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Abstract  

 

290 words  

 

Objectives: Endoscopic sinus surgery (ESS) is a common operation typically performed due to chronic 

rhinosinusitis (CRS). There are limited data on the nationwide ESS rate and factors contributing to its 

regional variation. The aim was to evaluate factors causing variation of ESS rate. 

Design: Cross-sectional nationwide observational study. 

Setting: Hospital discharge data collected by the National Institute for Health and Welfare in Finland. 

Population: Nationwide Finnish population aged 15 years or over.  

Main outcome measures: ESS rate per 1000 inhabitants between 2013 and 2015 in all 21 hospital 

districts and independent factors for multilevel model analyses. 

Methods: We used the Finnish register data of all CRS patients who underwent ESS in 2013-2015. 

Patients aged under 15 years and those with ESS due to neoplasia were excluded. The age and gender 

standardised ESS rates were calculated, and multilevel Poisson regression models were used to 

evaluate variation in ESS in the 21 hospital districts. The likelihood ratio test was applied to assess the 

statistical significance of random components in the models.  

Results: The nationwide annual rate of ESS is 0.71 per 1000 people in Finland.  There is a fourfold 

difference between the districts with the highest and lowest rates. Compared with males, females 

undergo ESS significantly more frequently (57% of the procedures), more often due to CRS without 

nasal polyps, and at a younger age. Multilevel analyses showed that lower age and availability of 

medical services were independently associated with higher ESS rates.  
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Conclusions: This study confirms marked regional variation in the ESS rate, explained only in part by 

patients’ age and differing availability of medical services. To analyse the cost-effectiveness of ESS 

across different CRS phenotypes or to compare quality registers on ESS properly, more research on 

regional variation is needed. 
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Strengths and limitations of this study  

• Endoscopic sinus surgery (ESS) rate due to chronic rhinosinusitis was 0.71 per 1000 inhabitants 

aged over 15 years.  

• A high regional variation was present in the likelihood of undergoing ESS.  

• The probability of ESS was independently associated with patient´s age and differences in 

availability of medical services.  

• Strengths of this study comprise a population-based nationwide design.  

• A limitation is that no data on the actual need for sinus surgery are provided and that our data 

did not include information on patient’s background factors. 
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Abbreviations:  

CRS  Chronic rhinosinusitis  

CRSwNP  Chronic rhinosinusitis with nasal polyps 

CRSsNP  Chronic rhinosinusitis without nasal polyps 

ENT  Ear nose throat 

ESS  Endoscopic sinus surgery 
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What this paper adds  

 

Endoscopic sinus surgery (ESS) is considered for patients with chronic rhinosinusitis (CRS) when 

disease control is not fully achieved by medical therapy. In this nationwide survey in Finland, we 

showed that the ESS rate due to CRS was 0.71 per 1000 inhabitants aged over 15 years. After adjusting 

for age and gender, a high regional variation was present in the likelihood of undergoing ESS. This is 

in line with studies conducted in the United States. We evaluated the factors behind the differences in 

ESS rates across the hospital districts. Multilevel analyses revealed that the probability of ESS was 

independently associated with patient´s age and differences in availability of medical services. These 

factors were, however, unable to fully explain the regional variation.  We anticipate that patients 

operated on for ESS in different regions do not represent an equal severity of CRS. Further research is 

needed to show the cost-effectiveness of ESS in different CRS phenotypes and to implement quality 

control across operating institutions.  
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Introduction 

 

Chronic rhinosinusitis (CRS) is a heterogeneous group of inflammatory diseases of the nose and 

paranasal sinuses, lasting for at least 12 weeks (1). It is one of the most common chronic adult health 

problems in the Western world. A European study estimated the prevalence of CRS to be 11%, 

although in studies with physician-led diagnosis a prevalence of 6–7% has been observed (2-5). CRS 

has an independent and severe impact on the quality of life. The impairment is comparable with other 

chronic diseases such as asthma, chronic obstructive pulmonary disease (COPD), and diabetes (1). The 

economic burden caused by CRS is significant and is related largely to loss of productivity, increased 

doctor’s appointments, and medical expenses. In the United States, the CRS-related health care costs 

are estimated to be $6.9 to $9.9 billion dollars per year (6).  

 

The predisposing factors of CRS include genetic, anatomical, and airborne factors in addition to host 

immunity (1,7). CRS is associated with airway allergy, asthma, and COPD (1,8). CRS with (CRSwNP) 

and without (CRSsNP) nasal polyps are considered to be phenotypes of CRS, with presumably 

different aetiologies and pathomechanisms (1). CRSwNP affects between 1% and 4% of the general 

population (1). 

 

Endoscopic sinus surgery (ESS) has been the most common operative approach for CRS patients with 

failed maximal medical treatments (1). ESS is a common procedure, with an estimated 250 000 cases 

annually in the United States (9-11). ESS creates a considerable financial burden.  One study estimated 
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the total cost of ESS to the UK National Health Service (NHS) to be in excess of £30 million per year 

(3). 

 

Three non-population-based studies within the United States have shown ESS rates to vary according 

to geographic area or ethnicity. An observational cohort study performed on the MarketScan 

Commercial Claim and Encounters database yielded a mean ESS rate of 0.94 per 1000 employed, 

working-aged people in the United States (9). Moreover, the study showed four- to fivefold differences 

between the states with the highest and lowest rates. Venkatraman et al. investigated a twenty-percent 

sample of Medicare beneficiaries aged 65 to 99 years. Their study showed an increase in ESS rates for 

the period 1998-2006 (12). The third study based on the MarketScan Medicaid database in the United 

States reported overall sinus surgery rates per 1000 people in the Medicaid population to range from 

0.36 to 0.40 in 2009-2013 (13). The ESS rate was significantly lower for African Americans than for 

persons of Hispanic origin. These three studies are limited by the fact that they were not nationwide; 

the study groups were composed of only a partial cohort of the population (9,12,13). 

 

The reasons behind the detected geographic variation in ESS rates are not fully understood. This might 

reflect a number of factors, including both underutilization and overutilization of surgery in the 

treatment of CRS, a lack of clinically unambiguous applicable guidelines, and a lack of evidence in 

well-constructed randomised controlled trials (RCTs) (3). To our knowledge, no previous exhaustive 

nationwide studies have been conducted on ESS rates and the factors affecting the likelihood of the 

surgical procedure. This nationwide survey aimed to examine the variation in ESS rates across Finland 

and putative factors explaining the difference.  
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Materials and methods 

 

Patients  

 

Before beginning the study, ethical consent was sought from the Research Ethics Committee of the 

Finnish National Institute for Health and Welfare (approval number 9/2016/§746), and thereafter, 

permission to use hospital discharge register data for the patient population was also sought from the 

Institute. The data of all patients who had undergone ESS by opening the ostiomeatal complex 

(DMB20) and/or opening the ethmoid sinuses (DNB20) in Finland in 2013-2015 were extracted from 

the hospital discharge register maintained by the Institute for Health and Welfare. Patients aged under 

15 years and those operated on due to neoplastic lesions were excluded. Age was classified into 5-year 

age brackets. Diagnosis was determined as CRS with nasal polyps (CRSwNP) if any of the main or 

secondary diagnosis codes were J33. Further, if any of the main or secondary diagnosis codes was J32 

or the main diagnosis code was J01 the diagnosis was determined as CRS without nasal polyps 

(CRSsNP). The rest of the procedures were classified into the group “Other diagnoses”. The collected 

data included information on the ESS procedure, code of diagnosis (IDC10), gender, age, service 

provider, and hospital district in which the patient was living at the time of ESS. 

  

Hospital districts  
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Finland is divided into 21 hospital districts. The public hospitals within the district are owned by the 

federations of municipalities. In Finland, public medical care covers the vast majority (92% in 2014) of 

all surgical interventions in different medical fields. Most patients use the closest public hospital in 

their home hospital district, although they are free to choose any public or private hospital in the 

country. Both public and private health care providers report all hospitalisations and surgical 

procedures to the same nationwide hospital discharge database. 

 

National registers  

 

National population data in hospital districts were tabulated by gender and age in 5-year age brackets 

from Statistics Finland's website (http://www.stat.fi/til/vaerak/index_en.html) for the years 2013-2015. 

The number of working-aged physicians and ENT doctors was retrieved from the website of the 

Finnish Medical Association (https://www.laakariliitto.fi/tutkimus/laakarityovoima).  

 

Statistics  

The data were tabulated by hospital district according to patients’ residence.  To reduce random 

variability, all analyses were performed for the whole study period from 2013 to 2015, but results 

presented as annual averages. Due to the small number of cases, the smallest district of Åland islands 

(24 000 inhabitants aged over 15 years) was included only in the total number of ESS, but excluded 

from the multilevel models. 
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We calculated age- and gender-adjusted rates of ESS in hospital districts using a direct standardisation 

method with the population structure of Finland in 2013-2015 as the standard population. Two-level 

Poisson regression models adjusted for age group with hospital district as random level and logarithm 

of population at risk as an offset variable were conducted to model the regional variation in ESS. Next, 

factors indicating proportion of operations performed by private ENT service providers, proportions of 

CRSwNP and CRSsNP, and proportion of operations performed outside the hospital district of 

patients’ residence in each stratum, as well as the density of physicians in hospital districts were added 

to the models. Models were estimated separately for men and women, as descriptive analyses revealed 

differing ESS profiles between them. Multilevel models were applied to capture the hierarchical nature 

of the data and effects of explaining factors were reported as risk ratios. Wald test was applied to assess 

the statistical significance of the variance term denoting variation at the hospital district level. 

Pearson’s Chi-Square test was used to test the distribution of diagnoses in hospital districts. A 95% 

confidence level was used to indicate the statistical significance. Statistical analyses were performed by 

using SPSS version 22 (Chicago, IL, USA) and SAS 9.3 (SAS Institute Inc., Cary, NC, USA) software.  
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Results 

 

ESS rate and its age and gender-based variation  

 

In 2013-2015, the total number of ESS was 9640. Three hundred and seven patients underwent ESS 

twice or three times during this period. The mean annual number of ESS for patients aged over 15 

years was 3181, and the nationwide mean rate was 0.71 procedures per 1000 inhabitants.  Women were 

operated on more often than men (0.79/1000 and 0.62/1000; proportions operated 57.4% and 42.6% 

respectively). The mean age at the time of ESS was 44.0 (SD 15.9) years in females and 46.1 (SD 15.8) 

years in males (Figure 1). There was no significant difference in the age distribution of ESS patients 

between the hospital districts.  The ESS rate of working-aged CRS patients (aged 26-65 years) was 

0.86/1000 working-aged individuals. The ESS rate of retirement-aged CRS patients (˃ 65 years) was 

0.35/1000 retirement-aged individuals.  Of all ESS procedures, 87% were performed by community-

run public health care providers and 96% in the patient’s home district.  

 

Diagnosis of patients undergoing ESS 

 

Seventy-two percent of patients (62% of males, 80% of females) who underwent ESS were diagnosed 

as having CRSsNP (Table 1).  Twenty percent of patients (30% of males, 13% of females) were 

diagnosed as having CRSwNP (Table 1). Other diagnoses (7%) included paranasal cysts or mucoceles, 

hypertrophy of turbinates, and miscellaneous reasons (Table 1).  
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Table 1 

Diagnosis at time of surgery. Annual average of patients (> 15 years) who underwent ESS during 2013-2015. 

  Men Women Total 
Number (annual)  1355 1826 3181 
Diagnosis, %     
 Chronic rhinosinusitis without nasal polyps 62 80 72 
 Chronic rhinosinusitis with nasal polyps  30 13 20 
 Other*  7 7 7 
* Cysts, mucoceles, hypertrophy or air cells of turbinates 

 

 

 

Regional variation in ESS rate 

 

The mean ESS rates per 1000 inhabitants aged over 15 years in the 21 districts are shown in the 

heatmap (Figure 2). The regional values ranged between 1.16 and 0.26 procedures/1000 inhabitants, 

denoting a fourfold difference. The proportion of patients operated on for CRSsNP and CRSwNP 

varied significantly between districts (p<0.001).  

 

 

Multilevel models of factors affecting the variation in ESS rate  
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The multilevel models were created in order to study the level of variation in the probability of ESS 

between the hospital districts, to examine whether certain factors had an independent effect on ESS, 

and to assess whether the variation found between hospital districts could be explained by these factors.  

 

In women, after adjusting for age there was significant variation at the hospital district level (p<0.001). 

Of independent factors, lower age (p<0.001) and high density of physicians (p=0.026) were 

significantly associated with a high ESS rate (Table 2). Women aged 40-44 years were operated on 

4.76 times more frequently than women aged over 70 years. After adjusting for independent factors, the 

regional variation in ESS rates remained significant (p<0.001). 

 

In men, we found significant variation at the hospital district level after adjusting for age (p<0.001). 

When independent factors were added to the model, low age (p<0.001) and the proportion of ESS 

performed by private service providers (p=0.0001) were associated with high operation rates in the 

district, whereas ESS performed outside the patient´s home district (p=0.004) was significantly 

associated with a low rate (Table 2). Again, after adjustment for independent factors, the regional 

variation in ESS remained significant (p<0.001). 
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Table 2 

Factors affecting ESS rates in men and women in an adjusted Poisson regression model.  

 

  Men Women 
Variable Null model Adjusted model Null model Adjusted model 
Age (years) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) 

 15-24 1.29 ( 1.11, 1.51) 1.16 ( 0.96, 1.39) 2.72 ( 2.39, 3.11) 2.71 ( 2.31, 3.18) 
 25-34 1.79 ( 1.55, 2.06) 1.68 ( 1.45, 1.95) 3.87 ( 3.41, 4.39) 3.87 ( 3.38, 4.42) 
 35-39 2.59 ( 2.23, 3.02) 2.40 ( 2.05, 2.81) 4.65 ( 4.06, 5.32) 4.63 ( 4.00, 5.36) 
 40-44 2.57 ( 2.20, 3.00) 2.48 ( 2.12, 2.90) 4.80 ( 4.19, 5.50) 4.76 ( 4.13, 5.49) 
 45-49 2.49 ( 2.14, 2.90) 2.35 ( 2.01, 2.75) 3.77 ( 3.28, 4.34) 3.73 ( 3.24, 4.29) 
 50-54 2.40 ( 2.06, 2.80) 2.24 ( 1.91, 2.63) 3.60 ( 3.13, 4.14) 3.56 ( 3.09, 4.10) 
 55-59 2.23 ( 1.90, 2.60) 2.06 ( 1.75, 2.42) 3.72 ( 3.24, 4.27) 3.69 ( 3.21, 4.25) 
 60-64 1.99 ( 1.69, 2.33) 1.88 ( 1.59, 2.23) 2.48 ( 2.14, 2.88) 2.46 ( 2.11, 2.86) 
 65-69 1.74 ( 1.48, 2.06) 1.72 ( 1.46, 2.04) 1.92 ( 1.63, 2.25) 1.90 ( 1.62, 2.23) 
 70+ 1.00 1.00 1.00 1.00 

% private ORL  2.24 ( 1.49, 3.38)  1.22 ( 0.74, 2.01) 
% CRSsNP  0.73 ( 0.42, 1.30)  1.00 ( 0.56, 1.76) 
% CRSwNP  0.96 ( 0.56, 1.66)  1.27 ( 0.67, 2.42) 
% outside HD  0.49 ( 0.30, 0.81)  0.89 ( 0.49, 1.64) 
Physician density  1.11 ( 0.99, 1.25)  1.16 ( 1.02, 1.33) 

      HD (Var(SE)) 0.1299(0.0464) 0.0751(0.0287) 0.1303(0.0463) 0.1012(0.0381) 

 

CRSsNP = chronic rhinosinusitis without nasal polyps, CRSwNP = chronic rhinosinusitis with nasal 
polyps, HD = home district, ORL = otorhinolaryngologist operation, RR = risk ratio, 

 

 

The proportion of patients operated on due to CRSwNP varied from one district to another (p<0.001). 

The range was from 10% to 33%. In multivariate multilevel models, the diagnosis did not explain the 

risk on the operation rate.  
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Discussion 

 

To reduce inefficient or unwarranted practice patterns and to improve the overall performance of the 

health system, it is essential to define the variations in health care and the underlying reasons (9,14). In 

evaluating practice variation, clinical care can be grouped into three categories with different 

implications for patients, clinicians, and policy makers: i) effective care (benefits far outweigh the 

risks); ii) preference-sensitive care (more than one generally accepted treatment option); iii) supply-

sensitive care (activities are related to the capacity of the local health care system) (14,15). Variation in 

health care utilisation has been viewed as a major threat to the quality and effectiveness of treatment 

because it may represent potential misuse, overuse, or underuse of scarce health care resources (9,16). 

Common reasons for surgical variation include differences in patient and doctor preferences, 

availability of services, and lack of well-defined surgical indications (9,17). Furthermore, surgeons’ 

beliefs about the procedure and revenue logic may have an impact on the frequency of interventions.   

 

 

Comparison with other studies 

 

In Finland, the nationwide mean annual rate of endoscopic sinus surgery (ESS) among adult patients 

was 0.71/1000. The rate of working-aged people (0.86/1000) is fairly close to that reported among the 

employed cohort in the United States (0.94/1000) (9). We demonstrate here that elderly people in 
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Finland are operated on considerably less frequently (0.35/1000) than their peers in the United States 

(0.92/1000) (12).  In the present study, there was marked variability in ESS rates between the 21 

hospital districts after standardisation of age and gender. We found a fourfold difference between the 

highest and the lowest regional operation rate. This is in line with the findings in the United States 

(9,12) where up to fivefold differences between the states were observed. The present nationwide study 

of Finland shows that regional differences exist also in a country with a universal nationwide health 

care system where the procedures are performed mostly in publicly financed institutions.  

 

 

ESS rate variation between genders 

 

We demonstrated that ESS is performed 1.3 times more frequently on women than on men.  This is in 

accord with the expected population-based male-to-female ratio of CRS.  CRS is estimated to be 1.1 to 

2 times more common in women than in men (4,19). An adult suffers common colds approximately 2–

4 times annually (20,21). The infection rates in females aged between 20 and 34 years are higher 

probably due to a greater occupational risk to be exposed to infections relative to men (20,21). This 

might, in part, enhance the development of CRS in females. In the present study, the mean age of 

operated females was lower than that of males. This might be due to differences in host-environment 

interactions and pathomechanisms of CRS between females and males (22).  It is also possible that 

women use more general health care, which might be reflected in the gender-based difference in ESS 

rate (23). 
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Effect of age on ESS rate 

 

In this study, the ESS rate of working-aged people (26-65 years) was 2.5 times higher than that of 

retirement-aged people. Moreover, the multilevel models showed that the patient´s age had an 

independent effect on ESS rate across Finland. CRS patients who are retired might have reduced 

irritants and less stress in their living environment, and also more time for self-care. This might 

improve CRS control and reduce the need for ESS in the elderly. One might expect that sinusitis prone 

patients have already undergone ESS earlier in their life which makes the need of ESS low at the higher 

age. Also, multiple diseases and medications might reduce the likelihood of them being operated on.   

 

Comparison of patients with and without nasal polyps 

 

It is difficult to evaluate the population-based prevalence of CRSwNP and CRSsNP due to limitations 

of diagnostic methods in primary care.  In the European population, the prevalence of CRSwNP has 

been estimated at 1-4% and CRSsNP about 10% (1,26).  In the present study, 20% of ESS was 

performed on patients with CRSwNP. This is slightly higher than the ratio of CRSwNP and CRSsNP 

phenotypes in the literature cited above. It is consistent with the greater need for surgery with nasal 

polyposis.  
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ESS due to CRSwNP was performed nearly three times more frequently on males than on females. In a 

retrospective, cross-sectional American study, data on CRS patients and their non-CRS controls were 

analysed (22). The authors found that the proportion of females with CRSwNP was 38% and that these 

women had more severe disease than men (22). In our study, 27% of the operated CRSwNP patients 

were female. This figure is in line with the previous study.  

 

 

Potential factors behind variation in ESS 

 

The multilevel models showed that in females, young age and high density of physicians were 

significantly associated with a high ESS probability. In males, independent factors associated with a 

high probability of ESS were young age and a high proportion of ESS performed by private ENT 

specialists.  ESS performed out of the patient´s home district was associated with a low operation 

probability. Excluding the age factor, these findings reflect the impact of availability on operation rates. 

Higher ESS rates were detected also in hospital districts with a high density of ENT specialists as well 

as those with medical faculties. Yet, due to multicollinearity, these factors could not be included in the 

multilevel Poisson model. Taken together, our findings suggest that, in addition to the population’s age 

structure, the availability of medical services has an independent effect on ESS probability. 

 

 

Putative other reasons for regional variation in ESS rate  
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In both females and males, after adjusting for age and factors related to the availability of medical 

services, a clear regional variation remained in ESS rates. The indications for ESS are usually relative 

and are based on ENT specialists’ and patients’ opinions after discussion of potential risks and benefits. 

Thus, it is evident that a district´s poor availability of ENT services and long distances decrease the 

likelihood of CRS patients undergoing ESS. In industrialized countries, ESS is usually a preference-

sensitive care. This indicates that more than one generally accepted treatment option, such as elective 

surgery, is available. Thus, the operation rate depends on informed patient choice and the treatment 

strategies available; the rate can vary extensively because of differences in professional opinions 

(14,15). Thus, despite equal education of medical doctors and similar nationwide health care systems, 

regional and/or personal variation may be present in patients’ views and in physicians’ or ENT 

surgeons’ opinions and interpretations of ESS indications (14). Future research should focus more on 

evidence-based treatments for CRS and indications of ESS in different disease course and phenotypes. 

 

  

Strengths and limitations of the study 

 

Strengths of this study comprise a population-based nationwide design and reliable register-based data, 

including information on all surgical procedures performed in Finland (27). Meticulously collected data 

on diagnosis, operating institution, and patient´s municipality of residence as well as data on the 

density of physicians and ENT specialists are readily available. We focused only on the population 
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aged 15 years or over who had undergone ESS due to inflammation and/or recurrent infection in order 

to decrease the bias caused by different disease types.  

 

The study includes some limitations that must also be addressed. No data on the actual need for sinus 

surgery are provided, as we examined the numbers of operated patients instead of the CRS patient 

population. Further, our data did not include information on patient’s socioeconomic status, general 

health, subjective nasal symptoms, or x-ray findings. Despite relatively small differences in 

socioeconomic or ethnic status of the Finnish population, some regional dissimilarities might exist, 

which could affect the probability of being operated on. Due to the limited register-based data these 

factors could not be added to the multilevel models. 

 

 

 

Conclusions 

 

This nationwide study shows that high regional variation in ESS rate exists also in a country where the 

vast majority of procedures are performed in a public health care system. Patient´s age and the 

availability of medical services are associated with ESS probability. Nevertheless, some unexplained 

factors appear to affect the regional variation in ESS. According to our results, we anticipate that in 

different geographic areas patients receiving ESS do not represent an equal severity or clinical course 
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of CRS. Therefore, further research is needed to show the cost-effectiveness of ESS across different 

CRS phenotypes and to ensure unbiased quality control among the operating institutions.  

 

 

Data sharing statement 

No additional data available. 
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 Figure legends 

 

Figure 1 

Age distribution of endoscopic sinus surgery (ESS) in Finland. Included are patients operated on during 

2013-2015, presented as annual averages.  

 

Figure 2 

Age- and gender-standardised rate of endoscopic sinus surgery (ESS) by hospital districts in Finland 

(mean of the years 2013-2015). Darker colours represent higher operation rates. The circle indicates the 

site of the central hospital and the size represents the number of inhabitants within the district. Districts 

with white circles have a medical faculty. 

Page 28 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

  

 

 

Figure 1  
Age distribution of endoscopic sinus surgery (ESS) in Finland. Included are patients operated on during 

2013-2015, presented as annual averages.  
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Figure 2  
Age- and gender-standardised rate of endoscopic sinus surgery (ESS) by hospital districts in Finland (mean 
of the years 2013-2015). Darker colours represent higher operation rates. The circle indicates the site of the 

central hospital and the size represents the number of inhabitants within the district. Districts with white 
circles have a medical faculty.  
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Reporting checklist  

 
 

Title and abstract 

1. Title Indicate that the manuscript concerns an initiative to improve healthcare (broadly defined to 

include the quality, safety,effectiveness, patient-centredness, timeliness, cost, efficiency and equity of 

healthcare). p.1 

 

2. Abstract  

a. Provide adequate information to aid in searching and indexing. p.5 

b. Summarise all key information from various sections of the text using the abstract format of the 

intended 

publication or a structured summary such as: background, local problem, methods, interventions, 

results, 

conclusions. p.5-6 

 

Introduction  

 

3. Problem description Nature and significance of the local problem. p. 10-11 

4. Available knowledge Summary of what is currently known about the problem, including relevant 

previous studies. p.10-11  

5. Rationale Informal or formal frameworks, models, concepts and/or theories used to explain the 

problem, any reasons or assumptions that were used to develop the intervention(s) and reasons why 

the intervention(s) was expected to work p. 11 

6. Specific aims Purpose of the project and of this report. p. 11 

 

Methods  

 

7. Context  

Contextual elements considered important at the outset of introducing the intervention(s). p. 12-13 

8. Intervention(s)  

a. Description of the intervention(s) in sufficient detail that others could reproduce it. p. 12-14 

b. Specifics of the team involved in the work. p. 12-14 

9. Study of the intervention(s)  

a. Approach chosen for assessing the impact of the intervention(s). p. 12-14 

b. Approach used to establish whether the observed outcomes were due to the intervention(s). p. 12-

14 

10. Measures  

a. Measures chosen for studying processes and outcomes of the intervention(s), including rationale for 

choosing 

them, their operational definitions and their validity and reliability. p. 13-14 

b. Description of the approach to the ongoing assessment of contextual elements that contributed to 

the success, failure, efficiency and cost. p. 13-14 
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c. Methods employed for assessing completeness and accuracy of data. p. 12-14 

11. Analysis  

a. Qualitative and quantitative methods used to draw inferences from the data. p. 13-14. 

b. Methods for understanding variation within the data, including the effects of time as a variable. p. 

13-14 

12. Ethical considerations Ethical aspects of implementing and studying the intervention(s) and how 

they were addressed, including, but not limited to, formal ethics review and potential conflict(s) of 

interest. p. 12 

 

Results  

 

13. Results  

a. Initial steps of the intervention(s) and their evolution over time (eg, time-line diagram, flow chart or 

table), 

including modifications made to the intervention during the project.p. 15 

b. Details of the process measures and outcomes. p. 16-18 

c. Contextual elements that interacted with the intervention(s).p. 17-18 

d. Observed associations between outcomes, interventions and relevant contextual elements. p. 17-18 

e. Unintended consequences such as unexpected benefits, problems, failures or costs associated with 

the 

intervention(s). p. 16-18 

f. Details about missing data. p.13 and p. 15 

 

Discussion  

14. Summary  

a. Key findings, including relevance to the rationale and specific aims. p. 19-23 

b. Particular strengths of the project. p. 23 

15. Interpretation  

a. Nature of the association between the intervention(s) and the outcomes. p. 19-23 

b. Comparison of results with findings from other publications. p. 19-20 

c. Impact of the project on people and systems. p. 19-24 

d. Reasons for any differences between observed and anticipated outcomes, including the influence of 

context. p. 19-24 

e. Costs and strategic trade-offs, including opportunity costs. p. 19-24 

16. Limitations  

a. Limits to the generalisability of the work. p. 24 
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b. Factors that might have limited internal validity such as confounding, bias or imprecision in the 

design,methods, measurement or analysis. p. 24 

c. Efforts made to minimise and adjust for limitations. p. 24 

17. Conclusions 

a. Usefulness of the work. p. 24 

b. Sustainability. p. 24 

c. Potential for spread to other contexts. p. 24 

d. Implications for practice and for further study in the field. p. 24 

e. Suggested next steps. p. 24 

 

Other information 

18. Funding Sources of funding that supported this work. Role, if any, of the funding organisation in 

the design, implementation, interpretation and reporting. p. 4 
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ABSTRACT
Since the publication of Standards for QUality
Improvement Reporting Excellence (SQUIRE 1.0)
guidelines in 2008, the science of the field has
advanced considerably. In this manuscript, we
describe the development of SQUIRE 2.0 and its
key components. We undertook the revision
between 2012 and 2015 using (1)
semistructured interviews and focus groups to
evaluate SQUIRE 1.0 plus feedback from an
international steering group, (2) two face-to-face
consensus meetings to develop interim drafts
and (3) pilot testing with authors and a public
comment period. SQUIRE 2.0 emphasises the
reporting of three key components of systematic
efforts to improve the quality, value and safety of
healthcare: the use of formal and informal
theory in planning, implementing and evaluating
improvement work; the context in which the
work is done and the study of the intervention(s).
SQUIRE 2.0 is intended for reporting the
range of methods used to improve healthcare,
recognising that they can be complex and
multidimensional. It provides common ground to
share these discoveries in the scholarly literature
(http://www.squire-statement.org).

In 2005, draft publication guidelines for
quality improvement reporting debuted in
Quality and Safety in Health Care.1 At
that time, publications of scholarly work
about healthcare improvement were often
confusing and of limited value. Leaders in
the field were working to consolidate the
evidence for a science of improvement2 3

and without guidance on how to write
their findings, authors struggled to report
their improvement work in a reliable and
consistent way.4 5 These factors influenced
the initial publication in 2008 of the
Standards for QUality Improvement
Reporting Excellence (SQUIRE),6 which

we will refer to as SQUIRE 1.0. The
guidelines were developed in an effort to
reduce uncertainty about the information
deemed to be important in scholarly
reports of healthcare improvement and to
increase the completeness, precision and
transparency of those reports.
In the intervening years, the reach of

systematic efforts to improve the quality,
safety and value of healthcare has grown.
Health professionals’ education world-
wide now includes improvement as a
standard competency.7–11 The science of
the field also continues to advance
through guidance on applying formal and
informal theory in the development and
interpretation of improvement pro-
grammes;12 stronger ways to identify,
assess and describe context;13–16 recom-
mendations for clearer, more complete
descriptions of interventions17 and devel-
opment of initial guidance on how to
study an intervention.18

In this setting, we have undertaken a
revision of SQUIRE 1.0. When we
began, it rapidly became apparent that a
wide variety of approaches had devel-
oped for improving healthcare, ranging
from formative to experimental to evalu-
ative. Rather than limiting the revised
guidelines to only a few of these, we fash-
ioned them to be applicable across the
many methods that are used. We aimed
to reflect the dynamic nature of the field
and support its further development.
This article describes the development
and content of SQUIRE 2.0 (table 1).

SQUIRE 2.0 DEVELOPMENTAL PATH
We developed SQUIRE 2.0 between
2012 and 2015 in three overlapping
phases: (1) evaluation of the initial
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Table 1 Revised Standards for QUality Improvement Reporting Excellence (SQUIRE 2.0) publication guidelines

Text section and item
name Section or item description

Notes to authors ▸ The SQUIRE guidelines provide a framework for reporting new knowledge about how to improve healthcare.
▸ The SQUIRE guidelines are intended for reports that describe system level work to improve the quality, safety

and value of healthcare, and used methods to establish that observed outcomes were due to the intervention(s).
▸ A range of approaches exists for improving healthcare. SQUIRE may be adapted for reporting any of these.
▸ Authors should consider every SQUIRE item, but it may be inappropriate or unnecessary to include every

SQUIRE element in a particular manuscript.
▸ The SQUIRE glossary contains definitions of many of the key words in SQUIRE.
▸ The explanation and elaboration document provides specific examples of well-written SQUIRE items and an

in-depth explanation of each item.
▸ Please cite SQUIRE when it is used to write a manuscript.

Title and abstract

1. Title Indicate that the manuscript concerns an initiative to improve healthcare (broadly defined to include the quality, safety,
effectiveness, patient-centredness, timeliness, cost, efficiency and equity of healthcare).

2. Abstract a. Provide adequate information to aid in searching and indexing.
b. Summarise all key information from various sections of the text using the abstract format of the intended

publication or a structured summary such as: background, local problem, methods, interventions, results,
conclusions.

Introduction Why did you start?

3. Problem description Nature and significance of the local problem.

4. Available knowledge Summary of what is currently known about the problem, including relevant previous studies.

5. Rationale Informal or formal frameworks, models, concepts and/or theories used to explain the problem, any reasons or
assumptions that were used to develop the intervention(s) and reasons why the intervention(s) was expected to work

6. Specific aims Purpose of the project and of this report.

Methods What did you do?

7. Context Contextual elements considered important at the outset of introducing the intervention(s).

8. Intervention(s) a. Description of the intervention(s) in sufficient detail that others could reproduce it.
b. Specifics of the team involved in the work.

9. Study of the intervention(s) a. Approach chosen for assessing the impact of the intervention(s).
b. Approach used to establish whether the observed outcomes were due to the intervention(s).

10. Measures a. Measures chosen for studying processes and outcomes of the intervention(s), including rationale for choosing
them, their operational definitions and their validity and reliability.

b. Description of the approach to the ongoing assessment of contextual elements that contributed to the success,
failure, efficiency and cost.

c. Methods employed for assessing completeness and accuracy of data.

11. Analysis a. Qualitative and quantitative methods used to draw inferences from the data.
b. Methods for understanding variation within the data, including the effects of time as a variable.

12. Ethical considerations Ethical aspects of implementing and studying the intervention(s) and how they were addressed, including, but not limited
to, formal ethics review and potential conflict(s) of interest.

Results What did you find?

13. Results a. Initial steps of the intervention(s) and their evolution over time (eg, time-line diagram, flow chart or table),
including modifications made to the intervention during the project.

b. Details of the process measures and outcomes.
c. Contextual elements that interacted with the intervention(s).
d. Observed associations between outcomes, interventions and relevant contextual elements.
e. Unintended consequences such as unexpected benefits, problems, failures or costs associated with the

intervention(s).
f. Details about missing data.

Continued
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SQUIRE guidelines, (2) early revisions and (3) pilot
testing with late revisions.
We began the evaluation of SQUIRE 1.0 by collect-

ing data to assess its clarity and usability.19

Semistructured interviews and focus groups with 29
end users of SQUIRE 1.0 revealed that many found
SQUIRE 1.0 helpful in planning and doing improve-
ment work, but less so in the writing process. This
issue was especially apparent in the efforts to write
about the cyclic, iterative process that often occurs
with improvement interventions. SQUIRE 1.0 was
seen by many as unnecessarily complex with too
much redundancy and lacking a clear distinction
between ‘doing improvement’ and ‘studying the
improvement’. A recent independent study and editor-
ial also documented and addressed some of these
challenges.20 21

In the second phase, we convened an international
advisory group of 18 experts that included editors,
authors, researchers and improvement professionals.
This group met through three conference calls,
reviewed SQUIRE 1.0 and the results of the end-user
evaluation, and provided detailed feedback on succes-
sive revisions. This advisory group and additional par-
ticipants attended two consensus conferences in 2013
and 2014 where they engaged in intensive analysis
and made recommendations that further guided the
revision process.
In the third phase, 44 authors used an interim draft

version of the updated SQUIRE guidelines to write

sections of a manuscript. Each author then provided
comments on the utility and understandability of the
draft guidelines, and in their submitted section, identi-
fied the portions of their writing samples that fulfilled
the items of that section.22 We also obtained detailed
feedback about this draft version through semistruc-
tured interviews with 11 biomedical journal editors.
The data from this phase revealed areas needing
further clarification, and which specific items were
prone to misinterpretation. Finally, a penultimate
draft was emailed to over 450 individuals around the
world, including the advisory group, consensus
meeting participants, authors, reviewers, editors,
faculty in fellowship programmes and trainees. This
version was also posted on the SQUIRE website with
an invitation for public feedback. We used the informa-
tion from this process to write SQUIRE 2.0 (table 1).

SQUIRE 2.0
Many publication guidelines, including CONSORT
(randomised trials), STROBE (observational studies)
and PRISMA (systematic reviews) focus on a particu-
lar study methodology (http://www.equator-network.
org). In contrast, SQUIRE 2.0 is designed to apply
across the many approaches used for systematically
improving the quality, safety and value of healthcare.
Methods range from iterative changes using plan–do–
study–act cycles in single settings to retrospective ana-
lyses of large-scale programmes to multisite rando-
mised trials. We encourage authors to apply other

Table 1 Continued

Text section and item
name Section or item description

Discussion What does it mean?

14. Summary a. Key findings, including relevance to the rationale and specific aims.
b. Particular strengths of the project.

15. Interpretation a. Nature of the association between the intervention(s) and the outcomes.
b. Comparison of results with findings from other publications.
c. Impact of the project on people and systems.
d. Reasons for any differences between observed and anticipated outcomes, including the influence of context.
e. Costs and strategic trade-offs, including opportunity costs.

16. Limitations a. Limits to the generalisability of the work.
b. Factors that might have limited internal validity such as confounding, bias or imprecision in the design,

methods, measurement or analysis.
c. Efforts made to minimise and adjust for limitations.

17. Conclusions a. Usefulness of the work.
b. Sustainability.
c. Potential for spread to other contexts.
d. Implications for practice and for further study in the field.
e. Suggested next steps.

Other information

18. Funding Sources of funding that supported this work. Role, if any, of the funding organisation in the design, implementation,
interpretation and reporting.
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publication guidelines—particularly those that focus
on specific study methods—along with SQUIRE, as
appropriate. Authors should carefully consider the
relevance of each SQUIRE item, but recognise that it
is sometimes not necessary, nor even possible, to
include each item in a particular manuscript.
SQUIRE 2.0 retains the IMRaD (introduction,

methods, results and discussion) structure.23 Although
used primarily for reporting research within a spectrum
of study designs, this structure expresses the underlying
logic of most systematic investigations, and is familiar to
authors, editors, reviewers and readers. We continue to
use A. Bradford Hill’s four fundamental questions for
writing: Why did you start? What did you do? What
did you find? What does it mean?24 In our evaluation of
SQUIRE 1.0, novice authors found these questions to
be straightforward, clear and useful.
SQUIRE 2.0 contains 18 items, but omits the mul-

tiple subitems that were a source of confusion for
SQUIRE 1.0 users.19 A range of approaches exists for
improving healthcare, and SQUIRE may be adapted
for reporting any of these. As stated above, authors
should consider every SQUIRE item, but it may be
inappropriate or unnecessary to include every SQUIRE
item in a particular manuscript. In addition, authors
need not use items in the order in which they appear.
Major changes between SQUIRE 1.0 and 2.0 are con-
centrated in four areas: (1) terminology, (2) theory, (3)
context and (4) studying the intervention(s).

Terminology
The elaborate detail in SQUIRE 1.0 was seen by users
as both a blessing and a curse19: helpful in designing
and executing quality improvement work, but less
useful in the writing process. The level of detail some-
times led to confusion about what to include or not
include in a manuscript. Consequently, we made the
items in SQUIRE 2.0 shorter and more direct.
A major challenge in the reporting of systematic

efforts to improve healthcare is the multiplicity of
terms used to describe the work, which is challenging
for novices and experts alike. Improvement work
draws on the epistemology of a variety of fields, and
depending on one’s field of study, the same words can
carry different connotations, a particularly undesirable
state of affairs. Terms such as ‘quality improvement’,
‘implementation science’ and ‘improvement science’
refer to approaches that have many similarities, but can
also connote important (and often-debated) differ-
ences. Other terms such as ‘healthcare delivery
science’, ‘patient safety’ and even simply ‘improve-
ment’ are also subject to surprising variation in inter-
pretation. To address this problem in semantics,
we created a glossary of terms used in SQUIRE 2.0
(box 1). The glossary provides the intended meaning
of certain key terms as we have used them in SQUIRE
2.0 (table 1). These definitions may be helpful in other
endeavours, but are not necessarily intended to be

adopted for use in other contexts. Overall, we sought
terms and definitions that would be useful to the
largest possible audience. For example, we chose ‘inter-
vention(s)’ to refer to the changes that are made. We
decided not to use the word ‘improvement’ in the indi-
vidual items (although it remains in the SQUIRE
acronym) to encourage authors to report efforts that
did not lead to changes for the better. Reporting well
done, negative studies is vital for the learning in this
discipline.

Theory
SQUIRE 2.0 includes a new item titled ‘rationale’.
Biomedical and clinical research is driven by iterative
cycles of theory building and hypothesis testing.
Healthcare improvement work has not consistently
based the planning, design and execution of its pro-
grammes solidly in theory, to the detriment of the
work. For this reason, SQUIRE 2.0 explicitly includes
an item devoted to theory, although we chose to use
the broader and less technical label ‘rationale’ to
encourage authors to be explicit in reporting formal
and informal theories, models, concepts or even
hunches as to why they expected a particular interven-
tion to work in a particular context. A plain language
interpretation of ‘rationale’ might be, ‘why did you
think this would work?’ A recent narrative review of
the nature of theory and its use in improvement
describes the many types and applications of theory,
and considers pitfalls in using and not using theory.12

The addition of the ‘rationale’ item is intended to
encourage clarity around assumptions about the
nature of the intervention, the context and the
expected outcomes. The presence of a well thought
out rationale will align with appropriate measures and
with the study of the intervention; it may also be the
starting point for the next round of work. The
‘summary’ item in the discussion section encourages
authors to revisit the original rationale in the light of
its findings and in the larger context of similar
projects.

Context
SQUIRE 2.0 accepts ‘context’ as the key features of
the environment in which the work is immersed and
which are interpreted as meaningful to the success,
failure and unexpected consequences of the interven-
tion(s), as well as the relationship of these to the sta-
keholders (eg, improvement team, clinicians, patients,
families, etc).13–16 Systematic efforts to improve
healthcare should contain clear descriptions and
acknowledgement of context, rather than efforts to
control it or explain it away. SQUIRE 1.0 included
context with items in all sections of the manuscript,
but context did not rise to the level of a distinct item
itself. SQUIRE 2.0 recognises context as a fundamen-
tal item in the methods section, but its relevance is
not limited to this section. In addition to affecting the
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Box 1 Glossary of key terms used in Standards for QUality Improvement Reporting Excellence (SQUIRE) 2.0.
This glossary provides the intended meaning of selected words and phrases as they are used in the SQUIRE 2.0
guidelines. They may, and often do, have different meanings in other disciplines, situations and settings

Assumptions
Reasons for choosing the activities and tools used to bring about changes in healthcare services at the system level.
Context
Physical and sociocultural make-up of the local environment (eg, external environmental factors, organisational dynamics,
collaboration, resources, leadership and the like), and the interpretation of these factors (‘sense-making’) by the health-
care delivery professionals, patients and caregivers that can affect the effectiveness and generalisability of intervention(s).
Ethical aspects
The value of system-level initiatives relative to their potential for harm, burden and cost to the stakeholders. Potential
harms particularly associated with efforts to improve the quality, safety and value of healthcare services include opportun-
ity costs, invasion of privacy and staff distress resulting from disclosure of poor performance.25

Generalisability
The likelihood that the intervention(s) in a particular report would produce similar results in other settings, situations or
environments (also referred to as external validity).
Healthcare improvement
Any systematic effort intended to raise the quality, safety and value of healthcare services, usually done at the system
level. We encourage the use of this phrase rather than ‘quality improvement’, which often refers to more narrowly defined
approaches.
Inferences
The meaning of findings or data, as interpreted by the stakeholders in healthcare services—improvers, healthcare delivery
professionals and/or patients and families.
Initiative
A broad term that can refer to organisation-wide programmes, narrowly focused projects or the details of specific inter-
ventions (eg, planning, execution and assessment).
Internal validity
Demonstrable, credible evidence for efficacy (meaningful impact or change) resulting from introduction of a specific inter-
vention into a particular healthcare system.
Intervention(s)
The specific activities and tools introduced into a healthcare system with the aim of changing its performance for the
better. Complete description of an intervention includes its inputs, internal activities and outputs (eg, in the form of a
logic model) and the mechanism(s) by which these components are expected to produce changes in a system’s
performance.17

Opportunity costs
Loss of the ability to perform other tasks or meet other responsibilities resulting from the diversion of resources needed
to introduce, test or sustain a particular improvement initiative.
Problem
Meaningful disruption, failure, inadequacy, distress, confusion or other dysfunction in a healthcare service delivery system
that adversely affects patients, staff or the system as a whole, or that prevents care from reaching its full potential.
Process
The routines and other activities through which healthcare services are delivered.
Rationale
Explanation of why particular intervention(s) were chosen, and why it was expected to work, be sustainable and be replic-
able elsewhere.
Systems
The interrelated structures, people, processes and activities that together create healthcare services for and with individual
patients and populations. For example, systems exist from the personal self-care system of a patient to the individual pro-
vider–patient dyad system, to the microsystem, to the macrosystem and all the way to the market/social/insurance system.
These levels are nested within each other.
Theory or theories
Any ‘reason-giving’ account that asserts causal relationships between variables (causal theory) or that makes sense of an
otherwise obscure process or situation (explanatory theory). Theories come in many forms, and serve different purposes in
the phases of improvement work. It is important to be explicit and well founded about any informal and formal theory
(or theories) that are used.

Research and reporting methodology

990 Ogrinc G, et al. BMJ Qual Saf 2016;25:986–992. doi:10.1136/bmjqs-2015-004411

group.bmj.com on February 6, 2018 - Published by http://qualitysafety.bmj.com/Downloaded from Page 38 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

http://qualitysafety.bmj.com/
http://group.bmj.com


For peer review only

development of the rationale and subsequent design
of the intervention(s), context plays a key role in the
iterations of intervention(s) and the outcomes. While
it is often not simple to capture or describe context,
understanding its impact on the design, implementa-
tion, measurement and results make it a vital contribu-
tor in identifying and reporting the factors and
mechanisms responsible for the success or failure of
the intervention(s).

Studying the intervention(s)
The study of the intervention is, perhaps, the most
challenging item in SQUIRE. In the evaluation of
SQUIRE 1.019 and in the pilot testing,22 many were
perplexed by this item and its subelements. This item
was intended to encourage a more formal assessment
of the intervention and its associated outcomes. In
SQUIRE 2.0, this section is called ‘study of the inter-
vention(s)’ (table 1).
‘Doing’ an improvement project is fundamentally

different from ‘studying’ it. The primary purpose of
‘doing’ improvement is to produce better local pro-
cesses and outcomes rather than contribute to new
generalisable knowledge. In contrast, the reason for
‘studying’ the intervention is mainly to contribute
to the body of knowledge about the efficacy and
generalisability of efforts for improving healthcare.
Both ‘doing’ and ‘studying’ are required for a deep
understanding of the nature and impact of the inter-
vention(s) as well as the possible underlying mechan-
isms. ‘Study of the intervention(s)’ focuses mainly on
whether and why an intervention ‘works’. It should
align with the rationale and may include, but is not
limited to, preplanned formal testing of the proposed
theory that the intervention(s) actually produced the
observed changes, as well as the impact of the interven-
tion(s) on the context in which the work was done.
SQUIRE 2.0 asks authors to be as transparent, com-

plete and as accurate as possible about reporting
‘doing’ and ‘studying’ improvement work as both
aspects of the work are key to scholarly reporting.
The ‘summary’ and ‘interpretation’ items in the dis-
cussion encourage authors to explain potential
mechanisms by which the intervention(s) resulted (or
failed to result) in change, thereby developing
explanatory theories that can be subsequently tested.

CONCLUSIONS
The development of SQUIRE 2.0 consisted of a
detailed analysis of SQUIRE 1.0, input from experts
in the field and thorough pilot testing. Many methods
and philosophical approaches to improve the quality,
safety and value of healthcare are available. The sys-
tematic efforts to improve healthcare are often
complex and multidimensional, and their effectiveness
is inherently context dependent. SQUIRE 2.0 provides
common ground on which the discoveries contributed

by the various approaches can advance the field by
sharing them in the published literature.
At the same time, we recognise that simply publish-

ing SQUIRE 2.0 will not effect this change; additional
efforts and resources are required. For example, we
have created an explanation and elaboration (E&E)
document (Goodman D, Ogrinc G, Davies L; personal
communication, 2015) to accompany this article. For
each item in SQUIRE 2.0, the E&E provides one or
more examples from the published literature and a
commentary on how the example(s) meets or does not
meet the item’s standards; this information brings the
content of each item to life. The SQUIRE website
(http://www.squire-statement.org) contains a number
of resources in addition to the guidelines themselves,
including interactive E&E pages and video commen-
taries. The website supports an emerging online com-
munity for the continuous use, conversation about and
evaluation of the guidelines.
Writing about improvement can be challenging.

Sharing successes, failures and developments through
scholarly literature is an essential component of the
complex work required in order to improve health-
care services for patients, professionals and the public.
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Abstract  

 

290 words  

 

Objectives: Endoscopic sinus surgery (ESS) is a common operation typically performed due to chronic 

rhinosinusitis (CRS). There are limited data on the nationwide ESS rate and factors contributing to its 

regional variation. The aim was to evaluate factors causing variation of ESS rate. 

Design: Cross-sectional nationwide observational study. 

Setting: All patients undergoing ESS in Finland 2013-2015.  

Population: Nationwide Finnish population aged 15 years or over.  

Main outcome measures: ESS rate per 1000 inhabitants between 2013 and 2015 in all 21 hospital 

districts and independent factors for multilevel model analyses. 

Methods: We used the Finnish register data of all CRS patients who underwent ESS in 2013-2015. 

Patients aged under 15 years and those with ESS due to neoplasia were excluded. The age and gender 

standardised ESS rates were calculated, and multilevel Poisson regression models were used to 

evaluate variation in ESS in the 21 hospital districts. The likelihood ratio test was applied to assess the 

statistical significance of random components in the models.  

Results: The nationwide annual rate of ESS is 0.71 per 1000 people in Finland. Hospital district rates 

varied from 0.25/1000 (95% Confidence interval 0.18-0.32) to 1.15/1000 (1.09-1.21). Compared with 

males, females undergo ESS significantly more frequently (57% of the procedures), more often due to 

CRS without nasal polyps, and at a younger age (mean age 44.2 and 46.2 years, correspondingly). 
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Multilevel analyses showed that lower age (between 24-45 years) and availability/ease of medical 

services were independently associated with higher ESS rates.  

Conclusions: This study confirms marked regional variation in the ESS rate in Finland, explained only 

in part by patients’ age and differing availability of medical services. To analyse ESS across different 

CRS phenotypes or to compare quality registers on ESS properly, more research on regional variation 

is needed. 
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Strengths and limitations of this study  

• Strengths of this study comprise a population-based nationwide design including all patients 

undergoing ESS in both public and private hospitals in Finland for the study years and 

information concerning the diagnoses, procedures performed and individual level demographic 

data. 

• The completeness and accuracy of the hospital discharge register have consistently been shown 

to be good. 

• Multilevel models enabled us to capture the hierarchical nature of the data (patients nested in 

hospital districts) allowing us to analyse the association more efficiently. 

• A limitation is that no data on the need for sinus surgery are provided as no register data exist 

concerning the prevalence of conditions leading to ESS.  

• Our data did not include information on health behaviors, earlier treatment of the condition or 

clinical information 
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Key Words: endoscopy, chronic rhinosinusitis, sinusitis, surgery, regional variation 

 

 

Abbreviations:  

CRS  Chronic rhinosinusitis  

CRSwNP  Chronic rhinosinusitis with nasal polyps 

CRSsNP  Chronic rhinosinusitis without nasal polyps 

ENT  Ear nose throat 

ESS  Endoscopic sinus surgery 
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Introduction 

 

Chronic rhinosinusitis (CRS) is a clinical disorder encompassing a heterogeneous group of endotypes 

and two main phenotypes (1). It is one of the most common chronic adult health problems in the 

Western world with a prevalence of 6-11 % (1-4). CRS has an independent and severe impact on the 

quality of life similar to chronic diseases such as asthma, chronic obstructive pulmonary disease 

(COPD), and diabetes (1). In the United States, the CRS-related health care costs are estimated to be 

$6.9 to $9.9 billion dollars per year (5).  

 

The predisposing factors of CRS include genetic and airborne factors in addition to host immunity 

(1,6,7). CRS is associated with airway allergy, asthma, and COPD (1,8). CRS with (CRSwNP) and 

without (CRSsNP) nasal polyps are considered to be phenotypes of CRS, with presumably different 

aetiologies and pathomechanisms (1). CRSwNP affects between 1% and 4% of the general population 

(1). 

 

Endoscopic sinus surgery (ESS) has been the most common operative approach for CRS patients 

among whom maximal medical treatments have failed (1). ESS is a common procedure, with an 

estimated 250 000 cases annually in the United States (9-11). ESS also creates a considerable financial 

burden.  One study estimated the total cost of ESS to the UK National Health Service (NHS) to be in 

excess of £30 million per year (12). 
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Three non-population-based studies within the United States have shown ESS rates to vary according 

to geographic area or ethnicity. An observational cohort study performed on the MarketScan 

Commercial Claim and Encounters database yielded a mean ESS rate of 0.94 per 1000 employed, 

working-aged people in the United States (9). Moreover, the study showed four- to fivefold differences 

between the states with the highest and lowest rates. Venkatraman et al. investigated a twenty-percent 

sample of Medicare beneficiaries aged 65 to 99 years. Their study showed an increase in ESS rates for 

the period 1998-2006 (13). The third study based on the MarketScan Medicaid database in the United 

States reported overall sinus surgery rates per 1000 people in the Medicaid population to range from 

0.36 to 0.40 in 2009-2013 (13). The ESS rate was significantly lower for African Americans than for 

persons of Hispanic origin.  

 

The reasons behind the detected geographic variation in ESS rates are not fully understood. 

Geographical variation might reflect a number of factors, including both underutilization and 

overutilization of surgery in the treatment of CRS, a lack of clinically unambiguous applicable 

guidelines, and a lack of evidence in well-constructed randomised controlled trials (RCTs) (12). To our 

knowledge, no previous exhaustive nationwide studies have been conducted on ESS rates and factors 

affecting the likelihood of the surgical procedure. This nationwide study aimed to examine the number 

and rates of ESS performed due to inflammatory sinonasal diseases across Finland and putative factors 

explaining the difference.  

 

 

Materials and methods 
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Data 

 

The data of all patients who had undergone ESS by opening the ostiomeatal complex (DMB20) and/or 

opening the ethmoid sinuses (DNB20), due to sinonasal inflammations in Finland in 2013-2015 were 

extracted from the hospital discharge register, which registers all ESS procedures in Finland and is 

maintained by the Institute for Health and Welfare. Patients aged under 15 years and those operated on 

due to neoplastic lesions were excluded. CRS patients under 15 years of age were not included due to 

potential differences in their disease etiopathogenesis and treatment (1). Age was classified into 5-year 

age brackets. Diagnosis was determined as CRS with nasal polyps (CRSwNP) if any of the main or 

secondary diagnosis codes were J33 (1). Further, if any of the main or secondary diagnosis codes was 

J32 or the main diagnosis code was J01 the diagnosis was determined as CRS without nasal polyps 

(CRSsNP) (1). Recurrent acute rhinosinusitis without NPs were regarded as belonging to the CRSsNP 

group. The rest of the procedures were classified into the group “Other diagnoses”. The collected data 

included information on the ESS procedure, code of diagnosis (IDC10), gender, age, service provider, 

and hospital district in which the patient was living at the time of ESS. 

 

The data concerning hospitals performing ESS was classified into hospital districts, which own the 

public hospitals. Finland is divided into 21 hospital districts. The public hospitals within the district are 

owned by the federations of municipalities and mainly serving residents of their catchment area. In 

Finland, public medical care covers the vast majority (92% in 2014) of all surgical interventions in 

different medical fields. Patient´s possibility to choose any public hospital in the country increased in 
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the beginning 2014, yet most patients have used the closest public hospital in their home hospital 

district also after that (https://www.kkv.fi/2016/kkv-selvityksia-3-2016). Both public and private health 

care providers report all hospitalisations and surgical procedures to the same nationwide hospital 

discharge database. 

 

National population data in hospital districts were tabulated by gender and age in 5-year age brackets 

from Statistics Finland's website (http://www.stat.fi/til/vaerak/index_en.html) for the years 2013-2015. 

The number of working-aged physicians and ENT doctors was retrieved from the website of the 

Finnish Medical Association (https://www.laakariliitto.fi/tutkimus/laakarityovoima).  

 

Ethical consent was obtained from the Research Ethics Committee of the Finnish National Institute for 

Health and Welfare (approval number 9/2016/§746), and the Institute granted the permission to use 

hospital discharge register data for the patient population as the competent register authority in charge 

of the register. 

 

 

Patient and Public Involvement 

This study used National Register data and did not involve patients in the recruitment or conduct of the 

study. 

 

Statisticsal analyses  
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The data were tabulated by hospital district according to patients’ residence.  To reduce random 

variability, all analyses were performed for the whole study period from 2013 to 2015, but results 

presented as annual averages. Due to the small number of cases, the smallest district of Åland islands 

(24 000 inhabitants aged over 15 years) was included only in the total number of ESS, but excluded 

from the multilevel models. 

 

We calculated age- and gender-adjusted rates of ESS in hospital districts using a direct standardisation 

method with the population structure of Finland in 2013-2015 as the standard population. Two-level 

Poisson regression models adjusted for age group with hospital district as random level and logarithm 

of population at risk as an offset variable were conducted to model the regional variation in ESS. Next, 

factors indicating proportion of operations performed by private ENT service providers, proportions of 

CRSwNP and CRSsNP, and proportion of operations performed outside the hospital district of 

patients’ residence in each stratum, as well as the density of physicians in hospital districts were added 

to the models. Models were estimated separately for men and women, as descriptive analyses revealed 

differing ESS profiles between them. Multilevel models were applied to capture the hierarchical nature 

of the data and effects of explaining factors were reported as risk ratios. Wald test was applied to assess 

the statistical significance of the variance term denoting variation at the hospital district level. 

Pearson’s Chi-Square test was used to test the distribution of diagnoses in hospital districts. A 95% 

confidence level was used to indicate statistical significance. Statistical analyses were performed by 

using SPSS version 22 (Chicago, IL, USA) and SAS 9.3 (SAS Institute Inc., Cary, NC, USA) software.  
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Results 

 

Variation in ESS rates 

 

In 2013-2015, the total number of ESS was 9640 and the nationwide mean rate was 0.71 procedures 

per 1000 inhabitants. Three percent of the patients underwent ESS twice or three times during this 

period. Operations were more common among women (age-standardised rates: 0.79/1000 and 

0.62/1000, respectively). The mean age at the time of ESS was 44.0 (SD 15.9) years in females and 

46.1 (SD 15.8) years in males (Figure 1). The ESS rate of working-aged CRS patients (aged 26-65 

years) was higher (0.86/1000) than the one among older CRS patients aged 65 years or older 

(0.35/1000). No significant differences were found in the age distribution of ESS patients between the 

hospital districts.  Of all ESS procedures, 87% were performed by community-run public health care 

providers and 96% in the patient’s home district.  

 

Seventy-two percent of patients (62% of males, 80% of females) who underwent ESS were diagnosed 

as having CRSsNP. Twenty percent of patients (30% of males, 13% of females) were diagnosed as 

having CRSwNP. Other diagnoses (7%) included paranasal cysts or mucoceles, hypertrophy of 

turbinates, and miscellaneous reasons.  

 

The mean ESS rates per 1000 inhabitants aged over 15 years in the 21 districts are shown in the 

heatmap (Figure 2). Hospital district rates varied from 0.25/1000 (95% Confidence interval 0.18-0.32) 
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to 1.15/1000 (1.09-1.21) denoting a fourfold difference. The proportion of patients operated on for 

CRSsNP and CRSwNP varied significantly between districts (p<0.001).  

 

 

Multilevel models of factors affecting the variation in ESS rate  

 

The multilevel models were created in order to study the level of variation in the probability of ESS 

between the hospital districts, to examine whether certain factors had an independent effect on ESS, 

and to assess whether the variation found between hospital districts could be explained by these factors.  

 

Table 1 presents the results of multilevel modeling. In women, after adjusting for age there was 

significant variation at the hospital district level (p<0.001). After adjusting for independent factors, the 

regional variation in ESS rates remained significant (p<0.001). In men, we found significant variation 

at the hospital district level after adjusting for age (p<0.001). Again, after adjustment for independent 

factors, the regional variation in ESS remained significant (p<0.001). No differences from the national 

average were found in half of the HDs after controlling for age only among both men and women. 

Controlling for other independent factors leveled out the operation risk compared to the national 

average in seven HDs among men and four among women. However, part of the variation between 

hospital districts remained unexplained.   
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Of the independent factors, younger age (p<0.001) and high density of physicians (p=0.026) were 

significantly associated with a high ESS rate (Table 1). Women aged 40-44 years were operated on 

4.76 times more frequently than women aged over 70 years. Among men, age (p<0.001) and the 

proportion of ESS performed by private service providers (p=0.0001) were associated with high 

operation rates in the district, whereas ESS performed outside the patient´s home district (p=0.004) was 

significantly associated with a low rate. 

 

Table 1 

Factors affecting ESS rates in men and women in an adjusted Poisson regression model.  

 

  Men Women 
Variable Null model Adjusted model Null model Adjusted model 
Age (years) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) 

 15-24 1.29 ( 1.11, 1.51) 1.16 ( 0.96, 1.39) 2.72 ( 2.39, 3.11) 2.71 ( 2.31, 3.18) 
 25-34 1.79 ( 1.55, 2.06) 1.68 ( 1.45, 1.95) 3.87 ( 3.41, 4.39) 3.87 ( 3.38, 4.42) 
 35-39 2.59 ( 2.23, 3.02) 2.40 ( 2.05, 2.81) 4.65 ( 4.06, 5.32) 4.63 ( 4.00, 5.36) 
 40-44 2.57 ( 2.20, 3.00) 2.48 ( 2.12, 2.90) 4.80 ( 4.19, 5.50) 4.76 ( 4.13, 5.49) 
 45-49 2.49 ( 2.14, 2.90) 2.35 ( 2.01, 2.75) 3.77 ( 3.28, 4.34) 3.73 ( 3.24, 4.29) 
 50-54 2.40 ( 2.06, 2.80) 2.24 ( 1.91, 2.63) 3.60 ( 3.13, 4.14) 3.56 ( 3.09, 4.10) 
 55-59 2.23 ( 1.90, 2.60) 2.06 ( 1.75, 2.42) 3.72 ( 3.24, 4.27) 3.69 ( 3.21, 4.25) 
 60-64 1.99 ( 1.69, 2.33) 1.88 ( 1.59, 2.23) 2.48 ( 2.14, 2.88) 2.46 ( 2.11, 2.86) 
 65-69 1.74 ( 1.48, 2.06) 1.72 ( 1.46, 2.04) 1.92 ( 1.63, 2.25) 1.90 ( 1.62, 2.23) 
 70+ 1.00 1.00 1.00 1.00 

% private ORL  2.24 ( 1.49, 3.38)  1.22 ( 0.74, 2.01) 
% CRSsNP  0.73 ( 0.42, 1.30)  1.00 ( 0.56, 1.76) 
% CRSwNP  0.96 ( 0.56, 1.66)  1.27 ( 0.67, 2.42) 
% outside HD  0.49 ( 0.30, 0.81)  0.89 ( 0.49, 1.64) 
Physician density  1.11 ( 0.99, 1.25)  1.16 ( 1.02, 1.33) 

      HD (Var(SE)) 0.1299(0.0464) 0.0751(0.0287) 0.1303(0.0463) 0.1012(0.0381) 

 

CRSsNP = chronic rhinosinusitis without nasal polyps, CRSwNP = chronic rhinosinusitis with nasal 
polyps, HD = home district, ORL = otorhinolaryngologist operation, RR = risk ratio, CI=confidence 
interval 
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The proportion of patients operated on due to CRSwNP varied from one district to another (p<0.001). 

The range was from 10% to 33%. In multivariate multilevel models, the diagnosis did not explain the 

risk on the operation rate.  
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Discussion 

 

To reduce inefficient or unwarranted practice patterns and to improve the overall performance of the 

health system, it is essential to define the variations in health care and the underlying reasons (9,14). 

We found regional variation in endoscopic sinus surgery (ESS) not explained by variations in gender 

and age of the patient population. 

 

 

Comparison with other studies 

 

In Finland, the nationwide mean annual rate of endoscopic sinus surgery (ESS) among adult patients 

was 0.71/1000. The number is similar to what another study group has detected in the UK population 

(12). The ESS rate of working-aged people (0.86/1000) in the current study is fairly close to that 

reported among the employed cohort in the United States (0.94/1000) (9). We demonstrate here that 

elderly people in Finland are operated on considerably less frequently (0.35/1000) than their peers in 

the United States (0.92/1000) (13).  In the present study, there was marked variability in ESS rates 

between the 21 hospital districts after standardisation of age and gender. We found a fourfold 

difference between the highest and the lowest regional operation rate. This is in line with the findings 

in the United States (9,13) where up to fivefold differences between the states were observed. Private 

hospitals, in which 13 % of all ESS procedures were performed, lack precise catchment areas in 
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Finland and thereby population at risk. Yet, the risk ratios of the current study suggest that the 

proportion of private hospitals in the hospital district did have an effect on ESS operations. 

Nevertheless, the present nationwide study of Finland shows that regional differences exist also in a 

country with a universal nationwide health care system where the procedures are performed mostly in 

publicly financed institutions.  

 

The effect of independent factors to ESS variation 

 

We demonstrated that ESS is performed 1.3 times more frequently on women than on men.  This is in 

accord with the expected population-based male-to-female ratio of CRS.  CRS is estimated to be 1.1 to 

2 times more common in women than in men (2,15). The infection rates in females aged between 20 

and 34 years are higher probably due to a greater occupational risk to be exposed to infections relative 

to men (16,17). This might, in part, enhance the development of CRS in females. In the present study, 

the mean age of operated females was lower than that of males. This might be due to differences in 

host-environment interactions and pathomechanisms (18).  It is also possible that women use more 

general health care services (19). 

 

In this study, the ESS rate of working-aged people (26-65 years) was 2.5 times higher than that of 

retirement-aged people. Moreover, the multilevel models showed that the patient´s age had an 

independent effect on ESS rate across Finland, which could putatively be related to differences in life 

style, operation eligibility or probability to have been already operated.  

 

Page 19 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

20 

 

It is difficult to evaluate the population-based prevalence of CRSwNP and CRSsNP due to limitations 

of diagnostic methods in primary care.  In the European population, the prevalence of CRSwNP has 

been estimated at 1-4% and CRSsNP about 10% (1,20).  In the present study, 20% of ESS was 

performed on patients with CRSwNP. This is slightly higher than the ratio of CRSwNP and CRSsNP 

phenotypes in the literature cited above. It is consistent with the greater need for surgery with nasal 

polyposis.  

 

ESS due to CRSwNP was performed nearly three times more frequently on males than on females. In a 

retrospective, cross-sectional American study, data on CRS patients and their non-CRS controls were 

analysed (18). The authors found that the proportion of females with CRSwNP was 38% and that these 

women had more severe disease than men (18). In our study, 27% of the operated CRSwNP patients 

were female. This figure is in line with the previous study.  Hypertrophy or air cells of the turbinates 

does not normally fulfil criteria for ESS and could in part be related to wrong or incomplete insertion of 

diagnosis code. 

 

 

Potential factors behind variation in ESS 

 

The multilevel models showed that in females, young age and high density of physicians were 

significantly associated with a high ESS likelihood. In males, independent factors associated with a 

high probability of ESS were young age and a high proportion of ESS performed by private ENT 

specialists.  ESS performed out of the patient´s home district was associated with a low operation 
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likelihood. Excluding the age factor, these findings reflect the impact of availability on operation rates. 

Availability of medical services would mean any kind of ease to get the medical service including 

distance, queuing time, easiness to get appointment, etc. Higher ESS rates were detected also in 

hospital districts with a high density of ENT specialists as well as in hospital districts having a 

University Hospital with medical faculty. Yet, due to multicollinearity, these factors could not be 

included in the multilevel Poisson model. Taken together, our findings suggest that, in addition to the 

population’s age structure, the availability of medical services has an independent effect on ESS 

probability.  

 

 

Putative other reasons for regional variation in ESS rate  

 

In both females and males, after adjusting for age and factors related to the availability of medical 

services, a clear regional variation remained in ESS, probably due to in part relative indications for ESS 

In industrialized countries, ESS rate might depend on informed patient choice and the treatment 

strategies available and the rate can vary extensively because of differences in professional opinions 

(14,21). Future research should focus more on evidence-based treatments for CRS and indications of 

ESS in different disease course and phenotypes. 

 

  

Strengths and limitations of the study 
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Strengths of this study comprise a population-based nationwide design and reliable register-based data, 

including information on all surgical procedures performed in Finland (22). Meticulously collected data 

on diagnosis, operating hospital, and patient´s municipality of residence as well as data on the density 

of physicians and ENT specialists are readily available.  

 

The study includes some limitations that must also be addressed. No data on the need for sinus surgery 

are provided, as we examined the numbers of operated patients instead of the CRS patient population 

as no register data exist on the total patient population eligible for the operation. Further, our data did 

not include information on patient’s socioeconomic status, general health, subjective nasal symptoms, 

or x-ray findings. Despite relatively small regional variation in socioeconomic or ethnic status of the 

Finnish population, some regional dissimilarities might exist, which could affect the probability of 

being operated on. We acknowledge that the register-based data has limited information on background 

factors and thus they could not be added to the multilevel models. A limitation is that pediatric CRS 

patients under 15 years of age were not included due to potential differences in their disease 

etiopathogenesis and treatment. Future studies should address potential variation in ESS in pediatric 

population. We acknowledge that lack of data of patient´s allergy and other associating conditions, as 

well as of ESS costs limit interpretation of the results.  

 

 

Conclusions 
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This nationwide study shows that high regional variation in ESS rate exists in Finland where the vast 

majority of procedures are performed in a public health care system. Patient´s age and the availability 

of medical services are associated with ESS probability. Nevertheless, some unexplained factors appear 

to affect the regional variation in ESS. of ESS across different CRS phenotypes and to ensure unbiased 

quality control among the operating institutions.  

 

 

Data sharing statement 

No additional data available. 

 

 

Page 23 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

24 

 

References 

(1) Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F, et al. European Position Paper on 
Rhinosinusitis and Nasal Polyps 2012. Rhinol Suppl 2012 Mar;23:3 p preceding table of contents, 1-
298. 

(2) Hastan D, Fokkens WJ, Bachert C, Newson RB, Bislimovska J, Bockelbrink A, et al. Chronic 
rhinosinusitis in Europe--an underestimated disease. A GA(2)LEN study. Allergy 2011 
Sep;66(9):1216-1223. 

(3) Kim JH, Cho C, Lee EJ, Suh YS, Choi BI, Kim KS. Prevalence and risk factors of chronic 
rhinosinusitis in South Korea according to diagnostic criteria. Rhinology 2016 Dec 1;54(4):329-335. 

(4) Pilan RR, Pinna FR, Bezerra TF, Mori RL, Padua FG, Bento RF, et al. Prevalence of chronic 
rhinosinusitis in Sao Paulo. Rhinology 2012 Jun;50(2):129-138. 

(5) Smith KA, Orlandi RR, Rudmik L. Cost of adult chronic rhinosinusitis: A systematic review. 
Laryngoscope 2015 Jul;125(7):1547-1556. 

(6) Toppila-Salmi S, van Drunen CM, Fokkens WJ, Golebski K, Mattila P, Joenvaara S, et al. 
Molecular mechanisms of nasal epithelium in rhinitis and rhinosinusitis. Curr Allergy Asthma Rep 
2015 Feb;15(2):495-014-0495-8. 

(7) Bohman A, Juodakis J, Oscarsson M, Bacelis J, Bende M, Torinsson Naluai A. A family-based 
genome-wide association study of chronic rhinosinusitis with nasal polyps implicates several genes in 
the disease pathogenesis. PLoS One 2017 Dec 18;12(12):e0185244. 

(8) Chien CY, Tai SY, Wang LF, Lee CT. Chronic obstructive pulmonary disease predicts chronic 
rhinosinusitis without nasal polyps: A population-based study. Am J Rhinol Allergy 2015 May-
Jun;29(3):e75-80. 

(9) Rudmik L, Holy CE, Smith TL. Geographic variation of endoscopic sinus surgery in the United 
States. Laryngoscope 2015 Aug;125(8):1772-1778. 

(10) Bhattacharyya N. Ambulatory sinus and nasal surgery in the United States: demographics and 
perioperative outcomes. Laryngoscope 2010 Mar;120(3):635-638. 

(11) Svider PF, Darlin S, Bobian M, Sekhsaria V, Harvey RJ, Gray ST, et al. Evolving trends in sinus 
surgery: What is the impact of balloon sinus dilation? Laryngoscope 2017 Oct 8. 

(12) Philpott C, Hopkins C, Erskine S, Kumar N, Robertson A, Farboud A, et al. The burden of 
revision sinonasal surgery in the UK-data from the Chronic Rhinosinusitis Epidemiology Study 
(CRES): a cross-sectional study. BMJ Open 2015 Apr 29;5(4):e006680-2014-006680. 

Page 24 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

25 

 

(13) Venkatraman G, Likosky DS, Morrison D, Zhou W, Finlayson SR, Goodman DC. Small area 
variation in endoscopic sinus surgery rates among the Medicare population. Arch Otolaryngol Head 
Neck Surg 2011 Mar;137(3):253-257. 

(14) Wennberg JE. Time to tackle unwarranted variations in practice. BMJ 2011 Mar 17;342:d1513. 

(15) Ference EH, Tan BK, Hulse KE, Chandra RK, Smith SB, Kern RC, et al. Commentary on gender 
differences in prevalence, treatment, and quality of life of patients with chronic rhinosinusitis. Allergy 
Rhinol (Providence) 2015 Jan;6(2):82-88. 

(16) Bachert C, Holtappels G. Pathophysiology of chronic rhinosinusitis, pharmaceutical therapy 
options. GMS Curr Top Otorhinolaryngol Head Neck Surg 2015 Dec 22;14:Doc09. 

(17) Heikkinen T, Jarvinen A. The common cold. Lancet 2003 Jan 4;361(9351):51-59. 

(18) Stevens WW, Peters AT, Suh L, Norton JE, Kern RC, Conley DB, et al. A retrospective, cross-
sectional study reveals that women with CRSwNP have more severe disease than men. Immun 
Inflamm Dis 2015 Mar;3(1):14-22. 

(19) Kazanjian A, Morettin D, Cho R. Health Care Utilization by Canadian Women. BMC Womens 
Health 2004 Aug 25;4 Suppl 1:S33-6874-4-S1-S33. 

(20) Chaaban MR, Walsh EM, Woodworth BA. Epidemiology and differential diagnosis of nasal 
polyps. Am J Rhinol Allergy 2013 Nov-Dec;27(6):473-478. 

(21) Wennberg JE, Fisher ES, Skinner JS. Geography and the debate over Medicare reform. Health Aff 
(Millwood) 2002 Jul-Dec;Suppl Web Exclusives:W96-114. 

(22) Sund R. Quality of the Finnish Hospital Discharge Register: a systematic review. Scand J Public 
Health 2012 Aug;40(6):505-515. 

  

  

Page 25 of 30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

26 

 

Figure legends 

 

Figure 1 

Age distribution of endoscopic sinus surgery (ESS) in Finland. Included are patients operated on during 

2013-2015, presented as annual averages.  

 

Figure 2 

Age- and gender-standardised rate of endoscopic sinus surgery (ESS) by hospital districts in Finland 

(mean of the years 2013-2015). Darker colours represent higher operation rates. The circle indicates the 

site of the central hospital and the size represents the number of inhabitants within the district. Districts 

with white circles have a medical faculty. 
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Figure 2  
Age- and gender-standardised rate of endoscopic sinus surgery (ESS) by hospital districts in Finland (mean 
of the years 2013-2015). Darker colours represent higher operation rates. The circle indicates the site of the 

central hospital and the size represents the number of inhabitants within the district. Districts with white 
circles have a medical faculty.  
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