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¢ Objective: Conventional hemodialysis (HD) predomi-
nates over peritoneal dialysis (PD) around the world.
Prospective and comparative studies comparing the costs
of these modalities are scarce. In the present prospective
assessment, we describe the resources used and total
patient costs for both HD and PD.

¢ Methodology: We assessed 249 patients on HD and 228
on PD. All patients were 18 years of age or older and on stable
dialysis. The information was collected at three points over
1year, using standard questionnaires. The sources for costs
were the Brazilian public and private health care systems.
Societal perspective was considered.

¢ Statistical Analysis: Core trends and dispersions were
measured. Regression models assessed the impact of modal-
ity on the average total cost per patient per year.

¢ Results: Of the 249 HD patients and 228 PD dialysis
patients, 189 (74%) and 160 (70%) respectively completed
follow-up. The mean age for women was 55.8 years; for men,
it was 59.8 years (p = 0.001). The average total cost per
patient-year was US$28 570 for HD and US$27 158 for PD.
By category, the costs consisted of direct medical-hospital
costs (82.3% for HD, 86.5% for PD), direct nonmedical costs
(5.3% for HD, 3.7% for PD), and indirect costs (12.4% for
HD, 9.8% for PD). Overall costs were less for PD patients
than for their HD counterparts (p =0.025).

¢ Conclusions: Maintenance dialysis represented the
most important source of costs for both modalities; loss
of productivity incurred significant costs. Future studies
should contemplate the social consequences arising from
each modality.
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Despite a global lack of uniform data, the numbers of
patients requiring renal replacement therapy (RRT) are
known to be increasing in most countries (1). Worldwide,
theannual growth ratein the dialyzed populationis 8.0%,
which exceeds the population growth of 1.3% (2-5).

In Brazil, dialysis treatment has seen remarkable
expansion since the 1950s, reaching 91 091 prevalent
patientsinJuly 2010. Those patients were being managed
in 638 dialysis units, of which 53% were concentrated in
the southeast region of the country (5,6).

The cost of renal replacement therapy in Brazil is a
very important issue. It has been continuously debated
in medical society and the government, which funds
more than 85% of maintenance dialysis treatment. The
discussion of PD and HD costs has been a permanent
feature since the initiation of chronic dialysis treatment
in the country in 1975. The literature reports of the
costs of chronic dialysis, alone or compared by modal-
ity, most often contrast in-center hemodialysis (HD)
and ambulatory peritoneal dialysis (PD) (7-9). In Latin
America (specifically in Chile and Colombia), retrospec-
tive cost studies have been conducted (10,11). However,
the findings have shortcomings that areinherent to the
retrospective methodology.

In Brazil, prospective studies comparing the two main
dialysis modalities still need to be conducted. Given the
large portion of financialresourcesin the publicinsurance
budget that are allocated to renal replacement therapy
procedures, such comparisons are highly relevant with
respect to dialysis funding decisions (12-15). Our study
aimed to prospectively compare the direct and indirect
costs of HD and PD in greater Sao Paulo City, Brazil.
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METHODS
STUDY POPULATION

Our study recruited PD and HD patients 18 years of age
orolderwho had been on the same dialysis modality forat
least 1 month and who had been receiving treatmentat 1
of 6 selected dialysis centersin Sdo Paulo, Brazil. Patients
were excluded if they had serious comorbidities whose
clinical management could predominate or compete in
terms of resource use, if they were hospitalized at the
beginning of the study, and if they were scheduled for a
change of treatment modality or for renal transplantation
within the first 6 months of their inclusion in the study.

To achieve a more accurate comparison, the patient
cohorts were matched forage group and sex. No matching
for comorbidity was done because our general purpose
was to have groups that preserved the main characteris-
tics of the same groupsin the overall patient population.
Given thatthe study was observational, we therefore pre-
served the differencein comorbidities. Comorbidity was
takeninto considerationin the analysis as an adjustment.
At the beginning of the enrollment period, we assessed
all patients on dialysis and selected new patients who had
started dialysis during the 9-month enrollment period,
according to the inclusion criteria.

The centers were selected according to the volume
of PD patients in the center, because volume was the
main limitation to including patients in the study. We
therefore chose a convenience sample of centers in which
a greater number of PD patients could be found. Using
that strategy, the selected dialysis centers included 1
tertiary university center and 5 additional ambulatory
dialysis centers in greater Sdo Paulo (16-20). Initially,
all patients undergoing PD at each unit were selected
to participate. Thereafter, HD patients were randomly
selected and matched with their PD counterparts by sex,
age group (<45 years, 45 - 60 years, >60 years), and
dialysis center. In that way, the desired sample size of at
least 200 patients per group was obtained (6,21).

THE ALTERNATIVES: HD AND PD

The main types of PD in Brazil are continuous ambu-
latory PD and automated PD. The routine continuous
ambulatory PD regimen consisted of 4 daily exchanges
with 2 L of dialysis solution per exchange. Automated
PD is generally performed during the night, with 6 - 7
exchanges that use a total of about 12 L of dialysis solu-
tion. An additional exchange (long dwell) takes place
during the day (22) in approximately 30% of patients
on automated PD.

HEALTH ECONOMICS AND DIALYSIS

In Brazil, HD is not performed at home (22).
Conventional HD is routinely performed 3 times per
week and, in general, for 4 hours per session for most
patients, in a hospital oran ambulatory satellite center.
Daily in-center HD is performed in 0.9% of all patients
(notincluded in the present study).

DATA COLLECTION

A standardized questionnaire was administered at
3 points during the study: recruitment and 6 and 12
months later. One-on-one interviews were conducted
by 3 nurses who specialize in dialysis care. The nurses
were also responsible for gathering data from medical
records and collecting other patient data using sur-
veys. Data on demographics, clinical variables, and
resources used by each patient during follow-up were also
collected (16-20).

DESIGN

This prospective multicenter study followed patients
for 1 year, with censoring in the event of death, change
in dialysis treatment or dialysis center, renal transplanta-
tion, or loss to follow-up (16-20).

COST ASSESSMENT

Identification, Measurement, and Resource Costing:
This study took a societal perspective. In economicevalu-
ation studies, the choice of perspective hasanimportant
effect on the cost-benefit components assessed and used
in the evaluation. From a societal point of view, all costs
and benefits of a health care service orillness are taken
into account whenever possible; narrower perspectives
(for example, the perspective of the health insurance
fund or hospital) include only specific components. Direct
and indirect costs are both included in the societal form
of cost analysis (16-18).

The resources were categorized as direct medi-
cal (physician visits; other health professional visits;
hospitalization, diagnostic imaging, and laboratory
procedures; medications; maintenance dialysis; clinical
complications related to dialysis; and medical compli-
cations related to dialysis access); direct nonmedical
(travel cost, home adaptation, government aid because
of disease, and caregiver cost), and indirect (productiv-
ity loss). For the direct costs, the costing process was
characterized by an analysis of the frequency of use for
each resource, multiplied by the respective unit cost
(19,20). Appendixes 1 and 2 detail how the various cost
items were calculated.
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Routine Laboratory Tests:  Testing followed Ministry of
Health guidelines. Some tests were therefore carried out
monthly; others, quarterly or yearly. Appendix 2 describes
each test and the cost process. No costs were duplicated.
The costs of tests were computed for each patientaccord-
ing to that patient’s follow-up period (21,22).

Standard Medications: The costs of selected drugs
were calculated based on the average dose used by
the patients in the study, multiplied by the number of
months in the study and the respective unit cost for
each drug. In this group, the costs of calcium carbon-
ate, vitamin D, sevelamer, and erythropoietin were
analyzed (21,22,23).

Maintenance Dialysis: For HD, the value of a session
was analyzed by multiplying the unit value of its reim-
bursement by 13 (number of sessions per month). The
reimbursable package created by the Brazilian govern-
ment consists of 13 regular sessions of HD and 4 addition-
alemergency HD sessions, or 30 regular PD sessions and
4 additional emergency PD sessions. The period of time
(months) that the patient spent in follow-up was multi-
plied by 13. The two modalities were assessed according
to publicand private reimbursement. Peritoneal dialysis
was analyzed according to follow-up time in the study
and the value of the monthly reimbursement package.
The characteristics of the packages were determined by
the Ministry of Health (22,23).

Transportation Cost: Transportation costs were
included in the analysis based on the reports provided
by patients. The principal means of transportation con-
sidered were train, bus, taxi, ambulance, and personal
automobile. All values considered here relate to the
specific follow-up period (2008 - 2009) (16).

The costs related to ambulance and personalautomo-
bile were estimated considering the distance between
each dialysis center and the city center. Amean was calcu-
lated and used in the study. The reason for this approach
is that the actual cost for each means of transport was
not available for the public eye—especially in the case
of ambulances. Ambulance transportation is provided
by the government. Surprisingly, none of the sources
provided information about ambulance costs.

With respect to trains and buses, the trips per month
were multiplied by the cost of the tickets. Although some
patients were granted a ticket by the government, we
decided to calculate all the costs involved because of the
study’s societal perspective.

Some patients reported they used other means of
transportation—for example, they took a ride with a
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neighbor or a friend. In those cases, we calculated the
costs considering the number of trips per month, the
distance between the clinicand the patient’s residence,
and the cost per kilometer.

Thefares for publicand private transport were related
to the average costs for such transportation during the
study period.

Home Adaptation: Patients who made adjustments
at home provided the expenditures associated with
home adaptations. The adjustments usually consisted
of enlarging doors, making plumbing and water-filtering
system changes, adapting a room to accommodate the
system, and the like (16,17).

Caregiver Cost: Costs related to caregiving were con-
sidered as specified by the patients (16,17).

Government Aid:  Using a standardized general ques-
tionnaire, interviewees were asked directly whether they
were receiving welfare benefits from the government
and, if so, what the nature of the aid was (18).

Indirect Costs: Productivity losses because of dialysis
were based on the theory of human capital approach.
In a survey that asked specific questions about pre-and
post-dialysis income, patients were assumed to have
lost wages because of dialysis if their monthly income
decreased from pre- to post-dialysis. For example,
if monthly pre-dialysis income was $100 dollars and
dropped to $60 post-dialysis, the lost productivity was
calculated as $40 times the number of months the patient
was in the study (19,20).

Sources of Costs: The public system (“Unified Health
System”) and the private one (“Supplemental Health”)
provided reimbursement values to the present investi-
gation (22). The source of values for private insurance,
particularly for direct reimbursement of ambulatory
dialysis, was the average reimbursement value of pack-
ages provided by private health insurers (n = 20) that
covered the centers in which the study was conducted
(22-24). Aweighted analysis was not performed, because
no discrepancy was found between the average value used
and a weighted average in the analysis of the contribu-
tion of the privateinsurers. The value of reimbursement
is intended to cover several medical and nonmedical
items such as personnel expenses; taxes; basicsolutions
and drugs to provide dialysis; administrative materials;
costs of equipment; and expenses for the dialysis room,
building, furniture, and so on. We ensured that no costs
were double-counted in the analysis (18-20).
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Using recommendations from the literature, we
adopted this strategy because the Brazilian health sys-
tem is a mixed one, consisting of a public system and a
private one. We chose to estimate the costs, including the
reimbursementvalues, because access to those values is
limited in both systems.

Costs were calculated in Brazilian reals (R$) and con-
verted into U.S. dollars based on the average of mean
exchange values during the 12 months of the follow-up
period (US$1.00=R$1.91). Afterwards, the average cost
per patient-yearin each resource category was estimated
by summing the patient-daysin each group and dividing
thetotal by 365. That result was then divided by the total
number of patients in each group.

STATISTICAL ANALYSIS

The descriptive statistics sample and the resources
used in each cost category were analyzed in detail.
Comparisons of basic parameters between the groups
used the chi-square test and Student t-test. Also, we
used an Anderson-Darling test, which is an alternative
to the chi-square. It tests whether a sample of data
comes from a population with a specific distribution,
making use of the specific distribution to calculate
critical values.

The costing process used an analysis of the fre-
quency of use for each resource multiplied by its
respective cost unit, according to the values for public
and private reimbursement. The average total cost per
patient-year for each dialysis modality (HD and PD) was
calculated (25,26).

Two other scenarios were built for comparison with the
baseline scenario. Both scenarios included all resources
used by the patients during follow-up:

* Scenario 1 (reference scenario): Resources found in
either or both of the public and the private sector
costing tables, in accordance with what happened in
the study

* Scenario 2 (publicscenario): Hypothetical values con-
sidering exclusively the public sector costing table

* Scenario 3 (private scenario): Hypothetical values
considering exclusively the private sector costing
table

A multivariate analysis using a log-linear model
assessed the impact of dialysis modality on costs at the
patient level, adjusting for baseline characteristics. The
dependent variable was the total cost per patient per
year. Potential independent variables included age cat-
egory (0 forage <54 years, 1 forage > 54 years), sex (0
formen, 1forwomen), race (0 for nonwhite, 1 for white),

HEALTH ECONOMICS AND DIALYSIS

payer type (0 for public, 1 for private), comorbidities
[0, 1 (dummy variables)], dialysis center (0 for all other
centers, 1 for center A), lab values (phosphorus and
hemoglobin), dialysis modality (0 for PD, 1 for HD), and
years on dialysis before the start of the study. Variables
with a p value of 0.1 or less were retained in the final
multivariate regression model (25,26).

The protocol was approved by the Institutional
Committee of Research at the Federal University of Sao
Paulo andin the centers where the study was conducted.
All patients signed an informed consent after a full expla-
nation of the study was provided.

RESULTS

Between April 2007 and February 2009, 249 HD and
228 PD patients [190 (83.3%) on automated PD and 38
(16.7%) on continuous ambulatory PD] were selected
to participate in the study. The study cohort included
21 more patients on HD than on PD, because it was not
possible to find patients on PD who met the matching
criteria. Table 1 describes the demographic, clinical,
and laboratory characteristics of the patients. Mean
time on dialysis at the beginning of the study was 3.85
years for the HD group and 3.44 years for the PD group
(p=0.03).In the HD group, 16 patients (6.4%) and, in
the PD group, 20 patients (8.8%) had been on dialysis
for less than 3 months.

Approximately half the patients in both groups were
women. The mean age was 55.8 years for women; for men,
itwas 59.8 years (p =0.001). Of the study patients, 59%
of those on PD and 68% of those on HD were diabetic
(p =0.03), and 184 patients on HD (74%) and 160 on
PD (70%) completed 12 months of follow-up. The total
patient follow-upin the study was 209 patient-years for
HD and 186 patient-years for PD.

Figure 1 shows clinical complications and reasons that
patients did not complete follow-up. Infectious events
totaled 61 in the HD patients and 90 in the PD patients.
In both groups, infections were particularly related to
the dialysis access. Cardiovascular disease (CVD) was the
main clinical complication and reason for death in the
HD group (59.4%); in PD, infection was the main cause
of death (50%).

About 85% of patientsin both groups were covered by
publicinsurance, a percentage similar to the national dis-
tribution (5). The average monthly income was US$920
for the HD group and US$967 for the PD group, with
15.7% of HD patients and 21.1% of PD patients actively
working full- or part-time. Detailed questions on indirect
costs were answered by 86 PD patients (37.7%) and 135
HD patients (54.2%).
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TABLE 1
Baseline Demographic, Clinical, and Laboratory Characteristics of the Study Groups
Dialysis modality p
Variable HD PD Value
Patients (n) 249 228
Public payer [n (%)] 210 (84.3) 194 (85.0) 0.82
Women [ (%)] 123 (49.4) 107 (46.9) 0.58
White [ (%)] 135 (54.2) 137 (60.0) 0.19
Age (years) 55.8 59.9 0.0016
Baseline systolic BP (mmHg) 139 135 0.10
Baseline diastolic BP (mmHg) 82 81 0.20
Diabetes mellitus [n (%)] 147 (59.0) 155 (68.2) 0.03
Chronic heart failure [n (%)] 35 (14.0) 39 (17.1) 0.36
Cardiac dysrhythmias [n (%)] 33(13.2) 43 (18.8) 0.09
CAD [n (%)] 144 (58.0) 121 (53.0) 0.30
Stroke [n (%)] 21 (8.4) 26 (11.4) 0.27
PVD [n (%)] 27 (10.8) 25 (10.9) 0.94
Lung disease [n1 (%)] 27 (10.8) 38(16.6) 0.06
Neuropathy [n (%)] 39 (15.6) 43 (18.8) 0.35
Gastrointestinal disease [ (%)] 54 (21.7) 65 (28.5) 0.08
Cancer [n (%)] 11 (4.4) 8(3.5) 0.61
Retinopathy [ (%)] 73 (29.3) 70 (30.7) 0.73
Walking deficiency [n (%)] 48 (19.2) 47 (20.6) 0.72
Hypertension [n (%)] 212 (85.1) 209 (91.6) 0.02
Total cholesterol (mg/dL) 146 183 <0.0001
Mean HDL (mg/dL) 37.3 42.4 0.005
Mean LDL (mg/dL) 83.8 100.3 0.003
Mean triglycerides (mg/dL) 145.4 167.8 0.02
Mean calcium (g/dL) 1.27 1.32 0.29
Mean phosphorus (mg/dL) 5.15 5.24 0.37
Serum albumin (g/dL) 3.89 3.59 <0.0001
Hemoglobin (g/dL) 11.28 11.74 0.0018
Mean parathormone (pg/mL) 411 499 0.05
Mean time on dialysis (years) 3.85 3.44 0.02
Mean time on current modality (years) 3.65 3.14 0.003
Body mass index (kg/m?) 24.3 24.9 0.13
Monthly income (US$) 920 967 0.82
Employed full or part time (%) 15.7 21.1 0.12

HD = hemodialysis; PD = peritoneal dialysis; BP=blood pressure; CAD = coronary artery disease; PVD = peripheralvascular disease;
HDL = high-density lipoprotein; LDL = low-density lipoprotein.

On average, resources consumed were similarly
distributed between the groups. Table 2 details the
mean cost distributions in each group by resource
category. The overall average cost per patient-year
was US$28 570 for HD and US$27 158 for PD. Direct
medical costs was the main resource category that
contributed to overall cost (82.3% for HD, 86.5% for
PD). The most relevant items were ambulatory main-
tenance dialysis (57.7% of total direct medical costs
for HD, 64.7% for PD) and medications (38.7% and
22.1% of total direct medical costs for HD and PD
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respectively). The total cost per patient-year for eryth-
ropoietin was US$5 252 for HD and US$4 951 for PD. The
average costs for hospitalization, professional fees, and
diagnostic procedures were similar between the groups
(Table 2).

Direct nonmedical costs accounted for 5.3% of the
overall costsin the HD group and 3.7% in the PD group.
The major cost factors were related to travelling to the
dialysis unit (US$817 and US$446 for HD and PD respec-
tively) and government aid (US$540 and US$527 for HD
and PD respectively).
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Hemodialysis: n =249

> 32 (12.8%) deaths
7'(2.9%) changed
dialysis modality
| 5 | 12 (4.9%) changed center |
e | 10 (4.1%) received transplant
| 4 (1.7%) others
— >

Clinical complications during follow-up:
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Peritoneal dialysis: n =228

>

18 (8.29%) deaths

28 (12.9%) changed
dialysis modality

11 (5.07%) changed
center

10 (4.61) received
transplant

—>| 1 (0.46%) others

Clinical complications during follow-up:

CHF: 14 (5.6%); CHD: 16 (6.4%); Stroke: 5
(2.0%); PVD: 3 (1.2%); Infection episode: 61
(24.5%)

A 4

CHF: 5 (2.1%); CHD: 12 (5.2%); Stroke: 13
(5.7%); PVD: 0 (0%); Infection episode: 90
(39.5%)

End of 12 mo follow-up: 184 (74%)

End of 12 mo follow-up: 160 (70%)

Figure 1 — Flowchart of study patients per group during follow-up. CHF = chronic heart failure; CHD = coronary heart disease;

PVD = peripheral vascular disease.

For totalindirect costs, lost wages were US$3 539 per
patient-year for HD and US$2 665 for PD.

Variations in overall costs were attributable mainly
to the costs of maintenance dialysis, which were sub-
stantially higher when the reimbursement was made by
private health insurance (Table 3). In the public scenario,
the mean values per patient-year for maintenance dialy-
sis were US$11777 for HD and US$14 177 for PD. In this
scenario, compared with the study’s base scenario, the
latter two figures represented an average decrease of
US$1806 per patient-year for HD and US$1 094 for PD.
Inthe private scenario, the maintenance dialysis cost was
US$22 683 for HD and US$21 761 for PD. In comparison
with the base scenario, those amounts represented an
increase of US$9 100 (67%) for HD and US$6 550 (43%)
for PD per patient-year.

In the multivariate analysis, based on the Anderson-
Darling normality test, the untransformed dependent
variable (total cost per patient-year) violated the nor-
mality assumption. A log transformation of total costs per
patient-year resulted in a distribution that did not vio-
late the normality assumption. Our model was therefore
log-linear. As shown in Table 4, the variables retained in
the final regression model were dialysis modality, hemo-
globin, phosphorus, dialysis center, age category, payer
type, and years on dialysis. The adjusted final model R?
was 0.4016, and no colinearity or heteroscedasticity

issues with the model were observed. Unexpectedly,
the older age category (compared with the younger
age category) had the lower total costs per patient-
year. According to the model, adjusted total costs per
patient-year were US$27 843 for HD and US$26 882 for
PD (p =0.026).

DISCUSSION AND CONCLUSIONS

Our study sought to assess the resources and costs asso-
ciated with chronicdialysisin Sdo Paulo, Brazil. Our results
showed that overall average costs per patient-year were
US$28570 and US$27 158 for HD and PD respectively.

In the medical direct costs category, maintenance
dialysis was the item that represented the greatest pro-
portion of the costs for both modalities (68% for HD, 72%
for PD), followed by medications (37.2% and 31.4%).

The groups were comparable with respect to their
socio-demographic characteristics. However, our study
has some limitations. The group matching was not
entirely strict. At baseline, patients on PD were older
and more frequently had diabetes (stemming from the
actual distribution of those characteristicsin the patient
population). Incident and prevalent patients were both
included in the study.

Initially, all available PD patients were selected; after-
ward, they were matched with HD patients according to
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TABLE 2
Distribution of Resources and Overall Average Costs
(Direct and Indirect), at the Patient Level

in the Study Groups
Annual cost/patient-year?
Item HD PD
Patient-years 209 187
Direct medical costs (US$)
Hospitalizations 111 90
Medications 9092 7473
Calcium carbonate 650 365
Sevelamer 2588 1744
Vitamin D 602 413
Erythropoietin 5252 4951
Diagnostic procedures 67 43
Professional fees® 28 40
Maintenance dialysis 13583 15211
SUBTOTAL [US$ (%)] 23522 (82.3) 23494 (86.5)
Direct nonmedical costs (US$)
Home adaptation 16 26
Travel costs 817 446
Caregivers 135 0
Government aid 540 527
SUBTOTAL [US$ (%)] 1508 (5.3) 999 (3.7)
Indirect costs (US$)
Lost wages 3539 2665
SUBTOTAL [US$ (%)] 3539 (12.4) 2665 (9.8)
Overall cost per patient-year
[US$ (%)] 28570 (100) 27158 (100)

HD = hemodialysis; PD = peritoneal dialysis.

2 Calculated as the total of patient-days in each group divided
by 365, with the result then divided by the total number of
patientsin the group.

bThe maintenance dialysis fees include the maintenance
dialysis reimbursement.

MAY 2013 - VOL. 33, NO. 3 PDI

sex and age group. However, data on an additional 21
HD patients were collected during the study period, and
considering the difficulty in obtaining follow-up data,
we chose to keep the extra patients in the study, trying
to find PD patients to match them. Unfortunately, by
study end, we still had not been able to find matched PD
patients. The decision to retain the extra HD patients was
made before the analysis.

Hospitalization may have been underestimated given
that it represented less than 1% of the costs in both
groups. Despite the magnitude of the hospitalization
item in the sample, the scenario that included only
private insurance costs showed an increase in the costs
of hospitalization by 41.5% in the HD group and by 50%
in the PD group compared with public costs. In fact, our
studyindicates that the costs reimbursed by government
for hospitalization, procedures, and professional fees are
low and clearly below the real costs. That observation
had already been made in an earlier retrospective study
conducted in our setting (27), reinforcing theimportance
of our analysis of costs from the perspective of private
insurance. That perspective reflects values that are
closer to the actual costs of care for this item category,
andimportantly, it differentiates the present study from
other international studies. For instance, the cost of
hospitalization corresponds to almost half the cost of a
patient on dialysisin the United States (28,29,30). With
respect to maintenance dialysis, reimbursement costs
were used because actual costs were not available.

The productivity loss assessment may not have been
totally accurate. We did notincorporate official data for
retirementand sick leave, because they did not serve the
purposes of the present study. Another potential limita-
tionis that loss of productivity incorporates the concept
of “presenteeism,” which is the loss of productivity during

TABLE 3
Comparative Evaluation of Direct Medical Cost Items per Patient-Year, by Study Scenario and Patient Group
Cost by scenario (US$)
Baseline? PublicP Private¢

Item HD PD HD PD HD PD
Maintenance dialysis 13583 15211 11777 14117 22683 21761
Hospitalization 111 90 95 63 229 125
Overall costs per patient-year 28570 27158 26689 25987 38076 34034

(standard deviation) (3915) (4699) (3687) (3704) (5071) (10437)

HD = hemodialysis; PD = peritoneal dialysis.

@ What actually happened on study—that is, considering the time spent by the patient in the study and both public and private

reimbursement values.
b Only the public reimbursement values, where available.
¢ Only the private reimbursement values, where available.
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TABLE 4
Multivariate Analysis? of Factors Influencing
Patient Costs
Standard p
Variable Coefficient  error Value
Intercept 10.71433  0.07363 <0.0001
Modality (HD vs PD) 0.03592 0.01606 0.0259
Hemoglobin (g/dL) -0.00943 0.00524  0.0727
Phosphorus (mg/dL) 0.03046 0.00590 <0.0001
Center (center Avs others) -0.05998 0.02463  0.0153
Age (>54 vs <54 years)P -0.03786 0.01670 0.0239
Payer (privatevs public) ~ 0.31385 0.02120 <0.0001
Time on dialysis (years) 0.01433  0.00391  0.0003

HD = hemodialysis; PD = peritoneal dialysis.

2@ Dependent variable is the total cost per patient per year
(log-transformed).

b Cut-off chosen based on the median for the study population.

labor. Thus far, we lack validated instruments in Brazil to
measure the costs of those aspects, which might be able
to be assessed in future studies (17,20,31).

During follow-up, cardiovascular disease was the main
clinical complicationin the HD group. In a previous study,
Sesso et al. reported that, in Brazil, cardiovascular dis-
easeisthe leading cause of hospitalization and consumes
significant health care resources in HD therapy (27).In
the PD group, infection predominated as the main cause
of clinical complications and death (Figure 1). Infection
is known to be a relevant issue in developing countries
(32-35). Nevertheless, the causes and their impacts on
costs forinfections must be furtherinvestigated. Despite
the clinical complications observed, hospitalization and
professional fees did not, as discussed earlier, influ-
ence total costs. That observation might be explained
by reports in other studies that addressed developing
countries. Blake showed that the issues of modality dis-
tribution in developing countries are different. In such
settings, staff costs for HD are relatively lower and the
prices for PD solutions are relatively higher (36,37,38).

To our knowledge, the present studyis the first to have
estimated the indirect costs related to dialysis therapy
in Brazil. The methodology used accords with the human
capital theory. The results were different from those
observed in some international studies (37), but similar
tothosein another Brazilian survey that focused on a dif-
ferentdisease (31). Additionally, there were some limita-
tionsin regard to the analysis of caregiving costs, which
might potentially have led to underestimated values.

AsHorletal. (39) and Lameireet al. (40) pointed out,
PD is more common in countries in which public dialysis
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providers predominate thanin thosein which the service
is predominantly private. The Brazilian health system is
mixed: services are provided by both the public and the
private sectors (5,6). To better understand the discrep-
ant distribution between the modalities in this complex
framework, we built hypothetical scenarios assessing
differences between the monetary values for publicand
private health care assistance. In the private scenario,
anincrease of US$9 100 dollars per patient-year corre-
sponding to maintenance dialysis for the HD group was
observed (total value of US$22 683); for the PD group,
the difference was US$6 550 (total value of US$21761).
Those differences may have several causes, such as taxes,
incentives, and certain political trends.

When it comes to taxes and incentives, another
Brazilian study that aimed to analyze the micro-costing of
HD services showed that values differed according to the
scale economy. Additionally, it showed that there were
cost increments because of overhead (administrative
costs) and that those increments were different for the
public and the private services. The public service cost
substantially less than the private one (41).

Other studies have tried to understand the differences
between health system types, dialysis reimbursement,
and the implications for macroeconomic policy (42,43).
De Vecchi et al. conducted an international comparison
of the costs and reimbursements for certain key dialysis
modalities in several developed countries. They also
found that reimbursement for dialysis differs between
health system organizations. According to the authors,
one possible explanation relates to microeconomic
aspects (43). Although the present study did not con-
template those aspects, discrepancies between modality
distributions may have been influenced by them.

In the multiple linear regression analysis, the influ-
ence of treatment modality significantly favored PD
(B=0.03592, p=0.026), which represents only 11% of
dialysisin Brazil (Table 4). Results of studies from other
developing countries may help to illuminate the present
one (10,11,33,44,45). In Chile, one study that evalu-
ated direct costs documented an annual average cost of
US$18885 for HD and $17 031 for PD (31). Mexico is the
main country in which PD prevails over HD (76% - 81%)
(31). Chinarepresents the second countryin the propor-
tion of PD use (11%), although HD still predominates. The
annual average cost per patient-year for HD (in relation
to PD) exceeded US$8 308 in Mexico and RMB 14 063 in
China (31).

Choosing the perspective is one of the basic decisions
that must to be made at the start of every assessment,
and that choice has a long-lasting effect on the result of
thestudy (16-20). We took a societal perspective because
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that viewpoint contemplates more facets of the actual
health system. Pharmacoeconomic guidelines highly
recommend the societal perspective as a “gold standard”
in evidence hierarchy.

In Canadian guidelines and U.S. recommendations for
pharmacoeconomics analysis, the societal perspectiveis
stipulated. In contrast, Australia takesinto account only
the consequences for the health care system (44).

The relevance of the present study hinges on the pro-
spective data collection, the assessment of indirect costs
(rarely foundin the literature), the substantial number of
patients surveyed, the various cost scenarios used, and
the multivariate analysis performed. The potential gen-
eralization of our data for the country relies on the fact
that the study was developed in the largest city in Latin
America. Sdo Paulo has the largest number of patients on
renal replacement therapyinthe country, and our dialysis
population has demographicand clinical characteristics
that are similar to those found in the national census of
patients on dialysis (5,6). Furthermore, the estimated
costs for the public and private sector also reflect the
national reality. Our findings estimate more precisely
the comparative costs of chronic dialysis in Brazil and
indicate that the costs tend to be lower for PD than for
HD. A differential was observed even considering that the
patients on PD were older, with more comorbidities.

Future studies should be conducted to analyze the
decision-making process in dialysis treatment, both in
terms of micro-decision (physician-patient encounter)
and macro-decision (policy choices). Such studies should
also attempt a deeper understanding of the indirect
costs and social consequences arising from each modal-
ity (45-48).
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APPENDIX 1 - CALCULATION OF ANNUAL COSTING, BY ITEM
Unit cost?

Item Definition Calculation
Calcium carbonate, per day Per gram Total grams per day for all patients x unit cost x 365
Acetate, per day Per 500 mg Total milligrams per day for all patients / 500 x unit cost x 365
Sevelamer, per day Per 800 mg Total milligrams per day for all patients / 800 x unit cost x 365
Vitamin D, per day Per 0.25 ug Total micrograms per day for all patients / 0.25 X unit cost x 365
Hospital ICU days, private Per day Total private ICU days for all patients x unit cost
Hospital ICU days, public Per day Total public ICU days for all patients x unit cost
Hospital room days, private Per day Total private room days for all patients x unit cost
Hospital room days, public Per day Total public room days for all patients x unit cost
Computed tomography Per test Total tests for all patients x unit cost
Magnetic resonance imaging Per test Total tests for all patients x unit cost
Ultrasonography Per test Total tests for all patients x unit cost
Echocardiography Per test Total tests for all patients x unit cost
Stress test Per test Total tests for all patients x unit cost
Scintillography Per test Total tests for all patients x unit cost
Endoscopy Per test Total tests for all patients x unit cost
Biopsy Per biopsy Total biopsies for all patients x unit cost

Vascular catheter procedure
Peritoneal catheter procedure
Cardiac catheter procedure
Angioplasty

Stent procedure

Blood transfusion

Extra HD session

Extra PD session

Home adaptation

Mean EPO dose, per week

Inpatient physician visits
Outpatient physician visits
Clinic physician visits

Nurse visits

Physiotherapy consultations

Per catheter
Per catheter
Per catheter
Per procedure
Per stent
Per transfusion
Per session
Per session
Per adaptation
Per 2000 U

Per visit
Per visit
Per visit
Per visit
Per visit

Total procedures for all patients x unit cost
Total procedures for all patients x unit cost
Total procedures for all patients x unit cost
Total procedures for all patients x unit cost
Total procedures for all patients x unit cost
Total transfusions for all patients x unit cost
Total extra sessions for all patients x unit cost
Total extra sessions for all patients x unit cost
Total cost of all home adaptations for patients
Mean weekly units (average of baseline, 6-month, 12-month) /
2000 x unit cost x 52 x number of patients
Total visits for all patients x unit cost
Total visits for all patients x unit cost
Total visits for all patients x unit cost
Total visits for all patients x unit cost
Total visits for all patients x unit cost

ICU = intensive care unit; HD = hemodialysis; PD = peritoneal dialysis; EPO = erythropoietin.
2 Laboratory tests were not included here because they were calculated according to Ministry of Health recommendations.
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APPENDIX 2 - METHOD FOR CALCULATING LABORATORY ITEM COSTSA
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Routine procedures by frequency of analysis

Monthly Every 3 months Every 6 months Every 12 months
Urea Total protein and fractions Parathormone Serum aluminium
Creatinine Alkaline phosphatase plus B23 Anti-HIV (ELISA)
Potassium Complete blood count Glucose
Calcium Ferritin
Phosphorus Serum iron
Pyruvate transaminase Transferrin
Hematocrit
Hemoglobin
HCV antibody (ELISA)

HBsAg (ELISA)

HIV = human immunodeficiency virus; HCV = hepatitis C virus; HBsAg = hepatitis B surface antigen.

@ According to the Brazilian Ministry of Health package for dialysis care.
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