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SUMMARY
Introduction/Objective Glaucoma is a chronic disease that impairs the optic nerve irreversibly and can 
lead to serious loss of vision and blindness. As the most frequent out of all, primary open-angle glaucoma 
has a worldwide incidence of 2.4 million. 
The objective of this article is to examine the characteristics of glaucoma hospitalization patterns in 
Central and West Serbia in the 2006–2017 period.
Methods This study was a retrospective analysis of glaucoma hospitalizations in the Kragujevac Clinical 
Center from 2006 to 2017 (n = 1,751). All hospitalizations were divided according to discharge diagnoses 
into the following three subgroups: primary open-angle glaucoma, the primary closure glaucoma, and 
secondary glaucoma and other glaucoma types. 
Results The average hospitalization rate for glaucoma is 5/10,000 inhabitants. The lowest rate was re-
corded in 2013 (1.8/10,000) and the highest in 2015 (9.3/10,000). The rehospitalization rate ranged from 
0.5/10,000 in 2013 to 6.9/10,000 in 2015, with an average of 2.4 patients per 10,000. The most common 
glaucoma was secondary glaucoma and other glaucoma types (44.6%), followed by primary open-angle 
glaucoma (37.9%) and primary closure glaucoma (17.5%). The average hospitalization length was 6.5 
± 4.9 days and it decreased from the average 9.7 ± 6.5 (2006) to 5.5 ± 3.7 days (2013) (p < 0.01) in all 
glaucoma types.
Conclusion There was a significant reduction of the hospitalization length in all glaucoma types in 
Central and West Serbia. The hospitalization rates varied with a significant increase since 2013, which is 
the consequence of the increase in rehospitalization rates. 
Keywords: primary open-angle glaucoma; primary closed-angle glaucoma; secondary glaucoma; hos-
pitalization
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INTRODUCTION

Glaucoma is a chronic disease that impairs the 
optic nerve irreversibly and can lead to seri-
ous loss of vision and blindness. After cata-
ract, it is the second leading cause of blindness 
worldwide and is one of the leading causes of 
preventable blindness [1, 2]. It is estimated 
that by 2020, about 79.6 million people in the 
world will have glaucoma and more than 11 
million will be consequently bilaterally blind 
[3]. The annual incidence of primary open-
angle glaucoma (POAG) worldwide is 2.4 mil-
lion. The prevalence of blindness in all types 
of the disease has been estimated at 5.2 million 
with three million cases with POAG. POAG is 
thus a complex and significant public health 
problem [4].

The two most common clinical forms of 
glaucoma are POAG and primary angle-closure 
glaucoma (PACG) [5]. Glaucoma is an asymp-
tomatic disease in many patients. Patients do 
not know that they have glaucoma because 
progressive visual field loss is peripheral and 
typically asymmetric. This allows for overlap-

ping and the compensation from the less dam-
aged visual field of the other eye. Visual field 
defects can be detected at parametric tests only 
after 30% of retinal ganglion cells have been lost. 
The risk factors for POAG include old age, black 
race, glaucoma family history, diabetes mellitus, 
arterial blood pressure variations, myopia, and 
hypermetropia [6–9]. Glaucoma diagnostics 
requires a detailed clinical examination of the 
optic nerve and a functional analysis/evaluation 
of the patient’s field of vision. Early treatment 
of glaucoma patients reduces the risk of pro-
gressive damage of a vision field. The progno-
sis depends on an early diagnosis and adequate 
treatment, as well as the patient’s understanding 
of his own condition and what comes with the 
disease [10]. The Preventive Services Task Force 
in the United States concluded that there was no 
insufficient evidence on the potential benefits 
of glaucoma screening at the level of primary 
health care (prevention of blindness) [11].

The objective of this article is to assess the 
glaucoma hospitalization reports in the Central 
and West Serbia regions during the period from 
2006 to 2017.
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METHODS

The study was based on hospitalization reports from the 
Clinical Center of Kragujevac providing data on medi-
cal treatment for patients coming from Central and West 
Serbia, in accord with standards of the institutional com-
mittee on ethics. From 2006 to 2017, 1,751 persons were 
hospitalized for glaucoma treatment. The glaucoma was 
defined according to the 10th Revision of the International 
Classification of Diseases: Eyelid Eye Disorders, Lacrimal 
System and Orbit Disorders (H00–H06). All hospitalized 
patients were divided according to the major cause of the 
disease into three subgroups. The first subgroup includes 
the hospitalized patients discharged with the diagnosis 
of POAG (H40.1), while the second subgroup was dis-
charged with PACG (H40.2). The third subgroup, named 
“glaucoma secundaria and other glaucoma (OG),” included 
patients with congenital glaucoma, glaucoma caused by 
drugs, injuries and/or other illnesses – H40.3, 4, 5, 6, 8, 
9, and H42. Having analyzed the disease trends, the au-
thors decided to focus their research on three intervals 
within the research period: 2006–2010, 2011–2013, and 
2014–2017.

The data from hospitalization reports were entered into 
a Microsoft Access (Microsoft Corporation, Redmond, 
WA, USA) database. The data included basic demographic 
characteristics of the patients, the number and length of 
their hospitalizations, additional comorbidities, and re-
hospitalization periods. 

The data were analyzed applying the methods of de-
scriptive and analytic statistics. The techniques of descrip-
tive statistics included mean values, variability measures, 
and structure indicators (percentage). The χ² test, i.e. 
Student’s t-test, was used for assessing the significance of 
categorical data frequency, while one-way ANOVA test 
was applied for continual data. The statistical significance 
was selected at p ≤ 0.05. The data was processed in SPSS, 
version 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Basic sample characteristics

During the 2006–2017 period, the Clinical Center of 
Kragujevac recorded 634,206 hospitalized patients, out of 
which 14,217 (2.2%) were admitted at the Department of 
ophthalmology. Glaucoma, as the discharge diagnosis, was 
present in 2.2% (n = 1,751) of ophthalmology hospitalized 
patients. The average frequency of glaucoma patients was 
5/10,000 inhabitants for the given time period. The lowest 
rate was in 2013 (1.8/10,000 inhabitants) and the highest 
in 2015 (9.3/10,000 inhabitants). The rehospitalization rate 
of glaucoma patients moved from 0.5/10,000 inhabitants 
in 2013 to 6.9/10,000 in 2015, with the average value being 
2.4/10,000 inhabitants. The average age of hospitalized pa-
tients was 68.6 ± 12.4 years. Both sexes were almost equally 
affected (50.5% male and 49.5% female patients). The dif-
ference between the sexes was not statistically significant 

(t = -0.18, df = 941, p > 0.05). The average hospitalization 
length was 6.5 ± 4.9 days (the range was 1–35 days) and it 
actually decreased from the average of 9.7 ± 6.5 days re-
corded in 2006 to 5.5 ± 3.7 days in 2013 (F = 18.41, df = 11, 
p < 0.01) in all glaucoma types. Comorbidities were present 
in 120 cases. One additional comorbidity was detected in 
51 cases, two in 69 cases, and three or more comorbidities 
in 20 cases. The comorbidities most frequently originated 
from vascular system disorders. The most prevalent were 
OG glaucoma (44.6%), followed by POAG (37.9%), and 
PACG (17.5%). The analysis of the number of hospital-
ized patients in all three glaucoma types over the selected 
time period has revealed that there are some differences 
between them, but not of statistical significance (p > 0.05, 
Figure 1).

Basic hospitalization characteristics with respect to 
glaucoma type

During the 2006–2010 time period, one half of the patients 
were diagnosed with POAG and they were on average one 
or two years older than those hospitalized for OG and 
PACG. Every third male and every fifth female patient 
were diagnosed with POAG. The hospitalization length 
was the shortest for those suffering from PACG. One third 
of all hospitalization periods were actually rehospitaliza-
tions. Comorbidities were present in 2% of hospitaliza-
tions. During the 2011–2013 period, an overall decreasing 
trend in glaucoma hospitalizations was recorded. The most 
prevalent discharge diagnosis was OG, present in 41.3% 
of cases. The male patients were most commonly hospi-
talized because of POAG, while the female patients as a 
result of PACG and OG. In comparison to the previous 
time period, the number of hospital days increased only in 
PACG patients. The highest number of rehospitalizations 
was recorder among OG patients.

From 2014 to 2017, the number of hospitalizations in-
creased due to an increase of rehospitalizations (Figure 2). 

OG was the leading cause of hospitalizations and it was 
a discharge diagnosis in almost every fourth patient of both 
sexes. The average length of hospitalization decreased from 
6.4 to 5.1 days. Comorbidities were present in 12.3% of all 
hospitalizations (Table 1).

Kocić S. et al.

Figure 1. Hospitalization by type of glaucoma, Central and West Serbia, 
2006–2017
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Basic hospitalization characteristics with respect to 
glaucoma type: 2006–2010 vs. 2011–2013

The number of POAG hospitalizations decreased signifi-
cantly in the course of 2010 (χ² = 160.24, df = 1, p < 0.01). 
This correlates with the decreasing number of rehospi-
talizations (χ² = 3.78, df = 1, p = 0.05). The hospitalized 
patients were in 60% of cases males of similar age. During 
the given time frames, there was a statistically significant 
decrease in the average number of hospital days from 8.2 
to 5.9 (t = 3.87, df = 156.6, p < 0.01). In most cases the 
comorbidities did not occur. The changes that occurred 
with hospitalized PACG patients were not statistically sig-
nificant. The number of OG hospitalizations decreased 
significantly (χ² = 89.17, df = 1, p = 0.01). Until 2010, there 
were more male patients, but from 2011 on, female patients 
started to prevail (χ² = 4.53, df = 1, p < 0.05). The duration 
of stays in the hospital was reduced by two days on average 
(t = 3.88, df = 218.9, p < 0.01). The rehospitalization rates 
for OG were similar during both time intervals.

Basic hospitalization characteristics with respect to 
glaucoma type: 2011–2013 vs. 2014–2017

During this period, the number of POAG hospitaliza-
tions increased significantly (χ² = 79.51, df = 1, p < 0.01). 
The length of hospitalizations was reduced (t = 2.27, 
df = 320, p < 0.05), but the rehospitalization rate increased 
(χ² = 82.93, df = 1, p < 0.01), as well as the number of co-
morbidities (χ² = 11.19, df = 1, p < 0.05). After 2013, the 
number of hospitalized PACG patients increased almost 
nine-fold (χ² = 40.83, df = 1, p < 0.01), which is the main 
reason for the increase in the total number of PACG hos-
pitalizations (χ² = 71.04, df = 1, p < 0.01). During the same 
period, the average number of hospital days decreased 
from 7.2 to 5.5 days (t = 1.94, df = 70.93, p = 0.05), while 
the number of comorbidities increased. 

The number of OG hospitalizations recorded from 2011 
to 2013 increased significantly in the 2014–2017 period 
(χ² = 184.83, df = 1, p < 0.01). The patients hospitalized 
after 2013 were on average four years older (t = -3.12, 
df = 498, p < 0.05). There was an increase in the number of 
hospitalized patients (χ² = 25.1, df = 1, p < 0.01), but hos-
pitalizations were shorter in duration (t = 2.3, df = 131.36, 
p < 0.05). 

DISCUSSION

The average hospitalization rate of glaucoma patients 
in Kragujevac Clinical Centre in the 2006–2017 period 
was 4.9/10,000 inhabitants, while for Serbia the rate was 
lower – 2.8/10,000 inhabitants. This may be the result of 
the fact that the population of the Central and West Serbia 
regions gravitates towards Kragujevac Clinical Centre. In 
accordance with demographic changes, i.e. the increasing 
number of elderly people (age 65 and older) in the total 
population, the largest number of patients was registered 
in the geriatric population [12, 13].

Hospitalization characteristics of patients with glaucoma in Central and West Serbia

Figure 2. Hospitalization and rehospitalization, Central and West Ser-
bia, 2006–2017
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During the given period, the total number of hospital-
izations was fluctuating to a great extent, so we decided to 
divide this period into three time intervals: 2006–2010, 
2011–2013, and 2014–2017. During 2006–2010, there 
was a mild decreasing trend in the number of glaucoma 
hospitalizations, while the number of rehospitalization in-
creased almost three-fold. During the next time interval, 
both the number of hospitalizations and the number of 
rehospitalizations was almost halved. Since 2010, there was 
a significant increase in the number of rehospitalizations 
which contributed to an increase in the total number of 
hospitalizations. In 2006, the rate was one rehospitaliza-
tion per seven hospitalizations, while 10 years later two 
rehospitalizations were registered for two hospitalizations. 
These results indicate that the number of newly diagnosed 
cases which require hospital treatment is decreasing.

Rehospitalized patients are actually chronic patients 
who do not manage to maintain intraocular pressure un-
der control due to low compliance. This further suggests 
that there is a need for better education of patients, on one 
side, and more attention of doctors in the primary health 
care system, on the other.

In Central and West Serbia, the most common cases 
were OG glaucoma (44.6%), followed by POAG (37.9%) 
and PACG (17.5%). In Serbia in 2016, this order is the 
same, the most common being OG glaucoma (62.6%), fol-
lowed by POAG (26.3%) and PACG (11.1%). In Central 
and West Serbia, POAG hospitalizations had a declining 
trend, while PACG and OG hospitalizations had increasing 
trends, more pronounced with PACG.

Similar research results were found in Africa and Asia. 
In Ethiopia, the most frequent cases are of exfoliate glau-
coma (35.2%), POAG (32.8%), and PACG (18.5%) [14]. 
South-Central Asia is also projected to overtake East Asia 
in 2040 with the highest number of overall glaucoma cases 
and POAG burden, while PACG burden will remain the 
highest in East Asia [13].

The results have shown that the age of the patients in-
creased regardless of the type of glaucoma, which is in ac-
cordance with the findings in other studies [14, 15, 16]. 
The sex analysis shows that women are at higher risk of 
PACG than men [17].

According to the experts’ estimates with respect to 
population age, today in Serbia there are about 100 000 
people with glaucoma and this number is expected to keep 
increasing. Unfortunately, there is no accurate data on the 
number of people with glaucoma since Serbia does not 
have an official register which should be introduced into 
the Law on Health Records, imposing an obligation to all 
institutions or healthcare professionals to conduct regular 
analyses. In the absence of such a registry, the data on the 
disease are partial since they are obtained from hospital 
records, disease history, reports of established illnesses and 
conditions, etc. American Academy of Ophthalmology 

Intelligent Research in Sight (IRIS) established this type 
of registry, being the first comprehensive clinical register 
of eye diseases. The Academy developed it as an integral 
part of the common goal of the profession to continuous-
ly improve the treatment of ophthalmologic diseases and 
glaucoma. Within this registry, visualization tools were 
developed, reports were prepared in the form of tables and 
charts (total number of diseases, demographic character-
istics: by sex, age, ethnic group, type of glaucoma, disease 
progression, procedures, types of surgical interventions, 
health insurance) [18].

Holló et al. [19] as representatives of the European 
Glaucoma Association, pointed out that there are signifi-
cant differences in the diagnosis, treatment and monitoring 
of glaucoma among European countries. The differences 
result from the different economic situations and the con-
sequent financial ability to follow the recommendations 
and guidelines of the European Association of glaucoma-
cologists [19, 20].

Studies indicate the importance of continuous education 
of patients, especially of the elderly and male population 
[21]. The analyses show that visual impairment caused by 
glaucoma affects the life quality of the patients, especially 
with less educated individuals [22, 23, 24]. The main goals 
of the glaucoma treatments are to preserve the visual func-
tions of patients and to preserve/increase their life quality 
[25, 26, 27].

CONCLUSION

In Central and West Serbia there was a significant re-
duction of the length of hospital stay among patients with 
all glaucoma types during the researched time period. 
The hospitalization rates varied, but since 2013 there was a 
significant increase of hospitalizations which contributed 
to the overall increase of this rate. These findings can be at-
tributed to inadequate prevention, untimely diagnosis, and 
inadequate treatment at the level of primary health care. 
Glaucoma is a disease of public health significance, because 
it is a major burden on society in terms of morbidity, dis-
ability, quality of life, as well as direct and indirect costs. 
Adequate secondary prevention measures, i.e. screening, 
can prevent the onset of the disease, shorten the length of 
hospitalization, reduce the number of rehospitalization, 
improve the outcome of treatment and prevent complica-
tions and loss of vision. The number of people with dis-
abilities is expected to continue to rise due to inadequate 
prevention and the changes in demographic structure, i.e. 
the aging of the population and consequent exposure to 
more numerous risk factors.
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САЖЕТАК
Увод/Циљ Глауком представља хронично обољење које 
узрокује иреверзибилне промене оптичког нерва које до-
воде до озбиљног оштећења вида и слепила. Инциденција 
примарног глаукома отвореног угла, као најчешћег облика 
глаукома у свету, на годишњем нивоу износи 2,4 милиона. 
Циљ рада је сагледати карактеристике хоспитализација 
узрокованих глаукомом у Централној и Западној Србији у 
периоду 2006–2017. године.
Методе Ова студија је ретроспективна анализа хоспитализа-
ција узрокованих глаукомом у Клиничком центру Крагујевац 
у периоду 2006–2017. године (n = 1751). Све хоспитализације 
подељене су према основном узроку болести у три подгру-
пе: примарни глауком отвореног угла, примарни глауком 
затвореног угла, секундарни и остали глаукоми. 
Резултати Просечна стопа хоспитализације болесника са 
глаукомом износила је 5/10 000 становника. Најнижа стопа 

забележена је 2013. године (1,8/10 000), а највиша у 2015. 
години (9,3/10 000). Стопа рехоспитализација услед глаукома 
кретала се од 0,5/10 000 у 2013. години до 6,9/10 000 у 2015. 
години, просечно 2,4/10 000. Најзаступљенији су секундарни 
и остали глаукоми (44,6%,), затим примарни глаукоми отво-
реног угла (37,9%) и примарни глаукоми затвореног угла 
(17,5%). Дужина хоспитализације опада код свих врста гла-
укома са просечних 9,7 ± 6,5 (2006) на 5,5 ± 3,7 дана (2013).
Закључак У Централној и Западној Србији бележи се зна-
чајан пад дужине хоспитализације код свих подгрупа глауко-
ма. Стопа хоспитализације болесника са глаукомом варира, 
са значајним порастом од 2013. године, што је последица 
пораста стопе рехоспитализације. 

Кључне речи: примарни глауком отвореног угла; примарни 
глауком затвореног угла; секундарни глауком; хоспитали-
зација
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