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Abstract

Background: Increasing healthcare spending is a significant issue, with the aging population contributing to a
rise in patients needing renal replacement therapy. The cost of peritoneal dialysis (PD) is substantial, particularly
in upper-middle-income countries like Serbia. We aimed to identify the direct costs and influencing factors of
treating peritoneal dialysis-associated peritonitis (PD associate peritonitis) in Serbia.

Methods: A retrospective observational study was conducted on consecutive patients admitted due to PD-
associated peritonitis in five tertiary care hospitals across Serbia in 2019-2022. The primary outcome was total
cost of hospitalization. Potential predictors were determined using generalized linear model with a gamma
probability distribution and a log link function.

Results: The study included 122 patients. The average total cost per patient was 1131.90£1538.67 USD, with
the cost of hospitalization (348.17 * 361.52 USD) and antibiotics (294.94%465.88 USD) being the most signifi-
cant. The length of hospitalization (P<0.001) and treatment outcome (P<0.001) were found to be significant
predictors of the total cost.

Conclusion: The costs of treating PD associate peritonitis in Serbia are substantial, with each additional day of
hospitalization significantly increasing the cost. The importance of patient and doctor education about infection
prevention is underscored by the health consequences and the lengthy, expensive treatment when an infection
occurs.
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Introduction

Increasing healthcare spending represents a sig-
nificant contemporary issue. Estimates indicate
that since the 1950s, the average annual increase
in healthcare spending in the UK has been 3.7%,
a rate that is notably higher than annual econom-
ic growth. It is expected that the aging of the
population will continue this trend (1). The aging
population also promotes an increase in the
number of patients with end-stage kidney disease
who are in need of kidney replacement therapy,
with projections for 2030 exceeding 5.5 million
people worldwide (2). Furthermore, the annual
cost of peritoneal dialysis (PD) is substantial and
varies between countries, ranging from 4,000 to
91,000 USD. On average, in upper-middle-
income countries like Serbia, it is around 14,500
USD. (3)

Cost-of-illness studies are designed to quantify
socioeconomic costs associated with a particular
disease, including those related to any comorbidi-
ty that may develop over time. This allows for the
potential savings to be calculated in case of suc-
cessful disease prevention. All costs can be cate-
gorized into three groups:

e Direct costs, which include both
healthcare and non-healthcare expenses.
Healthcare costs encompass diagnostic
procedures, treatment, rehabilitation, etc.,
while non-healthcare costs cover aspects
such as transportation, relocation, legal
expenses.

e Indirect costs, associated with the loss of
labor productivity due to illness. (4)

e Non-material expenditures, defined as the
suffering and pain of patients, i.e., the de-
terioration of quality of life. (5)

Peritoneal dialysis as one of modalities of kidney
replacement therapy, offers certain advantages
over hemodialysis. It is the preferred treatment
for some patients, especially those who have
heart issues and cannot have vascular access cre-
ated. Additionally, patients on PD tend to pre-
serve residual kidney function somewhat longer
than those on hemodialysis. However, PD-
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associated peritonitis is a leading cause of mor-
bidity and mortality in these patients (6). The rate
of peritonitis varies significantly between coun-
tries, ranging from 0.06 episodes per year in Tai-
wan to 1.66 episodes per year in Israel. Interest-
ingly, these differences can be observed even
within the same country. This condition can lead
to further complications, such as the need for
extraction of the PD catheter, relapses, and a po-
tential transfer to hemodialysis (7), further in-
creasing the cost. A study on pediatric patients in
the United States estimated that the average cost
of peritonitis treatment is around 13,000 USD
(8). However, the factors associated with the
costs of hospital treatment for peritonitis in peri-
toneal dialysis patients have not been investigated
in detail.

This study aimed to identify the direct costs and
the factors influencing these costs when treating
this complication in an upper-middle-income
country like Serbia. Given that nothing similar
has been done in Balkan countries, the advantage
of our study is that it was done in several differ-
ent centers in the central Balkan state of Serbia.
This would be important because we can com-
pare our research with developed countries and
see where we are in terms of the way we treat
patients with peritoneal dialysis-associated peri-
tonitis.

Methods

Study design and population

This retrospective observational study was car-
ried out on a series of consecutive patients admit-
ted due to PD-associated peritonitis in five ter-
tiary hospitals across Serbia from Jan 1, 2019, to
Dec 31, 2022. These hospitals include the Uni-
versity Clinical Center Serbia (UCCS), University
Clinical Center Kragujevac, University Clinical
Center Vojvodina, Clinical Hospital Center
Zemun, and the Military Medical Academy. The
patient population was selected based on the cri-
teria of being over 18 yr old and having a diagno-
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sis of PD-associated peritonitis. Patients with in-
complete records, died in first 24 hours or those
transferred to another department for further
treatment were excluded from the study. We took
data from the medical documentation and avoid-
ed selection bias because all patients with perito-
neal dialysis associate peritonitis were included in
the analysis.

The UCCS Ethics Committee approved the study
(approval number 1177/9, dated December 12,
2022), conducted in line with the ethical princi-
ples of the World Medical Association Declara-
tion of Helsinki for medical research involving
human subjects.

Data Collection

Data were gathered from electronic medical rec-
ords and included information such as gender,
age, weight, primary kidney disease, duration of
PD treatment, type of PD, history of peritonitis,
peritonitis incidence rate, comorbidities, Charlson
Comorbidity Score, class of the isolate in the PD
culture, length of hospital stay, treatment out-
come, number of ECGs, morphological diagnos-
tics, consultative examinations, type of drugs and
number of doses used for peritonitis treatment,
number of erythrocyte concentrate transfusions,
and laboratory analyses (microbiological, hemato-
logical, biochemical).

The official pricing for diagnostic investigations
and treatment was obtained from the Republic
Fund of Health Insurance of the Republic of
Serbia. The average official middle exchange rate
of the Serbian dinar against the US dollar was
108.5 according to the National Bank of Serbia in
Feb 2024 (9). Primary outcome of study was total
cost of hospitalization.

Statistical analysis

A minimum sample size sufficient to determine
factors significantly associated with total cost of
treatment was calculated using G-Power (10).
The assumed cost size and its variability were
taken from a similar study (11): 0.05 probability

1227

of type 1 error, power of the study 0.80. The cal-
culated sample size was 85 patients.

Data obtained from the information systems
were first numerically coded, tabulated, and
checked for errors. Data were then described by
measures of central tendency and variability (if
continuous) or by frequencies and relative num-
bers (percentages). Mean, median, standard de-
viation, and interquartile range described the dis-
tribution of the data. The effects of independent
variables on the study outcome were analyzed by
generalized linear model with a gamma probabil-
ity distribution and a log link function. The
goodness of fit for the model was assessed using
the Pearson Chi-square statistic and the Omnibus
test. Results were considered statistically signifi-
cant if the probability of the null hypothesis was
0.05 or less.

All analyses were performed using the IBM SPSS
Statistics for Windows, ver. 23.0 (IBM Corp.,
Armonk, NY, USA).

Results

Opverall, 122 patients who met the inclusion crite-
ria were enrolled in the study. The patients’ mean
age was 61.3 * 15.52 yr, and 53 (43.4%) of them
were male. Hypertension and/or diabetes melli-
tus were the primary causes of end-stage kidney
disease (ESRD) in 61 (50%) of the patients. The
average duration of PD before the onset of peri-
tonitis was 36.7 £ 36.2 months. The baseline
characteristics of the study group are summarized
in Table 1.

The average length of hospitalization was 24.5 £
25.4 d. During this period, patients received an
average of 73.6 * 57.3 doses of antibiotics and
4.1 * 9.9 doses of antimycotics. The associated
costs were as follows: length of hospitalization -
348.17 £ 361.52 USD, antibiotic - 294.94 *
465.88 USD, and antimycotic treatments- 72.95
+ 558.18 USD. Utilization of healthcare re-
sources and costs are presented in Table 2.
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Table 1: Characteristics of the study sample (n = 122)

Vagiable ~ Value (mean * SD, median, [IQR]) or |

count (%)
Age 61.3 + 15.2, 65.0 [21.0]
Sex (male/female) 53 / 69 (43.4% / 56.6%)
Body weight (kg) 68.2 + 16.3, 69.5 [20.3]
Diabetes mellitus (yes/no) 38 / 83 (31.4% / 68.6%)

Main cause of HTA 34 (27.9%)

renal failure DM 17 (13.9%)
Both HTA and DM 10 (8.2%)
Glomerulonephritis 21 (17.2%)
Hereditary 6 (4.9%)
Infectious 2 (1.6%)
Unknown 32 (26.2%)

Time on peritoneal dialysis (months) 36.7 £ 36.2, 25.5 [38.0]

Number of previously treated perito- 1.1 £1.4,1.0[2.0]
nitis
Isolated micro- | Gram-positive

57 (46.7%)

organisms from | Gram-negative 18 (14.8%)
peritoneal fluid | Candida sp. 2 (1.6%)
Nothing isolated 45 (36.8%)

Treatment outcome: survived/died
Charlson’s comorbidity index

111 / 11 (91.0% / 9.0%)
5.2+ 2.0,5.0[2.0]
SD — standard deviation; IQR — interquartile range; HTA — hypertension; DM — Diabetes mellites;

Table 2: Utilization of healthcare resources and costs (mean + SD, median, [IQR])
| Variable

Utilization (number) Costs (USD)

Length of hospitalization (days)
Specialists’ encounters
Microbiological analyses

24.5 + 254, 18.0 [12.0]
2.2 +32,1.0[3.0]
3.6+ 2.4,3.0 [2.0]

348.17£361.52, 256.31[174.44]
5.64£8.36, 2.62[7.85]
25.60%20.54, 22.65[19.40]

Full blood counts 14.8 +17.8,9.0 [11.0] 39.52%38.35, 27.19[27.19]
Biochemical tests 82.1 % 83.8, 59.0 [58.0] 209.10%236.44, 139.39[149.14]
ECGs 2.1+ 3.4,1.0[1.0] 11.83%19.07, 5.53[5.53]

Radiological ~diagnostic proce-
dures *

Disposable syringes, needles and
infusion sets used

Doses of antibiotics

Doses of antimycotics
Doses of other drugs
Erythrocyte transfusions
Replacing peritoneal catheter
Temporary hemodialysis
Total
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1.6 + 1.9, 1.0 [2.0]
151.6 * 181.3,112.0 [151.0]

73.6 + 57.3, 56.0 [67.0]
4.1+9.9,0.0 [0.0]
33.9 + 61.8, 16.0 [38.8]
0.5 + 1.4, 0.0 [0.0]
0.1 + 0.3, 0.0 [0.0]
0.2 + 0.4, 0.0 [0.0]
N.A.

23.51%33.33, 7.34[27.81]
27.50%32.38, 21.51[26.98]

294.94%465.88, 126.05[266.98]
72.95+558.18, 0[0]
43.21%105.99, 2.81]29.99)

7.74%20.53, 0[0)]
5.29413.68, 0[0]
4.35%9.32, 0[0]

1131.90+1538.67,
638.19[738.67]

* Radiological diagnostic procedures: ultrasound examinations, computerized tomography, nuclear magnetic resonance or X-rays
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The generalized linear model with log link and
gamma distribution was used to analyze the rela-
tionship between several independent variables
and the main outcome, i.e., the total costs. The
independent variables included in the model
were: sex, diabetes mellitus, previous infection of
PD catheter, Charlson comorbidity index, treat-
ment outcome, age, time on PD before onset of
peritonitis, number of previous peritonitis, and

length of hospitalization. The model has satisfac-
tory fit to the data with Pearson Chi-square value
of 14.069, and a p-value of 0.174. All assump-
tions were met. Overall model was statistically
significant with the Omnibus test value of
167.292, with a P-value<0.001. Significant predic-
tors were presented in Table 3.

Table 3: Results of the generalized linear model (Pearson Chi square 14.069, P=0.174; omnibus test 167.292,
P<0.001). Dependent variable: total costs. Variables included in the model: (Intercept), sex, diabetes mellitus, previ-
ous infection of peritoneal catheter, Charlson comorbity index, treatment outcome, age, time on peritoneal dialysis
before onset of peritonitis, number of previous peritonitis, length of hospitalization. Probability distribution gamma,
link function log,.

Predictor B £ 95% CI P
Length of hospitalization 0.037 + 0.032 <0.001
Treatment outcome -0.485 £ 0.245 <0.001
(died/survived)

CI — confidence interval

Discussion

Major findings of our study confirmed that the
direct cost of hospital treatment for PD-
associated peritonitis significantly contributes to
the overall cost of PD treatment. This highlights
the importance of our study in clarifying the ad-
ditional costs of treating peritonitis from a phar-
macoeconomic perspective. The length of hospi-
talization has a positive correlation with total
costs, while, conversely, death as an outcome has
a negative correlation with total costs.

Previous studies from Spain and Colombia,
which included patients with peritonitis associat-
ed with peritoneal dialysis, showed a predomi-
nance of males with an average age of 56.7 yr as
well as study from Germany; they studied the
effect of gender on peritoneal dialysis (12-14). In
comparison, our patient group is slightly older
(61.3 £ 15.52 yr) and has a higher prevalence of
females. In general, there are more women in the
population, so it makes sense that more women
have a problem with peritonitis associated with
peritoneal dialysis. In the USA, women are 12%

1229

more likely to initiate PD than men (15). Fur-
thermore, they have almost twice the chance of
getting peritonitis (16), which supports our find-
ings. In our study, hypertension and diabetes
mellitus were the primary causes of end-stage
kidney disease (ESRD) in 61 (50%) of the cases.
These are the main causes of chronic kidney fail-
ure in high and middle-income countries (17).
However, this differs from a Spanish study that
reported glomerulonephritis (22.7%) as the most
common cause, followed by diabetic nephropa-
thy (19.8%). Generally, when we look at sur-
rounding countries we have similar results to
Greece, where hypertension, and cardiovascular
diseases followed by diabetes mellitus are the
most common cause of PD (18). Before the first
episode of peritonitis, the average duration of PD
was about three years per patient

The average length of hospitalization for patients
in our study was 24.5£25.4 d, with associated
costs of 348.17£361.52 USD. These findings are
similar to a study from Colombia, which reported
an average hospitalization duration of 22.2 d (13).
In our study, the primary cost drivers for perito-
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nitis treatment were antibiotics (294.941465.88
USD) and antimycotics (72.95£558.18 USD).
These results align well with the Colombian study
(13). When we consider results from the USA, we
can conclude that they had higher pharmacy
treatment costs (1191 USD) (19). This is likely
due to the fact that the USA and other high-
income countries have registered medicines that
are more expensive compared to those on the
Serbian market (20). Our results point out great
variability when antimycotics are used. When we
used agents from the imidazole group, the costs
were lower compared to echinocandins, where
the price was much higher.

The most commonly isolated microorganisms
from peritoneal fluid were gram-positive micro-
organisms, as in other studies (21,22). A signifi-
cant portion of the funds also went towards bio-
chemical analyses (209.10+236.44 USD).

Some patients do not require hospitalization. Ac-
cording to the International Society for Peritone-
al Dialysis, the decision to admit a patient to the
hospital depends on several factors. These in-
clude the patient’s hemodynamic status, the se-
verity of their symptoms, the treatment schedule
selected for automated PD patients, the feasibility
of administering intraperitoneal antibiotics on an
outpatient basis, and the patient’s compliance
(23).

Generally, the total cost per patient amounts to
1131.90£1538.67 USD. This value is significantly
lower when compared to the treatment costs in
the USA, but significantly higher when compared
to the costs in Colombia (13,17). Such a result is
expected because the USA is more developed
than Serbia and other Balkan countties, and also
because the costs of healthcare services (bed-day,
encounter with a specialist, diagnostic examina-
tions, etc.) are much higher and not regulated
administratively, like in Serbia (24).

The length of hospitalization positively correlates
with the total cost of peritonitis treatment. The
longer a patient stays in the hospital, the higher
the cost. This is because each additional day in
the hospital incurs extra costs, including the cost
of therapy. In most cases, a patient stays longer in
the hospital due to the need for extended antimi-
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crobial therapy. On the other hand, death as an
outcome has a negative correlation with total
costs. This implies that when a patient’s hospital
stay is shortened due to death, the treatment
costs are reduced. The costs of treating peritoni-
tis are substantial, particularly given that Serbia is
a medium-developed country with average
monthly gross earnings of 1,214 USD (25).
These costs would probably be higher, but due to
the pandemic, some patients supposed to be
hospitalized were admitted on an outpatient basis
Our study has several limitations. Firstly, we only
included direct costs as we had access solely to
patients' medical histories. Additionally, some
patients were transferred to different depart-
ments for treatment of other accompanying dis-
eases. This made it impossible to precisely segre-
gate the cost of peritonitis treatment from other
treatments, especially for patients who continued
antimicrobial treatment. Therefore, we excluded
those patients. Finally, our study was conducted
during the COVID-19 pandemic, have affected
the treatment outcomes of some patients.

Conclusion

Each additional day of hospitalization significant-
ly increases the cost, therefore more efficacious
treatments with shorter hospital stays could be
drivers of substantial savings. Additionally, pa-
tients with less severe symptoms, who are young-
er, more compliant, have fewer comorbidities,
and live near the clinic, should be considered for
outpatient treatment to reduce treatment costs. It
is certainly recommended that these facts be no-
ticed by the competent authorities who would
issue specific recommendations for the treatment
of this group of patients. In addition, these con-
clusions probably could be applied to the most of
the Balkan countries, especially the countries of
the former Yugoslavia (e.g., North Macedonia,
Bosnia and Herzegovina, Montenegro etc.).

Journalism Ethics considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or

1230



Iran J Public Health, Vol. 54, No.6, Jun 2025, pp.1225-1232

falsification, ~ double  publicaton  and/or
submission, redundancy, etc.) have been
completely observed by the authors.

Conflict of interest

The authors declare that there is no conflict of
interests.

References

1. Watt T, Chatlesworth A, Gershlick B (2019).
Health and care spending and its value, past,
present and future. Fumre Healthe ], 6(2):99—
105.

2. Liyanage T, Ninomiya T, Jha V, et al (2015).
Worldwide access to treatment for end-stage
kidney disease: a systematic review. I ancet,
385(9981):1975-82.

3. Bello AK, Okpechi IG, Levin A, et al (2024). An
update on the global disparities in kidney dis-
ease burden and care across wotld countries
and regions. Lancet Glob Health, 12(3):e382-95.

4. Jo C (2014). Cost-of-illness studies: concepts,
scopes, and methods. Cin Mol Hepato,
20(4):327-37.

5. Xie F, Thumboo J, Fong KY, et al (2008). A
Study on Indirect and Intangible Costs for
Patients with Knee Osteoarthritis in Singa-
pore. Value Health, 11 Suppl 1:584-90.

0. Sachdeva B, Zulfiqar H, Aeddula NR. Peritoneal
Dialysis. In: StatPearls [Internet]. Treasure Is-
land (FL): StatPearls Publishing; 2025 Jan.

7. Mehrotra R, Devuyst O, Davies §J, Johnson
DW (2016). The Current State of Peritoneal
Dialysis. | Anz Soc Nephrol, 27(11):3238-52.

8. Redpath Mahon AC, Richardson T, Neu AM,
Warady BA (2019). Factors associated with
high-cost hospitalization for peritonitis in
children receiving chronic peritoneal dialysis
in the United States. Pediatr Nephrol,
34(6):1049-55.

9. National Bank of Serbia. Average exchange rates
[Internet]. 2024 [cited 2024 Mar 30]. Available
from: https:/ /nbs.rs/en/indeks

10. Faul F, Erdfelder E, Buchner A LA (2009). Sta-
tistical power analyses using G*Power 3.1:
tests for correlation and regression analyses.
Bebav Res Methods, 41(4):1149—60.

1231

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Madsen HO, Hanehgj M, Das AR, et al (2009).
Costing of severe pneumonia in hospitalized
infants and children aged 2-36 months, at a
secondary and tertiary level hospital of a not-
for-profit organization. Trgp Med Int Health,
14(10):1315-22.

de la Espada Pifna V, Ganga PLQ, Junquero
JMG, et al (2021). Two decades of analysis of
peritonitis in peritoneal dialysis in Andalusia:
Epidemiological, clinical, microbiological and
progression aspects. Nefrologia (Engl Ed),
41(4):417-25.

Makhija DU, Walton SM, Mora JP, Sanabria RM
(2017). Economic Impact of a Peritoneal Di-
alysis Continuous Quality Improvement Pro-
gram in Colombia. Perit Dial Int, 37(2):165-9.

Vogel SL, Singh T, Astor BC, Waheed S (2020).
Gender differences in peritoneal dialysis ini-
tlation in the US end-stage renal disease
population. Perit Dial Int, 40(1):57-61.

Kitterer D, Segerer S, Braun N, et al (2017).
Gender-Specific Diftferences in Peritoneal Di-
alysis. Kidney Blood Press Res, 42(2):276-283.

Kotsanas D, Polkinghorne KR, Korman TM, et
al (2007). Risk factors for peritoneal dialysis-
related peritonitis: Can we reduce the inci-
dence and improve patient selection? Nephrol-
ogy (Carlton), 12(3):239—-45.

Webster AC, Nagler E 'V, Morton RL, Masson P
(2017). Chronic Kidney Disease. Lancer,
389(10075):1238-52.

Diamantis P Kofteridis 1, Antonios Valachis,
Kostas Perakis, et al. (2010). Peritoneal dialy-
sis-associated peritonitis: clinical features and
predictors of outcome. Int | Infat Dis,
14(6):489-93.

Redpath Mahon AC, Richardson T, Neu AM, et
al (2019). Factors associated with high-cost
hospitalization for peritonitis in children re-
ceiving chronic peritoneal dialysis in the Unit-
ed States. Pediatr Nephrol, 34(6):1049-55.

Versporten A, Bolokhovets G, Ghazatryan L, et
al (2014). Antibiotic use in Eastern Europe: a
cross-national database study in coordination
with the WHO Regional Office for Europe.
Lancet Infect Dis, 14(5):381-7.

Salzer WL. Peritoneal dialysis-related peritonitis:
challenges and solutions (2018). Int ] Nephrol
Renovasc Dis, 11:173-86.

Available at:  http://ijph.tums.ac.ir



Stojadinovic et al.: Cost Analysis of Hospital Treatment for Peritoneal ...

22. Szeto CC, Li PKT (2019). Peritoneal Dialysis—
Associated Peritonitis. Clzn | Am Soc Nephrol,
14(7):1100-1105.

23. Li PKT, Chow KM, Cho Y, et al (2022). ISPD
peritonitis guideline recommendations: 2022
update on prevention and treatment. Perit Dial
Int, 42(2):110-53.

Available at:  http://ijph.tums.ac.ir

24. Pejcic A 'V, Jakovljevic M (2017). Pharmaceutical
expenditure dynamics in the Balkan countries.
J Med Econ, 20(10):1013-7.

25. CEIC Data. Setbia Monthly Earnings, 2000 —
2024 [Internet]. [cited 2024 Apr 1]. Available
from:
https:/ /www.ceicdata.com/en/indicator/ser
bia/monthly-earnings

1232



