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More Use of Peritoneal Dialysis Gives Significant Savings: A
Systematic Review and Health Economic Decision Model
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Abstract

Background: Patients with end-stage renal disease (ESRD) are in
need of renal replacement therapy as dialysis and/or transplantation.
The prevalence of ESRD and, thus, the need for dialysis are constant-
ly growing. The dialysis modalities are either peritoneal performed at
home or hemodialysis (HD) performed in-center (hospital or satellite)
or home. We examined effectiveness and cost-effectiveness of HD
performed at different locations (hospital, satellite, and home) and
peritoneal dialysis (PD) at home in the Norwegian setting.

Methods: We conducted a systematic review for patients above 18
years with end-stage renal failure requiring dialysis in several da-
tabases and performed several meta-analyses of existing literature.
Mortality and major complications that required were our main clini-
cal outcomes. The quality of the evidence for each outcome was eval-
uated using GRADE. Cost-effectiveness was assessed by developing
a probabilistic Markov model. The analysis was carried out from a
societal perspective, and effects were expressed in quality-adjusted
life-years. Uncertainties in the base-case parameter values were ex-
plored with a probabilistic sensitivity analysis. Scenario analyses
were conducted by increasing the proportion of patients receiving PD
with a corresponding reduction in HD patients in-center both for Nor-
way and Europian Union. We assumed an annual growth rate of 4%
in the number of dialysis patients, and a relative distribution between
PD and HD in-center of 30% and 70%, respectively.

Results: From a societal perspective and over a 5-year time horizon,
PD was the most cost-effective dialysis alternative. We found no sig-
nificant difference in mortality between peritoneal and HD modali-
ties. Our scenario analyses showed that a shift toward more patients
on PD (as a first choice) with a corresponding reduction in HD in-
center gave a saving over a 5-year period of 32 and 10,623 million
EURO, respectively, for Norway and the European Union.

Conclusions: PD was the most cost-effective dialysis alternative and
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was comparable with HD regarding efficacy outcomes. There are sig-
nificant saving potentials if more end-stage renal patients are started
on PD instead of HD.
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Introduction

Patients with end-stage renal disease (ESRD) have a need
for renal replacement therapy (RRT) as either dialysis and/or
transplantation. ESRD is the last stage of chronic kidney dis-
ease (CKD) [1]. The prevalence of CKD is estimated to be
8-16% worldwide [2]. The number of patients with CKD and
ESRD is rising worldwide with the growth rate higher than the
growth rate for general population [2, 3]. The reason for this
rise is that one expects a rise in number of patients with high
blood pressure and diabetes [2], further the expected demo-
graphic development with increased numbers of elderly peo-
ple also contributes, since the prevalence of CKD is higher in
older people [4]. Factors as higher life-expectancy of treated
ESRD patients and increasing access of a generally younger
patient population to treatment in countries in which access
had previously been limited also contribute [5].

The number of patients with ESRD receiving dialysis
globally was estimated to be 2,358,000 at the end of 2012 [6].
The annual growth rate of dialysis patients was between 2%
and 7%, respectively in the European Union (EU) and globally
at the end of 2012 [5, 6]. The number of dialysis patients in
Norway has increased from 241 in 1990 to 1,240 in 2012 [7].

RRT consists of either dialysis and/or transplantation. Pa-
tients are normally starting on dialysis while waiting for a renal
graft, and not all patients receiving RRT will be transplanted
due to shortage of renal grafts. Generally, there are two differ-
ent types of dialysis: hemodialysis (HD) and peritoneal dialy-
sis (PD). HD can be performed in hospitals, different medical
institutions or at home. However, HD is most often performed
in dialysis centers (hospitals including self-care and satellite
units) [6]. PD is carried out at home by the patients, often with-
out assistance from healthcare workers.

Globally, at the end of 2012, around eight times more pa-
tients received HD as compared to PD, i.e., PD patients rep-
resented only 11% of the dialysis population [6]. In Norway,
HD performed in hospitals (satellites included) is the most fre-
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quently used modality (84.2%), whereas PD at home makes up
for 15.8% [7].

With the expected increase in demand for dialysis, it is
essential to assess which dialysis modality is the most advanta-
geous compared to the others. Our aim was therefore to com-
pare both effectiveness and cost-effectiveness of HD at differ-
ent locations and PD in the Norwegian setting and to calculate
possible savings from starting more ESRD patients on PD.

Materials and Methods

Clinical efficacy

We conducted a systematic review (SR) and several meta-
analyses of existing literature, following the methods recom-
mended in the PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate healthcare
interventions [8]. The protocol for the SR can be seen in Sup-
plementary 1 (www.jocmr.org).

Eligibility criteria

We included SRs, health technology assessments (HTAs),
randomized controlled trials (RCTs) and observation studies
with control group that assessed mortality and complications
in patients above 18 years with end-stage renal failure requir-
ing dialysis.

Interventions/controls

All the different dialysis modalities were compared with each
other: 1) HD carried out in hospital (HD hospital), 2) self-care
HD in hospital (HD self-care), 3) HD in satellite unit (nursing
home and local medical center) (HD satellite), 4) HD home
and 5) PD at home.

Endpoints

Our clinical endpoints were mortality and major complications
that required hospitalization.

Literature search

Our SR was based upon a systematic literature search per-
formed in May 2012, and updated in August 2013 and October
2014. We updated again the search in February 2016, and the
results of that were only included in the discussion. The time
period for the search was limited from 1995 to the date for
the search. The reason for choosing 1995 as the starting point
was that erythropoietin was introduced about that time. The
complete search strategies are presented in Supplementary 2
(www.jocmr.org). We searched the following databases: The
Cochrane Library, Centre for Reviews and Dissemination,
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Ovid MEDLINE(R), and EMBASE (Ovid). We checked the
reference lists in SRs that we reviewed in full text, and per-
formed manual searches in the following websites: INAHTA
(International Network of Agencies for Health Technology
Assessment), Clinical Evidence, ISI Web of Knowledge, NHS
Evidence, AHRQ (Agency for Healthcare Research and Qual-
ity’s), SBU (Swedish Council on Health Technology Assess-
ment), Dacehta, Finohta/THL (National Institute for Health
and Welfare), CADTH (Canadian Agency for Drugs and Tech-
nologies in Health), AHTA (Adelaide Health Technology As-
sessment), NIHR (National Institute for Health Research), and
NICE (National Institute for Health and Care Excellence).

Selection of articles

Two reviewers independently inspected all citations to identify
potentially relevant articles based on title and/or abstract. Full
text publications were obtained for articles appearing to meet
our inclusion criteria. Two persons independently assessed
whether the article was relevant or not according to our list of
inclusion criteria. Disagreements were resolved by discussion
or by consulting a third reviewer.

To be certain that the estimates of efficacy or safety re-
flected the delivered treatments, and not different prognostic
features of the patients, we examined the baseline data of pa-
tients included in the studies. If differences in comorbidity be-
tween groups were reported or detected by our own analysis,
or if no description of the patient’s comorbidity was reported,
the study was excluded. However, if the article provided analy-
ses that adjusted for this difference, the study was included in
our assessments.

Data extraction and analyses

One reviewer extracted data from the included articles and an-
other reviewer checked these results for accuracy. When data
were presented in several ways, we chose to report data in our
preferred order: hazard ratio (HR), relative risk (RR) and odds
ratio (OR) with 95% confidence intervals (Cls). We reported
adjusted data if adjustments seemed reasonable. When possi-
ble, we performed meta-analyses using RevMan 5.2 software
using a random effects model. In cases where both events and
patients at risk were available from the publications for all
studies for a specific outcome, RRs were calculated using the
Mantel-Haenszel approach in Review Manager. When the data
regarding the same outcome were reported in different ways
in the included publications, we re-calculated to log risk ratios
and standard error, and the common RR was calculated using
inverse variance in Review Manager. Supplementary 3 (www.
jocmr.org) gives a description of transformation of the results
to log RR and standard error.

The quality of the evidence

The quality of the included studies was assessed using the
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Patients with severe renal
failure

Figure 1. Model structure. HD: hemodialysis; PD: peritoneal dialysis;
CAPD: continuous ambulatory peritoneal dialysis; APD: automated
peritoneal dialysis.

Cochrane Collaboration’s tool for risk of bias assessment [9].
The quality of the evidence for each outcome was assessed by
using GRADE (Grading of Recommendations, Assessment,
Development and Evaluation) [10]. In the GRADE system,
outcome documentation from RCTs starts at high quality and
outcome documentation from observational studies starts at
low quality. The method involves an evaluation of study type,
study quality/risk of bias, consistency between trials, direct-
ness (how similar the population, intervention, and outcomes
are between the trials and the objectives of this SR) and preci-
sion of the estimates. Finally, the overall quality will be cat-
egorized as high, moderate, low or very low. All assessments
were performed and agreed upon by at least two reviewers.

Cost-effectiveness analysis
Model structure

In order to assess the cost-effectiveness of different dialy-
sis modalities, a decision analytic model was developed in
TreeAge pro® 2012. The model is of the Markov type, in
which a cohort of patients is followed over a given period of
time. A Markov model was considered appropriate as ESRD
is a chronic condition requiring continuous treatment and in-
teraction between patients is not likely to have influence on
neither prognosis nor costs.

The model assumes that patients with severe renal failure
start in one of the dialysis modalities: HD hospital, HD self-
care, HD satellite, HD home and PD. Three states, HD home,
HD satellite, and PD, include a stabilization and training pe-
riod in the hospital. Transplantation is included in the model
to represent all of the possible modalities affording RRT for
ESRD patients, but only as absorbing state. Once an individual
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makes a transition into the absorbing state, no further incurred
costs are included in the analysis. Based on the Norwegian re-
nal registry annual reports, median time from start of RRT un-
til death is 33 - 42 months over the last few years [7]. A 5-year
time horizon was therefore used to assess the clinical and eco-
nomic outcomes associated with each treatment strategy. The
cycle length of the model was | year, meaning that any transi-
tions between different states could happen only once per year.
Patients could be in only one of the pre-defined states at any
time. Upon completion of each cycle patients could, depending
on transition probabilities, transfer to another state or remain
in the same state until death or the end of the simulation. In
addition, patients could experience complication events dur-
ing each health state. Each state and event is associated with
specific outcomes and costs. The model structure is presented
in Figure 1.

The analysis was carried out from a societal perspective.
Both costs and effects were discounted at a rate of 4% per an-
num. The results of the economic evaluations were expressed
as mean incremental cost-effectiveness ratio (ICER) and mean
incremental net health benefit (INHB).

Model parameters
1) Probabilities

The probability of transferring to another state or remaining
in the same state was estimated based on Norwegian epide-
miological data and clinical efficacy estimates. The transition
probabilities, i.e. the probability of starting in one modality
and switching to another, are presented in Table 1 [11-21]. All
of the base-line probabilities were based on data from the Nor-
wegian renal registry over a 5-year time horizon [11], i.e. a
cohort of patients who started dialysis in 2007 and were fol-
lowed for 5 years. The registry data were divided into HD, PD
and transplant patients. Yearly mortality from the registry was
combined for all different dialysis modalities. In the model,
this combined mortality rate was multiplied by the estimate of
RRs of death from our SR.

2) Clinical efficacy parameters

Clinical efficacy data for the model were derived from our SR
of mortality for the comparisons PD home versus HD hospi-
tal and HD home versus HD satellite. The RRs were added
to the model as log-normal distributions (Supplementary 4,
www.jocmr.org). Our SR showed that there is lack of evidence
comparing all different HD modalities. As we needed a com-
mon comparator in the model, it was assumed that there is no
difference in mortality between HD hospital and HD satellite.

3) Costs

An annual cost per patient associated with the treatment mo-
dalities was calculated for each health state in the model. We
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present the results from a societal perspective, including direct
health care costs as well as indirect costs related to dialysis
treatment. We have attempted to identify and quantify the dif-
ferences between the treatment options and less emphasis on
common elements.

Direct costs for dialysis care include costs associated with
personnel (physicians, nurses and other involved personnel),
medicines, supplies, laboratory tests, complications of the di-
alysis, training, as well as other costs borne by hospitals (e.g.
costs associated with telemedicine communication for satellite
units, capital and infrastructure costs) and transport cost. All
costs were measured in 2012 Norwegian kroner (NOK) and
translated into EUROs (EUR1.00 = NOK?7.47) and are pre-
sented in Table 1.

The costs of personnel involved in dialysis treatment were
calculated based on estimates of staff time per dialysis session
for different treatment modalities (Supplementary 5, www.joc-
mr.org). For PD and HD home, the calculation was based on
the time required for initiation of treatment, training of patient
for the procedure, consultation and outpatient visits. The mean
cost per hour was estimated based on the average healthcare
staff salary per month from Statistics Norway [22].

Costs of dialysis supplies for HD hospital were obtained
from a Norwegian study based on data from three major hos-
pitals in Norway [12]. The costs were updated to 2012 costs.
Lacking specific data, we assumed that the cost of consum-
able supplies for satellite and HD self-care was the same as the
related costs for HD hospital. It is possible, however, that the
cost of supplies varies across settings. Costs of dialysis sup-
plies for HD home were based on the price list provided by
Oslo University Hospital.

The consumable supplies costs for PD were the actual
price in Norway in 2012. The consumable costs for automated
peritoneal dialysis (APD) are more expensive than for continu-
ous ambulatory peritoneal dialysis (CAPD). We estimated the
costs for PD based on the assumption that 60% of PD patients
use CAPD [11].

Drug costs were calculated based on maximum pharmacy
retail prices from the Norwegian Medicines Agency [13]. Drug
doses were estimated based on treatment guidelines and expert
opinion. In our analysis, we have only included costs asso-
ciated with those medications for which considerable differ-
ences in use were reported for HD versus PD patients (based
on data obtained from the Norwegian Renal Registry) (Sup-
plementary 6, www.jocmr.org). In addition, we included the
cost associated with anticoagulation during HD therapy, and
treatment of iron deficiency anaemia (as different drugs and
administration methods used for treatment of HD and PD pa-
tients) in our analysis. We assumed identical drug costs for all
HD modalities.

Annual laboratory test costs were calculated separately for
HD and PD patients based on the standard blood tests for di-
alysis patients and the price lists provided by Oslo University
Hospital.

We have included two types of major complications that
require special measures in our model: infections and cardi-
ovascular event. For PD, we included peritonitis and sepsis;
while for HD, we included infections (access-related infec-
tions and sepsis) and cardiovascular events (acute myocardial
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infarction (AMI) and angina) in the analysis. Probabilities of
the occurrence of these events were estimated based on data
from the Norwegian Renal Registry [11] (Supplementary 7,
www.jocmr.org). Probabilities of access-related hospitaliza-
tion and cardiovascular events were adjusted according to dif-
ferent dialysis modalities by multiplying the probabilities tak-
en from Norwegian renal registry by the relative risks of these
events from our SR (Supplementary 8, www.jocmr.org). The
costs of treating infections associated with dialysis treatment
have been calculated based on the treatment recommended in
the National guidelines for antibiotic use in hospitals [23]. We
assumed patients received inpatient care for an average of 7
- 10 days per infection (expert opinion). The cost of cardio-
vascular events was calculated based on a previous Norwegian
economic evaluation [14]. For cardiovascular events, we in-
cluded the costs of two most common interventions related to
coronary artery surgery (AMI and angina) in our analysis [24,
25]. The costs of treating septicemia were also estimated based
on a Norwegian study [26].

Costs related to equipment (investment commodities) were
estimated based on data from three major hospitals in Norway
[12]. Costs associated with water system, computers, ECG ma-
chine, infusion pump, blood pressure measure, warming plate
and the other equipment (e.g. TV, beds furniture, weights iv-
rack, etc.) were included in the analysis. An equivalent annual
cost was calculated for equipment items over relevant life-
spans for the items, using a 4% discount rate. The lifetimes for
the water system and the other equipment were set at 10 and
5 years, respectively. Capital costs associated with home HD
treatment were estimated for using the new type of machine,
which requires less installation and reconstruction than stand-
ard HD machines.

Infrastructure costs were calculated based on a Norwegian
study [12]. The infrastructure costs for HD and PD were esti-
mated to be approximately EUR880 and EUR74 per patient
per month, respectively. Due to uncertainly around the esti-
mations, we varied overhead costs in the probabilistic sensi-
tivity analysis. We used a gamma distribution with a stand-
ard error of 780.66 for HD and 75.06 for PD. For HD home,
we assumed the same overhead cost as PD (15 visits to the
hospital per year). Further, HD home patients were treated at
the hospital in the training period (about 6 weeks). Overhead
costs for HD satellite were estimated based on data reported
by Bjorvatn [15]. The costs were updated to 2012 prices (ap-
proximately EURI,145 per patient per month with a standard
error of 1,309).

We included in our analysis the cost related to installation
of telemedicine equipment for satellite units based on the costs
reported by Bjorvatn [15]. We calculated the cost based on the
assumption of a 5-year lifetime for the telemedicine equipment
and a discount rate of 4% per year. These costs were updated
to 2012 costs (approximately EUR1,473 - EUR1,740 per pa-
tient, annually). Line rental for broadband was assumed to be
EUR1,606 - EUR2,410 per patient, annually.

The average distance traveled to the unit (hospital or satel-
lite unit) was calculated based on data obtained from dialysis
centers across the country. The average travel cost per Scan-
dinavian mile (10 km) was estimated to be EUR44. It was as-
sumed that the average number of hospital visits/treatments
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per year is 156 for HD hospital and HD satellite patients, and
15 for PD and HD home patients (including visiting a nephrol-
ogist and initial training). Moreover, we have estimated travel
cost associated with initiation of treatment (PD, HD home and
HD satellite) and treatment of complications (Supplementary
9, www.jocmr.org). For HD satellite, we have also included the
costs associated with staff travel (for nurses and physicians).

A Norwegian study has shown that about 30-40% of PD
patients required home care assistance related to the treatment
(e.g. fluid exchange) [16]. We also assumed that 10-20% of
HD home patients might require home care help. The estimat-
ed cost of one nurse visit (assumed one hour) was EUR94 [17].

We conducted our analyses from a “limited” societal per-
spective, which include costs that may be borne by patients
and their families (i.e., value of lost time due to travel). Costs
linked to productivity loss were not included in our analysis, as
elderly patients account for an increasing fraction of patients
on RRT [18]. The reported average age of the patients undergo-
ing dialysis in Norway during the last 5 years is approximately
62 years [11]. Moreover, the result of a cohort study among
Norwegian dialysis patients indicated that none of the patients
was working, two-thirds of patients were retired and the re-
maining one-third was receiving a disability pension benefit
[15]. Therefore, only the value of leisure time for patients and
value of lost time for any accompanying people were included
in the analysis.

Value of leisure time lost to travel was estimated by mul-
tiplying lost leisure time (4 - 8 h) by the annual number of
treatments and the national average hourly wage rate [18]. For
patients undergoing dialysis in the hospital (both HD hospital
and HD self-care) and satellite unit, we assumed one working-
day as lost leisure time per treatment. For patients undergoing
treatment at home (HD home and PD), the estimated average
number of hospital visiting days per year was 15 and the leisure
time loss was assumed to be one working-day at each visit.

We assumedthat 10-50% of patients were accompanied by
another person when visiting the medical centre (hospital or
satellite unit). We also assumed that companions did not par-
ticipate in the labor market, therefore only the value of leisure
time for companions has been included in the analysis.

In our analysis from the societal perspective, we have de-
ducted value-added tax and other transfer payments to the gov-
ernment from the included direct costs.

4) Health-related quality of life

Previous published studies showed no significant quality of
life differences based on dialysis type or treatment setting. To
avoid bias in favor of one of the modalities, we applied the
standard error-adjusted mean of the HD and PD EQ-5D utili-
ties reported in a Swedish matched-case study [19] as the sin-
gle QALY weight of 0.54 (0.34 - 0.75) for all types of dialysis
in the model (Table 1). This estimate was compatible with the
results reported by Liem and co-authors [27] of a meta-analysis
of quality of life results measured using the EQ-5D instrument.
Because EQ-5D is the most used instrument to measure health-
related quality of life in health economic evaluations [28], we
used data based on this instrument seeking to achieve better
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concordance between economic evaluations. We assumed that
all patients were in the same underlying health state when en-
tering the model.

Because of the lack of quality of life data for dialysis pa-
tients experiencing complications associated with cardiovas-
cular events, utility losses associated with these events were
estimated using the best available data, a Norwegian study of
stroke patients from 2011 [20].

Sensitivity analysis

To explore the consequences of uncertainties in the base-
case parameter values, we performed a probabilistic sensi-
tivity analysis in which all input parameters were randomly
drawn from probability distributions and the model was run
1,000 times. For probabilities and utility estimates, the beta-
distributions were constructed on plausible ranges for param-
eters. For cost, we modeled gamma-distributions where limits
were within a 30% of the base-case value. Efficacy and safety
parameters were assumed to have a log-normal distribution
where mean and Cls from our own meta-analysis were used to
estimate the parameters.

Scenario analyses

We performed scenario analyses by increasing the proportions
of patients receiving PD with a corresponding reduction in HD
in-center. The scenario analyses were based on the assump-
tion that more patients received PD as a first choice relative
to HD dialysis. The analyses were based upon the total cost
given in the base-case cost-effectiveness analyses from the so-
cietal perspective. We conducted the scenario analyses both
for Norway and for EU. In the scenario analyses for EU, we
used the Norwegian cost data as we could not find reliable cost
estimates for EU.

Results

Clinical efficacy

Our search for literature up to August 2013 identified 109 SRs/
HTAs, 4,346 controlled studies and additionally two controlled
studies through manual searches. Finally, 13 publications were
included (Fig. 2). Of the 13 publications included, one was an
RCT [29] and 12 were publications with data from 13 obser-
vational studies [30-41]. Six of the studies were performed in
Europe, four in the USA, two in Asia, and one in Canada. More
details of the studies are given in Supplementary 10 (www.
jocmr.org). A full list of the excluded studies and the reason for
the exclusion is presented in Supplementary 11 (www.jocmr.
org). An updated search from October 2014 resulted in no fur-
ther studies that fulfilled our inclusion criteria.

We assessed baseline comorbidity between the patient
groups in the included studies and found no significant dif-
ferences in baseline comorbidity (Supplementary 10, www.
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109 SRs/ HTAs identified
4348 original studies identified
fromthe literature search and

2 from hand search

v

85 SR/HTA excluded

4199 studies excluded based on title and
abstract

24 SRs/HTAs evaluated in full text

149 studies evaluated in full text

v

13 publications
(1 RCT and 12 publications
reporting 13 observational data sets).

Study details in Additional File 10

24 SRHHTA excluded
136 studies excluded

{Thereasons for exclusions are given in
Additional file 10)

Figure 2. Process of study selection.

jocmr.org). We assessed the risk of bias for the included RCT
to be high [29]. All the observational studies were assessed
to have high risk of bias, mainly due to lack of randomiza-
tion (Supplementary 12, www.jocmr.org). The quality of the
evidence for each outcome using GRADE ranged from low
to very low. Of 10 possible comparisons, only five had data
usable for our analyses. Supplementary 13 (www.jocmr.org)
shows the possible comparisons and outcomes reported for the
specific comparisons. We found no significant differences in
mortality between the dialysis modalities for PD versus HD
hospital and HD home versus HD satellite (Supplementary
14A and F, www.jocmr.org). For the comparison PD versus
HD satellite, there was a significant difference in mortality in
favor of PD. However, this comparison was based on only one
observational study of very low quality (Supplementary 14D,
www.jocmr.org). In our economic modeling analyses for mor-
tality, we used the comparisons PD versus HD hospital and
HD home versus HD satellite. For those, the RRs for mortality
were 1.11 (0.59 - 2.10) and 0.60 (0.33 - 1.10), respectively.
The complications used in our economic modeling analyses
were hospitalization due to access and cardiac or vascular hos-
pitalization. The RRs for access-related hospitalization were
0.88 (0.64 - 1.22) and 1.08 (0.62 - 1.88), respectively, for HD
hospital versus HD satellite and for HD home versus HD satel-
lite. The RRs for cardiac or vascular hospitalization were 0.53
(0.28 - 1.01), 0.03 (0 - 0.54) and 1.45 (0.49 - 4.36), respective-
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ly, for HD satellite versus HD hospital, PD versus HD hospital
and HD home versus PD. For more information, see Supple-
mentary 9 and 14B, C, G and H (www.jocmr.org). All major
complications reported were evaluated to very low quality, so
the results were uncertain. The very low quality was mostly
due to wide Cls, only one study per outcome and few events.
For more details about the clinical results, see Supplementary
14 (www.jocmr.org).

Cost-effectiveness

Table 2 illustrates the results of the base-case analysis. From
a societal perspective and over a 5-year time horizon, PD was
the most cost-effective dialysis alternative compared to all
the HD types. HD home dominated all other HD modalities
(i.e. HD hospital, HD self-care and HD satellite). HD home
was slightly more effective, but at the same time more costly
relative to PD. Therefore, the incremental cost per effect was
clearly above the threshold for cost-effectiveness considered
cost-effective in the Norwegian setting.

Sensitivity analyses

The probability of the alternatives being cost-effective subject
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to different levels of willingness to pay (WTP) is shown in
cost-effectiveness acceptability curves (Fig. 3a for the compar-
ison of PD and HD (home and in-center) and for the internal
comparison within the HD group as shown in Fig. 3b).

The result revealed that among all dialysis modalities and
from a societal perspective, PD was likely to be the most cost-
effective strategy for all values of WTP (Fig. 3a).

Among the HD modalities, HD home was likely to be the
most cost-effective startegy (Fig. 3b).

Scenario analyses with starting more patients on PD

We have performed scenario analyses examining possible sav-
ings when more patients start with PD by increasing the pro-
portion of dialysis patients receiving PD (as a first choice) with
a corresponding reduction in in-center HD. In Norway, 1,240
patients received dialysis in 2012, and around 15% of them
were treated with PD. In our scenario analyses, we assumed
an increase in the annual growth rate of the number of dialysis
patients from 2% to 4% and a relative distribution between PD
and HD in-center of 30% and 70%, respectively. This gave a
possible saving of around 32 million EURO over a 5-year pe-
riod. These assumptions gave an increase from 1,240 (in 2012)
to 1,510 dialysis patients in a 5-year perspective in Norway.
In EU, around 300,000 patients received dialysis in 2012.
This is calculated based upon the patient numbers in 2004 [5]
and the annual growth rate of 2% [6]. About 10% of the di-
alysis patients in EU are treated with PD [42]. In our scenario
analysis, we assumed an annual growth rate of 4% in the total
number of dialysis patients and increased the proportion of PD
patients to 30%. This gave a possible cost-saving of around
10,623 million EUROs over a 5-year period. This resulted in
an increase from approximately 300,000 (in 2012) to 365,000
dialysis patients in a 5-year perspective. For EU, we also per-
formed a scenario where we increased the proportion of PD
patients from 10% to 20% (conservative scenario). The scenar-

Table 2. Results of the Base-Case Cost-Effectiveness Analyses Over a 5-Year Time Horizon From a Societal Perspective (Discounted) (EUR1.00 = NOK7.47)

Versus PD
Incremental cost (EUR) Incremental effect (QALYs) ICER (EUR/QALY) (EUR/QALY)

Sequential ICER

io analyses from a societal perspective are shown in Table 3. g?
2
. . =4
Discussion =
g
.
We have compared efficacy, safety and cost-effectiveness of M
the different dialysis modalities: 1) HD carried out in hospital, ~
2) self-care HD in hospital, 3) HD in satellite units (nursing %
home and local medical center), 4) HD at home and 5) PD at =g
home for patients above 18 years with end-stage renal failure 2
requiring dialysis in Norway. §
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Dominated by HD home
Dominated by HD home

2,805785
5,261,461

0.0344
0.0356

96,519

1.7170
1.7181

261,260

352,048

HD self-care

187,308

HD satellite

All HD strategies were compared to PD, because none of the more effective strategies were cost-effective compared to PD. QALY: quality-adjusted life year; ICER: incremental cost-

effectiveness ratio; INHB: incremental net health benefit; HD: hemodialysis; PD: peritoneal dialysis.
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Figure 3. (a) Cost-effectiveness acceptability curve (societal perspective). (b) Cost-effectiveness acceptability curve (societal
perspective) for the internal comparison within the HD group. HD: hemodialysis; PD: peritoneal dialysis; WTP: willingness to pay.

survival during the past 20 years [43]. The survival for PD
since 2000 has been better than HD, overall and for subgroups
[43].

Our results for clinical endpoints are in accordance with
published studies showing mortality to be equal or lower for
PD, used as initial therapy, compared to HD in hospital for the
first 1 - 3 years [44-47]. From 3 years and more, HD reported
a survival advantage over PD [44, 45, 47, 48]. In our SR, we
included studies with a follow-up time up to 5 years. The pa-
tients in the included studies in our SR did not differ signifi-
cantly in comorbidity, including diabetes, and were similar in
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age, at baseline. It has been shown that for patients above 65
with diabetes or cardiovascular disease, there may be a sur-
vival advantage in the HD group [47]. However, an SR from
2014 [49] showed that there is inconsistent evidence to which
modality is the best initial treatment for diabetics patients with
ESRD.

Several published studies compare the cost-effectiveness
of PD with HD. As we have shown in our analysis, home dialy-
sis (PD) and HD home are cost-effective or cost-saving com-
pared with in-center HD in most countries [50-54]. However,
generally PD is a significantly less expensive dialysis modality
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Table 3. Cost-Saving With an Increased Proportion of Patients Starting on PD at the Expense of In-Center HD Over 5-Year Time

Horizon From a Societal Perspective (EUR1.00 = NOK7.47)

Number of patients Cost (in millions, EUR) Cost-saving
HD PD Total HD PD Total (in millions, EUR)

Norway 2017 (annual growth rate of 4%) 1,284 227 1,510 398 37 435

PD: 15%2

In-center HD: 85%"

Scenario 1,057 453 1,510 328 75 403 32

PD: 30%

In-center HD: 70%
EU 2017 (annual growth rate of 4%) 328,500 36,500 365,000 101,923 6,013 107,936

PD: 10%

In-center HD: 90%

Scenario 1 292,000 73,000 365,000 90,599 12,026 102,625 5,311

PD: 20%

In-center HD: 80%

Scenario 2 255,500 109,500 365,000 79,274 18,039 97,313 10,623

PD: 30%

In-center HD: 70%

HD: hemodialysis; PD: peritoneal dialysis; EU: The European Union. 2ln Norway PD in 2012 was actual 15.8%. PIn-center HD includes HD in hospital

and satellites.

than HD [52]. This result is largely driven by lower transpor-
tation costs to the center, staff costs and value of leisure time
lost. Therefore, extending the proportion of patients starting on
PD may result in cost-savings for society.

In summary, our own results and results from others have
shown PD to be the most cost-effective dialysis modality,
which gave lower mortality for the first 3 - 5 years when given
as initial dialysis. Based upon this evidence, we showed that
there is a substantial potential for cost-saving with a shift to-
wards starting more patients on PD with a corresponding re-
duction in in-center HDA similar finding has been shown by a
study performed in the United Kingdom [55]. Treharne and co-
autors showed that increasing PD use among incident dialysis
patients would be cost-effective and associated with reducing
costs [55].

Atthe end of year 2012, still most dialysis patients globally
received HD in dialysis centers, and only 11% dialysis patients
were undergoing PD [6, 42]. Several countries had however a
proportion of PD patients above 20% such as in New Zealand,
Australia and several countries in the northern Europe [42]. If
our scenario with 30% of the dialysis patients starting on PD
should be realistic in most countries, nephrologists would have
to make their therapeutic choices based upon evidence from
research studies showing that PD is at least equally effective as
HD and more cost-effective. However, patient’s clinical status
and preferences also need to be considered on an individual
basis.

Strengths and weaknesses of this study

To the best of our knowledge, this is the first study that eval-
uates the relative costs and effects of all dialysis modalities
based on an SR.
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Lack of data comparing different HD modalities (with re-
gard to treatment location) was the most important limitation
of this study. For comparison of efficacy, of 10 possible com-
parisons, only five had relevant published data. The compari-
son PD versus HD hospital was however the comparison with
most available data.

We found only one RCT [29] out of our 4,348 abstracts,
which may be an indication that RCTs may not the be the most
appropriate design for studying different types of dialysis. The
reason for this could be both the strong wish from the patient
for a specific treatment as well as the routines of the health
professionals. While we were unable to include many RCTs in
our SR, we have included 13 controlled observational studies
(from 12 publications) with numbers of patients ranging from
28 to 11,238.

We used GRADE to assess the quality of the evidence for
each endpoint. In GRADE the observational studies start on
low quality (due to lack of randomization). As soon as we had
one additional reason to downgrade the quality fell to very
low and this is reflected in the overall qualities of our end-
points.

We have only assessed studies with similar comorbidity
(including diabetes mellitus) and age at baseline. Differences
in comorbidity at baseline could have influenced the results of
comparisons of different dialysis modalities. Based upon this
and the fact that it has been shown to be very difficult to per-
form RCTs for this type of patients, we believe that our results
from observational studies with low quality are, in practice, the
best available we can obtain for this type of treatment.

In this study, we focused specifically on the type of dialy-
sis given and the delivery location. Consequently, we could not
examine differences in dialysis frequency, dialysis adequacy,
residual function or dialysis equipment, all of which could
have influenced our results. Even though we had no pre-de-
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fined focus on whether the patients were initial or established
patients, five of the six observational studies we included for
the comparison PD versus HD hospital were with initial pa-
tients and one was a mixture of incident and established dialy-
sis patients. Further, sensitivity analyses showed no significant
difference in mortality for studies with 1 year and 4 years ob-
servation period.

With regard to geographical conditions and existing in-
frastructure in different regions, it was difficult to obtain reli-
able cost information for the different modalities, particularly
HD home and satellite. We have tried to conduct our analyses
based on best available cost data, and have incorporated uncer-
tainty around cost estimates in the sensitivity analysis. Further,
we did not include the costs related to loss of production in our
analysis as we assumed that most dialysis patients are of retire-
ment age or out of work.

We also performed a systematic literature search to identi-
fy the best possible evidence on utilities for our model analysis.
The search did not identify any single study or combination of
studies reporting the utility values measured by a common in-
strument for all types of dialysis. Lacking good-quality utility
data (preference-based health-related quality of life data) for
our study population, we applied a single QALY weight for all
types of dialysis, based on a non-randomized Swedish study,
which attempted to control for case-mix between PD and HD
patients [54]. However, because one could imagine that home
or satellite dialysis patients might experience a higher quality
of life than hospital HD patients, we examined the implication
of a potentially higher quality of life associated with these mo-
dalities. The correction factor, however, had a very small effect
on the results and the conclusion in terms of cost-effectiveness
was unchanged.

Conclusion and policy implications

We found that over a 5-year time horizon, PD was the most
cost-effective dialysis alternative and comparable with HD re-
garding the efficacy measured as mortality or complications.
There are significant cost-saving potential if more patients
start on PD instead of HD. Results from our SR and newly
published literature indicate that starting more patients on PD
can advantageously be done for the first 3 - 5 years of dialy-
sis for patients at all ages without diabetes. However, patient’s
clinical status and preferences need to be considered in each
individual case.
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