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Abstract

Background Chronic kidney disease (CKD) progression is
associated with significant comorbidities and costs. In
Italy, limited evidence of healthcare resource consumption
and costs is available. We therefore aimed to investigate
the direct healthcare costs in charge to the Lombardy
Regional Health Service (RHS) for the treatment of CKD
patients in the first year after starting hemodialysis and in
the 2 years prior to dialysis.

Methods Citizens resident in the Lombardy Region (Italy)
who initiated dialysis in the year 2011 (Jan 1 to Dec 31)
were selected and data were extracted from Lombardy
Regional databases on their direct healthcare costs in the
first year after starting dialysis and in the 2 years prior to it
was analyzed. Drugs, hospitalizations, diagnostic proce-
dures and outpatient costs covered by RHS were estimated.
Patients treated for acute kidney injury, or who died or
stopped dialysis during the observational period were
excluded.

Results From the regional population (>9,700,000 inhab-
itants), 1067 patients (34.3 % females) initiating dialysis
were identified, of whom 82 % underwent only
hemodialysis (HD), 13 % only peritoneal dialysis (PD) and
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the remaining 5 % both treatments. Direct healthcare
costs/patient were € 5239, € 12,303 and € 38,821 (€ 40,132
for HD vs. € 30,444 for PD patients) for the periods
24-12 months pre-dialysis, 12-0 months pre-dialysis, and
in the first year of dialysis, respectively.

Conclusions This study highlights a significant economic
burden related to CKD and an increase in direct healthcare
costs associated with the start of dialysis, pointing to the
importance of prevention programs and early diagnosis.
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Introduction

In the United States, kidney disease is the 9th leading
cause of death and affects more than 10 % of the adult
population, in most cases remaining undiagnosed. In 2012,
total Medicare expenditure (excluding drugs) linked to
kidney failure accounted for around 6 % of the Medicare
budget costs [1]. In developed countries, end-stage renal
disease (ESRD), requiring renal replacement therapy
(RRT) in the form of dialysis or transplantation, represents
an important and growing cost driver for National Health
Services (NHS) with an annual growth of dialysis pro-
grams ranging between 6 and 12 % over the past two
decades [2].

Only a minority of people with chronic kidney disease
(CKD) will develop kidney failure in their life, partly due
to the high risk of cardiovascular mortality in these patients
(8- to 10-fold higher in CKD populations) [3—5]. US data
report that among patients in CKD stage 3 (almost 40 % of
the entire CKD population) only 0.15-0.2 % per year over
10-25 years progress to ESRD [3, 4, 6].
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A huge economic impact and loss of productivity are
associated with advanced kidney disease: several devel-
oped countries spend more than 2-3 % of their annual
healthcare budget in providing treatment to the
0.02-0.03 % of the total population affected by ESRD [7].
In 2001, it was estimated in Italy that 1.8 % of the total
healthcare budget was spent on ESRD patients, who rep-
resented 0.083 % of the general population [8]. But in
Italy, there is limited evidence available on the healthcare
resource consumption and costs [9, 10], particularly in
relation to a large number of patients followed over a
period of several years from pre-dialysis to RRT. In recent
years, due to healthcare budget restrictions, analyses of the
economic dimensions of health care have become impor-
tant to identify areas for potential improvement. The aim of
this study was to evaluate direct healthcare costs and
resource consumption in CKD patients new to dialysis in
the 2 years before beginning dialysis and in the first year of
dialysis. The analysis was conducted from the perspective
of the Lombardy Regional Healthcare Service (RHS).

Methods

The Italian public healthcare system provides coverage in
terms of healthcare services to all Italian citizens on a
Regional basis. All medical services provided by the Italian
National Health system (hospitalizations, diagnostic pro-
cedures and drugs) are recorded, for each citizen, in local/
regional databases for administrative purposes. For this
study, data were provided by the Operative Unit for
Government Data, Strategies and Plans of the healthcare
system of the Lombardy Region (with a population of
about 9,700,000 inhabitants) to enable an analysis of the
healthcare resource consumption and related costs covered
by the RHS of patients who underwent dialysis in 2011
(selection period: Jan 1 to Dec 31) for CKD/ESRD. The
following information included in the RHS databases was
analyzed: demographic characteristics of patients, drugs
reimbursed by RHS (distributed through pharmacies in the
local community or by RHS structures) in terms of con-
sumption and costs, hospital discharge records in terms of
frequency, diagnosis and costs, and diagnostic procedures
including outpatient procedures, laboratory tests and visits.
Only direct healthcare costs covered by the RHS were
estimated for the purpose of the present analysis; transport
costs, pension costs, productivity losses and any other
direct or indirect costs not covered by RHS were not
considered. Estimations of costs were based on the costs of
goods/services paid by the Lombardy Region in the refer-
ence period and tariffs charged to the RHS reported in the
data warehouse; drug prices paid by RHS could in some
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cases be lower than published prices due to hidden dis-
counts applicable to NHS structures. As this study was
carried out using data from the Lombardy RHS databases,
private healthcare expenditure was not included. Patients’
tax codes were used in order to link the different databases.

Only data on individuals resident in the Lombardy
Region were selected and all data were analyzed anony-
mously. All patients for whom a dialysis was recorded in
2011 were screened. From this population, patients with at
least one dialysis treatment during the selection period and
without any dialysis treatments in the previous 24 months
were selected for the study (incident patients) and analyzed
in a retrospective, observational and non-interventional
way. Patients who discontinued dialysis during the first
year (i.e. patients incident to dialysis who were still alive at
1 year from dialysis entrance but with a dialysis period—
first to last dialysis date—shorter than 365 days), patients
who underwent kidney transplantation, and patients with
acute kidney injury (identified through the International
Classification of Diseases, 9th Revision, Clinical Modifi-
cation (ICD9-CM), [11] code 584) were excluded. Patients
who died during the first year of dialysis were analyzed
separately.

Selected patients were analyzed separately according to
the type of dialysis and dialysis techniques used, identified
through ICD9-CM codes reported in Table 1. Major con-
comitant pathologies were also identified in order to esti-
mate their impact on healthcare costs; the diseases
considered were: diabetes, cardiovascular diseases (CVD),
and malignancies. The selected pathologies were attributed
to patients by the analysis of their specific healthcare
resource consumption in the 24 months preceding start of
dialysis. Diabetes was identified through the prescription of
drugs of the anatomical therapeutic chemical (ATC) class
A10 (drugs used in diabetes) [12]; malignancies were
identified through hospitalizations with ICD9-CM diagno-
sis (at any level) from 140 to 239 (neoplasm) [11] and/or
prescriptions of drugs of ATC class LO1 (antineoplastic and
immunomodulating agents) [12]; CVD, including particu-
larly severe cases, was identified through hospitalizations
coded ICD9-CM from 390 to 459 (diseases of the circu-
latory system) [11].

For incident patients, healthcare resource consumption
and costs were evaluated for the 24 months preceding the
start of dialysis and for the 12 months after starting dial-
ysis. For each patient, drug costs were calculated by
multiplying the number of prescriptions by the cost of
each prescription; hospitalization costs were calculated by
multiplying each admission by the unit cost for each
regional DRG tariff; diagnostic procedure costs were
calculated by multiplying each procedure by its regional
tariff.
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Table 1 Criteria for dialysis identification

Type of dialysis ICD9-CM Dialysis techniques Current procedural CPT codes
codes terminology
Hemodialysis (HD) 38.95 Convective In-hospital dialysis 39.95.5, 39.95.6; 39.95.7; 39.95.8;
39.95.9
(HF, HDF, AFB, Limited-care dialysis 39.95.6
PFD)
Diffusive In-hospital dialysis 39.95.1; 39.95.2; 39.95.3; 39.95.4
(Bicarbonate dialysis) Limited-care dialysis 39.95.2
Dialysis performed during hospitalization 39.95A
Peritoneal dialysis 54.98 Automated Peritoneal Dialysis (APD) 54.98.1
(PD) Continuous Ambulatory Peritoneal Dilaysis (CAPD) 54.98.2

ICD9-CM International Classification of Diseases, 9th Revision, Clinical Modification, CPT current procedural terminology, HF hemofiltration,
HDF hemodiafiltration, AFB acetate-free biofiltration, PFD paired filtration-dialysis

Statistical analysis

We used proportions as the descriptive statistic for cate-
gorical variables, and mean = standard deviation (SD), or
median, for continuous variable. Costs were compared with
the Wilcoxon non parametric test (for two samples) or
Kruskall-Wallis test (for more than two samples). We used
SAS software (version 9.2) to perform data analysis.

Results

A total of 8316 CKD patients who underwent dialysis in
2011 were identified (1083 were previously excluded
because they were affected by acute kidney injury). Of
these, 1682 were incident to dialysis, of whom 1067 (mean
age 65.2 years, 58 % aged >65 years; 65.7 % males) met
the pre-specified selection criteria for analysis (Table 2).
Type of dialysis, dialysis techniques and intensity of
assistance are also reported in Table 2. In the whole inci-
dent population (n = 1682), the mortality rate in the first
year of dialysis was 21.7 % (n = 365) with a mean time to
death from start of dialysis of 111.75 £ 108.64 days,
median 69 days.

Considering incident dialysis, of 1067 patients who
survived at least for the first year of dialysis and who did
not discontinue RRT, the vast majority of patients were
treated with only hemodialysis (HD) (81 %). Almost three
out of four HD patients (72.4 %) were treated by diffusive
techniques as a first treatment and about 67 % of HD
sessions were performed in hospital centers; patients
receiving only limited-care HD accounted for only 3.6 %.
Almost half of the patients who underwent only PD
(49.3 %) were treated with continuous ambulatory peri-
toneal dialysis (CAPD).

Presence and frequency of comorbidities in the total
analyzed incident population (n = 1067) is reported in

Table 2 Type of dialysis, dialysis techniques and intensity of assis-
tance in patients incident to dialysis

Analyzed population N %o

Total incident dialysis patients 1682

Patients died deceased during the first year of dialysis 365

Patients who discontinued dialysis in the first year 250

Total analyzed incident population 1067

Type of dialysis in the first year of treatment
Only haemodialysis (HD) 869 81.4
Only peritoneal dialysis (PD) 142 133
HD and PD 56 53

Type of haemodialysis techniques in the first year of treatment
Reference population (Only HD) 869
Convective techniques 8§ 09
Diffusion techniques 629 724
Convective and diffusion techniques 230 26.5
Only dialysis performed during hospitalization 2 02

Type of assistance in the first year of treatment
Reference population (Only HD) 869
Limited- care 31 3.6
In-hospital HD 586 674
Limited- care and in-hospital HD 252 29.0

Type of peritoneal dialysis in the first year of treatment
Reference population (Only PD) 142
Automated peritoneal dialysis (APD) 29 204
Continuous ambulatory peritoneal dialysis (CAPD) 70 493
APD and CAPD 43 303

HD haemodialysis, PD peritoneal dialysis, APD automated peritoneal
dialysis, CAPD continuous ambulatory peritoneal dialysis

Table 3. Only one-third of patients had none of the iden-
tified concomitant pathologies; 10.2 % were affected by
malignancies, 29.7 % by diabetes and 56.1 % by CVD;
1.9 % of the total population had all three selected con-
comitant pathologies.
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Table 3 Presence and frequency of concomitant pathologies

Malignancies Diabetes Cardiovascular diseases Frequency (n) Percentage (based on 1067 patients) (%)
No No No 333 31.2
No No Yes 340 31.9
No Yes No 83 7.8
No Yes Yes 202 18.9
Yes No No 40 3.8
Yes No Yes 37 3.5
Yes Yes No 12 1.1
Yes Yes Yes 20 1.9
25,000 €
20,000 €
15,000 €
10,000 €
5,000 €
7
o€ T 1
FIRST 6
-24-18 -18-12 MONTHS 6-12
DIALYSIS DIALYSIS OF DIALYSIS | OF PIALYSIS
/. HOSPITALIZATIONS €1,024.2 €1,448.5 €1,952.9 €6,806.9 €3,912.8 €2,966.7
aDIALYSIS €12,616.1 €12,981.8
= DIAGNOSTIC PROCEDURES €345.8 €380.2 €439.1 €549.2 €1,975.4 €1,823.7
DRUGS €947.8 €1,092.1 €1,255.1 €1,2994 €1,255.5 €1,288.2

Fig. 1 Average healthcare cost per patient from pre-dialysis to dialysis

Average expenditure per patient increased from €
2317.8 £ 3399.2 in the period 24—18 months pre-dialysis,
to € 8655.5 &£ 8399.9 in the last 6 months before starting
dialysis, further increasing to around € 19,000 in each of
the two 6-months periods after starting dialysis (Fig. 1).
Drugs expenditure increased slightly in the pre-dialysis
period and remained substantially stable from 6 months
before starting dialysis to 12 months after starting dialysis.
Costs for diagnostic procedures (excluding dialysis)
increased markedly from the 6 months pre-dialysis to the
year following the start of dialysis. Hospitalization costs
increased dramatically in the 6 months prior to dialysis and
then decreased. Detailed costs by dialysis technique and
type of assistance are reported in Table 4.

As expected [9, 21-23], the average yearly healthcare
costs for patients treated only by HD were 32 % higher than
for patients treated only by PD (€ 40,132.1 &+ 13,321.8
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vs. € 30,444.0 + 9381.5, p < 0.0001, Wilcoxon test). Of
patients receiving only HD, those treated only by convec-
tive techniques had a yearly cost that was 23 % higher than
those treated only by diffusive techniques, although hospi-
talization costs in the latter group were 94 % higher than in
the convective technique patients. Considering dialysis
setting, patients receiving only limited-care HD had a 36 %
lower yearly cost than those undergoing HD in dialysis
centers (€ 30,518.4 4 13,535.5 vs. € 41,641.1 & 13,277.8,
p < 0.0001, Wilcoxon test). Dialysis and hospitalizations
represented by far the major cost drivers in all the sub-
populations analyzed while, from 6 months before dialysis
onward, drugs and diagnostic procedures had a limited
impact on total healthcare costs.

Average yearly costs per patient saw a huge increase
mainly due to hospitalization costs with the increasing
number of comorbidities; in particular, the yearly cost for
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Table 4 Yearly cost per patient by dialysis technique and type of assistance (n = 1067)

PD: CAPD PD: APD

PD: APD

HD: convective
and diffusive
techniques

HD: only HD: only

HD: only
diffusive

HD and PD HD: only

Only PD

Only HD

and CAPD
(N=43)€

(N =70) €

(N=29)€

dialysis at

limited care

(N = 56) € convective
techniques

(N = 142)

(N = 869)

(N =31) € dialysis centre

techniques

(N = 230) €

(N = 586) €

(N = 629) €

(N=8)¢€

3429.6 3600.2

3939.5

23253

2324.0 3585.4 3310.7 3100.1 2301.4 2348.6 2383.8

Drugs (mean)

2062.5 2184.9

4133.6 3240.6 4361.1 4016.7 2453.3

2179.4 3283.4 4051.1

4097.0

Diagnostic

procedures
(mean)

21,122.5
4078.7

19,003.1
5383.7

20,645.2
3965.8

31,8224
6456.2

27,604.9
7291.3

23,143.0
1786.2

24,924.6
7050.3

36,516.6
3629.6

26,800.3 19,980.2 21,182.7
4699.0

6910.8

Dialysis (mean)

11,924.9

Hospitalizations

(mean)
Total

29,8789 £ 30,986.3 +

31,003.8 £

44,620.6 +

38,409.9 + 30,5184 £ 41,641.1 +

39,701.7 £ 47,2974 +

30,444.0 +

40,132.1 +

8114.0

13,321.8 9381.5 10,516.8 18,566.3 13,241.2 13,535.5 13,277.8 12,244.4 8286.5 10,548.6

(mean £ SD)

SD standard deviation, HD haemodialysis, PD peritoneal dialysis, APD automated peritoneal dialysis, CAPD continuous ambulatory peritoneal dialysis

the hospitalization of patients with three concomitant
pathologies was double that of patients without (Table 5).
Healthcare costs in the last year of life of incident dialysis
patients were € 35,571.9 + 30,071.7 per patient (n = 365),
the major cost component being hospitalization, repre-
senting 69.6 % of total healthcare costs (€ 24,762.6), while
diagnostic procedures accounted for only 5.2 % (€ 1858.1).

Discussion

CKD is a complex disease that imposes a significant bur-
den in terms of public health expenditure, the quality of life
of affected patients, and healthcare management costs [8,
13-16]. The extremely significant burden of CKD costs
was recently reported by the Global Burden of Disease
Study 2013 Collaborators [17] who estimated the number
of years lived with disabilities by CKD patients to be over
12 million. Some studies have shown that healthcare
resources and costs associated with the treatment of CKD
increase dramatically with the progression of the disease,
particularly when RRT begins [9, 10, 18]. An Italian study
[9] with a similar methodology to ours estimated the cost
per patient covered by the NHS for 1 year preceding the
start of dialysis to be € 11,123; these data are in line with
our findings (€ 12,302.6). However, to our knowledge there
are no published Italian or European data on incident
dialysis patients covering the period from 24 months pre-
dialysis to 12 months post dialysis initiation. The only data
covering a similar period are contained in a study by St.
Peter et al. [18], which was performed on a US population
referring to the years 1995-1998; although our data are not
directly comparable with theirs due to the different periods
of analysis and healthcare settings, there is an evident
similarity in the trend showing a steep increase in health-
care resource consumption and costs leading up to dialysis
treatment. The only available studies investigating costs of
patients incident to dialysis [18-20] are not Italian studies
and were conducted in different healthcare settings, from a
different perspective of analysis and with different
methodologies, which means that comparison with our
results is unfeasible.

Our findings regarding the economic advantages of
treating patients with PD versus HD are expected and
already reported in other studies, even if they do not focus
on the incident population [9, 21-23]. The higher costs
associated with the treatment of patients affected by con-
comitant pathologies are in line, despite the above-men-
tioned differences, with St. Peter et al. [18]. A very recent
study published by Li et al. [24], performed on incident
dialysis patients obtained linking the Hospital Episodes
Statistics dataset to the UK Renal Registry data, despite the
differences in the observational period (2003-2006) and
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Table 5 Yearly cost per patient without and with comorbidities in the first year of dialysis (n = 1067)

With 1 concomitant
pathology (n = 463) €

Without concomitant
pathologies (n = 333) €

P value
(Kruskall—-
Wallis test)

With 2 concomitant With 3 concomitant
pathologies (n = 251) € pathologies (n = 20) €

Drugs (mean) 2610.2 2582.6
Diagnostic 3545.6 3786.7
procedures
(mean)
Dialysis (mean) 25,170.2 25,352.5
Hospitalizations  4860.4 7329.6
(mean)
Total 36,186.4 £+ 13,275.8 39,051.4 £ 12,816.1
(mean + SD)

2305.9 3518.9 0.0829
4165.4 3709.0 0.0015
26,590.6 25,940.0 0.0377
8498.7 9764.1 <0.0001
41,560.6 £+ 12,830.0 42,932.0 & 14,384.8 <0.0001

healthcare setting, support some of our findings regarding
the higher hospitalization costs in HD versus PD patients,
the impact of comorbidities on costs and the higher hos-
pitalization costs of patients that died during the first year
of dialysis versus HD patients.

The use of administrative databases as a source infor-
mation has some recognized limitations, such as the lack of
clinical information, the unavailability of indirect costs, the
impossibility to separate costs related to the specific dis-
ease or its comorbidities [25]. Administrative databases
have, on the other hand, several advantages as they provide
collected information on each individual patient who can
be observed longitudinally for long periods accurately and
systematically. In a real-world setting, this kind of analysis
allows the estimation of treatment patterns and healthcare
resource consumption and costs, thanks to the single
datasets being linked using a tax code. These characteris-
tics make administrative databases feasible tools for studies
investigating real-world treatment patterns [26, 27].

This study presents complete and detailed information
on a very large number of patients extracted from the
administrative databases of a large Italian region, covering
almost 10 million inhabitants. Moreover, the selected
population was observed longitudinally over a long period
of time (3 years) and in a very recent period. It could
therefore accurately represent the therapeutic patterns and
costs associated with patients incident to dialysis in the
Lombardy Region. Finally, as far as we know, this study is
the first to present detailed data on all dialysis techniques in
different settings and the healthcare resource consumption
and costs for patients over a prolonged pre-dialysis period.

This study highlights a dramatic increase in resource
consumption and healthcare costs associated with the
treatment of patients approaching RRT, underlining the
possible advantages of prevention programs, as also
reported by the National Kidney Foundation [28]. Our
analysis of the different dialysis techniques/settings
showed some already known information (higher costs
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associated with HD vs. PD) and some new evidence such
as the differences in total amount of costs and cost com-
position of different dialysis techniques and different set-
tings in HD patients. In PD patients, this study does not
reveal significant differences between CAPD and APD.
Finally, as expected, the presence of severe comorbidities
is linked to a wide increase in resource consumption and
healthcare costs mainly due to the increase in hospitaliza-
tion costs.
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