chronic illness on
work or daily functioning, presence of allergy, history of rhinosinusitis episodes
during the preceding two years and current or prior smoking habits.
4.6

Data collected on quality of life

We recorded disease–specific QoL with SNOT–22 at the recruitment to the study
and after 12 months of follow–up, for both surgical cases and controls. The change
of SNOT–22 was calculated. We also measured the change of RAND–36 during
the study period for the cases and the controls and GBI scores. GBI was only
recorded for the patients, not the controls, as it is purely a post-interventional
instrument. The QoL instruments in the study produced either summary scores
(SNOT–22, GBI) or gave a health profile of a subject (RAND–36). Scoring was
done according to the intrument developer’s instructions, Table 10. The five
subdomains of SNOT–22 were Rhinologic symptoms (Sum of items 1, 2, 3, 6, 21
and 22), Extra-nasal Rhinologic symptoms (Items 4-6), Ear/facial symptoms (Items
2, 7-10), Psychological dysfunction (Items 14-20) and Sleep dysfunction (Items 1115).
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At the time of study period, a formally adopted SNOT–22 or GBI was not
available, so a translation, reconciliation and back translation were done to convert
the questionnaires into Finnish. (Wild et al., 2005) The questionnaires were
converted into electronic format and sent to the study participants’ email via a third
party polling service, https://www.webropol.com.
Table 10. Overview of quality of life instruments used in the study.
Item

Sino-Nasal Outcome

RAND–36

Test -22

Glasgow Benefit
Inventory

Number of items

22

36

18

Dimensions

Rhinologic

Physical functioning

Total

Extranasal rhinologic

Role limitations due to

General health subscale

Ear/Facial

physical health

Physical health subscale

Psychological

Role limitations due to

Social support subscale

Sleep

emotional problems
Energy/Fatigue
Emotional well-being
Social functioning
Pain
General health

Scale of responses

6–point Likert scale

3– to 6–point Likert scale 5–point Likert scale
and dichotomous
questions

Scoring

Total score 0–110

Profile of eight

Responses are

Rhinologic 0–30

dimensions.

averaged, then 3 is

Extranasal rhinologic 0–

Responses are

subtracted from average

15

converted to a scale of

and multiplied by 50.

Ear/Facial 0–25

0–100 and averaged.

Scores range from -100

Psychological 0–35

Change of health status

to 100

Sleep 0–25

(Question number 22)
can be reported
independently.

Normative scores

Not defined1

Rights of use

Washington university,

Age– and sex–controlled Not applicable
for Finland in 1999

St. Louis, Missouri, for
investigating
rhinosinusitis in clinical
care or research
Validated in Finnish and

Yes

Yes

No

Finland
1

A review in 2016 presents mean normal SNOT–22 score of 11.9 ± 9.4. (Farhood et al., 2016)
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4.7

Statistical considerations

4.7.1 Study I
Study I was a descriptive systematic review. Studies using PROMs and QoL
instruments were identified and frequencies and proportions of all identified studies
were calculated.
4.7.2 Study II
The main outcome measure of the study was a change in the SNOT–22 total score
after follow–up of one year. Sample size was calculated on the basis of considering
the SNOT–22 improvement of seven points with an SD of 20 points clinically
significant in the surgical patient cohort at the 12–month follow–up compared with
entry. With a beta error of 0.2 to discover the difference in SNOT–22 in a paired
test on significance level alpha 0.05, 67 patients were needed in each group.
Means and SDs were calculated for descriptive data. We analysed the
associations between two variables with χ2 and t-tests for categorical and
continuous variables, respectively. The control population differed from the
patients in terms of their age and sex, due to a low response rate to the
questionnaires. We corrected for that by calculating age- and sex adjusted mean
QoL values for age groups 18–30, 31–40, 41–50 and 51 or over for both sexes. To
compare patients with controls, we chose the control’s QoL scores from the
corresponding age and sex group and compared them with the patient’s QoL score.
A paired samples t–test was then used to test the difference between controls and
patients. Serial measurement QoL change was also tested with paired samples ttest. The absolute differences and their 95% confidence intervals were calculated
between the entry and 12-month follow up period.
4.7.3 Study III
Preoperative predictive variables and a beneficial SNOT–22 change outcome of at
least nine points were cross-tabulated for SP and ESS individually. Odds ratios with
95% confidence intervals were calculated from data. Based on the obtained best
predictor variables, a multivariate analysis was then performed for which we used
binary logistic regression model with a maximum-likelihood method. An adjusted
odds ratio with 95% confidence interval of the ability of a variable to predict a
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beneficial outcome for each factor was calculated. Additionally, after identifying
the best predictor variable of a favourable QoL outcome in the multivariate model,
we assessed the variable’s ability to accurately predict beneficial surgical results
employing receiver operating characteristics (ROC) curves and resulting area under
the curve (AUC) determinations. In an ROC curve, the sensitivity is depicted on
one axis and 1-specificity (false-positive rate) on the other. The continuous values
of the test itself are plotted on the curve itself. The cut-off point is selected where
the test’s sensitivity is as high as possible while the false-positive rate stays as low
as feasible. The integer threshold value of the test, the cut-off point is chosen
according to this criterion.
4.7.4 Study IV
In order to evaluate the sensitivity of the three QoL instruments to detect a change
after the operation, we used the concept of efficiency. (J. J. Anderson & Chernoff,
1993) For serial assessments, (SNOT–22, RAND–36) the patients had measures
before and after surgery. Calculating the efficiency was done using equation
E=d/SDd, in which E is efficiency, d is the group’s mean change in the measure,
and SDd is the SD of the change measures. For the retrospective assessment that
only had a post treatment value (GBI), efficiency was calculated as the mean
absolute difference from no change divided by the SDd. Higher efficiency means
more power to detect a change from the baseline and thus better sensitivity.
Correlation coefficients were calculated and their statistical significance was
tested with Spearman’s rank correlation coefficients.
4.8

Ethical considerations

The Northern Ostrobothnia Hospital District’s ethics committee approved the study
protocol. All participants provided written informed consent prior to enrolling into
the study. The sample size was calculated prior enrolment to ensure sufficient but
not too large a study population. Study design, collection of data and analysis were
all appropriate for the purposes of the study. Surgical patients were not subjected
to extraneous invasive procedures compared to standard care. The control cohort
was only questioned by email and the study did not involve any office visits or
invasive procedures for controls.
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5

Results

5.1

Study I

5.1.1 Randomised controlled trials in evidence–based medicine
databases
The Cochrane Database of Systematic Reviews was screened independently by two
authors (A.A., O-P.A.). Also other databases including BMJ Best Practise and
Dynamed were screened but we did not discover any additional RCTs. Seven
reviews pertaining to our study question were discovered; two reviews on middle
ear ventilation tube insertion, one on adenoidectomy, three on tonsillar surgery and
one on endoscopic sinus surgery. (Browning, Rovers, Williamson, Lous, & Burton,
2010; Burton & Glasziou, 2009; Khalil & Nunez, 2006; J. Lim & McKean, 2009;
McDonald, Langton Hewer, & Nunez, 2008; van den Aardweg, Schilder, Herkert,
Boonacker, & Rovers, 2010a; van den Aardweg, Schilder, Herkert, Boonacker, &
Rovers, 2010b) Of of these systematic reviews, 30 randomised clinical trial (RCT)
projects were found and analysed. ClinicalTrials.gov register was queried and nine
RCTs were found for a review of a study protocol.
A total of 11 study populations with grommet insertion or grommet insertion
with adenoidectomy were identified in Cochrane reviews, Table 11. (Black,
Sanderson, Freeland, & Vessey, 1990; Dempster, Browning, & Gatehouse, 1993;
El-Sayed, 1996; Gates, Avery, Prihoda, & Cooper, 1987; Gebhart, 1981; Mandel,
Rockette, Bluestone, Paradise, & Nozza, 1992; A. R. Maw & Herod, 1986; R. Maw,
Wilks, Harvey, Peters, & Golding, 1999; Paradise et al., 2001; Paradise, Feldman
et al., 2003; Paradise, Dollaghan et al., 2003; Paradise et al., 2005; Paradise et al.,
2007; Rach, Zielhuis, van Baarle, & van den Broek, 1991; Rovers et al., 2000;
Rovers, Krabbe et al., 2001; Rovers, Straatman et al., 2001; Wilks, Maw, Peters,
Harvey, & Golding, 2000) The papers investigated the effect of grommet insertion
on hearing loss or recurrent acute otitis media on paediatric population. Three (27%)
of the studies addressed PROMs as an outcome and one study (Rovers et al., 2001)
had QoL as a primary outcome. Clinician or researcher measured outcomes mostly
included findings of otoscopy, middle ear admittance or audiometric examinations.
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Table 11. Review of outcomes in randomised controlled trials in Cochrane databases to
form the view of effectiveness of middle ear ventilation tube placement, adenoidectomy,
tonsillectomy and endoscopic sinus surgery. Numbers indicate number of studies with
percentages in parentheses.
Procedure

Study projects in

Used researcher

Used patient-

total

measured

recorded outcome

outcomes

measures,

Used quality of life

excluding quality of
life
Middle ear

11

11 (100%)

3 (27%)

1 (9%)

Adenoidectomy

10

10 (100%)

3 (30%)

0

Tonsillectomy

7

6 (86%)

5 (71%)

1 (14%)

Endoscopic sinus

2

2 (100%)

2 (100%)

1 (50%)

30

29 (97%)

13 (43%)

3 (10%)

ventilation tube
insertion

surgery
Total

Adenoidectomy was studied in ten RCT projects on paediatric populations, Table
11. The aims were usually to study numbers of acute otitis media, middle ear
effusions or glue ears. (Casselbrant et al., 2009; Fiellau-Nikolajsen, Falbe-Hansen,
& Knudstrup, 1980; Hammaren-Malmi, Saxen, Tarkkanen, & Mattila, 2005;
Koivunen et al., 2004; Mattila et al., 2003; Mattila et al., 2009; L. H. Nguyen,
Manoukian, Yoskovitch, & Al-Sebeih, 2004; Paradise et al., 1990; Paradise et al.,
1999; Roydhouse, 1980; Rynnel-Dagoo, Ahlbom, & Schiratzki, 1978) Three of the
studies addressed PROMs, but none had QoL as an outcome measure. Researchermeasured outcomes were the number of otitis, findings of middle ear fluid or the
number of grommet insertions.
Seven studies (Table 11) investigated tonsillectomy or tonsillar surgery for
sleep apnoea, recurrent throat infections or the syndrome of periodic fever,
aphthous stomatitis, pharyngitis and adenitis. (Alho et al., 2007; Coticchia, Yun,
Nelson, & Koempel, 2006; Garavello, Romagnoli, & Gaini, 2009; Paradise et al.,
1984; Paradise et al., 2002; Renko et al., 2007; van Staaij et al., 2004) PROMs were
reported in five (71%) studies. Researcher-measured endpoints were mostly
frequencies of infectious episodes and symptoms. One RCT used a generic QoL
instrument as an outcome measure and discovered small and significant benefit
from surgery. (van Staaij et al., 2004)
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We found two RCTs on ESS included in the Cochrane review, Table 12. One
of them, by Ragab et al. (Ragab et al., 2004) employed multiple researcher reported
outcomes as well as PROMs, including SNOT-20 and SF-36.
In all, 13 projects of 30 (43%) used a PROM instrument and QoL was measured
in three (10%). All of the three studies that used a QoL instrument were published
after 2000.
5.1.2 Were the randomised controlled trials with study protocols in
the Clinical Trials database eventually published?
In total, 50% of ongoing RCT projects were eventually published by April 2018
and the proportion of RCT protocols that addressed QoL was 63%, Table 12.
Table 12. Review of ongoing RCT projects in the ClinicalTrials database on October
2011 and whether they were eventually published by April 2018 with quality of life
outcomes.
Procedure

Study protocols in total

Published

Used quality of life

Middle ear ventilation

2

1

1

tube insertion
Adenoidectomy

2

1

1

Tonsillectomy

4

2

3

Endoscopic sinus

1

0

0

8

4

5 (63%)

surgery
Total

In detail: In ClinicalTrials.gov register, one study (Identifier code NCT 00629694)
of two relevant RCTs for grommet insertion had QoL as a primary outcome
measure. The aim in that study was to compare adenoidectomy and grommet
insertion to adenoidectomy with myringotomy. NCT 00629694 is still listed in the
ClinicalTrial.gov, and the last status update is on 2013. Results of the study have
not been published as of April 6th, 2018. The other relevant study protocol
(NCT00809601) did not address PROMs, but the results have been published by
Knutsson et al. (Knutsson, Priwin, Hessen-Soderman, Rosenblad, & von Unge,
2018)
Two RCT projects on adenoidectomy were identified in the Clinical Trials
database. One project, NCT00162994, studied the effect of adenoidectomy and
tympanostomy on preventing acute otitis media on young children and the results
have been published by Kujala et al. (Kujala et al., 2012; Kujala et al., 2014) The
75

other RCT (NCT00736112) did not address PROs or QoL. The protocol was
withdrawn from the Clinical Trials database on September 30th, 2016.
Four protocols on the surgery of tonsils were found in the Clinical Trials
database. Three of them (75%) (NCT01319058, NCT00459927 and NCT00694772)
had a PROM as an endpoint and one of them (NCT00694772) also used an
unspecified QoL instrument. One protocol (NCT00560859) used only researcher
measured endpoints. NCT01319058 was published in 2016 by Kordeluk et al.
(Kordeluk et al., 2016) NCT00560859 has been completed and the results have
been published in 2013 by Marcus et al. (Marcus et al., 2013) NCT00459927 was
withdrawn on March 19th, 2014. NCT00694772 protocol status is unknown and the
results of the study have not been published.
One RCT on ESS was registered in the Clinical Trials database, NCT01066416.
The last update of the project in the database is on February, 2010 and the results
of the studies have not been published.
5.2

Flow of the study (studies II-IV)

Surgical cohort
Asked to enroll
N=200

Preoperative QoL
ESS N=84
SP N=76

Postoperative QoL
12 months
ESS N=70
SP N=64

Declined N=8
Withdrew N=21
Not operated N=11

Control cohort
Mail invitations
N=2865

Baseline QoL
N=206

12 month QoL
N=165

No reply N=2560
No address N=9
Fig. 3. Flow of the study in a matched cohort study with 160 surgical patients
undergoing primary sinonasal surgery and their 206 randomly selected controls. QoL =
Quality of life, ESS = Endoscopic sinus surgery, SP = Septoplasty.
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5.3

Studies II-IV: Population

5.3.1 Surgical cohort recruitment and follow up
Two hundred patients were screened. Altogether 40 patients declined, withdrew
from the study or postponed their surgery beyond the study period. The final sample
who underwent surgery was thus 160 patients. 134 completed their follow–up
questionnaires at 12 months postoperatively, Figure 3. In the SP group, 12 patients
and in the ESS group 14 patients were lost to follow–up. Their mean QoL scores at
baseline as measured with SNOT–22 and RAND–36 were similar to those who
were followed up successfully. Eight patients scheduled for SP had secondary
complaints of RARS and were analysed in the SP group.
5.3.2 Control cohort recruitment and follow up
Of 2865 invitation letters sent, only 226 recipients agreed to the study. Of those,
206 finally answered the baseline QoL and background data questionnaires, figure
3. 41 controls were lost to follow–up. Their age, sex and baseline QoL scores of
SNOT–22 and RAND–36 were not different from those who completed the follow–
up. The control cohort was on the average older and had a larger proportion of
females than the surgical cohort.
5.3.3 Details of the surgical patients and controls
Within the surgical cohort, the SP group had more males than the ESS group. See
Table 13 for demographic and background information on the patient and control
cohorts.
Eight patients scheduled for SP also had ESS done because their secondary
complaint was recurrent rhinosinusitis episodes. The subgroup did not differ
significantly from the SP group regarding their demographics or other previously
diagnosed illnesses.
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Table 13. Details of subjects and their illnesses in a cohort of 160 patients undergoing
sinonasal surgery and a cohort of 206 randomly selected control subjects.1
Detail

Surgical cohort (N=160)

Control cohort (N=206)

p value2

Septoplasty (N=76) Endoscopic sinus
surgery (N=84)
Age, years (SD)

39 (10)

39 (11)

44(9)

<0.001

N:o females

25 (33)

53 (63)

127 (62)

0.014

Primary

5 (7)

8 (10)

5 (2)

0.001

Middle

38 (50)

35 (42)

74 (36)

Education

31 (41)

37 (44)

127 (62)

Smoker

High school

16 (21)

14 (17)

28 (14)

0.148

Allergy

30 (43)

26 (41)

81 (49)

0.309

Rhinosinusitis

29 (38)

76 (91)

57 (29)

<0.001

30 (40)

36 (43)

94 (46)

0.678

symptoms within 2
years
Chronic illness
1

Numbers represent numbers of subjects (percentages), unless otherwise indicated

2

Comparison between surgical cohort as a whole and controls using independent samples t test with

continuous variables or

2

test with dichotomous variables.

Clinical details of the surgical cohort are in Table 14.
Table 14. Details of subjects and their illnesses in a cohort of 160 patients undergoing
sinonasal surgery.
Detail

Septoplasty (N=76)

Endoscopic sinus surgery (N=84)

Septal deviation

76 (100)

-

Chronic rhinosinusitis

-

51 (61)

Main surgical indication

CRSsNP

-

30 (36)

CRSwNP

-

21 (25)

-

33 (39)

RFA of inferior turbinate

Recurrent acute rhinosinusitis

32 (42)

7 (8)

≥1 medical visit in prior 6 months

69 (91)

80 (98)

Antibiotics in previous year

9 (13)

65 (77)

Prick/specific IgE positive allergy

10 (13)

22 (26)

Allergen immunotherapy ever

2 (2)

1 (1)

AERD

1 (1)

0

Medication for
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Asthma

5 (7)

9 (11)

Depression

0

0

Detail

Septoplasty (N=76)

Endoscopic sinus surgery (N=84)

Hypertension

6 (8)

4 (5)

Contraception

1 (1)

5 (6)

Body mass index (kg / m2)
18.5 to 24.9

35 (46)

39 (46)

25 to 29.9

29 (38)

27 (32)

30 and above

12 (16)

18 (22)

26 (34)

34 (40)

Domestic animal

CRSsNP = Chronic rhinosinusitis without nasal polyps, CRSwNP = Chronic rhinosinusitis with nasal
polyps, IgE = Immunoglobulin E, AERD = Aspirin-exacerbated respiratory disease

A total of 16 surgeons performed the operations. Almost all surgeries were day
cases and approximately half of cases were done under local anaesthesia in both
surgical groups, Table 15.
Table 15. Details of surgical procedures done in a cohort of 160 patients undergoing
primary sinonasal surgery.
Detail

Septoplasty (N=76)

Endoscopic sinus surgery (N=84)

Pre-operative CT or MRI

13 (17)

84 (100)

Surgeon
Specialist

54 (71)

71 (84)

Resident

22 (29)

13 (16)

Anaesthesia
Local

42 (55)

42 (50)

General

34 (45)

42 (50)

Time in operating room, min (SD) 81 (33)

86 (35)

Extent of sinus surgery
Inferior meatus

-

0

Middle meatus/ethmoids

74 (88)

More extensive

10 (12)

Inferior turbinate
Resection

6 (8)

RFA

32 (42)

7 (8)

Nasal packs postoperatively

41 (54)

81 (96)

Silastic sheets applied

74 (97)

-

Postoperative antibiotics

67 (88)

36 (43)

Day case surgery

73 (96)

82 (98)

CT = Computed tomography, MRI = Magnetic resonance imaging, RFA = Radiofrequency ablation
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5.4

Impact of sinonasal disease on quality of life and the change
following surgery (Study II)

5.4.1 Quality of life at entry
At enrolment, the mean total SNOT–22 scores of the SP and ESS groups were
roughly the same and worse than controls (Table 16). Small subgroup of SP patients
who also underwent ESS had the greatest impact on the disease.
Table 16. Sinonasal Outcome Test -22 total scores at entry in a cohort of 160 patients
undergoing primary sinonasal surgery and in 206 controls. Number indicate mean
values (Standard deviation)
Group

Total score

Surgical cohort (N=160)

35.0 (18.6)

Septoplasty (N=76)

34.9 (18.0)

With RFA (N=32)

38.5 (19.4)

No RFA (N=44)

32.3 (16.6)

With ESS (N=8)

48.1 (20.9)

Endoscopic sinus surgery (N=84)

35.1 (19.2)

CRSsNP (N=30)

36.2 (19.6)

CRSwNP (N=21)

38.7 (20.8)

RARS (N=33)

31.8 (17.8)

Controls (N=206)

16.7 (15.2)

RFA = Radiofrequency ablation, ESS = Endoscopic sinus surgery, CRSsNP = Chronic rhinosinusitis
without nasal polyps, CRSwNP = Chronic rhinosinusitis without nasal polyps, RARS = Recurrent acute
rhinosinusitis

The subdomains of SNOT–22 shown in Table 17 show that control group had less
symptoms than the surgical groups had at entry. The differences among SP and ESS
groups were subtle at subdomain level with Extra–Nasal rhinologic symptoms and
Ear/Facial symptoms being worse in the ESS group and Sleep dysfunction in SP
group.
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Table 17. Subdomains of Sinonasal Outcome Test -22 at entry in a cohort of 160 patients
undergoing primary sinonasal surgery and in 206 controls. Number indicate mean
values (Standard deviation)
Subdomain

Surgical cohort

Septoplasty (N=76) Endoscopic sinus

(N=160)

Controls (N=206)

surgery (N=84)

Rhinologic symptoms

12.0 (5.8)

11.9 (5.5)

12.1 (6.2)

5.2 (5.3)

Extra-nasal rhinologic

4.9 (3.5)

3.9 (3.0)

5.8 (3.7)1

2.0 (2.6)

symptoms
Ear/facial symptoms

6.2 (4.7)

5.4 (4.6)

6.9 (4.7)1

2.4 (3.4)

Psychological

10.4 (7.7)

11.0 (8.1)

9.8 (7.4)

6.4 (6.5)

8.7 (5.8)

10.2 (5.7)

7.4 (5.5)1

5.8 (5.6)

dysfunction
Sleep Dysfunction
1

Two-tailed significance in Mann-Whitney U test p < 0.05 between septoplasty and endoscopic sinus

surgery groups

Generic RAND–36 was similarly impacted at entry in patient cohorts compared to
controls. For brevity, the subgroups of surgical groups are not displayed in Table
18. Comparison of patient cohorts against age- and sex-matched controls in Table
19 revealed the statistically significant impairment of generic QoL preoperatively
compared to controls.
Table 18. Mean (Standard deviation) RAND–36 domain scores at entry in a cohort of 160
patients undergoing primary sinonasal surgery and 206 randomly selected controls.
Domain

Surgical cohort

Septoplasty (N=76) Endoscopic sinus

(N=160)

Control cohort

surgery (N=84)

(N=206)
92.8 (12.3)

PF

87.6 (16.3)

88.9 (17.1)

86.4 (15.6)

RP

67.7 (38.6)

76.0 (36.8)

60.1 (38.8)

82.7 (33.1)

RE

76.0 (36.3)

75.4 (36.3)

76.6 (36.5)

85.7 (29.0)

EF

57.5 (21.7)

57.8 (21.7)

57.2 (21.8)

67.9 (18.3)

EW

71.3 (16.9)

70.7 (17.5)

71.9 (16.4)

77.4 (15.3)

SF

78.2 (22.9)

81.0 (21.6)

76.5 (24.0)

86.4 (19.6)

P

70.8 (25.2)

73.9 (25.3)

68.1 (25.0)

78.1 (22.5)

GH

57.5 (21.9)

62.9 (21.4)

52.6 (21.3)

73.4 (18.7)

PF = Physical functioning, RP = Role limitations due to physical health, RE = Role Limitations due to
emotional problems, EF = Energy/fatigue, EW = Emotional well-being, SF = Social functioning, P = Pain,
GH = General health
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Table 19. Mean (Standard deviation) RAND–36 domain scores in a cohort of 76 patients
undergoing septoplasty and 84 patients undergoing endoscopic sinus surgery
compared to matched cohort of 206 subjects randomly selected from Finland.
Domain

Mean Patient cohort

Matched control values p1

scores
Septoplasty (N=76)
PF

88.9 (17.1)

95.0 (3.1)

RP

76.0 (36.8)

86.4 (6.3)

0.002
0.018

RE

75.4 (36.3)

87.3 (4.7)

0.006

EF

57.8 (21.7)

66.6 (3.8)

0.001

EW

70.7 (17.5)

77.3 (3.0)

0.002

SF

81.0 (21.6)

87.4 (3.2)

0.005

P

73.9 (25.3)

80,6 (5.3)

0.023

GH

62.9 (21.4)

74.3 (2.9)

< 0.001

Endoscopic sinus
surgery (N=84)

1

PF

86.4 (15.6)

93.7 (3.6)

< 0.001

RP

60.1 (38.8)

85.6 (8.1)

< 0.001

RE

76.6 (36.5)

85.8 (4.3)

0.024

EF

57.2 (21.8)

66.2 (4.0)

< 0.001

EW

71.9 (16.4)

76.0 (3.6)

0.025

SF

76.5 (24.0)

86.7 (3.6)

< 0.001

P

68.1 (25.0)

79.9 (6.7)

< 0.001

GH

52.6 (21.3)

73.7 (2.9)

< 0.001

Paired samples t test

PF = Physical functioning, RP = Role limitations due to physical health, RE = Role Limitations due to
emotional problems, EF = Energy/fatigue, EW = Emotional well-being, SF = Social functioning, P = Pain,
GH = General health, ESS = Endoscopic sinus surgery

5.4.2 Change of quality of life after surgery
After the 12–month follow–up, the mean total SNOT–22 scores were improved
significantly for SP group (change 15.7, 95% CI 11.4–19.9) and for the ESS group
(change 18.0, 95% CI 12.4–20.9), Table 20. In the SP group, the inferior turbinate
RFA was associated with lower QoL status at entry and more improvement after
surgery at the 12 months follow–up. The eight SP patients with ESS performed
displayed similar benefit from surgery compared to purely the SP patients. In the
ESS group, SNOT–22 total score improvement was similar regardless of polyp
status or RARS.
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Table 20. Sinonasal Outcome Test -22 total scores at entry and at one year follow up in
a cohort of 160 patients undergoing primary sinonasal surgery and in a randomly
selected cohort of 206 controls. Numbers indicate mean values (Standard deviation)
Group

Entry

12 months1

Change (95% CI2)

p3

Surgical cohort

35.0 (18.6)

19.2 (14.4)

16.2 (13.2-19.2)

< 0.001

Septoplasty (N=76) 34.9 (18.0)

19.1 (14.7)

15.7 (11.4-19.9)

< 0.001

17.3 (13.9)

21.1 (14.2-28.1)

< 0.001
< 0.001

(N=160)
With RFA (N=32)

38.5 (19.4)

No RFA (N=44)

32.3 (16.6)

20.6 (15.4)

10.8 (6.0-15.6)

With ESS (N=8)

48.1 (20.9)

22.8 (14.5)

25.4 (3.6-47.1)

35.1 (19.2)

19.3 (14.3)

18.0 (12.4-20.9)

< 0.001
< 0.001

ESS (N=84)

0.028

CRSsNP (N=30)

36.2 (19.6)

18.9 (14.1)

19.5 (11.2-27.7)

CRSwNP (N=21)

38.7 (20.8)

21.8 (17.4)

14.8 (7.2-22.3)

0.001

RARS (N=33)

31.8 (17.8)

18.1 (12.6)

15.5 (8.3-22.7)

< 0.001

Controls (N=206)

17.7 (16.7)

15.3 (14.5)

1.4 (-0.3-3.1)

1

0.1

Numbers of responders at 12 months were 64 in septoplasty, 70 in endoscopic sinus surgery group and

165 in controls
2

Confidence interval

3

Paired samples T test

RFA = Radiofrequency ablation, ESS = Endoscopic sinus surgery, CRSsNP = Chronic rhinosinusitis
without nasal polyps, CRSwNP = Chronic rhinosinusitis with nasal polyps, RARS = Recurrent acute
rhinosinusitis

41 patients (64%) in SP and 46 (66%) in the ESS group had a change of SNOT–22
total score of nine points or more, thus exceeding minimal detectable difference.
(Chowdhury et al., 2017) The improvement varied from negative change to greater
improvement, range -17 to 80 for SP and -20 to 58 points for ESS, Figure 4.
At entry, the control group’s mean SNOT–22 total score was 16.7 (SD 15.2)
and after one year, 15.3 (14.5). The change of -1.4 points was not statistically
significant in the paired samples t test (p = 0.22). After adjusting the control group
for age and sex, the total SNOT–22 at entry was significantly worse in both surgical
groups than the controls, Figure 5. After the one–year follow–up, surgical patient’s
total SNOT–22 score improved nearly to the level of controls.
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Fig. 4. Distribution of Sino-Nasal Outcome Test-22 (SNOT–22) changes 12 months post
surgery in a cohort of 160 patients undergoing primary sinonasal surgery in Finland. Xaxis is SNOT–22 score improvement, dashed lines are medians and dotted 25th and 75th
percentiles.

After follow–up, the SP group’s mean total SNOT–22 score was 19.1 (SD 14.7)
and the matched controls’ score was 15.8 (2.8), p = 0.891. For the ESS group, the
mean total SNOT–22 score was 19.3 (14.3) and for their matched controls, 15.9
(2.3), p = 0.812 in paired samples t tests.

84

Septoplasty
ESS
Matched control values

40
30

Total
SNOT-22

20
10
0

Entry

12 months

Fig. 5. Mean Sino-Nasal Outcome Test-22 (SNOT–22) total scores at entry and after one
year follow–up of 160 patients undergoing septoplasty (N=76) or endoscopic sinus
surgery (N=84) and a cohort of 206 randomly selected controls.

The subdomains of SNOT–22 changed in surgical and control cohorts after the
follow–up. Statistically significant difference between operative groups was
observed in the Ear/facial symptoms subdomain, Table 21.
Table 21. Change of subdomains of Sinonasal Outcome Test -22 after one year follow–
up in a cohort of 160 patients undergoing primary sinonasal surgery and in 206 controls.
Number indicate mean values (95% confidence interval).
Subdomain

Surgical cohort

Septoplasty (N=64) Endoscopic sinus

(N=134)

Controls (N=165)

surgery (N=70)

Rhinologic symptoms

5.8 (4.8-7.0)

6.1 (4.6-7.5)

5.7 (4.1-7.3)

2.9 (2.2-3.6)

Extra-nasal rhinologic

1.9 (1.4-2.6)

1.6 (0.8-2.3)

2.3 (1.4-3.3)

0.9 (0.6-1.2))

symptoms
Ear/facial symptoms

3.3 (2.6-4.0)

2.6 (1.5-3.6)

3.9 (3.0-4.9)1

1.5 (1.1-1.9)

Psychological

4.3 (3.1-5.5)

4.0 (2.1-5.9)

4.7 (3.1-6.2)

3.8 (3.2-4.6)

3.6 (2.7-4.6)

4.6 (3.1-6.1)

2.8 (1.6-4.1)

3.3 (2.8-3.9)

dysfunction
Sleep Dysfunction
1

Two-tailed significance in Mann-Whitney U test p < 0.05 between septoplasty and endoscopic sinus

surgery groups

RAND–36 scores indicated improved QoL 12 months postoperatively in surgical
patients (Table 22), and remained stable in the control cohort during the follow–up.
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Table 22. Mean (Standard deviation) RAND–36 domain scores at entry and at 12 months
follow–up in a cohort of 160 patients undergoing sinonasal surgery and 206 controls.
Entry

12 months1

Change (95% CI)2

p3

PF

88.9 (17.1)

96.3 (7.1)

5.9 (1.1-10.6)

< 0.001

RP

76.0 (36.8)

85.5 (27.7)

9.0 (-1.1-19.1)

0.08

RE

75.4 (36.3)

89.6 (22.1)

13.5 (4.4-22.7)

0.004

Domain
Septoplasty (N=76)

EF

57.8 (21.7)

66.8 (22.2)

8.7 (2.9-14.4)

0.004

EW

70.7 (17.5)

74.9 (18.6)

4.1 (-0.4-8.5)

0.074

SF

81.0 (21.6)

86.7 (17.9)

6.4 (0.1-12.8)

0.046

P

73.9 (25.3)

81.7 (20.5)

8.4 (2.2-14.6)

0.009

GH

62.9 (21.4)

70.8 (19.6)

7.7 (3.2-12.3)

< 0.001

ESS (N=84)
PF

86.4 (15.6)

91.1 (17.2)

5.9 (1.1-10.6)

0.017

RP

60.1 (38.8)

77.1 (36.3)

19.3 (8.2-30.4)

0.001

RE

76.6 (36.5)

90.0 (22.2)

13.3 (4.7-21.9)

0.003

EF

57.2 (21.8)

68.5 (18.9)

11.7 (6.5-16.9)

< 0.001

EW

71.9 (16.4)

78.5 (16.1)

7.0 (3.0-11.0)

SF

76.5 (24.0)

83.6 (19.1)

10.2 (4.0-16.4)

0.001
0.002

P

68.1 (25.0)

79.2 (23.3)

11.1 (5.0-17.3)

0.001

GH

52.6 (21.3)

65.1 (18.9)

13.5 (9.0-18.0)

< 0.001

PF

92.8 (12.3)

92.5 (11.9)

0.3 (-1.2-1.9)

0.668

RP

82.7 (33.1)

80.8 (32.5)

2.0 (-2.9-6.9)

0.430

RE

85.7 (29.0)

86.1 (27.8)

-0.4 (-4.9-4.1)

0.860

EF

67.9 (18.3)

68.8 (18.3)

-0.8 (-3.1-1.4)

0.462

Controls (N=206)

1

EW

77.4 (15.3)

78.4 (15.4)

-1.0 (-2.9-0.9)

0.295

SF

86.4 (19.6)

87.0 (18.7)

-0.6 (-3.7-2.4)

0.695

P

78.1 (22.5)

77.9 (19.2)

0.2 (-3.2-3.6)

0.902

GH

73.4 (18.7)

74.0 (17.8)

-0.6 (-2.5-1.3)

0.521

Numbers of responders at 12 months were 64 in septoplasty, 70 in endoscopic sinus surgery group and

165 in control group, 2 Confidence interval, 3 Paired samples T test
PF = Physical functioning, RP = Role limitations due to physical health, RE = Role Limitations due to
emotional problems, EF = Energy/fatigue, EW = Emotional well-being, SF = Social functioning, P = Pain,
GH = General health, ESS = Endoscopic sinus surgery

Almost all the RAND–36 domains in both surgical groups improved statistically
significantly. If one explores the improvements across the domains by considering
a minimally detectable difference of RAND–36 domain of 5 points (Samsa et al.,
1999), then none of the domains in the SP group showed improvement, Figure 6.
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Fig. 6. RAND–36 domain scores at entry and at 12 months follow up in a cohort of 160
patients undergoing nasal septal surgery. None of the domains changed subjectively
meaningfully. PF = Physical functioning, RP = Role limitations due to physical health,
RE = Role Limitations due to emotional problems, EF = Energy/fatigue, EW = Emotional
well-being, SF = Social functioning, P = Pain, GH = General health.

In the ESS group, the generic HRQoL measure RAND–36 improved in four
domains, Figure 7.
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Fig. 7. RAND–36 domain scores at entry and at 12 months follow–up in a cohort of 160
patients undergoing endoscopic sinus surgery. Minimally detectably improved domains
are indicated by asterisks*. PF = Physical functioning, RP = Role limitations due to
physical health, RE = Role Limitations due to emotional problems, EF = Energy/fatigue,
EW = Emotional well-being, SF = Social functioning, P = Pain, GH = General health
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At entry, QoL measured with RAND–36 detriment was seen in both surgical groups
compared to age- and sex-matched controls. After the one–year follow–up, the SP
and ESS groups were very close to the control group’s age– and sex–adjusted
RAND–36 scores, figure 8.

Fig. 8. Changes in mean RAND–36 scores during the 1–year follow–up in 76 patients
undergoing septoplasty and 84 undergoing endoscopic sinus surgery and in 206
randomly selected control subjects. *Asterisks indicate statistically significant changes
from entry to 12 month follow up.
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GBI was assessed only post–interventionally one year after surgery due to the
retrospective nature of the instrument. As indicated in table 23, the total score and
subscales (General health, Physical health and Social support) exhibited benefit.
Table 23. Glasgow benefit inventory total and subscale scores at one year follow up in
a cohort of 160 patients undergoing primary sinonasal surgery. Numbers indicate mean
values (Standard deviation).
Subscale

Septoplasty (N=64)

Total score

21.4 (18.1)

32.1 (24.8)

General health subscale

22.9 (21.1)

32.4 (28.2)

Physical health subscale

33.9 (32.0)

56.9 (45.4)

Social support subscale

2.9 (13.5)

6.2 (17.1)

5.5

Endoscopic sinus surgery (N=70)

Predictive factors of outcomes after surgery

General patient traits and clinical features did not prove to be robust predictors of
a beneficial QoL outcome after surgery in univariate analysis. Surgery–related
factors, however, were associated with a favourable SNOT–22 outcome. Having a
specialist surgeon, general anaesthesia and inferior turbinate RFA improved the
odds in univariate analysis of having a beneficial QoL outcome after follow–up,
Table 24.
Table 24. Significant associations on univariate analysis of clinical predictor variables
and beneficial SNOT–22 change (≥ 9 points) in a cohort of 160 patients undergoing
primary sinonasal surgery.
Clinical predictor

Septoplasty (N=76)

Endoscopic sinus surgery N=84)

OR (95% CI)

OR (95% CI)

5.9 (1.6–22)

0.6 (0.1–2.4)

General anaesthesia (vs. local)

3.3 (1.1–10)

1.4 (0.5–3.8)

Inferior turbinate RFA (vs. not)

2.9 (1.0–8.6)

–

Specialist surgeon (vs. resident)

RFA = Radiofrequency ablation

None of the patient’s age, sex, education, chronic illness, smoking or clinical data
of type of rhinosinusitis (polys, non–polyps, RARS), asthma, obesity or positive
allergy testing predicted the outcomes in univariate tests (Data not shown). If the
patient reported having facial, head or dental pain or had symptoms impairing daily
activity, then the odds of having a good outcome were increased in the SP group
and the presence of nasal blockage predicted a beneficial outcome in ESS. The most
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powerful predictor of a beneficial (≥ 9 points change) SNOT–22 outcome after
surgery was having impaired disease-specific QoL before surgery, Table 25.
Table 25. Associations between preoperative symptoms and disease-specific quality of
life and advantageous1 Sino-Nasal Outcome Test-22 outcome after surgery in a cohort
of 160 patients undergoing primary sinonasal surgery.
Preoperative symptom

Septoplasty (N=76)
N (%)

OR (95% CI)

Endoscopic sinus surgery N=(84)
N(%)

OR (95% CI)

Presence of symptoms
Nasal blockage (vs. not)

74 (97) 0.6 (0–15)

68 (81)

3.6 (1.0–13)

Nasal discharge (vs. not)

39 (51) 2.2 (0.8–6.2)

64 (76)

1.0 (0.3–3.4)

Facial, head, dental pain

35 (46) 3.6 (1.2–11)

60 (71)

1.3 (0.5–3.9)

(vs. not)
Cough (vs. not)

12 (16) 1.9 (0.4–7.8)

21 (25)

3.2 (0.8–13)

Fatigue (vs. not)

9 (12)

2.2 (0.4–11)

10 (12)

1.0 (0.2–4.4)

36 (47) 2.1 (0.7–6.2)

19 (23)

2.5 (0.6–9.9)

Problems in daily activities 16 (21) 8.8 (1.1–73)

24 (29)

1.0 (0.3–2.9)

13 (17) 17 (0.9–310)

29 (34)

1.4 (0.5–4.2)

SNOT–22 ≥ 20 (vs < 20)

59 (78) 7.1 (1.9–27)

64 (76)

14 (3.5–59)

SNOT–22 ≥ 30 (vs < 30)

45 (59) 7.1 (2.3–22)

52 (62)

11 (3.5–36)

SNOT–22 ≥ 40 (vs < 40)

25 (33) 19 (2.3–150)

30 (36)

3.5 (1.1–11)

Functional impairment due to
symptoms
Sleeping difficulties (vs.
not)
(vs. not)
Problems at work/school
(vs. not)
Preoperative Quality of life

1

Improvement of ≥ 9 points at 12 months after surgery, SNOT–22 = Sino-Nasal Outcome Test -22

In multivariate analysis, the remaining predictive factors for positive SNOT–22
outcome were a senior surgeon performing the SP and a preoperative SNOT–22
score of 20 or more for the SP group. For ESS, the only remaining significant factor
was a high preoperative SNOT–22 score, Table 26.
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Table 26. Multivariate model of best predictive variables obtained from univariate
analysis and beneficial Sino-Nasal Outcome Test-22 (SNOT–22) outcome after primary
sinonasal surgery in a cohort of 160 patients undergoing primary sinonasal surgery.
Predictive variable

Septoplasty (N=76)

Endoscopic sinus surgery (N=84)

Adjusted OR1 (95% CI)

Adjusted OR2 (95% CI)

General characteristics
Age 45 or over (vs. 18-44)

1.8 (0.3–10)

3.1 (0.8–13)

Female (vs. male)

1.6 (0.2–12)

1.0 (0.3–3.6)

Operative details
Specialist (vs. resident surgeon) 9.9 (1.5–67)

-

General anaesthesia (vs. local)

1.9 (0.4–9.7)

-

Inferior concha RFA (vs. not)

2.5 (0.5–12)

-

Symptoms or impairment
Nasal blockage (vs. not)

-

2.9 (0.6–13)

Facial/head/dental pain (vs. not) 4.3 (0.8–23)

-

Daily activities affected (vs. not) 8.9 (0.5–155)

-

Preoperative SNOT–22
SNOT–22 ≥ 20 (vs < 20)
1

10 (1.6–64)

12 (2.5–55)

Multivariate model in septoplasty group contained variables: Preoperative SNOT–22 of 20 or above,

problems in daily activities, facial/head/dental pain, nasal blockage, inferior turbinate RFA, general
anaesthesia, specialist surgeon, sex, age
2

Multivariate model in endoscopic sinus surgery group contained variables: Preoperative SNOT–22 of 20

or above, nasal blockage, sex, age

Receiver operating characteristics (ROC) analysis revealed with reasonably good
accuracy those patients who benefited from the surgery (SNOT–22 improvement
at least 9 points) from those who did not based on preoperative SNOT–22, area
under curve (AUC) 0.81, 95% CI 0.73-0.89. The integer threshold value giving the
best sensitivity (74%) and specificity (70%) was 30.
5.6

Comparison of the study instruments

Serial measurements using SNOT–22 total score and General Health domain were
less sensitive to detecting a change after surgery in both patient groups than
retrospective GBI, see Table 27.
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Table 27. Efficiency analysis of serially measured Sino-Nasal Outcome Test-22 total
score, RAND–36 General health domain and Glasgow Benefit Inventory (GBI) quality of
life assessments after primary sinonasal surgery in a cohort of 160 patients.
Group

Sensitivity (SE1)

Septoplasty (N=76)
Serial
SNOT–22

0.93 (0.12)

RAND–36

0.43 (0.05)

Retrospective
GBI

1.18 (0.15)

Endoscopic sinus surgery (N=84)
Serial
SNOT–22

0.92 (0.11)

RAND–36

0.72 (0.09)

Retrospective
GBI
1

1.30 (0.16)

SE = Standard error of mean, SNOT–22 = Sino-Nasal Outcome Test -22, GBI = Glasgow Benefit

Inventory

The correlations between SNOT–22 and RAND–36 changes after the follow–up
were generally low to moderate. The SNOT–22 total score or some subdomain
scores exhibited higher degrees of correlations with some domains of RAND–36.
In the SP group, Energy/fatigue and Emotional Well-being of RAND–36 correlated
significantly in Spearman’s rank tests with the SNOT–22 total score at r -0.54 and
-0.59, rescpectively. In the ESS group, the corresponding correlations were -0.59
and -0.42, respectively. The psychological dysfunction –subdomain of SNOT–22
exhibited the highest correlation between the change of SNOT–22 subdomains and
RAND–36 domains in both patient groups ranging from -0.32 to -0.68.
The GBI total score did not correlate highly with the SNOT–22 total score
change or RAND–36 General Health change, Table 28.
Based on an individual patient preoperative QoL or VAS of overall symptom
impact, the patients were grouped as shown in Figure 9 into those who were in the
worst 30% of SNOT–22 total score, RAND–36 General Health domain and
preoperative VAS of overall symptoms severity. Approximately only 10% of the
worst affected patients in both patient groups were all identified by all three
instruments.
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Table 28. Spearman’s correlation coefficients for the Sinonasal Outcome Test -22
change, RAND–36 General Health domain change and Glasgow Benefit Inventory total
score in a 12-month follow up in a cohort of 160 patients undergoing primary sinonasal
surgery.
SNOT–221

RAND–362

SNOT–22

-

-0.414

0.354

RAND–36

-

-

-0.364

GBI

-

-

-

SNOT–22

-

-0.614

0.254

RAND–36

-

-

-0.364

GBI

-

-

-

Group

GBI3

Septoplasty (N=64)

Endoscopic sinus
surgery (N=70)

1

SNOT–22 = Mean Sino-Nasal Outcome Test -22 total score change, 2 RAND–36 = Mean RAND–36

General health change, 3 GBI = Mean Glasgow Benefit Inventory total score, 4 Significant two-tailed
correlation at 0.05 level
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Fig. 9. Venn diagram of patients in the worst 30% of impact of sinonasal disease
preoperatively as measured with the Sino-Nasal Outcome Test-22 (SNOT–22) total score,
the RAND–36 General Health domain, and the Visual Analogue Scale (VAS) of overall
impact of symptoms in a cohort of 160 patients who underwent primary sinonasal
surgery in Finland. Numbers are numbers of patients in each group with responses to
all three measures.
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6

Discussion

6.1

Study I: Quality of life aspect in evidence based medicine
databases

A systematic review of RCTs included in Cochrane databases and Clinicaltrials.gov
was undertaken in 2012 to discover how these databases considered QoL issues in
terms of the most common ENT surgeries. We found that out of 30 RCT projects
included in the Cochrane databases and nine in ClinicalTrials, PROMs were used
in 47 and 56% of the projects, respectively. Of the PROMs, 10% in the Cochrane
databases and 33% in ClinicalTrials used a HRQoL instrument. All the studies with
HRQoL as an outcome variable were published after 2000, so an increasing trend
toward incorporating HRQoL as an outcome variable was observed.
Secondarily, of the, ongoing RCT projects in ClinicalTrials, the proportion of
published trials was sought some seven years later. Of nine protocols or ongoing
trials, five (56%) were published by April 2018. The remaining four were either
withdrawn from the database or left without updates in the ClinicalTrials. Of all
ongoing protocols, 63% used HRQoL as an outcome, thus suggesting an increasing
trend in using it as an outcome.
The findings of this study thus suggest that a sizable proportion of RCTs that
form the basis of evidence-based medicine database have not used a QoL
measurement as a variable. Why does this observation have significance? QoL
issues are considered to be important variables in sinonasal disease (Rudmik &
Smith, 2011) and improving QoL, patient’s symptoms and productivity are central
goals of surgery. If the databases contain RCTs that address these aspects rarely,
then one aspect of future research could be to incorporate these outcomes.
HrQoL instruments have been widely available since the 1990s and
accordingly studies published prior to that did not utilise HRQoL assessments with
validated measures. Our findings also suggest the same: studies included in the
Cochrane databases that contained QoL as an outcome were all published after
2000.
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6.2

Study II-IV: Population based study of primary sinonasal
surgery

A prospective population–based matched cohort study was conducted to explore
HRQoL before and after the most common primary sinonasal surgeries: SP and
ESS. The surgical cohort’s generic and disease-specific HRQoL was compared
with simultaneously collected data from a randomly selected control population.
The predictive factors of a beneficial HRQoL outcome were sought from the
surgical cohort. Finally, the differential abilities of the QoL instruments to detect a
change after intervention and their agreement on individual patient level were
explored.
We found that patients who underwent primary SP or ESS had preoperatively
impaired HRQoL, especially disease-specific as measured with SNOT–22,
compared to the control cohort. After surgery and 12–months follow–up, a
meaningful improvement in HRQoL was noted in both groups. The control
population was not symptom–free in terms of disease–specific QoL, and surgical
cohort was improved close to the level of controls. Generic HRQoL as measured
with RAND–36 showed similar trends in preoperative detriment and postoperative
improvement, but the effect was milder than with SNOT–22.
Attempts to define the normal population values of SNOT–22 have been made
in various settings with mean total scores ranging from 7 to 14 (de Dorlodot et al.,
2015; Erskine et al., 2017; Gillett et al., 2009; Gregorio et al., 2015; M. Hytönen et
al., 2017; Lachanas et al., 2014; Lange et al., 2016) with a value of 11 points
proposed as a ‘normal’ based on a meta-analysis, with asthma and depression
associated with higher scores. (Farhood et al., 2016) Our result from the control
cohort seem high compared to literature, 16.7 (SD 15.2) at entry and after one year,
15.3 (14.5). Interestingly, another Finnish study (M. Hytönen et al., 2017) displayed
the highest mean score of 14 of the other studies. One possible explanation is
selection bias to our cohort: subjects eligible for the study were not required to be
sinonasally healthy, so it is possible that controls with prior or current sinonasal
problems were more likely to engage in our questionnaire. However, the serial
control cohort measurements demonstrated the stability of the responses and as
they were concurrently sampled with patient cohorts, comparison to each other is
more meaningful in contrast to historical or geographically or culturally distant
controls. Symptoms of CRS are very common in populations across the world and
not all individuals seek surgical treatments for their problems. This may have an
effect on questionnaires as well.
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The patient cohort in the study represents people undergoing primary SP or
ESS in a secondary care setting, so the mean preoperative QoL detriment as
measured with SNOT–22 was quite moderate, the mean total score of SNOT–22
was 34.9 for the SP group and 35.1 for the ESS group. This contrasts with many
patient series or cohorts that display higher impacts on QoL preoperatively. (Soler
et al., 2017) When a cohort or a patient series is recruited from a tertiary centre, the
proportion of revision cases (Sahlstrand-Johnson, Hopkins, Ohlsson, & AhlnerElmqvist, 2017) or patients with asthma (Remenschneider et al., 2014) or AERD
(Smith et al., 2010) can be clearly higher than in this study, so the impact on QoL
can also be more pronounced. There is some data according to which increasing
the duration of CRS symptoms also leads to increasing impact in QoL. (Hopkins,
Andrews, & Holy, 2015) Thus, the relatively mild impact of disease on QoL in this
study population concurs logically with other published data and reflects the nature
of primary sinonasal surgery.
The improvement in disease-specific SNOT–22 was on average in the SP
group 15.7 and in ESS 18.0 points 12 months after surgery. This total score change
needs some context in order to be a meaningful concept. W hat does it mean for the
patient? For SNOT–22, a minimal important difference of 8.9 points was defined
in a study using anchor methods by Hopkins et al. in 2009. (Hopkins et al., 2009)
In 2017 Chowdhury et al. did a study on a surgical cohort of 276 patients
undergoing ESS for medically refractory CRS to define a minimal detectable
difference by multiple, including distribution–based methods. (Chowdhury et al.,
2017) The distribution–based method of calculating minimal detectable change is
based on defining a level of change based on SD that is unlikely to result by a
chance and is very commonly half the SD of the baseline variable. (Norman et al.,
2003) The ½ SD of this study population’s preoperative SNOT–22 total score was
9.0 for SP group and 9.6 for ESS adding further to the evidence that the minimal
detectable difference of SNOT–22 is about nine points. In this study, in both
surgical groups about two–thirds of the patients improved by at least nine points as
measured with SNOT–22.
Subdomains of SNOT–22 improved after surgery in both operative groups,
although the profile of preoperative impairment was different among them. The SP
group had worse Sleep dysfunction scores and the ESS group had more extra–nasal
rhinologic symptoms and ear/facial symptoms. After surgery and follow–up,
subdomains improved similarly, except that ear/facial symptoms improved more in
the ESS group than in SP group. The strongest correlations between the study
instruments were noted between the Psychological subdomain of SNOT–22 and
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Energy/Fatigue and Emotional Well-Being of RAND–36. A strong correlation
between depression and anxiety was found between SNOT–22 psychological
subdomains and Hospital Anxiety and Depression Scale. (Nanayakkara, Igwe,
Roberts, & Hopkins, 2013) In addition, the disease–specific, symptom score–like
domain seems to improve more after treatments than the general health –related or
psychological ones. (DeConde et al., 2014)
The HRQoL outcome was on average beneficial. However, there was
considerable variation in HRQoL change. Preoperative detriment in diseasespecific SNOT–22 was by far the strongest predictor of a good HRQoL outcome
after surgery. It seemed that the more the patients had problems with sinonasal
disease the more probably he/she wouldbenefit from surgery. A threshold value of
30 of SNOT–22 total score seemed to be best identifying those who experienced
benefit from surgery. In multivariate analysis, in the SP group, a specialist (senior)
surgeon performing the operation was associated with higher likelihood of
achieving a beneficial QoL outcome. The reason for this difference in outcome is
speculative; in this cohort SP was performed more often by residents than
specialists and the residents possibly achieved more limited straightening of the
septum. No other studied predictive factors remained significant after multivariate
analysis. This could be a feature of the cohort: primary surgery, where advanced
diseases and co-morbidities should be rarer and milder than in many other
published cohorts. The SNOT–22 seemed to override other, less powerful
associations between predictive factors and outcome. For SP, in a previous Finnish
study, no association with operating surgeon and QoL outcome was noted.
(Hytönen et al., 2012) For ESS, a multi-institutional observational study did notice
differences between surgeons, but after adjusting for differences in patient
materials at baseline, the differences diminished. (Smith et al., 2017)
Factors affecting outcomes after SP or ESS have previously been described,
namely sex, (Siegel et al., 2000) prior operation (Siegel et al., 2000) and scarce
preoperative symptoms (Hytönen et al., 2012) for SP and prior paranasal surgery;
(Smith et al., 2010) nasal polyps, (Katotomichelakis et al., 2010) AERD, (Litvack
et al., 2007; Smith et al., 2005) emotional factors (Steele, Mace, & Smith, 2015)
and asthma or high SNOT–22 score (Soler et al., 2017) for ESS. The effects of
these vary. In SP, female gender, prior operation and scare preoperative symptoms
were associated with poorer outcomes in terms of HRQoL. In ESS, AERD and
depression/anxiety make QoL outcomes worse and asthma and higher SNOT–22
score were associated with more improvement after ESS.
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Although on average, all the instruments in the study showed improvement in
generic or disease-specific HRQoL after surgery, there were significant differences
between the instruments. Retrospective GBI seemed to be more sensitive to picking
up a change after surgery than serial pre– and postoperative assessments done with
SNOT–22 or RAND–36. The instruments correlated with each other quite variably
and generally weakly with some exceptions in some subdomains. Disease-specific
SNOT–22 and generic RAND–36 seemed to identify different patients as having
the lowest HRQoL prior to surgery.
The RAND–36 results of this study are less clear–cut than the SNOT–22
results. RAND–36 is a generic HRQoL instrument and assesses global well–being,
so it is possible to CRS with chronic diseases with generic instruments. (Gliklich
& Metson, 1995a) The comparisons may help understand the burden of disease on
the patient, but important phenomena of reconceptualisation, reprioritisation and
recalibration in health state changes should be considered when comparing
different diseases over time. In an SP study, a generic 15D instrument displayed
deterioration after operation especially in older age groups, (Hytönen et al., 2012)
and unchanged generic HRQoL after SP (Siegel et al., 2000) or very minimally
improved generic QoL after ESS (Croy et al., 2010) has also been observed. Our
results of generic HRQoL change measured with RAND–36 do not suggest
deterioration in either patient group after operation, and patients detected
improvement in some aspects of general health after ESS.
GBI was developed to be a post–interventional generic QoL instrument in
otorhinolaryngology. (Robinson et al., 1996) Inherent in the instrument’s design, is
the fact that it does not measure the impact of the disease on QoL before
intervention. Our results indicate improvement of generic QoL measured
retrospectively with GBI with similar magnitude as in previously published studies.
(Akduman et al., 2013; Konstantinidis et al., 2005; Salhab et al., 2004) The minimal
detectable change of QoL with GBI is not defined: it is not known which score
around zero points constitutes a meaningful change for the patient. (Hendry et al.,
2016)
We found that different instruments identified different patients in terms of the
QoL impact of the disease and the change after surgery. In other words, SNOT–
22’s and RAND–36’s correlations at entry or their changes’ correlations with each
other or with GBI were not very high (rs -0.61 to 0.35). Sensitivity analysis also
revealed that retrospective GBI was most sensitive to change. In previous studies
of pain and disability, a similar finding regarding retrospective versus serial QoL
measurements was made. (Fischer et al., 1999) Moderate to low correlations
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between generic and disease–specific instruments have also been reported
previously, (Atlas et al., 2005; Chowdhury et al., 2017; Quintanilla-Dieck, Litvack,
Mace, & Smith, 2012) so it seems that instruments in the study were
complementary in their ability to describe or measure different aspects of diseases.
Lack of very high correlations between the QoL instruments is another way of
viewing this. If correlations were very high or near perfect, then one would not get
any additional information using multiple QoL instruments as an outcome tool. Our
finding that different instruments identify different patients as suffering most from
impaired QoL suggests that that the choice of QoL instrument for this purpose is
crucial. Selecting the right tool for the job also applies to the QoL research of
sinonasal surgery: the instrument matters.
6.3

Strengths and limitations of this study

6.3.1 Study I
Only one database, Cochrane Collaboration’s systematic reviews and one trial
register, ClinicalTrials were included in this systematic review. This may make this
review more prone to selection bias if important studies are overlooked. We did an
initial search on other evidence-based medicine or guideline databases (DynaMed,
BMJ Best Practice) and did not find any additional papers. As a large and
scientifically rigorous database (Higgins & Green, 2018) we supposed it contained
relevant literature and reflects the general situation of how often QoL is
incorporated in literature. The two authors of Study I collected and analysed the
data independently to minimise the chance of missing important studies and to
reduce risks of misinterpreting the findings.
6.3.2 Studies II-IV
The majority of sinonasal surgery in Oulu University Hospital secondary care area,
a defined geographical area, is done in the study clinic thus enabling population–
based approach to the study topic. This should reduce the chance of studying an
unintentionally selected population, which can be a case when a study is conducted
in a specialised referral centre. Thus, the severity of cases represents better
everyday practice. The fact that surgeons of varying degrees of experience operated
on the patients adds to the generalisability of the results.
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The entry criteria to the study followed the available guidelines for ESS
patients, especially Finnish current care (M. Hytönen et al., 2013). We did not
include rhinometric measurements in the entry criteria to confirm septal deviation
to better reflect local clinical practise and to increase generalisability of the study.
Furthermore, the correlation between rhinometric measurements and subjective
symptoms is variable; in the presence of obstructing symptoms, higher degrees of
correlation are found compared to the absence of symptoms. (Andre et al., 2009)
The drawback of not including rhinometric assessments into the study is that
findings of septal deviation are not easy to reproducibly characterise.
The proportion of study subjects lost to the follow–up was 16% of patients and
20% controls. The QoL scores measured at entry with SNOT–22 and RAND–36 or
drop–outs did not differ significantly from those who completed the follow–up.
The drop–out rate in the study compares favourably with other published studies
with the proportion of patients reported to complete their follow up between 50 and
91%. (Croy et al., 2010; Lind, Joergensen, Lange, Svendstrup, & Kjeldsen, 2016;
Litvack et al., 2007; Mascarenhas et al., 2013; Siegel et al., 2000; Smith et al., 2010)
The control cohort that was matched to the patient cohort was recruited
simultaneously and questioned with similar methods. The synchronicity helped to
minimise the risk of bias when controlling the patients and controls. The response
rate to the control group’s invitations to the study was low and the demographic
distribution of responders differed from patients. Thus, we had to control for these
differences by calculating age- and sex-adjusted control values and compare these
to the patient’s QoL instead of using the actual scores of the control population.
This study’s QoL instruments, disease–specific SNOT–22, generic RAND–36
and generic GBI were well recognised and relatively easy to administer. (Dietz de
Loos, Segboer, Gevorgyan, & Fokkens, 2013; Rudmik et al., 2015) The Finnish
version of RAND–36 was established and validated in Finland and Finnish. (Aalto
et al., 1999) SNOT–22 is very widely regarded as a useful disease–specific QoL
instrument for CRS due to its ease of use and relevance. (Morley & Sharp, 2006;
Rudmik et al., 2015) During the study period, a validated version for Finland was
not available, but we recognised that and did a translation, back–translation and
reconciliation according to presented good practice. (Wild et al., 2005) Similar
process was employed for GBI. Thus, although not all QoL tools in the study were
validated, every attempt was made to ensure their adequacy. Furthermore SNOT–
22 and RAND–36 showed similar changes over time and after interventions
indicated adequate responsiveness. The results of RAND–36 made it less useful as
an outcome tool in assessing predictive factors, because the average improvement
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in the SP group was below five points in all domains and, in the ESS group, 4 out
of 8 domains of RAND–36 did not improve at least minimally detectably. Therefore,
RAND–36 scores were not used to assess predictive factors in this study.
QoL questionnaires should be used as initially designed and validated
including the method of administration, layout and wording of the document
because changes may cause increased patient burden and thus reduce quality of
data. (U.S. Department of Health and Human Services FDA Center for Drug
Evaluation and Research et al., 2006) Our decision to convert the instruments into
electronic form and use internet–based administration could be considered to be
prone to introducing errors into the data. However, papers have been published on
electronic questionnaires versus paper–and–pencil methods, (Bliven, Kaufman, &
Spertus, 2001; Gwaltney et al., 2008) and the results of different methods correlate
very highly in those reports. The electronic method was chosen to increase the ease
of participation and response rates. Due to widespread use of email in Finland,
(Statistics Finland, 2018) selection bias on this ground was minimal.
The disease–specific SNOT–22 was used in this study to assess QoL in CRS,
RARS, nasal septal deviation patients and controls. SNOT–22 is intended for CRS
research and clinical use only. (Hopkins et al., 2009) There is some previous
literature on using SNOT–22 for assessing SP (Buckland et al., 2003; Hytönen et
al., 2012) or septorhinoplasty (Andrews et al., 2015; Poirrier et al., 2013) and the
results seem to indicate appropriate responsiveness after intervention: impaired
preoperative SNOT–22 reacts positively to surgery. Validation of SNOT–22 for SP
is yet to be done, so the results regarding SP should be interpreted with caution.
The ease of administration of SNOT–22 and the ability to compare the groups were,
however, in favour of choosing this instrument to the study.
The duration of follow–up period in this study was one year. There is some
evidence that length of follow–up affects patient–assessed outcomes. One
observational prospective study determined the appropriate length of follow up to
be six months after surgery, (Soler & Smith, 2010) with stable QoL demonstrated
between 6 and 18 months. On the other hand, increased time of follow–up after
surgery for CRS has been noted to be slightly associated with decreasing SNOT–
22 outcomes. (Soler et al., 2017)
We calculated the study’s sample size based on change of SNOT–22 total score
by seven points after the one–year follow–up. This number is less than the
published minimal important change of approximately nine points. (Chowdhury et
al., 2017; Hopkins et al., 2009) The mean difference we discovered was much
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larger than nine points in both patient groups, indicating that the change is clinically
relevant in addition to being statistically significant.
Factors that modify QoL outcome or confounding factors are present in all
studies. The confounding factors that we could be aware of were adjusted for in the
analyses. Multivariate analyses were done to mitigate the effects of confounding
factors. Unfortunately, to control for unknown factors would require an RCT that
would be challenging to conduct.
The change in PROM instrument has been shown to be associated with
baseline level. Several reasons may explain the associations between baseline and
change scores: regression to the mean, the floor and ceiling effect and use of noninterval scales. (Copay, Subach, Glassman, Polly, & Schuler, 2007) These factors
may exaggerate the predictive value of high SNOT–22, but the preoperative high
SNOT–22 was such powerful predictive factor on patient benefit that these factors
alone cannot explain all the benefit.
The sensitivity or efficiency of a QoL instrument to detecting a change is
derived from calculation based on mean changes in serial measurement or mean
absolute difference from no change in retrospective assessment. (J. J. Anderson &
Chernoff, 1993; Fischer et al., 1999) It is not based on sample size. The concept is
scarcely addressed in sinonasal surgery literature and its clinical significance and
interpretation is somewhat vague at present.
The findings of this study can be generalised quite well to affluent countries
with similar health care systems; the patient material represented primary
sinonsasal surgery and the patients were recruited from a known geographical area.
The surgeries were performed by physicians of variable experience level, so the
results are not dependent on an exceptionally masterful surgical performance. The
study protocol allowed for individual treatment decisions by surgeons on
perioperative details, so the applicability of the results is accordingly broad.
6.4

Clinical implications

The QoL issues of the most common ENT operations have been considered quite
rarely in evidence based medicine databases. The QoL viewpoint is pivotal in most
common ENT surgical treatments, because the patient’s perspective is included.
QoL data should be collected more often with validated instruments in future
research because these surgical operations are most often carried out to improve
patients’ QoL.
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In primary sinonasal surgery, the measurement of QoL before and after
treatments offers an opportunity to quantify the subjective impact of a disease and
provides insight into the patient’s illness. Economic restraints worldwide mandate
the need to scientifically evaluate the effectiveness of various treatments. We have
demonstrated the effectiveness of primary sinonasal surgery in terms of QoL
benefit for medically recalcitrant sinonasal disease.
The results of the study also suggest the usefulness of disease–specific SNOT–
22 in patient selection for primary sinonasal surgery. We could define a threshold
score of 30 points that best differentiates those patients who benefited from surgery.
For measuring the QoL impact of CRS and the effect of ESS, SNOT–22 should be
in clinical use routinely. The results also suggest that SNOT–22 could also be
considered for SP assessments, although validation studies for that purpose are
currently lacking.
Different QoL instruments or more broadly, outcome tools of any kind should
be considered as complementary measures that assess variable aspects of a disease.
Choosing the appropriate tool for measuring the outcome of interest is essential. In
primary sinonasal surgery, QoL is most often the most important outcome and
measuring it directly from patients is preferable.
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1.
2.

3.
4.

Conclusions
Evidence-based medicine databases have historically addressed QoL as an
outcome, but newer or ongoing studies consider QoL more frequently.
Septal deviation and recurrent acute or chronic rhinosinusitis affected QoL to
a similar negative extent on a cohort level. Primary surgery for these conditions
improved QoL almost to the level of the control population that was not
symptom–free in terms of sinonasal QoL.
The best predictive factor of a beneficial QoL outcome after primary sinonasal
surgery was a preoperative SNOT–22 total score of 30 points or more.
The generic RAND–36 and GBI and disease-specific SNOT–22 displayed
quite low reciprocal correlations and identified different patients as suffering
from the worst impact of their disease or enjoying the best improvement after
surgery.
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