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University of Oulu Graduate School; University of Oulu, Faculty of Medicine, Institute of
Clinical Medicine, Department of Ophthalmology, P.O. Box 5000, FI-90014 University of Oulu,
Finland; University Hospital of Tampere, Tays Eye Centre, P.O. Box 2000, FI-33521 Tampere,
Finland
Acta Univ. Oul. D 1183, 2012
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Abstract

The aim of this 11-year retrospective study was to evaluate the impact of two spending patterns in
glaucoma care on patient outcomes. Two cities were selected to the study because the statistics of
Finnish Social Insurance Institution have repeatedly shown a difference in their mean costs of
glaucoma medications per patient, i.e. Oulu spending more and Turku less than the national
average. 

Patients with newly diagnosed open angle in 1994–96 were identified from the national register
for reimbursement of medication costs. Patients were 45–74 years old when treatment was
initiated after which they had consistently used glaucoma medication ≥ 10 years. For availability
of cost data, their place of residence was required to remain unchanged during 1994–2006. 

In 2006 Social Insurance Institution sent invitations to 360 patients of whom 168 patients
(47%) participated and completed the protocol (85 in Oulu and 83 patients in Turku). All patients
underwent an ophthalmic examination (visual acuity, intraocular pressure, visual field test, retinal
nerve fiber layer and optic disc photography). In addition, patients filled out the 15D health related
quality of life questionnaire. All costs of glaucoma care during 11 years were collected for each
patient individually. For each follow up year, the total cost was added up including medications,
physician visits, diagnostic and follow-up tests as well as laser or surgical procedures. 

The total 11-year costs of glaucoma care per patient were 35% higher in Oulu (6010 €)
compared to Turku (4452 €). Total costs increased with worsening of the disease. After 11 years
on treatment, 40% of patients did not show any structural or functional damage. Medication costs
accounted up to 73% of total costs. In addition to 29% higher medication costs in Oulu, other than
medication costs were also 46% higher in Oulu. In different stages of glaucoma, more treatments
(medication, laser and surgery) and more tests (photographs and visual fields) were taken in Oulu.
In spite of the higher resource consumption, the 15D instrument did not indicate better quality of
life in patients living in Oulu. There was actually a statistically significant counterintuitive
difference in the early glaucoma group, i.e. patients using more resources reported worse quality
of life. 

This is the first study evaluating the impact of high resource utilization on quality of life and
reporting 15D utility values in different stages of glaucoma. Results from this study indicate that
the higher resource allocation may not always lead to measurable benefits to the patients or society
in terms of less glaucoma-induced visual disability and/or better quality of life. Further data from
randomized trials with both unselected populations as well pragmatic randomized trials of ‘usual
patients’ with large sample sizes are required. 

Keywords: cost of treatment, glaucoma, health related quality of life, resource
consumption





Hagman, Juha, Resurssien käyttö avokulmaglaukooman hoidossa Suomessa: 11-
vuotinen retrospektiivinen analyysi. 
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Tiivistelmä

Tämän 11 vuoden retrospektiivisen tutkimuksen tavoite oli arvioida kahta eri kuluttamismallia
glaukooman hoidossa ja niiden vaikutusta hoitotuloksiin. Tutkimusalueiksi valitut kaksi kaupun-
kia ovat vuosia erottuneet toisistaan Kansaneläkelaitoksen (Kelan) tilastoissa glaukoomapotilai-
den keskimääräisten vuosittaisten lääkekustannusten osalta. Oulussa kustannukset potilasta koh-
den vuodessa ovat olleet korkeammat kuin Turussa. Turussa vuosittaiset lääkekustannukset ovat
vuosia jääneet alle kansallisen keskiarvon. 

Kelan lääkekorvausrekisteristä poimittiin potilaita, joilla oli todettu tuore avokulmaglaukoo-
ma ja aloitettu hoito vuosien 1994–96 välillä. Potilaat olivat 45–74-vuotiaita lääkityksen alkaes-
sa. Tämän jälkeen he olivat käyttäneet lääkitystä yhtäjaksoisesti yli 10 vuotta. Kustannustieto-
jen saatavuuden vuoksi potilaiden tuli olla asunut samalla paikkakunnalla 1994–2006 välisen
ajan. 

Vuonna 2006 Kela lähetti kutsun tutkimukseen 360 potilaalle, joista 168 (47 %) osallistui (85
Oulusta ja 83 Turusta). Kaikki potilaat kävivät silmätutkimuksessa (näöntarkkuus, silmänpaine,
näkökentät, hermosäie- ja näköhermonpään valokuvaus). Lisäksi potilaat täyttivät 15D-kysely-
kaavakkeen elämänlaadusta. Kaikki glaukooman hoidosta aiheutuneet suorat kustannukset kerät-
tiin potilaskohtaisesti 11 vuoden ajalta. Jokaisen seurantavuoden osalta määritettiin kokonais-
kustannukset, sisältäen lääkityksen, lääkärikäynnit, näkökentät, valokuvat, laser- ja kirurgiset
toimenpiteet. 

Kokonaiskustannukset 11 vuoden seurantajaksolla olivat 35 % korkeammat Oulussa (6010 €)
verrattuna Turkuun (4452 €). Kokonaiskustannukset nousivat glaukooman vaikeusasteen kasva-
essa. 11 vuoden lääkehoidon jälkeen 40 %:lla potilaista ei ollut glaukoomaan viittaavia vaurioi-
ta silmissään. Lääkekulujen osuus kokonaiskuluista oli jopa 73 %. Oulussa lääkekustannukset
olivat 29 % ja muut hoitokustannukset 46 % korkeammat kuin Turussa. Jokaisella glaukooman
vaikeusasteella hoitoresursseja käytettiin Oulussa Turkua enemmän. 

15D-mittarilla tutkittuna Oulussa elämänlaatu ei ollut parempi kuin Turussa suuremmasta
resurssikulutuksesta huolimatta. Tutkimuksessa todettiin yhden alaryhmän (varhainen glaukoo-
ma) kohdalla jopa viitteitä siitä, että elämänlaatu on huonompi suuremman resurssikulutuksen
alueella. 

Tämä on ensimmäinen tutkimus, joka arvioi suuremman resurssikulutuksen vaikutusta elä-
mänlaatuun. Tutkimus myös raportoi 15D-arvot eri glaukooman vaikeusasteilla. Tulokset viit-
taavat siihen, että suurempi resurssikulutus ei aina johda mitattaviin hyötyihin potilaan tai
yhteiskunnan kannalta, kun päätetapahtumana on glaukooman aiheuttama näkövammaisuus tai
parempi elämänlaatu. Tarvitsemme lisää suuremmalla potilasmäärällä tehtyjä satunnaistettuja
tutkimuksia. 

Asiasanat: elämänlaatu, glaukooma, hoidon kustannukset, kustannustehokkuus,
resurssien kulutus
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1 Introduction 

In 2010, 61 million people were estimated to suffer from glaucoma worldwide, of 

whom 8.4 million were estimated to be bilaterally blind (Quigley & Broman 

2006). In Finland, open angle glaucoma is the second most common reason for 

visual handicap in the elderly after age-related macular degeneration (Finnish 

Register of Visual Impairment 2010). At the end of year 2010, there were 80 050 

patients in Finland entitled to receive special refunds for glaucoma medication on 

the basis of glaucoma diagnosis (Finnish Social Insurance Institution statistics 

2011). In addition, there is a vast number of patients with suspected glaucoma 

who may require continuous follow-up to prevent visual loss due to possible 

future glaucoma. A study investigating the prevalence of glaucoma in Finnish 

population estimated that its prevalence increases from 1.9% in the population 

aged 30–64 to 20% in population aged 80 years or older. The authors of this study 

noted their numbers to be higher than many previously reported values (based on 

self-reported diagnosis with data from national registers) but very similar to 

corresponding numbers from other Nordic countries (Laitinen et al. 2010).  

The number of glaucoma patients in Europe is predicted to increase rapidly as 

the population becomes older. According to a published projection model, by 

2030 the number of treated glaucoma patients in Finland will almost double from 

its 2000 level (Tuulonen et al. 2009). Predictions from Austria also point to a 

42%-increase in diagnosed primary open angle glaucoma (POAG) from 2001 to 

2031. A similar increase is estimated to occur in the numbers of patients with 

ocular hypertension and POAG suspicion in Austria (Hitzl et al. 2007). 

In addition to possible visual deterioration, glaucoma also represents a vast 

economical burden on both the patient and society (Coyle & Drummond 1995, 

Grainger & Hutchinson 2003). Expenses are incurred from diagnostics, 

treatments, follow-up and the visual disability due to glaucoma (Vaahtoranta-

Lehtonen et al. 2007). Several publications report that the severity of 

glaucomatous damage correlates with the increased overall cost of glaucoma per 

patient (e.g. Fiscella et al. 2009, Tuulonen 2011b). 
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2 Background of the study 

The concept for this study originated from the studies of Fisher et al. (2003a, 

2003b) in which they compared two areas (high and low spending) in the US with 

different resource use in the provision of care. The authors evaluated access to 

care, outcomes and quality of care in three patient groups (acute myocardial 

infarction, colon cancer, and hip fracture). Patients living in the higher spending 

area received 60% more care than similar patients in the lower expenditure area. 

Nonetheless, the difference in spending, there was no difference in patient 

recovery or in access to and satisfaction with care. High expenditures produced 

only marginal differences in decreasing mortality in hip fracture patients. In other 

patient groups, there was no difference in mortality, or in some groups higher 

expenditures even resulted, counterintuitively, in higher mortality. Patients living 

in high expenditure areas did not have better access to care than in the lower 

spending area. Furthermore, there was no difference in recovery, or quality of care 

for the patients. The study concluded that 30% savings could be possible without 

compromising the quality of health care in the US (Fisher et al. 2003a, Fisher et 
al. 2003b). 

Since the statistics of glaucoma medications indicated that Oulu district is 

spending continuously more money per patient on glaucoma medication than the 

national average (Figure 1), the studies of Fisher et al. (2003a, 2003b) provoked 

this question is the excess expenditure reflected in improved eye health for the 

glaucoma patients? As far as is known, the impact of higher resource utilization in 

the cost-effectiveness of glaucoma care in Finland or in any western country has 

not been addressed in any study although the belief that 'more care is always for 

the better' (more tests, diagnosis, visits and treatments) has been challenged 

(Fisher & Welch 1999). Thus, this appears to be the first study to compare 

resource utilization on the outcome of glaucoma care between two regions with 

different spending patterns.  

Although the Finnish healthcare system covers the whole population and its 

services are mainly tax-financed, criticism have been levelled at unequal access to 

care and large variations in the distribution of healthcare services, partly due to 

geographical and economical conditions (Isolauri 2000, Keskimäki 2001). For 

decades, the annual medication costs for glaucoma and other illnesses have been 

monitored by the Finnish Social Insurance Institution. This authority publishes 

annual reports with details of the number of diagnosed glaucoma patients 

receiving reimbursement for medical treatment of glaucoma and the mean 
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medication costs per patient. The medication costs have increased significantly 

over the years. The abrupt increase in the costs of medication in 1999–2001 is 

largely attributable to the special refund status obtained by newer generation 

glaucoma medications (latanoprost and dorzolamid) (Martikainen et al. 2007, 

Raija Pajunen, Finnish Social Insurance Institution, personal communication 

2012) 

For several years, two Finnish hospital districts have differed from each other 

significantly regarding the mean costs of glaucoma medications per patient. In 

contrast to Oulu with its high medical spending, Turku district has spent less than 

the national average per patient on medications (Figure 1). 

 

 

Fig. 1. Mean annual costs of glaucoma medication in Finland per patient. Costs 
reported in 2006 euro values (Finnish Social Insurance Institution).  

Traditionally glaucoma patients in the Oulu area have mainly been diagnosed and 

followed-up in public university hospital. On the contrary, in Turku, patients have 

mainly been diagnosed and followed-up in private outpatient clinics and only 

been referred to the public hospital for consultation, surgical intervention or laser 

procedures. 

The medication costs for patients diagnosed with primary open angle 

glaucoma are nominal. The Finnish Social Insurance Institution reimburses 

almost the entire medication cost, regardless of brand or number of medications 

used. However, medications do have to have a registered indication for the 
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treatment of glaucoma. A three-month period of medication costs (i.e. all the eye 

drops and tablets) to the patient a mere 3 euros, the rest is refunded by the Finnish 

Social Insurance Institution. The Finnish Social Insurance Institution is fully tax-

funded. Pharmacies are only allowed to sell enough medications to the patient to 

cover a 3 month supply. Thus, each glaucoma patient has to pay only 12 euros out 

of his/her own pocket for all the medications needed for the treatment of open 

angle glaucoma in one year. If patient decides to purchase the medications in 

smaller amounts, the direct costs increase by 3 euros per each individual 

purchase.  

Before March 2005, the majority of glaucoma patients did not have access to  

public eye-healthcare (Brommels et al. 2004, Tuulonen et al. 2009). New 

legislation introduced in March 2005 stated that all non-urgent specialized 

medical care should be provided by the public sector within statutory timeframes. 

Glaucoma was one of the diseases covered by this legislation.  

Eye care in the private sector is provided by office-based individual 

ophthalmologists. There is no legislation to control or survey the quality or 

content of care. Therefore, very little is known about the actual content of the 

service – except for the number of provided services. The Finnish Social 

Insurance Institution registers the number of reimbursed visual field and 

photographic examinations in the private sector (Tuulonen 2005). The services 

(i.e. physician visit, visual fields and fundus photographs) provided by the private 

sector are mainly paid for the patients themselves. The Finnish Social Insurance 

Institution reimburses approximately 20–30% of the total costs, the rest is paid 

directly to the service provider by the patient. 

It has been estimated that if all reimbursed images and visual fields in the 

private sector were taken because of glaucoma, prior to 2005 only about 15% of 

glaucoma patients had their visual fields taken once a year with another 15% of 

patients having images taken every 1–2 years together with visual fields, as 

recommended by the Finnish EBM guideline (Tuulonen et al. 2003, Vaahtoranta-

Lehtonen et al. 2007). 

Cross-sectional yearly estimates on total glaucoma costs in Finland based on 

registration data have been published earlier (Vaahtoranta-Lehtonen et al. 2007, 

Tuulonen et al. 2009).  
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3 Review of the literature 

3.1 Summary of the literature search 

A systematic search of the literature was performed in PubMed on the 10th 

January 2012. The search was limited to articles published in English. In the first 

phase, the titles including any of the major topics of the present study were 

accepted. In the second phase, the articles were evaluated on the grounds of the 

abstracts; articles not related to the major topics were excluded. In the third phase, 

the remaining articles were evaluated without using systematic quality criteria 

tools. A summary of keywords and how the literary search was conducted in 

Pubmed is described in Table 1. 

Table 1. Search strategy of the scientific literature in PubMed on January 10, 2012. 

PubMed search terms Total number of 

articles 

Accepted based 

on title 

Accepted based 

on abstract 

Accepted 

articles 

glaucoma AND cost* 510 149 67 22 

glaucoma AND resource* 153 44 19 8 

glaucoma AND quality of life 335 163 54 37 

Total number of articles 998 356 140 67 

An additional nineteen articles were identified from the reference lists of the 67 

articles and the Cochrane database. A total of eight articles were identified from 

the references of articles found with the search terms “glaucoma AND cost*”, 

three articles from “glaucoma AND resource*” and seven articles from 

“glaucoma AND quality of life”.  

3.2 Glaucoma 

Glaucoma is a progressive optic neuropathy associated with neural rim loss of the 

optic disc and the retinal nerve fiber layer causing typical visual field (VF) defect.  

Generally, glaucomatous lesions in the eye and in the visual field progress slowly 

over the years (Tuulonen et al. 2003). The rate of progression varies between 

patients. In a small minority of glaucoma patients, the disease may progress 

rapidly and cause severe damage within only a few months (Airaksinen et al. 
1992, AGIS Investigators 1998, Collaborative Normal Tension Glaucoma Study 
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Group 1998, Heijl et al. 2002). In particular, these high risk patients need to be 

identified carefully since their glaucoma may rapidly lead to total blindness 

without adequate treatment (Tuulonen et al. 2003). It has been estimated to take a 

mean time of 23 years without treatment and 35 years with treatment for 

glaucomatous damage to progress from mild visual field damage to at least 

unilateral blindness (Burr et al. 2007). 

3.2.1 Epidemiology and consequences of glaucoma 

In population based cross sectional studies, the percentage of unilateral or 

bilateral visual impairment has varied between 3–12% in glaucoma populations 

(Fleming et al. 2005, Resnikoff et al. 2004). In screening studies, 0.03–2.4% of 

patients were found to suffer visual impairment (Dielemans et al. 1994, Hirvelä et 
al. 1995, Quigley et al. 1996). All these studies suffer from a limited power of 

evidence to support the findings. In retrospective studies, the definitions of visual 

impairment are variable and samples are not representative (Fleming et al. 2005, 

Resnikoff et al. 2004, Tuulonen et al. 2007) A retrospective study conducted in 

Finland concluded that the cumulative incidence of glaucoma-caused unilateral 

blindness to be 6% at five years, 9% at 10 years and 15% at 15 years. The total 

percentage of patients bilaterally blind due to glaucoma was 14%. The study 

identified the following factors as increasing the occurrence of blindness: 

advanced stage of glaucoma at diagnosis, fluctuation in IOP during treatment, 

exfoliation syndrome and poor patient compliance. Surprisingly, a family history 

of glaucoma and vascular causes of death had no effect on visual outcome 

(Forsman E et al. 2007).  

According to Hattenhauer and colleagues, the Kaplan–Meier cumulative 

probability of glaucoma-related blindness in at least one eye was estimated to be 

27%, and for both eyes, it was estimated to be 9% during 20-year follow-up. At 

the time of diagnosis, 5% patients were blind in at least one eye from OAG 

(Hattenhauer et al. 1998). Similar results have been obtained in the UK where 

glaucoma is the second to age related macular degeneration as a main cause of 

blindness (Bamashmus et al. 2004, Bunce et al. 2006). 

A recent study compared the effect of different blindness criteria to the 

number of patients who were visually disabled due to open-angle glaucoma. The 

study concluded that if only visual acuity criteria for blindness are used, then the 

number of blind patients is severely underestimated. The number of blind patients 

increased almost three-fold when visual field information was combined with 
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visual acuity data according to WHO blindness criteria.  Visual field analysis was 

considered to be vital in the determination of blindness due to glaucoma (Heijl et 
al. 2011). 

The most common form of glaucoma in Caucasian population is primary 

open-angle glaucoma (Quigley & Broman 2006). The prevalence of glaucoma is 

approximately 1.5–2% in people over 50 years old. The prevalence increases with 

age, being in the range of 2–10% in a population over 80 years (Tielsch et al. 
1991, Mitchell et al. 1996, Reidy et al. 1998). It has been estimated that 10% of 

all diagnosed glaucoma patients worldwide have become blind because of the 

disease (Quigley 1996, Tuck & Crick 1997). It has also been estimated that only 

50% treated glaucoma patients indeed have manifest glaucoma but conversely, 

more than 50% of all glaucoma patients are undiagnosed (Quigley & Vitale 1997, 

Vaahtoranta-Lehtonen et al. 2007) 

3.2.2 Risk factors for glaucoma 

In approximately 50% of glaucoma patients, the intraocular pressure (IOP) lies 

within the statistically determined normal range of 10–21 mmHg. The risk of the 

development of glaucomatous damage rises significantly when IOP increases. 

When IOP is 22–29 mmHg, the risk for glaucoma is increases 10–13 fold. When 

IOP increases to 30–35 mmHg, the risk rises up to 40 fold. (Ekström 1996, 2010, 

Sommer et al. 1991b, Tuulonen et al. 2003) 

Age is also a risk factor for glaucoma, the risk doubles every 10 years. 

Myopia increases the glaucoma risk by 2–4 fold. A family history is considered to 

carry a 3–9 fold increase risk factor, usually only one generation backwards or 

siblings are affected by this risk. In the more elderly patients (65–70 years) 

pseudoexfoliation increases the risk by 5–10 fold. Decreased perfusion pressure 

may also be considered as a risk factor with a three fold increase (Tuulonen et al. 
2003, Ekström 2010). In addition, race is a controvercial risk factor for glaucoma 

(Tielsch et al. 1991, Quigley  et al. 1994, Lichter et al. 2001, Leske et al. 2003, 

Fansi et al. 2009). 

The risk factors for progression of already present glaucomatous damage are 

similar, i.e. pseudoexfoliation, age, bilaterality of glaucoma, thin central corneal 

thickness, optic disc hemorrhages, high IOP at baseline and follow-up as well as 

advanced glaucomatous damage at baseline (Airaksinen et al. 1981a, Leske et al. 
2003, 2004; Chauhan et al. 2008). Fluctuation of IOP might also increase the risk 

of progression (e.g. Asrani et al. 2000, Caprioli & Coleman 2008, Forsman et al. 
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2007), although the Early Manifest Glaucoma Trial found no supporting evidence 

for this association (Bengtsson & Heijl 2005). 

3.2.3 Management of glaucoma 

The only treatment option proved to slow down or prevent further visual loss is to 

lower the intraocular pressure (IOP) to a level deemed safe for the eye (Grant & 

Burke 1982). The steps recommended for lowering the intraocular pressure in 

primary open angle glaucoma (POAG) are topical medications (eye drops), laser 

procedures and incisional glaucoma surgery. 

The greatest IOP reduction is achieved with surgical treatment (AGIS 

Investigators 1998, Lichter et al. 2001, Burr et al. 2012a). In patients with high 

initial IOP values, surgery is superior to pharmaceutical and laser treatment in 

reducing visual field progression (e.g. Migdal et al. 1994, Tuulonen et al. 2003). 

In eyes with lower initial IOP, in spite of surgery, reducing the IOP 3–4 mmHg 

more than medication, no difference has been reported in VF progression (Lichter 

et al. 2001). Cataract surgery also modestly lowers IOP by 3–4 mmHg 

(Pohjalainen et al. 2001, Tuulonen et al. 2003), and the effect has been found to 

be sustained for several years (Falck et al. 2009). 

3.3 The diagnosis and monitoring of glaucomatous damage 

The clinical diagnosis of glaucoma is based on the observations made from the 

optic nerve head, retinal nerve fiber layer, visual fields, IOP level and gonioscopy 

of the anterior chamber angle. There are several different diagnostic criteria for 

glaucoma in the scientific literature (Tuulonen et al. 2003). However, no criteria 

has reached a uniform or even a generally adopted status. The Finnish evidence 

based guideline for open-angle glaucoma defines four recommendation levels of 

examinations needed for glaucoma diagnosis, i.e. very good, good, satisfactory 

and insufficient level. This guideline is designed to assist Finnish 

ophthalmologists in their work with glaucoma patients (Tuulonen et al. 2003, up-

dated in 2007, Table 2). 

3.3.1 The Finnish evidence-based guideline for open angle glaucoma 

The initial guideline was published in 2002 with an update in 2007. Another up-

date to the guideline is scheduled to be finished by 2013. The purpose of the 
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guideline is to achieve uniform treatment patterns of glaucoma patients in Finland 

by providing evidence based knowledge on key issues (Table 2). This guideline is 

designed for use in both public and private health care. It is intended to aid in 

tailoring an individual treatment plan together with the patient. The recommended 

practice patterns of the guideline are based on a systematic literature review 

(Tuulonen et al. 2003). 

Table 2. Central questions in the Finnish evidence based guideline for open angle 

glaucoma (Tuulonen et al. 2003) 

 Question 

1 Which factors increase the risk of glaucoma? 

2 Which examinations are needed for the diagnosis of glaucoma? 

3 Is screening for glaucoma worthwhile? 

4 What is the effect of lowering IOP in patients with glaucoma and ocular hypertension? Can 

progression be prevented? 

5 Which treatment forms are most effective in lowering IOP? 

6 What is the treatment goal and which treatment plan should be followed? 

7 Glaucoma follow-up: which examinations should be performed and how often? 

8 How do we treat and follow patients with an aggressive form of the disease? 

9 Which quality criteria may be used in glaucoma care? 

Regarding the interest of the present study, the guideline recommendations for 

diagnostic criteria of glaucoma and the recommendations for follow-up are be 

presented here in detail. The suggested recommendations for the basis of 

glaucoma diagnosis are listed in Table 3. 

Table 3. Examinations needed for glaucoma diagnosis at different diagnostic levels 

(Tuulonen et al. 2003). 

Level Examinations needed for the diagnosis of glaucoma  

IOP Gonioscopy Visual field Optic disc images RNFL images 

Very good level + + + + + 

Good level + + + +1 +1 

Satisfactory level + + +   

Insufficient level +     

1 One of these examinatios is needed at the chosen level 
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A recommendation according to the guideline for glaucoma follow-up is defined 

in Table 4. The guideline defines four levels for follow-up protocols. The clinical 

examination is included in each visit. Examinations needed for the chosen level 

and optional examinations are specified in Table 4 (Tuulonen et al. 2003). 

Table 4. Follow-up of glaucoma patients: which examinations should be taken and 

how often? (Tuulonen el al. 2003) 

Level 1st year  2nd year  3rd year  4th year 

Very good level Disc1 + RNFL1 images 

+ VF1 

Disc2 + RNFL2 images 

+ VF1 

Disc1 + RNFL1 

images 

+ VF1 

Disc2 + RNFL2 

images 

+ VF1 

Good level Disc3 or RNFL3 

images 

+ VF1 

VF2 Disc3 or RNFL3 

images 

+ VF1 

VF 

Satisfactory level VF1 + VF2 VF1 + VF2 VF1 + VF2 VF1 + VF2 

Insufficient level Follow-up only with IOP measurements 

1 Examination needed for the chosen level, 2 Optional examination for the chosen level, 3 One of these 

examinations is needed at the chosen level 

3.3.2 Measurement of intraocular pressure 

The Goldmann Applanation Tonometer (Haag-Streit Corp. Switzerland) is a 

commonly used instrument by ophthalmologists to estimate the IOP. It is a 

contact tonometer mounted on a slit-lamp. There are also limitations and variation 

associated with Goldmann applanation tonometer (Burr et al. 2012b). Firstly, the 

influence of CCT and corneal biomechanical properties and secondly the potential 

possibility of transmitting infections between patients if disinfection is not 

adequately performed. It is also possible to evoke a corneal abrasion. The 

assumption underlying Goldmann applanation tonometer calibration is that the 

cornea has an average central thickness between 530–560 μm. The tonometer is 

likely to provide an under- or overestimation of the IOP when measuring people 

with thinner or thicker corneas. 

Finnish opticians use both non-contact or rebound tonometers to measure the 

IOP. Recently, the popularity of rebound tonometry has increased rapidly also 

among Finnish ophthalmic centers and primary health care centers. The rebound 

tonometer (iCare, Tiolat Oy Finland) is a portable device for IOP measurement 
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and even though it is a contact tonometer, topical anesthetic is not required. The 

tonometer also has a disposable tip to minimize the risk for infection. The device 

processes the rebound movement of the tip probe resulting from its interaction 

with the eye surface. The rebound effect increases as IOP rises. This tonometer is 

also influenced by corneal central thickness (CCT) and hence the measurements 

are liable to error due to corneal properties. Like the Goldmann tonometer, it is 

calibrated for a typical CCT value. By default, the device requires six 

measurements to provide an accurate measurement result. The result is then 

displayed on a in-built LCD-display. (Kontiola 2000, Fernandes et al. 2005, 

Nakamura et al. 2006) 

Different equipment may give different readings compared to the applanation 

tonometer. A recent exhaustive review on tonometer performance concluded that 

the rebound tonometer measurement gives a mean of 0.9 mmHg difference 

compared to the applanation tonometer. However, the review noted that only 52% 

of measurements were within the 2.0 mmHg of the reading obtained from the 

Goldmann applanation tonometer. Higher accuracy was reported only with the 

Perkins tonometer (59%) and non-contact tonometer (66%) (Burr et al. 2012b).  

A single time measurement of IOP does not necessarily provide a valid 

picture of the diurnal variation of IOP. The highest IOP values are usually 

measured in the morning. There are some reports in which patients with the 

modest diurnal variation in IOP have been found to have the slowest disease 

progression, but this speculation has not been confirmed in other studies (e.g. 

EMGT). A small central corneal thickness may result in a falsely low IOP 

whereas thick corneas contribute to falsely high IOP values. A meta-analysis 

reported a 10% difference in central corneal thickness may result in 

approximately 3–4 mmHg difference in IOP (Doughty & Zaman 2000, Foster et 
al. 1998). However, there are no reliable formulas to correct the IOP for CCT 

(Tuulonen et al. 2003). The different equipment used to measure corneal 

thickness produce varying results and therefore are not comparable with each 

other (Burr et al. 2012b). In addition, one fourth of patients in the Ocular 

Hypertension Treatment Study (OHTS) had thicker corneas than the normal 

population (Brandt et al. 2001, 2004). 
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3.3.3 Optic nerve head analysis 

The assessment of the optic disc is essential in the diagnostics and follow-up of 

glaucoma. Some of the typical changes in the appearance of the optic nerve head 

due to glaucoma are (Betz et al. 1982, Quigley 1985): 

– Asymmetry of the neuroretinal rim between the eyes 

– Vertical elongation or saucerisation of the optic cup 

– Generalized or localized thinning, sloping or notching of the neuroretinal rim 

– Sharp angulation and baring of blood vessels crossing the disc margin 

Written description of the optic disc, estimation of the cup-disc ratio or a drawing 

are not as accurate as a high quality optic disc photography or imaging. The 

appearance of a normal healthy optic disc varies widely due to differences in the 

optic disc size (Tuulonen & Airaksinen 1992). The cup-disc ratio may vary from 0 

to 0.9 among healthy individuals, limiting this technique's use in separating 

normal optic discs from glaucomatous discs (Jonas et al. 1988a, 1988b). A large 

cup in a large disc raises suspicion of glaucoma even although the IOP is within 

the normal range (Burk et al. 1992, Jonas et al. 1999, Tuulonen & Airaksinen 

1992). A small optic nerve head is more difficult to assess and early disc 

abnormalities may go unobserved (Tuulonen et al. 1993, Heijl & Mölder 1993). A 

splinter hemorrhage in the nerve head may predict and precede the glaucomatous 

damage and its progression both in the optic disc, nerve fiber layer and visual 

fields (Airaksinen et al. 1981a, 1981b). Optic disc hemorrhages are more 

prevalent in normal tension glaucoma than in high-tension glaucoma (Healey et 
al. 1998). Lowering the IOP has not been shown to influence the incidence of disc 

hemorrhages in normal tension glaucoma (Hendrickx et al. 1994). 

3.3.4 Retinal nerve fiber layer analysis 

The assessment of the retinal nerve fiber layer (RNFL) facilitates and supports the 

glaucoma diagnostics based on the optic disc and visual field evaluation, 

especially with unusually small or large optic discs (Jonas et al. 1988a, 1989). 

Glaucomatous abnormalities can be observed in the nerve fiber layer before they 

can be detected in the optic disc and/or the visual field (Katz et al. 1997, Quigley 

et al. 1994, Sommer et al. 1991a, Tuulonen et al. 1990, 1993). 

Glaucoma may produce localized or diffuse damage of the RNFL, or a 

combination of both types of damage (Tuulonen & Airaksinen 1991). A mottled 
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appearance of the retina is a typical sign of diffuse RNFL damage. Additional 

signs include the disappearance of the cross-hatched appearance of the small 

blood vessels and general darkness and monotony in the retinal nerve fiber layer 

image (Airaksinen et al. 1984). 

3.3.5 Retinal nerve fiber layer photography 

The RNFL may be visualized with red-free or green light, which does not 

penetrate the RNFL and is reflected by the superficial retina layers (Behrendt & 

Wilson 1965). RNFL photographs can be obtained with a fundus camera using a 

blue exciter filter with high-contrast film (Airaksinen & Nieminen 1985). 

Currently images are captured digitally and usually undergo processing to 

improve RNFL visibility and contrast (Tuulonen et al. 2000, Hwang et al. 2006). 

The RNFL bundles are seen as silvery striations, and both localized and diffuse 

defects may be detected (Tuulonen & Airaksinen 1991). The visibility of the 

RNFL is improved by optimizing the imaging conditions: a large pupil, dark and 

evenly distributed fundus pigmentation and clear optical media (Teesalu & 

Airaksinen 1998). Nuclear sclerosis of the aging lens may decrease the quality of 

RNFL images (Siik et al. 1997). 

RNFL photography has been proposed for use in the diagnostic screening 

method for glaucoma (Quigley et al. 1980, Airaksinen et al. 1984). Abnormal 

RNFL changes may also appear in other conditions affecting the optic nerve (e.g. 

drusen) and with  diabetics as well as in eyes considered as normal (Airaksinen et 
al. 1984, Hoyt 1976). 

3.3.6 Heidelberg Retina Tomograph, GDx and Optical coherence 
tomography 

The newer technology instruments (Heidelberg Retina Tomograph, retinal nerve 

fiber analyzer and Optical Coherence Tomography), developed for nerve fiber 

layer and optic disc imaging and measurements, are increasingly, although still 

not routinely, used in glaucoma diagnostics (Saarela et al. 2010a). Due to their 

sensitivity and specificity, some instruments may be used for the diagnostics and 

follow-up of glaucoma. The RNFL thickness can be measured with scanning laser 

polarimetry (GDx) and with optical coherence tomography (OCT). The RNFL 

thickness measurements with OCT and scanning laser polarimetry are subject to 

variability (Iacono et al. 2006, Vizzeri et al. 2009). However, a significant 
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correlation has been reported between diminished RNFL thickness measurements 

and localised defects in RNFL photography (Hwang et al. 2006). 

The diagnostic accuracy of the GDx has been reported to be high (Mai et al. 
2007). The diagnostic accuracy of the Heidelberg Retina Tomograph (HRT) has 

been reported similar to OCT, GDx as well as expert evaluation of stereoscopic 

ONH photographs (Reus et al. 2007). A recent study demonstrated that small 

optic nerve head changes associated with progression of the retinal nerve fiber 

layer defect can be detected with HRT (Saarela & Airaksinen 2008). The 

sensitivity and specificity of HRT imaging to detect progressive glaucomatous 

changes visible in digital photographs is, however, reported to be non-optimal. 

The evaluation of glaucomatous progression in the optic nerve head should not 

rely solely on HRT parameters (Saarela et al. 2010a, 2010b). The diagnostic 

accuracy for detecting glaucomatous damage with the OCT is relatively good 

(Hong et al. 2007, Pueyo et al. 2007). Progression rates have been reported to be 

higher when using OCT compared to visual fields (Wollstein et al. 2005). 

Although moderate to high correlation has been reported in measurements of 

optic disc topography among different instruments, the analysis of agreement 

indicated important discrepancies among instruments. Therefore, these 

instruments should not be used interchangeably to obtain measurements of the 

optic disc for glaucoma diagnosis (Hoffmann et al. 2005). 

3.3.7 Visual fields 

The examination of visual fields is vital in the diagnostics of glaucoma. For 

decades, standardized automated perimetry (SAP) has been considered to be the 

preferred reference standard for detecting glaucomatous visual field defects 

(Tuulonen et al. 2003). The vast majority of scientific reports have been made 

with automated perimeters, Humphrey (Carl Zeiss Meditec Inc.) and Octopus 

(Haag-Streit) (Nevalainen et al. 2008 and 2009). In particular, in early glaucoma, 

the visual field abnormalities are detected earlier with static automated perimetry 

than with kinetic visual field examination (Airaksinen & Heijl 1983). Static 

perimetry is performed to the central visual field, limited usually to the 24-degree 

or 30-degree area, test points 2–6 degrees apart. Despite the fact that there are 

several different definitions for visual field abnormalities in the literature, there 

are no generally approved and used criteria for glaucomatous visual field defects 

and their progression (AGIS Investigators 1994, 1998, 2000, Anderson et al. 
2001, Collaborative Normal Tension Glaucoma Study Group 1998, Gordon et al. 
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1999, Heijl et al. 2008, Katz et al. 1991, 1997, Keltner et al. 2006, Leske et al. 
1999, Schulzer 1994, Vesti et al. 2003). 

The numerical results of computerized threshold perimetry enable application 

of quantitative analyzing techniques to aid the evaluation of the visual fields. 

Global visual field indices summarize the results of a single field test with a 

single number (Heijl et al. 1989). Regression analysis of such index values was 

first suggested in the 1980s (Holmin & Krakau 1982). Unfortunately, regression 

analysis of a single field is rather insensitive and cannot differentiate between 

field loss caused by cataract and that attributable to glaucoma (Heijl & Molder 

1993). Due to this limitation, total deviation glaucoma change probability maps 

were developed (Heijl et al. 1989). These change probability maps signal whether 

threshold changes from baseline exceed the expected random variability, and thus 

aid in the detection of significant changes at individual test points. The maps are 

influenced by the cataract associated diffuse decrease in sensitivity, because the 

significance limits are based on deviations from age normal values. 

Pattern deviation probability maps were developed to remove the effect of 

cataract (Heijl et al. 1989). Pattern deviation maps show the significance of 

deviations from age-normal values after correcting for any generalized depression 

or elevation of sensitivity. These maps are not influenced by homogeneous diffuse 

loss, e.g., that caused by cataract. 

In the diagnosis and evaluation of progression, the visual field examination 

needs to be reliable and repeatable. However, visual field examination is 

dependent on patient response, which varies both during and between tests. The 

visual field examination strategy affects the measurement results. Therefore, it is 

advisable to use the same instrument and the same examination protocol while 

following patients (Bengtsson et al. 1998, Bengtsson & Heijl 1998, 1999a, 1999b, 

Bengtsson 2000, Wild et al. 1999). 

Various event-type and trend-type analyses have been proposed to help with 

the analysis of perimetric progression, but these lack any generally accepted 

reference standard (Vesti et al. 2003). The Humphrey perimeter (Carl Zeiss 

Meditec, Dublin, California, USA) Statpac mean deviation index and the Octopus 

perimeter (Haag-Streit Inc. Koeniz, Switzerland) mean defect index present the 

rate of field progression in units of decibels per year (Heijl et al. 1987, 

Fankhauser et al. 2004) 

A new Visual Field Index (VFI) with increased weighting toward the central 

areas of the VF has been described. This new index is designed for the Humphrey 

30-2 and 24-2 test points, and is calculated as a percentage from 0% 
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(perimetrically blind) to 100% (perimetrically normal). The VFI is primarily 

based upon the pattern deviation maps for the identification of abnormal VF test 

locations. It has been speculated that lesions seen in the pattern deviation are less 

influenced by cataract (Bengtsson & Heijl 2008, Bengtsson et al. 2009). 

3.4 Costs of visual impairment 

Age related macular degeneration (AMD) and glaucoma are responsible for the 

most cases of visual impairment in the developed countries. Several studies have 

addressed the cost of visual loss and found the costs to be significant (Berenson et 
al. 2009, Rein et al. 2006, Schmier et al. 2007, Taylor et al. 2006).   

The total cost of visual impairment is a sum of direct and indirect costs. 

Direct costs include costs for i.e. a physician visit or for a low-vision aid, whereas 

indirect costs include estimations of i.e. the loss of productivity, transportation, 

home healthcare or loss of income. Furthermore, costs can be observed from 

different perspectives e.g. individual, healthcare system or societal perspective. 

The individual perspective assesses the out-of-pocket costs whereas healthcare or 

a societal perspectives include all incurred costs no matter who pays for them 

(Rein et al. 2006, Schmier et al. 2007). 

Recent reports from the USA have revealed the cost to the Medicare system 

attributable to visual impairment, regardless of source (i.e., macular degeneration, 

diabetic retinopathy, cataract, or glaucoma) to be in excess of 2000 million USD 

annually (Berenson et al. 2009). Taylor and colleagues estimated that visual 

impairment represents a burden of 10 billion USD to Australia, including indirect 

costs (Taylor et al. 2006). Studies conducted with European populations have 

estimated the financial burden also to be substantial (Grainger & Hutchinson 

2003, Prokofyeva & Zrenner 2011).  

Rein et al. (2006) utilized a retrospective analysis based on managed care 

claims from Medicare and private insurances in the US to estimate the economic 

burden of a variety of ophthalmological diseases, one of which was glaucoma. 

The authors calculated the total cost as consisting of total direct medical, other 

direct cost and loss of productivity. It was estimated that out of the total 35 billion 

dollars used to follow visual disorders, glaucoma costs accounted for 18% (Rein 

et al. 2006).  

With a retrospective registry cohort study of 64 380 patients, Lee et al. 
(2007b) calculated open angle glaucoma costs to be 12% of the patients’ total 

healthcare costs during the first year of diagnosis and 8% during the second year. 
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The mean cost which could be traced solely from open angle glaucoma was 1311 

€ (1570 USD) during the first year (Lee et al. 2007b). 

A study from Canada reported total direct costs of 15 720 € (19 370 CAD) 

per annum for each patient suffering from visual impairment. If loss of wellbeing 

was added, the costs were estimated to 27 354 € (33 704 CAD) (Cruess et al. 
2011). In European settings non-medical costs associated with visual impairment 

have varied between countries from 8343 € to 13 647 € per annum (Lafuma et al. 
2006).  

3.5 Costs of glaucoma 

There are only a few studies which have attempted to conduct a comprehensive 

evaluation of the cost of glaucoma to the healthcare system or from a societal 

perspective. All the studies published are retrospective in nature. However, 

several studies have examined the direct costs of glaucoma care, and found it to 

be substantial (e.g. Tuulonen et al. 2009). 

The scientific literature contains two earlier publications on the cost of 

glaucoma treatment in Finland (Tuulonen et al. 2009, Vaahtoranta-Lehtonen et al. 
2007). In these studies, cost information was obtained from various healthcare 

registries, i.e. those maintained by hospital districts, the government, the National 

Social Insurance Institution, and the price list surveys from eye hospitals. The 

authors in these studies gathered the cost information at the level of the entire 

national healthcare system.  

Similar studies have also been published from Australia and the USA. (Rein 

et al. 2006 and Taylor et al. 2006) These studies reported similar results as the 

Finnish studies on the basis of cost distribution between glaucoma, cataract and 

age related macular degeneration (AMD). In addition the cost of glaucoma per 

one million inhabitants was very similar in the three countries as were the costs 

between countries in spite of their differences in financing health care (Tuulonen 

et al. 2009). 

3.5.1 Cost division in glaucoma treatment 

According to review articles the majority of total cost is derived from medications 

(14–55%), non-medical direct costs (20%) and indirect costs (35%) (Rouland et 
al. 2005, Tuulonen 2009). Naturally, much of the variation in cost division can be 

attributed to differences in treatment protocols between countries (Tuulonen 
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2009). In the recently published literature, medication accounts for the majority of 

the direct costs followed by physician and diagnostic test related costs. The 

relative proportion of total direct treatment costs according to different original 

studies is presented in Table 5. 

Table 5. The relative proportion (%) of total direct treatment costs according to 

various studies. 

Study Medication 

cost % 

Diagnostic tests and 

follow-up costs % 

Surgery 

costs % 

Total annual cost 

(€) in 2006 

currency 

Denis et al. 2004 49 42 N/A 408 

Iskedjian et al. 2003 26 46 28 293 

Kobelt et al. 1998 27 70 0.02 641 

Kobelt-Nguen et al. 1998 14 47 6 1027 

Lee et al. 2006 54 22 19 1474 

Lindblom et al. 2006 49 46 5 471 

Oostenbrink et al. 2001 35 45 21 495 

Traverso et al. 2005 51 21 18 756 

3.5.2 Factors predicting glaucoma costs 

As expected, higher baseline IOP, glaucoma stage and surgery are responsible for 

higher costs in glaucoma management both in the USA and Europe. Healthcare 

economic burden per patient seemed to reduce if diagnosis and therapy were 

started earlier (Lee et al. 2007a), especially when treating patients with no 

manifest disease (Tuulonen 2004). A performed trabeculectomy has been related 

to the higher frequency of physician visits during the following year (Taube et al. 
2009, Tuulonen 2009).  Baseline IOP was positively correlated with treatment 

costs, while the initial IOP-lowering effect of treatment was negatively correlated 

with costs (Kobelt-Nguyen et al. 1998). A decreasing visual field mean deviation 

(MD) score (i.e. increasing severity of disease) has also been associated with an 

increase in the resource utilization. The number of physician visits and visual 

field examinations increased as MD decreased (Berenson et al. 2009). 

Some studies also indicated that glaucoma care in an academic hospital was 

significantly more costly than in a general hospital (Oostenbrink et al. 2001). The 

number of treatment changes has also been clearly linked to increases in treatment 

costs (Denis et al. 2004, Oostenbrink et al. 2001). Patients having more than 3 
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changes in a year in their glaucoma drug therapy cost five times more than 

patients requiring no such adjustment (Oostenbrick et al. 2001). 

A few studies have addressed the effect of increasing glaucoma stage to direct 

treatment costs (Iskedjian et al. 2003, Koleva et al. 2007, Lee et al. 2006, 

Traverso et al. 2005). In all these studies, an increasing trend in treatment costs 

has been reported as glaucoma stage increases and visual field worsens. In the 

retrospective studies of Lee et al. (2006) and Traverso et al. (2005), patients were 

categorized into six severity categories based on mean defect score, pattern 

deviation, corrected pattern standard deviation and the glaucoma hemifield test. 

The criteria for division into sub groups were based on a modified Bascom 

Palmer glaucoma staging system (Mills et al. 2006). Both studies resulted in a 

similar conclusion of annual direct treatment cost rises with increasing disease 

stage. The percentage of cost increase was most substantial between the lowest 

stages and interestingly the second largest occurred between advanced and severe 

glaucoma (Table 6). 

Table 6. The percent increase of direct costs from previous stage. Adapted from Lee et 

al. (2007a) and Traverso et al. (2005). 

Stage Lee et al. 2007 Traverso et al. 2005 

Ocular hypertension   

Early glaucoma 138 44 

Moderate glaucoma 19 14 

Advanced glaucoma 8.5 -9.3 

Severe glaucoma 29 42 

End-stage glaucoma 1.9 -8.6 

Two other studies have also reported similar increasing directs costs when the  

glaucoma stage worsened. In these studies, the patients were divided into 3 

categories. The categories in these studies were based on visual field data but 

were not identical. Iskedjian et al. (2003) reported a linear 23% increase between 

stages and Koleva et al. (2007) reported increases in the range of 28% to 44% 

between stages. A study with patients from four different European countries 

noted that late-stage glaucoma was associated with higher home help costs than 

health care maintenance costs (Thygesen et al. 2008). 

Glaucoma treatment costs for the first 2 years of treatment were compared in 

patients residing in two different geographical areas, Sweden and the United 

States. There was only a marginal difference in the average 2-year costs between 

the two areas 1994 € (2160 USD in Sweden) vs. 1947 € (2109 USD in the US) 
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with Swedish population having the higher costs. Baseline IOP was positively 

correlated with glaucoma costs, while the initial IOP-lowering effect of treatment 

was negatively correlated with the two-year costs (Kobelt-Nguyen et al. 1998).  

3.5.3 Treatment of ocular hypertension 

Reports in the literature also indicate the treatment of ocular hypertension is 

cheaper in terms of direct costs compared to open angle glaucoma (Denis et al. 
2004, Oostenbrink et al. 2001). Denis et al. (2004) calculated a cost difference of 

14–64% between ocular hypertension and open angle glaucoma, depending on the 

number of treatment changes. Oostenbrink et al. (2001) reported treatment costs 

in glaucoma patients to be between 27% to three times higher than ocular 

hypertension treatment with a similar number of treatment changes (Oostenbrink 

et al. 2001). Although the treatment costs in ocular hypertension are lower per 

patient, the overall costs of glaucoma care increase as larger number of patients 

are being treated. In OHTS study, 40% of patients needed to take at least 2 

medications to achieve their target pressure (Kass et al. 2002). 

3.6 Resource utilization in glaucoma care 

In addition to medicine, it seems that also other direct related resource use 

increases  with the worsening of the glaucoma level e.g. in Lee’s study (2006) the 

average direct cost varied from 479 € (623 USD) (early stage) to 1932 € (2511 

USD) (end-stage) annually. End-stage glaucoma patients were found to consume 

resources and costs more in the first year of the visual impairment than during the 

second year. They required a total of 7.1 visits to the physician during the first 

year and 3.7 the second year. Costs were 1669 € (2170 USD) vs. 925 € (1202 

USD), medication costs remained similar but other costs declined (Gieser et al. 
2006). The study also found resource utilization to increase along with the 

worsening of the disease. The number of ophthalmologist visits increased per 

patient per year in a linear trend from stage 0 to stage 5. In addition the number of 

medications increased linearly from stage 0 to stage 5 (Traverso et al. 2005).  

Literature has also reported differences between countries in practice 

patterns. Over the 2-year follow-up period, patients in France had 4.3 physician 

visits compared to 2.7 in Sweden. The difference in annual cost may be somewhat 

reconciled by the fact that a number of diagnostic tests are included in the cost of 
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an ophthalmologist visit in Sweden, whereas in France they are billed separately 

(Lindblom et al. 2006). 

3.7 Cost-effectiveness of glaucoma treatment 

According to modeling studies in the USA, the UK and the Netherlands, in the 

treatment of glaucoma seems to be cost-effective compared to no treatment at all 

(Rein et al. 2009, NICE Guideline 2009, Van Gestel et al. 2010a, Van Gestel et al. 
2012). 

3.7.1 Limitations of the previously published studies 

Regarding different interventions, the conclusions about their cost-effectiveness 

vary between the studies. In fact, rather little is known about the state that 

clinicians are trying to prevent, i.e. glaucoma-induced visual disability. There is a 

paucity of high-quality studies using severe visual impairment as an endpoint. 

The available studies are mostly retrospective and suffer from selective reporting. 

Most of the population studies have been cross-sectional and described usually 

smaller percentages of blindness than observational studies, depending on 

ethnicity (Tuulonen 2011). 

Furthermore, the possibility of publication bias cannot be eliminated. A recent 

systematic review of bias in cost-effectiveness studies found that studies funded 

by the pharmaceutical industry were more likely to report better cost-utility ratios 

than those not industry funded (Bell et al. 2006). Similarly, Rossetti et al. (1993) 

have shown that industry funded studies report more favourable results compared 

to studies initiated by researchers themselves. It is also likely that these kinds of 

studies will not even be initiated unless the sponsors have a reasonable likelihood 

of reporting positive cost-effectiveness results. In addition, researchers may be 

less interested in studying interventions that they believe will have only average 

findings and are more difficult to publish. It is also possible that studies are 

undertaken but left unpublished, especially if the results are negative (Bailar 

2006, Bell et al. 2006, Schmier et al. 2007, Tuulonen 2011b).  

Due to the different definitions of the disease, population-based studies also 

report different estimates for prevalence and incidences of glaucoma in different 

age groups and races. The evidence of different stages of glaucoma is extremely 

limited and variable, depending on how these stages are defined, how long 

glaucoma patients stay in each stage, and what is the proportion of patients in 
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each stage (Vaahtoranta-Lehtonen et al. 2007, Burr et al. 2007).  In addition, 

comparing results to historical control data is not ideal. A bias may occur when 

patients are receiving current treatments which probably are not comparable to 

their historical controls (Tuulonen 2011b). 

A number of studies have used models to follow hypothetical glaucoma 

patients through one or more courses of therapy and project costs, outcomes and 

cost effectiveness. In general, the goal of these models has been to compare the 

costs and outcomes of two or more initial therapies, including the costs and 

outcomes resulting from adding additional medications or switching to second-

line medications if the initial therapy did not result in disease control (i.e. 

progression control). Disease control generally is assessed by the IOP decrease 

achieved from baseline. While a few such studies have compared older glaucoma 

medications, the majority were undertaken to compare one of the newer 

prostaglandin treatments with older medications or with one another (Schmier et 
al. 2007, van Gestel et al. 2012). The advantage of the modeling studies is that it 

is possible to increase sample size in order to obtain insight into the treatment 

effectiveness on visual disability and it can utilize data from different studies and 

data sets (Tuulonen 2011b).  

When costs and cost effectiveness of various interventions are compared, 

newer medical therapies have been found to achieve better results compared to 

older medications. The wide variation in measuring of treatment effectiveness 

may limit the comparability of findings between different studies (Schmier et al. 
2007, Tuulonen 2011b). 

3.7.2 Glaucoma medications 

There are a large number of reports addressing the cost-effectiveness of different 

medical treatment options to glaucoma. The most widely investigated medications 

are beta-blockers and prostaglandin analogues and their combinations. Each 

investigated drug has been reported to be cost-effective in some setting with 

certain subtype of  patients. The quality of these studies, however, is not very high 

and the input data has been variable. Therefore, the validity of these findings and 

their feasibility for use in clinical decision making is rather limited (NICE 

Guideline 2009, Schmier et al. 2007, Tuulonen et al. 2009, Tuulonen 2011b).  

The results comparing different medications are inconsistent and it is hard to 

interpret their usefulness in everyday practice. According to the NICE Guideline 

beta-blockers and prostaglandin analogues can be considered to be cost-effective 
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treatment methods in some patient sub-categories based on IOP, CCT and age 

(NICE Guideline 2009). One study reported that travoprost appeared to be cost-

effective in the treatment of glaucoma and OHT compared to the latanoprost-

timolol combination (De Natale et al. 2009). Timolol monotherapy was reported 

to be cost-effective in treating glaucoma in UK compared to latanoprost, whereas 

latanoprost may be cost-effective as compared to timolol in Scandinavia (Stewart 

et al. 2009). In another study, latanoprost was found to be cost-effective as 

compared to timolol in patients with IOP greater than 30mmHg if the cost of 

latanoprost could be reduced by 70% from its price at the time of the study 

(Peeters et al. 2010).  

In the USA, treatment of glaucoma patients was found to be cost-effective 

even with initial treatment with prostaglandin analogues (Rein et al. 2009). The 

use of prostaglandin analogues was reported to reduce direct costs in France 

compared to the treatment patterns of the 1990s (Kobelt et al. 2010). In another 

study, a 20% reduction in IOP was reported to cost 1155 € (1501 USD) yearly 

with bimatoprost and 1592 € (2069 USD) with latanoprost. The reported costs 

included also other direct costs in addition to medication (Fischella & Walt 2006). 

3.7.3 Laser and surgical treatment 

Laser treatment may reduce the long-term need for glaucoma medications, the 

costs and adverse effects associated with long-term medication use. Furthermore, 

it has been claimed that laser trabeculoplasty (LTP) may be a more effective 

treatment strategy in patients who struggle with medication adherence (Stein et al. 
2012). Initiation of glaucoma treatment with laser therapy was reported to be cost 

saving in an Australian model when compared to the costs of medications, even 

though costs of laser therapy itself were to increase a 3–5-fold from the current 

level (Taylor et al. 2008). 

A recent study concluded that when assuming more realistic levels of 

medication adherence, at the current prices for prostaglandins, laser 

trabeculoplasty may represent a more cost-effective alternative (Stein et al. 2012). 

The cost-effectiveness of glaucoma surgery is lacking in the scientific 

literature (Tuulonen 2009, Schmier et al. 2007). While some patients benefit 

greatly from glaucoma surgery the cost-effectiveness on a larger scale has not 

been proven (Calissendorff 2001, Schmier et al. 2007, Tuulonen 2009). 
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3.7.4 Treatment of ocular hypertension 

Ocular hypertension (elevated IOP without structural or functional abnormalities) 

remains a controversial issue with regard to the initiation of glaucoma treatment 

and its cost-effectiveness (Tuulonen 2011a). There is a wide range of uncertainty 

whether all, some or none of the patients with ocular hypertension should be 

treated as if they would be suffering from glaucoma (Kymes et al. 2006, Kymes 

et al. 2010, NICE Guideline 2009, Van Gestel et al. 2010a, Burr et al. 2012b). 

Based on the results and practice patterns of the OHTS, treating all OHT 

patients does not seem to be cost-effective (Stewart et al. 2008). However, 

treating selective OHT patients with moderate risk factors and long enough life 

expectancy seems to be a cost-effective way of preventing the onset of 

glaucomatous damage in the US (Kymes et al. 2010, Stewart et al. 2008, NICE 

Guideline 2009). Treatment of ocular hypertension to prevent glaucoma was cost-

effective at a medication cost annually up to 700 USD, if treatments were limited 

to those individuals with the highest risks of progression to glaucoma (Kymes et 
al. 2006). A modeling study draw patient characteristics from the Ocular 

Hypertension Treatment Study and estimated the conversion of ocular 

hypertension to open angle glaucoma. This study concluded that if all ocular 

hypertensive patients were treated in a population, ocular hypertension conversion 

to glaucoma within 5 years would decrease from 15% to 8% as compared to the 

non-treated control population (Van Gestel et al. 2010a). A Dutch simulation 

model concluded that treating all ocular hypertensives and aiming at IOP < 16 

mmHg with all patinets leads to better health outcomes and is cost saving even if 

the low-target pressure strategy led to a 46% surgery rate (van Gestel 2012). 

The problem of spontaneous IOP variability during follow-up of ocular 

hypertension patients has also been noted. A recent study concluded that an IOP 

change of 4 mmHg or less was largely due to “noise” in the measurement, and 

that measuring IOP in shorter periods than one year was only detecting “noise”.  

Additionally, at higher levels of IOP (> 26mmHg) the true change could occur at 

around two years, whereas for individuals with lower IOP, the model suggested 

that a true change in IOP would be unlikely to be reached within 3 years (Burr et 
al. 2012b). 
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3.7.5 Screening for open angle glaucoma 

Two recent studies from Finland and the UK have reviewed the current 

knowledge about the cost-effectiveness of systematic screening for glaucoma. 

These two studies agree in one major aspect: at this stage, there is not enough 

proper evidence to decide whether population screening could be cost-effective in 

these countries (Vaahtoranta-Lehtonen et al. 2007, Burr et al. 2007).  

The significance of assumptions and problems of current evidence evaluating 

the cost-effectiveness of screening for glaucoma are obvious (Tuulonen 2011a). 

The utility of data in glaucoma are so far very limited and is based on cross-

sectional pilot studies (Brown et al. 1999, Kobelt et al. 2006), self-reported 

glaucoma (Vaahtoranta-Lehtonen et al. 2007), or mathematical algorithms (Rein 

et al. 2009).  

The Austrian glaucoma screening program (non-population based study) 

examined 4864 individuals over a period of 98 months. The reported cost for 

finding  a definite glaucoma diagnosis was 7250 €. The same study reported the 

workload for the screening staff to be quite substantial, a total of 23 814 working 

hours used in conducting 9427 examinations (Hitzl et al. 2006).  

No single testing modality is sufficient to discriminate persons with and 

without glaucoma. The estimates of the sensitivity and specificity of glaucoma 

tests are also subject to extensive variability (Burr et al. 2007, Tuulonen et al. 
2003). 

3.8 Quality of life and glaucoma 

Maximization of a patient’s health related quality of life (HRQOL) is one of the 

main goals of any clinical intervention (Brown et al. 2000, Lee & Wilson 2000). 

It is assumed that chronic diseases such as glaucoma may have a substantial 

negative impact on the quality of life. Glaucoma induced reductions on quality of 

life (QOL) are reported to be similar to those reported with other chronic non-

ocular diseases (Mills et al. 2009). Depressive symptoms have been reported to 

associate with increasing severity of the disease (Skalicky & Goldberg 2008, 

Tastan et al. 2010). QOL is strictly defined as a subjective, individual assessment 

of life quality. Two patients with similar losses of visual ability because of 

glaucoma may rate its impact on their QOL very differently. Decreased visual 

ability due to glaucoma obviously impacts (i.e. worsens) the QOL of the 

diagnosed patients (Altangerel et al. 2003, Goldberg et al. 2009, Wilson et al. 
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1998). There are no reports of quality of life in subjects who have undiagnosed 

glaucoma. Thus, it is not known whether the disease itself, or the knowledge of a 

potentially blinding state – even ocular hypertension – will reduce the quality of 

life.  

Information regarding the impact of glaucoma on the ability to function and 

the patients’ QOL is useful in various ways. It can assist in therapeutic choices 

and suggest alterations to the patient’s home environment to minimize problems 

with obstacles, lighting, or performance of common everyday tasks. These 

adaptations might allow more years of unassisted living for elderly patients and 

that could be a very significant benefit for such individuals and the community 

(Spaeth et al. 2006, Lin et al. 2010). 

The quality of life has also been found to decrease in patients with glaucoma 

as in patients with other ocular pathologies i.e. diabetic retinopathy, cataract and 

age related macular degeneration (Broman et al. 2002, Esteban et al. 2008, Evans 

et al. 2009, Hariprasad et al. 2008). The knowledge of the disease increased the 

mental burden of glaucoma patients more than was the case in patients with 

cataract or diabetic retinopathy (Broman et al. 2002). The mental aspect was 

reported to decrease the quality of life more than any limitations in visual 

function in glaucoma patients (Broman et al. 2002, Evans et al. 2009). Utilities or 

functions, which are measured with the quality of life instruments are variably  

affected by different eye diseases, i.e. in glaucoma, reading function is usually 

retained whereas with age related macular degeneration, this function is usually 

among the first to be affected. Glaucoma exerts more of a mental burden of 

disease and limits visual functions requiring good peripheral vision (i.e. driving) 

while visual tasks requiring good central visual acuity are retained. When one 

considers cataract, diabetic retinopathy (especially maculopathy) and age related 

macular degeneration, tasks requiring good central visual acuity are more 

impaired (Broman et al. 2002, Evans et al. 2009, Hariprasad et al. 2008). 

As disease severity increases, QOL is anticipated to deteriorate. QOL 

measures are increasingly recognized as important outcomes in understanding the 

impact of a disease and evaluating the effectiveness of healthcare interventions 

(Tuulonen et al. 2005). Measurement of utilities is essential for an economic 

evaluation of interventions. The available methodologies for assessment of 

utilities have been used also in ophthalmology (Brown et al. 1999, Kobelt et al. 
2006, Rein et al. 2009). 

Interest in the measurement of health-related quality of life (HRQOL) has 

increased markedly in recent years. There is no general consensus on the concept 
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of HRQOL. It is now broadly accepted that HRQOL is a multidimensional 

concept that encompasses physical, emotional and social components associated 

with illness or treatment. It is also increasingly recognized that HRQOL is a 

subjective parameter and therefore the individuals themselves should assess how 

these components are affected by illness and treatment. There is much less 

agreement about how many and what dimensions should be included to represent 

each component, i.e., how to interpret the components as measurable dimensions 

(Spaeth et al. 2006). 

3.8.1 Quality of life scoring systems 

A wide variety of different quality of life measurement tools or questionnaires 

have been reported in the scientific literature to assess a patient’s subjective 

quality of life (Che Hamzah et al. 2011, Severn et al. 2008, Spaeth et al. 2006, 

Warrian et al. 2010). Some of the scoring systems can also be quite non-user-

friendly and require application of rather complicated mathematics (Severn et al. 
2008).  

In two recent reviews, QOL instruments’ contents were quality assessed. 

These studies identified limitations in all assessed instruments and they tried to 

conduct an analysis to guide which instrument to be best used in each different 

situations (Che Hamzah et al. 2011, Vandenbroeck et al. 2011).  

Disease-specific and generic (non-disease-specific) measures are being 

increasingly developed and applied in different studies. Although generic QOL 

instruments capture a broad range of health status aspects and thus they allow  

comparisons among different diseases. They do not, necessarily, capture the 

patient’s perception of the specific aspects of a disease, such as glaucoma. None 

of the non-disease-specific measures can claim to have established a position as 

the golden standard of HRQOL measure, either as a standardized system of 

describing health states or as a method for evaluating these states. (Severn et al. 
2008, Spaeth et al. 2006, Vandenbroeck et al. 2011). 

Disease-specific instruments have been suggested to be more sensitive at 

detecting small changes in the condition-specific health status compared to a 

generic QOL instrument. It is also possible that they are more acceptable for the 

patient than generic instruments, as they are of better relevance to the patient’s 

condition (Spaeth et al. 2006, Vandenbroeck et al. 2011). 

Generic health-related QOL instruments, vision-specific instruments, and 

glaucoma-specific instruments have been used with glaucoma patients in efforts 
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to obtain some kind of concept on the impact of the disease on their daily lives 

(Spaeth et al. 2006). It is also possible to cause bias when approaching patients 

with several QOL measures frequently compared to every-day practice, e.g. in the 

CIGTS study, patients were phoned 6 times over 24 months and interviewed with 

multiple questionnaires. Each phone interview was reported to take an estimated 

45 minutes (Musch et al. 1999)  

There are a number of well-documented tools that have been used to quantify 

the subjective status of glaucoma patients. The generic instruments include e.g. 

the Medical Outcomes Study Short Form-36 (SF-36) and the Sickness Impact 

Profile (SIP) (Ware & Gandek 1998, Bergner et al. 1981). Generic means that 

they are not disease specific. Both tools were designed to measure changes in the 

patient’s general health-status. The selection of 15-D instrument to be used in this 

study will be described in detail in a later Chapter. 5.9.1. 

Vision specific instruments such as the VF-14 and the National Eye Institute 

Visual Function Questionnaire (NEI-VFQ) have been designed with 

ophthalmological considerations in mind but they are not glaucoma specific. The 

VF-14 was originally developed to measure the functional degradation of cataract 

patients (Steinberg et al. 1994). The NEI-VFQ is currently a widely used and 

published scoring system in glaucoma research (Severn et al. 2008). The original 

NEI-VFQ (Mangione et al. 1998a, 1998b) consisted of 51 items and was 

considered to be quite difficult to use. A newer version NEI-VFQ-25 (Mangione 

et al. 2001) is a 25-item instrument that takes only 5 minutes to complete. Hence 

it has adopted a position as a widely used scoring system. In a recent review, the 

NEI-VFQ had the highest number of positive ratings (along with two other 

instruments) in a content validity assessment (Che Hamzah et al. 2011). The NEI-

VFQ has been translated into various languages and been validated in different 

clinical populations including glaucoma patients (Labiris et al. 2008, Lin et al. 
2010, Nordmann et al. 2004, Rossi et al. 2003, Suzukamo et al. 2005, Toprak et 
al. 2005). VF-14 and the NEI-VFQ have, however, not been officially translated 

and validated in Finland.  

Glaucoma specific instruments have also been developed but none of them 

has yet to achieve an established position in the scientific literature (Burr et al. 
2012b). The Glaucoma Symptom Scale (Lee et al. 1998), the Glaucoma Quality 

of Life-15 (GQL-15) (Nelson et al. 2003), the Symptom Impact Glaucoma Score 

(SIG) and the Glaucoma Health Perceptions index (GHPI) (Janz et al. 2001) are 

the instruments mostly used in current research. Some instruments, e.g. the 

Treatment Satisfaction Survey for Intraocular Pressure (TSS-IOP), have been 
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developed to assess the side effects and satisfaction with glaucoma treatment 

(Atkinson et al. 2003).  

In the time-tradeoff (TTO) test, glaucoma patients are given a choice between 

a longer life with current visual abilities or a shorter life with ideal vision. The 

findings of three TTO utilities related studies all had similar results. A minority 

(17–33%) of glaucoma patients, reported willingness to trade off life years for 

normal vision. It appears that patients with glaucoma are prepared to trade time 

only when central visual acuity is poor or if visual field in the eye with better 

visual acuity is worse (Aspinall et al. 2008, Jampel et al. 2002, Saw et al. 2005). 

There are a few recent review articles in the literature assessing the feasibility 

of using QOL instruments with glaucoma patients (Severn et al. 2008, Spaeth et 
al. 2006). No QOL scale has been shown to be ideal and more research is required 

to define a more precise and user-friendly instrument to use with glaucoma 

patients (Severn et al. 2008). Generic quality of life instruments (e.g. SIP and SF-

36) have previously been reported to variably detect differences between 

glaucoma patients and the normal population. A widely used, vision specific, VF-

14 QOL questionnaire has also been found to lack accuracy in monitoring QOL 

deteriorations due to glaucoma. However, another vision specific instrument, the 

NEI-VFQ, has been claimed to detect differences in QOL between patients at 

different glaucoma severity levels. Glaucoma specific instruments (e.g. the 

Glaucoma Symptom Scale, the SIG, the GHPI and GQL-15) have all been shown 

to reveal differences between glaucoma patients and the normal population. Only 

the GQL-15 scores have been found to correlate with different disease severity 

stages, although there is limited scientific evidence to support this claim (Severn 

et al. 2008, Spaeth et al. 2006, Burr et al. 2012b). 

3.8.2 What decreases quality of life scores in glaucoma? 

At the time the patient learns that he/she is suffering from glaucoma more than 

80% experience negative emotions (Janz et al. 2007, Odberg et al. 2001a). A 

significant number of patients experience fear of going blind due to glaucoma 

(Mills 1998, Odberg et al. 2001a). Only 14% of patients rated their vision as poor 

or very poor at the time of the diagnosis and half of the patients did not 

experience any visual symptoms (Odberg et al. 2001a). It has also been reported 

that bilateral glaucoma affects the quality of life more than the unilateral disease 

(Freeman et al. 2008).  



 48

3.8.3 Glaucoma treatment and follow-up 

Patients with glaucoma require life-long outpatient care and regular ocular 

antihypertensive medication, which may be difficult to administer, especially for 

an elderly person. Further problems are caused by the practical inconvenience of 

constant and regular follow-up visits and examinations. In addition, the 

unpleasant adverse effects associated with some topical glaucoma treatments can 

limit compliance and further reduce QOL. The patient is likely to comply more 

successfully when he/she is given personalized information and guidance 

(Balkrishnan et al. 2003, Odberg et al. 2001b, Sherwood et al. 1998). Decreased 

QOL is widely associated with the ocular irritation symptoms due to the 

medications and the inconvenience of using topical glaucoma medication (Odberg 

et al. 2001b, Nordmann et al. 2003, Uusitalo et al. 2010). However, primary 

surgery has been associated with more eye discomfort than medications (Burr et 
al. 2012b). Recently it has been reported that preservative free prostaglandin 

analogues may improve the quality of life as compared to medications containing 

preservatives (Uusitalo et al. 2010).  

3.8.4 Central visual acuity 

Central visual acuity is not as good a predictor of the quality of life in glaucoma 

as assessment of visual field damage (Broman et al. 2002). Central visual acuity 

may remain intact even though the disease is progressing and quality of life seems 

to remain constant if this utility alone is monitored (Esteban et al. 2008). 

Nonetheless, utility values based on visual acuity have been misleadingly used in 

papers published in journals with high-impact factor (Tuulonen & Azuara-Blanco 

2009). 

Serious consequences of reduced vision may include personal injuries from 

falling especially among elderly patients (Coleman et al. 2004). Degradation of 

visual ability associated with glaucoma can impair a patients’ ability to perform 

many common activities (Crabb et al. 2004, Glen et al. 2011, Kotecha et al. 
2009). Functions may be lost during early and middle stages of the disease even 

though  central visual acuity is retained at almost the normal level. Following a 

line of type while reading, adjusting to changing light conditions, and activities 

that are dependent on peripheral vision or perception of contrast (i.e. driving and 

avoiding obstacles in dark places) may become more difficult (Spaeth el al. 2006, 

Ramulu 2009). 
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3.8.5 Visual field defects 

Glaucoma usually produces certain characteristic visual field defects in the 

peripheral vision. Glaucomatous visual field damage may lower the quality of life 

of a glaucoma patient. Subjects with any central VF loss have shown lower NEI-

VFQ-25 scores than those with unilateral or bilateral peripheral VF loss 

(McKean-Cowdin et al. 2008). Inferior VF reductions have also been associated 

with decreased functional status whereas superior VF defects were not associated 

with decreasing functional status (Black et al. 2011). 

The degree of QOL deterioration correlates with the severity of the visual 

field damage (Gutierrez et al. 1997, van Gestel et al. 2010b). Instead of the 

conventional monocular visual fields used in daily clinical practice, a better 

method for evaluating the visual function in glaucoma could be to evaluate 

binocular visual fields (Jampel et al. 2002a, Nelson-Quigg et al. 2000). Nelson-

Quigg et al. examined different ways of combining results from monocular visual 

fields and recommended that the binocular summation of sensitivity between eyes 

at each location technique is feasible at estimating the central binocular visual 

field in patients with glaucoma (Nelson-Quigg et al. 2000).  On the other hand, a 

global score derived from a combination of two monocular fields correlated better 

with patient-based assessment of vision than the Esterman field and four novel 

binocular visual field tests (Jampel et al. 2002a). 

The results of the Esterman binocular visual field test have also been 

correlated with the NEI VFQ-25 and the SF-36 questionnaires. Three different 

studies have attempted to show a dependency between binocular visual field 

defect and quality of life questionnaire. Parrish et al and Jampel et al used the 

Esterman binocular visual and the NEI VFQ-25 or the longer (51 item) NEI self-

administered VFQ. Correlations between the Esterman and the NEI VFQ-25 were 

r = -0.30–0.48 and r = -0.35 respectively in terms of general vision. Peripheral 

vision correlations were reported to be r = 0.40–0.51 and r = -0.61 respectively. 

The correlation of the binocular visual field test with the SF-36 subscales was 

universally poor (Jampel et al. 2002b, Parrish et al. 1997). Mills et al. combined 

monocular visual field scores in subjects entering the Collaborative Initial 

Glaucoma Treatment Study (CIGTS) to arrive at a simulated binocular score, but 

this did not correlate well with either the vision-related QOL instrument (Visual 

Activities Questionnaire), or the generic QOL instrument (Sickness Impact 

Profile) used in the CIGTS (Mills et al. 2001). 
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In the two independent studies conducted by the same authors, central vision 

and out-door mobility were the main priorities of the patients. These concerns 

remained the same in all demographic, clinical, and visual states of participants. 

In the latter study, there was an interesting trend that as a measure of binocular 

field loss increased, the relative importance of central vision also increased, 

whereas when the visual field deteriorated, the relative importance of outdoor 

mobility decreased (Aspinall et al. 2005 and 2008).  

3.9 Summary of the literature review 

It has been previously reported that financial resource consumption increases in 

conjunction with the worsening of glaucoma disease severity (Iskedjian et al. 
2003, Koleva et al. 2007, Lee et al. 2006, Traverso et al. 2005). Glaucoma 

medication costs are known to represent significant part of the total treatment cost 

of open angle glaucoma (Table 5). Previous studies have reported the direct costs 

of glaucoma treatment to society in various countries but few have tried to 

estimate the financial burden of loss of productivity and visual impairment etc. 

(Denis et al. 2004, Iskedjian et al. 2003, Kobelt et al. 1998, Kobelt-Nguen et al. 
1998, Lee et al. 2006, Lindblom et al. 2006, Oostenbrink et al. 2001, Traverso et 
al. 2005). 

The treatment of open angle glaucoma has been reported to be cost-effective 

compared to no treatment at all (Rein et al 2009, NICE Guideline 2009, Van 

Gestel et al 2010a, Van Gestel et al. 2012). The cost-effectiveness of the treatment 

of ocular hypertension remains a controversial issue (Kymes et al. 2010, Stewart 

et al. 2008, Tuulonen 2011a, 2011b). 

Some studies have shown that the quality of life decreases in open angle 

glaucoma patients compared to normal population while in others, the difference 

has not been obvious except for at the later stage glaucomas (Mills et al. 2009). 

The quality of life has also been found to decrease in patients with glaucoma as it 

also declines in patients with other ocular pathologies i.e. diabetic retinopathy, 

cataract and age related macular degeneration (Broman et al. 2002, Esteban et al. 
2008, Evans et al. 2009, Hariprasad et al. 2008). 

Different methods of measuring the quality of life have been reported but 

none of them has attained the accolade of "the golden standard" (Burr et al. 
2012b, Severn et al. 2008, Spaeth et al. 2006). 

There are reports in the scientific literature from other fields of medicine than 

ophthalmology indicating that increase in resource utilization may not have a 
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beneficial effect on the patients’ quality of life. Patients living in high expenditure 

areas did not have better access to care or outcome than in the lower spending 

area and there was no difference in patients' recovery, or quality of care (Fisher et 
al. 2003a and 2003b). There are no studies into this topic in the field of glaucoma 

research. 
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4 Aims of the study 

The aim of this 11-year retrospective study study was to compare a high spending 

area (Oulu) to a lower spending area (Turku) in Finland and to gain an 

understanding of the impact of variability in costs on glaucoma care in our 

country. As far as is known, this is the first study which has attempted to compare 

the impact of resource utilization on patient outcomes in glaucoma.  More 

specifically, the aims of the research were: 

1. to determine the total direct cost of glaucoma care per patient 

2. to determine whether the higher medication costs in Oulu were also 

associated with higher overall costs of glaucoma care, including diagnostics 

and follow-up 

3. to study whether the higher resource allocations achieved some measurable 

benefits to the patients or society compared to less resource consumption 

4. to determine how many of the patients in this study indeed have, according to 

current diagnostic Finnish EBM guideline criteria, manifest open angle 

glaucoma after 11 years of continuous medical treatment for glaucoma 

5. to determine the level of glaucoma diagnostics and follow-up in 

implementing the Finnish evidence based guideline for open angle glaucoma 
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5 Patients and methods 

This study compares two patient groups from two different geographical cities in 

Finland (Oulu and Turku). These two geographical areas were selected according 

to the Finnish Social Insurance Institution statistics, which repeatedly indicate 

that costs of glaucoma medications per patient in higher than in Turku. All of 

these patients have been diagnosed with open angle glaucoma (which is a pre-

requisite for receiving the special reimbursement of medications) and they have 

been taking continuous glaucoma medication for at least 10 years. The patients 

were identified by the Finnish Social Insurance Institution from their registry 

based on their special reimbursement of the costs of glaucoma medication. A total 

of 360 patients were invited to participate in the study and 168 (47%) patients 

entered and completed the study protocol. This study was funded by the Finnish 

Social Insurance Institution. 

5.1 Patients 

The study was initiated with sample size calculations which required several 

assumptions. As the data on prevalence of visual disability on population studies 

is variable and in general very limited, the prevalence of aggressive glaucoma 

was chosen as the main end-point of this study. A 5%-difference in prevalence of 

glaucoma leading to visual disability between high and low spending area was 

regarded as being significant. The following assumptions were made: the 

prevalence of glaucoma induced visual disability was estimated at 10% (Quigley 

1996, Tuck & Crick 1997), 80% of initially invited patients would enter the study, 

reliable examination data could be obtained from 80% of patients entering the 

study and that 70% of patients would have true POAG, not ocular hypertension. 

When calculating with these assumptions, the sufficient sample size was 

estimated at 1939. The power of the study to recognise a 5% difference in end-

point variables would be 80% (alpha error 5%, beta error 20%). This would 

require a recruitment of 1000 patients in each district.  If legal blindness had been 

chosen as end-point the sample size would have increased to 10 349.  

Due to the large number of assumptions and uncertainty in sample size 

calculations, a study of 1939 patients was not judged to be reasonable or cost-

effective. In stead, a pilot study was designed to evaluate the need of a full-size 

study in the future and to aid with the assumptions in sample size calculations. We 

chose to gather a sample size of 100 patients from each district in this pilot study. 
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Patients from two hospital districts in Finland with newly diagnosed POAG 

were identified for the study. The hospital districts in question were the Northern 

Ostrobothnia Hospital District (Oulu) and the Intermunicipal Hospital District of 

Southwest Finland (Turku). The inclusion criteria were as follows:  

1. Patient had been given a diagnosis of glaucoma and begun using glaucoma 

medication between the years 1994–1996.  

2. Patients had been using glaucoma medication consistently for at least 10 

years after the glaucoma diagnosis was set in 1994–1996.  

3. The diagnosis of the patient was either primary open angle glaucoma or 

capsular glaucoma.  

4. Patient were 45–74 years old at the onset of medication use.  

5. In order to secure availability of the cost data, the place of patients’ residence 

had remained unchanged during the whole study period 1994–2006.  

Patients with congenital, juvenile or secondary glaucoma or ocular hypertension 

were excluded. Subjects who had deceased before the end of 2006 were also 

excluded. 

5.2 Data collection 

The registry data of the Finnish Social Insurance Institution for reimbursed 

medications, was used in this study. A total of 565 patients met the inclusion 

criteria, 261 in Oulu and 304 in Turku. The ophthalmologists’ official medical 

diagnostic statements about which patients were entitled to receive free 

medications for glaucoma from the Finnish Social Insurance Institution were 

obtained for analysis.  

The official medical diagnostic statements, which are required for entitlement 

to free glaucoma medications, were obtained for analysis. The statements need to 

fulfill the following criteria.  Firstly, an eye examination is carried out by an 

ophthalmologist either in the public or private sector. Second, the reimbursement 

for the medication is granted with a single IOP measurement above 30 mmHg, or 

at least two of the following criteria are met:  

– There is a glaucomatous damage in the optic nerve head or a defect in the 

RNFL 

– There is a glaucomatous defect in the visual fields 

– IOP has been measured repeatedly over 21 mmHg  
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Patients who were reported to have juvenile, secondary or closed angle glaucoma 

were excluded. A total of 565 official medical diagnostic statements were 

ordered, with 11 of them never being delivered. In addition, a total of 47 out of 

554 patients were excluded i.e. 40 patients did not have open angle glaucoma, 6 

had no glaucoma according to the official medical diagnostic statements and one 

diagnosis had been made outside data collection period of 1994–1996. 

Patients were next divided into 5 groups based on age. In order to match the 

populations for age, a statistician randomly excluded patients from certain age 

groups. Finally, of the invited 360 patients, 168 (47%) completed the study 

protocol and were used in the analysis. Of these 168 patients, 85 were from the 

Oulu area and 83 from the Turku area. Thus a total of 168 patients with 333 eyes 

were examined (Figure 2). 

A total of 192 patients did not respond to the invitation to participate in the 

study. Of those patients, 95 (29 male, 66 female) were from Oulu and 97 (21 

male, 76 female) patients were from Turku. The non-responding patients had 

similar demographics in both districts. However, their mean age (71, range 57–81 

years) was slightly higher compared to the study patients (69. range 56–80 years) 

(p = 0.03).  
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Fig. 2. Flowchart of patient recruitment. 

A letter of invitation was sent by the Finnish Social Insurance Institution to 

patients meeting the inclusion criteria, i.e. the researchers were not in contact with 

the patients. The patients were provided with an information package and the 

contact information about the study and researchers. A total of 360 letters were 

sent and 187 patients agreed to participate in the study. Of these 187 patients, 17 
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cancelled their appointment before the examination date and 2 never appeared. 

Thus, a total of 168 patients (mean age 69; range 56–80) were examined and 

entered the study: 83 (35 male, 48 female) from Turku and 85 (33 male, 52 

female) from Oulu (p = 0.08) (Table 7).  

Table 7. Patient population. 

Area n (%) Mean age 

(years) 

Age range 

Oulu    

Male 33 (39%) 69 60-80 

Female 52 (61%) 70 56-80 

Total 85 (100%) 70 56-80 

Turku    

Male 35 (42%) 68 57-76 

Female 48 (58%) 68 56-80 

Total 83 (100%) 68 56-80 

All    

Male 68 (40%) 69 57-80 

Female 100 (60%) 69 56-80 

Total 168 (100%) 69 56-80 

5.2.1 Assessment of the contents of official medical diagnostic 

statements 

The contents of the official medical diagnostic statements were evaluated and 

compared to the requirements needed for reimbursement for glaucoma 

medications. The following characteristics were observed: the number of IOP 

measurements, analysis of optic disc, visual field assessment and gonioscopy. 

Additionally, the total length of each statement was determined in rows on a 

standard Finnish Social Insurance Institution sheet used for the official medical 

diagnostic statements. Finally an assessment was made on  how many of the 

statements contained the essential requirements, set by the Finnish Social 

Insurance Institution and needed to obtain the special reimbursement. 
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5.3 Comparison of clinical practice to Finnish evidence based 
guideline 

Based on the information retrieved from the official medical diagnostic 

statements, a determination was made of the level of diagnostics based on the 

Finnish evidence based guideline for open angle glaucoma (Tuulonen et al. 2003, 

Table 3). The analysis was conducted for each patient separately. 

Data retrieved from registries and medical records was used in assessing the 

level of follow-up according to the Finnish guideline (Tuulonen et al. 2003, Table 

4). The assessment was done for each individual patient. 

5.4 Stage of glaucoma based on Glaucoma Staging System (GSS) 

For each patient, a glaucoma severity stage at 11 years after diagnosis was 

categorized with the glaucoma staging system (GSS).  

GSS was used to classify patients into categories of severity. The modified 

Bascom Palmer GSS was chosen for use in this study since it allows a structured 

severity stage assignment based on visual field parameters in a manner that is also 

applicable to a retrospective chart review. Patients were allocated into six disease 

severity categories adopting GSS. 

The GSS was developed to enable the assignment of disease severity for all 

glaucoma patients on the basis of historical visual field data recorded in patient 

charts, and to create a GSS that could be used to retrospectively classify patients 

without clinical judgment by a physician. The GSS is derived from MD score and 

various definitions in the deviation plots and the test points themselves (Mills et 
al. 2006). 

The GSS is composed of six stages: stage 0 (normal visual field), stage I 

(early), stage II (moderate), stage III (advanced), stage IV (severe), and stage V 

(end-stage). Staging criteria are based mainly on Humphrey visual fields, with 

MD as the primary measure. There are three subdomains for adjustments, 

depending on the corrected pattern standard deviation/pattern standard deviation 

(CPSD/PSD) and hemifield test results for stages 0 and I, the numeric (dB) plot 

for stages II through IV, and the pattern deviation plot for stages I through IV. 

Stage V classifications are based on poor visual acuity and an inability to perform 

visual field testing as a result of severe vision loss (Table 8). 
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Table 8. Mills glaucoma staging system based on Humphrey visual fields. (Mills et al. 

2006). 

Glaucoma Staging System Stage Definitions and Severity Criteria (Stages 0 Through 5) 

Stage 0: No or minimal defect/ocular hypertension. Does not meet any criteria for stage 1.  

Stage 1: Early defect  

MD ≤ −6.00 dB  

+ at least one of the 

following 

On PD plot, a cluster of 3 

or more points in an 

expected location of the 

visual field depressed    

< 5% level, at least 1 of 

which is < 1% level 

Corrected pattern standard 

deviation/pattern standard 

deviation significant at P 

< 0.05 

Glaucoma hemifield 

test “Outside Normal 

Limits” 

Stage 2: Moderate defect 

MD of −6.01 to −12.00 dB  

+ at least one of the 

following" 

On PD plot 25–50% of 

points depressed < 5% 

level, and 

15–25% of points < 1% 

level 

≥ 1 point within central 

5°with sensitivity of < 15 dB 

but, no point within central 

5° with sensitivity of < 0 dB 

Only in 1 hemifield a 

point with sensitivity 

< 15 dB within 5° of 

fixation 

Stage 3: Advanced defect  

MD of −12.01 dB to 

−20.00 dB  

+ at least one of the 

following 

On PD plot 50–75% of 

points depressed < 5% 

level and 

25–50% of points < 1% 

level 

Any point within central 5° 

with sensitivity ocf < 0 dB 

In both hemifields a 

point(s) with 

sensitivity < 15 dB 

within 5° of fixation 

Stage 4: Severe defect 

MD of −20.00 dB 

+ at least one of the 

following 

On PD plot ≥ 75% of 

points depressed < 5% 

level and 

≥ 50% of points < 1% 

level 

At least 50% of points within 

central 5° with sensitivity of 

< 0 dB 

In both 

hemifields > 50% of 

points with 

sensitivity < 15 dB 

within 5° of fixation 

Stage 5: End-stage disease  

Unable to perform Humphrey visual fields in “worst eye” attributable to central scotoma or “worst eye” 

visual acuity of 20/200 or worse attributable to primary open-angle glaucoma.  “Best eye” may be any 

stage. 

If a patient meets the MD criteria for a particular stage (stages I to IV) but fails to meet one of the 

additional criteria for that stage, then the patient is categorized in the preceding stage. 

If a patient meets the MD criteria for a particular stage (stages I to IV), and meets one of the additional 

criteria for a succeeding stage, then the patient is categorized in the succeeding stage. 

If a patient meets the MD criteria for a particular stage (stages I to IV), and meets one or more of the 

additional criteria for a preceding stage as well as one or more of the criteria for a succeeding stage, then 

the patient is categorized in the original stage on the basis of MD criteria. 

In this study the visual field data obtained after eleven years of continuous 

medical treatment for glaucoma was used. The stage for each eye of the patient 

was set separately. The stage of glaucoma used in cost and resource utilization 

analyses was derived from the visual field data of that eye giving the higher 
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(worse) stage. In the analyses regarding quality of life both the classification 

based on the worst eye and best eye were utilized separately. The visual fields at 

the time of the diagnosis were not available for analysis. 

5.5 Clinical examination 

At the examination visit in 2006, patients underwent a full eye-examination in 

their home cities. The examination consisted of visual acuity (uncorrected, 

corrected with their own spectacles and visual acuity using stenopic hole) with 

Snellen chart, visual field examination (Humphrey visual field analyzer 24-2, 

Carl-Zeiss Meditec Inc., Dublin, California, USA), IOP measurement with iCare 

rebound tonometer (Tiolat Oy, Finland) and Goldmann applanation tonometer 

(Haag-Streit Inc., Koeniz, Switzerland) and finally retinal nerve fiber layer 

(RNFL) and papillary photographs using Canon CR6-45NM (Canon Inc., Tokyo, 

Japan) digital fundus camera. The fundus camera was equipped with a custom 

red-free filter, installed by our in-house technician (Tuulonen et al. 2000). All 

photographs were stored in digital format. Central corneal thickness was 

measured from each patient (Tomey SP-3000, Tomey Corp., Nishi-ku, Japan).  

All patients were examined in the mobile eye examination unit, EyeMO 

(Hautala et al. 2008). Patients in Oulu were first examined after which EyeMO 

was transported 635 kilometres to Turku. Patients at both locations were 

examined by a very experienced nurse and the optic disc and nerve layer 

photographs were taken by a very experienced professional ophthalmological 

photographer, who did not participate in the analysis of the data. Patients also 

filled out the 15D questionnaire on the quality of life.  

5.6 Clinical assessment 

Visual fields and photographs were assessed by a glaucoma expert (AT) 

accompanied by a resident (JH). Examinations from both Turku and Oulu were 

assessed in the same setting using the same equipment in a random order. When 

analysing the photographs and visual fields, the investigators had no knowledge 

of the identity or residential area of the patient in question. The two eyes of the 

patient were evaluated simultaneously similar to everyday practice. 
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5.6.1 Readability of photographs and visual fields 

The readability of the visual fields and photographs was initially determined. An 

experienced evaluator (AT) subjectively graded whether she felt she could 

interpret the tests clinically in order to be able to make a diagnosis and devise a 

treatment plan. Photographs in which the RNFL and/or optic nerve head was not 

visualised sufficiently for making diagnosis, were graded as not reliable. VF 

reliability was additionally analysed by utilizing two different methods. VFs were 

regarded as unreliable if there was a false positive ratio of over 15% (personal 

communication by Anders Heijl). The second criterion was the automatic 

message from the Humphrey perimeter which indicated possibly unreliable fields 

(****).  Thirdly an estimation was made on the reliability of each visual field 

based solely on clinical expertise (AT). 

5.6.2 Glaucoma diagnosis 

All patients in this study were originally diagnosed with primary open angle or 

capsular glaucoma before the onset of starting to take glaucoma medication. The 

diagnosis had been set by the ophthalmologist caring for the patient at that time. 

Each physician applied their own diagnostic criteria, which were influenced by 

the national and international practices and recommendations. Some patients were 

diagnosed solely by clinical evaluation and some underwent additional visual 

field and photographical examinations.  

This study undertook a process of determining which of the patients had 

indeed glaucoma (manifest glaucoma) according the current Finnish EBM 

guideline diagnostic criteria, “2 out of 3”-rule (Tuulonen et al. 2003), in one or 

both eyes. The rule states that atleast two of the following criteria have to be 

present to suggest glaucomatous damage: i.e. defects in visual fields, optic disc 

damage or retinal nerve fiber layer defect. Visual fields and data from optic nerve 

and RNFL photographs were combined to produce a clinical evaluation about the 

presence of glaucoma. 

Examinations from both Turku and Oulu were assessed in the same session 

using the same equipment. The analysers were masked both about the identity and 

residential area of the patient. First the VFs were analysed in a random order 

without any knowledge of the corresponding data from photographs. Secondly the 

photographic data was analysed without the knowledge of the corresponding VF 

data. When analysing the photographs, only the optic nerve head was analysed 
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and on a separate session only the RNFL. Each examination was rated as no 

detected abnormalities, glaucomatous, suspicious or other abnormality. Following 

the two out of three rule, the resident summarized the results of the separate 

analyses and graded each eye as no detected abnormalities, glaucomatous, 

suspicious or other abnormality. 

Thirdly, in a separate session about 4 months later, an analysis of  the optic 

nerve head, RNFL and the VFs was conducted in the same session, using “2 out 

of 3”-rule of the Finnish EBM guideline: no detected glaucomatous abnormalities 

(3 out of 3 regarded as normal), glaucomatous (atleast 2 out of 3 regarded as 

abnormal) or other abnormality in any test considered due to some disease other 

than glaucoma (e.g. neurological disease).  

Thus, the expert evaluated clinically the patient’s overall disease status in 

terms of visual fields, papillary and RNFL digital photographs. The patient's 

current IOP level or any other clinical data was not known at the time of the 

analysis and was not included in this analysis. 

The presence of glaucoma for each examined eye was determined. If patient 

had diagnosable glaucoma in one or both eyes he/she was categorised to manifest 

glaucoma group. If the only eye or both eyes of the patient were normal in terms 

of glaucomatous damage, the patient was placed in the no detected glaucomatous 

abnormalities group. 

5.7 Data collection for resource utilization 

For each patient entering the study, the following data was extracted: 

demographic data and resources used, including diagnostic and follow-up tests 

(number of visual fields and photographs), physician visits associated with 

glaucoma (initial consultation and all follow-up visits), procedures conducted 

(laser and filtration surgery), and all glaucoma medications purchased by the 

patient. The data was extracted into a computerized collection sheet designed for 

this study. Data associated with POAG was collected for each patient from 

medical history databases and the Finnish Social Insurance Institution archives.  

The collected data covered the whole 11-year study period. 

5.8 The costs of glaucoma care 

The cost of glaucoma care was defined for each patient individually. The costs 

were converted to correspond to the value in euros in 2006 currency using the 
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Finnish consumer price index (Official Statistics of Finland 2012). For each 

follow up year, the total cost was calculated by summarising the costs of 

medications and physician visits including photographs, visual fields and laser or 

surgical procedures  

The perspective of the analysis was that of the Finnish Healthcare system. 

Unit costs in the public sector were derived from the price lists of the two hospital 

districts Costs from the private sector physician visits, diagnostic tests and 

procedures were derived from the reimbursement data of the Finnish Social 

Insurance Institution. The total cost of procedures includes the cost of the 

procedure itself, physician fee, assistant fee, and the anesthetist fee. Costs 

associated with hospital resources were also included, to represent the costs 

charged and paid by the municipalities. 

To determine costs for medications, the information was obtained for each 

patient from the archives of the Finnish Social Insurance Institution. Data and 

cost of all reimbursed medication purchases in Finland are stored in the archives. 

Thus, the medicine consumption is not an estimate but a sum of true pharmacy 

purchases. All costs were initially measured using euro (€) or Finnish mark (mk).  

For the analysis all costs were converted to euros (2006 value) utilizing the 

Finnish consumer price index (Official Statistics of Finland 2012). 

5.9 Quality of life 

The quality of life questionnaires were mailed to the patients together with the 

information of  the investigation visit. Patients were asked to fill in the 

questionnaire and return it to the investigators at the study visit. If the patient had 

forgotten to fill in the questionnaire, he/she completed it during the study visit. 

5.9.1 Selection of 15D instrument for this study 

The 15D is a generic, comprehensive (15-dimensional), self-administered 

instrument for measuring HRQOL among adults (age over 16 years). It has the 

advantages of providing a profile combined with a preference-based, single index 

measure. The 15D has been standardized in the Finnish population and used 

widely in different research settings, also in ophthalmology (e.g. Räsänen et al. 
2006, Vaahtoranta-Lehtonen et al. 2007).  In the 15D, the patient is asked 

standardized questions regarding their current health status. There are 15 five-

point questions in the questionnaire each addressing different aspects of the 



 66

subject's health status. The questions address mobility, vision, speech, elimination, 

breathing, sleeping, vitality, mental function, eating, usual activities, discomfort, 

sexual activity, depression, distress and hearing. The 15D is not a disease specific 

test but it is one of the few standardized tests that have a question regarding 

vision. The question about seeing has been shown to be sensitive when visual 

acuity is altered (Kuoppala et al. 2010).  

A set of utility or preference weights is used to generate the 15D score (single 

index number) on a 0–1 scale. The score varies between 0 (dead) and 1 (perfect 

health with no problems). In most of the important properties, the 15D compares 

favourably with other preference-based generic instruments (Sintonen 2001). 

In order to assess the difference in HRQOL between the two study groups, a 

comparison was made between the two groups directly and to a historical control 

group, i.e. the normative data obtained with the 15D from the Finnish Health 

2000 Health Examination Survey, which is representative of the Finnish 

population aged 30 years and over (n = 6269). In this data set, based on a 

representative population health survey, the glaucoma diagnosis and use of 

medications and other treatments were self-reported. According to the survey 

respondents, their diagnosis had been confirmed by an ophthalmologist (Aromaa 

& Koskinen 2004). For the present study, an age-matched subset of the survey 

was used as a historical control group. 

5.10 Statistical analysis 

The statistical analyses in this study were performed with the IBM SPSS 

Statistics 19.0.0.2 Software (IBM Corporation, USA). Data are expressed as the 

mean and standard deviation. For group comparisons, the following tests were 

utilized to assess the statistical significance, where applicable: independent 

samples t-test, Mann-Whitney U-test and One-Way ANOVA multiple 

comparisons Dunnett t-test. If the Mann-Whitney U-test was used, it is stated in 

the text or in the table. The distribution differences between the study areas were 

assessed with Pearson chi-square and Fisher´s exact test. A p-value less than 0.05 

was considered as statistically significant.  

Figures and tables in this study were produced with Microsoft Excel 14.0.1 

and Microsoft Word 14.2.3 software (Microsoft Corporation, USA). 
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5.11 Ethical considerations 

The study design and protocols were designed according to the Helsinki 

declaration and approval was obtained from the research ethics committee of the 

Northern Ostrobothnia Hospital District on the 21th of August 2004. A permission 

was received from the Ministry of Social Affairs to collect the data from the 

patient archives of both the hospital districts and private sector. All subjects 

signed an informed consent form explaining the study protocol. 
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6 Results 

6.1 The content of the official medical diagnostic statements for 

specially refundable medications 

The official medical diagnostic statements of all patients who entered the study 

were analyzed. The mean length of the statement was 13 rows of text. IOP 

measurement was reported most frequently and it was found in 98% of the 

statements, followed by an optic disc evaluation which was reported in 96% of 

the statements. Visual acuity was reported in 91 % and comments about visual 

fields were found in 83 % of the statements. Although visual fields findings were 

mentioned, the method of perimetry was not necessarily specified (i.e. automated 

perimetry or e.g. finger perimetry). Even though gonioscopy is not required in the 

official medical diagnostic statement, it was reported in 41% of cases. The 

content of the statements is provided in Table 9. 

A total of 27 (16%) of the official medical diagnostic statements did include 

all the required elements but the clinical findings reported did not fulfill the 

requirements to entitle the patients to a special reimbursement. In an additional 6 

(3.6%) cases there were missing required elements, but nonetheless the statements 

had been approved. Despite these shortcomings in the statements, entitlement to 

the special reimbursement was awarded in all these cases. The remaining 80% 

(n = 135) statements were adequately filled and clinical findings met the 

requirements for the special refund status.  
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Table 9. Contents of official medical diagnostic statements for glaucoma medication 

special refund.  

Area IOP Visual acuity Gonioscopy Optic disc 

evaluation 

Visual field 

evaluation 

Length of the 

medical 

statement / rows 

(range) 

Oulu             

Mentioned 83 (98%) 78 (92%) 40 (47%) 83 (98%) 74 (87%) 13 (1-33) 

Not mentioned 2 (2%) 7 (8%) 45 (53%) 2 (2%) 11 (13%)   

Turku        

Mentioned 82 (99%) 75 (90%) 28 (34%) 79 (95%) 65 (78%) 12 (1-25) 

Not mentioned 1 (1%) 8 (10%) 55 (66%) 4 (5%) 18 (22%)   

Total         

Mentioned 162 (98%) 153 (91%) 68 (41%) 162 (96%) 139 (83%) 13 (1-33) 

Not mentioned 3 (2%) 15 (9%) 10 (60%) 6 (4%) 29 (17%)   

6.2 Initial diagnosis and follow-up compared to the Finnish 
guideline 

The official medical diagnostic statements were evaluated using the diagnostics 

levels of the Finnish EBM guideline (Table 3.). Of the 168 patients, 74 (44%) had 

been diagnosed as being at least at the good level of the guideline. A total of 43 

(26%) patients were diagnosed as being at the insufficient level (i.e. IOP only). In 

Oulu 87% of patients were diagnosed at the satisfactory level or higher, the 

corresponding percentage in Turku was 62%. Pearson chi-square test indicated 

that the distribution differences between the two areas in the guideline diagnosis 

was statistically highly significant with p < 0.01. None of the patients diagnosed 

at the insufficient level had undergone visual field testing in the 12 months prior 

to diagnosis. The distribution between the two areas is listed in Table 10. 
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Table 10. Number of patients at each glaucoma diagnosis level according to the 

Finnish guideline for the diagnosis of open angle glaucoma. 

Area Very good or good level1 Satisfactory level2 Insufficient level3 

Oulu 55 (65%) 19 (22%) 11 (13%) 

Turku 19 (23%) 32 (39%) 32 (39%) 

Total 74 (44%) 51 (30%) 43 (26%) 

1 Very good level: IOP, gonioscopy, visual field and optic disc and RNFL photograph.  

   Good level: IOP, gonioscopy, visual field and optic disc or RNFL photograph.  
2 IOP, gonioscopy,and visual field  
3 IOP only 

The frequency of patient follow-up examinations and tests was also compared to 

the levels of follow-up defined in the Finnish EBM guideline (Table 4) (Tuulonen 

et al. 2003). Pearson chi-square test detected a statistically highly significant 

distribution difference between the two areas in the guideline follow-up level 

(p < 0.01). A total of 41% of patients were found to have been controlled at least 

at the satisfactory level described in the guideline. The geographical distribution 

revealed that only 15% of patients in Turku were being followed up at least at the 

satisfactory level compared to 67% in Oulu (Table 11). 

Table 11. Number of patients at each follow-up level according to the Finnish 

guideline for open angle glaucoma. 

Area Very good level1 Good level2 Satisfactory level3 Insufficient level4 

Oulu 41 (48%) 10 (12%) 6 (7%) 28 (33%) 

Turku 2 (2%) 0 (0%) 10 (12%) 71 (86%) 

Total 43 (26%) 10 (6%) 16 (10%) 99 (59%) 
1 Very good level: IOP, visual field and optic disc and RNFL photograph.  
2 Good level: IOP, gonioscopy, visual field and optic disc or RNFL pohograh.  
3 IOP, and visual field  
4 IOP only 

In the analysis, a pattern was seen in the follow-up being used most frequently in 

the Turku area. Patients did have at least one physician visit annually but VFs or 

photographs were taken approximately once in two years. Only about half, 51% 

(n = 42) of patients on Turku were followed-up with this regimen or more 

frequently, in Oulu the corresponding percentage was 85% (n = 72). 
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6.3 Stages of glaucoma based on Glaucoma Staging System 

A total of 326 eyes (98%) could be designated into glaucoma severity stage 

categories, 165 eyes in Oulu and 161 in Turku. In the Oulu area, the percentage 

for patients with advanced or severe glaucoma was higher than in Turku area. In 

Oulu, the number of “no glaucoma”- graded patients was also considerably lower.  

None of the patients had such a severe visual field lesion that they were 

designated to stage 5 (end-stage glaucoma) classification. Pearson chi-square 

detected no statistically significant distribution difference between the two areas 

in the glaucoma severity stage for each individual eye, p = 0.09 (Table 12). 

Table 12. Distribution of glaucoma stages for each individual eye. Displayed stages 

from 0 to 4. 

Area No glaucoma Early 

glaucoma 

Moderate 

glaucoma 

Advanced 

glaucoma 

Severe 

glaucoma 

Total 

Oulu 57 (35%) 52 (32%) 25 (15%) 18 (11%) 13 (8%) 165 

Turku 73 (45%) 46 (29%) 27 (17%) 8 (5%) 7 (4%) 161 

All 130 (40%) 98 (30%) 52 (16%) 26 (8%) 20 (6%) 326 

When comparing the distribution of patients in the different glaucoma stages 

categories based on their better eye, 91 eyes (54%) were determined not to have 

glaucomatous damage in visual field of their better eye. In Oulu, 9 patients (11%) 

had advanced or severe glaucoma in their better eye, the corresponding value in 

Turku was 3 patients (4%). Fisher´s exact test revealed no statistical significance 

in the distribution difference between the two areas, p = 0.3 (Table 13). 

Table 13. Distribution of glaucoma stages for each patient based on best eye 

classification. Displayed stages from 0 to 4. 

Area No glaucoma  Early 

glaucoma 

 Moderate 

glaucoma 

 Advanced 

glaucoma 

 Severe 

glaucoma 

 Total 

Oulu 40 (47%)  26 (31%)  10 (12%)  7 (8%)  2 (2%)  85 

Turku 51 (61%)  20 (24%)  9 (11%)  2 (2%)  1 (1%)  83 

All 91 (54%)  46 (27%)  19 (11%)  9 (5%)  3 (2%)  168 

When the patient grade was set based on the worst eye, then 19% (n = 16) of 

patients in Oulu did not to have glaucomatous damage as compared to 30% in 

Turku. The number of cases of advanced and severe glaucoma was again higher 
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in Oulu area. Pearson chi-square detected no statistically significant distribution 

difference between the two areas, p = 0.08 (Table 14).  

Table 14. Distribution of glaucoma stages for each patient based on worst eye 

classification. Displayed stages from 0 to 4. 

Area No glaucoma  Early 

glaucoma 

 Moderate 

glaucoma 

 Advanced 

glaucoma 

 Severe 

glaucoma 

 Total 

Oulu 16 (19%)  27 (32%)  15 (18%)  14 (17%)  13 (15%)  85 

Turku 25 (30%)  27 (33%)  19 (23%)  6 (7%)  6 (7%)  83 

All 41 (24%)  54 (32%)  34 (20%)  20 (12%)  19 (11%)  168 

6.4 Clinical measurements 

6.4.1 Visual acuity 

Snellen visual acuity was available for 325 (98%) eyes. There was no statistically 

significant difference in visual acuity scores between patients residing in different 

areas. There was also no statistically significant difference between those patients 

who could be regarded as having no detected glaucomatous abnormalities or 

having manifest glaucoma according to the criteria applied in this thesis (Table 

15).  

For analysis purposes, patients were divided into glaucoma severity stages 

based on the best eye and also based on the worst eye.  

In the analysis between the different glaucoma stage groups based on worst 

eye, a statistically significant difference was found between the no glaucoma 

group and the severe glaucoma group. Visual acuity was 0.9 vs. 0.7 (p = 0.03) in 

the right eye and 0.8 vs. 0.6 (p = 0.03) in the left eye (Table 16). 

In the analysis of visual acuity when patients were divided into different 

glaucoma stage categories based on the best eye, visual acuity was found to be 

worse in moderate and severe glaucoma groups compared to no glaucoma group 

with p values of 0.01 and 0.025 respectively (Table 16).   
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Table 15. Best visual acuity (Snellen) with no detected glaucomatous abnormalities 

and manifest glaucoma (according to criteria used in this thesis) groups. VA = visual 

acuity. 

Eye No detected glaucomatous 

abnormalities 

Manifest glaucoma All 

Right eye    

N 64 99 163 

VA 0.8 0.8 0.8 

Left eye    

N 65 97 162 

VA 0.9 0.8 0.8 

Table 16. The best Snellen visual acuities in different glaucoma stages. P-value 

(Dunnett t-test) is reported in comparison to “No glaucoma” – stage. VA = visual 

acuity. 

Eye No 

glaucoma 

Early 

glaucoma 

Moderate 

glaucoma 

Advanced 

glaucoma 

Severe 

glaucoma 

Total 

Best eye       

Right eye       

N 88 45 19 8 3 163 

VA 0.8 0.8 0.6* 0.8 0.4*  

Left eye       

N 90 46 18 7 1 162 

VA 0.9 0.8 0.8 0.8 0.3  

Worst eye       

Right eye       

N 39 53 33 19 19 163 

VA 0.9 0.8 0.8 0.7 0.7*  

Left eye       

N 40 54 33 18 17 162 

VA 0.8 0.9 0.8 0.8 0.6*  

* P < 0.05 

Cataract surgery had been performed in a total of 43 (26%) patients, 23 from 

Oulu and 20 from Turku area. Eighteen patients had undergone cataract surgery 

on only one eye and 25 had had both their eyes operated (same or separate 

session). 
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6.4.2 Intraocular pressure 

The initial untreated IOP was obtained for each eye at the time of the glaucoma 

diagnosis from the official medical statements. Untreated IOP was available for 

325 of 333 (98%) eyes. At the study visit in year 2006, IOP from each eye was 

first measured with a rebound tonometer and subsequently with a Goldmann 

applanation tonometer. A total of 332 (99.7%) eyes were successfully measured 

with the rebound tonometer and 322 (97%) with the applanation tonometer. The 

unsuccessful measurements were due to poor patient co-operation. 

The mean untreated initial IOP level in terms of the entire study population 

was 23 mmHg  in all 325 eyes (6.2 SD, range 11–51 mmHg). At the examination 

visit, mean IOP value measured with Goldmann applanation tonometer was 16 

mmHg (3.8 SD) and 16 mmHg (4.2 SD) with the rebound tonometer. 

The measurements between the two IOP measuring devices were compared in 

322 eyes. The mean difference was 0.4 mmHg (3.4 SD) with the Goldmann 

applanation tonometer giving the higher readings. In the eyes of the no detected 

glaucomatous abnormalities group patients, the mean difference was 0.3 mmHg 

(3.7 SD) (Goldmann applanation tonometer higher) as compared to 0.5 mmHg 

(3.2 SD) in the manifest glaucoma group (Table 17). The Bland-Altman plot 

exhibited a surprisingly wide scatter and no statistically significant correlation 

could be found (Figure 3). The negative values in the Bland-Altman plot 

represent cases where the rebound tonometer reading was higher than that 

obtained with the applanation tonometer. 
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Fig. 3. Bland-Altman plot describing the correlation between the Goldmann 

applanation tonometer and rebound tonometer. If the IOP difference is negative, 

rebound tonometer gave a higher reading than applanation tonometer and vice versa. 

The comparison between untreated initial and 2006 IOP reading was possible in 

313 cases. The mean reduction in the IOP after 11-years of treatment was 7.2 

mmHg (6.1 SD) (31%) in the entire population. In manifest glaucoma patients, 

the reduction was slightly larger than in the no detected glaucomatous 

abnormalities group 8.2 mmHg (35%) (6.3 SD) vs. 5.8 mmHg (25%) (5.4 SD), 

p < 0.01 (Table 17). In the Oulu area, the mean reduction in IOP was 8.1 mmHg 

(34%) (6.6 SD) and in Turku it was 8.4 mmHg (36%) (6.1 SD) in patients with 

manifest glaucoma according to the determinations performed in this study. 
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Table 17. Goldmann applanation tonometer and rebound tonometer (iCare) IOP 

readings, the correlation between the devices and IOP change from the initial 

untreated level in patients defined as having no detected glaucomatous abnormalities 

or manifest glaucoma according to the assessment performed in this thesis. 

Classification Applanation 

IOP /mmHg 

iCare IOP 

/mmHg 

Applanation IOP 

vs. iCare IOP 

/mmHg 

Applanation IOP 

vs. initial untreated 

IOP /mmHg 

No detected glaucomatous 

abnormalities 

        

N 128 132 128 126 

Mean IOP (SD) 17 (3.8) 17 (4.1) 0.3 (3.7) -5.8 (5.4) 

Min – Max 9 - 29 9 - 28 -11 - 9 -19 - 10 

Manifest glaucoma         

N 194 201 194 187 

Mean IOP (SD) 15 (3.8) 15 (4.2) 0.5 (3.2) -8.2 (6.3) 

Min – Max 8 - 32 5 - 42 -8 - 9 -34 - 6 

Total          

N 322 333 322 313 

Mean IOP (SD) 16 (3.9) 16 (4.2) 0.4 (3.4) -7.2 (6.1) 

Min – Max 8 - 32 5 - 42 -11 - 9 -34 - 10 

The initial untreated IOP levels were compared between the different glaucoma 

stages. The difference between no glaucoma and advanced glaucoma groups was 

significant (p < 0.01). In the no glaucoma group, the mean untreated initial IOP 

was 23 mmHg (5.2 SD) compared to 27 mmHg (8.5 SD) in advanced glaucoma 

group. In addition, the difference between no glaucoma and severe glaucoma was 

also clear, but failed to reach statistical significance (p = 0.06). 

There was no difference between the two areas in the initial untreated IOP 

values, with a mean value of 23 mmHg in both districts. 

The mean reduction of IOP from initial untreated level to the 2006 

measurement taken 11-years after treatment begun was 5.8 mmHg (25%) (5.4 

SD) in the no glaucoma group. In comparison to the no glaucoma group, patients 

in the moderate, advanced and severe glaucoma groups had achieved a significant 

(p < 0.01) additional IOP reduction during the 11-year treatment period (Table 

18). 

The mean reduction of IOP from the initial untreated level to the 2006  

measurement was 7.1 mmHg (6.4 SD) in Oulu and 7.4 mmHg (6.1 SD) in Turku, 

the difference between the areas was not statistically significant with p = 0.7. 
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Table 18. Initial untreated IOP, IOP change from the initial untreated level and values 

obtained with the Goldmann applanation tonometer measurement vs. rebound 

tonometer in different glaucoma stages. The p-values (Dunnett t-test) represent 

comparison to “No glaucoma” group. 

GSS stage Initial untreated IOP 

/mmHg 

Change of IOP from initial 

level  /mmHg 

Applanation IOP vs. 

iCare IOP /mmHg 

No glaucoma       

N 82 78 78 

Mean IOP (SD) 23 (5.2) -5.8 (5.5) -0.2 (3.6) 

Min – Max 12 - 38 -22 - 10 -11 - 9 

Early glaucoma       

N 105 103 106 

Mean IOP (SD) 21 (5.2) -5.8 (5.3) 0.5 (3.5) 

Min – Max 11 - 39 -25 - 6 -8 - 8 

Moderate Glaucoma       

N 65 63 65 

Mean IOP (SD) 23 (5.1) -8.3 (4.9)* 0.0 (3.1) 

Min – Max 12 - 40 -23 - 0 -8 - 7 

Advanced Glaucoma       

N 39 37 37 

Mean IOP (SD) 27 (8.5)* -10 (6.5)* 0.5 (2.8) 

Min – Max 18 - 50 -28 - 2 -5 - 6 

Severe Glaucoma       

N 34 32 36 

Mean IOP (SD) 25 (7.5) -10 (8.8)* 1.9 (3.2)* 

Min – Max 15 - 46 -34 - 6 -8 - 7 

Total        

N 325 313 322 

Mean IOP (SD) 23 (6.2) -7.2 (6.1) 0.4 (3.4) 

Min – Max 11 - 50 -34 - 10 -11 - 9 

* P < 0.01  

6.4.3 Central corneal thickness 

The central corneal thickness was successfully measured in 329 eyes of 168 

patients. The mean CCT was 536 µm (36 SD) for the whole population. Patients 

in the manifest glaucoma group had thinner corneas (528 µm, 35 SD) compared 

to patients in the  no detected glaucomatous abnormalities  group (547 µm, 35 

SD), p < 0.01.  
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Similarly when divided according to the glaucoma severity stages, the 

corneas of the glaucomatous patients were thinner than those of non-

glaucomatous patients. All stages reached statistical significance (Table 19). 

Table 19. Central corneal thickness on different GSS levels. Significance reported as 

compared to “No glaucoma” – stage (Dunnett t-test). CCT = central corneal thickness 

GSS stage N CCT /μm (SD) 

No glaucoma 81 553 (37) 

Early glaucoma 107 537 (36)* 

Moderate Glaucoma 65 529 (29)* 

Advanced Glaucoma 38 530 (37)* 

Severe Glaucoma 38 514 (32)* 

Total 329 536 (36) 

* P < 0.01   

An analysis was undertaken to see if central corneal thickness would explain the 

scatter between applanation tonometer and rebound tonometer measurement 

results. A slight but statistically significant correlation was found between corneal 

thickness and the scatter in the values between the two devices. With thin corneas 

rebound tonometer seemed to provide lower IOP readings compared to the 

applanation tonometer. Conversely, with thick corneas, the rebound tonometer 

gave higher readings than applanation tonometer. This correlation between the 

difference of the measurement results of the two IOP devices and central corneal 

thickness was statistically significant, with a Pearson correlation coefficient of  -

0.203 and p <  0.01 (Figure 4). The correlation explains only 4% (R2) of the 

variance. 
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Fig. 4. The correlation of IOP difference between the applanation and the rebound 

tonometer readings in terms of central corneal thickness. The negative value of the 

slope of the correlation curve is due to higher readings obtained with the rebound 

tonometer, p < 0.01.  

6.5 Readability and reliability of the visual fields and the fundus 
photographs 

Visual fields were obtained from 326 eyes (98%), all patients were able to 

produce analyzable field at least from one eye. 165 fields were obtained from the 

Oulu group and 161 from the Turku population.  

When using the FP > 15 % rule, 314 (96%) fields were found to be reliable 

and 12 (3.7%) unreliable. In the comparison of the two areas, 94 % of visual 

fields were reliable in Oulu and 99% in Turku. The Humphrey perimeter rated 

252 (77%) fields to be reliable and 74 (23%) as unreliable. The percentage of 

reliable fields with this criterion was 76% in Oulu and 78% in Turku. In the 
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clinical setting, a total of 91% of fields were found to be reliable. In the Oulu 

area, 89% fields were reliable and 93% in Turku (Table 20). 

Table 20. Reliability of visual fields according to various criteria. VF = visual field, FP = 

false positive. 

Area Total number of 

VFs 

Humphrey FP >15% Clinical assessment 

Oulu 165    

Reliable  126 (76%) 155 (94%) 146 (88%) 

Unreliable  39 (24%) 10 (6%) 19 (12%) 

Turku 161    

Reliable  126 (78%) 159 (99%) 150 (93%) 

Unreliable  35 (22%) 2 (1%) 11 (7%) 

Total 326    

Reliable  252 (77%) 314 (96%) 296 (91%) 

Unreliable  74 (23%) 12 (4%) 30 (9%) 

The readability and diagnostic value of photographs were determined solely by 

evaluation of the photographs. With regards to the optic nerve head analysis, 328 

eyes (98%) were photographed and in all of them the optic nerve head was 

analyzable for assessment of glaucomatous damage. The same evaluation pattern 

was applied in the analysis of nerve fiber layer photographs. Of the 328 

photographed eyes, 93% of photographs provided adequate information on the 

state of the retinal nerve fiber layer. The RNLF was analyzable in 93% in both 

Oulu and Turku. 

6.6 Glaucoma diagnosis 

Following the two out of three rule, eyes were designated into three categories, 

i.e. no detected glaucomatous abnormalities, manifest glaucoma or other 

abnormality. A total of 40% of patients were found not to display any structural or 

functional damage suggesting glaucoma after 11-years of continuous medical 

treatment and follow-up (IOP level was not noted in this analysis). The 

congruence with the initial diagnosis was 68% in Oulu and 52% in Turku. Other 

abnormalities noted in the analysis were neurological disorder with visual field 

lesions and two cases of retinal central vein branch occlusions. The distribution 

difference between the areas was statistically significant, p < 0.05 (Table 21).  



 82

Table 21. The presence of glaucoma diagnosis according to the clinical assessment 

performed in this thesis utilizing information from both visual fields and photographs 

from both eyes. 

Area No detected 

glaucomatous 

abnormalities 

Manifest glaucoma Other abnormality 

Oulu 25 (29%) 58 (68%) 2 (2%) 

Turku 39 (47%) 43 (52%) 1 (1%) 

Total 64 (38%) 101 (60%) 3 (2%) 

The assessment of each visual field (Table 22), optic nerve head (Table 23) and 

retinal nerve fiber layer (Table 24) are listed below. Fisher´s test revealed a 

statistically significant distribution difference between the areas with the visual 

field evaluations  (p < 0.05) and the RNFL evaluations (p = 0.02).  

Table 22. Clinical assessment of visual field analysis for separate eye. 

Classification Area of residence 

Oulu Turku Total 

Normal visual field 70 (42%) 93 (58%) 163 (50%) 

Glaucomatous defect 58 (35%) 45 (28%) 103 (32%) 

Suspicious for glaucoma 3 (2%) 4 (2%) 7 (2%) 

Other abnormality 15 (9%) 8 (5%) 23 (7%) 

Unreliable visual fields 19 (12%) 11 (7%) 30 (9%) 

All 165 (100%) 161 (100%) 326 (100%) 

Table 23. Clinical assessment of the optic nerve head analysis for each eye. 

Classification Area of residence 

Oulu Turku Total 

Normal 82 (49%) 88 (55%) 170 (52%) 

Glaucomatous defect 69 (41%) 57 (35%) 126 (38%) 

Suspicious for glaucoma 16 (10%) 12 (12%) 28 (9%) 

Other abnormality 0 (0%) 4 (2%) 4 (1%) 

Unreliable 0 (0%) 0 (0%) 0 (0%) 

All 167 (100%) 161 (100%) 328 (100%) 
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Table 24. The retinal nerve fiber layer analysis for each eye. 

Classification Area of residence 

Oulu Turku Total 

Normal 70 (42%) 87 (54%) 157 (48%) 

Glaucomatous defect 72 (43%) 46 (29%) 118 (36%) 

Suspicious for glaucoma 13 (8%) 16 (10%) 29 (9%) 

Other abnormality 0 (0%) 1 (1%) 1 (0.3%) 

Unreliable 12 (7%) 11 (7%) 23 (7%) 

All 167 (100%) 161 (100%) 328 (100%) 

Unilateral glaucoma was found in total of 36% (n = 60) and bilateral glaucoma in 

24 % (n = 41) patients. The distribution between the two study areas was not 

statistically significant (p = 0.1) Table 25. 

Table 25. Glaucoma diagnosis per patient according to the assessment performed in 

this thesis. 

Area Glaucoma diagnosis per patient 

 No detected 

glaucomatous 

abnormalities 

Unilateral manifest 

glaucoma 

Bilateral manifest 

glaucoma 

Oulu 27 (32%) 34 (40%) 24 (28%) 

Turku 40 (48%) 26 (31%) 17 (20%) 

Total 67 (40%) 60 (36%) 41 (24%) 

6.7 Consumption of treatment and examination resources 

During the 11-year period, patients had visited their physician on a total of 3537 

times (1.8 times per patient per year), performed 1207 visual field examinations 

(0.7 times per patient per year) and their eyes had been photographed 552 times 

(0.3 times per patient per year). Patients in the Oulu district had consumed more 

resources than the study population in the Turku area (Table 26). The differences 

in resource consumption with the visual field examinations and with photography 

were statistically significant with p < 0.01. 
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Table 26. Total number of examinations during the 11-year study period 

Area Total number of examinations 

 Physician visits Visual fields Photography 
Oulu 1890 (53%) 813 (67%) 479 (87%) 

Turku 1647 (47%) 394 (33%) 73 (13%) 

Total 3537 (100%) 1207 (100%) 552 (100%) 

Patients in both districts visited their ophthalmologist at similar intervals, the 

marginal difference between the areas was not statistically significant (p = 0.09). 

Examinations were more frequent with visual fields (p < 0.01) and photographs (p 

< 0.01) in Oulu. Visual fields were examined almost yearly in Oulu compared to 

every two years in Turku. Photography was rather rarely utilized in Turku, only 

once in 10 years. In Oulu, photography was conducted on average every two 

years (Table 27).  

Table 27. Number of examinations per patient annually and during the 11-year study 

period. P-values report the statistical significance of the difference between the two 

areas. 

Area Total number of examinations per patient 

 Physician visit Visual field Photography 

Oulu     

Annual mean (SD) 2.0 (0.9) 0.9 (0.4)* 0.5 (0.3)* 

Total (SD) 22.2 (9.6) 9.6 (4.7)* 5.6 (3.6)* 

Turku     

Annual mean (SD) 1.8 (0.8) 0.4 (0.3)* 0.1 (0.1)* 

Total (SD) 19.8 (8.3) 4.7 (3.5)* 0.9 (1.5)* 

All     

Annual mean (SD) 1.8 (0.8) 0.6 (0.4) 0.3 (0.3) 

Total (SD) 21.1 (9.0) 7.2 (4.8) 3.3 (3.6) 

* P < 0.01 

In the entire population physician visits were utilized more in the moderate, 

advanced and severe glaucoma groups compared with the no glaucoma group (p 

< 0.03 with all groups). In the visual field or photography resource consumption 

the only statistically significant difference was between the severe glaucoma 

group and the no glaucoma group (p < 0.05). However, when each district was 

analysed separately, the only statistically significant difference was between the 

no glaucoma group and severe glaucoma group, in physician resource 
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consumption, in Oulu (p = 0.03). Within each area, visual field and photography 

examinations were evenly distributed among the different stages of glaucoma. 

There were differences the number of visual field examinations between severity 

stages in Oulu. However, differences were not statistically significant. (Table 28). 

Physician visits were evenly utilized at different glaucoma severity levels 

when comparing the two areas. In Oulu, the patients in the severe glaucoma group 

patients made 1.4 times more visits (27.2 times) to their physician compared to 

the corresponding group in Turku (18.8 times), but this difference failed to reach 

statistical significance (p = 0.2). However, in the comparison between the areas, 

visual field examinations were conducted on average 2.1 times and photography 

4.8 more frequently in the Oulu district. In Oulu, visual fields were examined and 

photography conducted more frequently at every stage than in Turku with 

statistical significance. The highest resource consumption overall was found in 

the severe glaucoma group in the Oulu district (Table 28). 
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Table 28. The number of examinations and follow-up visits per patient during the 11-

year study period according to the glaucoma stages. P-values report the statistical 

significance of the difference between the two areas. 

GSS stage Physician visit (SD) Visual fields (SD) Photography (SD) 

Oulu       

No glaucoma 17.7 (5.9) 7.7 (3.4)** 5.1 (3.0)** 

Early glaucoma 20.4 (6.4) 9.2 (4.7)** 6.4 (3.8)** 

Moderate glaucoma 24.9 (10.5) 10.1 (4.1)** 4.9 (2.9)** 

Advanced glaucoma 23.6 (11.3) 9.8 (5.3) 5.1 (4.3) 

Severe glaucoma 27.2 (13.0) 11.7 (5.7)* 6.2 (3.8) 

Total 22.2 (9.6) 9.6 (4.7)** 5.6 (3.6) 

Turku     

No glaucoma 17.8 (7.3) 4.4 (3.5)** 0.6 (1.4)** 

Early glaucoma 19.1 (7.1) 4.2 (3.1)** 0.7 (0.8)** 

Moderate glaucoma 21.9 (11.1) 5.9 (4.2)** 1.2 (1.7)** 

Advanced glaucoma 26.0 (8.3) 5.0 (3.3) 0.8 (1.3)* 

Severe glaucoma 18.8 (4.8) 4.5 (3.0)* 2.2 (2.3)* 

Total 19.8 (8.3) 4.7 (3.5)** 0.9 (1.5)** 

All     

No glaucoma 17.8 (6.7) 5.7 (3.8) 2.3 (3.1) 

Early glaucoma 19.8 (6.7) 6.7 (4.7) 3.5 (3.9) 

Moderate glaucoma 23.2 (10.8) 7.8 (4.6) 2.9 (2.9) 

Advanced glaucoma 24.3 (10.3) 8.4 (5.2) 3.9 (4.2) 

Severe glaucoma 24.5 (11.6) 9.4 (6.0) 4.9 (3.8) 

Total 21.1 (9.0) 7.2 (4.8) 3.3 (3.6) 

* P < 0.05, ** P < 0.01 

Patient groups defined in this thesis as having no detected glaucomatous 

abnormalities or manifest glaucoma were analysed to determine if there was a 

difference in the resource consumption. It was found that patients with manifest 

glaucoma consumed more resources in both areas compared to those in the no 

detected glaucomatous abnormalities group. The difference reached statistical 

significance, p < 0.01 in Oulu and p = 0.02 in Turku. There was no difference 

between the areas in the consumption of physician visits, however, a statistically 

significant difference was found in the consumption of visual fields and 

photography (Table 29). 
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Table 29. Number of examinations and physician visits per patient during the 11-year 

study period according to the assessment of glaucoma diagnosis. P-values report the 

statistical significance of the difference between the two areas. 

Area Number of 

patients 

Physician 

visits (SD) 

Visual fields (SD) Photography (SD) 

Oulu     

No glaucomatous 

abnormallities 

27 18.1 (5.9) 8.0 (4.2)* 5.0 (3.2)* 

Manifest glaucoma 58 24.2 (10.3) 10.3 (4.8)* 5.9 (3.7)* 

Total 85 22.2 (9.6) 9.6 (4.7) 5.6 (3.6) 

Turku     

No glaucomatous 

abnormalities 

40 17.7 (7.3) 4.2 (3.2)* 0.6 (1.3)* 

Manifest glaucoma 43 21.9 (8.8) 5.3 (3.7)* 1.1 (1.6)* 

Total 83 19.8 (8.3) 4.7 (3.5) 0.9 (1.5) 

Oulu     

No glaucomatous 

abnormalities 

67 17.8 (6.7) 5.7 (4.1) 2.4 (3.1) 

Manifest glaucoma 101 23.2 (9.7) 8.1 (5.0) 3.9 (3.8) 

Total 168 21.1 (9.0) 7.2 (4.8) 3.3 (3.6) 

* P < 0.01 

A total of 53 (32%) patients had received laser treatment of the entire group. 

These patients had received either conventional laser trabeculoplasty or selective 

laser trabeculoplasty. In addition, two patients in Oulu district had received 

cyclophotocoagulation treatment. In the Oulu area, 40 (47%) patients had 

received laser treatment compared to 13 (16%) in the Turku area (p < 0.01). In the 

analysis of different glaucoma stages 9% (n = 5) of laser treated patients were 

found to designated in the no glaucoma group, 53% (n = 28) of laser treated 

patients had early or moderate glaucoma and 38% (n = 20) had advanced or 

severe glaucoma (Table 30). Patients in the no glaucoma group receiving laser 

treatment had initial untreated IOP levels between 18–26 mmHg. 

The total number of surgically treated patients was 17 (10 %). Although more 

surgeries were performed in Oulu 12 (14%) vs. 5 (6%) in Turku, the difference 

was not statistically significant. The breakdown of surgical techniques is listed in 

Table 31. When surgically treated patients were subdivided into the different 

glaucoma severity stages, none of the patients in the no glaucoma subgroup had 

undergone glaucoma surgery, 12% had early glaucoma, 35% had moderate 
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glaucoma, 24% had advanced glaucoma and 29% had severe glaucoma (Table 

31).  

Table 30. Laser treated patients in the study population.  

Classification No laser Laser treated % Laser treated Total 

Oulu     

No glaucoma 12 4 25 16 

Early glaucoma 17 10 37 27 

Moderate Glaucoma 5 10 67 15 

Advanced Glaucoma 4 10 71 14 

Severe Glaucoma 7 6 46 13 

Total 45 40 47 85 

Turku     

No glaucoma 24 1 4 25 

Early glaucoma 23 4 15 27 

Moderate Glaucoma 15 4 21 19 

Advanced Glaucoma 4 2 33 6 

Severe Glaucoma 4 2 33 6 

Total 70 13 16 83 

All 115 53 32 168 
 

Table 31. Surgically treated patients in the study population. 

Area Glaucoma stage 

 No 

glaucoma 

Early glaucoma Moderate 

glaucoma 

Advanced 

glaucoma 

Severe 

glaucoma 

Total 

Oulu       

Baerveldt/ 

Molteno 

0 0 2 0 1 3 

Trabeculectomy 0 1 2 3 3 9 

Turku       

Trabeculectomy 0 1 1 0 1 3 

Deep 

sclerectomy 

0 0 1 1 0 2 

All 0 2 5 4 5 17 

In the analysis between no detected glaucomatous abnormalities and manifest 

glaucoma groups as defined in the present clinical assessment, only one patient 

was found to have undergone surgery in the no detected glaucomatous 

abnormalities  group.(Table 32). 
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This patient had initial untreated IOP of 25 mmHg in the right eye and 28 

mmHg in the left eye. Eleven years after the diagnosis, the patient was assessed to 

have normal visual fields and optic discs but the retinal nerve fiber layer showed a 

suspicion of glaucomatous damage in both eyes. 

Table 32. Surgically treated patients divided into two groups defined as no detected 

glaucomatous abnormalities or manifest glaucoma according to the criteria applied in 

this thesis.  

Classification No surgery Trabeculectomy Baerveldt or 

Molteno 

Deep 

sclerectomy 

No detected glaucomatous 

abnormalities 

    

Oulu 27 0 0 0 

Turku 39 1 0 0 

Total 66 1 0 0 

Manifest glaucoma     

Oulu 46 9 3 0 

Turku 39 2 0 2 

Total 85 11 3 2 

All     

Oulu 73 9 3 0 

Turku 78 3 0 2 

Total 151 12 3 2 

6.8 Costs of glaucoma care 

6.8.1 Total costs 

Each expenditure in this chapter represents the sum of eye care costs during the 

entire 11-year follow-up period unless otherwise stated. The mean total cost for 

the entire study population was 5240 € and the median cost 5680 € with minimum 

and maximum values being 1452 € and 19675 € respectively. The mean total cost 

was 4452 € in Turku and 6010 € in Oulu (Table 33).  In other words, the total 

costs in Oulu were 35% higher than in Turku, a highly statistically significant 

difference, p < 0.01. 

The mean total cost of glaucoma medication per patient was 3282 € in the 

entire population, 2862 € in Turku and 3692 € in Oulu (p < 0.01) i.e. the 

medication costs in Oulu were 29% higher than in Turku.  
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The total cost for physician visits and examinations and other than medical 

treatment were 1958 € in the entire population, 1590 € in Turku and 2318 € in 

Oulu (p < 0.01), respectively. Once again, the costs in Oulu were 46% higher than 

in Turku. 

Percentage of medication costs from total patient treatment and follow-up 

cost was 65 % in the whole population and 64% in Oulu and 66% in Turku. The 

difference between the areas did not reach statistical significance (p = 0.1).  

Table 33. The total cost (€) per patient during the 11-year study period. 

Area Diagnostic and follow-

up test costs / € 

Medication costs / € Total cost / € 

Oulu (n=85)       

€ / patient (SD) 2318 (1765) 3692 (1599) 6010 (2901) 

% of area total cost (SD) 38% (12) 64% (10)   

Turku (n=83)     

€ / patient (SD) 1590 (1001) 2862 (1227) 4452 (1841) 

% of area total cost (SD) 35% (12) 66% (11)   

All (n=168)     

€ / patient (SD) 1958 (1480) 3282 (1483) 5240 (2551) 

% of area total cost (SD) 37% (12) 65% (11)   

An analysis was conducted to determine if the costs for treating glaucoma would 

rise in parallel with the increasing stage of the disease. A calculation of the mean 

costs for each GSS sub-group was made and the total costs were found to follow 

an increasing trend as the GSS stage increased. Compared to the no glaucoma 

stage, all except the early glaucoma stage had statistically significantly higher 

total costs in the entire population. In the physician visit costs, only the severe 

glaucoma group had significantly higher costs than the no glaucoma group (p < 

0.01). Medication costs were significantly higher in all but the early glaucoma 

group compared to the no glaucoma group (Figure 6 and Table 34).  

The total costs of glaucoma care were higher in Oulu in all stages as 

compared to Turku. The costs of diagnostic and follow-up tests were higher in all 

stages in Oulu apart from those for advanced glaucoma. Glaucoma medication 

costs were higher in all glaucoma severity stages in Oulu district (Figures 5 and 

6). 
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Medication costs accounted for 62–70% of the total costs in Oulu depending 

on the stage of disease whereas in Turku, medication constituted 64–73% of total 

costs (Table 34). 

A statistically significant difference was found in total costs between the 

areas in the costs of treating the early glaucoma and moderate glaucoma groups, 

p = 0.03 and p = 0.04 respectively. When comparing the physician and test related 

costs, a statistically significant difference was found in patients in the two lowest 

stages but not in the higher stages. Even though medication costs were higher in 

the Oulu area in all the glaucoma severity stages, statistical significance was 

detected only in costs for patients in the moderate glaucoma stage, p = 0.02 (Table 

34).   

The total cost of treatment was lowest in the no glaucoma stage both in Oulu 

and Turku but there was a 12% difference in costs between the areas. The highest 

difference between areas was present in the patients in the moderate glaucoma 

group (42%).   

The medication costs were the highest in Oulu in the advanced glaucoma 

group and in Turku in the severe glaucoma group. A similar finding was noted in 

the costs of diagnostic and follow-up tests i.e. the highest in the severe glaucoma 

group in Oulu and in the advanced glaucoma group in Turku. 

Fig. 5. Cost of glaucoma care and follow-up examinations and glaucoma medication at 
each of the glaucoma stages. 
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Table 34. Glaucoma treatment costs (€) in each glaucoma stage during the 11-year 

period. The p-values are reported as comparisons between the areas at each 

glaucoma stage. 

GSS stage N Diagnostic and 

follow-up test costs

Medication costs Total cost 

No glaucoma 41     

Oulu 16     

€ / patient (SD)  1686 (630)* 2662 (1291) 4348 (1622) 

% of total cost  40% (11)** 64% (11)   

Turku 25     

€ / patient (SD)  1297 (566)* 2578 (934) 3875 (1201) 

% of total cost (SD)  33% (11)** 68% (12)   

Early glaucoma 54     

Oulu 27     

€ / patient (SD)  1965 (790)* 3230 (1272) 5194 (1809)* 

% of total cost (SD)  38% (11) 62% (11)   

Turku 27     

€ / patient (SD)  1453 (678)* 2655 (1294) 4108 (1678)* 

% of total cost (SD)  37% (11) 64% (10)   

Moderate glaucoma 34     

Oulu 15     

€ / patient (SD)  2582 (1760) 4207 (1857)* 6789 (3452)* 

% of total cost (SD)  36% (8.8) 64% (7.8)   

Turku 19     

€ / patient (SD)  1863 (1174) 2909 (1350)* 4772 (2104)* 

% of total cost (SD)  38% (14) 66% (12)   

Advanced glaucoma 20     

Oulu  14     

€ / patient (SD)  2266 (1331) 4863 (1458) 7129 (2508) 

% of total cost (SD)  30% (11) 70% (11)   

Turku 6     

€ / patient (SD)  2373 (2138) 3768 (1164) 6141 (2678) 

% of total cost (SD)  35% (15) 67% (7.7)   

Severe glaucoma 19     

Oulu 13     

€ / patient (SD)  3580 (3435) 4065 (1418) 7645 (4187) 

% of total cost (SD)  42% (14)** 62% (9.4)*   

Turku 6     

€ / patient (SD)  1780 (1169) 3917 (951) 5697 (1717) 

% of total cost (SD)  29% (11)** 73% (3.8)*   

* P < 0.05 (t-test), ** P < 0.05 (Mann-Whitney U) 
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Fig. 6. The costs (€) for glaucoma care according to GSS stages. Cost presented here 

are the total costs for the 11-year period. 

The cost of glaucoma treatment was calculated between those patients who could 

be regarded as having no detected glaucomatous abnormalities or manifest 

glaucoma according to the criteria applied in this thesis. In the whole population 

the total cost of a manifest glaucoma patient was considerably higher than the 

cost of a patient categorized as not having any abnormalities, 6089 € vs. 3959 € (p 

< 0.01).  The costs of diagnostic and follow-up tests as well as medication costs 

were also statistically significantly higher in the manifest glaucoma group (p < 

0.01). 

In comparison between the areas, total costs in the no detected glaucomatous 

abnormalities group were higher (13%) in Oulu, but not statistically significantly 

(p = 0.2). However, in Oulu the no detected glaucomatous abnormalities group 

consumed 27 % more financial resources due to diagnostic and follow-up tests 

(p = 0.03).  

In the manifest glaucoma groups, the difference in total cost was even more 

significant, 6832 € vs. 5088 € (p < 0.01), i.e. the total cost was 34% higher in 

Oulu. The difference in medication cost was 30% (p < 0.01) and in diagnostic and 

follow-up tests 42% (p = 0.03). The costs are further categorized in Table 35 and 

Figure 7. 
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Table 35. Cost of glaucoma care on the basis of the determination of the presence of 

glaucoma used in this study. Costs represent the total cost per patient for the 11-year 

study period. The p-values are reported as comparisons between the areas at no 

detected glaucomatous abnormalities and manifest glaucoma groups. 

Classification Number of 

patients 

Diagnostic and 

follow-up costs  € / 

patient (SD) 

Medication costs € / 

patient (SD) 

Total costs € / 

patient (SD) 

Medication 

cost % of 

total cost 

(SD) 

No detected 

glaucomatous 

abnormalities 

     

Oulu 27 1670 (643)* 2574 (984) 4244 (1300) 63% (12) 

Turku 40 1317 (639)* 2451 (1009) 3768 (1357) 66% (12) 

All 67 1459 (659) 2500 (993) 3959 (1345) 65% (12) 

Manifest 

glaucoma 

     

Oulu 58 2619 (2028)* 4213 (1568)** 6832 (3077)** 65% (9.6) 

Turku 43 1844 (1199)* 3244 (1297)** 5088 (2012)** 67% (9.8) 

All 101 2289 (1760) 3800 (1530) 6089 (2802) 66% (9.7) 

* P < 0.05, ** P < 0.01 

 

Fig. 7. The cost of glaucoma treatment between areas in patients in the manifest 

glaucoma and no detected  glaucomatous abnormalities groups. 

0 € 

1 000 € 

2 000 € 

3 000 € 

4 000 € 

5 000 € 

6 000 € 

7 000 € 

8 000 € 

N
o

 d
et

ec
te

d
 

g
la

u
co

m
at

o
u

s 
ab

n
o

rm
al

it
ie

s 

M
an

if
es

t 
g

la
u

co
m

a 

N
o

 d
et

ec
te

d
 

g
la

u
co

m
at

o
u

s 
ab

n
o

rm
al

it
ie

s 

M
an

if
es

t 
g

la
u

co
m

a 

N
o

 d
et

ec
te

d
 

g
la

u
co

m
at

o
u

s 
ab

n
o

rm
al

it
ie

s 

M
an

if
es

t 
g

la
u

co
m

a 

Oulu Turku All 

Diagnostic and follow-up 
test costs 

Medication costs 

Total cost 



 95

6.8.2 Annual costs 

The annual costs were also calculated and compared between regions and in the 

different subgroups. The mean annual cost for glaucoma treatment for the whole 

population was 476 €.  The annual mean cost was significantly higher in Oulu 

(546 €) than in Turku (405 €) with p < 0.01 (Table 36). 

Table 36. Mean annual cost of glaucoma treatment in the study population. Costs 

represent the mean annual cost per patient during the study period. The p-values are 

reported as comparisons between the areas. 

Area Diagnostic and follow-up 

test costs  

Medication costs Total cost 

Oulu (n=85)       

€ / patient (SD) 211 (160)* 336 (145)* 546 (264)* 

% of area total cost (SD) 38% (12) 62% (12)  

Turku (n=83)     

€ / patient (SD) 145 (91)* 260 (112)* 405 (167)* 

% of area total cost (SD) 35% (12) 65% (12)  

All (n=168)     

€ / patient (SD) 178 (135) 298 (135) 476 (232) 

% of area total cost (SD) 37% (12) 63% (12)  

* P < 0.01 

The annual medication costs in the first year were almost identical in the two 

areas 174 € in Oulu and 167 € in Turku. After the first year medication costs in 

Oulu were continuously higher than in Turku and the difference expanded after 5 

years of treatment (Figure 8). 

The annual diagnostic and follow-up related costs were significantly higher in 

Oulu (336 € vs. 260 €), p < 0.01. The difference declined after the first year and in 

both districts the cost of diagnostic and follow-up test showed an overall steady 

trend during the remainder of the 11-year study period (Figure 8). 

The percentage of medication cost from total annual cost displayed an 

increasing trend in both districts during the study period. The percentage varied in 

Oulu from an initial 40% up to its highest at 74% the corresponding percentages 

were 55 up to 72% in Turku (Figure 9). 
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Fig. 8. Annual cost (€) of medication, diagnostic and follow-up tests during the study 

period of 11 years in Oulu and Turku. 

 

 

Fig. 9. The percentage of medication costs out of the total annual costs in the both 

districts during the 11-year study period. 
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Subjects in the manifest glaucoma groups in both regions were found to incur 

higher annual total costs than patients in the no detected glaucomatous 

abnormalities  groups. This trend was visible throughout the 11-year study period 

(Figure 10). The higher annual cost trend was also seen in the costs of glaucoma 

medication and diagnostic and follow-up tests. Annual medication costs have 

risen substantially from the initial level 11 years ago when patients began using 

glaucoma medication. In the contrast, the costs of the diagnostic and follow-up 

tests have declined from the initial values (Figures 11–12). 

The mean annual total cost for a manifest glaucoma patient was 621 € in 

Oulu and 462 € in Turku, p < 0.01 i.e. the total annual cost was 34% higher in 

Oulu area. The manifest glaucoma patients in Oulu incurred significantly higher 

costs compared to patients in Turku also in terms of glaucoma medications (p < 

0.01) as well as follow-up and diagnostic tests (p < 0.01).  

In the no detected glaucomatous abnormalities  groups, Oulu area also 

exhibited somewhat higher total annual cost (386 € vs. 343 €, 13%), but the 

difference was not statistically significant, p = 0.2. The difference in annual 

medication costs was not statistically significant between the areas in the no 

detected glaucomatous abnormalities  groups p = 0.6. However, differences in the 

annual diagnostic and follow-up test costs were statistically significant p = 0.03 

(Table 37). 
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Fig. 10. Total annual cost (€) development in the patients in the manifest glaucoma 

and no detected glaucomatous abnormalities groups during the 11-year study period. 

 

Fig. 11. Annual glaucoma medication cost (€) throughout the 11-year study period in 

the patients in the no detected glaucomatous abnormalities and manifest glaucoma 

groups. 
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Fig. 12. Annual diagnostic and follow-up test costs (€) throughout the 11-year study 

period in patients in the no detected glaucomatous abnormalities and manifest 

glaucoma groups 
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Table 37. Annual medication, diagnostic and examination test and total cost of 

glaucoma treatment in patients in the manifest glaucoma and no detected 

glaucomatous abnormalities groups. Costs represent the mean annual cost per 

patient during the study period. The p-values are reported as comparisons between 

the areas. 

Classification N Annual diagnostic and 

follow-up costs € / 

patient (SD) 

Annual medication 

costs € / patient (SD) 

Total annual costs € / 

patient (SD) 

No detected 

glaucomatous 

abnormalities 

       

Oulu 27 152 (58)* 234 (89) 386 (118) 

Turku 40 120 (58)* 223 (92) 343 (123) 

Total 67 133 (60) 227 (90) 360 (122) 

Manifest glaucoma      

Oulu 58 238 (184)* 383 (143)** 621 (280)** 

Turku 43 168 (109)* 295 (118)** 463 (183)** 

Total 101 208 (160) 345 (139) 554 (255) 

All      

Oulu 85 211 (160)** 336 (145)** 546 (264)** 

Turku 83 145 (91)** 260 (112)** 405 (167)** 

Total 168 178 (135) 298 (135) 476 (232) 

* P < 0.05, ** P < 0.01 

6.8.3 Costs of glaucoma care during the first year 

The costs glaucoma care for the first year after the diagnosis of open angle 

glaucoma were also calculated. These were compared to the average annual 

treatment costs from the second to eleventh year after the onset of glaucoma 

therapy. The mean first year treatment cost was 430 € for the whole population 

and 519 € in Oulu and 340 € in Turku. Medication costs accounted for 47% of the 

first year treatment costs for the entire population, 40% in Oulu and 55% in 

Turku. The treatment costs declined from the level of the first year until an 

increasing trend was observed from the fifth year onwards (Figure 13). 
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Fig. 13. Total annual treatment cost (€) development for the 11-year study period. 
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Table 38. 15D scores of the study population. Results from questions 1 to 8. 

15D question N 15D score (SD) Std. Error Mean p-value 

Mobility     

Oulu 84 0.91 (0.15) 0.02 0.5 

Turku 83 0.92 (0.13) 0.01  

Vision      

Oulu 84 0.93 (0.12) 0.01 0.5 

Turku 83 0.95 (0.09) 0.01  

Hearing     

Oulu 84 0.91 (0.15) 0.02 0.6 

Turku 83 0.92 (0.13) 0.01  

Breathing     

Oulu 84 0.83 (0.20) 0.02 0.5 

Turku 83 0.85 (0.19) 0.02  

Sleeping     

Oulu 84 0.77 (0.26) 0.03 0.6 

Turku 83 0.79 (0.23) 0.03  

Eating      

Oulu 84 0.94 (0.22) 0.02 0.5 

Turku 83 0.96 (0.19) 0.02  

Speech     

Oulu 84 0.92 (0.23) 0.03 0.5 

Turku 83 0.94 (0.20) 0.02  

Elimination     

Oulu 84 0.75 (0.27) 0.03 < 0.01 

Turku 83 0.86 (0.22) 0.02  
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Table 39. 15D scores of the study population. Results from questions 9 to 15 and the 

total score. 

15D question N 15D score (SD) Std. Error Mean p-value 

Usual activities     

Oulu 84 0.82 (0.26) 0.03 0.6 

Turku 83 0.84 (0.26) 0.03  

Mental function     

Oulu 83 0.85 (0.18) 0.02 0.3 

Turku 82 0.87 (0.19) 0.02  

Discomfort and symptoms     

Oulu 83 0.74 (0.22) 0.02 0.4 

Turku 82 0.77 (0.20) 0.02  

Depression     

Oulu 83 0.88 (0.16) 0.02 0.5 

Turku 82 0.90 (0.15) 0.02  

Distress     

Oulu 83 0.87 (0.18) 0.02 0.3 

Turku 82 0.90 (0.15) 0.02  

Vitality     

Oulu 83 0.82 (0.17) 0.02 0.1 

Turku 82 0.86 (0.15) 0.02  

Sexual activity     

Oulu 83 0.82 (0.27) 0.03 0.7 

Turku 82 0.83 (0.25) 0.03  

15D total score     

Oulu 79 0.87 (0.10) 0.01 0.1 

Turku 79 0.89 (0.10) 0.01  

 

6.9.2 Glaucoma stage based on the worst eye 

In the analysis between the different glaucoma stages, the score of the vision 

dimension of the 15D instrument seemed to decrease in the advanced and severe 

glaucoma groups as compared to other stages. This finding, however, did not 

reach statistical significance (Table 40).  

An analysis was also performed on the total 15D score. The 15D total score 

was lowest in the severe glaucoma group in both areas. This finding did not reach 
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statistical significance compared to the no glaucoma group in both districts. 

However, there was a statistically significant difference between the areas in the 

moderate glaucoma groups (Table 40). 

Table 40. Vision dimension 15D score and total 15D score in different glaucoma 

stages based on worst eye classification. P-values report the difference between the 

two areas at each stage. 

GSS stage  Vision 15D score   Total 15D score 

 N Score (SD) P value  N Score (SD) P value 

No glaucoma         

Oulu 16 0.94 (0.14) 1.0  15 0.88 (0.09) 0.9 

Turku 25 0.94 (0.10)   22 0.88 (0.11)  

Early glaucoma         

Oulu 27 0.94 (0.10) 0.3  27 0.85 (0.10) 0.2 

Turku 27 0.97 (0.08)   27 0.89 (0.09)  

Moderate 

glaucoma 

        

Oulu 15 0.97 (0.08) 0.9  13 0.87 (0.06) 0.03a 

Turku 19 0.97 (0.08)   18 0.91 (0.08)  

Advanced 

glaucoma 

        

Oulu 13 0.89 (0.19) 0.7  12 0.88 (0.10) 0.7 

Turku 6 0.86 (0.11)   6 0.90 (0.09)  

Severe glaucoma         

Oulu 13 0.90 (0.11) 0.9  12 0.84 (0.12) 0.7 

Turku 6 0.89 (0.12)   6 0.87 (0.15)  

All         

Oulu 84 0.93 (0.12)   79 0.87 (0.10)  

Turku 83 0.95 (0.09)   79 0.89 (0.10)  
a Mann-Whitney U  

6.9.3 Glaucoma stage based on the best eye 

In the analysis of 15D vision dimension in the different glaucoma stages based on 

best eye classification, no statistically significant difference was found between 

the two areas. However, in Oulu, patients in the advanced glaucoma group 

reported significantly lower vision 15D scores than those in no glaucoma group 

with i.e. values of 0.78 and 0.96 p = 0.03. In Turku, a similar difference was 

found between the moderate glaucoma group and no glaucoma group in the self-

assessed vision 15D scores, 0.88 vs. 0.95, p = 0.03. In addition, the difference 
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between the severe glaucoma group and no glaucoma group was statistically 

significant with values 0.78 vs. 0.95, p = 0.02 (Table 41 and Table 42). 

In total 15D score there was no statistically significant difference between 

any groups within the Oulu or Turku area. 15D score were lower in Oulu, in 

patients with early glaucoma than their counterparts in Turku, with scores of 0.84 

vs. 0.90, p = 0.02 (Table 41). 

When the entire population was analysed as a whole, patients in the advanced 

and severe glaucoma groups had lower vision 15D scores than those in the no 

glaucoma group p = 0.01 and p = 0.02 (Table 42). 

Table 41. Vision dimension 15D score and total 15D score in patients in different 

glaucoma stages based on best eye classification. 

GSS stage  Vision 15 D score   Total 15D score 

 N Score (SD) P value  N Score (SD) P value 

No glaucoma         

Oulu 39 0.96 (0.11) 0.8  37 0.88 (0.08) 0.7 

Turku 51 0.95 (0.09)   48 0.89 (0.10)  

Early glaucoma        

Oulu 26 0.93 (0.10) 0.2  25 0.84 (0.09) 0.02a 

Turku 20 0.97 (0.08)   19 0.90 (0.10)  

Moderate glaucoma        

Oulu 10 0.96 (0.09) 0.1  9 0.89 (0.09) 0.2 

Turku 9 0.88 (0.11)   9 0.84 (0.07)  

Advanced glaucoma        

Oulu 7 0.79 (0.23) 0.6  6 0.82 (0.17) 0.4 

Turku 2 0.89 (0.15)   2 0.94 (0.02)  

Severe glaucoma        

Oulu 2 0.78 (0.0) N/A  2 0.82 (0.05) N/A 

Turku 1 0.78 (N/A)   1 0.94 (N/A)  

All        

Oulu 84 0.93 (0.12)   79 0.87 (0.10)  

Turku 83 0.95 (0.09)   79 0.89 (0.10)  
a Mann-Whitney U 
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Table 42. Comparison between no glaucoma and other stages in each study area and 

the entire study population (Dunnett t-test).   

GSS grade P value 

 Vision 15D Total 15D 

Oulu   

No glaucoma   

Early glaucoma 0.9 0.3 

Moderate glaucoma 1.0 1.0 

Advanced glaucoma 0.03 0.4 

Severe glaucoma 0.2 0.9 

Turku   

No glaucoma   

Early glaucoma 0.5 0.8 

Moderate glaucoma 0.03 0.2 

Advanced glaucoma 0.4 0.5 

Severe glaucoma 0.02 0.6 

All   

No glaucoma   

Early glaucoma 1.0 0.6 

Moderate glaucoma 0.1 0.8 

Advanced glaucoma 0.01 0.8 

Severe glaucoma 0.02 1.0 

6.9.4 Comparison between no detected glaucomatous abnormalities  
and manifest glaucoma groups 

In the comparison between the groups of patients assessed to manifest glaucoma 

group or those with no detected glaucomatous abnormalities there was no 

statistically significant difference in the 15D scores between patients within each 

study area, between areas or in terms of entire study population (Table 43). 
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Table 43. Vision 15D score and total 15D score in patients in the manifest glaucoma 

and no detected glaucomatous abnormalities groups. P-values report the difference 

between the two areas in each subgroup. 

Classification  Vision 15 D score   Total 15D score 

 N Score (SD) P value  N Score (SD) P value 

No detected glaucomatous 

abnormalities 

        

Oulu 27 0.93 (0.13) 0.4  26 0.88 (0.11) 0.3 

Turku 40 0.95 (0.09)   38 0.89 (0.10)  

Total 67 0.94 (0.11)   64 0.87 (0.10)  

Manifest glaucoma        

Oulu 57 0.94 (0.12) 0.7  53 0.87 (0.09) 0.2 

Turku 43 0.94 (0.10)   41 0.89 (0.09)  

Total 100 0.94 (0.11)   94 0.88 (0.09)  

All        

Oulu 84 0.93 (0.12) 0.5  79 0.87 (0.10) 0.1 

Turku 83 0.95 (0.09)   79 0.89 (0.10)  

Total 167 0.94 (0.11)   158 0.88 (0.10)  

6.9.5 Comparison between no detected glaucomatous abnormalities, 
unilateral and bilateral manifest glaucoma 

Patient groups defined in this thesis as having no detected glaucomatous 

abnormalities, uni/bilateral manifest glaucoma were analysed to determine if there 

was a difference in the 15D quality of life scores. No statistically significant 

difference was found between patients with unilateral or bilateral manifest 

glaucoma compared to those in the no detected glaucomatous abnormalities group 

(Table 44). 

Table 44. Comparison of 15D scores between no detected glaucomatous 

abnormalities, unilateral glaucoma and bilateral manifest glaucoma groups. P values 

are reported in comparison to the no detected glaucomatous abnormalities group. 

Classification  Vision 15 D score   Total 15D score 

 N Score (SD) P value  N Score (SD) P value 

No detected glaucomatous 

abnormalities 

67 0.94 (0.11)   64 0.87 (0.10)  

Unilateral glaucoma 59 0.94 (0.12) 1.0  54 0.88 (0.10) 0.9 

Bilateral glaucoma 41 0.94 (0.10) 1.0  40 0.88 (0.07) 0.9 

All 167 0.94 (0.11)   158 0.88 (0.10)  
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6.9.6 Comparison of 15D results to Health 2000 Survey results 

The two groups were combined to see if there was any difference in relation to 

the gender and age stratified normal population. No statistically significant 

difference between the study population and the normative data was found with 

the 15D total score (0.88 vs. 0.87, p = 0.2). However, those glaucoma patients 

who had used glaucoma medication constantly for more than 10 years rated their 

visual function as subjectively better (0.94) than the control population without 

glaucoma (0.92), p = 0.07. In addition, glaucoma patients rated their mobility (p = 

0.01) and mental function (p < 0.05) to be better than the normal population 

(Figure 14). 

 

 

Fig. 14. Analysis of the 15D score comparison between study population and stratified 

normal population. 
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7 Discussion 

7.1 Patient recruitment 

When the study questions were devised, several assumptions were required for 

the sample size calculations. Because of  their uncertainty, a pilot study was 

designed to evaluate the need to conduct a larger study. The goal was to obtain 

analyzable data from 100 patients in each district. It was assumed that inviting 

360 patients would result in a sufficient recruitment result. In contrast to 

expectations, only 52% (187 of 360) invited patients participated in the study. Of 

those with positive response, 90% were successfully examined (17 cancelled, 2 

no-shows).  

In this study population, there were no patients classified into the worst 

glaucoma severity stage and none of the patients was legally blind in terms of 

visual acuity. In terms of selection bias, it is possible that only the most active 

patients were willing to participate in the study. In contrast, the patients with 

visual impairment or end-stage glaucoma may be less likely to participate in a 

study. 

In order to gain a reasonably long-term understanding of the impact of 

resource utilization on glaucoma care, patients who had been using glaucoma 

medications for at least 10 years were selected for this study. The most restrictive 

of the entry criteria was the continuity of medication use. It is possible that due to 

this specific criterion, the patient population consisted of active individuals with 

good treatment compliance and less severe disease.  

The random removal of patients as a part of the patient recruitment process 

was conducted to make the populations at both study districts as similar as 

possible in terms of age variation. However, this process likely did not induce 

selection bias as there was no knowledge of the severity of their disease nor was 

there any contact with the patients. All communication with the patients prior to 

the study visit was undertaken by the Finnish Social Insurance Institution. 

7.2 Diagnosis and follow-up compared to Finnish guideline 

In this study, the criteria of the Finnish Evidence Based Guideline were utilized 

(Tuulonen et al. 2003). A total of 87% of patients in Oulu and 62% in Turku had 

been diagnosed at a satisfactory level of the Finnish evidence based guideline. In 
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terms of whole study population, 26% (43 of 168) had been diagnosed as having 

open angle glaucoma with insufficient evidence according to the Finnish EBM 

guideline. Mostly these patients had been diagnosed based solely on the 

intraocular pressure measurements. The diagnostics seemed to have been guided 

by the fact that a repeated intraocular pressure level above 21 mmHg qualifies the 

patient to receive special refundable medications. As the medications are ‘free’ for 

the patients, it is straight forward, even tempting, to initiate preventive treatment.  

Although patients in this study had been diagnosed in general 7 years before the 

publication of the Finnish guideline, it is possible that practical diagnostic 

patterns thereafter have changed and the diagnostic tools are now being more 

widely applied. 

When the study data was compared to the guideline, it was found that 41% 

(69 of 168) of patients were being followed up according to the satisfactory or 

higher level of the Finnish evidence based guideline (Table 11).  The percentage 

of patients in satisfactory or higher level of follow-up was very low in Turku, 

only 15%. The percentage of satisfactory follow-up level in Oulu was 

considerably higher, 67% (Table 11). Possible explanations for the difference may 

be the availability of services and who is paying for them. Patients being 

followed-up in the hospital setting are more likely to undergo a more rigid follow-

up protocol than patients utilizing services from the private sector. Naturally, 

there is the factor of costs. Follow-up visit in the hospital setting has a fixed low 

price (regardless of possible additional examinations) for the patient whereas the 

costs in the private sector are higher and each additional examination or tests 

increases the cost to be paid out-of-pocket costs for the patient. 

7.3 Selection of glaucoma staging system 

The glaucoma staging system based solely on the Humphrey visual fields was 

selected for this study (Mills et al. 2006). This system seemed to be a more 

systematic and to provide a more detailed classification system than classification 

solely by mean deviation and it is also widely used in the literature in the field of 

the present study (e.g. Lee et al. 2006, Nevalainen et al. 2009, Traverso et al. 
2006). 

The modified Bascom-Palmer staging system has six stages and due to the 

study population size, some of the groups formed with this staging system were 

rather small. This led to the fact that in some cases even if data did point to a 

difference between two groups, the statistical power was insufficient. 
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7.4 Clinical measurements 

7.4.1 Intraocular pressure 

In this study, two different methods of intraocular pressure measurement were 

utilized, the Goldmann applanation tonometer and a rebound tonometer.,It seemed 

that the correlation was quite good with a mean difference of 0.3–0.5 mmHg 

(Table 14) between the two devices, with the applanation tonometer giving more 

often higher readings. 

However, a significant scatter was found between the readings from the two 

devices. In the Bland-Altman plot (Figure 3), the scatter was wide even with 

midrange intraocular pressure levels (15–21 mmHg). The findings in the present 

study are similar to the conclusions of a recent comprehensive review study (Burr 

et al. 2012b). In their meta-analysis, the correlation between Goldmann 

applanation tonometer and rebound tonometer readings was found to vary 

extensively between different studies. The review also concluded that all IOP 

measurement instruments, including applanation tonometer, seem to vary in their 

readings. Major heterogeneity has been observed in each of the assessed IOP 

measurement devices (Burr et al. 2012b).  

7.4.2 Central corneal thickness 

It is well known that corneal thickness (CCT) can influence the measurement of 

IOP. The IOP is overestimated in thicker corneas and underestimated in thinner 

tissues (e.g. Doughty & Zaman 2000, Kniestedt et al. 2005 and Tonnu et al. 
2005). However, there is no consensus about the clinical significance of the effect 

of CCT on IOP measurements (Dimasi et al. 2010). The Ocular Hypertension 

Treatment Study reported increased CCT measurements in ocular hypertensive 

subjects. Another finding is that a decreased CCT may be a risk factor for the 

development of glaucoma in ocular hypertensive subjects (e.g. Brandt et al. 2001, 

Gordon et al. 2002). In the European Glaucoma Prevention Study, CCT was 

found to be higher than in other studies conducted in subjects with normal eyes, 

without ocular hypertension (EGPS study group 2007). 

In this study, a statistically significant correlation was found between thinner 

corneas and worse glaucoma severity stage. In the Early Manifest Glaucoma Trial 

(EMGT), CCT was identified as a significant predictive factor for glaucoma 

progression in patients with higher baseline IOP but not in patients with lower 
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baseline IOP (Leske et al. 2007). Thinner CCT values have also been found to 

predict the progression of visual loss in patients with open angle glaucoma. It is 

possible that there is a biological link between corneal factors that regulate its 

thickness and the physical and structural properties of tissues involved in the 

pathogenesis of glaucoma (Dimasi et al. 2010). This hypothesis is by no means 

accepted by all investigators. Central corneal thickness was the only statistically 

significant predictor of the development of open angle glaucoma in the 

Moorfields cohort of ocular hypertensive subjects with an almost three-fold 

increase in the risk per 40 µm decrease in CCT (HR: 2.76; 95% CI 1.44 to 5.26). 

However, this parameter was not significant in the Rotterdam cohort (HR: 1.31; 

95% CI 0.79 to 2.17) (Burr et al. 2012b). The underlying risk factor may still be 

intraocular pressure. The pressure reading represents a lower value than the ‘true’ 

intraocular pressure in an eye with a thin cornea, approaching that found in 

‘normal tension’ glaucoma. Therefore, the target pressure of these patients should 

also be correspondingly low. 

7.5 Readability and reliability of the visual fields and the fundus 
photographs 

A glaucoma specialist with almost 30-year experience in caring for glaucoma 

patients assessed the photographs  and visual fields as either reliable or unreliable 

for the assessment of glaucomatous damage. The Humphrey perimeter automatic 

analysis was noted to label visual fields unreliable more frequently than was the 

case with clinical assessment. The number of unreliable fields in this study is 

higher than the corresponding value reported in the EMGT study (Heijl et al. 
2008). It was also found that clinical estimatation designated more unreliable 

visual fields than the criteria for false positives (FP) of > 15% (Table 20). In the 

OHTS study, a fixation loss ratio of over 33 % was determined as the cut point for 

reliable visual field, and using this criteria these workers reported a total of 3 % 

unreliable visual fields (Johnson et al. 2002). It may be that randomized 

controlled trials are designed and conducted so vigorously that the number of 

unreliable fields is much lower. The number of unreliable fields found here seems 

to be closer to the real life clinical practice. 

Interestingly, patients in Oulu area were found to produce more unreliable 

fields than their counterparts in Turku. One would expect the opposite to be the 

case, since patients in Oulu area have undergone more visual fields examinations. 

One speculation for larger number of unreliable visual fields could be the fact that 
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there were more patients with true glaucoma in Oulu whereas in Turku the 

number of normal patients and visual fields was higher. Of course, this difference 

may be spurious i.e. a random finding. 

In the majority (93%) of the photographs, the retinal nerve fiber layer was 

analyzable for glaucomatous damage. The optic nerve head was analyzable for 

glaucomatous damage in all cases. It seemed that photographs produced 

unreliable results less than visual fields. This finding may also be biased since 

analyzers have a long history in using glaucoma diagnostics based on optic nerve 

head and retinal nerve fiber layer photographs and maybe used to read also non-

optimal images (Tuulonen et al. 2000). Clinicians not so familiar with analyzing 

glaucoma from photographs would probably tend to classify more photographs as 

unreliable than experienced clinician in this field. In addition, the photographs 

were taken by a photographer with extensive experience in glaucoma imaging.  

7.6 Accuracy of glaucoma diagnosis 

Based on the structural and functional tests (without knowledge of IOP or any 

other clinical data), each examined eye was defined as either having manifest 

glaucoma or no glaucomatous abnormalities. A total of 62% of patients were 

found to have manifest open angle glaucoma, i.e. typical glaucomatous 

abnormalities. A recent Finnish study estimated that 50% of glaucoma patients are 

undiagnosed whereas 50% patients thought to have glaucoma do not actually 

suffer from manifest disease (Vaahtoranta-Lehtonen et al. 2007). 

The Oulu area had significantly higher accuracy in the initial glaucoma 

diagnosis than Turku. This is not unexpected due to the fact that diagnosis in Oulu 

district was mainly set using examinations in hospital clinic in contrast to Turku 

where the diagnosis was more often set in the private sector.  The difference 

between the areas was however surprisingly significant. It seems that the initial 

visual fields and photographs were performed more often in Oulu and this 

increased the diagnosis congruence. This supports the ‘2 out of 3’ rule of the 

Finnish EBM guideline, i.e. additional testing increases the accuracy of the 

diagnosis. 

It is noteworthy that 38% of patients diagnosed with open angle glaucoma 

several years ago would not be considered to have the disease according to the 

currently valid diagnostic criteria in Finland. These patients have used continuous 

medication for over a decade for a disease from which they do not seem to suffer. 

Most of these patients are elderly and medication use has been shown to decrease 



 114

the subjective quality of life and increase risk for accidents (Odberg et al. 2001b, 

Nordmann et al. 2003, Uusitalo et al. 2010). Of course, one could argue that the 

medication has prevented the onset of glaucoma, which would have developed if 

they had not been treated. 

7.7 Resource consumption 

7.7.1 Resource use related to the severity of glaucoma 

When treating a chronic and progressive disease such as glaucoma, one could 

postulate that as the disease worsens, this would be accompanied by greater 

resource consumption induced by the physician’s desire to prevent disease 

progression. Glaucoma is generally asymptomatic or mild in its symptoms in the 

earlier phases, resulting in delayed diagnosis and relatively increased treatment 

vigilance through the later stages of disease. The results from this study generally 

support this hypothesis. There was a consistent pattern of increased resource 

consumption as disease severity worsened, i.e. in terms of visual field grading, 

from the no glaucoma stage up to severe glaucoma. The glaucoma severity stage 

scaling system used in this study was based solely on Humphrey visual field 

information. From the patients’ perspective, this grading system may allow 

practical staging assignment. 

When considering the total amount of resources used in the diagnostics and 

follow-up examinations, the Oulu area consumed more resources than Turku in all 

severity stages. It seems unlikely that patients in Oulu would start with worse 

disease or be at greater risk for progression than their counterparts in Turku area. 

The main contributor to the higher resource consumption might be the more 

structured, hospital driven treatment and follow-up protocol as well as the long 

history of the clinic in specializing in glaucoma care. Patients in Turku were 

mostly diagnosed and followed up in the private clinics. The follow-up protocols 

in the private sector might not be as consistent as those in a hospital-based model. 

In addition, in the hospital setting the scheduling of the examinations and 

physician visits are arranged by the hospital staff opposed to the situation in the 

private sector where the patients book the appointments themselves. One might 

consider the responsibility of  care is divided more evenly between the patient and 

hospital clinic whereas in the private sector, a much more active role is required 

from the patient. The cost for the patient regarding glaucoma care (excluding 
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medications) is higher in the private sector than in a hospital driven model. Since 

most glaucoma patients in Finland are elderly pensioners, the cost of the care may 

be a factor e.g. in the follow-up intervals in the private sector. In contrast, 

medication costs (the small sums paid by the patient out-of-pocket) for glaucoma 

patients are the same regardless of the provider.  

In this study, visual field testing appeared to be performed less frequently in 

the earlier stage patients, especially in Oulu area. This is obviously due to the 

sequence of abnormalities appearing first in the nerve fiber layer and optic nerve 

head with an up to 6-year delay before any abnormalities are detected in visual 

fields (Sommer et al. 1991a). The early phases of glaucoma were followed more 

often with RNFL images in Oulu. In Turku, the number of visual field 

examinations remained relatively stable throughout all glaucoma stages. 

Physician visits in the Oulu area exhibited an increasing trend as disease 

severity increased. This trend was also seen in the Turku area, apart from during 

the severe glaucoma stage where there were less physician visits than in the 

previous stage. The sample size in this study, especially in the higher disease 

categories was too small to draw conclusions in resource use. On the other hand 

ophthalmologists may feel having less to offer to patients with more severe visual 

field defects. It is also possible that patients with late-stage disease have failed to 

adequately respond to glaucoma medications and may have already undergone 

surgical procedures. Since their visual field defects cannot be reversed with 

medication or additional surgery, their follow-up intervals may become longer. 

None of the study patients had had visits to visual rehabilitation centers either in 

Oulu or in Turku. 

The use of photography in the diagnostics and follow-up was not seen to 

increase as the disease severity increased. The number of photography 

examinations remained stable across severity stages. Photography was used more 

often in the Oulu area, which is probably due to the long history of the university 

clinic in taking and analyzing optic nerve and retinal nerve fiber layer 

photographs of glaucoma patients. 

7.7.2 Resource use related to the initial glaucoma diagnosis 

Patients with open angle glaucoma according the criteria listed in the Finnish 

evidence based glaucoma treatment guideline (Tuulonen et al. 2003) consumed 

more resources than the patients not considered as having structural or functional 
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abnormalities indicative of glaucoma. This was seen in the study population as a 

whole as well as in both districts separately. 

Visual field examinations were taken slightly more often in the glaucomatous 

patients. A greater difference existed in the number of physician visits, which was 

present in both areas. The number of photography examinations remained 

relatively even between the groups in each area. 

As expected more resources were spent on patients with manifest glaucoma 

compared to subjects with no glaucomatous abnormalities. The patients in 

manifest glaucoma group mostly had a significant visual field defect as compared 

to the normal visual fields in patients allocated to the no glaucomatous 

abnormalities group. The manifest glaucoma group also included patients having 

more advanced visual field defects, which in turn increases resource consumption, 

as found in the analysis between the glaucoma severity stage groups.  

7.8 Cost of glaucoma care 

The glaucoma care was found to cost significantly more (35%) in the Oulu area. 

In Oulu, patients visited their physician, had visual fields assessed and 

photographs taken more often and also used more medications than the 

corresponding patient population in Turku. The difference alone in diagnostic test 

and follow-up examination costs was 46%.  

A major part of this difference is explained by the differences in treatment 

patterns between the areas. In addition, hospital follow-up usually includes more 

ready access to additional examinations such as assessment of visual fields and 

photographs compared to private sector visits where examinations may not be 

comprehensively available. In addition, the higher out-of-pocket costs to the 

patient in the private sector may limit the number of additional examinations. 

However, it is interesting that glaucoma medication cost was also substantially 

29% higher in the Oulu area than in Turku. A possible explanation is that even 

though physicians have the same battery of medications at their disposal 

regardless of their employer, physicians working in hospitals are possibly more 

prone to prescribe the newest medical treatment compared to ophthalmologists in 

private sector. In addition, it is possible that patients visiting their physician more 

often are more likely to have their medication upgraded than patients visiting at 

longer follow-up intervals.  

However, in this study the follow-up interval was found to be similar in both 

districts. The main difference in the costs was attributable to the higher number of 
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visual field investigations and photography sessions undertaken in Oulu 

compared to Turku. 

Similar to several studies in different countries (e.g. Lee et al. 2006, Traverso 

et al. 2005), treatment costs increased with the severity of the disease as in the 

present study. In terms of the glaucoma severity scale which was dependent solely 

on the Humphrey visual field, it seems obvious that a worsening visual field 

defect seems to correlate with higher treatment costs. However, in the study of 

Traverso et al. (2005), the costs of treating stage 3 patients treatment costs were 

lower than in the previous stage. In spite of this finding, the authors considered 

that the disease severity level increased treatment costs in a linear fashion.  

The overall costs of care as well medication costs were higher in all glaucoma 

stages in the Oulu area. The medication costs in the severe glaucoma group were 

lower than those expended in patients with the previous stage in the Oulu area. 

One possible explanation is that the high percentage of surgically treated patients 

(31%, 4 of 13) in that group decreased the need for medications and hence 

medication costs declined. In Turku, the severe glaucoma group had the highest 

medication costs in that area.  

The diagnostic and follow-up costs were also generally higher in Oulu apart 

from the patients in the advanced glaucoma stage where patients in Turku had 

somewhat higher costs (107 euros over 11 years). The fact that higher costs 

incurred in all other stages, however, support the explanation that a more 

systematic approach had been applied in Oulu to the treatment and follow-up of 

glaucoma regardless of its severity. 

Interestingly, the costs associated with the severe glaucoma group in Oulu 

were significantly higher than in other groups in that region but in Turku, this 

group had lower costs than those patients in the previous group. It seemed that in 

Oulu, the patients with the most advanced glaucoma undergo more treatment than 

any other group. In Turku the non-medicine costs in the severe glaucoma group 

patients were lower than the two previous stages in that area. In the Turku area, it 

seemed that patients with severe glaucoma were followed up less frequently than 

those patients in the lower stages.  

In this study, glaucoma medications were the major cost drivers in the total 

direct cost of glaucoma. Medication costs represented 65% of the total treatment 

cost throughout the 11-year study period in the whole population. The percentage 

of total costs due to medication was higher in Turku than in Oulu, but this is 

probably due to the lower number of examinations and follow-up visits in Turku 

area. Medication costs represent a minimum of 62% of total direct cost at all 
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levels in the glaucoma severity scale (Table 34). In previous studies, medication 

has also been found to have a significant contribution to the total costs (Table 5). 

The highest percentage reported was 54% (Lee et al. 2006) followed by 51% 

(Traverso et al. 2005). The lowest percentages (14%) emerge from the study of 

Kobelt-Nguen et al. (1998). Other authors have reported percentages in a range 

between 26% to 49% (Denis et al. 2004, Iskedjian et al. 2003, Kobelt et al. 1998, 

Lindblom et al. 2006, Oostenbrink et al. 2001). In this study the proportion of 

medication cost from the total cost is significantly higher than in any previous 

study. This could be due to the higher number of medications used per patient, the 

higher compliance rate and/or the greater usage rate of newer, and more 

expensive medications in the treatment of open angle glaucoma. Alternatively, 

more follow-up tests could have been used in other studies and thus elevated the 

total cost of glaucoma treatment. 

The costs of diagnostic and follow-up tests as well as medication costs were 

also higher in manifest glaucoma groups in both districts as compared to the costs 

of treating the no glaucomatous abnormalities group. In this subgroup analysis, 

patients in Oulu district showed higher total costs in both groups. The difference 

was quite substantial, 34% between the manifest glaucoma groups and smaller 

(13%) in the no glaucomatous abnormalities groups. 

When examining at the annual costs, the percentage attributable to 

medication has increased over the follow-up period. The annual proportion (%) of 

medications per total costs rose significantly and especially in 1999–2001, which 

was largely due to newer generation glaucoma medications, which were granted 

the special refund status from the Finnish Social Insurance Institution (Figure 1 

and 9). The first two drugs of these newer medications to receive this status were 

latanoprost and dorzolamide. A study done in Finland investigated whether 

granting of special refund status of a glaucoma medicine has any effect on the 

number of prescriptions. The study concluded that latanoprost use increased 

significantly after it received special refund status (Martikainen et al. 2007). The 

launch of newer glaucoma medications has impacted on the total cost of 

glaucoma therapy in Finland. After the initial, substantial cost increase induced by 

the newer medications, the annual cost has remained relatively constant 

throughout the remainder of the study period (Figure 8). In Finland, the 

government regulates the refundable prices of medications and tries to reduce cost 

increases due to medications. For example, in practice it means that a possible 

new prostaglandin analogue will receive special refund status only if the 

pharmaceutical company agrees to set its price to match the prostaglandins 
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already granted the refund status. The availability of generic drugs will obviously 

have an impact on medication costs. 

The total annual costs of glaucoma care were higher during the whole study 

period in Oulu. In Oulu, the total annual cost for the first year of treatment was 

clearly higher than in Turku, but lower than the cost of care in Oulu during years 

7 to 11 of follow-up. The annual cost in Turku during the first year was also lower 

than cost of care during years 5 to 11. In Oulu, the cost for diagnostic and follow-

up tests was significantly higher in the first year than in all of the following years. 

This finding reflects the fact that patients in Oulu area undergo more 

examinations during the first year of treatment. The total annual costs increased 

as newer medications came available but subsequently have plateaued and even in 

the later years of the study there has been a modestly declining trend. This may be 

partly explained by the fact that after a medicine is granted the special refund 

status the price is fixed, i.e. the price decreases yearly at least the amount of 

inflation. In addition, it is possible for the price regulating authority to require a 

decreased price for the medicine in order for pharmaceutical company to maintain 

its special refund status.  

In both districts, it is clearly seen that the costs of examinations and 

diagnostic tests are more substantial during the first two years of treatment, 

afterwards it is glaucoma medication which accounts for more than two thirds of 

the total annual cost. This finding of higher annual costs during the first year of 

treatment has been reported in the literature (Iskedjian et al. 2003, Lee et al. 
2007b). The results from this study support this finding in terms of diagnostic and 

follow-up test costs but not with medication or total costs. 

The trends in the proportion of medication costs compared to total costs is 

almost identical between the two areas. It is also interesting to see how the annual 

examination and diagnostic tests based costs developed during the 11-year study 

period. One would expect the costs to have risen substantially, but according to 

the findings in this study, the costs have evened out (Figure 9). This development 

in cost was visible in the study population as a whole as well as in both districts 

on their own. It seems that as the total glaucoma costs of glaucoma care have 

increased, the costs of services provided by hospitals and the costs in the private 

sector have remained at a similar level throughout the study period. Finnish 

consumer price index (Official Statistics of Finland 2012) was used in calculating 

the costs to correspond the monetary value of 2006, it seems that hospitals and 

private sector have adjusted their prices accordingly. Hence, the unit costs of 

services provided by the hospital districts have remained at a similar level 
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throughout the study period. There was also no clear change in the costs of 

services provided by the private sector. In this study the decline in the annual 

costs of glaucoma examinations and follow-up tests was mostly attributable to 

more prolonged follow-up intervals rather than decreased service costs. 

When analyzing the manifest glaucoma and no glaucomatous abnormalities 

groups, as defined by the criteria used in this study, it was found that both annual 

total cost and medication costs were higher in Oulu compared to Turku. There 

were some fluctuations between the two areas in the annual diagnostic and 

follow-up test costs. However, in general, the Oulu area had higher costs in these 

measures in both manifest glaucoma and no glaucomatous abnormalities groups. 

There was also a significant difference in the annual costs inside both areas 

between manifest glaucoma and no glaucomatous abnormalities groups. The cost 

difference between the no glaucomatous abnormalities and manifest glaucoma 

groups is logically explained by the fact that patients in the no glaucomatous 

abnormalities group did not display any visual field lesions or progression in 

clinical follow-ups and hence their follow-up interval was lengthened. Patients 

with progression or more significant visual field loss clearly required more 

frequent follow-ups. Other studies have also concluded that patients with no 

glaucoma or ocular hypertension consume less diagnostic test and examination 

resources than patients with more advanced glaucoma (Lee et al. 2006, Traverso 

et al. 2005, Denis et al. 2004). 

7.9 Quality of life and glaucoma 

In this study, a generic quality of life instrument was utilized, the 15D 

questionnaire, which has been validated in the Finnish population. One of the 

dimensions of the instrument is vision. This instrument has been used previously 

in a Markov model regarding glaucoma screening (Vaahtoranta-Lehtonen et al. 
2007). Otherwise, this seems to be the first study to report 15D results in a 

glaucoma population. A study on cataract patients in Finland showed that the 

instrument does react to visual loss (Falck et al. 2008, Kuoppala et al. 2010). A 

recent study conducted in Oulu, yet to be published, revealed that the 15D 

instrument reacts significantly in patients with visual impairment (personal 

communication, Dr. Aura Falck, University of Oulu). 

No difference was found in the quality of life between patients having no 

detected glaucomatous abnormalities, unilateral manifest glaucoma or bilateral 

manifest glaucoma according to the 15D instrument. It was also noted that 



 121

patients with bilateral manifest glaucoma seemed to have equal quality of life to 

those patients with no glaucomatous abnormalities. Publications conducted with 

another quality of life instruments have indicated that bilateral glaucoma 

decreases the quality of life more than unilateral disease (Freeman et al. 2008, 

Kobelt et al. 2006, Ramulu 2009, McKean-Cowdin et al. 2008).  

The results indicate that when one wishes to assess the quality of life of 

glaucomatous patients by the worst eye (worse visual field damage), no 

statistically significant difference may be found. However, the 15D vision score 

was lower in the more advanced glaucoma severity stages as compared to the no 

glaucoma stage. However, this finding did not achieve statistical significance, 

partly due to the insufficient statistical power. Even though there was a significant 

difference in the best visual acuity between the no glaucoma and severe glaucoma 

group, the vision 15D or total 15D scores did not differ significantly between 

those groups (Table 40).  

The same analyses were also conducted with patients categorized into 

different severity stages based on their best eye. The vision dimension of 15D 

instrument (index calculated solely based on the question about vision) detected a 

significant difference when the no glaucoma group was compared to the 

responses of individuals in the advanced and severe glaucoma groups (Table 41). 

Best visual acuity was significantly lower in severe glaucoma group compared to 

the no glaucoma group (p < 0.05), which may have explained the differences in 

the responses in the 15D instrument between these groups. Visual acuity did not 

differ significantly between subjects in the no glaucoma and advanced glaucoma 

groups.  

In the Oulu area, which spent more resources on glaucoma care, advanced 

glaucoma was associated with lower quality of life, measured with the vision 15D 

score as compared to the no glaucoma group. In Turku, the same kind of 

association was found between no glaucoma and moderate glaucoma groups. It is 

easy to appreciate that patients with visual field lesions are treated more 

vigorously than patients with normal visual fields. 

In the comparison between Oulu and Turku areas, no statistical difference 

was found in the vision 15D score between any two groups. There was, however, 

a statistically significant difference between the areas in the total 15D scores of 

the early glaucoma groups.  

There were differences in the vision question score of the 15D, with patients 

in Oulu having lower scores in the early glaucoma and advanced glaucoma 

groups. The Turku area showed lower scores in no glaucoma and moderate 
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glaucoma groups (Table 41). The differences in early glaucoma, moderate 

glaucoma and advanced glaucoma groups might have been significant with a 

larger sample size. The patient groups in both regions were extremely small in the 

severe glaucoma groups and additionally also in the advanced glaucoma group in 

Turku. This is the problem in all published glaucoma studies in which very small 

numbers of patients reach the stage of the disease that clinicians are trying to 

prevent (Tuulonen 2011b). Visual acuity did not differ significantly between 

groups with the same severity stage between the two areas. 

In terms of the whole population, the total 15D score did not show any 

significant change between any two glaucoma stages. Vision based 15D score did, 

however, reach statistically significant difference as advanced and severe 

glaucoma groups were compared to the no glaucoma group (Table 42). 

Within each city, no two glaucoma stages compared to each other revealed 

any statistically significant differences in the total 15D score (Table 42). 

Counterintuitively, the total 15D score in the early glaucoma group was lower in 

Oulu than in Turku and this was statistically significant (p = 0.02). Other groups 

also had differences in the total 15D values but these were not statistically 

significant. The severe glaucoma groups could not be compared due to their small 

sizes (Table 41).  

The results from this study show that the 15D instrument has the potential of 

reacting between different glaucoma severity stages. Therefore, it can be 

concluded that the quality of life of glaucomatous patients can be measured with 

the 15D instrument. However, a study with a larger study population should be 

conducted to confirm this finding. 

Apart from the statistically significant difference in the early glaucoma 

groups, patients residing in Oulu seemed to have an equally good quality of life as 

patients in Turku even though there were more glaucomatous patients and their 

disease was more often more advanced than in Turku. From the patients’ 

perspective, it is of course reassuring to be able to live a good life in spite of a 

chronic eye disease. From the taxpayer’s viewpoint, it is worthwhile to ask 

whether the money was spent well. It might be disturbing that the higher use of 

financial resources as well as the more vigorous treatment pattern in Oulu did not 

appear to have any effect in the 15D vision or total scores.  

The quality of life scores were compared to the values from the Finnish 

Health 2000 Survey, which had a two-stage, stratified cluster sampling design. In 

addition to the 15 largest towns in Finland, 65 health care districts were sampled. 

From these 80 areas, a systematic sample of 8028 individuals aged 30 years and 
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over was drawn by the Social Insurance Institution (Aromaa & Koskinen 2004). It 

is reassuring that the overall study population with 11-years of continuous 

glaucoma medication use seemed to score as well as or even better than the 

normal population in Finland (Finnish Health 2000 Survey) in terms of the 15D 

quality of life instrument.   

One would expect that patients with the same disease severity level receiving 

more care would have better outcomes and better quality of life. However, the 

significant difference in the early glaucoma groups points in the opposite 

direction, i.e. the patient group using more resources actually reported worse 

quality of life. Moreover, it seems that the higher resource allocation in Oulu in 

every glaucoma stage, does not appear to make any difference in the quality of 

life of the patients compared to those in Turku. With regard to the stage of 

glaucoma, the results were also controversial as patients in Oulu had more 

glaucoma at the severe stages. This finding may be confounded by an 

unintentional selection bias. It seems that higher resource consumption provides 

equal results. Findings in the present study are in agreement with the report that 

originated the idea for this study (Fisher et al. 2003a, Fisher et al. 2003b). Thus, 

in the light of the present results, more may not always necessarily be better.  

7.10 Strengths of the study  

The research question of the present study is unique since it intended to study the 

impact of high and low resource utilization on the outcome and quality of life in 

glaucoma patients. It does seem that there are no reports published on this topic in 

the scientific literature. This is also the first study in Finland to address the cost of 

treatment and follow-up in glaucoma patients using consistent medication for 

more than ten years. The costs in this study represent the true direct costs (not a 

mathematical estimate) from glaucoma treatment, which were calculated for each 

individual patient. 

In addition, no assessment of the accuracy of an open angle glaucoma 

diagnosis in patients using glaucoma medications for ten years has previously 

been published in Finland. This study seems also to be the first study to report 

15D results in different glaucoma stages.  
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7.11 Limitations of the study 

The present study has several limitations which need to be considered before 

drawing definite conclusions. The work included in this thesis is retrospective, 

which sets known limitations in economic studies (e.g. Tuulonen 2011). To lessen 

the effect of selective reporting it was attempted to report the findings of this 

study as completely as possible. As this was a pilot study (168 patients) to 

evaluate the assumptions used in the sample size calculations (1939 patients if 

10% of glaucoma represent aggressive type), the study is - by definition - 

underpowered to detect differences (e.g. quality of life).   

Other limitations include the lack of information on the patients’ other 

possible illnesses in addition to open angle glaucoma and the comparison of their 

health related quality of life to a historical control group. Naturally, other illnesses 

can affect the quality of life of the patients.  As the study did not include a control 

group, the quality of life measures were compared to age and gender stratified 

normal population (no self-reported glaucoma) obtained from the Finnish Health 

2000 Survey, a comprehensive survey representing the Finnish population aged 

30 and over. (Aromaa & Koskinen 2004). 

In the comparison of the results from the present data to the population of the 

Finnish Health 2000 Survey, no difference was found to indicate worse health 

related quality of life of the study population compared to reference population as 

measured by 15D instrument. Indirectly it can be assumed that the study patient 

population did not have more additional illnesses than the reference population.  

In addition, only 52% of the invited patients participated in the study. Thus, it 

is possible that the non-participating patients had a more severe disease status in 

comparison to the current study population.  With strict definition, it can be 

concluded that in at least half of the glaucoma population, more spending does 

not lead to better outcomes or better quality of life in glaucoma care. 

The economic burden of the disease was assessed as one arm of the study. 

However, the present findings are limited to the direct costs of the disease. The 

indirect costs of glaucoma treatment (e.g. travel, reduced productivity, relative or 

paid home assistance) were not estimated nor included in this study. 
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7.12 Future proposals 

This study was designed to be a pilot study to assess assumptions and evaluate the 

feasibility of launching a full scale study with a much larger sample size.  As 

correctly anticipated when designing this study, it is evident that a much larger 

sample size would be needed to acquire sufficient statistical power in the most 

severe glaucoma stages. In this study, no patient was suffering from glaucoma 

categorized as end-stage disease, and thus no knowledge was gained on whether 

higher resourcing would affect the prevention of legal blindness due to open angle 

glaucoma. It is likely that a study with sufficient statistical power would require 

the participation of  several hospital districts. The results, however, would still be 

limited due to the fact of retrospective design and the lack of information on the 

indirect costs from glaucoma treatment. The best possibility would be to form a 

real life register, which would gather information from all glaucoma patients from 

Finland. It would be extremely difficult to form and maintain this kind of register, 

as is known from The Finnish Register of Visual Impairment. Another possibility 

would be to conduct a modeling study with a computer simulation. The downside 

of the model would be the low quality in-put data, e.g. reliable and ‘realistic’ data 

from pragmatic randomized trials of ‘usual patients’ is not available so far. There 

is an obvious need for high-quality data, preferably gained from unselected 

population based randomized trials which consider also e.g. compliance and 

adherence factors and better patient related outcomes.   

In the light of the results, potential increases in the treatment resources should 

be carefully considered . Finnish public hospitals are fully tax funded with limited 

possibilities to increase resources. On the other hand, patients in the private sector 

are exposed to out-of-pocket costs and when they start to feel that a financial limit 

is reached, they will seek treatment in the public sector. The challenge for the 

future is to find a middle road for glaucoma treatment in Finland. Clinicians 

should strive to provide sufficient treatment to all patients with no patient being 

either under- or over-treated. A recent modeling study indicated that policy 

initiatives, such as defining criteria for access to care, exert major impacts on the 

demand for care and waiting times. It is vital that these criteria are evaluated 

regularly and their cost-effectiveness, accuracy, importance and ethical 

dimensions are analyzed (Kobelt 2002, Tuulonen et al. 2009). 

One must also bear in mind the total cost of eye-healthcare of which 

glaucoma is only one component. If and when more resources are allocated to eye 

care, should they be best allocated to treat ocular hypertension, or age-related 
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macular degeneration, or to screen for diabetic retinopathy, or to perform earlier 

cataract surgery? If a shift towards earlier medical interventions is made in 

glaucoma treatment and clinicians start treating all ocular hypertension patients 

pre-emptively, the total cost of eye-healthcare in Finland will increase 

substantially. This is due to the fact that the number of ocular hypertension 

patients is several times greater than the number of glaucoma patients (Leske & 

Hawkins 1994). Although the cost per patient would be smaller , the total costs of 

eye-healthcare would be substantial. The opposite approach would be to treat and 

spend more resources on patients with manifest glaucoma. Then the cost per 

patient would be higher but the total costs to society might be less. 
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8 Summary and conclusions 

1. The total cost of glaucoma care per patient during 11 years was 6010 € in 

Oulu and 4452 € in Turku (i.e. 35% higher costs in Oulu). The treatment 

costs were found to increase as the disease severity worsened. Annual 

treatment cost per patient was 546 € in Oulu and 405 € in Turku (i.e. 35% 

higher costs in Oulu).  

2. The higher medication costs in Oulu were found to associate with higher 

overall costs of glaucoma care compared to Turku. The trend was found in 

the diagnostic and follow-up test costs in all but one glaucoma stage. The 

exception was the advanced glaucoma stage where patients in Turku area had 

marginally higher costs. 

3. Results from this study (with limited sample size due to its pilot nature) 

indicate that the higher resource allocation may not lead to measurable 

benefits to the patients or society in terms of  less glaucoma-induced visual 

disability and/or better quality of life with the 15D instrument compared to 

less resource consumption. The significant difference in the early glaucoma 

groups actually pointed in the opposite direction, i.e. the patient group using 

more resources actually reported worse quality of life. Further reliable and 

‘realistic’ data from pragmatic randomized trials of ‘usual patients’ and large 

sample size is required.  

4. When optic nerve head, retinal nerve fiber layer and automated visual fields 

were evaluated after 11-years of continuous medical treatment, 40% of 

patients did not show any structural or functional damage in spite of their 

glaucoma diagnosis. Ignoring the level of intraocular pressure, the 

congruence with the initial diagnosis was 68% in Oulu and 52% in Turku. 

5. Of the 168 patients in this study, 44% had been initially diagnosed on the 

basis on fundus images and visual fields (the 'Good Level' of the Finnish 

EBM Guideline or higher). A total of 43 patients (26 %) were diagnosed with 

IOP only. In 87% of patients in Oulu the diagnosis was based on fundus 

images and/or visual fields (satisfactory level or higher of the Finnish EBM 

Guideline). The corresponding percentage in Turku was 62%. In 41% of 

patients either the ‘Satisfactory Level’ of the Finnish EBM Guideline or 

higher was used for follow-up. However, this was the case with only 15% of 

patients in Turku compared to 67% in Oulu. 
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