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ABSTRACT

Kidney failure is a severe condition which extensively affects patients’ life by
markedly increasing mortality and morbidity, causing symptoms which may impair
health-related quality of life (HRQOL). Patients with end-stage kidney failure (also
termed as stage 5 chronic kidney disease; CKD Stage 5) require renal replacement
therapy (RRT) to maintain life. Options for RRT are hemodialysis (HD), peritoneal
dialysis (PD) and kidney transplantation (TX). In dialysis therapies, despite
improved prognosis compared with no treatment option, mortality among dialysis
patients is greatly increased compared to the general population. On TX, improved
survival and a better HRQOL are generally provided than on dialysis therapies and
TX is considered the treatment of choice in suitable patients. However, all patients
are not eligible for TX and demand for transplants chronically exceeds the available
supply.

Considerable economic investments are required to provide RRT. In both HD
and PD, material expenses and professional costs are high. In TX, the
transplantation procedure requires considerable resources and after that, effective
and expensive immunosuppressive medication is necessitated. In terms of
mortality, morbidity and economics, kidney failure is one of the most severe
chronic medical conditions and compared with general population, treating
patients with CKD Stage 5 induces approximately a 20-fold cost increase.

Costs for medical care are rapidly increasing. Health economic evaluation, by
providing methods to compare both outcomes and costs of alternative options,
supports decision-makers to allocate limited resources as effectively as possible to
maximize advantages. Cost-effectiveness analysis (CEA) is the most popular form
of health economic research. In a CEA, outcomes of particular decision options
are compared in terms of their cost per unit of health outcome achieved. Results
are expressed as cost-effectiveness ratios (CER), e.g. cost per case prevented or
cost per life-year gained. When comparing two strategies, utilizing incremental
CER (ICER) is recommended. ICER describes additional costs required to achieve
an extra unit outcome in one strategy compared to another. Cost-utility analysis
(CUA) is a specific form of CEA, in which the quality of gained results is
evaluated. In a CUA, outcome is commonly expressed as quality-adjusted life-years



(QALYs). QALYs are calculated by multiplying the amount of gained life-years
with the quality (utility; ranging from O to 1) of those years.

The aims of this study were to determine costs and distribution of costs in
various RRTSs, to compare cost-effectiveness of HD with PD, to find associations
between dialysis patients’ treatment costs and serum levels of mineral metabolism
markers, albumin and C-reactive protein and, finally, to compare outcomes and
costs between inpatient and outpatient peritoneal dialysis catheter implantation.

Studies I and II comprised all adult ESRD patients who started their dialysis
therapy 1991-1996 at Tampere University Hospital (TaUH). All use of health care
resources was recorded. Of a total of 214 patients, 138 started with HD and 76
patients with PD. 55 patients received a kidney transplant during the study period.
Costs (US$) for the first six months in HD, PD and TX groups were 32566, 25504
and 38265 and for next six months 26272, 24218 and 7420, respectively. Costs for
the second and third years were for HD 54140 and 54490, for PD 45262 and
49299, and in the TX group 11446 and 9240. In CEA, alternative strategies were
applied to determine the end-points of observation. PD dominated over HD in
three strategies (intention-to-treat, time on dialysis and time on primary modality).
When the dialysis modality failure was considered death, ICER in HD was
444 041.

Patients in Study III were a subgroup of patients in Studies I and II. Subjects
who had remained in for at least one year and with available laboratory results were
included. 109 patients were identified. Laboratory results were obtained from the
hospital’s database. After controlling for patients’ characteristics, there was no
correlation between mineral metabolism markers and costs, but a trend towards
lower cost (£ SD) among patients who achieved the recommended targets of
calcium (Ca), phosphorus (P) and parathyroid hormone (PTH) (US$145 * 31)
compared to those with non-optimal levels (US$165 £ 48, p=0.095) was found. In
patients with at least one in-target PTH, costs were lower than in patients with
constantly low PTH (US$148 £ 31 vs. 170 * 48; p=0.01). A positive correlation
between CRP and costs and a negative correlation between Alb and costs was
found.

In Study IV, costs and outcomes (within 90 days) were compared between
inpatient and outpatient peritoneal dialysis catheter insertion (PDCI). All adult
patients who were inserted a peritoneal dialysis catheter at TaUH 2004—2009 were
included in the study. Altogether 106 PDClIs were performed during the follow-up,
46 were electively admitted patients (inpatient group) and 41 were placed on an

outpatient basis (outpatient group). In 19 cases PDCI took place for other medical



reasons. 23 (22%) complications occurred within 30 days. Within 90 days, the
cumulative rates of technique failure and infectious complication were 10% and
25% respectively. Differences in incidences of complications were statistically
insignificant between inpatient and outpatient groups. Compared with the inpatient
group, costs (£ SEM) (EUR) of the PDCI process were significantly lower in the
outpatient group (1346 £ 33 vs. 2320 £ 142, p <0.000).

In conclusion, treatment costs on PD may be slightly lower than costs on HD
and compared with HD, PD may be a cost-effective treatment in eligible patients.
The high initial costs for TX are balanced during the next months, after which
costs for TX are markedly lower than for dialysis. Achieving recommended PTH
levels may be associated with lower costs in dialysis patients and an outpatient
PDCI is safe causing less cost than an inpatient PDCI.



TIVISTELMA

Vaikea munuaisten vajaatoiminta aiheuttaa paljon eliminlaatua heikentivid oireita
ja potilaiden kuolleisuus ja sairastavuus on moninkertainen muuhun viesté6n
verrattuna. Vajaatoiminnan edetessi kdy munuaistoiminta lopulta riittimattomaksi
ja elaman ylldpitaimiseksi tarvitaan munuaiskorvaushoitoa. Munuaistoimintaa
korvaavia hoitomuotoja ovat hemodialyysi (HD), vatsakalvo- eli peritoneaalidialyysi
(PD) sekd munuaisensiirto (T'X). Dialyysihoidon avulla estetdan potilaiden viliton
menehtyminen munuaisten vajaatoimintaan, mutta kuolleisuus ja sairastavuus ovat
edelleenkin paljon muuta viestéd korkeammat. Munuaisensiirron jilkeen potilaiden
ennuste on parempi kuin dialyysihoidossa, mutta leikkaustoimenpide on raskas ja
sen jilkeen tarvittava siirteen hylkimistd estdva ladkitys heikentdd samalla elimiston
puolustuskykyd. Kaikki potilaat eivit siten sovellu munuaisensiirtoon eikd siirteita
my0skain ole riittavisti saatavilla.

Dialyysi- ja munuaisensiirtopotilaiden hoito ja seuranta tapahtuu piddosin
erikoissairaanhoidossa. Materiaali- ja laitekustannusten, ammattitaitoisen tyGvoiman
tarpeen sekd runsaiden liitinndissairauksien vuoksi dialyysipotilaiden hoito on
kallista. Munuaisensiirrostakin aiheutuu merkittivia kustannuksia; siirtoleikkaus on
vaativa toimenpide ja sen jilkeen vaaditaan tiivistd ja sidnnollistd seurantaa. Myos
hylkimisenestoldakitystd on kaytettava jatkuvasti. Munuaiskorvaushoidossa olevien
potilaiden terveydenhuoltokustannukset ovatkin keskimidrin n. 20-kertaiset
muuhun viest60n verrattuna.

Terveystaloustieteellinen tutkimus arvioi erilaisten vaihtoehtojen, valintojen ja
panostusten  vaikutuksia  terveydenhuollon  tuloksiin  ja  kustannuksiin.
Terveydenhuollon kustannukset kasvavat jatkuvasti, ja tutkimustieto auttaa
paiatoksentekijoiti ~ kohdentamaan  niukkenevat  taloudelliset ~ voimavarat
mahdollisimman tehokkaasti. Yleisin terveystaloustieteellisen tutkimuksen muoto
on kustannusvaikuttavuusanalyysi (CEA), jossa hoitoja arvioidaan kustannus-
vaikuttavuussuhteen (CER) avulla. CER kuvaa tarvittavien kustannusten mdiarin
tiettyd lopputulosta kohden (esimerkiksi montako euroa maksaa saavutettu
elinvuosi tai estetty tautitapaus). Kahta eri hoitoa verrattaessa on suositeltua
madrittdd inkrementaalinen kustannusvaikuttavuussuhde (ICER), joka tarkoittaa

hoidossa koituvien lisikustannusten ja saavutetun lisihyoédyn suhdetta toiseen



hoitoon verrattuna. Kustannus-utiliteettianalyysissa (CUA) arvioidaan laatuun
suhteutettujen elinvuosien (QALY) kustannuksia. QALY lasketaan kertomalla
saavutettujen elinvuosien madra eliminlaatua kuvaavalla kertoimella, joka on
arvoltaan valilld 0—1.

Timin viitoskirjatyén tavoite oli mairittdd munuaiskorvaushoidossa olevien
potilaiden  hoidon  kustannukset ja kustannusten rakenne Tampereen
yliopistollisessa sairaalassa, verrata kustannusvaikuttavuutta dialyysihoitomuotojen
valilld, selvittid onko hoidon kustannusten ja kalsiumaineenvaihdunnan
mittareiden, C-reaktiivisen proteiinin (CRP) tai albumiinin seerumipitoisuuksilla
yhteyttd sekd selvittdd tulokset ja kustannukset polikliinisessa ja osastolta kisin
tapahtuvassa peritoneaalidialyysikatetrin laitossa (PDCI).

Osatéiden I ja II potilaina ovat kaikki tiysi-ikdiset kroonikkodialyysihoitoon
Tampereen yliopistollisessa sairaalassa vv. 1991-1996 otetut ureemikot, joita oli
yhteensd 214. Heistd 138 aloitti HD:ssi ja 76 PD:ssi ja 55 potilasta sai
munuaissiirteen mychemmin seurannan kuluessa. Terveyspalvelujen kaytto
seuranta-aikana selvitettiin ja hinnoiteltiin  palvelujen tuotantokustannusten
mukaan. Kustannukset (US§) ensimmiisen puolivuotisjakson aikana ryhmissa HD,
PD and TX olivat 32566, 25504 ja 382065 ja seuraavan kuuden kuukauden aikana
26272, 24218 ja 7420. Toisen ja kolmannen vuoden kustannukset olivat HD:ssi
54140 ja 54490, PD:ssid 45262 ja 49299 ja TX:ssi 11446 ja 9240. Kustannus-
vaikuttavuusanalyysissd verrattiin  keskendin HD- ja PD-hoitoa. Seurannan
padttymiskriteerit maariteltiin neljalld eri tavalla. Niisti kolmessa (hoitomuotojen
vaihtoa el huomioda, seuranta loppuu munuaissiirtoon ja aika alkuperiisessid
hoitomuodossa) PD dominoi: kustannuksia aiheutui vihemmin ja potilaiden
elossapysymisennuste oli parempi kuin HD:ssi. Kun hoidon epionnistuminen
rinnastettiin kuolemaan, oli HD-potilaiden elossapysyminen parempi kuin PD-
potilailla, mutta HD:lldi saavutettavan laskennallisen lisdelinvuoden hinnaksi
(inkrementaalinen kustannusvaikuttavuussuhde; ICER) tuli 444 041.

Osatyon 11T potilasjoukko muodostettiin osatiden I ja II aineistosta. Mukaan
otettiin potilaat, joiden dialyysihoito oli kestinyt vihintiin yhden vuoden ajan ja
joiden laboratoriotulokset olivat kiytettavissd; lukumiiriksi muodostui 109. Kun
ikd, taustasairaudet ja dialyysihoitomuoto vakioitiin, ei hoitokustannusten ja
kalkkiaineenvaihduntaa kuvaavien mittaustulosten vililld ollut riippuvuussuhdetta.
Potilailla, joiden tulokset olivat tavoitealueella, piivittdiset kustannukset (+ SD)
olivat hienokseltaan matalammat kuin niilla, joiden tulokset eivit olleet tavoitteessa,
vaikkakaan ero ei ollut tilastollisesti merkitsevd (US$ 145 = 31 ja 165 £ 48,
p=0.095). Potilailla, joilla ainakin yksi parathormonipitoisuus oli tavoitealueella,



kustannukset olivat matalammat kuin niilld, joiden miaritystulokset olivat jatkuvasti
alle tavoitteen (US$ 148 £ 31 ja 170 £ 48; p=0.01). CRP-pitoisuus ja kustannukset
korreloivat keskenddn ja albumiinipitoisuuden ja kustannusten vililli todettiin
kddnteinen korrelaatio.

Osatyossa IV verrattiin  toisiinsa polikliinisen ja osastohoitojakson aikana
tehtivin PDCI:n tuloksia ja kustannuksia. Vuosien 2004—2009 kuluessa yhteensi
106 aikuispotilaalle asetettiin PD-katetri. Heistd 46:lla toimenpide tehtiin
ennaltasovitun osastojakson aikana ja 41 potilasta hoidettiin polikliinisesti. 19
potilasta oli osastohoidossa muun syyn vuoksi. 23 potilaalla todettiin katetriin
liittyvd komplikaatio 30 vrk:n kuluessa toimenpiteestd. 90 vrk:n kuluessa PD-hoito
epaonnistui 10 %:lla ja infektiokomplikaatio kehittyi 25 %o:lle. Komplikaatioiden
ilmaantumisessa ei ollut eroa osasto- ja polikliinisten potilaiden valilla.
Kustannukset (euroa * SEM) polikliinisilla potilailla olivat merkitsevisti
matalammat kuin osastopotilailla (1346 £ 33 ja 2320 + 142, p <0.000).

Viitoskirjan osatéiden yhteenvetona voidaan todeta hoitokustannusten olevan
hieman matalampia PD-hoitoon valituilla potilailla kuin HD-potilailla, ja PD on
kustannusvaikuttavaa hoitoa HD:iin verrattuna — niilldi potilailla jotka tihan
hoitoon soveltuvat. Munuaisensiirrossa kustannuksia kertyy alkuvaiheessa paljon,
mutta ne vihenevit seuraavien kuukausien aikana, ja dialyysihoitoihin verrattuna
saavutetaan  kustannussiddstojd.  Tavoitteessa  oleva  parathormonipitoisuus
dialyysipotilailla saattaa liittyd pienempiin hoidon kustannuksiin. Polikliininen PD-
katetrin laitto on yhti turvallista mutta halvempaa kuin osastohoitojakson aikana

tapahtuva toimenpide.






17 INTRODUCTION

Chronic kidney disease (CKD) is an irreversible and usually a progressive
impairment in renal function. In mild kidney insufficiency patients most are
asymptomatic but along with disease progression, several symptoms appear. In
severe CKD, renal function is insufficient, removal of waste products is disordered
and patients start to suffer from uremic symptoms which markedly affect health-
related quality of life (HRQOL). Of heterogeneous uremic symptoms, fatigue,
nausea, anorexia, itching, hypervolemia and neurologic disorders are the most
prominent (National Kidney Foundation 2002; Levey et al. 2003; Levey et al.
2005). Various complications and consequences such as anemia, metabolic
acidosis, hyperkalemia, disordered mineral metabolism and markedly increased
risks of cardiovascular diseases are related with kidney failure and without
treatment, the condition leads to death (Johnson and Fechally 2003).
Unfortunately, there is no cure for CKD and patients with end-stage CKD (CKD
Stage 5) need a renal replacement therapy (RRT) to maintain life (National Kidney
Foundation 2002; Eriksen et al. 2000).

Options for RRT include dialysis therapy and kidney transplantation. In dialysis,
two alternative modalities are available. In hemodialysis (HD) blood is pumped
through an extracorporeal circuit which consists of blood lines and a dialyzer. In
the dialyzer, blood dialysis fluid flow along opposite sides of a semi-permeable
membrane. Diffusion gradient and hydrostatic pressure between the compartments
result in a removal of waste products and fluid from the patient, and a partial but
not complete improvement in disordered homeostasis (Cambi and David 1994). In
peritoneal dialysis (PD), dialysis fluid is infused into the peritoneum cavity. Waste
products and extra fluid transfer across the peritoneal membrane from the body to
the dialysis solution. By draining the dialysate out and infusing fresh fluid, a
sufficient gradient is maintained and as a net effect, water and solutes accumulated
due to kidney failure are removed from the body (Pastan and Bailey 1998). In
kidney transplantation (TX), patient suffering from CKD receives a kidney either
from a living donor or from a brain-death donor. After donor nephrectomy, the

transplant is usually placed in the recipient’s iliac fossa and circulation and urine
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flow are provided by vascular and ureteral anastomosis. To prevent rejection,
immunosuppressive medication is required (Sharif et al. 2011).

In those patients who are selected to enter dialysis therapies, both HD and PD
are reasonably effective in keeping patients alive when compared with no treatment
option. Nevertheless, mortality in dialysis patients is much higher and HRQOL is
impaired when compared with the general population. In TX patients, survival and
HRQOL are better compared with patients treated with HD and PD, but they still
are below figures found in general population. Not all patients are suitable for
dialysis therapy or kidney transplantation. In patients with severe comorbidities and
with an expected survival time of only a few months, a survival advantage or an
improvement in quality of life is not gained by dialysis (Murtagh et al. 2007; Da
Silva-Gane et al. 2012). Likewise, due to an increased risk of mortality during the
first months after the transplantation procedure, TX is not a treatment of choice in
the most elderly and comorbid patients (Wolfe et al. 1999).

To perform RRTs, considerable economic investments are required. Both in
HD and PD, the need for treatment is continuous and both material expenses
(such as devices, equipment, fluids and supplies) and professional costs are high. In
TX patients, the transplantation procedure requires resources and causes costs.
After that, there is a need for effective and expensive immunosuppressive
medication. When measured by mortality, morbidity and economic aspects, kidney
failure is one of the most severe chronic medical conditions and compared with
non-dialysis patients, at least a 20-fold increase in costs are induced by end-stage
CKD (Thamer et al. 1996; Nicholson and Roderick 2007; Sharif and Baboolal
2012).

The primary objective of a health care system is to deliver health care services.
In some cases, savings may be induced (for instance, global eradication of
poliomyelitis) (Bart et al. 1996) but in most cases, costs are caused by maintaining a
functioning health care system and providing care. Globally, costs for medical care
are increasing more rapidly than the growth of Gross Domestic Product, and even
in the wealthiest countries, society’s economic capacity to offer the best available
treatment to all individuals will soon be exceeded (Erickson et al. 2010). The
question is how much money a society is willing to invest in health care and how
the limited resources can be targeted to gain the greatest benefits for the
population.

Health economic evaluation provides methods to compare both outcomes and
costs of alternative strategies. In a thorough health economic evaluation, all costs

and outcomes are assessed and a sufficient time horizon is applied (Drummond et
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al. 1987). In a complex setting, as state of health, measuring costs and
consequences is not straightforward. A certain treatment may improve prognosis
of the particular disease but, on the other hand, it may cause health-related adverse
effects which should be taken into account as the outcomes are evaluated. Costs
are different whether they are counted from the society’s, provider’s, payer’s or
patient’s perspective. The question of time horizon is also important: Certain
interventions or decisions today give rise to health effects and costs which may not
occur immediately but they emerge several years afterwards and their impact may
be insufficiently considered if only a limited petiod is evaluated.

The role of dialysis therapy is crucial in determining the societies’ limits for
medical treatment. In the United States end-stage CKD has remained the only
diagnosis where treatment is universally reimbursed and granted on the basis of a
diagnosis. Consequently, both in the United States and globally, the cost of dialysis
therapy is broadly quoted as a benchmark for the willingness to pay threshold of
medical technologies — the society should be obligated to reimburse for other
treatments with at least similar costs and outcomes (Winkelmayer et al. 2002; Lee et
al. 2009). This thesis and the literature reviewed in it focus firstly, on describing
and evaluating health economic methods and, secondly, assessing costs related with
various RRTs and conditions in dialysis patients. Costs for HD, PD and TX and
distribution of costs in different modalities are presented. Survival, HRQOL and
cost-effectiveness in various treatment modalities are described. Impact of levels of
serum mineral metabolism markers, C-reactive protein and albumin on outcomes
and costs in dialysis patients is discussed and, finally, different methods to insert a

peritoneal dialysis catheter are evaluated.
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2 REVIEW OF THE LITERATURE

2.1 Economic evaluation in health care

The interpretation of term "cost" can vary depending on the boundaries and
perspective from which it is being measured (Haycox and Jones 1996). Oxford
Dictionary of English defines cost as an amount that has to be paid or spent to buy
or obtain something (Stevenson 2010). The economist's definition of cost in
medical care relates to the value of resources consumed during the process of
service provision in therapeutic area (Haycox and Jones 1996).

In health care, providing medical services induces costs. At unit-level, costs are
produced by salaries, supplies, laboratory tests and medication. Institutional level
refers to evaluation of both unit-level and overhead costs (infrastructure,
maintenance and amortization). At health care system level, all use of resources is
taken into account. This includes both institutional costs and costs for
transportation, home care services etc. At society level, attempts are made to
calculate additional costs caused by loss of productivity, inability to work, early
retirement and premature death (Prichard 1997). Generally, costs are defined as
direct and indirect costs. Direct costs include expenses for health care and they can
turther be divided into medical (treatment related) and non-medical (e.g. transport)
cost. Indirect costs are not directly associated with health care but they stand for
costs caused by loss of productivity, lowered incomes and disability payments.
Intangible costs, which seldom are measured, refer to costs associated with items
for which valuation is difficult such as pain or infertility (Schmid 1995).

The objective of a health care system is to provide an optimal mix of quality,
access and cost (De Vecchi et al. 1999). On the other hand, costs for medical care
are rapidly increasing and, on the other hand, resources are limited. Even in
wealthy countries, all treatments cannot indefinitely be afforded to all individuals
(Erickson et al. 2010). The question is, how the restricted resources can best be
used to maximise the health benefits for the population. In response to scarcity,
economic evaluation of medical care has increasingly been applied. Economic
evaluation is a process of comparing courses of action in terms of both outcomes
and costs (Drummond et al. 1987). By providing methods to compare costs and
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benefits of alternative strategies, economic evaluation functions as an instrument

offering essential information for decision-makers.

2.1.1  Cost analysis

Cost analysis is the description of the costs of a program or treatment. In a cost
analysis, expenses are identified to see how much is spent on a particular treatment
or program but the outcome is not involved. As a descriptive non-comparing

analysis, cost analysis is not regarded as a true economic evaluation (Drummond et
al. 1987).

2.1.2  Cost-effectiveness analysis

Cost-effectiveness analysis (CEA) contains both cost calculations and
measurements of the effects gained. In a CEA the outcomes of particular decision
options are compared in terms of their cost (C1, C2) per unit of health outcome
(E1, E2) achieved. Results are expressed as cost-effectiveness ratios (CER), e.g.

cost per case prevented or cost per life-year gained.

CER, =<1
El

CER, = =2
EZ

When comparing two strategies, by dividing differences in costs (C1, C2) by
differences in outcomes (E1, E2), incremental CER (ICER) is given. As the ratio
of change of costs to change of results, incremental CER describes additional costs
required to achieve an extra unit outcome in one strategy compared to another.
Depending on differences in costs and outcomes, the ICER can be both positive

and negative:
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CEA is the most reasonable analysis design when the goal is to identify the most
cost-effective strategy from among a set of options that produce a common

outcome. (Drummond et al. 1987)

2.1.3  Cost-utility analysis

A specific form of CEA is a cost-utility analysis (CUA), in which not only the
amount but also the quality of gained results is evaluated. In a CUA, outcome is
measured in healthy year equivalents; commonly expressed as quality-adjusted life-
years (QALYs). QALY are calculated by multiplying data on the life years gained
with a numerical value (utility) reflecting the quality of those years. As a function of
length of life and health related quality of life (HRQOL), QALY is an attempt to
combine the value of these attributes to a single index number (Rosner 2013). In
general, utilities can range from 0 (equivalent to death) to 1 (equivalent to perfect
health). Values are usually obtained from samples of patients or the population in
general (Drummond et al. 1987). Two years of life in a health state judged to be
halfway between death and full health would be equivalent to one year in full
health. As quality of life is taken into account, CUA is claimed to be the most
effective study design when comparing strategies which produce different health
outcomes (Schmid 1995).

214  Methods to assess quality of life

Although HRQOL cannot be measured directly, several questionnaires have been
developed from which utilities can be derived (Hawthorne et al. 1999; Peeters et al.
2000; Sintonen 2001; Brazier et al. 2002; Feeny et al. 2002). However, most of
these measures have been designed for use in clinical research, not for economic
evaluation. Of standardised questionnaires, Short Form Health Survey (SF-30) is
one of the most widely used instruments. In SF-36 patient’s health is assessed
across several dimensions to provide an aggregate summary (Brazier et al. 2002).
The Sickness Impact Profile (SIP), the Campbell Index of Well-Being and the
Nottingham Health Profile (NHP) are examples of other questionnaires. The SIP
contains 136 “yes and “no” questions and in the Campbell Index of Well-Being
there are 10 questions that are ranked on a 7-point scale (Hornberger et al. 1992).
The NHP comprises 38 statements assessing perceived emotional, physical and
social problems and their impact on daily activities (Hunt et al. 1985). The 15D is a

26



self-administered 15-dimensional and standardized instrument that has been found
to perform equally well as the NHP (Sintonen 2001). For patients with kidney
disease, there are specifically developed questionnaires providing scores for general
mental and physical health and including also kidney-disease specific domains
(Laupacis et al. 1992; Hays et al. 1994).

The Standard Gamble and the Time Trade-Off (TTO) techniques are not based
on profiles produced by questionnaires but patients are faced with a single
question. In the Standard Gamble, patients are requested to consider a new
hypothetical device that could completely cure the particular medical problem
(renal disease, for instance). Then, they are asked to figure what chance of
immediate painless death they would be willing to accept before refusing to use the
device. In the Time Trade-Off, the imaginary device provides, again, a complete
cure but, instead of creating the risk of immediate death, it shortens life. Subjects
are asked how many years they are willing to forego before refusing to use the
device. In other words, patients provide their estimates of the highest acceptable
risk and these estimates are further utilized to generate HRQOL. (Hornberger et al.
1992)

2.1.5  Cost-benefit analysis

In cost-benefit analysis (CBA) both costs and outcomes are measured in monetary
units. All of the costs are added up and subtracted from the total value of
outcomes. Value of benefits minus costs and the ratio between the two are called
net present value and cost-benefit ratio, respectively. The decision rule of CBA is
clear: undertake an intervention if the value of its benefits exceeds its costs. The
problem in performing cost-benefit analyses in health care is valuing the outcomes,
such as improving health and extending life, in monetary terms (Higgins and Harris
2012). CBA can be used to evaluate a single option (assessing whether benefits
exceed costs) whereas CEA and CUA always compare two or more options. Since
all costs and benefits should be included and valued in a CBA, this analysis

becomes complex and difficult to perform.
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2.1.6  Comparative effectiveness research

Concept of comparative effectiveness research was introduced recently. It is
defined as the generation and synthesis of evidence that compares the benefits and
harms of alternative methods to prevent, diagnose, treat and monitor a clinical
condition, or to improve the delivery of care. The purpose of comparative
effectiveness research is to assist consumers, clinicians, purchasers, and policy
makers to make informed decisions that will improve health care at both the
individual and population levels (Sox and Greenfield 2009). By definition,
outcomes (benefits and harms) but not costs are evaluated in comparative
effectiveness research and it cannot be regarded as economic evaluation.

2.1.7  Discounting

Generally, current costs and events are regarded more important receiving more
weight than future costs and consequences, a phenomenon termed as a positive
rate of time preference. Discounting is a concept based on time preference and it
refers to the fact that money is preferred to possess now rather than later. In health
care, costs and subsequent outcomes may be spread out over multiple years. For
example, current costs for vaccination need to be compared with benefits of
prevented cases and with reduced healthcare costs in the future. In discounting
process the value of a future outcome is adjusted to its present value (Simoens
2009).

To illustrate the effect of discounting, we may consider a programme which
costs EUR 1000 in three consecutive years (Table 1). When discounting the total
sum of 3000 by frequently applied 5%, this equals a present value of EUR 2852,50:

Table 1.  Effect of discounting

Actual costs Discounting process (discount  Discounted costs
(EUR) rate 5%lyear) (EUR)

Present time 1000 - 1000

Present time + 1 year 1000 (1-0,05)" x 1000 950

Present time + 2 years 1000 (1-0,05)2 x 1000 902,50

Sum 3000 2852,50
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Discounting may be restricted in monetary terms only, but discounting of health
outcomes has been recommended as well (Brouwer et al. 2005). The rate at which
costs and outcomes are discounted may substantially affect CER. Attaching lower
weight (i.e. using higher discount rate) in future health makes preventive medicine,
which comprises years long time horizon between interventions and benefits, seem
less cost effective and incorporates a risk of undervaluing future health in decision
making (Brouwer et al. 2005). For instance, CERs of meningococcal vaccination
campaign in England and Wales varied markedly depending on discount rates
applied. Discount rates 1,5% for health and 6% for costs produced CER (UK
Pounds/life year gained) 3845 and discounting both costs and health equally at 6%
resulted in CER 15 710, respectively (Trotter and Edmunds 2002).

Guidelines recommend that costs and effects should be discounted equally in
studies having time horizons longer than one year, irrespective whether the effects
are expressed in money terms or life years gained. Reporting of the used discount
rate as well as performing sensitivity analyses by using different discount rates is
also recommended (Drummond et al. 1996; Brouwer et al. 2005). Usually, annual
discount rate 3—6% is applied and a common rate in the literature is 5% in year
(Drummond et al. 1996). However, e.g. HRQOL is assumed to be linear and
rationality of processing a linear parameter by an exponential discount rate has
been questioned (Ganiats et al. 2000; Attema et al. 2012).

Most analyst have recommended that benefits and costs should discounted
similarly, but several economists have argued that this is not appropriate. The main
point in questioning is that since health does not have monetary measureable value,
it neither is a resource that can be traded or invested to produce more health in the
future. On the other hand, health damaging activities like smoking and heavy
drinking suggest that people actually attach less weight in their future health and
they are, indeed, discounting their future health. Also, when applying lower
discount rates for effects than for costs, postponing any given option would
become attractive: costs will decrease as they were shifted further whereas future
benefit would be valued the same as today, no matter when they occurred. An
infinite postponement will be theoretically the most optimal choice. This practically
undesirable effect is termed as postponing paradox (Brouwer et al. 2005).
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2.1.8  Markov modelling

An economic evaluation can be carried out alongside a clinical trial. Ideally, a trial
reaches adequate power to detect treatment-related differences in costs and
outcomes and a sufficient time horizon is obtained. In practice, essential
parameters may be inadequately estimated in clinical trials to make economic
decisions. Both the synthesis of data deriving from various sources and
extrapolation of data is often required. Modelling is a frequently applied tool to
evaluate costs and outcomes over time. A particular type of model widely utilized is
the Markov model. Markov models are generally used to simulate the progression
of chronic disease. The particular disease is divided into various states and
transition probabilities between these states over a certain time period known as a
Markov cycle. In case of renal replacement therapies, for example, the alternative
states are dialysis, renal transplantation and death. Costs associated with different
states, transitions, procedures and other treatment related situations are
determined. By running the model with a cohort including a large number of
hypothetical patients and repeating multiple cycles, costs and outcomes over a
certain period can be estimated and also the impact of various decisions and
interventions can be assessed (Briggs and Sculpher 1998). Economic modelling is a
relatively cheap and effective way to synthesize existing data, but results naturally
depend on the reliability of variables incorporated into the model and on the
accuracy by which the model is able to represent the course of particular disease.

Inaccurate input provides inaccurate outcomes.

2.1.9  Willingness to pay

Cost-effectiveness (or cost-utility) can be illustrated graphically (Figure 1) (Black
1990). The difference in effectiveness (or utility) between two options is portrayed
on the horizontal axis and the cost difference between the two is on the vertical
axis, respectively. The point representing the differences in effectiveness and costs
falls into one of the four quadrants. An option, which is more effective and less
costly than the comparator, is termed as dominating. In cases which are both more
effective and more costly than alternative options, society’s cost-effectiveness-
threshold determines whether the option will be adopted or not. Such a threshold

represents the maximum amount which the authorities are willing to pay for a
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treatment (maximum acceptable ICER). Options falling below this threshold are

termed cost-effective.

Figure 1. Graphical illustration of cost-effectiveness
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In some countries, authorities have specified certain cost-effectiveness thresholds
and in some cases they can be determined from reimbursement decisions. In the
United Kingdom, the National Institute for Health and Clinical Excellence (NICE)
have applied a threshold value of (Pounds) 20 000/QALY and health technologies
exceeding 30 000/QALY have been unlikely to be recommended (Raftery 2000).
In the United States a figure of (US$) 50 000/QALY has commonly been used
(Grosse 2008) and the magnitude was set on the basis of the estimated annual cost
of caring for a dialysis patient (Winkelmayer et al. 2002). This number has been
used as a benchmark over several years regardless of inflation and its arbitrariness
and inaccuracy has been noted (Hirth et al. 2000). Recently, it has been suggested
that while the foundations of $50 000 threshold are questionable, arguments for
abandoning it exist. Instead of a fixed number, the threshold should vary across
payers, populations and procedures (Bridges et al. 2010). World Health
Organization (WHO) has recommended adopting threshold of 1 to 3 times of local
gross domestic product (GDP) per capita (Tan-Torres Edejer et al. 2003).

2.1.10 Question of perspective

It is important to recognize the perspective from which an economic analysis was
conducted. In some cases, outcomes may be straightforward to measure. In the
complex setting of health care, relationships between inputs and outputs may
markedly vary depending on the selected viewpoint. When taking a payer's
perspective, costs are measured as reimbursements, which depend on accounting
methods between different organizations, contracts with suppliers and profits
achieved by facilities. From a provider's perspective, absolute production costs of a
certain treatment or technology can be determined and they may substantially
differ from its fixed amount of reimbursement. From a patient’s perspective, costs
for outpatient medication, other copayments and home care after discharge are
important while they are irrelevant from the government’s or hospital’s viewpoint.
Conclusions and decisions from a particular perspective are supported by
information provided by the use of that certain perspective, but studies which have
been conducted from different viewpoints are not comparable.

Applying a societal perspective has been suggested in order to consider all
relevant costs and to avoid biases that may be incorporated in a narrower approach
(Russell et al. 1996). Societal perspective considers all health effects and costs that

are caused by a particular intervention; both benefits and harms are included. This
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approach implies that not only direct treatment-related or program-related costs
need to be processed but also expenses that are not included in the health-care
sector or financed by the health care budget (such as productivity costs and costs
for transport) are taken into account. Adopting a two-perspective approach has
been suggested: presenting one CER following health care perspective and another
CER following the common societal perspective. The health care perspective may
be beneficial for the decision makers and the societal approach evaluates

consequences of given decision in a broader perspective (Brouwer et al. 20006).

2.2 Renal replacement therapies

Chronic kidney disease (CKD) is a heterogeneous group of disorders characterized
by alterations in kidney structure and function (National Kidney Foundation 2002;
Levey et al. 2003; Levey et al. 2005). Usually CKD is a progressive condition and in
some patients — but not deterministically in all — it leads to kidney failure, severely
impaired kidney function, also known as CKD Stage 5 (National Kidney
Foundation 2002; Eriksen et al. 2006). In a mild renal insufficiency patients usually
are asymptomatic and as such, renal disease is not clinically apparent. The onset of
end-stage CKD results in constellation of signs and symptoms referred to as
uraemia. Manifestations of uraemic state include nausea, anorexia, volume overload
and central nervous system disorders ranging from lethargy to death. Several
complications are related with CKD including anaemia, hyperparathyroidism and
markedly increased risks for cardiovascular diseases, infections, cognitive
impairment and impaired physical condition (Johnson and Feehally 2003).

There is no cure for CKD and therapy is focused to slow the rate of
progression of CKD with antihypertensive and antiproteinuric treatment. Patients
with kidney failure require renal replacement therapy (RRT) to maintain life.
Initiation of RRT — when medically indicated — should begin before kidney disease
has advanced to the point where life-threatening complications occur. RRT aims
both to prolong survival and to improve the HRQOL experienced by patients.
Options for renal replacement therapies are hemodialysis, peritoneal dialysis and
kidney transplantation.

33



2.2.1  Hemodialysis

During hemodialysis (HD), anticoagulated blood is pumped through an external
filter (dialyzer). Diffusion of solutes between the blood and a dialysis solution
results in the removal of metabolic waste products and the replenishment of body
buffers. By means of adjustments in the transmembrane pressure across the
dialyzer, removal of fluid from the plasma into the dialysis solution (ultrafiltration)
can be controlled. HD was first introduced in 1960 for treatment of chronic
uraemia and treatment sessions lasted for 12 to 18 hours every 10 to 15 days out of
necessity (Scribner et al. 1960; Cambi and David 1994).

At present, hemodialysis can either be performed in hospital (in-centre
hemodialysis, CHD; typically 3 weekly treatments of 4 to 5 hours) or by a patient at
home (home hemodialysis, HHD). Home hemodialysis offers the opportunity to
tailor the treatment regimen to individual requirements. In satellite hemodialysis
(SatHD) care is organized and managed by nephrological clinics (university and
central hospitals in Finland), but physically the treatment takes place in health
centres or community hospitals. Sometimes patients are encouraged to participate
in their own treatment at their hemodialysis units to maintain their performance
and also to alleviate nurses’ work. This is called self-care hemodialysis (SC-HD).
Intensification of HD, when needed, is achieved by increasing frequency of therapy
or duration of treatment or both and it is easily managed in HHD by applying
short daily hemodialysis (SDHD) or nocturnal hemodialysis (NHD). To increase
efficacy of conventional HD, novel techniques including hemodiafiltration (HDF)
and high-flux hemodialysis (HFHD) have been developed.

To effectively remove waste products in chronic hemodialysis, a sufficient
blood flow through the dialyzer must be provided. Therefore, there is the necessity
for permanent vascular access, which is established by a catheter in a large vein or
by arteriovenous fistula. Arteriovenous fistula can be constructed by using patient's

artery and vein or by implanting a vascular graft made of prosthetic material.

2.2.2  Peritoneal dialysis

In peritoneal dialysis (PD), physiologic dialysis solution is infused through a
catheter into the peritoneum cavity. Diffusive solute transport occurs across the
peritoneal membrane and waste products transfer from the body into the dialysis
solution. Diffusion gradient is maintained by draining the dialysate and replacing it
with fresh fluid. Removal of fluid (ultrafiltration) from the body is provided by
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osmolar gradient between body fluids and dialysate, typically achieved by glucose
added to the dialysis solution (Pastan and Bailey 1998). In PD, a peritoneal catheter
is required. Typically, a plastic catheter is implanted in the peritoneal cavity and
anchored in the subcutaneous tissues. In implantation, open surgery, laparoscopic
technique and radiological insertion may be applied (Wright et al. 1999; Negoi et al.
20006; Brunier et al. 2010).

Early clinical experience begins in 1923 when Ganter described improvement of
condition in a uremic guinea pig after infusion and removal of saline in peritoneal
cavity. First human patient was treated experimentally 1927 (Ganter 1923;
Teschner et al. 2004). Chronic peritoneal dialysis was started in the 1960s and
during the 1970s, after remarkable development in the access devices, PD became
extensively clinically available (Popovich et al. 1978).

PD has two main treatment varieties: in continuous ambulatory peritoneal
dialysis (CAPD) dialysis fluids are exchanged manually, usually four exchanges of 2
litres each of dialysate daily. However, dialysis may be inadequate especially in large
patients. Automated peritoneal dialysis (APD), in which a cycler infuses and drains
dialysate at night, has gained popularity in recent years. In APD, fluid volume and
number of cycles are tailored individually to optimize the efficacy of dialysis. It
provides therapy without interruptions in daily routines (Daugirdas et al. 2007).
Both CAPD and APD are mostly carried out by patients themselves at home. For
those patients who are unable to perform the treatment and support is required,
assisted PD provided by family members or visiting nurses is the therapy of choice.

Due to a straight connection from outside to the peritoneal cavity, peritonitis is
a common and serious complication of PD. Exit-site infections, mechanical
complications (hernia formation, fluid leak) and metabolic complications also
occur. Dialysis and management of fluid overload may be insufficient in some
patients (Daugirdas and Blake 2007). Modality switch from PD to HD is

occasionally necessitated by complications.

2.2.3  Kidney transplantation

Immunologic aspects are closely related to organ transplantation. The principal
function of the immune system is to defend against infections and fundamental to
this capacity is to discriminate between self and nonself antigens. Transplanted
tissue from a genetically different individual is immediately recognized in the body

and an immune response mediated by lymphocytes is stimulated resulting in
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rejection of the foreign material (2010). The first successful kidney transplantation
was performed in 1954 between two identical twins (Merrill et al. 1956; Murray
2011) but due to the inability to medically control the human immune response the
number of procedures remained low for years. From the 1960s,
immunosuppression with azathioprine and corticosteroids enabled transplantations
between immunologically non-identical individuals but still up to 40% of grafts
were lost by the first year. The introduction of calcineurin inhibitor cyclosporine, a
new potent immunosuppressant, in the early 1980s resulted in a remarkably
improved prognosis leading to one year graft-survival rate of 80%. From the 1990s,
emergence of the antiproliferative agent mycophenolate mofetil, more potent
calcineurin inhibitor tacrolimus, the mammalian target of rapamycin inhibitors
sirolimus and (post 2000) everolimus have been added to the standard
immunosuppressive armamentarium along with monoclonal antibodies and other
protein immunosuppressives. Effective medication, improved organ matching and
preservation and chemoprophylaxis of opportunistic infections have all resulted in
a progressive improvement in graft and patient survival (Sharif et al. 2011).
Nowadays renal transplantation is considered as the standard treatment for ESRD
in suitable patients.

Donor organs can be obtained from cadaveric sources or from living donors.
Cadaveric transplants (CTX) are kidneys from brain-dead donors. Brain-death is
defined as a condition, in which patient’s cerebral functions are irreversibly lost but
vital functions ventilation and circulation are artificially maintained by intensive
care treatment. Many countries — including most European countries — have
implemented transplantation laws which allow transplantation of organs from
brain-dead donors (Haupt and Rudolf 1999). Usually both the kidneys are removed
in a nephrectomy and they are further transplanted to two recipients. Living donor
transplantation occurs when a person freely donates a kidney to someone in need
of a transplant. Usually, transplantation takes place between family members such
as spouses, siblings or from a parent to a child. Kidneys from living donors (LTX)
are transplanted electively and they have certain advantages. With good planning,
injury caused by ischemia can mostly be avoided. Compared with CTX, a delayed
graft function is more uncommon and long term survival and HRQOL are
superior in LTX (Lamb et al. 2011; Matas 2014).

Demand for kidney transplants chronically exceeds the available supply and
worldwide both the number of patients on waiting list and the time on waiting list
is increasing. To cover the shortage of organs, many centres have expanded the
criteria for acceptable donors. Kidneys from older donors with certain
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comorbidities with less than optimal function have progressively been utilized
(Veroux et al. 2009) and also donation after cardiac death (donors with nonbeating
hearts) has been successfully practiced (Morrissey et al. 2014).

2.3 Survival in renal replacement therapies

2.3.1  Survival in dialysis modalities

Despite improvements in dialysis technology, mortality among dialysis patients
remains high. In an early report (data deriving from 1960s), Moorhead et al found
overall 80,7% five-year survival in 109 patients admitted to RRT. Patients'
characteristics were not reported (Moorhead et al. 1970). Thereinafter, older and
sicker patients have been permitted to enter RRT (Himmelfarb and Ikizler 2010).
Consequently, life expectancy in dialysis patients is markedly reduced: In 1993 it
was estimated to be 7,1 years for patients at age 49 (reduced by 23 years compared
to general population) and 4,3 years for patients at age 59 (reduced by 17 years),
respectively (United States Renal Data System 1993). Between 1993 and 2003 there
was little improvement in first-year death rates in ESRD patients, but between
2003 and 2009 these rates fell more than 14%. Stll, mortality among ESRD
patients remains ten times higher than in similar patients without kidney failure and
three-year survival after the start of ESRD therapy is only 51%. Cardiovascular
diseases and infections are the most important causes of death among dialysis
patients (Collins et al. 2013).

When comparing survival between HD and PD, conflicting results have been
yielded. A higher risk of death on PD, particularly in female diabetics has been
found in some studies (Held et al. 1994; Bloembergen et al. 1995; Collins et al.
1999; Friedman 2003; Jaar et al. 2005; Vonesh et al. 2006) but contrary results have
also been reported (Gentil et al. 1991; Fenton et al. 1997). These studies mostly
derive from the 1990s and substantial reduction in mortality rates among PD
patients has been demonstrated thereafter (Mehrotra et al. 2007; Jiwakanon et al.
2010). Similar survival rates on PD and on HD up to 60 months after adjusting
patients’ characteristics were recently presented in the United States Renal Data
System (USRDS) 2012 Annual Report (Collins et al. 2013). Weinhandl et al
reported equal adjusted 4-year survival (48% on HD and 47% on PD) in a study
including over 6300 pairs of incident HD and PD patients (Weinhandl et al. 2010)
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and a USRDS database study, which examined survival trends on HD and on PD
did not find difference in the most recent patient cohorts (Mehrotra et al. 2011). In
patients awaiting kidney transplantation, equal mortality on HD and on PD was
found. However, among patients with body mass index >26 kg/m2, selection of
PD vs. HD was associated with a slightly increased risk of death (Inrig et al. 2000).

In a recent Finnish study, no significant difference in survival between dialysis
modalities was found: Altogether 4463 adult patients entered RRT in Finland
between 2000 and 2009 and dialysis modality was defined on an intention-to-treat
basis. Patients’ median survival time was 5,2 years. Without adjustment for
confounding factors, relative risk of death of PD patients was lower compared
with patients in HD, but this difference did not remain after comprehensive
adjustment for 26 variables. The authors concluded that PD is associated with
several factors generally related to good prognosis. (Haapio et al. 2013)

Especially the rate of cardiovascular morbidity and mortality are dramatically
higher among ESRD patients than in the population generally. Even after
adjustments for confounding factors, cardiovascular mortality increases 10-fold
(Levin and Foley 2000). In registry data derived in the UK, the relative risk of
death in RRT compared with the general population was 30,1 at age 25-29 and 4,6
at age 80-84 (Ansell et al. 2009). In 1974 Lindner et al (Lindner et al. 1974) found
markedly accelerated progression of atherosclerosis on patients who had been in
prolonged maintenance hemodialysis. Since then, vascular calcification has been
found to be the major contributor to cardiovascular disease and a strong
prognostic marker of mortality in patients with CKD (Lowrie and Lew 1990; Block
et al. 1998; Ganesh et al. 2001; Marco et al. 2003; Guerin et al. 2008; Mizobuchi et
al. 2009; Pai and Giachelli 2010). Evidence is accumulating that it is renal
insufficiency in itself which stimulates vascular calcification and is the promoting
risk factor for cardiovascular mortality (Shulman et al. 1989; Meier-Kriesche et al.
2003; Wannamethee et al. 2006; Ninomiya et al. 2009; Rinat et al. 2010; van der
Velde et al. 2010; Delles and Jardine. 2011; Takeshita et al. 2012; Fang et al. 2013;
Gauthier-Bastien et al. 2013; Svensson et al. 2013; Yahalom et al. 2013).

The CKD population is aged and prevalence of type II diabetes is high, but the
classical risk factors alone do not adequately explain the high prevalence of
cardiovascular diseases. An additional explanation to the markedly increased
cardiovascular morbidity in CKD may be the impact of non-traditional risk factors,
which are highly prevalent in CKD patients and which directly promote
atherogenesis and endothelial dysfunction (Kalantar-Zadeh et al. 2006). Mineral

metabolism disorders, protein wasting and inflaimmation are regarded as major
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non-traditional risk factors (Stenvinkel 2002; Block et al. 2004; Kovesdy et al.
2009). In this context, the phenomenon termed as reverse epidemiology has been
introduced (Kalantar-Zadeh et al. 2003). A high body mass index and an elevated
concentration of serum cholesterol are associated with an increased cardiovascular
risk in the general population, but paradoxically their effect is in the opposite
direction in dialysis patients The possible mechanism may be the relationship of
protein wasting-malnutrition-inflammation complex with cardiovascular morbidity.
Short-term risk of death is markedly increased in dialysis patients with chronic
inflaimmation and protein wasting. High serum cholesterol level and obesity
indicate absence of both protein deficiency and chronic inflammation and this
profit outweighs the risks normally related to these conditions (Liu et al. 2004).
However, improved survival associated with hypercholesterolemia was evident
only during the first year of follow-up in a recent Dutch study including 1191
dialysis patients (Chmielewski et al. 2011).

Intensification of dialysis enhances clearance of solutes and it has been
hypothesized that an increased dose of dialysis would turn to better clinical
outcomes. However, in a large randomized trial including 1846 HD patients (the
HEMO study), high dose of dialysis or the use of high-flux dialyzer did not have
any effect on survival or hospitalization compared with patients receiving
conventional thrice-weekly HD (Eknoyan et al. 2002). No improvements in
HRQOL (Unruh et al. 2004) or nutritional status (Rocco et al. 2004) were found
either. Contrary, in the Frequent Hemodialysis Network (FHN) Daily Trial 125
patients were assigned to undergo HD six times per week and 120 patients three
times per week. After 12 months follow-up, frequent HD was associated with
significantly lower risk of death (Chertow et al. 2010). FHN Daily Trial was a
prospective randomized trial with a companion FHN Nocturnal Trial. In the FHN
Nocturnal Study altogether 87 were randomized either to conventional thrice-
weekly HD or nocturnal six times per week HD. Parameters measuring efficacy of
HD were significantly better in the nocturnal group but — contrary to Daily Study
with otherwise identical setting — no difference in death rates was found. However,
follow-up lasted for only 12 months (Rocco et al. 2011). When assessing outcomes
in SatHD compared with conventional CHD, a comprehensive evaluation
conducted in the United Kingdom did not find any significant differences
(Roderick et al. 2005). In a French study (Arkouche et al. 1999), results of twenty-
five years of experience with out-centre HD were reported. Compared to CHD,
better survival was found in out-centre HD (HHD and SC-HD), but the authors

also speculated results being related in part to the bias of selection of patients.
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In PD, a modified prescription to achieve a high peritoneal clearance did not
improve survival over conventional CAPD in a large controlled prospective
Mexican study (the ADEMEX Study) (Paniagua et al. 2002). APD, despite more
frequent exchanges and better fluid management, has also been found ineffective
in providing survival advantage over CAPD in observational or small randomized
studies (Rabindranath et al. 2007; Michels et al. 2009; Cnossen et al. 2010).

2.3.2  Survival and kidney transplantation

In 1973 Lowrie et al (Lowrie et al. 1973) compared survival of kidney transplant
recipients and dialysis patients. They found that two-year survival was significantly
better in recipients of transplants from living related donors and in dialysis patients
than in those who received a CTX. Since then, outcomes in cadaveric kidney
transplantation have remarkably improved. Numerous studies have indicated that
kidney transplantation — both CTX and LTX — provides a significant survival
advantage over maintenance dialysis and the risk of cardiovascular events is also
reduced (Disney 1995; Locatelli et al. 1995; Teraoka et al. 1995; McDonald and
Russ 2002; Schon et al. 2004; Merion et al. 2005; Snyder et al. 2006; Chavers et al.
2007; Sorensen et al. 2007; Ansell et al. 2009; Kramer et al. 2009; Stel et al. 2009).
Outcomes of kidney transplantation as compared with dialysis were evaluated
recently in a systematic review. This comprehensive analysis included 110 eligible
studies from 1950 to 2010 to summarize the clinically relevant benefits of
transplantation over dialysis treatment. 77 studies including 163 patient cohorts
reported unadjusted comparisons of mortality between TX and dialysis. Of these,
76% found a significantly lower risk of death in TX whereas 7% found a lower risk
with dialysis. In 23 studies with 38 patient cohorts, risk rates were derived from
adjusted data and in 79% mortality was lower with TX, 21% reported non-
significant differences. When regarding the year of publication, the relative benefit
achieved by transplantation seemed to be markedly increasing over time. The
authors concluded that despite heterogeneity caused possibly by a wide range of
studies with various settings, dialysis modalities and populations, the magnitude
and consistency of the benefits associated with transplantation is obvious, even if
this benefit cannot be conveyed in a single summary measure. (Tonelli et al. 2011)
To assess the extent to which TX increases survival compared with dialysis
treatment is not straightforward. Several factors influence on access to TX.
Transplant recipients are derived from a highly selected subgroup of healthier,
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younger and richer than those dialysis patients who are not selected (Kasiske et al.
1998). In a North American study, patients with cardiovascular diseases and
obesity showed lower TX rates compared with patients without these conditions
and also socioeconomic factors such as female sex, lower income and nonwhite
race independently associated with lower probability of receiving a transplant
(Gaylin et al. 1993). The selection bias obviously affects survival outcomes and
causes distortion favouring TX. To avoid this, Wolfe et al conducted a study
comparing survival of patients receiving a transplant with survival of those awaiting
transplantation in 1999. The long-term mortality was 48 to 82 percent lower in
transplant recipients compared to the patients on the list waiting for a transplant.
Benefits were relatively larger among patients aged 20 to 39 and among young
patients with diabetes. The increased short-term risk of death associated with
surgery and high-dose immunosuppressive treatment remained elevated until 106
days after TX. The subsequent decrease in the risk of death counterbalanced the
initially high rates and after day 244, TX resulted in a cumulative survival benefit.
The survival advantage among recipients compared to patients on a waiting list was
apparent regardless of age, sex, race or cause of ESRD. The authors' conclusion
was that TX improved longevity in all groups of recipients (Wolfe et al. 1999).
However, the actual survival advantage achieved by TX is not known. In
observational studies, the bias caused by selection can not be completely avoided.
The results of Wolfe have been confirmed in several studies. Among 174
patients over age 60 who were accepted on a waiting list, the 5-year survival was
90% for the TX group and 27% for those who continued to undergo dialysis
(Johnson et al. 2000). Snyder et al (Snyder et al. 2006) compared outcomes of
43427 adult TX recipients with 53309 adult dialysis patients who were placed on a
waiting list. Mortality and incidence of peripheral arterial disease (PAD) were
significantly higher in the dialysis group. Both PAD and dialysis therapy seemed to
be independent risk factors for death. Risk was increased among diabetics and non-
diabetics and duration of dialysis was associated with the risk of PAD. The authors
concluded that eatly and even preemptive TX may help to reduce the risk of PAD.
Glanton et al (Glanton et al. 2003) studied dialysis patients with body mass index
>30 kg/m? enrolled on the waiting list. They found significantly lower mortality
after TX compared with those remaining on the waiting list. On the other hand,
when comparing TX and nocturnal HHD, which provides more physiological
restorative potential than conventional HD does, Pauly et al demonstrated no
difference in survival with HHD and CTX. The recipients of L'TX had the lowest
risk of death. The authors stated that the survival advantage of TX varies with
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donor source and survival equivalent to CTX may be achievable by intensification
of dialysis with HHD. (Pauly et al. 2009)

In a recent Finnish study, duration of pretransplant dialysis was associated with
an increased risk of death in TX patients. Altogether 3105 patients who received
their first kidney transplantation were included in this observational study. After
adjustment for confounding factors, duration of dialysis remained an independent
risk factor of death after TX, risk ratio was 1,23 per 1-year increase in dialysis
duration. The length of pretransplant dialysis period was associated with mortality
resulting from cardiovascular diseases. Correlation between dialysis duration and
non-cardiovascular mortality was not found (Helanteri et al. 2014).

The number of elderly patients entering RRT is increasing. To assess the
survival advantage of TX over dialysis in elderly patients, 325 dialysis patients aged
over 60 years and accepted onto transplant waiting list were followed in Scotland.
39% received a transplant; waiting time was on average 250 days. Survival was
better in patients who received a transplant (relative risk of death 0,35) compared
with those who continued dialysis and life expectancies were 8,2 and 4,3 years in
TX and dialysis patients. Patients who received a transplant were younger and they
had less cardiovascular diseases compared with dialysis patients. Nevertheless, the
authors concluded that the analysis suggests elderly transplant recipients having a
significant survival advantage over similar patients on HD and patients should not
be denied transplantation purely on the basis of age (Oniscu et al. 2004).

When comparing CTX and LTX, clinical outcomes are better in LTX. Matas et
al. studied survival in TX recipients with 10 years of graft function. The 25-year
survival rates in LTX and CTX were 57% and 39%, respectively, and graft survival
rates were 43% and 27% (Matas et al. 2008). Similarly, in a Dutch study, after
adjustments of covariates, the relative risk of mortality for LTX recipients was half
of that (0,5) for CTX. The crude mortality rates, being highest within the first year
post-transplantation and decreasing thereafter, were 1,3 and 3,3 per 100 patient-
years for LTX and CTX, respectively (Arend et al. 1997).

Survival of grafts has markedly improved during the decades of TX experience
and the increase in survival has been mostly attributed to improvements in first-
year survival (Lamb et al. 2011). Incidence of acute rejection has decreased and
rates lower than 10% have been reported (Hariharan et al. 2000; Matas 2014). First
year graft survival in western counties approximates 90% (Lentine et al. 2012;
Gondos et al. 2013). Schnitzler et al examined national registry data to investigate
associations of renal function at one year posttransplant with clinical outcomes.
Their study included over 38 000 transplant recipients in 1995-2003. Estimated
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GFR at one year posttransplant was strongly associated with graft failure and
mortality in years 4 and 7 (Schnitzler et al. 2011). Previous studies have also
reported poor graft function to predict loss of transplant (Haritharan et al. 2002;
Kaplan et al. 2003). Compared with reduced graft function, the impact of other
conditions on graft and patient survival was much weaker. Delayed graft function
and acute rejection predicted graft loss in the first three years and young age and
polycystic disease as a cause of ESRD associated with improved graft survival.
Existence of diabetes was associated with patient mortality but not with graft loss
(Schnitzler et al. 2011).

Compared to the general population, mortality surplus among kidney transplant
recipients still exists. In a large registry based study from the United States, relative
10-year survival estimates (observed survival divided by expected survival)
indicated excess mortality in all age groups of transplant recipients. The relative
survival ranged from 93,5% (age group 0 tol7 years) to 57,6% (age over 60 years)
for cadaveric kidney recipients and 95,0% to 72,4% for living kidney recipients.
The observed 10-year survival rates varied from 94,5% (living kidney recipient aged
under 17) to 43,9% (cadaveric kidney recipients over 60 years). Rates were
systematically lower than they were among the general population. (Gondos et al.
2011)

2.4 Quality of life in renal replacement therapies

241  Quality of life in dialysis modalities

Compared with the no-treatment option, dialysis is reasonably effective in
sustaining life in the majority of ESRD patients, but its capacity to restore health is
much weaker. Patients on dialysis not only face the health problems of chronic
renal failure but also the burden and dependence on a time-consuming treatment
(Mazairac et al. 2012). Fatigue, lack of energy and itching have been reported the
most common symptoms (Laupacis et al. 1992; Merkus et al. 1999) and poor
physical functioning (Leaf and Goldfarb 2009; Johansen et al. 2010), depression
(Wuerth et al. 2001), sexual dysfunction (Juergense et al. 2001; Finkelstein et al.
2007) and sleep disorders (Kutner et al. 2007; Kutner et al. 2008) are also usual
problems among dialysis patients. HRQOL among HD patients has been found to
be markedly lower than in the general population (Wight et al. 1998) and it is even
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lower than in patients with e.g. congestive heart failure, chronic pulmonary disease
or cancer (Mittal et al. 2001). However, the quality of life is a relative concept and
results depend on available choices. In his letter to the editor in 1979, Naish
reminded that four out of five transplanted recipients gained the life style that they
had hoped for and two-thirds of patients in HHD were in full-time employment —
at a time when many patients were dying without the referral to the replacement
therapy (Naish 1979).

Varied and to some extent contradictory results have been yielded when
HRQOL has been compared between PD and HD, depending on the patient
characteristics and instruments used (Griva et al. 2013). Mostly, after adjustments
or when patient groups have been closely matched, no remarkable differences in
HRQOL outcomes have been found (Merkus et al. 1999; Mingardi et al. 1999;
Diaz-Buxo et al. 2000; Bakewell et al. 2001; de Wit et al. 2002; Harris et al. 2002;
Peng et al. 2010; Griva et al. 2013; Okpechi et al. 2013). Differences emerge in
some domains such as physical and sexual functioning outcomes favouring HD
(Merkus et al. 1999; Diaz-Buxo et al. 2000; Ginieri-Coccossis et al. 2008) and ability
to travel and lower depression in PD (Kalender et al. 2007; Brown et al. 2010;
Theofilou 2011), respectively. A similar rate of depressive symptoms among elderly
patients has been reported as well (Harris et al. 2002). In a recent South African
study HRQOL scores were low in dialysis patients but no significant differences
between HD patients and PD patients were found (Okpechi et al. 2013). Contrary
to most studies, in a prospective study from the Netherlands, a favorable effect of
HD on physical HRQOL over time was found compared with PD, whereas scores
for mental HRQOL remained similar (Merkus et al. 1999).

Moreover, compromised HRQOL has been found to independently predict an
increased risk of death in dialysis patients (Kalantar-Zadeh et al. 2001; Knight et al.
2003; Mapes et al. 2003; Lopez Revuelta et al. 2004; Unruh et al. 2008; Shiao et al.
2009). In HD patients, physical component summary in the SF-36 questionnaire
was as significant a predictor of mortality as was the protein catabolic rate or
fractional urea clearance, which commonly are used to measure the efficacy of
dialysis treatment and low score also correlated with an increased risk of
hospitalization (DeOreo 1997).

In a small Finnish prospective study, 29 patients entered dialysis treatment and
their HRQOL was assessed at the initiation of RRT, at six months and at 12
months. Significant improvement in HRQOL was found during the year (Hallinen
et al. 2009). However, higher HRQOL scores after initiation of RRT is not

definite. Invasive interventions and time commitment are required to maintain
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both HD and PD and, especially among elderly patients with several comorbid
conditions, rehabilitation is often unsatisfactory (Murtagh et al. 2007). In a
prospective UK study, life satisfaction decreased significantly after dialysis
initiation among elderly patients whereas it remained stable in patients opting for
conservative treatment (no dialysis). Median survival was 1317 days among HD
patients and 913 days in conservative treatment. The authors concluded that
patients opting for conservative treatment tend to maintain HRQOL but the price
may be some reduction in survival. The number of gained life-days on HD
compared to conservative treatment seems to be approximately the number of HD
sessions (Da Silva-Gane et al. 2012). In a prospective study from Singapore, RRT
did not improve quality of life among 101 elderly or patients with high comorbid
burden and renal failure compared to those who remained in conservative
treatment (Seow et al. 2013). Age alone should not be used as a barrier to
treatment; comorbidity is a more important determinant of outcome than age. In a
prospective UK study mental HRQOL in dialysis patients aged 70 years or more
was similar to that of elderly patients in the general population and (Lamping et al.
2000).

More frequent or nightly dialysis has been shown to provide a better outcome
than conventional HD. In a randomized trial, individuals opting for CHD six times
per week reported improved physical health compared with patients randomized to
three times per week HD (Hall et al. 2012). In another study, patients treated with
short daily HD at home, had a significant improvement in scores measuring
physical health during a 12 months follow-up (Finkelstein et al. 2012). Similarly,
patients on NHD had higher perceived physical health scores and equal mental
health scores compared with patients on conventional HD (Cafazzo et al. 2009).
McFaitlane et al found NHD dominant over conventional HD; overall HRQOL
was better and treatment related costs were lower on NHD (McFarlane et al.
2003). A recent randomized trial assigned patients either frequent daily (6-times-
weekly) HD, frequent nocturnal (6-times-weekly) HD or conventional (thrice-
weekly) CHD. Self-reported mental health improved in frequent daily HD
compared with conventional HD but no significant changes were detected in
patients on frequent nocturnal HD (Unruh et al. 2013). Some authors have
suggested that the HRQOL of dialysis patients may be improved by managing and
correcting factors like anaemia and hyperparathyroidism, which have been
indicated to be associated with low scores (Okpechi et al. 2013). SatHD has been
reported to provide similar, if not better HRQOL compared to CHD (Roderick et
al. 2005).
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HDF provides more effective removal of waste products than conventional HD
does. However, there was no difference in survival between these two modalities in
a large randomized trial (Grooteman et al. 2012) and HDF does not seem to
improve HRQOL, either. Mazairac et al (Mazairac et al. 2013) examined the effects
of HDF versus HD on HRQOL in a prospective study including 714 patients. No
significant differences were found. Both parallel (Ward et al. 2000) and HDF
favouring (Lin et al. 2001; Kantartzi et al. 2013) results have been reported in
smaller studies.

Patients on APD are allowed to receive their fluid exchanges at night-time and
time during the day can be spent on other activities. However, a prospective study
comparing APD and CAPD did not show major differences in HRQOL between
these two modalities after adjusting for differences in patient characteristics and
comorbitity (Michels et al. 2011). Previously, compared with CAPD, values in
domains for mental health were higher in APD in a smaller study (De Wit et al.
2001). Also in a small Danish study, higher scores in domains for social activities
and time for work and family were found in patients on APD than on CAPD
whereas scores measuring sleep quality were lower (Bro et al. 1999). In another
study, scores on scales reflecting physical processes were worse and those
reflecting mental processes were better on APD than on CAPD (Diaz-Buxo et al.
2000). A recent study from Mexico reported significantly better HRQOL on APD
compared with CAPD (Cortes-Sanabria et al. 2013).

24.2  Quality of life in kidney transplantation

Kidney transplantation is believed to provide considerable improvement in
HRQOL when compared with dialysis (Evans et al. 1985). In a prospective study,
HRQOL was evaluated in a cohort of dialysis patients before and after
transplantation. A significant improvement was found (Russell et al. 1992). In
stable wait-listed dialysis patients who received a kidney transplant, HRQOL scores
of almost all domains had improved by six months after transplantation compared
to scores during pre-transplantation and they remained at about the same level
throughout the two-year follow-up (Laupacis et al. 1996). In another study, an
improvement in emotional and physical well-being was associated with successful
kidney transplantation in patients evaluated before and after the procedure (Park et
al. 1996). In a recently published study from Georgia, HRQOL of 120 patients on
HD, 43 patients on PD, nine transplant patients with graft failure, 120 healthy age-
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and sex-matched controls and 48 transplant recipients of functioning transplant
were reported. The mean scores did not differ between controls and TX patients.
TX patients also scored significantly higher in all domains than patients on PD and
HD. Graft loss was associated with decreased HRQOL (Maglakelidze et al. 2011).

In Finland, Ortiz et al. studied the influence of dialysis modalities on HRQOL
before and after TX. The 15D instrument was used in the assessment and
altogether 64 dialysis patients who answered the 15D questionnaire were evaluated
again after TX. The mean time elapsed between the 15D surveys was 4,5 years and
the mean time from transplantation to the second measurement was 3,5 years.
During dialysis, the highest HRQOL scores were found in HHD patients and the
lowest among patients in CHD. After TX, HRQOL improved significantly in 79%
of PD patients, 48% of HHD patients and 54% of CHD patients. On the other
hand, 15D scores decreased in 14%, 24% and 23% in patients in PD, HHD and
CHD, respectively. The patients treated with CHD and PD benefited the most
from TX. The low number of pills and employment were statistically significantly
associated with a better HRQOL. (Ortiz et al. 2014)

Kidney transplant failure was found to associate with reduced HRQOL also in a
study by Perl et al. In an analysis with data from the Dialysis Outcomes and
Practice Patterns Study (DOPPS), 2806 patients wait-listed for TX were compared
with 1856 patients with transplant failure. After adjusting for covariates, patients
with graft failure reported significantly inferior HRQOL and hazard ratios for
mortality and hospitalization were higher. The reduction was largest in patients
who had experienced loss of graft within three months representing transitional
period as patients have to adapt to loss of autonomy (Perl et al. 2012).

In a large recently published meta-analysis of 110 studies, consistent and
clinically relevant improvements in HRQOL associated with TX was found. The
vast majority of analyses significantly favored TX over HD whereas none of them
favored dialysis. Results seemed to be consistent regardless of variety of settings,
they remained after adjustments of covariates and they were observed across broad
range of HRQOL instruments. According to the authors, since reduced HRQOL
is a hallmark of kidney failure, these improvements may be regarded as the most
important advantage of transplantation. (Tonelli et al. 2011)

In another meta-analysis the researchers gathered data from 190 studies
including over 56 000 patients with CKD stage 3 to 5 generating 326 utility
estimates. Of these, 226 were from patient on dialysis treatment and 66 were from
kidney transplant recipients. The highest score on HRQOL (0,82) was found
among transplant patients, and utilities in PD and HD were 0,72 and 0,69,
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respectively. The difference between PD and HD was not statistically significant.
Within PD, higher mean utility was found on APD compared with those on
CAPD. Compared to non-diabetics, patient groups with diabetes had lower scores
on HRQOL. (Wyld et al. 2012)

2.5  Cost evaluation of renal replacement therapies

In terms of mortality, morbidity and economic costs, CKD is one of the most
severe chronic medical conditions (Thamer et al. 1996). The total costs of treating
patients with established renal failure requiring RRT approximates to 1-2% of the
overall health budget in the UK, which is disproportionately greater than the
prevalence of 0,05% of this patient population among the general population
(Nicholson and Roderick 2007; Sharif and Baboolal 2012). In Spain of the 7,7% of
Gross Domestic Product spent on health care, 1,5% is allocated on ESRD (Luno
2007) and Italy, with 8,3% of its GDP spent on health care, allocates 1,8% on
ESRD, respectively (Pontoriero et al. 2007). Similar results have been reported in
the Netherlands (De Wit et al. 1998). High costs are largely caused by the
expensive technology and equipments and the need for professional labour in the
delivery of treatment. In addition, remarkable comorbid conditions contribute to
increasing expenditures. In TX patients, costs are induced by the transplantation
procedure and related postoperative hospitalization and the need for

immunosuppressive medication.

2.5.1  Costs of hemodialysis

In 1969 MacRae et al estimated costs in chronic hemodialysis in the UK (Macrae et
al. 1969). In a letter to the editor, they presented a cost of a single treatment
session in their hospital (UK Pounds) 9. Another early report from Canada in 1972
(Rae et al. 1972) presented costs of training and treating 22 HHD patients over an
18-month period. The annual maintenance costs were found to be "no more and
often less, than those of the institutional care of any other chronic malady".
Average cost of keeping a patient at home for a year was (Canadian $) 3728. In
1975, a British study estimated annual costs (UK Pounds) of 4720 on CHD and
2600 on HHD (Buxton et al. 1975).
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Since that treatment costs have been found lower in HHD compared with
CHD in several other studies. A multi-centre Canadian study compared CHD,
HHD, SatHD and CAPD and costs were lower in HHD (Canadian § 32 570) than
in CHD (88 585) (Goeree et al. 1995). In France, Jacobs estimated annual costs
(US$) in CHD, HHD and SC-HD at 80 000, 42 000 and 50 000 (Jacobs 1997).
Mackenzie and Mactier found costs on a single year on CHD and on HHD (UK
Pounds) 15 470 and 13 577, respectively. They also estimated the payback period
required to offset higher initial costs for HHD at 14,2 months (Mackenzie and
Mactier 1998). Results favouring HHD were also reported in a prospective
descriptive survey from Canada. Costs of 33 patients on nocturnal HHD six times
per week and 23 patients on CHD three times per week were presented. Even
though costs for HD materials were higher in HHD, total annual costs were lower,
mainly due to lesser costs in staffing and possibly for hospitalization and
medication. Annual costs in CHD and HHD were (Canadian $) 68 935 and 56 394,
respectively (McFarlane et al. 2002). A systematic review published in 2000
identified 25 studies that focused on economic evaluations of hemodialysis in
Western FEurope. Only four out of 25 met authors’ standards for reporting and
completeness. Of four studies, all showed that average annual costs of HHD were
less than costs on CHD (Peeters et al. 2000).

In Finland, Malmstrém et al compared costs and HRQOL of HHD and
SatHD. Societal perspective was taken and all treatment-related costs including the
costs for transportation were taken into account. Compared with SatHD, annual
costs for dialysis and hospital treatment were slightly higher on HHD (EUR 31 834
vs. 27 528) but due to lower costs for transportation on HHD, there was no
difference in total costs (approximately EUR 39 000). HRQOL scores (measured
by 15D instrument) were equal in both modalities (Malmstrém et al. 2008). In the
UK, semi-structured interviews were used to identify steps involved in delivering
the different treatment modalities and costs were determined from the provider’s
perspective. Annual costs in CHD, HHD and SatHD were (UK Pounds) 35 023,
20 764 and 32 669, respectively (Baboolal et al. 2008).

A summary of studies assessing costs of HD is shown in Table 2.
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Table 2.  Studies assessing costs of hemodialysis

Author Country Study type HD options and costs ~ Comments
Currency
MacRae et al. UK Cost-analysis, CHD: 9 Costs per single session, solely
1969 Pounds estimate dialysis costs
Rae et al. 1972 Canada Cost-analysis, HHD: 3728 Annual dialysis related costs
Can$ cohort study
Buxton et al. UK Cost analysis CHD: 4720 Annual maintenance costs
1975 Pounds estimate HHD: 2600
Goeree et al. Canada Cost analysis CHD: 88 585 Production costs, total annual
1995 Can$ Prospective HHD: 32570 healthcare costs
cohort study SC-HD: 55593
Jacobs 1997 France Cost-analysis CHD: 80000 Estimated nationwide average
Us$ Estimate HHD: 42 000 costs per patient per year
SC-HD: 50000
Mackenzie and UK Cost-analysis CHD: 15470 Annual healthcare costs, overhead
Mactier 1998 Pounds Prospective HHD: 13 577 and transportation excluded
cohort study
McFarlane et al. Canada Cost analysis CHD: 68 935 Total annual healthcare costs
2002 Can$ Cohort study HHD: 56 394
Malmstrém et al. Finland Cost analysis HHD: 38477 Total annual healthcare costs
2008 EUR Cohort study SC-HD: 39781
Baboolal et al. UK Cost analysis CHD: 35023 Annual dialysis related costs,
2008 Pounds Multicentre HHD: 20764 provider's perspective
cohort study SatHD: 32669

252  Cost-effective and cost-utility analyses of hemodialysis

In a study from the Netherlands a Markov model over five years was created. Both
dialysis-related and other health care costs were included and a societal perspective
was taken. The model presumed similar survival among dialysis modalities. CHD
was the least cost-effective modality whereas HHD and SatHD offered better
outcomes with less costs (De Wit et al. 1998). Mohr et al obtained data on the
HRQOL and clinical outcomes from more than 60 reports. By applying cost data
based on reimbursements in the US, they calculated that daily HD — whether
performed in-centre or at home — was less costly than conventional thrice-weekly
CHD. They also estimated that, compared with CHD, at least 8% reduction in
hospital days is required for daily HHD to be cost saving; a result that actually was
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exceeded in referred studies (Mohr et al. 2001). Contrary to those results, in a large
survey from the UK, there was no difference either in costs or outcomes between
SatHD and CHD (Roderick et al. 2005).

While several studies have found economic advantages in HHD over
conventional CHD, less is known about effects of different CHD regimens on
treatment costs. Lee et al reported a simulation model which compared
effectiveness of varying frequencies and session lengths of CHD. Rather
conservative assumptions of the effects of more frequent HD were used. The CER
increased with the frequency of CHD and none of the strategies utilizing five
weekly sessions achieved an ICER below (US$) 75 000 and all of those with six
weekly sessions had ICER over 125 000. Compared with the common US
treatment schedule of 3,5 hours thrice-weekly, ICERs ranged from 112 000 to
1491 000 in a regimen with five 2,5 hours treatment sessions weekly, depending on
the estimated values of achieved effects in sensitivity analysis. The authors
concluded that, given the considerably increased costs in more frequent CHD, its
effects should be dramatically more beneficial to be cost-effective. (Lee et al. 2008)

In their other study, Lee et al made an effort to update the cost-effectiveness of
dialysis by using the data from the USRDS and other sources. A simulation model
was developed to estimate costs, life expectancy and HRQOL of current dialysis
practice relative to scenarios to delay the timing of initiation of dialysis and also the
alternative of not start dialysis. In this study, by using current practice to start
dialysis (starting dialysis when GFR have dropped below 9 ml/min/1,73 m?2), mean
survival was estimated to be on average 82 months and number of quality-adjusted
life months were 45. By slightly, moderately and significantly delaying the initiation
of dialysis, survival decreased to 69, 58 and 51 months, respectively. Patients with a
decision to completely withhold dialysis were expected to survive 48 months in this
scenario, a figure which hardly is an understatement. Mean lifetime expenditures
per patient ranged from (US$) 135 000 (no dialysis) to 281 000 (current practice).
Compated with no dialysis option, ICER ($/QALY) of cutrent practice was ovetr
110 000. In scenarios of current practice with slight, moderate and significant delay
in the initiation of dialysis, ICERs were in between 40 000 to 99 000 compared
with no dialysis. (Lee et al. 2009)

A more recent Canadian study compared cost-utility between CHD and
nocturnal frequent HHD. A Markov model was generated utilizing data from
controlled trials and costs were evaluated from payet's perspective over a lifetime
horizon. Nocturnal HHD dominated CHD: Compared with conventional thrice-
weekly CHD, frequent nocturnal HHD provided cost savings of (Canadian $) 6700
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and an additional 0,38 QALY. Annual probability of technique failure in nocturnal
HHD was set at 7,6% (Klarenbach et al. 2013).
A summary of CEAs and CUAs evaluating HD is shown in Table 3.

Table 3.  Studies assessing CE and CU of hemodialysis
Author Country Study type HD options and costs Comments
Currency
De Witetal. 1998  The Netherlands ~ CEA CHD: 152 666 Total health care costs,
Dutch Guilders Simulation HHD: 129 456 societal perspective. First-
model SatHD: 134 531 year costs
Mohr et al. 2001 USA CUA CHD Data on outcomes from
Us$ Review HHD previously published studies,
Reduction of at least 8% in  cost data from
hospital days is required reimbursements in the USA
for HHD to be cost-saving
Roderick et al. UK CEA CHD Incomplete costing noted by
2005 Pounds Multicentre SatHD authors, CE of modalities
cohort study Similar costs and remains uncertain
outcomes
Lee et al. 2008 USA CEA CHD x3/week Compared with CHD
Us$ Simulation CHD x5-6/week x3/week, ICERs in all more
model Frequent CHD not CE frequent strategies over
$75 000
Lee et al. 2009 USA CUA No dialysis ICERs compared with no
Us$ Simulation CHD, current practice dialysis:
model CHD, slight to significant Current practice 110 814
delay in the initiation of Slight delay 99 189
therapy Moderate delay 80 993
Significant delay 40 446
Klarenbach et al. Canada CUA CHD Payer's perspective, lifetime
2013 Canadian $ Simulation HHD horizon. Savings $6700 and
model HHD dominated CHD additional QALY 0,38 gained

in HHD

253

Costs of peritoneal dialysis

In 1992 King et al compared costs and rate of complications in 10 patients on

APD and 30 patients having CAPD over two years. Dialysis related costs were not

reported but, according to the authors, expenses for fluids and disposables were

comparable between the groups. In APD, complication rate and costs for treating
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complications were lower and all the APD patients who had previous experience in
CAPD, preferred APD for its convenience (King et al. 1992).

In a Canadian multicenter cohort study, total annual healthcare costs in CAPD
patients were (Canadian §) 44 790 (Goeree et al. 1995). Provider's perspective was
applied. Another Canadian study from the 1990s (Coyte et al. 1996) found
matching results in pediatric patients: no remarkable difference in cost between
CAPD and APD were found, costs of a typical patient on CAPD and APD were
(Canadian §) 47 569 and 48 658 in a year, respectively. Complication-related costs
were not included in these figures. Since that several studies have reported higher
costs in APD compared with CAPD. De Wit et al. (De Wit et al. 1998) developed a
simulation model assessing total health care costs from a societal perspective. Costs
in CAPD and APD were (Dutch Guilders) 102 239 and 129 951, respectively,
producing a CAPD to APD cost ratio of 0,79. Studies by Bro et al, Lee et al and
Baboolal et al all included solely dialysis related costs and CAPD to APD cost
ratios in between 0,72-0,81 were found (Bro et al. 1999; Lee et al. 2002; Baboolal
et al. 2008). In a recent study from Mexico, total healthcare costs in 41 patients (22
on CAPD, 19 on APD) were evaluated from a payer's perspective. No significant
difference were found, annual direct medical costs (US$) in CAPD and in APD
were 14 798 and 15 389, respectively (Cortes-Sanabria et al. 2013).

A summary of studies assessing costs of peritoneal dialysis is presented in Table
4.
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Table 4.

Studies assessing costs of peritoneal dialysis

Author Country Study type PD options and costs Comments
Currency
King et al. UK Cost analysis CAPD:  832-1308 Annual costs for treating
1992 Pounds Cohort study APD: 32-108 complications. Costs for fluids and
disposables "comparable”, exact
amounts not reported
Goeree etal.  Canada Cost analysis CAPD: 44790 Production costs, total annual
1995 Canadian $ Cohort study healthcare costs
Coyte et al. Canada Cost analysis CAPD: 47569 Pediatric patients, provider's
1996 Canadian $ Estimation APD: 48658 perspective. Estimated annual
dialysis-related costs,
uncomplicated cases
De Witetal. ~ The Netherlands CEA CAPD: 102839 Total annual health care costs,
1998 Dutch Guilders Simulation APD: 129 951 societal perspective. First-year
model costs
Bro etal. Denmark Cost analysis CAPD: 22265 Solely dialysis costs. Originally
1999 Us$ Prospective APD: 27 375 reported as daily costs
randomized
study
Leeetal. Canada Cost analysis CAPD: 14400 Solely dialysis costs. Originally
2002 Us$ Prospective APD: 18 156 reported as monthly costs
cohort study
Baboolal et UK Cost analysis CAPD: 15570 Solely dialysis costs, provider's
al. 2008 Pounds Multicentre APD: 21655 perspective
cohort study
Cortes- Mexico Cost analysis CAPD: 14798 Total annual health care costs,
Sanabria et Us$ Prospective APD: 15389 payer's perspective
al. 2013 cohort study
2.54  Economic studies comparing hemodialysis with peritoneal dialysis

In 1984, results of a Canadian cost-effectiveness analysis from a payer’s perspective
were published. This early analysis evaluated health care costs in years 1980—1981
in 44 patients treated with CAPD and HD. In the cost analysis a fully allocated unit
cost for each consumed service was applied and overhead costs were included.
Costs per life year gained were (Canadian §) 33 400 for CAPD and 48 700 for HD
(Churchill et al. 1984). Prowant et al. recorded cost data on 21 patients on CAPD
and 25 patients on CHD in 1986. Total charges for dialysis therapy, renal disease

54



related hospitalizations and emergency department visits during a 12-month period
were evaluated. Total costs (US$) were significantly less in CAPD (26 453) than in
CHD (45 586) (Prowant et al. 1986). In two other US studies from the 1980s,
differences between the modalities were insignificant. Both studies measured costs
as Medicare allowable charges for medical services and payments for dialysis
therapy were based on fixed rates, which were identical for CHD and CAPD
(Smith and Wheeler 1988; Smith et al. 1989).

A Brazilian CEA evaluating RRTs was published in 1990. Files of 121 patients
who entered in RRT in 1983-1985 were analyzed. Patients with diabetes and
arteriosclerotic cardiovascular diseases were excluded. Cost per life-year of survival
in CHD and CAPD were (US$) 10 981 and 12 578 (first year) and 10 065 and 12
134 (second year). Dialyzers were estimated to be reused an average of five times
and the authors stated that without reuse of dialyzers the cost per life-year of
survival on HD would have risen up to 22 000—24 000 instead of some 10 000
(Sesso et al. 1990). In German, Nebel and Finke reported results of their study
comparing costs in HHD, CHD and CAPD patients. Their prospective analysis
included altogether 88 dialysis patients having been dialyzed for at least two years.
Dialysis related costs and transportation were evaluated. Costs in HHD and in
CAPD were close to each other but in CHD costs were 57% higher compared with
CAPD (Nebel et al. 1991).

In Finland Varis minutely identified all resource use of health care services in
dialysis patients at Tampere University Hospital (Varis 1994). All dialysis patients
who entered in RRT in 1982-1987 were included in the study and provider's
perspective was taken. 55 patients started on CHD and 39 on CAPD. Costs for the
first six months (Finnish Marks) were 118 719 in CHD and 133 126 in CAPD and
for the second six months they were 100 014 (CHD) and 106 770 (CAPD),
respectively. Also costs for the second year were somewhat lower in HD (210 791)
than in CAPD (216 706) (HD to PD cost ratio 0,97) and high CAPD costs which
exceeded those reported elsewhere were acknowledged by the author.

A Canadian prospective cohort study evaluated total health care costs in 125
dialysis patients. CHD was almost twice as expensive as CAPD (HD to PD cost
ratio 1,97) whereas costs in HHD were much lower comprising only 72% of those
in CAPD. Costs in SC-HD were in between costs of CHD and HHD and they
were 24% higher than costs in CAPD (Goeree et al. 1995).

In Sweden annual costs (US$) were estimated at 30 000 in CAPD, 60 000 in
CHD and 40 000 in HHD (Katlberg and Nyberg 1995). A UK nationwide

estimation assessed reimbursements on the provision of RRT. Average modality
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costs in HHD and PD were close to each other (HD to PD cost ratio 0,94) but
costs for CHD were 48% higher compared with PD (Haycox and Jones 1996).

In the mid-1990s four different studies reported parallel results with higher
costs in CHD compared with PD: Coyte et al. assessed costs in pediatric patients in
Canada. Costs (both direct dialysis related expenses and overhead) for typical
treatment protocols were evaluated from provider's perspective. In uncomplicated
cases, only slight difference between costs in CAPD compared with APD was
found but costs in CHD were 56%—60% higher than costs in either CAPD or
APD (Coyte et al. 1996). Piccoli and colleagues utilized data from multiple
previous studies as they evaluated average costs (US$) of dialysis in Italy. Costs of
186 per session in CHD and 50 per day in CAPD were applied and an annual
CHD to PD cost ratio 1,59 was generated. Costs in APD were over two times
higher compared with CAPD in this study (Piccoli et al. 1997). Bruns et al.
included 148 US dialysis patients (CHD and CAPD) in their study and costs were
measured as annual charges. HD to PD cost ratio 1,52 was found (Bruns et al.
1998). In a study from the Netherlands, a simulation model assessing total
healthcare costs from a societal perspective was created and, again, costs in CHD
were 48% higher compared with CAPD. Additionally, a short report from the
Philippines presented costs over eight years in CHD and CAPD. Details of cost
accounting were not reported but a HD to PD cost ratio of 1,14 was found
(Naidas et al. 1998).

After the year 2000, Kirby and Vale conducted a CEA of CHD and CAPD in
Scotland. In their model, 16 different scenarios were applied to simulate plausible
variations in the course of treatment during the first year. Cost analysis included
expenses for dialysis, access surgery and managing complications from the
provider's perspective. According to the model, survival was slightly better in CHD
compared with CAPD. Direct costs for dialysis were close to each other in CHD
and CAPD but costs for treating complications were higher in CAPD. CHD
dominated (better survival and lower costs) in eight of the 16 different scenarios,
and ICERs for CHD were in between (UK Pounds) 4750—40 414 in the other eight
scenarios. The authors concluded that, according to their model based upon
limited literature, it may be more cost-effective to manage patients with CHD than
with CAPD. (Kirby and Vale 2001)

Lee et al published a study evaluating direct health care costs in 332 dialysis
patients who had been on therapy longer than six months. Perspective of the
purchaser was taken and patients were prospectively followed for 12 months.
Overall annual costs (US$) were 51 252 in CHD and 42 057 in SatHD. Costs in
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HHD were lower (29 961) but the number of patients in this modality was only
nine. Of 38 PD patients, 32 were on CAPD and six on APD and their costs are
analyzed together. Average annual costs on PD were 26 959 (Lee et al. 2002).

In Sweden, Sennfilt et al conducted a CUA comprising 68 matched pairs
eligible both for HD and PD. Cost analysis included expenses for dialysis,
medication, overhead and transportation. Indirect costs were also assessed and
calculations were based on estimations of values of lost spare time and working
time. Costs per QALY (US$) were 98 530 and 82 470 for HD and PD. Estimated
monthly indirect costs were slightly higher for HD (3493) compared with PD
(2355) (Sennfilt et al. 2002).

In 2003, a British prospective study assessed costs in dialysis patients aged 70
years and over. A societal viewpoint from the payer's perspective was taken and
analysis included costs for medical and social services. Privately borne costs were
taken into account. Only marginal and statistically insignificant difference in costs
between HD and PD were found, costs were 11% higher in CHD compared with
PD (Grun et al. 2003).

In Turkey, all health-care expenditures for 104 dialysis patients over a two-year
period were collected in 2004. No difference between the modalities was found,
HD to PD cost ratio was 1,02 (Erek et al. 2004). In 2005, Shih et al analyzed
register data on 3423 incident dialysis patients in the United States. After
adjustment of patient characteristics, reimbursements (US$) were approximately
20% higher in CHD (68 253) compared with PD (56 807), a difference being
statistically significant. Modality switches were found to increase expenditures (Shih
et al. 2005).

Data on use of the healthcare services in a historical cohort 30 CHD patients
and 30 CAPD patients in several centres in Malysia were collected. Cost data
included expenses on dialysis and dialysis-related medications. Overhead costs
were taken into account. In CHD, direct costs for dialysis were lower and costs for
infrastructure and staff were higher than in CAPD. The number of life years saved
was 10,96 for CHD and 5,21 for CAPD. Costs per life-year saved (Malaysian
Ringgits) were nearly equal between modalities: 33 642 for CHD and 31 645 for
CAPD (Hooi et al. 2005).

Pacheco et al. conducted a CUA including a historical cohort of 159 dialysis
patients from five units in Chile. 102 of them were on CHD and of 57 patients on
PD, 50 were on APD. Patient characteristics did not significantly differ between
the groups and HRQOL indexes (SF-36) were practically similar (65,75 for CHD
and 06,88 for PD). Direct global health-care costs (US$, measured as
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reimbursements) were slightly higher for CHD than for PD (14 884 vs. 16 660).
The authors also estimated the amount of indirect costs induced by loss of
productivity and unemployment at 5 508 for CHD and 4 061 for PD. After
addition of indirect cost to direct costs, no significant difference in total costs
between the modalities was found and the authors concluded that CHD and PD
show similar cost-utility in their country. (Pacheco et al. 2007)

In Japan, annual charges reimbursed by for HD and PD were (US$) 35 914 and
41 910 in a nationwide survey. Costs for hospitalization were included (Fukuhara et
al. 2007). In Thailand, a Markov model was conducted to evaluate the CU of CHD
and CAPD over palliative care. Total health care costs from the provider's
perspective and also indirect costs were included in the analysis. Patient aged 20-70
years and lifetime costs were evaluated. Compared with palliative care, ICERs
(US$/QALY) in CHD and CAPD wete 63 000 and 52 000. Providing treatment in
younger patients resulted in a significant improvement in survival and a gain in
QALYs (Teerawattananon et al. 2007).

In Europe, the average costs (based on reimbursements) were estimated at US$
57 354 for all dialysis modalities in Germany in a year. Definite figures for HD or
PD were not presented (Kleophas and Reichel 2007). In a Croatian study
presenting the state of RRT in the country, annual reimbursements (US§) were
reported some 26 000 for CHD and 17 000 for PD, respectively (Cala 2007). In the
UK, Baboolal et al. evaluated costs in dialysis patients from providet's perspective.
They determined the treatment pathways for the different forms of dialysis and the
resources used for each of these pathways and costing process took the viewpoint
of providers. Semi-structured questionnaires were used to identify steps involved in
delivering the treatment over the course of time in individual patients. Dialysis
related costs and cost for transportation and medication were taken into account.
Costs (UK Pounds) in CHD, SatHD, HHD, APD and CAPD were 35 023, 32 669,
20 764, 21 655 and 15 570, respectively. Costs for CHD were 2,25-fold compared
with CAPD and expenditures in HHD and APD were close to each other
(Baboolal et al. 2008).

Berger et al. utilized health insurance database in the US to identify 463 patients
who had entered into dialysis treatment in 2004-2006 and had been treated for at
least 12 months. By using predetermined propensity scoring to control patient
characteristics, 50 matched HD—PD pairs were found. Total health care costs
(from payer's perspective) were evaluated over a 12-month period. The CHD
patients were significantly more likely to be hospitalized and costs in CHD were
33% higher than costs in PD (Berger et al. 2009).
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In a review article focusing on peritoneal dialysis in Africa, estimates on costs
for dialysis in several sub-Saharan countries were reported. Figures were based on
personal communication from leading nephrologists in particular countries and
amounts refer to direct dialysis-related costs. Detailed analysis was not provided,
but costs (US$) ranged from 7000 to 24 500 for CHD and 11 500 to 24 500 for
CAPD (Abu-Aisha and Elamin 2010). In another article from Egypt, costs for
CHD and CAPD (US$) were estimated at 3120 and 14 600 (Mahmoud et al. 2010).
A Nigerian study reported single centre experiences in symptomatic renal failure
over a 19-year period 1989-2007. Of a total of 760 patients, RRT was offered for
565 patients (CHD in 556 cases and CAPD in 9 cases). Average annual dialysis-
related costs (US$) in CHD and CAPD were estimated at 20 280 and 29 200. Most
of the patients could not meet the expense for the treatment and the median
survival after diagnosis for all patients was only two weeks (Arogundade et al.
2011). In India, due to limited health insurance coverage, costs for RRT are paid by
patients. Jeloka et al evaluated dialysis-related costs (dialysis, supplies, medication
and transportation) in 35 patients on HD and PD. The lower costs for dialysis
among HD patient were compensated by higher costs in erythropoietin and
transportation and no difference was found in total costs (Jeloka et al. 2012).

Recently, a register-based nationwide survey analyzed costs in dialysis patients in
Spain. Costs were measured from a payer's perspective. Total healthcare costs
(EUR) and also costs for transportation and indirect costs caused by decreased
productivity and early retirement and unemployment were included in the analysis.
Direct costs per patient were 37 968 in HD and 25 826 in PD. Based on average
salaries, retirement rates and mortality rates, it was considered that 28% of patients
on PD, 13% of patients on HD and 46% of those who had received a transplant,
continued working. The mean indirect costs were estimated at (EUR) 8029 on HD,
7429 on PD and 5483 in patients with a functioning transplant (Villa et al. 2011).
In Brazil, De Abreu et al. assessed cost data on altogether 477 stable dialysis
patients from a societal perspective. Of them, 228 patients were on PD. Data were
collected over 12 months by using standard questionnaires. The mean annual costs
(US$) were 28 570 for HD and 27 158 for PD. (De Abreu et al. 2013)

Olsen et al (Olsen et al. 2010) applied a Markov model using Danish cost
estimates and clinical parameters to evaluate costs over a 10-year period. They
found that increasing the number of patients on outgoing treatment (PD, HHD)
from 70% to 71% will lead to (EUR) 9,6 million savings (constituting 0,6% of the
total dialysis costs) and they concluded a higher percentage of patients on outgoing
treatment reducing costs in the future. In an Austrian simulation in 2011 the
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authors compared costs, survival and quality of life in HD, PD and TX. Data on
costs and transition probabilities were drawn from local registries and a payer's
perspective was taken. Most HD patients in Austria are treated with CHD and PD
patients with APD and cost data represents these particular modalities. Also non-
renal costs and costs for transportation were included in the analysis. The mean
first 12 months costs (EUR) for CHD and APD were 43 600 and 25 900, the
second year costs were 40 000 and 15 300 and during the third year they were 40
600 and 20 500. By comparison, costs for TX after two years were 12 900 in a year.
The authors concluded that by increasing the allocation of PD from a current 7%
to 20%, 26 million EUR could be saved and 839 QALYs were gained over ten
years (Haller et al. 2011).

Table 5 summarizes economic studies comparing HD and PD.

Table 5.  Economic studies comparing hemodialysis and peritoneal dialysis

Author Country Study type Dialysis options and Ratio HD/PD Comments
Currency annual costs
Churchillet ~ Canada CEA CHD 48700 1,46 Payer's perspective
al. 1984 Canadian $ Cohort study CAPD 33400 Direct health care costs,
overhead costs included
Prowant et USA Cost analysis CHD: 45586 1,72 Payer's perspective.
al. 1986 Us$ Cohort study CAPD: 26453 Non-renal costs excluded
Smith and USA Cost analysis CHD: 23344 1,10 Payer's perspective,
Wheeler Us$ Register study CAPD: 21429 Medicare allowable
1988 charges
Smith et al. USA Cost analysis CHD:  23470-27 463  0,93-1,03 Payer's perspective,
1989 Us$ Register study CAPD: 22753-29 435 estimated annual
charges
Sessoetal.  Brazil CEA CHD: 10981-10065 0,87-0,82 Payer's perspective, cost
1990 Us$ Cohort study CAPD: 12578-12134 for two years. Dialyzers
and blood line sets
reused x 5
Nebel et al. Germany Cost analysis CHD: 67458 1,57 (CHD) Payer's perspective,
1991 German Cohort study HHD: 44820 1,03 (HHD) dialysis related and
mark CAPD: 42924 transportation costs
Varis 1994 Finland Cost analysis CHD: 210791 0,97 Provider's perspective,
Finnish mark  Cohort study CAPD: 216 706 total annual costs. Year 2
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Goeree et
al. 1995

Karlberg
and Nyberg
1995

Haycox and
Jones 1996

Coyte et al.
1996

Piccoli et al.
1997

Bruns et al.
1998

De Witetal.

1998

Naidas et al.

1998

Kirby and
Vale 2001

Leeetal
2002

Sennfalt et
al. 2002

Grun et al.
2003

Erek et el.
2004

Canada
Canadian $

Sweden
us$

UK
Pounds

Canada
Canadian $

Italy
uss

USA
USss$

The
Netherlands
Dutch guilder

Philippines
Philippine
peso

UK
(Scotland)
Pounds

Canada
Canadian $

Sweden
us$

UK
Pounds

Turkey
US$

Cost analysis
Cohort study

Cost analysis

Cost analysis
Nation-wide
estimate

Cost analysis
Treatment
protocol-based
calculations

Cost analysis

Cost analysis
Register study

CEA
Simulation
model

Cost analysis
Cohort study

CEA
Markov
modelling

Cost analysis
Cohort study

CUA
Cohort study

Cost analysis
Multicenter
cohort study

Cost analysis
Multicenter
cohort study

CHD: 88585
SC-HD: 55593
HHD: 32570
CAPD: 44790
CHD: 60000
HHD: 40000
CAPD: 30000
CHD: 26266
HHD: 16794
PD: 17788
CHD: 76023
CAPD: 47569
APD: 48658
CHD: 29016
CAPD: 18250
APD: 40206
CHD: 68891
CAPD: 45420
CHD: 152 666
CAPD: 102839
APD: 129 951
CHD: 3966 884 91
CAPD: 3487089 93

CHD  9924-11076
CAPD 10860

HD dominates in 8
scenarios, ICER 4750-
40414 forHD in 8

scenarios

CHD: 51252
SatHD: 42057
HHD: 29961
PD: 26 959
HD: 98 530
PD 82470
CHD: 26098
PD: 23543
HD: 22759
PD: 22 350

1,97 (CHD)
1,24 (SC-HD)
0,72 (HHD)

2,00 (CHD)
1,33 (HHD)

148 (CHD)
0,94 (HHD)

1,60 (CAPD)
1,56 (APD)

1,59 (CAPD)
0,72 (APD)

1,52

148 (CAPD)
1,17 (APD)

1,14

0,91-1,01

1,11

1,02

Provider's perspective,
total health care costs.

Estimated annual costs

Payer's perspective,
reimbursements for
dialysis therapy

Pediatric patients,
provider's perspective.
Dialysis-related costs

Provider's perspective,
dialysis related costs.
Originally reported as
costs per day or session

Payer's perspective,
single-center study.
Annual charges

Societal perspective,
total health care cost,
year 1

Perspective uncertain.
Cost for eight years

Provider's perspective.
Costs for dialysis, access
nursing, and
complications. 16
different scenarios.

Payer's perspective,
treatment-related costs,

Payer's perspective,
costs/QALY. Indirect
costs estimated

Elderly patients, payer's
perspective. Results
originally reported as
daily costs

Provider's perspective.
Total health-care costs
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2005
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2005

Pacheco et
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Teerawatta-
nanon et al.
2007

Kleophas
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2007

Cala 2007
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al. 2008

Berger et al.
2009

Howard et
al. 2009

Abu-Aisha
and Elamin
2010

Abu-Aisha

and Elamin
2010
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USA
uss

Malaysia
Malaysian
Ringgits

Chile
Uss$

Japan
us$

Thailand
us$

Germany'
uss

Croatia
Us$

UK

Pounds

USA
Uss

Australia
Australian $

South Africa
Us$

Kenya
uss$

Cost analysis
Register study

CEA
Multi-center
cohort study

CUA
Multi-center
cohort study

Cost analysis
Register study

CUA
Markov model

Cost analysis

Cost analysis

Cost analysis
Multicenter
cohort study

Cost analysis
Cohort study

Cost estimate
Markov model

Cost analysis

Cost analysis

CHD:
PD:

CHD:
CAPD:

CHD:
PD:
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57 354 for all dialysis
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CHD: 26 000
PD: 17 000
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HD: 16 000
PD: 12 000

1,20

1,06

1,00

0,86

1,21

1,53
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(HHD:APD) -
(CHD:CAPD)

1,33

145 (CHD)
0,78 (HHD)
0,85 (SatHD)

0,58

1,33

Payer's perspective,
costs after adjusting
patient characteristics

Payer's perspective,
renal costs included.
Life-years saved 11,0 for
CHD and 5,2 for CAPD

Payer's perspective,
dialysis-related and
hospitalization costs.
Costs for loss of
productivity included,
HRQOL measured

Nationwide survey,
annual charges. Costs
for dialysis and
medication

Provider's perspective.
ICERs (US$/QALY)
compared with palliative
care

Payer's perspective,
nationwide annual
reimbursements

Payer's perspective,
Estimated average
reimbursements

Provider's perspective
Dialysis related costs,
mediacation and
transportation.12 months
follow-up

Payer's perspective. 50
matched HD-PD pairs,
healthcare costs over 12
months

Payer's perspective.
Costs presented
alongside CEA of
increasing TX and HHD

Payer's perspective.
Costs for solely dialysis
treatment, estimate

Payer's perspective.
Costs for solely dialysis
treatment, estimate



Abu-Aisha Sudan
and Elamin Us$
2010

Abu-Aisha Senegal
and Elamin ~ US$
2010

Abu-Aisha Namibia
and Elamin Us$
2010

Olsenetal. Denmark
2010 EUR

Mahmoud et Egypt

al. 2010 us$
Villa et al. Spain
2011 EUR

Haller et al. Austria
2011 EUR

Arogundade  Nigeria
etal. 2011 USs$

Jelokaetal.  India

2013 Rupees

De Abreuet  Brazil
al. 2013 US$

Cost analysis

Cost analysis

Cost analysis

Cost analysis
Markov model

Cost analysis

Cost analysis
Register study

CUA

Markov model

Cost analysis

Cost analysis

Cost analysis
Cohort study

HD: 10 500
PD: 11500
HD: 27000
PD: 19500
HD: 24500
PD: 24500

Increasing number of
patients on PD and HHD
from 70% to 71% saves
EUR 9,6 million/year

HD: 3120

PD: 14600
HD: 46 897
PD: 33255
CHD: 43600
APD: 25900
CHD: 20280
PD: 29200
CHD: 29252
CAPD: 28763
CHD: 28570
PD: 27158

0,91

1,38

1,00

0,21

1,41

1,68

0,69

1,02

1,06

Payer's perspective.
Costs for solely dialysis
treatment, estimate

Payer's perspective.
Costs for solely dialysis
treatment, estimate

Payer's perspective.
Costs for solely dialysis
treatment, estimate

Payer's perspective,
nation-wide estimation

Payer's perspective.
Costs for solely dialysis
treatment, estimate

Nation-wide estimate of
total healthcare costs,
payer's perspective.
Indirect costs included

Provider's perspective.
Total healthcare costs,
first year

Payer's perspective.
Costs for solely dialysis
treatment

Payer's (patient's)
perspective. Monthly out-
of-pocket costs for
dialysis, medication and
transportation

Provider's perspective,
healthcare costs over 12
months

2.5.5  Costs for kidney transplantation

In 1976, Schippers and Kalff compared cost between CTX and CHD from the
payer's perspective. Costs for renal transplantation and subsequent 12 months
(Dutch Guilder) were over 44 000 whereas costs for one year of CHD were

estimated to require some 65 000, respectively. After the first year, costs of

treatment of a patient with a well-functioning graft did not normally exceed 8000

and the authors concluded that these figures demonstrated the enormous

economic advantage of kidney transplantation over chronic HD (Schippers et al.
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1976). In another study from the 1970s, direct costs and outcomes in 466
transplantation patients in a single centre in the United States were analyzed. The
first year costs with a functioning graft were calculated on average at (US$) 10 519
per patient but, if the course was complicated, the mean costs ranged up to 21 000.
Costs for the second year were on average 1120. Two-year survival rates were
100% for recipients of a transplant from a living related donor and 84% for those
of a transplant from a cadaver (Salvatierra et al. 1979).

A Belgium study found the one-year mean direct medical costs for TX patients
to be EUR 39 827. For patients who had acute rejection and other complications,
costs and number of days in hospital were higher compared with those with no
rejection (Chaib-Eddour et al. 2005).

Barnieh et al compared costs between CTX and LTX. In this Canadian study,
all treatment-related cost information of 357 recipients was collected. 227 patients
received a CTX and 130 patients a LTX. Costs were similar: the mean 2-year-costs
(Canadian §) were some 118 000 for recipients of LTX and 121 000 for those of
CTX. Due to the limited follow-up, difference in graft survival between the groups
was not found but the authors speculated that, given the superior long-term
survival for LTX, costs might become lower in LTX recipients compared with
those who received a CTX. (Barnieh et al. 2011)

In 2011, average national social insurance program (Medicare) expenditures
(US$) for TX patients were 32 922 in a year. Costs for HD and PD were 87 945
and 71 630, respectively. In patients who had received their transplant within a
year, annual inpatient and outpatient costs exceeded 99 000 whereas for patients
who had received their graft during preceding years costs were some 12 000.
(Collins et al. 2013)

Considerable direct costs are associated with the transplantation procedure.
Surgery, procedure-related hospitalization, immunosuppressive medication and
close outpatient monitoring cause accumulating of expenditures during the first
posttransplant year. In a French study, the average cost of a hospital stay for
kidney transplantation were evaluated at EUR 14 100 and the mean length of stay
in hospital was 19,4 days (Chaumard et al. 2008) whereas in the US, the hospital
charges of transplantation procedure (deceased donor) ranged from US$ 47 000 to
over 72 000. Utilization of expanded criteria donors and donation after cardiac
death was applied in this study (Saidi et al. 2007). A figure of US$ 81 330 was used
by Lee et al as cost for transplantation in their simulation model (Lee et al. 20006).
In a Chinese study, average charges of living donor kidney transplantation were
US$ 10 531, of which 69% was for medications and 13% for surgical procedures
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(Zhao et al. 2012). In highly sensitized recipients, desensitization protocols
including immunoadsorption, plasmapheresis intravenous immunoglobulin and
antibodies are needed. Despite costly therapies, TX in those patients provided
cost-savings during the average four-year follow-up compared to CHD (Al-Jedai et
al. 2012).

Summary of economic studies evaluating TX is presented in Table 6.

256  Economic studies comparing kidney transplantation with dialysis
therapies

Kidney transplantation is generally seen as the most cost-effective treatment option
of RRT. Sesso et al studied cost-effectiveness of dialysis therapies and TX in Brazil.
Total treatment costs were calculated and the payet's perspective was taken. After
two years, the costs per year of survival were some (US$) 7000 for CTX and 3000
for LTX, whereas they were over 12 000 on CAPD and over 10 000 on CHD,
respectively. However, survival of patients was better on dialysis therapies
compared with TX in this study. The data derive from the 1980s and cyclosporine
treatment was not used in these patients (Sesso et al. 1990).

In his thesis in 1994, Varis examined cost of life-months gained by different
RRT modalities in Finland. Of 103 incident adult ESRD patients who entered
dialysis therapy in 1982—-1987, 44 patients received a CTX while others continued
dialysis. All treatment-related costs were collected. In TX patients costs for the first
six posttransplant months were (Finnish Marks) on average 166 724 and after that
they declined markedly being 56 470—66 793 during the second and third year. On
HD and PD costs remained rather stable. For the first six months they were some
119 000 on HD and 133 000 on PD. Compared with TX, the second and third year
costs were significantly higher on dialysis therapies ranging from some 211 000 to
350 000. (Varis 1994)

In 1996 Laupacis et al reported results from a prospective cohort study which
assessed the cost-utility of TX compared with dialysis therapies. 168 dialysis
patients on the transplant waiting list were included in the study. In determining
costs, resource use of health care services was recorded and a societal perspective
was taken. By six months after TX, the mean HRQOL scores had significantly
improved compared to pre-transplantation. The mean annual costs of dialysis
(Canadian $) were over 66 000 and the average costs of the first year after TX were
identically also over 66 000. After the first year, the second year costs decreased
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markedly being about 40% of costs of the first year. In patients who experienced a
rapid graft failure, costs during the first year were twice of those of patients with a
functioning graft and during the second year they remained about 10 000 higher
than they had been on dialysis before TX. (Laupacis et al. 1990)

A report from Taiwan described a retrospective cost assessment comparing HD
and CTX. All medical costs (measured as reimbursements) for 75 transplant
recipients were collected. Both pre- and posttransplant follow-up was included in
the analysis. The average costs for CHD were estimated at (US$) 25 150 per year
and the initial hospitalization costs for a transplantation procedure were 17 500 and
charges for outpatient visits and medication were 757 per month thereafter. The
high initial costs for CTX were balanced during subsequent months and the total
cumulative costs for CHD and CTX were equal at 18 months, CTX being less
costly thereafter. The authors suggested that each CTX induced over 106 000
savings in 17 years (predicted maximum graft survival) compared with CHD. (Hu
et al. 1998)

Jassal et al examined cost-utility of TX in the elderly. In this study, a model was
generated to compare kidney transplantation with continued CHD. Patients, a
theoretical cohort of stable patients aged 60 years or more, had no
contraindications for TX. Medicare reimbursements were used to estimate costs
and transition probabilities between different health states were derived from the
literature. Annual cost (US$) estimates of 50 829 for dialysis and 15 819 for
transplantation follow-up were applied. Costs for transplantation surgery were
estimated at 64 917. Both CTX and LTX increased life expectancy in all age groups
(6085 years) but only by 8—19 months, depending on the recipient's age and time
on the waiting list. Contrary to studies with younger patients and cost-savings
associated with TX, in this study costs were higher in TX patients compared with
those who continued on dialysis. Cost-effectiveness strongly depended on patient
characteristics and on waiting time. In 65-year old patients TX produced 0,2-2
QALYs depending on waiting time and comorbidities. Compared with continuing
dialysis, ICERs varied from 14 910 (no waiting time, no diabetes or cardiovascular
disease) to 198 609 (two-year waiting time, diabetes and cardiovascular disease).
For a 85-year old otherwise healthy patient with four year waiting time ICER was
over 14 000 000 (Jassal et al. 2003). In a Turkish study including 135 TX patients
(107 from a living donor, 28 from a cadaveric donor 28), the first year costs were
(US$) 23 393, a figure which was equal for costs in HD and PD in the same study.
The second year costs declined to 10 028 (Erek et al. 2004).
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Several Markov models have been conducted to assess CE in RRT. In an
Australian study published in 2009, two nationwide changes from the current
practice were modelled: increasing TX by between 10% and 50% in five years and
utilizing home-based dialysis (HHD and PD) to the highest rates observed in
Australian centres. By determining costs, payer's perspective was taken. Data on
patient characteristics and outcomes derived from local registries. Based on these
data, considerable advantages were achieved. Up to 26 million savings (Australian
$) and additional 658 QALYs were gained in five years by increasing TX by 50%.
Utilizing home-based dialysis more effectively resulted in 122 million savings in
five years. (Howard et al. 2009)

Another simulation from Austria utilized data from local registries to assess CE
in RRT. Costs in the first posttransplant year for LTX and CTX patients were
(EUR) 50 900 and 51 000, respectively. The second year costs were 17 900 and
third year costs 12 900 for both LTX and CTX. According to the model, increasing
renal transplants from living donors to 10% instead of current 0,1% would provide
38 million savings and 2242 QALYs could be gained over the next ten years and
the authors recommended promotion of preemptive TX from a fiscal as well as
medical point of view. (Haller et al. 2011)

In a Spanish nation-wide survey, first-year costs (EUR) for TX were 38 313 and
0283 in subsequent years. Payer's perspective was applied (Villa et al. 2011). A
single-centre study from Portugal recorded all resource use of health services of 90
TX patients. Costs were measured as reimbursements. Annual costs were (EUR)
61 658 in the first year and 6 526 after that. Costs for both HD and PD were some
28 000. The authors concluded that the break-even point for equal cumulative cost
between dialysis and TX occurs at 32 months, thereafter TX is less expensive
(Rocha et al. 2012).

Based on registry data from Australia and New Zealand, a two-arm Markov
model was created to evaluate the cost-effectiveness of cadaveric kidney
transplantation compared with dialysis. The model included two groups of
hypothetical potential transplant recipients aged from 25 to 60 years with and
without comorbidities. Patients on the one arm were placed on the transplant
waiting list whereas patients on the other arm were to remain in dialysis. The
progression of each individual through the model was dependent on the age-
specific transition probabilities from one health state to another and the entire
lifetime of an individual was modelled. An annual discount rate of 5% was
employed. Probability of receiving a transplant varied depending on age between
0,148 (18-24 years) and 0,005 (over 75 years) in a year. Age-specific probabilities
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for graft failure, mortality and cardiac events were applied. The extent of survival
advantage in waitlisted patients was dependent on the underlying characteristics,
with the youngest and healthiest gaining the greatest number of incremental life
years. However, also the oldest waitlisted patients with cardiovascular diseases and
diabetes achieved incremental 0,5 years compared with those who remained in
dialysis. In 25-year old patients with no comorbidities, placing in waitlist produced
savings of (Australian $) 16 272 and 3,84 life-years were gained compared to
chronic dialysis treatment. In older patients, ICERs ($/life-year saved) varied from
8 965 to 40 915. (Wong et al. 2012)

Summary of studies comparing TX with dialysis modalities is shown in Table 6.

Table 6.  Economic studies evaluating kidney transplantation and comparing transplantation with

dialysis therapies

Author Country Study type Results Ratio Comments

Currency Annual costs TX/dialysis
Schipperset  The Cost TX, 0,69 (Year 1) Direct costs, payer's
al. 1976 Netherlands analysis Year 1 45000 0,12 (Year 2-) perspective. Costs for

Dutch Guilder Cohortstudy ~ Years2- 8000 well-functioning grafts

CHD 65000

Salvatierra USA Cost Year 1 10519 (no - Annual costs for two
etal. 1979 Us$ analysis complications) years of graft function

Cohortstudy ~ Year1 21000
(complications)

Year2 1120
Sessoetal.  Brazilia CEA CTX 6978 0,25-0,69 Payer's perspective,
1990 Us$ Cohortstudy  LTX 3022 cost for two first years.
CHD 10 065 Cost per year of
CAPD 12134 survival
Varis 1994 Finland Cost > 56 470 0,27 (TX/HD) Provider's perspective,
Finnish Marks analysis CHD 210 791 0,26 (TX/PD) total annual costs.
Cohortstudy ~ CAPD 216 706 Year 2
Laupaciset ~ Canada CUA X, 0,99 (Year 1) Societal perspective,
al. 1996 Canadian $ Cohortstudy ~ Year 1 66 290 0,42 (Year 2) total healthcare costs.
Year 2 27 875 Prospective study
Dialysis 66 782 including pre- and
post-transplant period
Huetal. Taiwan Cost TX, 1,05 (Year 1) Payer's perspective.
1998 US$ analysis Year 1 26 584 0,36 (Year 2) Prospective study
Cohortstudy ~ Year2- 9084 including pre- and
CHD 25150 post-transplant period
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Jassal et al.

2003

Erek et al.
2004

Chaib-
Eddour et
al. 2005

Howard et
al. 2009

Haller et al.
2011

Villa et al.
2011

Barnieh et
al. 2011

Rocha et al.

2011

Wong et al.
2012

Collins et al.

2013

USA
uss

Turkey
uss

Belgium
EUR

Australia
Australian $

Austria
EUR

Spain
EUR

Canada
Canadian $

Portugal
EUR

Australia
Australian
dollars

USA
Uss

CUA
Markov
modelling

Cost
analysis
Cohort study

Cost
analysis
Cohort study

CEA
Markov
modelling

CEA
Markov
modelling

Cost
analysis
Register
study

Cost
analysis
Cohort study

Cost
analysis
Cohort study

CEA
Markov
modelling

Cost
analysis
Register
study

65-year old patients, TX
compared with CHD. TX
produces 0,2-2 QALYs,
ICERs 14 910-198 609
($/QALY)

TX,

Year 1 23393
Year 2 10028
CHD 22759
CAPD 22350
Year 1 39 827
Increasing TX by 50%

from current practice,
saves 26 million and

increases 658 QALY
X

Year 1 51000
Year 2 17 200
HD 43600
PD 25900
X

Year 1 38313
Year2- 6238
HD 37 968
PD 25826
CTX 121121
LTX 118 347
X

Year 1 61658
Year2- 6526
Dialysis 28 033
Patients aged 25 years:
TX saves costs and
produces QALYs,
Middle-aged to older:
ICERs ($/QALY)
8965-40 915

X 32922
HD 87 945
PD 71630

1,02-1,05
(Year 1)
0,44-0,45
(Year 2)

Year 1
1,17 (TX/HD)
1,97 (TX/PD)
Year 2
0,39 (TX/HD)
0,66 (TX/PD)

Year 1
1,01 (TX/HD)
1,48 (TX/PD)
Year 2
0,16 (TX/HD)
0,24 (TX/PD)

2,19 (Year 1)

0,23 (Years 2-)

0,37 (TX/HD)
0,46 (TX/PD)

Payer's perspective
(Medicare
expenditures). ICERs
for TX depended on
waiting time and
comorbidities

Perspecrive uncertain

Payer's
perspective.Total
healthcare costs

Payer's perspective.
Nationwide estimate
2005-2010

Payer's perspective.
Increasing renal
transplants from living
donors to 10% saves
EUR 38 million and
produces 2242 QALYs
over ten years

Payer's perspective.
Nationwide survey,
direct costs

Two-year costs.Total
healthcare costs,
perspective uncertain

Payer's perspective.
Direct healthcare costs

Waitlisted patients
compared with
remaining on dialysis,
entire life-time
evaluated

Payer’s perspective
(Medicare
expenditures)
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2.5.7  Pre-emptive kidney transplantation and economic aspects

While the economic advantage gained by TX is dependent on the waiting time, TX
without preceding dialysis (pre-emptive TX) may be cost-saving. In a short report
from the Philippines, a historical cohort of 183 ESRD patients was followed up to
eight years. Eight patients underwent a pre-emptive TX. Compared with dialysis
patients and those who received their transplant after dialysis period, lower risk of
death and lower treatment costs were found in pre-emptive TX (Naidas et al.
1998). Several studies have provided data of lower post-transplant mortality with
pre-emptive TX compared with TX after initiating dialysis (Meier-Kriesche et al.
2000; Meier-Kriesche and Kaplan 2002; Goldfarb-Rumyantzev et al. 2005; Huang
and Samaniego 2012). Also, the longer the pretransplant dialysis duration, the
higher is posttransplant mortality (Helanterd et al. 2014). Dialysis up to six months
did not significantly worsen survival but after that mortality increased progressively
(Meier-Kriesche et al. 2000). Duration of dialysis was also found to be associated
with an increased risk of delayed graft function after CTX (Keith et al. 2008).

2.5.8  Reduced graft function and graft failure

Reduced graft function has been found to impact on costs. In a North American
study, association of estimated glomerular filtration rate (eGFR) at one year
posttransplant with reimbursements among kidney transplant recipients in 1995—
2003 were examined. Average second and third year payments were some (US$)
9800 and 6400, respectively. In a multivariate analysis, compared with patients with
relatively good graft function (eGFR over 60 ml/min/1,73 m?2), moderately (eGFR
30—-44 ml/min/1,73 m?) and markedly (eGFR 15-30 ml/min/1,73 m?) impaired
function were associated with 1 555 and 5 352 higher treatment costs in the second
year posttransplant. Graft failure resulting in return to dialysis increased costs by
some 48 000 and existence of diabetes was associated with over 14 000 higher
costs compared with non-diabetics (Schnitzler et al. 2011).

2.5.9  Distribution of costs in renal replacement therapies

Dialysis treatment in itself is the most important cost-producing factor in HD and
PD. In a Canadian study, costs for dialysis treatment were 62% of total costs on
CHD and 71% on CAPD, respectively (Goeree et al. 1995). In a UK study
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including 171 dialysis patients aged over 70, no significant difference in costs
between HD and PD were found. Payer's perspective was applied and costs for
medical and social services were taken into account. Dialysis treatment accounted
for 69% of costs, medication and hospitalization were the second and third largest
items, 12% of costs each (Grun et al. 2003). Bruns et al evaluated dialysis patients'
total treatment costs in 1998. In their single-center study, payer's perspective was
taken. Average annual costs for treating ESRD were (US$) 68 891 on HD and 45
420 on PD. Of total costs, 38% and 30% were caused by dialysis treatment on HD
and PD, respectively. Hospitalization accounted for 37% to 40% of total costs.
They also noted that costs accumulated in certain patients: 25% of patients caused
50% of all costs (Bruns et al. 1998). The same authors reported that a simple
comorbidity scale strongly predicted risk of hospitalization, length of
hospitalization, mortality and inpatient costs in dialysis patients (Beddhu et al.
2000).

In a Canadian prospective study, dialysis costs accounted for 52% of total costs
in CHD patient and 46% in PD patients. Costs for medication were the second
largest followed by inpatient (hospitalization) costs (Lee et al. 2002). First-year
post-dialysis initiation costs (measured as Medicare reimbursements) in incident
dialysis patients over 67 years were found to increase from almost (US§) 82 000 in
1995 to over 113 000 in 2005. However, after adjustment for inflation, costs were
fairly stable over the years. Inpatient costs and outpatient costs both accounted for
about 35% of total costs. In Japan, where TX is rare mostly for cultural reasons
and 96% of dialysis patients are treated with HD, estimated annual charges for HD
and PD were (US$) 42 098 and 49 215. Dialysis accounted for 83% and
hospitalization for 13% of costs in both modalities (Fukuhara et al. 2007).

In 2010, Medicare payments per person per year were (US$) 86 608 for a HD
patient and 66 751 for a PD patient. Costs for dialysis treatment and directly
treatment-related other costs as injectable drugs accounted for 35% of total costs
on HD and 37% on PD. Of injectable drugs, costs for erythropoiesis stimulating
agencies were the largest (over 6000 on HD and 3600 on PD) and total outpatient
medication costs were on average 8482 on HD and 4125 on PD. Cost for
hospitalization on HD and PD were 34% and 37% of total costs, respectively.
Physicians' costs, which were charged separately, were on average 16 200 on HD
and 9900 on PD (Collins et al. 2013). In Germany, cohort of dialysis patients (11%
on PD) was studied and costs were measured as health insurance reimbursements.
Average total costs were EUR 54 777 in a year, 55% of which were caused by
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dialysis therapy. Medication, hospitalization and transportation accounted for 22%,
14% and 8%, respectively (Icks et al. 2010).

Compared with CHD, structure of cost in HHD is different: Because of the
increased frequency, the expenses for materials and supplies consumables are
higher in HHD. On the other hand, personnel costs are lower. Depending on the
development level of a particular country and ratio of cost of personnel to cost of
consumables, total cost may be lower or higher in HHD compared with CHD. In
developed countries, cost for personnel outweighs cost for consumables favouring
HHD (Perl and Chan 2009). In a Canadian study, staffing costs (Canadian §) were
markedly less on HHD compared with CHD (annually 10 932 vs. 22 056) and
there was a trend toward lower costs for hospital admissions and for medications
whereas costs for HD materials were higher (McFarlane et al. 2002). Decreased
rate for hospitalization has been reported (Bergman et al. 2008) but not confirmed
(Eknoyan et al. 2002; Chertow et al. 2010; Rocco et al. 2011) in all studies. Lower
costs for medication reported to associate with HHD may decrease total costs
(Culleton et al. 2007).

In Finnish setting, Malmstrom et al evaluated costs in HHD and satellite-HD
patients. Total annual costs among both modalities were some (EUR) 39 000.
63%—70% of them were caused by dialysis therapy. Medication costs were 13%—
18% (EUR 5000-7000) of total expenditures and costs for transportation
accumulated on SatHD patients being on the average over 5000 among them.
Costs for laboratory, radiology, surgery and hospitalizations in these selected
patients accounted for approximately 5-12% of total costs. (Malmstrom et al.
2008)

In peritoneal dialysis, costs for dialysis fluids and disposables comprise a
remarkable proportion of total healthcare costs. In a recent study from Mexico,
dialysis related costs accounted for 41% of total expenses in CAPD patients and
47% in APD patients, respectively. Costs for hospitalization were the second
largest item, 37% in CAPD and 31% in APD. (Cortes-Sanabria et al. 2013)

2.5.10 Impact of comorbidities on costs

Smith et al. (Smith et al. 1989) compared the charges for ESRD treatment of 244
diabetic patients to 902 non-diabetic patients. In diabetic patients, charges were

systematically higher than in non-diabetics: annual charges (US$) were 27 463 vs.
23 470 on CHD, 29 435 vs. 22 753 on CAPD and 8325 vs. 5696 on CTX (year
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after transplant), respectively. Yang and colleagues (Yang et al. 2001) reported
11,8% more expenses in diabetic patients compared to non-diabetics, the
difference was mainly caused by higher costs for hospitalization. Study included
106 matched diabetic—non-diabetic pairs. Similarly, in a Canadian study, presence
of insulin-dependent diabetes mellitus and ischemic heart disease added 44% and
16%, respectively to costs in multiple regression analysis (Goeree et al. 1995). A
British prospective study included dialysis patients aged 70 years and over. Age
over 80 years and presence of peripheral vascular disease increased daily treatment
costs by over (UK Pounds) 10 compared with patients aged 70-74 years and
without peripheral vascular disease. Proximity to death was associated with over

40% increase in daily costs but diabetes was not an independent predictor of costs
in this study (Grun et al. 2003).

2.6  Health care organizations and financing of end-stage renal
disease programs around the world

Remarkable variety in funding and reimbursements from country to country exist.
In public systems (e.g. the Nordic countries, the UK, Canada), health care is
financed through taxes to ensure equal access to full range health care services
(including RRT programs) to all residents (Prichard 1997; Nicholson and Roderick
2007; Wikstrom et al. 2007). Within countries with mixed public and private
providers (e.g. Germany, Spain, France, Italy) there are both free-standing and
public facilities providing services for RRT. Regardless of provider, RRT is
financed from centralized national health service funds (Jacobs 1997; Piccoli et al.
1997; De Vecchi et al. 1999; Luno 2007; Icks et al. 2010). In the US, a national
social insurance program (Medicare) covers over 90% of patients on RRT.
Medicare payment to facilities treating ESRD has been based on a system known
as the basic case-mix adjusted composite payment system. One composite rate for
dialysis treatment and related routine drugs has been paid regardless of modality.
This policy is currently being replaced with a bundled ESRD Prospective Payment
System and Quality Incentive Program that provides incentives to dialysis facilities
to improve the quality of dialysis care (Slinin and Ishani 2013).

In 2012, a survey comparing reimbursement policies in seven countries was
published. In addition to the total sums reimbursed for various modalities, the
comparison examined composition of the reimbursement package and adjustment
in rates for specific patient subgroups in the United States, in the province of
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Ontario in Canada and in five European countries (Belgium, France, Germany, the
Netherlands and the United Kingdom). Important differences between these
countries were found. For CHD, reimbursement per week varied from (US$) 1668
in the Netherlands to 689 (in the USA) and for CAPD from 1126 (the
Netherlands) to 502 (the UK). Except for the United States which provides a fixed
amount of reimbursement regardless of modality, home dialysis strategies (HHD,
PD) were reimbursed lower than hospital hemodialysis. In the US, costs for
intradialytic medications (erythropoiesis stimulating agents, intravenous iron and
vitamin D analogues) are included in the amount of reimbursement whereas in
Belgium and Germany they are charged separately. The authors acknowledged that
even though their survey was limited to seven countries, their approach was
sufficient to point out remarkable differences in countries at similar economic
level. (Vanholder et al. 2012)

2.7 Macroeconomic factors

Societies' possibilities to provide RRT are strongly dependent on their economic
status. Citizens in the less developed countries have very limited possibilities to
enter in RRT, whereas e.g. in the USA there is almost universal acceptance for
uremia therapy (Friedman 2003). Number of dialysis patients in the USA in 2008
was 1244 per million population compared to 8 per million population in Nigeria
(Karopadi et al. 2013). Consequently, it is obvious that patients' characteristics are
not equal and comparisons between countries are not straightforward. Incidence of
dialysis therapy in a country is associated with the characteristics of the dialysis
population and a high incidence of dialysis reflects high acceptance of patients with
a poor health condition. Low acceptance in dialysis therapy goes together with
younger age, few comorbidities and low mortality risk. In a recent study
macroeconomic factors were found to have an effect on international differences
in the mortality on dialysis (Kramer et al. 2012). A higher gross domestic product
per capita (hazard ratio 1,02 per 1000 US$ increase) and a higher percentage of
gross domestic product spent on healthcare (hazard ratio 1,10 per percent increase)
were associated with a higher mortality. Renal service organizational factors
seemed less important.

Besides macroeconomic factors, there is relevant divergence in outcomes
between dialysis units inside the countries. Several studies have reported unequal
mortality between centers (Garg et al. 1999; Devereaux et al. 2002; McClellan et al.
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2009; Van Wyck et al. 2010). In the Netherlands, with the publicly funded health
care system, significant differences between dialysis centers existed in patients’
HRQOL after adjustment for covariates (Mazairac et al. 2012).

2.8  Modality selection

Worldwide, in 2008, of 1,75 million patients on dialysis, 89% were treated by HD
while 11% were on PD. In developed countries, the proportion of patients on PD
has declined by 5,3% from 1997 to 2008 (Grassmann et al. 2005; van Biesen et al.
2008; Jain et al. 2012). In Finland the average incidence rate of RRT in 2008-2012
was 86 per million population (pmp) and of a total of 1760 patients on chronic
dialysis therapy in the end of 2012, 321 (18%) were treated with PD
(http:/ /www.musili.fi/files/1280/Munuaistautirekisteri_vuosiraportti_2012.pdf).
ERA-EDTA registry includes data on RRT from 30 countries in Europe and
bordering the Mediterranean Sea. In overall, the incidence rate of RRT in 2008
among all registries was 122 per million population (pmp) ranging from 264 pmp
in Turkey to 15 pmp in Ukraine. The prevalence of HD varied from 66 pmp in
Ukraine to 875 pmp in Portugal and the prevalence of PD from 8 pmp in
Montenegro to 115 pmp in Denmark. In western European countries the
proportion of PD patients of all dialysis patients varied from 5% to 23% (Stel et al.
2011). In the United States 7% of dialysis patients are treated with PD (Collins et
al. 2013; Karopadi et al. 2013).

Substantial disparities in access to transplantation exist and TX rates vary
markedly across the world, the lowest numbers being in underdeveloped counties.
Even in industrialized societies there are significant variations by country after
adjusting for differences in case mix. Socioeconomic, cultural and religious nature
of a country impact the number of donors and also the patients’ view of
transplantation. Concept of brain death is not straightforward in different cultures
and e.g. in Japan cadaveric TXs are relatively rare despite a well-organized health
care system. The highest TX rates in ERA-EDTA region in 2011 were found in
Castile and Leon region in Spain (161 pmp) and the lowest in Ukraine (1,4 pmp),
respectively. The high TX rate in Spain reflects its active policy in harvesting
organs and its higher use of kidneys from older donors. (http://www.era-edta-
reg.org/files/annualreports/pdf/ AnnRep2011.pdf). In the United States, the
number of TX were 17 777 in 2010, thus providing TX rate of 57 pmp. 64% of
transplants were cadaveric (Collins et al. 2013). In Finland, total number of kidney
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transplantations in 2012 was 199 (37 pmp), 11 of which were from living donors.
Number of kidney transplant recipients was 2611 (481 pmp), respectively
(http:/ /www.musili.fi/ files/ 1280/ Munuaistautirekisteri_vuosiraportti_2012.pdf).

Economic factors influencing dialysis mode selection include financing,
reimbursement and resource availability (Nissenson et al. 1993; Nissenson 1996;
Just et al. 2008). Reimbursement structure has been identified as the most
important non-medical factors in modality selection (Nissenson et al. 1993;
Nissenson et al. 1997). Generally, PD utilization is low when there is little or no
facility reimbursement or physician reimbursement payment for PD (Karopadi et
al. 2013) and, in contrast, with equal or higher reimbursement utilization is much
higher (Nissenson et al. 1993; Durand and Verger 2006). In public systems with
limited HD capacity, efforts are being done to reduce pressure on dialysis centre
(Olsen et al. 2010) and patients are directed to PD more often than in private
systems which have invested in HD capacity and attempt to exploit the
investments maximally (De Vecchi et al. 1999). In certain countries, there is
interest to revise the reimbursement policy in a way to encourage utilization of
home-based modalities PD and HHD (Nissenson et al. 1997; Mendelssohn et al.
2004; Ghaffari et al. 2013). In Hong Kong approximately 80% of patients are on
PD and HD is permitted only if a contraindication to PD exists (Li and Szeto.
2008). In developing countries, market factors play a crucial role in modality
selection. The bulk of costs in dialysis arise from the price of dialysis fluids and
supplies and HD is economically preferred due to low cost of labour and high cost
of imported CAPD bags (Neil et al. 2009; Karopadi et al. 2013).

Absolute medical contraindications for the use of either HD or PD are few. In
a prospective evaluation including 1303 predialysis patients at seven North
American nephrology practices, 98% of patients were considered medically eligible
for HD and 87% for PD, respectively. In this study, contraindications for HD
included advanced age, terminal illness, severe heart failure and extensive vascular
disease. The major causes of non-eligibility for PD were age and anatomical
concerns including hernias, adhesions and overweight. Psychosocially, 83% were
eligible for PD and 78% of all patients were assessed as having no
contraindications for PD (Mendelssohn et al. 2009). However, the actual
proportion of PD is much lower and continues to decline further (Van Biesen et al.
2008; Collins et al. 2013; Karopadi et al. 2013).

Generally, the medical contraindications to PD are related to peritoneal access
or peritoneal cavity. Previous major abdominal surgery, large abdominal hernias,
severe obesity, active or recurrent diverticulitis and large abdominal aneurysm are
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among the most frequent factors which disqualifies the patient from doing PD.
Besides contraindications, certain factors are obstacles to PD and make the
modality a challenge: impaired vision, insufficient strength, immobility, frailty, poor
hygiene, psychiatric illness and impaired memory limit utilization of PD as well as
use of any self-care modality (Blake et al. 2013).

Practicing nephrologists in the UK and in the United States have estimated the
optimal (i.e. clinical outcomes maximized) ratio of HD to PD at about 60—65:35—
40 (Mendelssohn et al. 2001; Jassal et al. 2002). Despite this, actual allocation of
PD is much lower. Both medical and particularly non-medical factors contribute to
this disparity. There are numerous reasons contributing to the low utilization of
PD. In some countries physician and facility reimbursement are related to modality
selection, mostly favouring HD. When financial issues are not prominent,
utilization of PD is usually higher. This applies for e.g. to the Nordic countries with
publicly funded health care systems and salaried physicians (Nissenson et al. 1993).
There are also concerns regarding patient survival, modality related infections and
small-solute clearance. Lack of experience with PD, physicians' comfort with HD
and constituting infrastructure with HD facilities all have contributed to
underutilization of PD (Chaudhary et al. 2011). Personal preferences and attitudes
influence on decisions and approaches in modality selection change slowly (Blake
et al. 2013). The importance of patient education was highlighted in an American
study. A majority of patients with advanced chronic kidney disease cared for by
nephrologists were unaware of the possibility of PD when perceived knowledge of
the therapeutic options for ESRD was assessed (Finkelstein et al. 2008). Patients
who are objectively educated about modality options more often choose PD or
other self-care dialysis than do uneducated patients (Little et al. 2001; Marron et al.
2005; Neil et al. 2009).

2.9  Modality switch

29.1  Epidemiology of modality switch

After having started the treatment, switching of modality is not infrequent.
Especially patients on PD commonly experience treatment failures resulting in
modality change. In a register based study, less than 80% of 1390 dialysis patients
remained on their first type of dialysis after two years (Smith and Wheeler 1987).
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Gentil et al reported three-year technique survival (remaining on modality) 94%
and 56% on HD and PD, respectively (Gentil et al. 1991). An Italian study found
method survival 40% in PD and over 90% in HD, follow-up continued up to nine
years (Maiorca et al. 1996) whereas a study from the United States reported 30%
treatment failure on PD over 12 months follow-up (Singh et al. 1992). Jaar et al.
found that 25% of patients receiving PD and 5% of those on HD switched
treatment modality at least once within seven years (Jaar et al. 2005). Shih et al.
conducted a register-based survey of over 3400 dialysis patients. Approximately
one third of patients who started on PD had one or more modality changes within
the first three years compared with less than 1% of the HD group (Shih et al.
2005). In a North American cohort study including 1587 PD patients, 39% had
been forced to switch to HD by three years for at least 30 days (Shen et al. 2013).

Changes from one modality to another occur and multiple switches over the
course of time are not uncommon. Intention-to-treat and as-treated approaches are
applied when patient’s modality is classified. When the assignment of modality is
done on an intention-to-treat basis, a modality is defined at study start and
assignment does not change even if the patient switches to another modality. By
intention-to-treat approach, bias resulting from high costs associated with modality
switch is avoided. For example, patients who are performed an unsuccessful kidney
transplantation and continue dialysis therapy, may have very high costs caused by
failure-associated events. If these patients are not regarded as transplant patients
and only those with functioning grafts are included in the analysis, costs of
transplantation would be underestimated. Contrary, an as-treated approach —
defined as modality actually in use at any point in time — would classify these
patients according to new modality rather than to the failed modality that brought
about the high costs.

2.9.2  Reasons for modality switch

Switching between modalities may occur for a variety of reasons. Potential causes
of transfer from PD to HD can be classified as modality related (infections,
inadequate dialysis and catheter-related problems), system related (lack of
infrastructure or patient education, reimbursement policy) and patient related
(comorbid conditions, burnout, social reasons, hernia formation and abdominal
surgery) (Chaudhary et al. 2011). Of all causes, modality-related complications are
the most common.
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The development of PD-devices and supplies has helped to decrease the access-
related infection rates (Strippoli et al. 2004) but peritonitis is still the main reason
to change from PD to HD, especially within the first two years after initiation of
treatment. In Canadian data from 1981 to 1997, the switch rate from PD was
estimated to be 154 per 1000 patient-years and trend of a decreasing rate over years
were found (Schaubel et al. 2001). A multicenter prospective study evaluated 292
PD patients. Almost 25% of patients experienced a treatment failure, 70% of them
within two years of starting PD. Infections (peritonitis and catheter related
infections) were the reason for the switch at 37% (Jaar et al. 2009). Peritonitis rates
have varied markedly in published studies. In recent literature, an incidence rate
ranging between one episode per 12—83 months have been reported (Monteon et
al. 1998; Daly et al. 2001; Davenport 2009; Brown et al. 2011; Cnossen et al. 2011;
Hsieh et al. 2013; Ortiz et al. 2004; Medani et al. 2012). Insufficient dialysis or
management of fluids is not infrequent. The ultrafiltration failure rates from 2% to
14% have been recognized (Jager et al. 1999). Mechanical complications may occur
and contribute to switch from PD. Sometimes a patient transfers voluntarily to
HD. Overall; trends toward better technique survival in PD over years have been
reported (Guo and Mujais 2003).

Reasons for switching from HD to PD include vascular access problems and
cardiovascular instability and also patient's own choice. Among HHD patients, lack
of confidence in carrying out treatment, interference with home life, family
dynamics and fear of self-cannulation may result in modality switch. In the UK,
166 HHD patients were followed for on average 2,3 years. Technique survivals at
1, 2 and 5 years were 98,4, 95,4 and 88,9%. Diabetes and cardiac failure associated
with an increased risk of technique failure, but majority of patients switched
modality for non-medical reasons (Jayanti et al. 2013).

A cohort study from the United States investigated the determinants of PD
technique failure. Over 1500 PD patients were followed for three years. In
multivariate analysis, female sex was statistically significantly associated with lower
risk of failure whereas risk was increased in blacks, retired and disabled.
Interestingly, age, comorbidities, body mass index and educational or marital status
did not associate with failure risk (Shen et al. 2013). Contrary, a recent study from
Taiwan reported age over 65 to be the only identified risk factor for peritonitis,
which subsequently predicted technique failure (Hsich et al. 2013). In several
studies, number of patients in PD centre has positively correlated with better
outcomes (Schaubel et al. 2001; Huisman et al. 2002; Afolalu et al. 2009; Plantinga
et al. 2009). High number of PD patients in each centre possibly accounts for the
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excellent two-year technique survival rate of 82% in Hong Kong (Li and Szeto
2008).

2.9.3  Modality switch and costs

Substantial cost increase may be caused by switches between modalities. Initiation
of a new modality is associated with start-up costs which accumulate in repeated
switches (Prichard 1997). In a register-based study evaluating Medicare
expenditures in dialysis patients over three years, annual costs were significantly
lower (23% to 27%) for those patients who were treated on PD as the initial
modality. Patients who switched from PD to HD within the first year had higher
treatment costs than those who switched later and the economic advantage related
to PD was lost among first-year switchers. In those patients who switched to HD
for at least 60 days, annual costs increased over (US$) 20 000 (Shih et al. 2005). In a
Canadian study, incident dialysis patients were categorized by initial modality and
subsequent modality changes. Total treatment costs during three years were
evaluated and a purchaser's perspective was taken. Adjusted cumulative three-year
costs (Canadian §) were 58 724 for patients who received only PD and 175 996 for
those who received only HD. Compared with patients on HD-only, costs were
similar for patients with a PD technique failure and a change to HD. Costs for
patients who changed from HD to PD were in between costs for PD-only and
HD-only. The authors concluded that since costs were lower on PD and costs of
patients with PD technique failure were not in excess of HD-only patients, the
economic rationale for a PD-first policy in eligible patients was supported (Chui et
al. 2012).

In HHD, a patient's inability to carry out dialysis procedure leads to technique
failure and necessitates a modality change. In a Canadian study utilizing Markov
model, annual probability of technique failure in nocturnal HHD was set at 7,6%
and HHD dominated CHD. HHD led to incremental cost savings (Canadian
$6700) and an additional 0,38 QALYs. In sensitivity analyses, higher risk of failure
markedly increased costs. At an annual failure risk of 19%, CER 75 000/QALY
was provided and its attractiveness was lost (Klarenbach et al. 2013). The reported
failure rates have been lower in observational studies. In the UK, during an 8-year
follow-up including 4528 HHD patient-months, technique failures were

uncommon. Technique survivals at 1 and 5 years were 98,4% and 88,9%,
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respectively. Age over 60 years, cardiac failure, diabetes and high score in
comorbidity index scale were associated with technique failure (Jayanti et al. 2013).

2.10  Hyperparathyroidism

Secondary hyperparathyroidism is a common and almost inevitable metabolic
disturbance among patients undergoing maintenance dialysis therapy (Slatopolsky
et al. 1999). It develops in response to an imbalance in serum levels of calcium
(Ca), phosphorus (P) and vitamin D as a consequence of altered metabolism in
chronic kidney disease and it is characterized by increased serum levels of
parathyroid hormone (PTH) (Locatelli 2004). Disordered Ca, P and PTH (also
known as mineral metabolism markers) concentrations are associated with an
increased risk for soft tissue and cardiovascular calcifications. Vascular calcification
is a central component in the chronic kidney disease — mineral and bone disorder
(CKD-MBD); a complex syndrome which has been indicated to be the basic
contributor causing accelerated atherosclerosis, increased cardiovascular morbidity
and excess mortality in dialysis patients (Lowrie et al. 1990; Block et al. 1998;
Ganesh et al. 2001; Marco et al. 2003; Wang et al. 2003). Higher concentrations of
serum Ca and especially P strongly associated with an increased risk of death in a
study obtaining data from a database of over 40 000 HD patients (Block et al.
2004) and in another observational study including over 58 000 HD patients
(Kalantar-Zadeh et al. 20006). Serum calcium phosphate product (Ca x P) and
moderately to severely elevated PTH each correlated with increased mortality risk
(Block et al. 1998; Block et al. 2004). Subsequently, central role of P in inducing
vascular calcification has been recognized and it has been regarded as a major risk
factor for cardiovascular disease in dialysis patients. Over the last years much
interest has focused on rigorous control of serum P, Ca and PTH and efforts to
reduce serum P levels have become an important priority in practice.

In 2003, the Kidney Disease Outcomes Quality Initative (K/DOQI) guidelines
recommended strict targets for the control of serum levels mineral metabolism
markers: PTH 16.5-33.0 pmol/l, Ca 2.10-2.37 mmol/l, P 1.13-1.78 mmol/] and
Ca x P product <4.4 mmol?/1*> (National Kidney Foundation 2003). The guidelines
were mostly based on observational studies and made an assumption that
correcting biochemical abnormalities would turn to beneficial effects on clinical

outcomes. In 2009, new guidelines were given, this time by Kidney Disease:
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Improving Global Outcomes (KDIGO). The lack of good quality data about
benefits of strict controlling of mineral metabolism markers was acknowledged and
the targets in treating Ca, P and PTH in dialysis patients were moderated. Lowering
elevated P toward the normal range and maintaining serum Ca in the normal range
and PTH at approximately two to nine times the upper normal limit were
suggested. Pharmacotherapy to prevent absorption of dietary P were suggested but
total amount of elemental calcium provided in P binders was guided not to exceed
1500 mg (KDIGO 2009).

In a remarkable portion of dialysis patients, the levels of mineral metabolism
markers lie outside the suggested levels. In The DOPPS; an international
observational study including over 17 000 patients from 307 dialysis facilities,
overall 51% of dialysis patients were below the K/DOQI suggested low target for
PTH whereas the upper level was exceeded in 27% of patients. Ca x P product was
above target in 44% of patients and P and Ca in 52% and in 50% of patients,
respectively. In this study mortality was also strongly associated with altered

mineral metabolism values (Young et al. 2005).

2.10.1  Phosphorus

To lower serum P levels, P binders are utilized to prevent the absorption of dietary
P from the intestine. Calcium salts have been the most widely prescribed P binders
in dialysis patients (Qunibi and Nolan 2004). They are effective in lowering P levels
but, when taken in large amounts and particularly in combination with vitamin D,
there is concern about their association with hypercalcaemia and accelerated
vascular calcification (Goodman et al. 2004; Hutchison 2009).

Despite strong connection between mortality and elevated serum P in
observational studies, there is a lack of data that a pharmacological reduction of P
will turn to improved survival among dialysis patients (Bushinsky 2006). Also the
central role of P in causing vascular disease has been questioned. Post hoc analysis
of data collected in Modification of Diet in Renal Disease (MDRD) did not
confirm the association between elevated serum P and mortality (Menon et al.
2005). Recently, higher serum P was found in individuals with CKD and lower
socioeconomic status, which is an important and an independent risk factor of
mortality and morbidity (Gutierrez et al. 2010). Even though phosphate restriction
has been found to reduce mortality in uremic rats (Finch et al. 2013) and
parathyroidectomy, by relieving hyperparathyroidism and reducing Ca, P and Ca x
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P product towards normal levels, may decrease morbidity and mortality in severe
cases (Sharma et al. 2012; Goldenstein et al. 2013), there is no clear evidence on
clinical benefits of the use of P binders. However, results favouring the use of P
binders were found in a recent multicenter open-cohort observational study
(COSMOS study, 6797 patients) which evaluated outcomes among P binders
prescribed European HD patients compared with those who were not on P binder
therapy. After multivariate analysis, 29% lower all-cause and 22% lower
cardiovascular mortality were reported in P binder prescribed patients. The authors
stated that the observational nature of study provides associations but precludes
from making conclusions on causality and they emphasized the need of a clinical
controlled trial to test the effects of P binders (Cannata-Andia et al. 2013).

Due to the concern over the possible risks caused by calcium loading,
considerably more expensive non-calcium based P binders sevelamer
hydrochloride and lanthanum carbonate have been introduced. Like calcium salts,
these compounds are utilized to prevent P absorption from the intestine.
Theoretically, non-calcium-based binders have an advantage over calcium-based
binders by not inducing hypercalcaemia. Nevertheless, no significant differences in
overall mortality between different P binders have been found in randomized
clinical studies like The Dialysis Clinical Outcomes Revisited (DCOR) trial (St
Peter et al. 2008) or two other studies (Suki 2008; Wilson et al. 2009). Survival
advantages associated with lanthanum and sevelamer over Ca-based P binders in
the subgroups of patients over 65 years were reported by Wilson et al. and Suki et
al., respectively (Suki et al. 2007; Wilson et al. 2009). In a small randomized trial
including 127 patients new to hemodialysis, treatment with sevelamer was
associated with survival benefit compared with Ca containing P binders (Block et
al. 2007). On the other hand, in a French observational study calcium-based P
binders were associated with lower mortality compared with sevelamer (Jean et al.
2011). A review (Tonelli et al. 2010) and two meta-analyses (Jamal et al. 2009;
Navaneethan et al. 2009) stated that there are no apparent advantages favouring of

one kind of P binder over other.

2.10.2  Parathyroid hormone
Association of PTH with mortality has been found to show a U-shaped curve, with

an increased risk of death at both high and low concentrations (Block et al. 2004,
Tentori et al. 2008; Floege et al. 2011) and there has not been consistency regarding
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the optimal level of PTH. For that reason, the KDIGO guidelines could only
suggest targeting PTH levels into moderately elevated range and avoiding extreme
increases. Treatment options for elevated PTH caused by hyperparathyroidism
include active vitamin D, the calcimimetic cinacalcet, phosphate binders and
surgery (Vervloet et al. 2013).

The calcimimetic agent cinacalcet hydrochloride inhibits the release of PTH by
increasing the sensitivity of the calcium sensing receptor to extracellular calcium
thus reducing circulating level of PTH (Nemeth et al. 1998). The cost of cinacalcet
is relatively high when compared with calcium-based P binders. Soon after its
approval, reduction in the rate of cardiovascular events and in the rate of
parathyroidectomy was reported (Cunningham et al. 2005). Nevertheless, when
the impact of cinacalcet on mortality was studied in EVOLVE study, a randomised
controlled trial including 3883 HD patients with median duration of 21 months, no
significant difference between the groups was shown (Chertow et al. 2012). The
high dropout rate and the number of patients who were prescribed cinacalcet as a
part of their regular therapy possibly hampered the study.

2.10.3 VitaminD

Disordered vitamin D metabolism is a major contributor in the development of
CKD-MBD (Moe et al. 2006). In cross-sectional studies, vitamin D deficiency has
been found to associate with increased mortality in general population (Skaaby et
al. 2012; Zittermann et al. 2012) and vitamin D supplements in combination with
calcium have been found to reduce mortality among elderly individuals (Rejnmark
et al. 2012). In a German cohort including over 6500 HD patients, 41% were
severely vitamin D deficient and, compared with those with normal vitamin D
levels, their risk of death was more than doubled (Krause et al.). In another study
from Germany, risks for sudden cardiac death and all-cause mortality were found
to three-fold and 1,74-fold, respectively, in vitamin D deficient HD patients
compared with non-deficient (Drechsler et al. 2010).

Several studies have evaluated benefits of vitamin D supplementation among
dialysis patients. In a historical cohort including over 51 000 patients, injectable
vitamin D provided a survival advantage of 26% compared with patients who did
not receive vitamin D. The benefit was evident in 48 of 49 strata and subgroups
tested, including those with elevated levels of serum Ca and P, situations in which
vitamin D is usually avoided (Teng et al. 2005). Another large observational study
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with over 58 000 patients on HD found improved survival associated with any
dose of injectable paricalcitol over those who were not on vitamin D treatment
(Kalantar-Zadeh et al. 2006). Shinaberger et al. studied the ratio of administered
paricalcitol to patient's PTH and a dosage-response association between survival
and PTH-adjusted dose of vitamin D was found (Shinaberger et al. 2008). To
explore differences between vitamin D products, outcomes in patients receiving
calcitriol, paricalcitol or doxercalciferol were compared with each other and with
those who were not prescribed vitamin D. After adjustments for covariates, no
differences between the three compounds were found and survival benefit was
present when compared to those who did not receive vitamin D (Tentori et al.
20006). Wolf et al reported a higher proportion of black patients on HD receiving
vitamin D compared to white patients and speculated that the higher utilization of
vitamin D possibly explained the improved survival among blacks (Wolf et al.
2008). Conclusion in the systematic review deriving from Cochrane Database was
that there are observational data supporting the possible decreased mortality
associated with vitamin D compounds, but power of studies so far is inadequate to
confirm their effect on clinically relevant outcomes (Palmer et al. 2009). In a recent
meta-analysis, outcomes of vitamin D therapy in CKD were assessed. Twenty
observational studies were included in the analysis, 17 of them reported dialysis
patients. Results were clear: vitamin D compounds were significantly associated
with a reduced risk of mortality both among dialysis patients and CKD patients not
requiring dialysis therapy. Naturally, the need for large randomized trials was
acknowledged (Zheng et al. 2013).

2.10.4 Mineral metabolism disorders and costs

Not much is known about the association between levels of serum mineral
metabolism markers and treatment costs or HRQOL in dialysis patients. In a large
retrospective cohort study, relationship between mineral metabolism markers and
hospitalizations and costs among European hemodialysis patients were examined.
Altogether 6369 patient were included in the analysis. Patients with elevated PTH
(over 66 pmol/]) had a higher hospitalization rate compared with those with lower
PTH and, after adjustment of covariates, their total healthcare costs were 41%
higher than costs in patients with PTH in the K/DOQI target. Ca and P levels had

minor impact on hospitalization rates but adjusted costs were 25% lower in
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patients with P below the target range (1,13 mol/I) compared with those with
higher level. Ca level did not significantly associate with costs. (Chiroli et al. 2012)

No prospective studies so far have shown a clear benefit of the use of P binders
or differences favouring one P binder over another (Bushinsky 2006; Tonelli et al.
2010). Nevertheless, in the DCOR study, a beneficial effect on all-cause
hospitalizations and hospital days associated with sevelamer compared with Ca-
based P binders was found. However, after costs from P binders were
incorporated, this economic advantage was lost and overall expenses were lower on
patients on Ca-based treatment (St Peter et al. 2009). Earlier, a 50% reduction in
hospitalization rate and almost (US$) 1400 lower monthly Medicare expenditures
in sevelamer prescribed patients compared with patients not on sevelamer have
been found in a case-controlled study (Collins et al. 2000). A study using a life-long
Markov model reported second-line lanthanum carbonate therapy in dialysis
patients to be cost-effective at ICER (UK Pounds) 6900 per QALY gained (Vegter
et al. 2011). Similar results were given in Japan: An open-label trial examined
lanthanum carbonate as a second-line treatment and, based on those results, a
transition model were developed. Additional lifetime costs exceeded (US$) 22 000
and 0,632 QALY were gained, thus providing an ICER almost 35 000 per QALY
(Goto et al. 2011).

To establish the effectiveness and cost-effectiveness of cinacalcet in secondary
hyperparathyroidism for dialysis patients compared with standard treatment,
several studies have utilized a Markov model incorporating data derived from
clinical trials. Garside et al. modelled 40% and 5% of patients in cinacalcet
treatment and standard treatment, respectively, to meet target level (K/DOQI
guidelines) in PTH. Significant reduction in rates of fractures and
parathyroidectomies were determined in cinacalcet patients, all-cause mortality was
set equal. By using these assumptions, compared to standard treatment, additional
costs (UK Pounds) in cinacalcet treatment were over 21 000 and 0,34 QALY's were
achieved. ICER was 61 890 per QALY thus exceeding the 30 000 Pounds
willingness-to-pay threshold (Garside et al. 2007). Similarly, in an Italian model
ICER (EUR) 67 361 were reported in cinacalcet treated patients compared to
standard therapy (Eandi et al. 2010). Results of the EVOLVE study, the largest
prospective randomized study evaluating effect of cinacalcet in dialysis patients to
date, support these findings. The EVOLVE study did not focus on economic
aspects, but as treatment with cinacalcet neither provided any survival advantage
nor reduced cardiovascular events, its cost-effectiveness is not probable (Chertow

et al. 2012). In another model, cinacalcet treatment was not compared with
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standard therapy but the setting was eatly versus late cinacalcet treatment added to
standard therapy. ICER (US$) 17 275 in the eatly use of cinacalcet was reported
(Ray et al. 2008).

Association of PTH and HRQOL was evaluated in a case-control study from
Greece. HRQOL was compared between patients with low serum PTH (<300
pg/ml) and high PTH (>300 pg/ml). After adjustment of covariates, higher PTH
level was associated with worse pain and lower physical component summary and
patients with low PTH scored better in 18 out of 23 domains (Malindretos et al.
2012).

In a prospective cohort study in the United States, patients with vitamin D
deficiency experienced higher hospitalization and mortality rates compared with
those with higher serum levels (Anand et al. 2013). In a German prospective study
with 81 patients on HD, low vitamin D concentration associated with poorer
survival but not with hospitalization over a three-year follow-up (Fiedler et al.
2011). In PD patients, treatment with vitamin D was independently associated with
lower risk of peritonitis in two retrospective studies (Rudnicki et al. 2010;
Kerschbaum et al. 2013).

When comparing economic effects of different vitamin D compounds,
intravenous paricalcitol decreased hospitalization costs more effectively than
calcitriol or alfacalcidol (Rosery et al. 2006). Similar results were given in another
study, which compared paricalcitol with calcitriol. Paricalcitol-treated dialysis
patients had 14% lower risk of all-cause hospitalization and 6,8 fewer hospital days
in a year. The authors stated that initiating vitamin D therapy with paricalcitol may
result in over (US$) 7600 annual savings (Dobrez et al. 2004).

An additional connection between treatment of hyperparathyroidism and
HRQOL was found when the impact of daily medication was evaluated. A
remarkable amount of different compounds are needed to effectively treat mineral
metabolism disorders in dialysis patients. Due to other co-existing diseases and
symptoms, the daily pill burden in these patients is high. In a prospective
observational study, the median number of daily pills was 19 and in one-quarter of
patients the number exceeded 25. P binders accounted for one-half of pill burden.
Only 38% of patient were adherent to P binder therapy (determined as consuming
at least 80% of prescribed pills). High total number of pills was found to
independently associate with low scores on the physical dimensions of HRQOL
(Chiu et al. 2009).
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2.11  Malnutrition and inflammation

Malnutrition and chronic inflammation are common and often concomitantly
occurring disturbances in dialysis patients (De Mutsert et al. 2008). Due to the
association with atherosclerotic cardiovascular disease, the combination of the two
has been referred to as 'malnutrition-inflammation complex syndrome' (MICS)
(Kalantar-Zadeh et al. 2003) or 'malnutrition inflammation atherosclerosis'
(Stenvinkel et al. 2000). Uremic malnutrition (Pupim et al. 2004), uremic cachexia
(Mak et al. 2006) and protein-energy malnutrition (Lindholm et al. 2002) are other
terms which have been used to describe conditions associated with loss of muscle
and fat tissue and inflammation in CKD patients. Thereafter, protein wasting
caused by an increase in protein catabolism, rather than malnutrition in itself, was
found to be the major contributor in the complex and it was also found to predict
cardiovascular mortality in dialysis patients (Beddhu et al. 2004; Stenvinkel et al.
2004). The need for a uniform and exact nomenclature and definition was
recognized and the term 'protein-energy wasting' (PEW) was suggested by an
expert panel to incorporate different aspects related to malnutrition, inflammation
and other metabolic and nutritional derangements (Fouque et al. 2008; Kovesdy et
al. 2009).

PEW is defined as a state of decreased body stores of protein and energy fuels
and it is frequently associated with a diminished functional capacity (Fouque et al.
2008). For the diagnosis of PEW, the expert panel has recommended four
categories be recognized: 1) biochemical criteria including low serum levels of
albumin, prealbumin or cholesterol; 2) low body weight or weight loss or reduced
total body fat; 3) reduced muscle mass and 4) unintentionally low dietary protein or
energy intake (Fouque et al. 2008). Other potential tools which may be utilized for
the diagnosis of PEW include appetite assessment questionnaires, body mass and
composition measures and serum levels of transferrin, inflammatory markers and
blood lymphocyte count (Fouque et al. 2008).

Therapeutic options to treat PEW include optimizing dietary intake, correcting
metabolic acidosis and hormonal disturbances, ameliorating chronic inflammation
and  prescribing sufficient dialysis. Effectively administered nutritional
supplementation to replenish energy and protein stores, physical exercise, appetite
stimulants and medical treatment including anabolic steroids and newer anabolic
agents may be applied. In observational studies improvement in surrogate markers

of nutrition has associated with improved survival, but no randomized clinical trials
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have tested its effectiveness in decreasing mortality or morbidity (Ikizler et al.

2013).

2.11.1 Etiology and epidemiology of malnutrition and inflammation in
patients on dialysis therapies

Decreased stores result from the imbalance between protein degradation and
synthesis which may simply be caused by an inadequate intake. This was
demonstrated in a Chinese study which enrolled 305 PD patients and a follow-up
continued for 44 months. Patients with protein intake over 0,94 g/kg/day (the
highest third) had significantly higher serum albumin and lower risk of death
compared to patients in the lowest third with protein intake below 0,73 g/kg/day
(Dong et al. 2011).

Besides insufficient nutrition, there are other important conditions resulting in
protein depletion in dialysis patients. Mechanisms causing loss of muscles and
adipose tissue are complex. The regenerative potential in skeletal muscles is
specifically impaired in uremia (Bonanni et al. 2011) and several uremia-related
conditions further intensify catabolism. These include systemic inflammatory
response (Stenvinkel et al. 1999), acidemia (Chiu et al. 2009), recurrent infections
(Dalrymple and Go 2008), nutrient and blood losses during dialysis, dietary
restrictions and loss of appetite, endocrine disturbances (Kalantar-Zadeh et al.
2003) and oxidative stress (Nguyen-Khoa et al. 2001).

Precise mechanisms that activate an inflaimmatory cascade in these patients and
induce atherosclerosis are unknown but there is overlap among possible etiologic
factors for protein wasting and inflammation (Kalantar-Zadeh et al. 2003). Due to
low levels of antioxidants (e.g. vitamins C and E) and subsequent deficiency in
their antioxidant system, CKD patients are prone to oxidative stress, which
damages tissues and causes inflammation (Nguyen-Khoa et al. 2001). On
hemodialysis, exposure of blood to bioincompatible membranes and impurities in
dialysis water may activate inflammatory processes (Schiffl et al. 2001). Constant
exposure to peritoneal catheter and dialysis solutions may induce inflammation
(Kalantar-Zadeh et al. 2003). Inflammation can be assessed by measuring serum
level of inflammatory biomarkers as a surrogate. Of these markers, C-reactive
protein (CRP) is the single most used. Serum levels of CRP and pro-inflammatory
cytokines increase as glomerular filtration rate declines and clearance decreases
(Panichi et al. 2002; Eustace et al. 2004).
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In European dialysis patients protein-energy malnutrition and chronic
inflammation are common. In a Dutch study, 29% of patients entering in HD were
malnourished (Jansen et al. 2001) and an observational study from Spain reported
40% prevalence of PEW in single center HD patients (Gracia-Iguacel et al. 2013).
In a cohort study including 815 HD patients, 11% suffered from chronic
inflammation (defined as serum CRP level over 10 mg/1) (De Mutsert et al. 2008).
A South Korean study with 213 PD patients reported 14% having both PEW and
cardiovascular disease and 27% had PEW without diagnosed cardiovascular
disease. Both PEW and cardiovascular disease were more prevalent in diabetics
compared to non-diabetics (Chung et al. 2010). In a prospective study from the
United States, the median serum CRP level in 91 patients was 5,3 mg/1 (Yeun et al.
2000) whereas the median CRP level in general population has been found to be
1,7 mg/1), respectively (Marott et al. 2010.

2.11.2 Evaluation of malnutrition and inflammation

Scoring systems have been developed to evaluate the nutritional status of dialysis
patients. Of them, the Subjective Global Assessment of nutritional status (SGA) is
widely utilized. In the SGA, the patients' weight change, dietary intake, loss of
subcutaneous fat and signs of muscle wasting are scored to represent the overall
nutritional status (Detsky et al. 1987; McCusker et al. 1996). The SGA has been
concluded to be reliable and valid for assessing PEW (Steiber et al. 2007) and it
was recommended for assessing the nutritional status of dialysis patients by
K/DOQI in 2000 (National Kidney Foundation 2000). However, in 2007
European Best Practice Guidelines (EBPG) questioned its validity by claiming that
the SGA can only be used to detect severe malnutrition (Fouque et al. 2007).
Nutritional risk screening (NRS 2002) is another tool which can be used to identify
patients who may benefit from nutritional support (Kondrup et al. 2003).

In 2001, the Malnutrition—Inflammation Score (MIS) was introduced. In MIS,
components of SGA are combined with body mass index, serum albumin level and
total iron-binding capacity to represent serum transferrin level. During 12 months
follow-up, MIS was superior to its components in predicting mortality and
hospitalizations in HD patients (Kalantar-Zadeh et al. 2001). Thereafter, MIS has
been reported to correlate with clinical and nutritional outcomes in PD patients
(Afsar et al. 2006; He et al. 2013) and to associate with endothelial dysfunction in
HD patients (Demir et al. 2010). MIS requires subjective assessment by the
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examiner and nutritional evaluation of patients with certain conditions may be
difficult (e.g. mental disabilities or acute gastrointestinal pathology independent of
nutritional factors). To override this problem, the Objective Score of Nutrition on
Dialysis was developed. The score is based on objectively measurable criteria and
in an observational cohort study it was found to correlate significantly with MIS,
hospitalization days and frequency of hospitalization (Beberashvili et al. 2010).

A German study compared individual methods to diagnose malnutrition in HD
patients. 90 patients were included in the study and a follow-up continued up to
three years. Scores based on clinical evaluation (body mass index, SGA, MIS and
NRS 2002) were compared with biochemical laboratory parameters measuring
CRP, protein and lipid metabolism and bioelectrical impedance analysis which
quantifies body composition. After adjustments for covariates, the best predictive
values for mortality were given by the clinical nutrition scores. Of them, MIS >10
provided hazard ratio 6,25. Serum levels of albumin, prealbumin and transferrin
associated inversely with mortality and hospitalization and level of CRP correlated
directly with hospitalization, respectively (Fiedler et al. 2009). In the Netherlands, a
prospective observational multicenter study applied SGA to assess nutritional
status in 1601 dialysis patients. 23% and 5% of them had moderate and severe
PEW, respectively. PEW at baseline was associated with a death risk of 2-fold of
that of patients without PEW. The authors concluded — contrary to EBPG — that
SGA may be a valid tool to distinguish clinically relevant different stages of PEW
(De Mutsert et al. 2009).

Low hand grip strength was found to independently associate with higher
scores in tests measuring malnutrition and inflammation in HD patients in a cross-
sectional study. The association remained after adjustment for confounding factors
and the authors suggest that this simple test may be a valid screening instrument
for PEW (Silva et al. 2011).

2.11.3  Effect of malnutrition and inflammation on outcomes in patients on
dialysis therapies

Several mechanisms may activate PEW and chronic inflammation, which, in turn,
were shown to be closely linked to endothelial dysfunction. In a South Korean
study endothelial function of 105 PD patients and 32 healthy controls were
assessed by measuring flow-mediated vasodilatation. Serum CRP level
independently associated with endothelial dysfunction and those PD patients who
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had a good nutritional status and no inflaimmation also had a well preserved
endothelial function (Choi et al. 2010).

PEW and chronic inflammation have been reported to associate with a poor
outcome in dialysis patients and combination of the two further increases risk. In a
Japanese prospective study, 1228 HD patients were followed up to ten years. In
patients, who at the initiation of HD were in the lowest quartiles for serum
albumin, body mass index and in the highest quartile of serum CRP, adjusted
hazard rates for all-cause mortality were 1,97, 2,61 and 3,13, respectively. Hazard
rate 8,07 was given with the combination of all the three factors (Takahashi et al.
2012). Similar results were reported in South Korean PD patients. In a prospective
study, both PEW and low serum albumin concentration were independent risk
factor for mortality. Especially in diabetics, coexistence of both PEW and
cardiovascular disease induced death risk that was 3,3 times that of diabetics
without them (Chung et al. 2010). MIS was an independent indicator of
cardiovascular and infective events in PD patients and it predicted outcomes with
the same strength as did Charlson Comorbidity Index, a scale that has been
developed for general medical patients (Charlson et al. 1987; Ho et al. 2010). In a
study with 560 HD patients, plain serum albumin predicted risk of death with
similar strength as did a more complex score generated by multiple parameters
(Mazairac et al. 2011). Contrary to these results, survival of HD patients suffering
from PEW did not differ from that of patients without PEW during almost three
year follow-up in a small Spanish observational study (Gracia-Iguacel et al. 2013).

In the United States, observational data indicate better sutrvival in African
American and Hispanic HD patients compared with non-Hispanic white patients,
even though in general population mortality among African Americans exceeds
that of whites (Collins et al. 2013). In a large cohort study including over 124 000
HD patients, after adjustments of surrogates of malnutrition and inflammation,
this advantage in survival was lost and the authors stated that nutritional and
inflammatory status may explain differences in mortality between various ethnic
populations (Streja et al. 2011).

Associations linking PEW with mineral metabolism have been found. Vitamin
D deficiency with concomitant PEW was an independent predictor of mortality in
a study which evaluated outcomes in 81 HD patients over a three-year follow-up.
Compared with patients without PEW and vitamin D deficiency, hazard rate 5,88
for death was reported (Fiedler et al. 2011). In another prospective multicenter
study including over 700 non-diabetic HD patients, dialysis fluid calcium

concentration and PEW were evaluated. High-calcium dialysate was associated
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with elevated levels of inflaimmatory markers and lower level of serum albumin
than standard-calcium and low-calcium dialysate. The dialysate calcium
concentration also independently predicted mortality: hazard rate of death of the
patients in the high-calcium group was 2,8 times that of the patients in the low-
and standard-calcium groups. (Hsu et al. 2010)

Few studies have evaluated associations between costs or HRQOL and
nutritional status or inflammation. Goeree et al found that, after controlling for
confounding factors, each 1 g/l decrease in serum albumin was associated with a
4% increase in treatment costs whereas age, sex, diabetes or heart disease had no
effect on costs (Goeree et al. 1995). In an American prospective study including
over 700 HD patients, lower HRQOL scores correlated with PEW markers (low
serum levels of albumin and creatinine) and also with obesity but no association
between inflammation and HRQOL was found. Low self-reported mental and
physical HRQOL strongly associated with a risk of death and especially a score for
mental health was a powerful predictor of survival (Feroze et al. 2011). Similarly,
during 5 years of follow-up of 809 HD patients, those with higher MIS had lower
HRQOL and high scores also associated with poorer survival rates (Rambod et al.
2009).

2.12  Peritoneal dialysis catheter insertion

The presence of a well-functioning peritoneal dialysis catheter is necessitated in
PD. Different protocols for peritoneal dialysis catheter insertion (PDCI) exist but
there is no consensus about the preferred operative technique (Hagen et al. 2013).
Conventionally, patients have been admitted for the procedure. Catheter-related
complications, such as infections, leakage, obstruction and migration cause
hospitalization and may lead to treatment failure and modality switch. These
problems have been reported as a cause up to 20% of patients changing from PD
to HD (Flanigan and Gokal 2005). Hospitalization and treatment failures
substantially contribute to treatment costs. In PD, inpatient costs — together with
costs for medication — have been found the most important cost-producing item
after direct dialysis-related costs. Of total costs, the proportion of hospitalization
costs has varied in between 12%-40% (Bruns et al. 1998; Grun et al. 2003; Collins
et al. 2013; Cortes-Sanabria et al. 2013). A Canadian study reported a median
hospitalization in 106 cases of 4,5 days for an open surgical PDCI (Agulnik and

Hirsch. 2001). Avoiding unnecessary admissions may result in savings.
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Of the insertion techniques, open surgical method is the most commonly
utilized. Other options for the insertion include laparoscopic and radiological
techniques. Catheters can also be placed percutaneously without visual control with
a trocar or with a Seldinger technique (Brunier et al. 2010). In a British study, 45
PD patients were randomized to either surgical or laparoscopic catheter placement.
Compared with open surgery, laparoscopic technique was slower but no
differences in outcomes were found (Wright et al. 1999). Another randomized trial
from Greece included 50 patients. In 25 patients with open surgical PDCI,
operative time was seven minutes less than in laparoscopic patients but leakage and
migration occurred statistically significantly more. According to the authors,
compared with open surgery, laparoscopic PDCI leads to a better catheter function
allowing immediate start of dialysis (Tsimoyiannis et al. 2000). Crabtree et al.
reported results in a prospective cohort study including 150 laparoscopic and 63
open surgical PDCIs. Better catheter survival and lower complication rate were
found in patients with laparoscopic PDCI (Crabtree et al. 2000). Results favouring
laparoscopic PDClIs have also been found in retrospective cohort studies (Gajjar et
al. 2007; Lund and Jonler 2007). In Taiwan, Jwo et al. reported contrary results.
They conducted a randomized trial with altogether 77 PD patients. A longer
operation time and higher costs were found in laparoscopic patients and no
difference in catheter survival was found. The authors concluded that since the
laparoscopic PDCI seemed to be less cost-effective, the conventional open surgery
PDCI is recommended for most patients (Jwo et al. 2010). Recently a meta-analysis
comparing laparoscopic and open surgery PDCI was published. Three randomized
studies and eight cohort studies were included in the analysis. Of nine
postoperative outcomes measured, seven were not different but the proportion of
catheter migration was lower and one-year catheter survival was higher in the
laparoscopic group (Hagen et al. 2013).

In the last years, a procedure of radiological PDCI under fluoroscopic control
has been introduced. Compared with surgical procedure, radiological placement
requires less personnel and time. A Canadian single-centre study reported results
from a historical cohort of patients that had their first PD catheter implanted. Over
a seven-year period, 88 catheters were placed by interventional radiology and 125
catheters by surgical insertion. Radiological PDCI was associated with a high rate
of outpatient placement; 70% were placed by same-day-procedure compared with
32% in surgical PDCI. No excess of complications were found (Brunier et al.
2010). Voss et al. reported results from a study comparing radiological PDCI under

local anaesthesia with laparoscopic PDCI under general anaesthesia. This
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randomized study from New Zealand included 113 patients and the primary
endpoint was the complication-free survival by day 365. In the radiological group,
42,5% of catheters survived for one year without complications compared with
only 18,1% of laparoscopically inserted catheters. No significant difference in
patient survival between the groups was found but costs for hospitalization were
significantly higher in the laparoscopic group. The authors concluded that the
radiological PDCI is a clinically non-inferior and cost-effective alternative to
surgical laparoscopic insertion. (Voss et al. 2012)

A recent Korean study compared a trocar-based percutaneous implantation
with open surgical technique. 167 patients were included in the study and
percutaneous technique was applied in 89 cases. No difference in overall
complication rate was found but the incidence of early mechanical complications
(within 15 days) was 11,2% in the percutaneous group compared with O in the
open surgery group. Rates of catheter removals due to early mechanical
complications were 7,9% and 1,3% in the percutaneous and open surgery groups,
respectively. Total three-month catheter-related complication rates were 44,9% and
30,8% (Park et al. 2014). In another study comparing percutaneous technique with
surgical insertion in 121 pre-dialysis patients, no differences in complication rate or
survival were found (Chula et al. 2013). An Irish comparative analysis including
313 PDCIs found more exit-site leaks but better three-month catheter survival in
percutaneous patients compared with surgical patients (Medani et al. 2012).

Few studies have directly compared outpatient PDCI with an inpatient
procedure. In 2002 Verrelli et al reported their single-centre experience in Canada.
During a three-month follow-up, 90 PDCIs out of total 196 were placed on an
outpatient basis. No significant difference in complication rates between the
groups was found. 6,7% of outpatient patients returned to hospital within 24 hours
of discharge, mostly for bleeding. All episodes were self-limited and admissions
were not needed (Verrelli et al. 2002). In the same year, Chang et al described
results from a ten-year follow-up at a single institution. Their study included 225
patients and 251 PDClIs, 165 of which were outpatient. There were 18 catheter-
related complications during the first seven days, most of them were minor and
catheter survival at one year was 84% (Chang et al. 2002). Authors of the two
reports concluded that outpatient PDCI is safe and hospitalization is not necessary.

In the literature, catheter failure rates vary across the centres. Recently, Chinese
and Korean studies have reported the first year probability of catheter survival as
high as over 96% (Ouyang et al. 2014) and 93% (Park et al. 2014). A cohort study
with 1587 nationally representative PD patients from the US described the actuarial

95



technique one-year survival of 80,2% and the median survival was 2,7 years (Shen
et al. 2013). In an Irish study technical catheter survival by 12 months was found
77,7% in percutaneous PDCI patients and 68,7% in open surgery patients and
overall rate of drainage failure was 10,2% in a year (Medani et al. 2012). In a cohort
study from the US with 315 patients who had their first PDCI, 92,9% of catheters
had not been lost by one year (Singh et al. 2010). Lower rates have been reported
in previous studies from the 1990s. In a prospective survey with 72 patients who
had a surgical PDCI, the one-year catheter survival was 62,5% (Gadallah et al.
1999) and in another study including 203 PD-patients, 75% of catheters were
functioning over one year (Apostolidis et al. 1998). Ortiz et al demonstrated that
only 3% of catheters had been lost by 2 years in a prospective study. 125 PDCls
were included in their study and the average follow-up was almost two years. A
total of 59 complications were observed, most of them were minor (Ortiz et al.
2004). Nodaira et al. examined risk factors and causes which contributed to
removal of PD catheter. In 473 patients the average duration of PD was 5,6 years.
The PD catheter was removed from 63 patients, in 47% because of peritoneal
infection and in 17% due to dialysis fauilure (Nodaira et al. 2008). However, as the
effect of 579 peritonitis episodes on PD catheters were studied, only 12% of the
episodes led to catheter removal (Yang et al. 2008).
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3 AIMS OF THE STUDY

The purposes of the present study were:

1. To evaluate costs and distribution of costs in patients treated with various
RRTs

2. To evaluate and compare cost-effectiveness between hemodialysis and
peritoneal dialysis

3. To find associations between dialysis patients’ treatment costs and serum
levels of mineral metabolism markers, CRP and albumin

4. To compare outcomes and costs between inpatient and outpatient PDClIs
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4 SUBJECTS AND METHODS

4.1 Subjects

Description of the patient groups in Studies I-IV is shown in Table 7.

411  Studies|and Il

Studies I and II focused on costs and cost-effectiveness of RRTs. These studies
comprised all the adult ESRD patients who started their RRT for the first time
between January 1, 1991 and December 31, 1996 at Tampere University Hospital
(TaUH). The follow-up started on the day dialysis therapy was first performed and
continued until the end of 1996, death, loss to follow-up or renal function
recovery. Total 214 patients (120 males and 94 females) entered dialysis therapy
during the study period. Their files were studied retrospectively and the use of
services and resources that give rise to costs was identified. The mean age of all
patients was 57 years (51 years in those starting on PD and 59 years in HD,
respectively). The cause of the ESRD was obtained from patients’ files. In 86
(40%) patients ESRD was caused by primary renal disease (chronic
glomerulonephritis, interstitial nephritis or polycystic kidney disease) and in 76
(36%) patients the underlying cause was diabetic nephropathy. Of all patients,
altogether 55 (26%) patients received a CTX during the follow-up.

41.2  Study Il

In Study III, association between costs and levels of serum mineral metabolism
markers (Ca, P, PTH), albumin and CRP were evaluated in dialysis patients.
Subjects in Study III were a subgroup of patients in studies I and II. Of altogether
214 patients who started dialysis therapy during the study period, 111 remained in
dialysis at least one year. Of them, two cases with no available laboratory results

were excluded. Thus, total 109 patients (62 males and 47 females) were included in
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the analysis. Mean age of the patients was 57 years, 68 of the patients started on
HD and the average follow-up lasted for 28 months.

413  Study IV

In Study IV, costs and short term outcomes (within 90 days) were compared
between inpatient and outpatient PDCI. Subjects in Study IV were adult patients
who were inserted a peritoneal dialysis catheter at TaUH between 1 January 2004
and 31 December 2009. All PDClIs during the period were included in the study.
Data were collected from the patients’ electronic files. Altogether 106 catheters
were inserted during the follow-up. Mean age of the patients was 55 years and 65
of them were males. In 46 cases patients were electively admitted for PDCI and in
19 cases catheter insertion took place during admission for other medical reason or
the need to acutely start RRT. Forty-one catheters were inserted on an outpatient
basis.
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Table 7. Description of the patient groups in Studies |-V

Description of study ~ Numberof  Sex, Age, years, Follow-up, Starton Primary renal Diabetic Transplanted, Death,
population subjects number mean months, HD/PD, disease as a nephropathyasa  number (%) number
(F/M) (range) mean number cause of CKD,  cause of CKD, (%)
(range) number (%) number, (%)
Studies |  All adult ESRD 214 94/120 57 (15-84) 25 (0,2-70) 138/76 86 (40%) 76 (36%) 55 (26%) 72 (34%)
and I patients entering
RRT in 1991-1996
at TaUH
Study Ill Subgroup of 109 47162 57 (16-80) 28 (12-67) 68/41 45 (41%) 40 (37%) 27 (25%) 35 (32%)
patients in Studies |
and II. Duration of
dialysis at least one
year
Study IV A peritoneal dialysis 106 41/65 55 (20-91) 17 (0-52) -/106 37 (35%) 48 (45%) 36 (34%) 18 (17%)

catheter insertion in
2004-2009 at TaUH
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4.2 Methods

421 Modality definition

In Studies I, IT and III modality was defined on an intention-to-treat basis. HD
group consisted of patients starting on HD and those starting on PD belonged to
PD group. Subjects who acutely were obliged to start with HD but changed to PD
within 30 days were regarded as PD patients. Transplant recipients in Studies I and
IT were considered as having started a new life-track and they were examined as a
new modality group. Study IV included solely PD patients, all the subjects were
planned to start their RRT on PD.

42.2  Costing procedures in Studies I, Il and Il

When assessing costs, the perspective of service providers was taken. In Studies I,
IT and III total direct health care costs arising from the use of health care services
were taken into account and overhead costs due to infrastructure, administration
and amortization were included. Costs for transport were taken into account. Costs
for loss of productivity were not evaluated. In Studies I to IIT all resource use was
valued at the prices in 1997 and costs were converted to United States dollars using
an exchange rate of US$1 = 5.1944 Finnish Marks = 0.8736 EUR.

The number of HD sessions and the amount of consumed PD fluids and
equipment during the follow-up were recorded. The cost for a single HD treatment
was (US$) 193 and the daily PD costs were typically about (US$) 78, ranging from
58 to 96 depending on fluid volume and bag exchanges. The cost of a single HD
session was obtained from the hospital’s accounting system and market prices were
applied when PD costs were evaluated.

All the transplantations in study patients were performed at Helsinki University
Hospital. The cost of transplantation procedure was assessed to be (US$) 5150 and
the costs for inpatient care at surgical ward were 756 per day. Typically, the
postoperative hospitalization in Helsinki lasted for three weeks.

The number of days in hospital and visits to outpatient clinics at Tampere
University Hospital and at other hospitals were counted. Costs for hospitalization

and outpatient visits contain expenses for maintenance, meals, salaries of personnel
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and capital costs but cost for laboratory tests, medicines and examinations were
excluded since they were assessed as separate categories. For instance, cost for one
day hospitalization at the general ward in the TaUH was (US$) 226 and specific
figures were applied for costs for intensive care and cardiac care units as well as for
other hospitals.

The patients’ medication was recorded and market prices were used in assessing
costs. Intradialytic medicines, outpatient prescription drugs and parenteral
medicines administered during hospitalization were included in the analysis. The
number of operations and invasive interventions were recorded. Specific figures
for costs of individual procedures were given by the hospital’s accounting system.
Costs for constructing an arteriovenous fistula and for PDCI were taken into
account even though they had taken place before the initiation of dialysis.

When assessing costs for transportation, distance between home and hospital
were estimated for each patient and the number of visits to hospital and back were
registered. Costs were calculated on the basis of taxi costs and the figure (US$) 0,96
for one kilometer was used in the analysis. Data on costs of laboratory tests taken
during the follow-up were given by the Central Laboratory of the TaUH.
Radiological and other examinations (clinical physiology, nuclear medicine,
pathology) were identified and attributable costs were obtained from the respective
units.

4.2.3  Costing procedures in Study IV

Cost analysis in Study IV included cost for possible preoperative outpatient visit,
cost of the PDCI procedure, postoperative monitoring and hospitalization from
the provider’s perspective. Unlike in Studies I to III, costs for patients’ medication,
transportation or laboratory tests were not evaluated in this study. Only costs
directly related to PDCI were included. Costs were both collected and reported in
Euros in 2010.

424  Laboratory test evaluation (Study Ill)

Association between levels of serum mineral metabolism markers, CRP and
albumin with costs were evaluated in study III. All measurements of serum total
and ionized calcium, PTH, phosphorus, albumin and CRP taken at TaUH during

the follow-up were obtained retrospectively from the hospital’s database. These
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parameters were routinely measured four times in a year (once in three months)
and, based on the decision of clinicians; supplementary tests were drawn when
needed.

To compare costs between patients with different mineral metabolism status,
patients with near-optimal (as defined in K/DOQI recommendations in 2003)
(National Kidney Foundation 2003) mineral metabolism levels were identified. In
these subjects, Ca and P averaged in between 2,1-2,4 mmol/l and 1,1-1,8 mmol/1
and at least one in-target PTH had been measured during the follow-up. Other
subjects were defined as having a non-optimal mineral metabolism level.

425 Mean costs, effectiveness and cost-effectiveness (Studies I-ll)

Total costs for each patient were calculated by adding up all the costs generated in
separate categories (dialysis therapy, hospitalization, medication etc.) during the
follow-up and average daily costs were obtained by dividing total costs by the
respective number of days.

In Studies I and II mean costs in different modalities (HD, PD, TX) were
separately evaluated for different periods (first six months, second six months,
second year etc.). The figures were computed by adding up patients’ cost in a given
period, dividing the sum by the total number of days in a respective period and
finally multiplying the result by the length of the period. In Study III, single
patient’s average daily costs were applied in the analysis. Discounting was not
applied in any of the studies.

Effectiveness was evaluated in Study II and in this analysis, it was determined as
a probability to survive a given period (years 1, 2 and 3). Cost-effectiveness ratios
were obtained by dividing average cumulative costs during the observation period
by respective effectiveness. Since characteristics between patients on HD and on
PD were remarkably different, patients on PD were matched with a control-case
on HD with similar comorbidities and age (£ 6 years). 68 eligible HD—PD-patient
pairs were found and CERs for this subpopulation were further determined.

426  Strategies in determining censoring of the follow-up (Study I1)
Since dialysis patients frequently have to change treatment modalities over the

course of time, four different strategies were applied to determine the cut-points of

follow-up:
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Strategy 1. Intention to treat: patients starting dialysis treatment were followed
until death or end of follow-up and modality changes were ignored.

Strategy 2. Death of modality: as in strategy 1, patients were followed until
death or end of follow-up but technique failure was also considered as death.

Strategy 3. Time on dialysis: As in strategy 1, but follow-up was censored also in
transplantation.

Strategy 4. Time on primary modality: follow-up was censored in any change of

primarily selected modality.

4.2.7  Peritoneal dialysis catheter-related complications and technique
failures (Studies I, Il and 1V) and grouping of patients (Study 1V)

Complications were classified as infectious (peritonitis and catheter infections) and
non-infectious (malfunction, leakage, inadequate dialysis and other) complications
and they were considered early and late depending whether a complication
occurred within 30 days or more than 30 days after the procedure. Technique
failure was defined as a switch from one dialysis modality to another due to
infectious complications, mechanical problems or inadequate dialysis.

In Study IV, patients who were electively admitted to PDCI were defined as
inpatients and those who had their catheter placed on an outpatient basis were

classified as outpatients, respectively.

42.8  Statistical analyses

Values are expressed as number (percent) or mean (+ standard error of the mean;
SEM or standard deviation; SD). When comparing continuous variables between
different groups, Student’s t-test was used and Spearman’s chi-square test was
utilized between categorical variables. In Study III, comparisons between groups
were made by Levene’s test for equality of variances. Two-sided P values of less
than 0.05 were considered to indicate statistical significance.

Survival was estimated by using the Kaplan—Meier method and survival
between modalities was compared by using the log-rank test. In Study I survival
was defined on the basis of death and censoring was considered when the patient
reached the end of the study period or moved to another district. In Study II,
survival and censoring were determined as in Study I but additional analyses were

conducted as stated in paragraph 4.2.6. In these analyses modality changes were
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considered as censoring and technique failure was defined as death. In Study IV,
patient survival was defined by death and censoring in the end of follow-up and
when a patient withdrew for modality change. Catheter survival was defined by
technique failure. End of the follow-up, transplantation and death were considered
as censoring. Complication-free survival was defined on the basis of emerging of
first catheter-related complication.

In Study III, correlations between continuous values were assessed using
Spearman’s correlation coefficient and Pearson’s correlation coefficient was used
for nonparametric data. SPSS (SPSS Inc., Chicago, Ill., USA) was utilized for
controlling for clinical characteristics (age, body mass index, gender, dialysis

modality and primary renal disease). Survival was not evaluated in Study III.
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5 RESULTS

9.1 Costs and structure of costs in HD, PD and TX (Study )

The average treatment costs in different modalities were separately assessed for the
first six months, months 7—12, second year and third year. Results are shown in
Table 8 and Figure 2. Due to great costs of the transplantation procedure and the
subsequent postoperative hospitalization and close outpatient visits, costs (US$)
for the months 0—6 were high (38 265) in TX patients compared with HD and PD
(32 566 and 25 504, respectively). After the first months, costs in TX group
lowered markedly whereas they were rather stable in HD and PD. There was a
trend of lower costs in PD compared with HD during all the observed periods but
the difference was statistically significant only in the first six months.

In the dialysis modalities, approximately half of the total expenditures were
caused by the dialysis therapy itself (45-56% in HD and 51-61% in PD,
respectively). The absolute figures were almost identical between the two
modalities. Costs for hospitalization were the second largest item and in the first
six months they accounted for 25% of total costs in HD and 27% in PD. During
years 2 and 3 costs for hospitalization decreased being 14—18% of total costs. The
medication costs remained rather stable during the follow-up and they were in
between 9-13% of total expenditures in HD and 5-8% in PD. Costs for
transportation accounted for 9-10% of costs in HD whereas in PD they were only
marginal. Together, costs for dialysis therapy, hospitalization and medication
explained 79—88% of total costs. Average costs were separately evaluated in
different subgroups. In patients with non-primary renal disease costs were slightly
higher than in patients with primary renal disase, both in HD and in PD. Also, the
average costs in diabetics seemed to be higher than in non-diabetics. There were
only nine patients below 50 years who remained on HD for more than one year. In
those patients the average second year costs were 75 448 compared with 52 876 for
patient aged 50 years or more. Contrary, in PD the second year costs were 39 662
in those below 50 years and 49 137 among patients over 50 years.

In TX patients, the costs for transplantation were on average 22 900 per patient.
All the transplantations in the study were cadaveric. After the transplantation
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procedure was performed, annual total costs were between 9 240 and 11 446.

Expenses for medication were by far the largest item causing 59-67% of total costs

and rest of the costs were divided rather evenly between hospitalization, outpatient

control visits, laboratory tests and transport. Costs for the first six months were at

about the same level both in men and women, in diabetics and in non-diabetics

and in those below and over 50 years. Also average second year costs for these

subgroups were close to each other.

Table 8.

Mean costs in different treatment modalities

Months 0-6 Months 7-12 Year 2 Year 3
HD Mean (+ SEM) 32 566 (+ 1093) 26 272 (+ 1149) 54 140 (+ 3459) 54 490 (+ 3650)
Number of patients 138 95 61 31

95% confidence
interval for mean

PD Mean (£ SEM)
Number of patients

95% confidence
interval for mean

X Mean (+ SEM)
Number of patients

95% confidence
interval for mean

Ratio PD/HD

Ratio TX/HD

30 402-34 730

25 504 (+ 1094)
76

23 327-27 681

38 265 (+ 2043)
55

34 179-42 531

0,78

1,17

23 986-28 558

24 218 (+ 1685)
53

20 832-27 604

7420 (+ 669)
49

6075-8756

0,92

0,28

47 222-61 058

45262 (+ 3338)
27

38 819-52 505

11 446 (+ 1316)
43

8788-14 104

0,84

0,21

47 044-61 936

49299 (+ 2963)
12

42 840-55 758

9240 (+ 464)
33

8298-10 182

0,90

0,17
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Figure 2. Mean costs and distribution of costs in different treatment modalities
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5.2  Patient survival (Studies | and Il)

During the study period, 34% of all patients died and for all patients, the
cumulative survival rates for 1, 2 and 3 years were 0,81, 0,68 and 0,60, respectively
(Figure 3). The median survival time was 58 months. Mortality rates in HD and PD
were 41% and 21%, respectively. Compared with HD, survival on PD group was
better (p = 0,0025). The difference was statistically insignificant when technical
survival was taken into account and considered as death (p = 0,58). Cardiovascular

causes accounted for more than a half of deaths.

Figure 3. Patient survival (Studies | and Il) by Kaplan-Meier method on HD (thick line) and PD (thin
line). P =0.0025 by the log-rank test
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9.3  Modality changes (Studies | and Il)

Of 76 patients starting with PD, 27 patients (36%) had to change modality to HD
due to treatment failures. Nineteen of the changes occurred during the first year
and the most common reason for failures was recurrent peritonitis episodes. The
combined rate of peritonitis and catheter infection was one episode per patient per
18 months. Changing from HD to PD was uncommon. There were 12 HD
patients out of 138 who voluntarily transferred to PD, and no treatment failures
occurred in HD patients. Fifty-five patients (26%) received a TX during the study
period, 29 of them started with HD and 26 were treated on PD (21% of HD
patients and 34% of PD patients, respectively, p=0,051). All the transplantations
were cadaveric and mean age in TX patients at the time of transplantation was
approximately 45 years. The average transplantation rate was 21 pmp per year
(region population 440 000).

54  Cost-effectiveness of HD and PD (Study Il)

CERs were calculated separately for year 1, year 2 and year 3 in both dialysis
modalities. Cumulative figures for the first three years are presented in Table 9,
Different strategies were applied to determine the cut-points of observation. Of
four different strategies to assess cost-effectiveness of dialysis therapies, PD
dominated in three. The only exception was the strategy in which technique failure
was considered as death. In this approach, incremental cots exceeding US$ 444 000
were incurred to achieve an extra life-year in HD.

In the subpopulation of 68 matched HD—PD-patient pairs, mean age of the
patients was 53,9, equally on HD and on PD. No statistically significant differences
in prevalence of diabetes (p=0,205) or transplantation rate (p=0,466) were found.
CKD was caused by primary renal disease (chronic glomerulonephritis, interstitial
nephritis or polycystic kidney disease) in 31 patients on HD and 29 patients on PD
(p=0,863). There was no statistically significant difference in number of deaths (26
on HD and 16 on PD; p=0,095) but survival of PD patients was better compared
with patients on HD (p=0,025 by the log-rank test). The first three-year period
costs and effectiveness are shown in Table 10. CERs for the whole population and
for the subpopulation were close to each other. When cumulative first three years’
ICERs were evaluated, PD dominated in three out of four strategies — likewise it

did in the entire study population. PD also dominated in most observations, when
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individual years were separately analyzed within these three strategies. When
technique failure was considered as death, ICER on HD was US$ 218 610.

111



Table 9. Cost-effectiveness ratios for first three years on HD and PD for the whole population in different strategies to determine the cut-points of
observation. Costs: cumulative costs in three years; effectiveness: probability to survive the three-year period.
CostinHD  Costin PD Effectiveness ~ Effectiveness CERIinHD CERinPD  Incremental Incremental ICER in HD
(US$) (US$) in HD inPD costs in HD effectiveness
in HD

Strategy 1: 165 712 143 559 0,53 0,72 313 552 200278 22153 -0,19 PD
Intention to dominates
treat
Strategy 2: 165712 137 249 0,53 0,46 313 552 295 540 28 463 0,06 444 041
Modality
survival
Strategy 3: 180 125 165 848 0,45 0,52 396 489 320975 14 277 -0,06 PD
Time on dominates
dialysis
Strategy 4: 185 021 158 853 0,39 0,53 471872 298 428 26 168 -0,14 PD
Time on dominates
primary
modality
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Table 10. Cost-effectiveness ratios for first three years on HD and PD for matched HD-PD-patient pairs in different strategies to determine the cut-points
of observation. Costs: cumulative costs in three years; effectiveness: probability to survive the three-year period.

CostinHD  Costin PD Effectiveness  Effectiveness CERinHD CERinPD  Incremental Incremental ICERin HD
(US$) (US$) in HD in PD costs in HD effectiveness
in HD

Strategy 1: 165678 144 510 0,57 0,71 289 647 203 822 21168 -0,14 PD
Intention to dominates
treat
Strategy 2: 165678 138 155 0,57 0,45 289 647 309 695 27 523 0,13 218610
Modality
survival
Strategy 3: 187 584 165 941 0,47 0,52 402 368 322090 21643 -0,05 PD
Time on dominates
dialysis
Strategy 4: 194 941 158 703 0,37 0,53 520 259 301 259 36 238 -0,15 PD
Time on dominates
primary
modality
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55 Association between treatment costs and levels of serum
calcium, phosphorus, PTH, albumin and CRP (Study 1)

In this study 109 patients were included in the analysis. Average daily treatment
costs (US$) were 161 and median costs were 151. Mean serum levels (£ SD) for
serum total Ca, ionized Ca, P and PTH were 2,4 (£ 0,13) mmol/l; 1,3 (£ 0,05)
mmol/1; 1,7 (£ 0,37) mmol/l and 16,8 (+ 18,7) pmol/l. In 71% of patients average
PTH was below the level recommended by K/DOQI in 2003 (16,5 pmol/l) and
exceeded the upper limit (33,0 pmol/l) in 15% (National Kidney Foundation
2003). According to PTH level, patients were divided into three subgroups: In 59
patients PTH was constantly below target; in 43 patients there was at least one
result between the recommended levels. In 7 patients PTH was continuously
elevated. Average daily costs in the low-PTH group were 170 (+ 48) whereas in
patients with one or more PTH in-target, costs were 148 (£ 31), the difference was
statistically significant (p=0.01). Average costs were 172 (£ 85) in the patients with
high-PTH and compared with the in-target group, statistically significant difference
was not reached (p=0,18).

Altogether 19 patients with near-optimal mineral metabolism levels were
identified. Average daily costs in patients with near-optimal levels were 145 (+ 31).
In those 90 patients with non-optimal levels, mean costs were 165 (£ 48). The
difference did not achieve statistical significance (p=0,095). Patient characteristics
between near-optimal and non-optimal groups did not significantly differ from
each other.

Relationships between costs and given laboratory parameters were determined
after controlling for patients’ characteristics. Results are shown in Table 11.
Statistically significant positive correlation was found between costs and CRP
whereas costs and albumin were inversely correlated. No significant correlation
between costs and mineral metabolism markers was noticed. A weak negative
correlation between costs and PTH, which was noted in non-controlled data

turned out to be insignificant after controlling for characteristics.
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Table 11. Correlation coefficients between average daily costs and laboratory parameters after
controlling for patient characteristics

Costs PTH Ca lonized Ca P Albumin CRP
Costs 1,000
PTH -0,1369 1,000
Ca 0,0274 0,2004* 1,000
lonized Ca  0,1379 0,0841 0,6226* 1,000
P -0,0230 0,1575 0,2654* 0,0574 1,000
Albumin -0,4680* 0,1118 0,3287* 0,0361 0,1903 1,000
CRP 0,3251* 0,0602 0,0689 -0,0087 0,0054 -0,3785* 1,000

*p <0,05 (2-tailed); **p <0,01 (2-tailed)

5.6  Costs and outcomes in inpatient and outpatient peritoneal
dialysis catheter insertion (Study V)

Of a total of 106 PDClIs, 46 were in electively admitted patients (inpatient group)
and 41 catheters were placed on an outpatient basis (outpatient group). In 19 cases
PDCI took place during hospitalization for other medical reasons (other group).
Mean ages in inpatient, outpatient and other groups were 52, 53 and 63 years,
respectively. No significant differences in characteristics (gender, body mass index,
cause of ESRD) between outpatient and inpatient subjects were found.

The number of early complications was 23 (22%), 13 of them were infectious.
An immediate postoperative complication occurred in four cases, none of them
was life-threatening and hospitalization over 48 hours was not needed. Within 90
days, the cumulative rates of technique failure, infectious complication and any
complication were 10%, 25% and 38%, respectively. Differences in incidences of
complications were not statistically significant between inpatient and outpatient
groups but a trend toward a lower rate of infectious complications in outpatients

was noted (p=0,080).
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During the entire follow-up, the incidence rates of technique failure and
peritonitis were 1 per 41 months per patient and 1 per 18 months per patient.
Overall catheter survival for one, two and three years was 72%, 60% and 52%,
respectively. All-cause mortality rates one, two and three years were 18%, 25% and
38%, respectively.

Mean PDClI-procedure related hospitalization time was 2,67 days in inpatients.
Three patients in the outpatient group were briefly hospitalized because of
immediate postoperative complications and the average length of hospital stay days
in the entire group was 0,098 days. Total costs of the PDCI process are shown in
Table 12. Compared with the inpatient group, total average costs (£ SEM) (EUR)
were significantly lower in the outpatient group (1346 = 33 vs. 2320 = 142,
p<0.000).

Table 12. Total average costs (EUR) per patient of the peritoneal dialysis catheter insertion process

Inpatient group Outpatient group
Preoperative outpatient visit 0 119
Peritoneal dialysis catheter 833 833
insertion procedure
Postoperative monitoring 0 340
(recovery room)
Hospitalization (mean) 1487 54
(EUR 556/day) (2,67 days) (0,098 days)
Total (mean) (£ SEM) 2320 (£ 142) 1346 (+ 33)*

*p <0,000 compared to inpatient group
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6 DISCUSSION

6.1 Costs and distribution of costs in dialysis modalities (Study

)

Total annual healthcare costs in Studies I and II were on the average somewhat
more than US$ 50 000 on HD and a little less than 50 000 on PD and cost on HD
were 8-27% higher than costs on PD. HD patients in the studies were treated
solely with CHD. These results are pretty close to figures in other reported
studies. Interestingly, in studies which have been conducted in developed
countries, CHD to PD ratio seems to have remained at about the same level from
the 1980s to recent years — regardless of perspective (Churchill et al. 1984; Smith
and Wheeler 1988; Nebel et al. 1991; Coyte et al. 1996; Haycox and Jones 1996;
Sennfalt et al. 2002; Shih et al. 2005; Berger et al. 2009; Haller et al. 2011).
Distribution of costs was also found similar to other studies, dialysis therapy itself
caused approximately half of costs and of the rest; costs for medication and
hospitalization were the largest items (Goeree et al. 1995; Bruns et al. 1998; Lee et
al. 2002; Grun et al. 2003). Differences in the total healthcare costs between PD
patients and HD patients in our study were largely attributable to differences in the
cost for transport and, to a lesser extent, to higher costs for medication in HD
patients. The reason for a difference in transportation costs between the groups is
obvious; patients on HD visit hospital three times in a week whereas patients on
PD have their outpatient controls only once in four to eight weeks.

Higher costs were found in patients with diabetes and non-primary renal disease
compared with non-diabetics and those with primary renal diasease both in HD
and in PD. An advanced age does not necessarily increase costs in HD patients
whereas in PD costs were higher in patients aged 50 years or over compared with
younger ones. However, due to relatively small number of patients and, especially,
differences in modality selection and comorbidities, the impact of confounding
factors is difficult to eliminate.
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6.2  Costs, distribution of costs and survival in kidney
transplantation (Study I)

In transplantation surgery, plenty of resources are required. A successful operation
necessitates highly-educated surgeons and personnel, close pre-, peri- and
postoperative monitoring and a tertiary level hospital with an adequate
infrastructure. Consequently, costs for transplantation procedure are high and costs
in TX patients during the first months exceed costs in dialysis patients. After that,
costs decline sharply. In Study I, costs for TX were no more than 17%-31% of
costs for dialysis after the first six months. Costs for medication accounted for
more than half of total costs, most of which were induced by immunosuppressive
compounds. The figures are parallel with results reported by Hu et al. They found
that the high initial costs for CTX were shortly balanced and the total cumulative
costs for CHD and CTX were equal by 18 months and after that they were lower
for CTX (Hu et al. 1998). In several other studies costs for second year and
thereafter in TX patients are less than half of the costs in dialysis patients (LLaupacis
et al. 1996; Erek et al. 2004; Haller et al. 2011; Villa et al. 2011; Rocha et al. 2012).
If a graft is lost before a certain time and the high initial costs for transplantation
procedure have not been counterbalanced by lower costs of maintenance
immunosuppressants compared with dialysis therapies, TX will even cost more
money. Length of this period has been found to vary between 1,5 and 4,6 years,
depending on the structure of costs in different health care systems (Hu et al
1998).

Total treatment costs in TX patients between different subgroups in Study 1
were at about the same level. Advanced age or prevalence of diabetes did not seem
to significantly affect costs. This result was confirmed by Wong et al. They
concluded that transplanting the younger and healthier individuals with end-stage
kidney disease maximises survival gains and saves money. Listing and transplanting
those with considerable co-morbidities is also cost-effective and achieves
substantial survival gains compared with the dialysis alternative. Preferentially
excluding the older and sicker individuals cannot be justified on utilitarian grounds
(Wong et al. 2012). On the other hand, in most elderly patients with markedly
limited life-expectancy, TX is not rational. Given the high rate of TX-related
complications associated with increased age and with cardiovascular diseases and,
on the other hand, the very limited effect of TX to produce incremental life-years
among the most elderly and among those with high burden of comorbidity, the
cost-effectiveness of kidney transplantation in the elderly is questionable.
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Especially, when the waiting time is more than two years, the survival advantage
has been found to decrease dramatically. A Canadian study suggested that,
economically taken, transplantation is attractive for well selected patients below 70
years in centers with waiting times less than two years and for patients up to 80
years when LTXs are available (Jassal et al. 2003). Conclusively, if the time from
the initiation of dialysis to the transplantation can be reduced, both survival may be
increased and costs may be decreased. To minimize patients’ waiting time,
processes which facilitate acceptance to transplantation should be implemented
during pre-dialysis and dialysis time. Tests and examinations required as pre-
transplantation evaluation should be systematically scheduled to avoid unnecessary
delay.

Superiority of TX over dialysis therapies — both economically and medically —
has been shown in numerous other studies. Vast majority of studies have reported
a survival advantage in TX patients compared with dialysis. The only exception
might be intensive HHD which effectively restores disturbed homeostasis in
uremic patients. Similar death rates among HHD and CTX have been reported in a
recent study (Pauly et al. 2009). HRQOL was not evaluated in Study 1, but higher
scores in TX patients compared with dialysis patients have commonly been found
in previous studies (Russell et al. 1992; Laupacis et al. 1996; Park et al. 1996).
Nevertheless, results in studies comparing HRQOL in TX with dialysis may be
affected by different patient populations at varying intervals of treatment
sometimes without regard to comorbidity or mortality (Laupacis et al. 1996).
Results of Study 1 corresponded with the general and practically unanimous
opinion that TX is the treatment of choice for most patients with ESRD, also
among the elderly patients.

Pre-empive kidney transplantation is defined as transplantation prior to dialysis
therapy — at the time when renal function has not yet declined below critical level.
Compared with conventional policy (TX after dialysis), pre-emptive TX offers
certain benefits: Accelerated atherosclerosis and vascular calcification attributed to
dialysis may be avoided and survival of pre-emptive TX patients has been found
superior compared with those who receive their transplants after initiation of
dialysis therapy (Raggi et al. 2002). However, bias may be caused by patient
selection: pre-emptive TX patients are more likely to be younger and more
educated compared with those TX patients who have been treated with dialysis
(Kasiske et al. 2002).
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6.3  Cost-effectiveness of HD and PD (Study II)

From an economic standpoint, HD and PD can be considered as clinically
equivalent modalities and given this near-equivalence, cost issues become the major
driver in making health economic decisions (Rosner 2013). It is important to
acknowledge the distinctive character of dialysis therapy. Apart from certain
diseases in which medication or a single operation may restore patient's health,
dialysis does not provide cure for kidney disease but it is an expensive technology
that is regularly needed and it maintains a patient in a state of dependency (Stanton
1999).

While selection between HD and PD is not random and modality switch is
common, comparison between the modalities is complex. Frequently, modality
changes are caused by medical reasons which are related with additional treatment
costs. It has been suggested that cost-effectiveness of ESRD treatments should
primarily be evaluated at an aggregate level before considering specific modalities
(De Wit et al. 1998). Nevertheless, if the purpose is to compare between the
modalities, the impact of modality changes has to be taken into account. Few
studies have thoroughly discussed the importance of modality changes on costs. In
Study II, four alternative strategies were decided to apply in determining the end-
points of observation:

In strategy 1 (intention-to-treat), modality changes were ignored. Patients who
started on PD were classified as PD patients regardless of modality changes and
those who started on HD belonged to the HD group. In this analysis, patients with
functioning TXs are included and both in HD and PD, CERs decreased year after
year. For the first three years, cumulative costs were lower and effectiveness was
better on PD, compared with HD for obvious reasons: patients on PD were
younger and, compared with patients on HD; a greater proportion received a
transplant.

In strategy 2 (modality survival), technique failure was considered as death.
There were no failures in HD patients but in the PD group effectiveness lowered
clearly compared with strategy 1. Subsequently, CER for PD was much higher than
it was in strategy 1 and from this perspective, PD did not dominate as it did in
strategy 1. Instead, more effectiveness was gained with HD but the ICER was over
US$ 444 000, which is not cost-effective.

In strategy 3 (time on dialysis) follow-up was censored in transplantation.
Contrary to strategy 1, since time after transplantation is not included, CERs did
not decrease but they remained rather stable (HD) or increased slightly (PD) year
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after year. As cumulative three-year costs were lower and survival was better in the
PD group, PD dominated over HD.

In strategy 4 (time on primarily selected modality) follow-up was censored in
any modality change. Again, PD was found to dominate. CERs in both modalities
were pretty close to figures in strategy 3, in which modality changes — voluntary or
due to failures — were included. Apparently, modality changes from PD to HD due
to failures did not seem to have any major effect on costs. In HD patients CER
was even lower in strategy 3 than in strategy 4; changing voluntarily from HD to
PD in eligible patients may decrease costs. Contrary to a report from the United
States (Shih et al. 2005), failures did not have any major impact on costs, but in that
analysis costs were evaluated at the aggregate level and costs for individual patients
with technique failure were not assessed separately. The result is in line with a
Canadian study, which found similar costs in patients with HD-only and patients
with a PD failure (Chui et al. 2012). Nevertheless, it is obvious that strategies which
reduce involuntary modality switching may help in lowering treatment costs.

PD dominated in three out of four strategies and in one strategy, the ICER of
HD clearly reached values beyond the indistinct limit of cost-effectiveness.
Nevertheless, concluding that all HD patients should be transferred to PD to
achieve savings is not correct. Instead, we can state that patients on PD had been
appropriately selected and they succeeded in their modality. Opting out of the
modalities is a complex decision and it is of great significance to choose a modality
which is the most suitable for the particular patient.

There were differences in characteristics between patients on HD and PD and
comparisons between the groups may be distorted and favor PD. To minimize the
effect of selection bias, a subgroup of patients with similar characteristics were
assessed separately. Sixty-eight matched HD—PD pairs were identified and further
selected in the analysis. In the matched subgroup, no statistically significant
differences in mean ages or comorbidities were found between HD and PD
patients but in a historical cohort study, controlling for necessary variables may be
insufficient and distortion is difficult to avoid. In the subgroup analyses survival
was superior in PD patients compared with patients treated with HD. CERs and
ICERs were very close to the results in the entire population. Interestingly,
compared with all HD patients, costs and effectiveness in the subgroup were
almost identical. Indirectly, it can be concluded that treating older patients with
HD causes similar costs than treating younger patients.

While mortality among dialysis patients is high, effectiveness was not defined as
the mean of gained life-years, as it usually is. Instead, survival for individual years
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was evaluated. Thus, CERs in this study were calculated by, first, considering the
amount of money invested in a certain population in a given period and calculating
patients’ mean costs, then, by counting the portion who actually reached the pre-
determined end-points and, finally, by dividing the mean costs by the probability of
surviving.

Cost data derive from 1997 and treatment protocols have changed and actual
production costs have remarkably increased since then. Patients on HD were
treated solely with CHD or SatHD. There were not patients on HHD and neither
HF-HD nor HDF — modalities which are frequently exercised today — were
provided during the study period. Almost all PD patients were treated with CAPD
and APD comprised only 4,2% of all PD days. Since consumption of dialysis fluids
and treatment related equipments is high in APD, it can be estimated that APD
induces about 40% more costs than CAPD. Costs for hospitalization and transport
have grown and prescribing expensive medications such as erythropoiesis
stimulating agents, non-calcium based P binders and cinacalcet has become a
routine. However, intensification of dialysis therapy has occurred both on HD and
PD, indications for hospitalization have not remarkably changed and the use of
expensive medications has increased similarly in both modalities. Subsequently,
even though the present costs of dialysis treatment cannot be exactly derived from
the results of these studies, the ratio between HD costs and PD costs probably
may have not prominently changed. Whether effectiveness in the modalities has
changed in these years, remains unanswered. Indirectly, three-year mortality among
PD patients in Studies I and II in the 1990s was pretty close to three-year mortality
rate in Study IV (38%) (study period 2004—2009) and rates in technical failures
were also close to each other. Older patients with several comorbid conditions are
accepted to enter RRT. The mean age of PD patients in Studies I and II was 51
years whereas it was 55 years in Study IV. It can be suggested that, at least in PD,
the outcomes of treatment have remained comparable to the previous years despite
treating older and sicker patients.

6.4  Dialysis modality selection

In comparing between HD and PD, an issue of critical importance is the fact that
patients are not randomly assigned to a given modality. ESRD patients' life-tracks
on RRT are not limited to a single modality. The clinical needs during the time
course change and the most suitable modality is determined on the basis of medical
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conditions, complications and patient's choice. Frequently these needs are better
managed by sequential use of different modalities (Shih et al. 2005). From patients’
viewpoint, cultural factors, employment, and societal issues play an important role
in modality selection and they also impact on treatment costs. Worldwide, PD and
HHD are underrepresented and CHD is overrepresented as an initial modality.
Modality switching is common, both for medical and non-medical reasons.
Therefore, timing of a study comparing modalities becomes a critical variable in
itself. HHD and PD have a high drop-out compared with CHD and studies
assessing costs and HRQOL later in the course of treatment can be biased:
successful and satisfied survivors in modalities are studied (Kurtin and Nissenson
1993).

Most people entering into RRT are eligible both for HD and for PD
(Mendelssohn 2009) but after having started the treatment a remarkable portion of
PD patients will experience a technique failure. There are no means to reliably
predict which patients will success on PD and which patients will fail and how
does the failure impact on treatment and prognosis. Whether more aggressive PD-
first policy will result in greater PD technique failures rates is unknown (Chui et al.
2012). However, similar failure rates have been reported in Hong Kong, where
80% of patients are treated with PD and in the United States with 7% patients on
HD (Chaudhary et al. 2011). Due to multiple differences between patient
populations and setting, the Hong Kong experience cannot be universally
generalized but, at least, a higher utilization of PD do not deterministically result in
higher rate of treatment-related complications. It has been suggested that 20—40%
of dialysis patients in the United States could be treated with PD (Jiwakanon et al.
2010) and savings over US$ 1,1 billion were gained in 5 years on Medicare costs if
PD allocation were increased from current 7% to 15% (Neil et al. 2009).

Several reasons contribute to the underutilization of PD. In the United States it
has been argued that the increased numbers of in-centre HD units, physician
comfort with the modality, perceived superiority of HD, and reimbursement
incentives all affect this disproportionate assignment between modalities and also a
higher transplantation rate among patients treated with PD and the transfer from
PD to HD partly explain the low PD prevalence (Chaudhary et al. 2011). Most of
these reasons can be generalized to other developed countries as well.

Reimbursement structure is acknowledged the most important non-medical
factors in modality selection (Nissenson et al. 1993; Nissenson et al. 1997) and by
deciding to treat patients with highly-reimbursed dialysis modality, financial profits
can be generated by dialysis providers. Among financial incentive mechanisms to
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encourage the utilization of most cost-effective dialysis modalities, profit neutrality
is of crucial importance (Cleemput and De Laet 2013).

In Studies I and II the proportion of patients starting with PD was 36%
whereas in 2012, 24% of patients in Finland started their RRT on PD. In a
modality selection process, several factors contribute to the decision. Compared
with patients on HD, PD patients in Studies I and II were younger, the cause of
kidney failure was more often chronic glomerulonephritis or insulin-dependent
diabetes mellitus and a smaller proportion suffered from symptomatic coronary
artery disease. Due to the baseline differences in characteristics, survival between
the groups was also different. Mortality rates were higher in HD patients than in
PD patients (41% vs. 21%). Poorer survival is associated with high treatment costs:
Patients with the highest risk of death are usually treated in hospital, they need
extra medication and investigations and despite the efforts, a remarkable
percentage will die. Selection also affects transplantation rate. Patients treated with
PD were more likely accepted on TX waiting list and altogether 34% of them were
eventually transplanted compared with 21% of patients on HD. The difference in
TX rates between the groups did not quite reach statistical significance but was
pretty close. Due to the high TX rate, many potential treatment failures can be
avoided. Differences between patient characteristics, survival and TX rate all
contribute on treatment costs and, subsequently, the groups are different in their
cost expectations already from the beginning of the RRT. Due to potential effect
of several difficult-to-measure factors affecting modality selection, ideally a
randomized controlled trial would be essential to evaluate the true difference in
treatment efficacy between modalities — a trial which is most unlikely to be
conducted for clinical reasons.

6.5  Survival in dialysis

In Studies I and II the overall three-year survival was 60%, which is close to
survival rates in current large studies (Weinhandl et al. 2010; Collins et al. 2013)
and survival of patients has even continuously improved in Finland in recent years
(http:/ /www.musili.fi/files/ 1280/ Munuaistautirekisteti_vuosiraportti_2012.pdf)

Not surprisingly, mortality in patients aged 15 to 39 years was much lower than it
was in patients over 55 years (11% vs. 42%) Contrary to recent reports, mortality
among patients on HD was statistically significantly higher than on PD patients.
Remarkable differences in patient characteristics possibly explain the difference
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and instead of survival advantage provided by PD, we can conclude that those
patients who will survive better are offered PD as the first modality.

Universally, mortality among dialysis patients continuously remains much higher
than mortality among the general population. Especially incidence of
cardiovascular events is manifold compared to non-CKD patients. The likelihood
of five-year survival on dialysis for a patient aged 60 years does not exceed 50%
and probability to survival is at about the same level than that of a similar aged
woman with ovarian carcinoma (Akhtar-Danesh et al. 2012). Furthermore, an
ovarian cancer survivor is likely to have been cured after five years whereas dialysis
patients' risk of death continues without attenuation (Hutchison 2009).

An increased dose of dialysis enhances clearance of solutes and it is tempting to
theorize that improved homeostasis would result in better outcomes.
Unfortunately, only one study has found association between frequent HD and
lowered risk of death (Chertow et al. 2010). Among wait-listed patients, intensive
treatment of uremia with HHD may help in limiting the negative impact of
prolonged waiting time on outcomes after transplantation and may also offer
survival advantage for those patients who may never be transplanted, e.g.
immunologically highly sensitized and those with recent cancer or other prohibitive
medical comorbidities (Pauly et al. 2009). There were no HHD patients in Studies I
and II but in other studies lower costs (De Wit et al. 1998; Klarenbach et al. 2013)
and better HRQOL (Finkelstein et al. 2012; Hall et al. 2012) have generally but not
uniformly (Lee et al. 2008) been reported.

In CKD patients, late referral to nephrologists has been found to be associated
with increased morbidity and mortality (Arora et al. 1999) and in a Canadian
simulation analysis, eatly referral resulted in cost-savings and improved patient
survival. The potential benefits of early referral include identifying and managing
coexisting conditions associated with CKD which may accelerate decline in renal
function and optimizing the biochemical, physical and psychological state of the
patient during predialysis period. (McLaughlin et al. 2001).

6.6  Levels of mineral metabolism markers and costs (Study ll)

Disordered concentrations of mineral metabolism markers in dialysis patients are

associated with an increased risk for soft tissue and cardiovascular calcifications
(Block et al. 1998; Block et al. 2004) and elevated PTH and P have been found to
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associate with high costs for hospitalization. In Study III, no significant
correlations between treatment costs and serum Ca, P or PTH were found.

Patients’ blood tests had been drawn as a part of normal treatment. Routinely,
mineral metabolism tests were taken once in three months. As additional tests were
taken when needed and values may vary over time, average values in individual
patients may be distorted and cause misclassification. More importantly, the
distribution of PTH values was not even. Patient data was processed in 2006 and in
defining targets, K/DOQI recommendations (National Kidney Foundation 2003)
were applied. In most patients (54%), PTH was constantly below the suggested
level 16,5 pmol/1. In only seven patients the average PTH was constantly elevated.
Mean costs in low-PTH patients were statistically significantly higher compared
with in target-PTH patients, but after controlling for patient characteristics, no
correlation between PTH and costs was found. Additional analyses comparing in-
target serum Ca level with non-optimal serum Ca and in-target serum P level with
non-optimal P were conducted and no significant differences in costs were present.
Of 109 patients, near-optimal mineral metabolism levels were found in only 19
patients. Near-optimal was defined in a pretty liberal way: mean serum Ca and P in
K/DOQI targets and of all PTH measurements, at least one was between 16,5-
33,0 pmol/L

A relatively small number of patients in Study III restricts interpretation of
results. As the total number of patients was 109 and there were subgroups with
only seven individuals, achieving any statistical significance between the groups
would require definite differences in outcomes. Data were derived from the 1990s
and targets and treatment protocols differ from current recommendations. At the
time, hyperparathyroidism in dialysis patients were managed by large doses of Ca-
based phosphate binders whereas nowadays the amount of elementary calcium is
recommended not to exceed 1500 mg in a day (KDIGO 2009). Non-calcium based
phosphate binders were not routinely prescribed and paracalcitol or cinacalcet were
not available. Parathyroidectomy was also often needed to treat severe
hyperparathyroidism.

Both levels of CRP and albumin correlated with costs. Measurement of CRP is
a routine procedure when a patient is treated due to infection and correlation of
CRP with costs is evident. Elevated CRP was frequently measured in patients with
acute infection causing hospitalization and extra costs. In this analysis, laboratory
tests taken when needed instead of pre-scheduled protocol, CRP is rather a marker
of infection than a marker of chronic inflammation.
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Level of albumin was strongly inversely correlated with treatment costs and also
with CRP. This finding is consistent with results found in other studies.
Hypoalbuminemia resulting from chronic inflammation and malnutrition in dialysis
patients is a strong independent predictor of adverse outcomes (Kalantar-Zadeh et
al. 2003; De Mutsert et al. 2008). Atherosclerotic cardiovascular disease frequently

coexists with chronic inflaimmation and malnutrition (Fouque et al. 2008).

6.7  Comparing inpatient and outpatient peritoneal dialysis
catheter implantation (Study V)

At TaUH, a structured PDCI protocol has been implemented. The purposes of
Study IV were to describe the protocol and to compare short term outcomes and
costs between elective inpatient and outpatient procedures. No difference in
outcomes or complication rates between the groups was found, numbers of
technique failures and complications were surprisingly equal. Immediate
postoperative adverse events were mild and out of 109 PDClIs, short-term
hospitalization due to complications was required in only four cases.

The incidence of technical failures was higher than reported in other studies.
While the first year survival of catheters was 72% in our study, authors from Asian
countries have reported figures over 93% (Ouyang et al. 2015; Park et al. 2014). In
recent studies from the United States, catheter sutvival has also exceeded our
figures (Singh et al. 2010; Shen et al. 2013) but in older reports from the 1990s,
comparable survival rates have been found (Apostolidis et al. 1998; Gadallah et al.
1999). Peritonitis was the most common reason for failure in our study, as has
been found in several other studies as well (Schaubel et al. 2001; Nodaira et al.
2008; Jaar et al. 2009). However, policy to remove catheter due to peritonitis seems
to vary between centres (Yang et al. 2008). Altogether 90 peritonitis episodes
occurred in 58 patients during the study period and peritonitis rate was one episode
per 18 months per patient. Both higher (Monteon et al. 1998; Davenport 2009) but
mostly lower (Ortiz et al. 2004; Cnossen et al. 2010; Medani et al. 2012; Hsieh et al.
2013) incidence rates have been reported. According to the Finnish Registry for
Kidney Diseases, peritonitis rate in Finland was approximately one episode per 24
months per patient in 1998-2003 (486 episodes per 1000 patient-years)
(http:/ /www.musili.fi/files/ 630 /Report2003.pdf).

In PD, personnel’s experience and effective patient training may help in

avoiding common treatment-related complications. A careful and aseptic technique
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in performing treatment and an early identification of problems may decrease
complication rates and the incidence of failures. An association between clinic size
and outcomes has been found. In centres with more than 25 (Afolalu et al. 2009)
or 50 patients (Plantinga et al. 2009), failure rates have been lower than in smaller
clinics.

Costs in outpatient patients — from the provider’s perspective — were
significantly lower compared with the inpatient group. The average difference was
EUR 974, which is 42% less than costs in the inpatients. Virtually, the importance
of perspective became evident in this study: From the provider’s perspective the
costs for an outpatient PDCI were clearly lower than in an inpatient PDCI but
when costs were calculated on the basis of charges (hospital’s invoices paid by
municipalities), an opposite result was found. Cost for inpatient and outpatient
procedures were EUR 1864 and 2310, respectively.

Since no difference in outcomes between the groups was found, it can be
concluded that an outpatient PDCI is cost-saving and hospitalization for the
procedure is not necessary. An outpatient PDCI has been routine in many centres
for years but still, many units admit patients. As the demands to reduce
hospitalization are increasing due to economic reasons, evidence-based data

favouring an outpatient procedure is now provided.

6.8  General aspects on health-economic evaluation

The cost-benefit analysis in economic evaluation of health care have been adapted
from the general welfare area and early applications of cost-benefit approach were
undertaken in the United States during the 1930s in connection with flood control
programs. CBA is regarded as the most comprehensive form of economic
evaluation and it undoubtedly is suitable for industrial purposes in which pricing of
investments and outcomes is a standard procedure. Thereafter, it has been used in
numerous public sector areas such as transport, urban planning and, finally, health
care (Robinson 1999). In recent years, studies evaluating cost-effectiveness have
become the most popular form of health economic research. The primary focus in
eatly cost-effectiveness studies was a complete assessment of health care budget
and to allocate resources as effectively as possible. The resource allocation involves
considering the aggregate maximization of outcomes. However, most applications
of cost-effectiveness analysis have not evaluated budgets across all interventions.

Instead of the question "How money may be spent to most effectively extend
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lives?" they have taken a narrower approach and focused on comparing
interventions that are viewed as alternatives for a specific medical condition (Gafni
et al. 20006; Bridges et al. 2010).

Health and life are not tradable commodities. Thus, rationality of presenting
improvements in medical condition as an amount of money or considering one
year of complete health and two years in a state of half-dead as equal and
interchangeable options appear arguable. Nevertheless, meaningfulness of such
analyses has seldom been questioned. Reliable measuring of non-financial entities
by monetary units is by definition impossible and also unreasonable. In an
economic evaluation, to override this absurdity, an approach is taken on the basis
of assessing future productivity worth from being able to return to work or
determining how much people are willing to pay for the improvement in health
(Drummond et al. 1996).

Cost-effectiveness ratio, willingness to pay and value of life all are concepts
mixing financial and non-financial issues. Even though economic evaluation
provides essential information for decision-makers, measuring value of life or
health by monetary terms also incorporates a risk of inhuman conclusions. As costs
for treating a certain disease or certain patient are known, it is easy to calculate how

much savings could be achieved by deciding not to treat those diseases or patients.

6.8.1  Valuing life

The value of life, if regarded rational, may be estimated by calculating the relative
increase in salary required for a worker to incur an increase in occupational risk
(Lee et al. 20006). For example, by utilizing mathematical annual risk of death 0.004
for an US contractor in Iraq and salaries ranging from (US$) 60 000 to 175 000
compared with a salary of 30 000 per year over comparable occupations in the
United States, contractors are compensated at a rate of 250 000 per statistical year
of life (Lee et al. 2006). Whether the decision to enlist for a contractor in Iraq is
preceded by a proper forethought of risks and advantages and, conclusively,
whether figures based on such an analysis really reflect the value of life, must be
questioned. Values counted on the basis of occupational risks are considerably
different when a worldwide perspective is taken. Compared with US contractors,
many workers in underdeveloped countries must take much more noticeable risks

with much lower compensation rates.
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Another issue affecting the monetary value of life is how concrete the risk of
death really is. A moderately increased relative occupational risk may be regarded
insignificant and the amount of required extra compensation is modest. To the
contrary, the subjects who are in immediate danger knowing that they are about to
die soon, are probably prone to pay anything to stay alive. For obvious reasons,
randomized controlled economic studies assessing the value of life from this
perspective have not been conducted so far. In practice, maybe the most common
examples of a concrete valuing of life are those individuals who decide to forego
their lives for ideological or religious reasons. In those cases, life is regarded as a
tradable object indeed and, for instance, present life is traded with a martyr death
and an eternal life beside still waters. Whether these choices are constituted on
evidence-based economic facts remains unanswered. Approaches evaluating
effectiveness of life-saving interventions in non-medical fields such as programs
improving transportation safety, occupational health or environmental hazard
control have also been applied (Lee et al. 2009).

6.8.2  Measuring outcomes in health care

Commonly used hard end-points such as survival, vascular events and a need for
hospitalization are usually obvious and reasonably easy to measure in clinical trials.
However, taking a wider perspective will result in a more complex setting. When
the state of health is assessed as a whole instead of single events, determining the
benefit or effectiveness is not a straightforward matter and several decisions can
markedly affect the results: Which factors are included in the analysis and how they
are evaluated? What is the time horizon? Are there side effects which have an
effect on the outcomes? Generalizability of results may be limited and benefits
observed in a clinical trial cannot necessarily be extrapolated to the rest of the
population.

Recommendations concerning best research methods have suggested including
the practice of sensitivity analyses (Drummond et al. 1996; Siegel et al. 1996). In
health economic evaluation, the impacts of certain factors may be difficult to
measure. Sensitivity analyses can be used to examine the degree of uncertainty and
they assess how study results would change if parameters, such as effectiveness,
were measured differently and instead of one result, a range of potential outcomes

is provided.
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6.8.3  Measuring quality of life

Several different methods are applied to assess quality of life and there is no
consensus on the best technique for determining patient well-being. Studies
evaluating HRQOL in dialysis patients have reported somewhat conflicting results
(Griva et al. 2013), possibly due to differences in patient populations and selection
policies. However, differences between methods may also affect the results.
Hornberger et al reported substantial variability among commonly utilized
questionnaires. 58 dialysis patients were interviewed and their HRQOL were
determined by using six different methods. Correlation coefficients between the
methods were poor (range 0,094-0,519) and discrepancies were particularly
apparent as data were evaluated at the individual level. The authors conclude that,
depending on the technique chosen to evaluate HRQOL, patients with similar
diseases and treatment regimens may report varying estimates of their well-being.
Reported HRQOL directly affects cost-utility and CUAs utilizing a single estimate
of HRQOL are prone to bias. To avoid bias, the authors suggested considering to
apply an array of HRQOL measures. (Hornberger et al. 1992)

As the variability among methods to assess HRQOL is acknowledged, their
overall eligibility in grading life among individual patients may also be argued.
Reducing a multi-dimensional entity such as quality-of-life into a single figure
produces averaged and simplified outcomes. Can we assume that HRQOL 0,6 in a
diabetic PD patient with severe coronary artery disease is equal with HRQOL 0,6
in a HD patient with visual impairment and mental depression? And, if one should
make the choice in the real life instead of hypothetical possibilities, would three
years of life in a health state 0,3 and one year of life in 0,9 be tradable and
equivalent options for that particular subject? On the other hand, describing and
measuring complex issues as simple numbers is common in the whole field of
medical research and no better instruments have been developed so far. By
utilizing HRQOL in economic evaluation, at least some distortion may be avoided
when various treatments with remarkably different outcomes are compared with

each othet.

6.8.4 Interpreting cost-effectiveness ratios
Making decisions based solely on individual CERs (like cost/QALY) is hazardous

and incorporates a risk of perverse conclusions. This is illustrated in Table 13.
Costs in hypothetical Therapy 1 are, say, EUR 5000 and the average number of
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life-years gained is 0,5. In this treatment, HRQOL is relatively poor and
cost/ QALY is mathematically EUR 20 000 — after that none of the patients
actually survived up to one year. Compared with Therapy 1, more costs are
produced by Therapy 2 but patients’ quality of life is perfect and the mean survival
is three years. Cost/ QALY (CER) in Therapy 2 is also EUR 20 000, identical to the
CER in Therapy 1. In Therapy 3, EUR 100 000 costs are incurred and 10 life-years
are achieved but patients’” HRQOL is severely impaired resulting in cost/ QALY
EUR 20 000, again. From a clinical perspective the three therapies are remarkably
different even though similar CERs are presented.

In comparing between two options, utilizing ICER instead of individual CERs
measures both changes in costs and outcomes. In therapy 2, compared with
Therapy 1, an additional 55 000 charge is needed to achieve 2,75 QALYs. An
ICER 20 000/QALY is thus produced and Therapy 2 can be judged to be cost-
effective compared with Therapy 1. Instead, in Therapy 4, with a similar
cost/QALY, outcome (number of QALYS) is poorer than in Therapy 1. While

Therapy 4 does not result in an improvement in health, it neither is cost-effective.

Table 13. Hypothetical treatment options with different costs and outcomes

Cost Life-years gained Quality of life ~ QALYs Cost/QALY
Therapy 1 5000 05 0,5 0,25 20000
Therapy 2 60 000 3 1 3 20000
Therapy 3 100 000 10 0,2 5 20000
Therapy 4 4000 05 04 0,2 20000
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Effectiveness is usually reported as the mean of gained life-years. However, the
distribution of subjects’ survival may be markedly different from the normal
distribution. In that case, the use of the average figure to calculate CER
insufficiently demonstrates outcomes, as illustrated in Table 14. Of four patients in
Therapy 5, three survived for six months and one patient for 6,5 years, whereas in
Therapy 6 all patients stayed alive for two years, exactly. In both therapies, the
average number of gained life-years were 2,0. If the purpose of the analysis is to
determine the CERs for individual years — as it frequently is when RRTs are
evaluated — the percentage of patients actually surviving and completing the

particular year has to be taken into account.

Table 14. Hypothetical treatment options with different distribution of survival

Cost Life-years One-year Quality QALY Cost/QALY
gained (mean) survival of life
Therapy 5 40000 2,0 25% 1 2 20000
Therapy 6 40000 2,0 100% 1 2 20000

6.8.5  Willingness to pay

Maximum acceptable ICER — willingness to pay for a particular treatment —
depends on context and establishing one universal figure cannot be attained.
Severity of illness, amount of achievable health gain, patient characteristics and
society’s economic status all contribute to the decision. Undoubtedly, magnitude of
the problem also plays a role when limits are determined. ESRD patients account
for approximately 0,08% of population in Finland and their entitlement for RRT is
self-evident. If we considered a hypothetical new treatment which lengthens life in
all citizens by a cost attributable to costs in RRT — for example EUR 50 000 in a
year — the amount of money needed would approximate EUR 250 billion which
exceeds the gross domestic product in Finland (EUR 193 billion in 2013)
(http:/ /www.tilastokeskus.fi/ tup/suoluk/suoluk_kansantalous.html).
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The role of dialysis therapy in determining the societies’ valuation for a
statistical year of life is unique and crucial. In 1972 the United States government
decided to entitle patients with ESRD to reimbursement of RRT within Medicare
program. So far it has remained the only example where Medicare coverage is
universal and granted solely on the basis of a diagnosis. This has tempted
researchers in the medical field to add normative judgment to comparisons
between various treatments: society ought to reimburse for other treatments with
at least similar cost-effectiveness compared with dialysis therapies (Winkelmayer et
al. 2002). Thus, health economic decisions for acceptance of other medical
interventions can be made relative to dialysis and the cost of dialysis therapy is
broadly quoted as a benchmark for the willingness to pay -threshold of medical
technologies (Lee et al. 2009). Based on data from a Canadian study in 1984
including 44 dialysis patients and prices related Canadian $ in 1980, the number of
US$ 50 000 has frequently been applied as the cost of dialysis per QALY (Churchill
et al. 1984; Winkelmayer et al. 2002). Recent studies have shown that this sum has
increased beyond inflation, possibly due to innovations in nephrology and dialysis
care and liberal acceptance of older and sicker patients in dialysis therapy. Instead
of US$ 50 000, authors in recent literature have suggested that figures from US$ 93
500 to 129 090 per QALY were more accurate (Eichler et al. 2004; Lee et al. 2000).

6.8.6  Discounting

While the flow in expenses is continuous both in HD and in PD and no particular
starting investments are necessitated (regardless of costs for arteriovenous fistula
or peritoneal catheter, which are of minor importance), the question whether to
discount or not to discount is not essential in economic comparison between
dialysis modalities. For that reason, discounting was not applied in cost-
effectiveness analysis in Study II. However, if there was an intention to design a
cost-effectiveness analysis comparing between dialysis therapies and TX,
discounting would be necessary to avoid bias caused by high first-line costs for
transplantation procedure. Discounting is recommended in studies having a long
time horizon. Especially in interventions with high initial costs the selected
discounting policy markedly contributes CER. In dialysis therapies there is an
ongoing need to offer treatment to the patients to keep them alive and the amount

of required costs remains rather stable in individual years.
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6.8.7  Perspective and time horizon

It is important to recognize the perspective from which a CEA was conducted.
Usually, outcomes are straightforward to measure and they are not affected by the
choice of perspective. To the contrary, costs may markedly vary and different
viewpoints provide different results.

When taking a payer's perspective, costs are measured as charges which depend
on accounting methods. Reimbursement rates, determined by funding authorities,
may not reflect real production costs, but they are supposed to at least cover the
costs (De Vecchi et al. 1999). Patient copayments and value of informal caregiver's
time are not accounted for. From a provider's perspective — which was applied in
Studies I-IV — absolute production costs of a certain treatment or technology can
be determined and they may substantially differ from its fixed amount of
reimbursement. In public systems, absence of market prices and competing
treatment providers may distort pricing. In many cases expenditures are divided
across several budgets. Due to fragmentation, the full impact of certain
interventions is difficult to assess. For example, introduction of a new drug may
increase costs for medication but, if concomitant need for hospitalization
decreases, the net effect may be cost-saving. Conclusions made by decision-makers
may be opposite depending on the available information.

In Studies I-III costing method determined both a detailed use of health care
services and overhead costs and individual cost factors were recorded minutely.
Costing procedures vary across countries and therapies comprise a different blend
of services and products (Karopadi et al. 2013). Studies reporting costs for dialysis
may limit the scope to the dialysis treatment only thus ignoring cost arising from
essential medications, hospitalizations and comorbidities. Assessing only treatment-
related costs and ignoring other costs which possibly are indirectly influenced by
the treatment, is simple but may cause bias to results. In the United States the
common practice (for financial reimbursement reasons) in register studies is to
define the 90th day after starting RRT as day 0 (Collins et al. 2013). Those patients
who die within the first 90 days are excluded from the analysis. Including the lucky
survivors and ignoring non-survivors incorporates a potential risk of bias.

Macroeconomic factors also contribute to outcomes. In Western Europe and
North America there has been — so far — almost unlimited acceptance to RRT
whenever it is medically indicated and funding of the treatment is arranged by
governments or social insurance programs. In developing countries the situation is

markedly different. Societies' subvention for treatment costs does not exist and
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payments for RRT — if available — are borne by patients' out of pockets expenses.
For instance in Nigeria, the costs for a single HD session and a CAPD day were
recently estimated at about US$ 130 and US$ 80, respectively. Only 6,8% of
patients could afford the treatment for longer than three months. Subsequently,
survival of patients was extremely poor and median survival after diagnosis of
ESRD was only two weeks (Arogundade et al. 2011). Self-evidently, results of
health economic studies must be interpreted in the context of their socioeconomic
background.

Cost-effectiveness of an intervention with higher up-front costs but lower long-
term costs compared with another (for instance kidney transplant compared with
hemodialysis) depends on follow-up. If only the first year is considered, kidney
transplant seems not to be an attractive option, but when taking 10 years follow-
up, the conclusion is opposite. Generally, guidelines recommend employing a
lifetime horizon (Erickson et al. 2010).

Economic studies have been written both from the payers’ and providers’
perspectives and they have been conducted in a variety of developed and
developing countries, with various assumptions and funding regimes. Unique
characteristics in individual studies limit the generalizability of results (KKomenda et
al. 2012). It has been suggested to apply a societal perspective in order to consider
all relevant costs and to avoid biases that may be incorporated in a narrower
approach (Russell et al. 1996). On the other hand, absolute accuracy in determining
costs or benefits of a certain intervention is impossible to achieve. Costs arising
from losses of productivity, decreased tax payments or early retirement can only be
estimated.
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7 SUMMARY AND CONCLUSIONS

The main findings of the present study are summarized as follows:

1. In patients eligible for PD, treatment costs may be slightly lower than costs on HD:
Costs were somewhat lower in patients selected primarily to PD compared with
costs in HD patients. Treatment costs in HD patients were 8—27% higher than
they were in PD patients and differences between the groups were largely
attributable to differences in the cost for transport and, to a lesser extent, to higher
costs for medication in HD patients. In both modalities, approximately half of the
total expenditures were caused by the dialysis therapy itself. Costs for
hospitalization and medication were the second and third largest items. Together,
costs for dialysis therapy, hospitalization and medication explained 79—88% of total
costs.

2. 'The high initial costs for TX are balanced during the following months, after which
TX induces considerably less costs than dialysis therapies: Due to high costs of the
transplantation procedure and subsequent close monitoring, costs (US$) for the
months 0—6 were higher (38 265) in TX patients compared with patients in HD
and PD (32 566 and 25 504, respectively). After that, costs lowered markedly in TX
patients whereas they were rather stable in HD and PD. Annual costs in TX
recipients in years 2 and 3 were in between 9240—11 446 comprising only 17-31%
of costs in dialysis therapies. Of costs in TX patients, expenses for medication were
the largest item causing 59—67% of total costs and rest of costs were divided rather
evenly between hospitalization, outpatient control visits, laboratory tests and
transport.

3. Compared with HD, PD may be a cost-effective treatment in eligible patients: Cost-
effectiveness of dialysis therapies were evaluated by determining four alternative
cut-points of follow-up. PD was found to dominate over HD in three strategies
(intention-to-treat, time on dialysis and time on primary modality). When
considering technique failure as death (death of modality -approach), more life-
years were gained with HD but the ICER was over 444 000 US$/QALY. Results
of a subanalysis including 68 matched HD—PD patient pairs were comparable with
the whole population. CERs for three years varied from some 313 000 to 471 000
in HD and from 200 000 to 320 000 in PD.

4. Achieving targeted PTH levels may be associated with lower costs in dialysis
patients and a positive correlation between CRP and costs and an inverse
correlation between albumin and costs were found: In patients with constantly low
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PTH (below K/DOQI target), the average daily costs (US$) were statistically
significantly higher than in patients with at least one measurement between
targeted limits (170 vs. 148, respectively). In subjects with PTH constantly over
target costs were 172, statistically significant difference compared with the in-target
group was not reached. In patients with near-optimal (as was defined in K/DOQI
recommendations) mineral metabolism levels the average daily costs were 145
compared with 165 in subjects with non-optimal levels. The difference was
statistically insignificant. Statistically significant positive correlation was found
between costs and CRP whereas costs and albumin were inversely correlated.

5. An outpatient PDCI is safe and it causes less cost than an inpatient PDCI: No

difference in rate of complications or outcomes was found when results of
inpatient and outpatient PDCIs were evaluated. Twenty-two percent of patients
experienced a catheter-related complication within 30 days after the procedure. The
incidence rates of technique failure and peritonitis were 1 per 41 months per
patient and 1 per 18 months per patient, respectively. Overall one-year catheter
survival was 72%. Total average costs of the PDCI were statistically significantly
lower in outpatients (EUR 1346) compared with inpatients (EUR 2320).



ACKNOWLEDGEMENTS

This study was carried out at the Department of Internal Medicine, Tampere
University Hospital, and at the School of Medicine, University of Tampere,
Finland.

My warmest and most sincere thanks belong to my two supervisors, Docent
Heikki Oksa and Docent Heikki Saha. I deeply appreciate their guidance,
encouragement and patience during these decades. Without their skilful support
this dissertation would not have been possible.

I wish to express my deepest gratitude and respect to emeritus Professor Amos
Pasternack for his significant contribution to the planning of this study.

I am very grateful to emeritus Professor Jukka Mustonen, Professor Ilkka
Porsti, Docent Kari Pietild, Docent Jaakko Antonen and Docent Jorma Lahtela for
providing the facilities to conduct this study and for their encouraging attitude. I
also warmly thank Professor Katri Kaukinen for her support.

I sincerely thank my co-authors Tuomo Reina M. D., Professor Harri Sintonen,
Juha Piirto, M. Sc. and Professor Pekka Rissanen. I appreciate their valuable
contribution to the planning and conducting the statistical analyses of this study.

This dissertation was officially reviewed by Docent Patrik Finne and Docent
Pauli Karhapii. I express my deepest gratitude for their thorough and prompt job.
Their valuable comments greatly improved the quality of this thesis.

Sincere thanks go to Mr. Anthony Black, for his self-denying work in the
language revision of the text.

I truly apprediate the friendly working atmosphere created by my colleagues and
coworkers at Tampere University Hospital and at the School of Medicine.
Especially, the staff of the Internal Medicine Outpatient Clinic is heartily thanked
for their support. I also warmly thank the staff of the nephrology ward and the
dialysis unit.

Thanks to all my friends from the stony fields of Vesilahti and from the
Lempaild Upper Secondary School. I also salute all my old band mates. Some day
Popsika will rise again.

139



The invaluable support from the members of the Senile Club is deeply
acknowledged. For you, there may be a palindrome somewhere between the pages
12 and 1306.

Thanks to Lipukka, Pepponen and Sakarias for cheery attitude.

My parents in law, Leena and Antti Mikeld, have helped and supported me in
multiple ways during these years. Thank you.

My late mother Alli Salonen, my late father Erkki Salonen and my late brother
Heikki Salonen could not see this work completed. I would like to express my
deepest gratitude for their love, support and exemplary humanism.

Finally, I thank my family. Kalle and Akseli, you are brilliant and lovely sons
and I am proud to be your father. Now, this work has been finished and I promise
to start working hard to improve the quality of my jokes. You deserve it. And
Tarja, we have experienced a lot together and you have shown what courage and
fortitude really are. In human life, there fortunately are entities which cannot be
measured by monetary units. Thank you for being here.

This work was financially supported by grants from the Finnish Kidney
Foundation.

Tampere, November 2015

Tapani Salonen

140



REFERENCES

Abu-Aisha, H and Elamin, S (2010). Peritoneal dialysis in Africa. Perit Dial Int 30(1): 23-8.

Afolalu, B, Troidle, L, Osayimwen, O, Bhargava, |, Kitsen, ] and Finkelstein, FO (2009).
Technique failure and center size in a large cohort of peritoneal dialysis patients in a
defined geographic area. Perit Dial Int 29(3): 292-6.

Afsar, B, Sezer, S, Ozdemir, FN, Celik, H, Elsurer, R and Haberal, M (2006). Malnutrition-
inflammation score is a useful tool in peritoneal dialysis patients. Perit Dial Int
26(6): 705-11.

Agulnik, M and Hirsch, DJ (2001). Resource utilization for peritoneal catheter placement.
ASAIO | 47(1): 97-8.

Akhtar-Danesh, N, Lytwyn, A and Elit, L (2012). Five-year trends in mortality indices
among gynecological cancer patients in Canada. Gynecol Oncol 127(3): 620-4.
Al-Jedai, A, Alsultan, M, Almeshari, K, Alshaibani, K, Elgamal, H, Alkortas, D, Khurshid,
F, Altalhi, M and Hamawi, K (2012). Cost analysis of kidney transplantation in
highly sensitized recipients compared to intermittent maintenance hemodialysis.

Ann Transplant 17(4): 82-91.

Anand, S, Chertow, GM, Johansen, KL, Grimes, B, Dalrymple, LS, Kaysen, GA and
Kurella Tamura, M (2013). Vitamin d deficiency and mortality in patients receiving
dialysis: the comprehensive dialysis study. ] Ren Nutr 23(6): 422-7.

Ansell, D, Roderick, P, Hodsman, A, Ford, D, Steenkamp, R and Tomson, C (2009). UK
Renal Registry 11th Annual Report (December 2008): Chapter 7 Survival and causes
of death of UK adult patients on renal replacement therapy in 2007: national and
centre-specific analyses. Nephron Clin Pract 111 Suppl 1: ¢113-39.

Apostolidis, NS, Panoussopoulos, DG, Manouras, AJ, Pararas, BN, Voudiklari, SG and
Zirogiannis, PN (1998). The use of TWH catheters in CAPD patients: fourteen-year
experience in technique, survival, and complication rates. Perit Dial Int 18(4): 424-8.

Arend, SM, Mallat, MJ, Westendorp, RJ, van der Woude, FJ] and van Es, LA (1997). Patient
survival after renal transplantation; more than 25 years follow-up. Nephrol Dial
Transplant 12(8): 1672-9.

Arkouche, W, Traeger, |, Delawari, E, Sibai-Galland, R, Abdullah, E, Galland, R, Leitienne,
P, Fouque, D and Laville, M (1999). Twenty-five years of experience with out-
center hemodialysis. Kidney Int 56(6): 2269-75.

Arogundade, FA, Sanusi, AA, Hassan, MO and Akinsola, A (2011). The pattern, clinical
characteristics and outcome of ESRD in Ile-Ife, Nigeria: is there a change in trend?
Afr Health Sci 11(4): 594-601.

Arora, P, Obrador, GT, Ruthazer, R, Kausz, AT, Meyer, KB, Jenuleson, CS and Pereira, BJ

(1999). Prevalence, predictors, and consequences of late nephrology referral at a
tertiary care center. ] Am Soc Nephrol 10(6): 1281-6.

141



Attema, AE, Bleichrodt, H and Wakker, PP (2012). A direct method for measuring
discounting and QALYs more easily and reliably. Med Decis Making 32(4): 583-93.

Baboolal, K, McEwan, P, Sondhi, S, Spiewanowski, P, Wechowski, | and Wilson, K (2008).
The cost of renal dialysis in a UK setting--a multicentre study. Nephrol Dial
Transplant 23(6): 1982-9.

Bakewell, AB, Higgins, RM and Edmunds, ME (2001). Does ethnicity influence perceived
quality of life of patients on dialysis and following renal transplant? Nephrol Dial
Transplant 16(7): 1395-401.

Barnieh, L, Manns, BJ, Klarenbach, S, McLaughlin, K, Yilmaz, S and Hemmelgarn, BR
(2011). A description of the costs of living and standard criteria deceased donor
kidney transplantation. Am | Transplant 11(3): 478-88.

Bart, KJ, Foulds, ] and Patriarca, P (1996). Global eradication of poliomyelitis: benefit-cost
analysis. Bull World Health Organ 74(1): 35-45.

Beberashvili, I, Azar, A, Sinuani, I, Yasur, H, Feldman, L, Averbukh, Z and Weissgarten, |
(2010). Objective Score of Nutrition on Dialysis (OSND) as an alternative for the
malnutrition-inflammation scote in assessment of nutritional risk of haemodialysis
patients. Nephrol Dial Transplant 25(8): 2662-71.

Beddhu, S, Bruns, FJ, Saul, M, Seddon, P and Zeidel, ML (2000). A simple comorbidity
scale predicts clinical outcomes and costs in dialysis patients. Am | Med 108(8): 609-
13.

Beddhu, S, Pappas, LM, Ramkumar, N and Samore, MH (2004). Malnutrition and
atherosclerosis in dialysis patients. ] Am Soc Nephrol 15(3): 733-42.

Berger, A, Edelsberg, ], Inglese, GW, Bhattacharyya, SK and Oster, G (2009). Cost
comparison of peritoneal dialysis versus hemodialysis in end-stage renal disease. Am
J Manag Care 15(8): 509-18.

Bergman, A, Fenton, SS, Richardson, RM and Chan, CT (2008). Reduction in
cardiovascular related hospitalization with nocturnal home hemodialysis. Clin
Nephrol 69(1): 33-9.

Black, WC (1990). The CE plane: a graphic representation of cost-effectiveness. Med Decis
Making 10(3): 212-4.

Blake, PG, Quinn, RR and Oliver, M] (2013). Peritoneal dialysis and the process of
modality selection. Perit Dial Int 33(3): 233-41.

Block, GA, Hulbert-Shearon, TE, Levin, NW and Port, FK (1998). Association of serum
phosphorus and calcium x phosphate product with mortality risk in chronic
hemodialysis patients: a national study. Am ] Kidney Dis 31(4): 607-17.

Block, GA, Klassen, PS, Lazarus, JM, Ofsthun, N, Lowrie, EG and Chertow, GM (2004).
Mineral metabolism, mortality, and morbidity in maintenance hemodialysis. ] Am
Soc Nephrol 15(8): 2208-18.

Block, GA, Raggi, P, Bellasi, A, Kooienga, L. and Spiegel, DM (2007). Mortality effect of
coronary calcification and phosphate binder choice in incident hemodialysis
patients. Kidney Int 71(5): 438-41.

Bloembergen, WE, Port, FK, Mauger, EA and Wolfe, RA (1995). A comparison of
mortality between patients treated with hemodialysis and peritoneal dialysis. ] Am
Soc Nephrol 6(2): 177-83.

Bonanni, A, Mannucci, I, Verzola, D, Sofia, A, Saffioti, S, Gianetta, E and Garibotto, G
(2011). Protein-energy wasting and mortality in chronic kidney disease. Int ]
Environ Res Public Health 8(5): 1631-54.

142



Brazier, J, Roberts, ] and Deverill, M (2002). The estimation of a preference-based measure
of health from the SF-36. ] Health Econ 21(2): 271-92.

Bridges, JF, Onukwugha, E and Mullins, CD (2010). Healthcare rationing by proxy: cost-
effectiveness analysis and the misuse of the $50,000 threshold in the US.
Pharmacoeconomics 28(3): 175-84.

Briggs, A and Sculpher, M (1998). An introduction to Markov modelling for economic
evaluation. Pharmacoeconomics 13(4): 397-409.

Bro, S, Bjorner, JB, Tofte-Jensen, P, Klem, S, Almtoft, B, Danielsen, H, Meincke, M,
Friedberg, M and Feldt-Rasmussen, B (1999). A prospective, randomized
multicenter study comparing APD and CAPD treatment. Perit Dial Int 19(6): 526-
33.

Brouwer, WB, Niessen, LW, Postma, MJ and Rutten, FF (2005). Need for differential
discounting of costs and health effects in cost effectiveness analyses. Bmj
331(7514): 446-8.

Brouwer, WB, van Exel, NJ, Baltussen, RM and Rutten, FF (2000). A dollar is a dollar is a
dollar--or is it? Value Health 9(5): 341-7.

Brown, EA, Johansson, L, Farrington, K, Gallagher, H, Sensky, T, Gordon, F, Da Silva-
Gane, M, Beckett, N and Hickson, M (2010). Broadening Options for Long-term
Dialysis in the Elderly (BOLDE): differences in quality of life on peritoneal dialysis
compared to haemodialysis for older patients. Nephrol Dial Transplant 25(11):
3755-63.

Brown, MC, Simpson, K, Kerssens, J] and Mactier, RA (2011). Peritoneal dialysis-
associated peritonitis rates and outcomes in a national cohort are not improving in
the post-millennium (2000-2007). Perit Dial Int 31(6): 639-50.

Brunier, G, Hiller, JA, Drayton, S, Pugash, RA and Tobe, SW (2010). A change to
radiological peritoneal dialysis catheter insertion: three-month outcomes. Perit Dial
Int 30(5): 528-33.

Bruns, FJ, Seddon, P, Saul, M and Zeidel, ML (1998). The cost of caring for end-stage
kidney disease patients: an analysis based on hospital financial transaction records. ]
Am Soc Nephrol 9(5): 884-90.

Bushinsky, DA (2006). Phosphate binders: hold the calcium? Clin ] Am Soc Nephrol 1(4):
695-6.

Buxton, MJ and West, RR (1975). Cost-benefit analysis of long-term haemodialysis for
chronic renal failure. Br Med ] 2(5967): 376-9.

Cafazzo, JA, Leonard, K, Easty, AC, Rossos, PG and Chan, CT (2009). Patient-perceived
barriers to the adoption of nocturnal home hemodialysis. Clin ] Am Soc Nephrol
4(4): 784-9.

Cala, S (2007). Peritoneal dialysis in Croatia. Perit Dial Int 27(3): 238-44.

Cambi, V and David, S (1994). The cost/benefit ratio of renal replacement therapy.
Contrib Nephrol 109: 53-9.

Cannata-Andia, JB, Fernandez-Martin, JL, Locatelli, F, London, G, Gorriz, JL, Floege, ],
Ketteler, M, Ferreira, A, Covic, A, Rutkowski, B, Memmos, D, Bos, W], Teplan, V,
Nagy, ], Tielemans, C, Verbeelen, D, Goldsmith, D, Kramar, R, Martin, PY,
Wauthrich, RP, Pavlovic, D, Benedik, M, Sanchez, JE, Martinez-Camblor, P, Naves-
Diaz, M, Carrero, J] and Zoccali, C (2013). Use of phosphate-binding agents is
associated with a lower risk of mortality. Kidney Int 84(5): 998-1008.

Chaib-Eddour, D, Chaib-Eddour, H, Malaise, ], Mourad, M and Squifflet, JP (2005). Cost
of renal transplant in Belgium. Transplant Proc 37(6): 2819-20.

143



Chang, H, Bernardini, ] and Piraino, B (2002). Placement of peritoneal dialysis catheters on
an outpatient basis. Perit Dial Int 22(5): 616-8.

Charlson, ME, Pompei, P, Ales, KL. and MacKenzie, CR (1987). A new method of
classifying prognostic comorbidity in longitudinal studies: development and
validation. ] Chronic Dis 40(5): 373-83.

Chaudhary, K, Sangha, H and Khanna, R (2011). Peritoneal dialysis first: rationale. Clin |
Am Soc Nephrol 6(2): 447-56.

Chaumard, N, Fagnoni, P, Nerich, V, Limat, S, Dussaucy, A, Chalopin, JM, Bittard, H and
Woronoff-Lemsi, MC (2008). Hospital costs of renal transplant management.
Transplant Proc 40(10): 3440-4.

Chavers, BM, Solid, CA, Gilbertson, DT and Collins, AJ (2007). Infection-related
hospitalization rates in pediatric versus adult patients with end-stage renal disease in
the United States. ] Am Soc Nephrol 18(3): 952-9.

Chertow, GM, Block, GA, Correa-Rotter, R, Drueke, TB, Floege, J, Goodman, WG,
Herzog, CA, Kubo, Y, London, GM, Mahaffey, KW, Mix, TC, Moe, SM, Trotman,
ML, Wheeler, DC and Patfrey, PS (2012). Effect of cinacalcet on cardiovascular
disease in patients undergoing dialysis. N Engl | Med 367(206): 2482-94.

Chertow, GM, Levin, NW, Beck, GJ, Depner, TA, Eggers, PW, Gassman, JJ,
Gorodetskaya, I, Greene, T, James, S, Larive, B, Lindsay, RM, Mehta, RL, Miller, B,
Ornt, DB, Rajagopalan, S, Rastogi, A, Rocco, MV, Schiller, B, Sergeyeva, O,
Schulman, G, Ting, GO, Unruh, ML, Star, RA and Kliger, AS (2010). In-center
hemodialysis six times per week versus three times per week. N Engl | Med 363(24):
2287-300.

Chiroli, S, Mattin, C, Belozeroff, V, Perrault, L, Mitchell, D and Gioni, I (2012). Impact of
mineral and bone disorder on healthcare resource use and associated costs in the
European Fresenius medical care dialysis population: a retrospective cohort study.
BMC Nephrol 13: 140.

Chiu, YW, Kopple, JD and Mehrotra, R (2009). Correction of metabolic acidosis to
ameliorate wasting in chronic kidney disease: goals and strategies. Semin Nephrol
29(1): 67-74.

Chiu, YW, Teitelbaum, I, Misra, M, de Leon, EM, Adzize, T and Mehrotra, R (2009). Pill
burden, adherence, hyperphosphatemia, and quality of life in maintenance dialysis
patients. Clin ] Am Soc Nephrol 4(6): 1089-96.

Chmielewski, M, Verduijn, M, Drechsler, C, Lindholm, B, Stenvinkel, P, Rutkowski, B,
Boeschoten, EW, Krediet, RT and Dekker, FW (2011). Low cholesterol in dialysis
patients--causal factor for mortality or an effect of confounding? Nephrol Dial
Transplant 26(10): 3325-31.

Choi, HY, Lee, JE, Han, SH, Yoo, TH, Kim, BS, Park, HC, Kang, SW, Choi, KH, Ha, SK,
Lee, HY and Han, DS (2010). Association of inflimmation and protein-energy
wasting with endothelial dysfunction in peritoneal dialysis patients. Nephrol Dial
Transplant 25(4): 1266-71.

Chui, BK, Manns, B, Pannu, N, Dong, J, Wiebe, N, Jindal, K and Klarenbach, SW (2012).
Health care costs of peritoneal dialysis technique failure and dialysis modality
switching. Am ] Kidney Dis 61(1): 104-11.

Chula, DC, Campos, RP, de Alcantara, MT, Riella, MC and Nascimento, MM (2013).
Percutaneous and Surgical Insertion of Peritoneal Catheter in Patients Starting in
Chronic Dialysis Therapy: A Comparative Study. Semin Dial.

144



Chung, SH, Han, DC, Noh, H, Jeon, JS, Kwon, SH, Lindholm, B and Lee, HB (2010). Risk
factors for mortality in diabetic peritoneal dialysis patients. Nephrol Dial Transplant
25(11): 3742-8.

Churchill, D, Lemon, B and G, T (1984). A cost-effectiveness analysis of continuous
ambulatory peritoneal dialysis and hospital hemodialysis. Med Decis Making 4(4):
489-500.

Cleemput, I and De Laet, C (2013). Analysis of the costs of dialysis and the effects of an
incentive mechanism for low-cost dialysis modalities. Health Policy 110(2-3): 172-9.

Cnossen, TT, Usvyat, L, Kotanko, P, van der Sande, FM, Kooman, JP, Carter, M,
Leunissen, KM and Levin, NW (2010). Comparison of outcomes on continuous
ambulatory peritoneal dialysis versus automated peritoneal dialysis: results from a
USA database. Perit Dial Int 31(6): 679-84.

Cnossen, TT, Usvyat, L, Kotanko, P, van der Sande, FM, Kooman, JP, Carter, M,
Leunissen, KM and Levin, NW (2011). Comparison of outcomes on continuous
ambulatory peritoneal dialysis versus automated peritoneal dialysis: results from a
USA database. Perit Dial Int 31(6): 679-84.

Collins, AJ, Foley, RN, Herzog, C, Chavers, B, Gilbertson, D, Herzog, C, Ishani, A,
Johansen, K, Kasiske, B, Kutner, N, Liu, J, St Peter, W, Ding, S, Guo, H, Kats, A,
Lamb, K, Li, S, Li, S, Roberts, T, Skeans, M, Snyder, J, Solid, C, Thompson, B,
Weinhandl, E, Xiong, H, Yusuf, A, Zaun, D, Arko, C, Chen, SC, Daniels, F, Ebben,
J, Frazier, B, Hanzlik, C, Johnson, R, Sheets, D, Wang, X, Forrest, B, Constantini,
E, Everson, S, Eggers, P and Agodoa, L (2013). US Renal Data System 2012 Annual
Data Report. Am | Kidney Dis 61(1 Suppl 1): A7, e1-476.

Collins, AJ, Hao, W, Xia, H, Ebben, JP, Everson, SE, Constantini, EG and Ma, JZ (1999).
Mortality risks of peritoneal dialysis and hemodialysis. Am | Kidney Dis 34(6): 1065-
74.

Collins, AJ, St Peter, WL, Dalleska, FW, Ebben, JP and Ma, JZ (2000). Hospitalization
risks between Renagel phosphate binder treated and non-Renagel treated patients.
Clin Nephrol 54(4): 334-41.

Cortes-Sanabria, I, Paredes-Cesena, CA, Herrera-Llamas, RM, Cruz-Bueno, Y, Soto-
Molina, H, Pazarin, L, Cortes, M and Martinez-Ramirez, HR (2013). Comparison of
cost-utility between automated peritoneal dialysis and continuous ambulatory
peritoneal dialysis. Arch Med Res 44(8): 655-61.

Cortes-Sanabria, L, Rodriguez-Arreola, BE, Ortiz-Juarez, VR, Soto-Molina, H, Pazarin-
Villasenor, L, Martinez-Ramirez, HR and Cueto-Manzano, AM (2013). Comparison
of direct medical costs between automated and continuous ambulatory peritoneal
dialysis. Perit Dial Int 33(6): 679-80.

Coyte, PC, Young, LG, Tipper, BL, Mitchell, VM, Stoffman, PR, Willumsen, ] and Geary,
DF (1996). An economic evaluation of hospital-based hemodialysis and home-based
pertitoneal dialysis for pediatric patients. Am | Kidney Dis 27(4): 557-65.

Crabtree, JH and Fishman, A (2000). A laparoscopic approach under local anesthesia for
peritoneal dialysis access. Perit Dial Int 20(6): 757-65.

Culleton, BF, Walsh, M, Klarenbach, SW, Mortis, G, Scott-Douglas, N, Quinn, RR,
Tonelli, M, Donnelly, S, Friedrich, MG, Kumar, A, Mahallati, H, Hemmelgarn, BR
and Manns, B] (2007). Effect of frequent nocturnal hemodialysis vs conventional
hemodialysis on left ventricular mass and quality of life: a randomized controlled
trial. Jama 298(11): 1291-9.

145



Cunningham, J, Danese, M, Olson, K, Klassen, P and Chertow, GM (2005). Effects of the
calcimimetic cinacalcet HCl on cardiovascular disease, fracture, and health-related
quality of life in secondary hyperparathyroidism. Kidney Int 68(4): 1793-800.

Da Silva-Gane, M, Wellsted, D, Greenshields, H, Norton, S, Chandna, SM and Farrington,
K (2012). Quality of life and survival in patients with advanced kidney failure
managed conservatively or by dialysis. Clin ] Am Soc Nephrol 7(12): 2002-9.

Dalrymple, LS and Go, AS (2008). Epidemiology of acute infections among patients with
chronic kidney disease. Clin ] Am Soc Nephrol 3(5): 1487-93.

Daly, CD, Campbell, MK, MacLeod, AM, Cody, DJ, Vale, LD, Grant, AM, Donaldson, C,
Wallace, SA, Lawrence, PD and Khan, IH (2001). Do the Y-set and double-bag
systems reduce the incidence of CAPD peritonitis? A systematic review of
randomized controlled trials. Nephrol Dial Transplant 16(2): 341-7.

Danovitch, GM, Ed. (2010). Handbook of Kidney Transplantation. Philadelphia, PA
19106 USA, Lippincott Williams & Wilkins.

Daugirdas, | and Blake, P (2007). Handbook of Dialysis. Philadelphia, Lippincott Williams
& Wilkins, a Wolters Kluwer business.

Davenport, A (2009). Peritonitis remains the major clinical complication of peritoneal
dialysis: the London, UK, peritonitis audit 2002-2003. Perit Dial Int 29(3): 297-302.

De Abreu, MM, Walker, DR, Sesso, RC and Ferraz, MB (2013). A cost evaluation of
peritoneal dialysis and hemodialysis in the treatment of end-stage renal disease in
Sao Paulo, Brazil. Perit Dial Int 33(3): 304-15.

De Mutsert, R, Grootendorst, DC, Axelsson, J, Boeschoten, EW, Krediet, RT and Dekker,
FW (2008). Excess mortality due to interaction between protein-energy wasting,
inflammation and cardiovascular disease in chronic dialysis patients. Nephrol Dial
Transplant 23(9): 2957-64.

De Mutsert, R, Grootendorst, DC, Boeschoten, EW, Brandts, H, van Manen, |G, Krediet,
RT and Dekker, FW (2009). Subjective global assessment of nutritional status is
strongly associated with mortality in chronic dialysis patients. Am ] Clin Nutr 89(3):
787-93.

De Vecchi, AF, Dratwa, M and Wiedemann, ME (1999). Healthcate systems and end-stage
renal disease (ESRD) therapies--an international review: costs and
reimbursement/funding of ESRD therapies. Nephrol Dial Transplant 14 Suppl 6:
31-41.

De Wit, GA, Merkus, MP, Krediet, RT and de Charro, FT (2001). A compatison of quality
of life of patients on automated and continuous ambulatory peritoneal dialysis. Perit
Dial Int 21(3): 306-12.

De Wit, GA, Merkus, MP, Krediet, RT and de Charro, FT' (2002). Health profiles and
health preferences of dialysis patients. Nephrol Dial Transplant 17(1): 86-92.

De Wit, GA, Ramsteijn, PG and de Chatro, FT (1998). Economic evaluation of end stage
renal disease treatment. Health Policy 44(3): 215-32.

Delles, C and Jardine, AG (2011). Renal function and cardiovascular events: relevance of
eGFR and albuminuria in patients with diabetes. Diabetologia 54(1): 4-6.

Demir, M, Kucuk, A, Sezer, MT, Altuntas, A and Kaya, S (2010). Malnutrition-
inflammation score and endothelial dysfunction in hemodialysis patients. ] Ren Nutr
20(6): 377-83.

DeOteo, PB (1997). Hemodialysis patient-assessed functional health status predicts
continued survival, hospitalization, and dialysis-attendance compliance. Am ]

Kidney Dis 30(2): 204-12.

146



Detsky, AS, McLaughlin, JR, Baker, JP, Johnston, N, Whittaker, S, Mendelson, RA and
Jeejeebhoy, KN (1987). What is subjective global assessment of nutritional status?
JPEN J Parenter Enteral Nutr 11(1): 8-13.

Devereaux, PJ, Schunemann, HJ, Ravindran, N, Bhandari, M, Garg, AX, Choi, PT, Grant,
BJ, Haines, T, Lacchetti, C, Weaver, B, Lavis, JN, Cook, D], Haslam, DR, Sullivan,
T and Guyatt, GH (2002). Comparison of mortality between private for-profit and
ptivate not-for-profit hemodialysis centers: a systematic review and meta-analysis.
Jama 288(19): 2449-57.

Diaz-Buxo, JA, Lowrie, EG, Lew, NL, Zhang, H and Lazarus, JM (2000). Quality-of-life
evaluation using Short Form 36: comparison in hemodialysis and peritoneal dialysis
patients. Am | Kidney Dis 35(2): 293-300.

Disney, AP (1995). Demography and survival of patients receiving treatment for chronic
renal failure in Australia and New Zealand: report on dialysis and renal
transplantation treatment from the Australia and New Zealand Dialysis and
Transplant Registry. Am ] Kidney Dis 25(1): 165-75.

Dobrez, DG, Mathes, A, Amdahl, M, Marx, SE, Melnick, JZ and Sprague, SM (2004).
Paricalcitol-treated ~ patients experience improved hospitalization outcomes
compared with calcitriol-treated patients in real-world clinical settings. Nephrol Dial
Transplant 19(5): 1174-81.

Dong, J, Li, Y, Xu, Y and Xu, R (2011). Daily protein intake and survival in patients on
peritoneal dialysis. Nephrol Dial Transplant 26(11): 3715-21.

Drechsler, C, Pilz, S, Obermayer-Pietsch, B, Verduijn, M, Tomaschitz, A, Krane, V, Espe,
K, Dekker, F, Brandenburg, V, Marz, W, Ritz, E and Wanner, C (2010). Vitamin D
deficiency is associated with sudden cardiac death, combined cardiovascular events,
and mortality in haemodialysis patients. Eur Heart | 31(18): 2253-61.

Drummond, M, Stoddart, G and Totrance, G (1987). Methods for the economic
evaluation of health care programs. Oxford, Oxford University Press.

Drummond, MF and Jefferson, TO (1996). Guidelines for authors and peer reviewers of
economic submissions to the BMJ. The BM] Economic Evaluation Working Party.
Bmj 313(7052): 275-83.

Durand, PY and Verger, C (2006). The state of peritoneal dialysis in France. Perit Dial Int
26(6): 654-7.

Eandi, M, Pradelli, L, Iannazzo, S, Chiroli, S and Pontoriero, G (2010). Economic
evaluation of cinacalcet in the treatment of secondary hyperparathyroidism in Italy.
Pharmacoeconomics 28(11): 1041-54.

Eichler, HG, Kong, SX, Gerth, WC, Mavros, P and Jonsson, B (2004). Use of cost-
effectiveness analysis in health-care resource allocation decision-making: how are
cost-effectiveness thresholds expected to emerge? Value Health 7(5): 518-28.

Eknoyan, G, Beck, GJ, Cheung, AK, Daugirdas, JT, Greene, T, Kusek, JW, Allon, M,
Bailey, ], Delmez, JA, Depner, TA, Dwyer, JT, Levey, AS, Levin, NW, Milford, E,
Ornt, DB, Rocco, MV, Schulman, G, Schwab, SJ, Techan, BP and Toto, R (2002).
Effect of dialysis dose and membrane flux in maintenance hemodialysis. N Engl |
Med 347(25): 2010-9.

Erek, E, Sever, MS, Akoglu, E, Sariyar, M, Bozfakioglu, S, Apaydin, S, Ataman, R,
Sarsmaz, N, Altiparmak, MR, Seyahi, N and Serdengecti, K (2004). Cost of renal
replacement therapy in Turkey. Nephrology (Catlton) 9(1): 33-8.

Erickson, KF and Winkelmayer, WC (2010). The challenges of cost-effectiveness analyses
for the clinician. Am ] Kidney Dis 56(6): 1023-5.

147



Eriksen, BO and Ingebretsen, OC (2006). The progression of chronic kidney disease: a 10-
year population-based study of the effects of gender and age. Kidney Int 69(2): 375-
82.

Eustace, JA, Astor, B, Muntner, PM, Ikizler, TA and Coresh, | (2004). Prevalence of
acidosis and inflammation and their association with low serum albumin in chronic
kidney disease. Kidney Int 65(3): 1031-40.

Evans, RW, Manninen, DL, Garrison, LP, Jr., Hart, LG, Blagg, CR, Gutman, RA, Hull, AR
and Lowrie, EG (1985). The quality of life of patients with end-stage renal disease.
N Engl ] Med 312(9): 553-9.

Fang, Y, Ginsberg, C, Sugatani, T, Monier-Faugere, MC, Malluche, H and Hruska, KA
(2013). Early chronic kidney disease-mineral bone disorder stimulates vascular
calcification. Kidney Int.

Feeny, D, Furlong, W, Torrance, GW, Goldsmith, CH, Zhu, Z, DePauw, S, Denton, M
and Boyle, M (2002). Multiattribute and single-attribute utility functions for the
health utilities index mark 3 system. Med Care 40(2): 113-28.

Fenton, SS, Schaubel, DE, Desmeules, M, Morrison, HI, Mao, Y, Copleston, P, Jeffery, JR
and Kjellstrand, CM (1997). Hemodialysis versus peritoneal dialysis: a comparison
of adjusted mortality rates. Am | Kidney Dis 30(3): 334-42.

Feroze, U, Noori, N, Kovesdy, CP, Molnar, MZ, Martin, DJ, Reina-Patton, A, Benner, D,
Bross, R, Norris, KC, Kopple, JD and Kalantar-Zadeh, K (2011). Quality-of-life
and mortality in hemodialysis patients: roles of race and nutritional status. Clin ] Am
Soc Nephrol 6(5): 1100-11.

Fiedler, R, Dotligjav, O, Seibert, E, Ulrich, C, Markau, S and Girndt, M (2011). Vitamin D
deficiency, mortality, and hospitalization in hemodialysis patients with or without
protein-energy wasting. Nephron Clin Pract 119(3): c¢220-6.

Fiedler, R, Jehle, PM, Osten, B, Dotligschaw, O and Girndt, M (2009). Clinical nutrition
scores are supetior for the prognosis of haemodialysis patients compared to lab
markers and bioelectrical impedance. Nephrol Dial Transplant 24(12): 3812-7.

Finch, JL, Lee, DH, Liapis, H, Ritter, C, Zhang, S, Suarez, E, Ferder, L and Slatopolsky, E
(2013). Phosphate restriction significantly reduces mortality in uremic rats with
established vascular calcification. Kidney Int 84(6): 1145-53.

Finkelstein, FO, Schiller, B, Daoui, R, Gehr, TW, Kraus, MA, Lea, |, Lee, Y, Miller, BW,
Sinsakul, M and Jaber, BL (2012). At-home short daily hemodialysis improves the
long-term health-related quality of life. Kidney Int 82(5): 561-9.

Finkelstein, FO, Shirani, S, Wuerth, D and Finkelstein, SH (2007). Therapy Insight: sexual
dysfunction in patients with chronic kidney disease. Nat Clin Pract Nephrol 3(4):
200-7.

Finkelstein, FO, Story, K, Firanek, C, Barre, P, Takano, T, Soroka, S, Mujais, S, Rodd, K
and Mendelssohn, D (2008). Perceived knowledge among patients cared for by
nephrologists about chronic kidney disease and end-stage renal disease therapies.
Kidney Int 74(9): 1178-84.

Flanigan, M and Gokal, R (2005). Peritoneal catheters and exit-site practices toward
optimum peritoneal access: a review of current developments. Perit Dial Int 25(2):
132-9.

Floege, ], Kim, |, Ireland, E, Chazot, C, Drueke, T, de Francisco, A, Kronenberg, F,
Marcelli, D, Passlick-Deetjen, |, Schernthaner, G, Fouqueray, B and Wheeler, DC
(2011). Serum iPTH, calcium and phosphate, and the risk of mortality in a
European haemodialysis population. Nephrol Dial Transplant 26(6): 1948-55.

148



Fouque, D, Kalantar-Zadeh, K, Kopple, J, Cano, N, Chauveau, P, Cuppari, L, Franch, H,
Guarnieri, G, Ikizler, TA, Kaysen, G, Lindholm, B, Massy, Z, Mitch, W, Pineda, E,
Stenvinkel, P, Trevino-Becerra, A and Wanner, C (2008). A proposed nomenclature
and diagnostic criteria for protein-energy wasting in acute and chronic kidney
disease. Kidney Int 73(4): 391-8.

Fouque, D, Vennegoor, M, ter Wee, P, Wanner, C, Basci, A, Canaud, B, Haage, P, Konner,
K, Kooman, ], Martin-Malo, A, Pedrini, L, Pizzarelli, F, Tattersall, ], Tordoir, | and
Vanholder, R (2007). EBPG guideline on nutrition. Nephrol Dial Transplant 22
Suppl 2: 1145-87.

Friedman, EA (2003). International comparisons of survival on dialysis: are they reliable?
Hemodial Int 7(1): 59-66.

Fukuhara, S, Yamazaki, C, Hayashino, Y, Higashi, T, Eichleay, MA, Akiba, T, Akizawa, T,
Saito, A, Port, FK and Kurokawa, K (2007). The organization and financing of end-
stage renal disease treatment in Japan. Int | Health Care Finance Econ 7(2-3): 217-
31.

Gadallah, MF, Petvez, A, el-Shahawy, MA, Sotrells, D, Zibari, G, McDonald, ] and Work,
J (1999). Peritoneoscopic versus surgical placement of peritoneal dialysis catheters: a
prospective randomized study on outcome. Am | Kidney Dis 33(1): 118-22.

Gafni, A and Birch, S (2006). Incremental cost-effectiveness ratios (ICERs): the silence of
the lambda. Soc Sci Med 62(9): 2091-100.

Gajjar, AH, Rhoden, DH, Kathuria, P, Kaul, R, Udupa, AD and Jennings, WC (2007).
Peritoneal dialysis catheters: laparoscopic versus traditional placement techniques
and outcomes. Am ] Surg 194(6): 872-5; discussion 5-6.

Ganesh, SK, Stack, AG, Levin, NW, Hulbert-Shearon, T and Port, FK (2001). Association
of elevated serum PO(4), Ca x PO(4) product, and parathyroid hormone with
cardiac mortality risk in chronic hemodialysis patients. ] Am Soc Nephrol 12(10):
2131-8.

Ganiats, TG, Carson, RT, Hamm, RM, Cantor, SB, Sumner, W, Spann, S], Hagen, MD and
Miller, C (2000). Population-based time preferences for future health outcomes.
Med Decis Making 20(3): 263-70.

Ganter, G (1923). Uber die beseitigung giftiger stoffe aus dem blute durch dialyse. Munch
Med Wschr 70: 1478-80.

Garg, PP, Frick, KD, Diener-West, M and Powe, NR (1999). Effect of the ownership of
dialysis facilities on patients' survival and referral for transplantation. N Engl | Med
341(22): 1653-60.

Garside, R, Pitt, M, Anderson, R, Mealing, S, Roome, C, Snaith, A, D'Souza, R, Welch, K
and Stein, K (2007). The effectiveness and cost-effectiveness of cinacalcet for
secondary hyperparathyroidism in end-stage renal disease patients on dialysis: a
systematic review and economic evaluation. Health Technol Assess 11(18): iii, xi-
xiii, 1-167.

Gauthier-Bastien, A, Ung, RV, Lariviere, R, Mac-Way, F, Lebel, M and Agharazii, M
(2013). Vascular remodeling and media calcification increases arterial stiffness in
chronic kidney disease. Clin Exp Hypertens.

Gaylin, DS, Held, PJ, Port, FK, Hunsicker, .G, Wolfe, RA, Kahan, BD, Jones, CA and
Agodoa, LY (1993). The impact of comorbid and sociodemographic factors on
access to renal transplantation. Jama 269(5): 603-8.

Gentil, MA, Carriazo, A, Pavon, MI, Rosado, M, Castillo, D, Ramos, B, Algarra, GR,
Tejuca, F, Banasco, VP and Milan, JA (1991). Comparison of survival in continuous

149



ambulatory peritoneal dialysis and hospital haemodialysis: a multicentric study.
Nephrol Dial Transplant 6(6): 444-51.

Ghaffari, A, Kalantar-Zadeh, K, Lee, ], Maddux, F, Moran, | and Nissenson, A (2013). PD
First: Peritoneal Dialysis as the Default Transition to Dialysis Therapy. Semin Dial.

Ginieri-Coccossis, M, Theofilou, P, Synodinou, C, Tomaras, V and Soldatos, C (2008).
Quality of life, mental health and health beliefs in haemodialysis and peritoneal
dialysis patients: investigating differences in eatly and later years of current
treatment. BMC Nephrol 9: 14.

Glanton, CW, Kao, TC, Cruess, D, Agodoa, LY and Abbott, KC (2003). Impact of renal
transplantation on survival in end-stage renal disease patients with elevated body
mass index. Kidney Int 63(2): 647-53.

Goeree, R, Manalich, |, Grootendorst, P, Beecroft, ML and Churchill, DN (1995). Cost
analysis of dialysis treatments for end-stage renal disease (ESRD). Clin Invest Med
18(6): 455-64.

Goldenstein, PT, Elias, RM, Pires de Freitas do Carmo, L, Coclho, FO, Magalhaes, LP,
Antunes, GL, Custodio, MR, Montenegro, FL, Titan, SM, Jorgetti, V and Moyses,
RM (2013). Parathyroidectomy improves survival in patients with severe
hyperparathyroidism: a comparative study. PLoS One 8(8): ¢68870.

Goldfarb-Rumyantzev, A, Hurdle, JF, Scandling, J, Wang, Z, Baird, B, Barenbaum, L and
Cheung, AK (2005). Duration of end-stage renal disecase and kidney transplant
outcome. Nephrol Dial Transplant 20(1): 167-75.

Gondos, A and Brenner, H (2011). Relative survival of transplant patients: quantifying
surplus mortality among renal transplant recipients compared with the general
population. Transplantation 92(8): 913-7.

Gondos, A, Dohler, B, Brenner, H and Opelz, G (2013). Kidney graft survival in Europe
and the United States: strikingly different long-term outcomes. Transplantation
95(2): 267-74.

Goodman, WG, London, G, Amann, K, Block, GA, Giachelli, C, Hruska, KA, Ketteler,
M, Levin, A, Massy, Z, McCarron, DA, Raggi, P, Shanahan, CM and Yorioka, N
(2004). Vascular calcification in chronic kidney disease. Am ] Kidney Dis 43(3): 572-
9.

Goto, S, Komaba, H, Moriwaki, K, Fujimori, A, Shibuya, K, Nishioka, M, Kim, ]I,
Yoshiya, K, Shin, ], Hasegawa, H, Taniguchi, M, Fujii, H, Nishi, S, Kamae, I and
Fukagawa, M (2011). Clinical efficacy and cost-effectiveness of lanthanum
carbonate as second-line therapy in hemodialysis patients in Japan. Clin ] Am Soc
Nephrol 6(6): 1375-84.

Gracia-Iguacel, C, Gonzalez-Parra, E, Perez-Gomez, MV, Mahillo, I, Egido, J, Ortiz, A
and Carrero, J] (2013). Prevalence of protein-energy wasting syndrome and its
association with mortality in haemodialysis patients in a centre in Spain. Nefrologia
33(4): 495-505.

Grassmann, A, Gioberge, S, Moeller, S and Brown, G (2005). ESRD patients in 2004:
global overview of patient numbers, treatment modalities and associated trends.
Nephrol Dial Transplant 20(12): 2587-93.

Griva, K, Davenport, A and Newman, SP (2013). Health-related quality of life and long-
term survival and graft failure in kidney transplantation: a 12-year follow-up study.
Transplantation 95(5): 740-9.

150



Griva, K, Kang, AW, Yu, ZL, Mooppil, NK, Foo, M, Chan, CM and Newman, SP (2013).
Quality of life and emotional distress between patients on petitoneal dialysis versus
community-based hemodialysis. Qual Life Res.

Grooteman, MP, van den Dorpel, MA, Bots, ML, Penne, EL, van der Weerd, NC,
Mazairac, AH, den Hoedt, CH, van der Tweel, I, Levesque, R, Nube, MJ, ter Wee,
PM and Blankestijn, PJ (2012). Effect of online hemodiafiltration on all-cause
mortality and cardiovascular outcomes. ] Am Soc Nephrol 23(6): 1087-96.

Grosse, SD (2008). Assessing cost-effectiveness in healthcare: history of the $50,000 per
QALY threshold. Expert Rev Pharmacoecon Outcomes Res 8(2): 165-78.

Grun, RP, Constantinovici, N, Normand, C and Lamping, DL (2003). Costs of dialysis for
elderly people in the UK. Nephrol Dial Transplant 18(10): 2122-7.

Guerin, AP, Pannier, B, Metivier, I, Marchais, S] and London, GM (2008). Assessment
and significance of arterial stiffness in patients with chronic kidney disease. Curr
Opin Nephrol Hypertens 17(6): 635-41.

Guo, A and Mujais, S (2003). Patient and technique survival on peritoneal dialysis in the
United States: evaluation in large incident cohorts. Kidney Int Suppl(88): S3-12.

Gutierrez, OM, Anderson, C, Isakova, T, Scialla, ], Negrea, L, Anderson, AH, Bellovich,
K, Chen, J, Robinson, N, Ojo, A, Lash, J, Feldman, HI and Wolf, M (2010). Low
socioeconomic status associates with higher serum phosphate irrespective of race. |
Am Soc Nephrol 21(11): 1953-60.

Haapio, M, Helve, ], Kyllénen, L, Gronhagen-Riska, C and Finne, P (2013). Modality of
chronic renal replacement therapy and survival — a complete cohort from Finland,
2000-2009. Nephrol Dial Transplant 28(12): 3072-81.

Hagen, SM, Lafranca, JA, Steyerberg, EW, JN, IJ and Dor, FJ (2013). Laparoscopic versus
open peritoneal dialysis catheter insertion: a meta-analysis. PLoS One 8(2): ¢56351.

Hall, YN, Larive, B, Painter, P, Kaysen, GA, Lindsay, RM, Nissenson, AR, Unruh, ML,
Rocco, MV and Chertow, GM (2012). Effects of six versus three times per week
hemodialysis on physical performance, health, and functioning: Frequent
Hemodialysis Network (FHN) randomized trials. Clin ] Am Soc Nephrol 7(5): 782-
94.

Haller, M, Gutjahr, G, Kramar, R, Harnoncourt, F and Oberbauer, R (2011). Cost-
effectiveness analysis of renal replacement therapy in Austria. Nephrol Dial
Transplant 26(9): 2988-95.

Hallinen, T, Soini, EJ, Martikainen, JA, Ikaheimo, R and Ryynanen, OP (2009). Costs and
quality of life effects of the first year of renal replacement therapy in one Finnish
treatment centre. | Med Econ 12(2): 136-40.

Hariharan, S, Johnson, CP, Bresnahan, BA, Taranto, SE, Mclntosh, M] and Stablein, D
(2000). Improved graft survival after renal transplantation in the United States, 1988
to 1996. N Engl | Med 342(9): 605-12.

Hariharan, S, McBride, MA, Cherikh, WS, Tolleris, CB, Bresnahan, BA and Johnson, CP
(2002). Post-transplant renal function in the first year predicts long-term kidney
transplant survival. Kidney Int 62(1): 311-8.

Harris, SA, Lamping, DL, Brown, EA and Constantinovici, N (2002). Clinical outcomes
and quality of life in elderly patients on peritoneal dialysis versus hemodialysis. Perit
Dial Int 22(4): 463-70.

Haupt, WF and Rudolf, | (1999). European brain death codes: a comparison of national
guidelines. ] Neurol 246(6): 432-7.

151



Hawthorne, G, Richardson, | and Osborne, R (1999). The Assessment of Quality of Life
(AQoL) instrument: a psychometric measure of health-related quality of life. Qual
Life Res 8(3): 209-24.

Haycox, A and Jones, D (1996). The cost effectiveness of renal provision in the UK. ]
Manag Med 10(1): 6-15.

Hays, RD, Kallich, JD, Mapes, DL, Coons, SJ and Carter, WB (1994). Development of the
kidney disease quality of life (KDQOL) instrument. Qual Life Res 3(5): 329-38.

He, T, An, X, Mao, HP, Wei, X, Chen, JH, Guo, N, Yang, X, Li, ZB, Yu, XQ and Li, Z]
(2013). Malnutrition-inflammation score predicts long-term mortality in Chinese PD
patients. Clin Nephrol 79(6): 477-83.

Helanterd, I, Salmela, K, Kyllénen, L, Koskinen, P, Grénhagen-Riska, C and Finne, P
(2014). Pretransplant dialysis duration and risk of death after kidney transplantation
in the current era. Transplantation 98(4): 458-64.

Held, PJ, Port, FK, Turenne, MN, Gaylin, DS, Hamburger, R] and Wolfe, RA (1994).
Continuous ambulatory peritoneal dialysis and hemodialysis: comparison of patient
mortality with adjustment for comorbid conditions. Kidney Int 45(4): 1163-9.

Higgins, AM and Harris, AH (2012). Health economic methods: cost-minimization, cost-
effectiveness, cost-utility, and cost-benefit evaluations. Crit Care Clin 28(1): 11-24.

Himmelfarb, ] and Ikizler, TA (2010). Hemodialysis. N Engl ] Med 363(19): 1833-45.

Hirth, RA, Chernew, ME, Miller, E, Fendrick, AM and Weissert, WG (2000). Willingness
to pay for a quality-adjusted life year: in search of a standard. Med Decis Making
20(3): 332-42.

Ho, LC, Wang, HH, Chiang, CK, Hung, KY and Wu, KD (2010). Malnutrition-
inflammation score independently determined cardiovascular and infection risk in
peritoneal dialysis patients. Blood Purif 30(1): 16-24.

Hooi, LS, Lim, TO, Goh, A, Wong, HS, Tan, CC, Ahmad, G and Morad, Z (2005).
Economic evaluation of centre haemodialysis and continuous ambulatory peritoneal
dialysis in Ministry of Health hospitals, Malaysia. Nephrology (Carlton) 10(1): 25-32.

Hornberger, JC, Redelmeier, DA and Petersen, | (1992). Variability among methods to
assess patients' well-being and consequent effect on a cost-effectiveness analysis. ]
Clin Epidemiol 45(5): 505-12.

Howard, K, Salkeld, G, White, S, McDonald, S, Chadban, S, Craig, JC and Cass, A (2009).
The cost-effectiveness of increasing kidney transplantation and home-based dialysis.
Nephrology (Carlton) 14(1): 123-32.

Hsieh, YP, Chang, CC, Wen, YK, Chiou, PF and Yang, Y (2013). Predictors of Peritonitis
and the Impact of Peritonitis on Clinical Outcomes of Continuous Ambulatory
Peritoneal Dialysis Patients in Taiwan--10 Years' Experience in a Single Center.
Perit Dial Int.

Hsu, CW, Lin, JI, Lin-Tan, DT, Yen, TH, Chen, KH, Huang, WH, Ho, TC and Huang,
YL (2010). High-calcium dialysate: a factor associated with inflaimmation,
malnutrition and mortality in non-diabetic maintenance haemodialysis patients.
Nephrology (Carlton) 15(3): 313-20.

http:/ /www.era-edta-reg.org/files/annualreports/pdf/ AnnRep2011.pdf. ERA-EDTA
Registry: Annual Report 2011, Retrieved 4.4.2014.

http://www.musili.fi/files/630/Report2003.pdf. Suomen Munuaistautirekisteri.
Vuosiraportti 2003. Retrieved 4.11.2015

http:/ /www.musili.fi/ files/1280/Munuaistautirekisteri_vuosiraportti_2012.pdf. ~ Suomen
Munuaistautirekisteri. Vuosiraportti 2012. Retrieved 4.4.2014.

152



http:/ /www.tilastokeskus.fi/tup/suoluk/suoluk_kansantalous.html. Retrieved 4.4.2014

Hu, RH, Lee, PH, Tsai, MK and Lee, CY (1998). Medical cost difference between renal
transplantation and hemodialysis. Transplant Proc 30(7): 3617-20.

Huang, Y and Samaniego, M (2012). Preemptive kidney transplantation: has it come of
age? Nephrol Ther 8(6): 428-32.

Huisman, RM, Nieuwenhuizen, MG and Th de Chatro, F (2002). Patient-related and
centre-related factors influencing technique survival of peritoneal dialysis in The
Netherlands. Nephrol Dial Transplant 17(9): 1655-60.

Hunt, SM, McEwen, ] and McKenna, SP (1985). Measuring health status: a new tool for
clinicians and epidemiologists. ] R Coll Gen Pract 35(273): 185-8.

Hutchison, AJ (2009). Oral phosphate binders. Kidney Int 75(9): 906-14.

Icks, A, Haastert, B, Gandjour, A, Chernyak, N, Rathmann, W, Giani, G, Rump, LC,
Trapp, R and Koch, M (2010). Costs of dialysis--a regional population-based
analysis. Nephrol Dial Transplant 25(5): 1647-52.

Ikizler, TA, Cano, NJ, Franch, H, Fouque, D, Himmelfarb, ], Kalantar-Zadeh, K,
Kuhlmann, MK, Stenvinkel, P, TerWee, P, Teta, D, Wang, AY and Wanner, C
(2013). Prevention and treatment of protein energy wasting in chronic kidney
disease patients: a consensus statement by the International Society of Renal
Nutrition and Metabolism. Kidney Int 84(6): 1096-107.

Inrig, JK, Sun, JL, Yang, Q, Briley, LP and Szczech, LA (2006). Mortality by dialysis
modality among patients who have end-stage renal disease and are awaiting renal
transplantation. Clin ] Am Soc Nephrol 1(4): 774-9.

Jaar, BG, Coresh, ], Plantinga, LC, Fink, NE, Klag, MJ, Levey, AS, Levin, NW, Sadler, JH,
Kliger, A and Powe, NR (2005). Comparing the risk for death with peritoneal
dialysis and hemodialysis in a national cohort of patients with chronic kidney
disease. Ann Intern Med 143(3): 174-83.

Jaar, BG, Plantinga, LC, Crews, DC, Fink, NE, Hebah, N, Coresh, J, Kliger, AS and Powe,
NR (2009). Timing, causes, predictors and prognosis of switching from peritoneal
dialysis to hemodialysis: a prospective study. BMC Nephrol 10: 3.

Jacobs, C (1997). The costs of dialysis treatments for patients with end-stage renal discase
in France. Nephrol Dial Transplant 12 Suppl 1: 29-32.

Jager, KJ, Merkus, MP, Dekker, FW, Boeschoten, EW, Tijssen, JG, Stevens, P, Bos, W]
and Krediet, RT (1999). Mortality and technique failure in patients starting chronic
peritoneal dialysis: results of The Netherlands Cooperative Study on the Adequacy
of Dialysis. NECOSAD Study Group. Kidney Int 55(4): 1476-85.

Jain, AK, Blake, P, Cordy, P and Garg, AX (2012). Global trends in rates of peritoneal
dialysis. ] Am Soc Nephrol 23(3): 533-44.

Jamal, SA, Fitchett, D, Lok, CE, Mendelssohn, DC and Tsuyuki, RT (2009). The effects of
calcium-based versus non-calcium-based phosphate binders on mortality among
patients with chronic kidney disease: a meta-analysis. Nephrol Dial Transplant
24(10): 3168-74.

Jansen, MA, Korevaar, JC, Dekker, FW, Jager, KJ, Boeschoten, EW and Krediet, RT
(2001). Renal function and nutritional status at the start of chronic dialysis
treatment. ] Am Soc Nephrol 12(1): 157-63.

Jassal, SV, Krahn, MD, Naglie, G, Zaltzman, |S, Roscoe, JM, Cole, EH and Redelmeier,
DA (2003). Kidney transplantation in the eldetly: a decision analysis. ] Am Soc
Nephrol 14(1): 187-96.

153



Jassal, SV, Krishna, G, Mallick, NP and Mendelssohn, DC (2002). Attitudes of British Isles
nephrologists towards dialysis modality selection: a questionnaire study. Nephrol
Dial Transplant 17(3): 474-7.

Jayanti, A, Nikam, M, Ebah, L, Dutton, G, Morris, | and Mitra, S (2013). Technique
survival in home haemodialysis: a composite success rate and its risk predictors in a
prospective longitudinal cohort from a tertiary renal network programme. Nephrol
Dial Transplant 28(10): 2612-20.

Jean, G, Lataillade, D, Genet, L, Legrand, E, Kuentz, F, Moreau-Gaudry, X and Fouque, D
(2011). Calcium carbonate, but not sevelamer, is associated with better outcomes in
hemodialysis patients: results from the French ARNOS study. Hemodial Int 15(4):
485-92.

Jeloka, TK, Upase, S and Chitikeshi, S (2012). Monthly cost of three exchanges a day
peritoneal dialysis is same as of thrice a week hemodialysis in self-paying Indian
patients. Indian ] Nephrol 22(1): 39-41.

Jiwakanon, S, Chiu, YW, Kalantat-Zadeh, K and Mehrotra, R (2010). Peritoneal dialysis: an
underutilized modality. Curr Opin Nephrol Hypertens 19(6): 573-7.

Johansen, KL, Finkelstein, FO, Revicki, DA, Gitlin, M, Evans, C and Mayne, T] (2010).
Systematic review and meta-analysis of exercise tolerance and physical functioning
in dialysis patients treated with erythropoiesis-stimulating agents. Am | Kidney Dis
55(3): 535-48.

Johnson, DW, Herzig, K, Purdie, D, Brown, AM, Rigby, R]J, Nicol, DL. and Hawley, CM
(2000). A comparison of the effects of dialysis and renal transplantation on the
survival of older uremic patients. Transplantation 69(5): 794-9.

Johnson, R and Fechally, ] (2003). Comprehensive Clinical Nephrology, 2nd edition. St.
Louis, Elsevier Limited.

Juergense, PH, Botev, R, Wuerth, D, Finkelstein, SH, Smith, JD and Finkelstein, FO
(2001). Erectile dysfunction in chronic peritoneal dialysis patients: incidence and
treatment with sildenafil. Perit Dial Int 21(4): 355-9.

Just, PM, de Charro, FT, Tschosik, EA, Noe, LL, Bhattacharyya, SK and Riella, MC
(2008). Reimbursement and economic factors influencing dialysis modality choice
around the world. Nephrol Dial Transplant 23(7): 2365-73.

Jwo, SC, Chen, KS, Lee, CC and Chen, HY (2010). Prospective randomized study for
comparison of open surgery with laparoscopic-assisted placement of Tenckhoff
peritoneal dialysis catheter--a single center experience and literature review. ] Surg
Res 159(1): 489-96.

Kalantar-Zadeh, K, Abbott, KC, Kronenberg, F, Anker, SD, Horwich, TB and Fonarow,
GC (2000). Epidemiology of dialysis patients and heart failure patients. Semin
Nephrol 26(2): 118-33.

Kalantar-Zadeh, K, Block, G, Humphreys, MH and Kopple, JD (2003). Reverse
epidemiology of cardiovascular risk factors in maintenance dialysis patients. Kidney
Int 63(3): 793-808.

Kalantar-Zadeh, K, Ikizler, TA, Block, G, Avram, MM and Kopple, JD (2003).
Malnutrition-inflaimmation complex syndrome in dialysis patients: causes and
consequences. Am | Kidney Dis 42(5): 864-81.

Kalantar-Zadeh, K, Kopple, JD, Block, G and Humphreys, MH (2001). Association
among SF36 quality of life measures and nutrition, hospitalization, and mortality in
hemodialysis. ] Am Soc Nephrol 12(12): 2797-806.

154



Kalantar-Zadeh, K, Kopple, JD, Block, G and Humphreys, MH (2001). A malnutrition-
inflammation score is correlated with morbidity and mortality in maintenance
hemodialysis patients. Am ] Kidney Dis 38(6): 1251-63.

Kalantar-Zadeh, K, Kuwae, N, Regidor, DL, Kovesdy, CP, Kilpatrick, RD, Shinaberger,
CS, McAllister, CJ, Budoff, MJ, Salusky, IB and Kopple, JD (20006). Survival
predictability of time-varying indicators of bone disease in maintenance
hemodialysis patients. Kidney Int 70(4): 771-80.

Kalender, B, Ozdemir, AC, Dervisoglu, E and Ozdemir, O (2007). Quality of life in
chronic kidney disease: effects of treatment modality, depression, malnutrition and
inflammation. Int | Clin Pract 61(4): 569-76.

Kantartzi, K, Panagoutsos, S, Mourvati, E, Roumeliotis, A, Leivaditis, K, Devetzis, V,
Passadakis, P and Vargemezis, V (2013). Can dialysis modality influence quality of
life in chronic hemodialysis patients? Low-flux hemodialysis versus high-flux
hemodiafiltration: a cross-over study. Ren Fail 35(2): 216-21.

Kaplan, B, Schold, | and Meier-Kriesche, HU (2003). Poor predictive value of serum
creatinine for renal allograft loss. Am | Transplant 3(12): 1560-5.

Karlberg, I and Nyberg, G (1995). Cost-effectiveness studies of renal transplantation. Int J
Technol Assess Health Care 11(3): 611-22.

Karopadi, AN, Mason, G, Rettore, E and Ronco, C (2013). Cost of peritoneal dialysis and
haemodialysis across the world. Nephrol Dial Transplant 28(10): 2553-69.

Kasiske, BL, London, W and Ellison, MD (1998). Race and socioeconomic factors
influencing early placement on the kidney transplant waiting list. ] Am Soc Nephrol
9(11): 2142-7.

Kasiske, BL, Snyder, JJ, Matas, AJ, Ellison, MD, Gill, JS and Kausz, AT (2002). Preemptive
kidney transplantation: the advantage and the advantaged. ] Am Soc Nephrol 13(5):
1358-64.

KDIGO (2009). KDIGO clinical practice guideline for the diagnosis, evaluation,
prevention, and treatment of Chronic Kidney Disease-Mineral and Bone Disorder
(CKD-MBD). Kidney Int Suppl (113): S1-130.

Keith, DS, Cantarovich, M, Paraskevas, S and Tchervenkov, J (2008). Duration of dialysis
pretransplantation is an important risk factor for delayed recovery of renal function
following deceased donor kidney transplantation. Transpl Int 21(2): 126-32.

Kerschbaum, ], Vychytil, A, Lhotta, K, Prischl, FC, Wiesholzer, M, Machhold-Fabrizii, V,
Kopriva-Altfahrt, G, Schwarz, C, Balcke, P, Oberbauer, R, Kramar, R, Konig, P and
Rudnicki, M (2013). Treatment with oral active vitamin D is associated with
decreased risk of peritonitis and improved survival in patients on peritoneal dialysis.
PLoS One 8(7): e67836.

King, LK, Kingswood, JC and Shatrpstone, P (1992). Comparison of the efficacy cost and
complication rate of APD and CAPD as long-term outpatient treatments for renal
failure. Adv Perit Dial 8: 123-6.

Kirby, L and Vale, L (2001). Dialysis for end-stage renal disease. Determining a cost-
effective approach. Int | Technol Assess Health Care 17(2): 181-9.

Klarenbach, S, Tonelli, M, Pauly, R, Walsh, M, Culleton, B, So, H, Hemmelgarn, B and
Manns, B (2013). Economic Evaluation of Frequent Home Nocturnal Hemodialysis
Based on a Randomized Controlled Trial. ] Am Soc Nephrol.

Kleophas, W and Reichel, H (2007). International study of health care organization and
financing: development of renal replacement therapy in Germany. Int | Health Care
Finance Econ 7(2-3): 185-200.

155



Knight, EL, Ofsthun, N, Teng, M, Lazarus, JM and Curhan, GC (2003). The association
between mental health, physical function, and hemodialysis mortality. Kidney Int
63(5): 1843-51.

Komenda, P, Gavaghan, MB, Garfield, SS, Poret, AW and Sood, MM (2012). An economic
assessment model for in-center, conventional home, and more frequent home
hemodialysis. Kidney Int 81(3): 307-13.

Kondrup, J, Rasmussen, HH, Hamberg, O and Stanga, Z (2003). Nutritional risk screening
(NRS 2002): a new method based on an analysis of controlled clinical trials. Clin
Nutr 22(3): 321-36.

Kovesdy, CP and Kalantar-Zadeh, K (2009). Why is protein-energy wasting associated with
mortality in chronic kidney disease? Semin Nephrol 29(1): 3-14.

Kramer, A, Stel, V, Zoccali, C, Heaf, ], Ansell, D, Gronhagen-Riska, C, Leivestad, T,
Simpson, K, Palsson, R, Postorino, M and Jager, K (2009). An update on renal
replacement therapy in Europe: ERA-EDTA Registry data from 1997 to 2006.
Nephrol Dial Transplant 24(12): 3557-66.

Kramer, A, Stel, VS, Caskey, FJ, Stengel, B, Elliott, RF, Covic, A, Geue, C, Cusumano, A,
Macleod, AM and Jager, KJ (2012). Exploring the association between
macroeconomic indicators and dialysis mortality. Clin ] Am Soc Nephrol 7(10):
1655-63.

Krause, R, Schober-Halstenberg, HJ, Edenharter, G, Haas, K, Roth, HJ and Frei, U (2012).
Vitamin D status and mortality of German hemodialysis patients. Anticancer Res
32(1): 391-5.

Kurtin, P and Nissenson, AR (1993). Variation in end-stage renal disease patient outcomes:
what we know, what should we know, and how do we find it out? ] Am Soc
Nephrol 3(11): 1738-47.

Kutner, NG, Zhang, R, Huang, Y and Bliwise, DL (2007). Association of sleep difficulty
with Kidney Disease Quality of Life cognitive function score reported by patients
who recently started dialysis. Clin ] Am Soc Nephrol 2(2): 284-9.

Kutner, NG, Zhang, R, Huang, Y and Bliwise, DL (2008). Patient-reported sleep difficulty
and cognitive function during the first year of dialysis. Int Urol Nephrol 40(1): 203-
10.

Lamb, KE, Lodhi, S and Meier-Kriesche, HU (2011). Long-term renal allograft survival in
the United States: a critical reappraisal. Am ] Transplant 11(3): 450-62.

Lamping, DL, Constantinovici, N, Roderick, P, Normand, C, Henderson, L, Harris, S,
Brown, E, Gruen, R and Victor, C (2000). Clinical outcomes, quality of life, and
costs in the North Thames Dialysis Study of eldetly people on dialysis: a prospective
cohort study. Lancet 356(9241): 1543-50.

Laupacis, A, Keown, P, Pus, N, Krueger, H, Ferguson, B, Wong, C and Muirhead, N
(1996). A study of the quality of life and cost-utility of renal transplantation. Kidney
Int 50(1): 235-42.

Laupacis, A, Muirhead, N, Keown, P and Wong, C (1992). A disease-specific questionnaire
for assessing quality of life in patients on hemodialysis. Nephron 60(3): 302-6.

Leaf, DE and Goldfarb, DS (2009). Interpretation and review of health-related quality of
life data in CKD patients receiving treatment for anemia. Kidney Int 75(1): 15-24.

Lee, CP, Chertow, GM and Zenios, SA (2006). A simulation model to estimate the cost
and effectiveness of alternative dialysis initiation strategies. Med Decis Making
26(5): 535-49.

156



Lee, CP, Zenios, SA and Chertow, GM (2008). Cost-effectiveness of frequent in-center
hemodialysis. ] Am Soc Nephrol 19(9): 1792-7.

Lee, CP, Chertow, GM and Zenios, SA (2009). An empiric estimate of the value of life:
updating the renal dialysis cost-effectiveness standard. Value Health 12(1): 80-7.

Lee, H, Manns, B, Taub, K, Ghali, WA, Dean, S, Johnson, D and Donaldson, C (2002).
Cost analysis of ongoing care of patients with end-stage renal disease: the impact of
dialysis modality and dialysis access. Am | Kidney Dis 40(3): 611-22.

Lentine, KL, Gheorghian, A, Axelrod, D, Kalsekar, A, L'Italien, G and Schnitzler, MA
(2012). The implications of acute rejection for allograft survival in contemporary
U.S. kidney transplantation. Transplantation 94(4): 369-76.

Levey, AS, Cotesh, ], Balk, E, Kausz, AT, Levin, A, Steffes, MW, Hogg, R], Perrone, RD,
Lau, ] and Eknoyan, G (2003). National Kidney Foundation practice guidelines for
chronic kidney disease: evaluation, classification, and stratification. Ann Intern Med
139(2): 137-47.

Levey, AS, Eckardt, KU, Tsukamoto, Y, Levin, A, Coresh, ], Rossett, |, De Zeeuw, D,
Hostetter, TH, Lameire, N and Eknoyan, G (2005). Definition and classification of
chronic kidney disease: a position statement from Kidney Disease: Improving
Global Outcomes (KDIGO). Kidney Int 67(6): 2089-100.

Levin, A and Foley, RN (2000). Cardiovascular disease in chronic renal insufficiency. Am |
Kidney Dis 36(6 Suppl 3): S24-30.

Li, PK and Szeto, CC (2008). Success of the peritoneal dialysis programme in Hong Kong.
Nephrol Dial Transplant 23(5): 1475-8.

Lin, CL, Huang, CC, Chang, CT, Wu, MS, Hung, CC, Chien, CC and Yang, CW (2001).
Clinical improvement by increased frequency of on-line hemodialfiltration. Ren Fail
23(2): 193-206.

Lindholm, B, Heimburger, O and Stenvinkel, P (2002). What atre the causes of protein-
energy malnutrition in chronic renal insufficiency? Am ] Kidney Dis 39(2): 422-5.

Lindner, A, Charra, B, Sherrard, DJ and Scribner, BH (1974). Accelerated atherosclerosis
in prolonged maintenance hemodialysis. N Engl ] Med 290(13): 697-701.

Little, J, Irwin, A, Marshall, T, Rayner, H and Smith, S (2001). Predicting a patient's choice
of dialysis modality: experience in a United Kingdom renal department. Am ]
Kidney Dis 37(5): 981-6.

Liu, Y, Coresh, ], Eustace, JA, Longenecker, JC, Jaar, B, Fink, NE, Tracy, RP, Powe, NR
and Klag, M] (2004). Association between cholesterol level and mortality in dialysis
patients: role of inflammation and malnutrition. Jama 291(4): 451-9.

Locatelli, F (2004). The need for better control of secondary hyperparathyroidism. Nephrol
Dial Transplant 19 Suppl 5: V15-9.

Locatelli, F, Marcelli, D, Conte, F, Limido, A, Lonati, F, Malberti, F and Spotti, D (1995).
1983 to 1992: report on regular dialysis and transplantation in Lombardy. Am ]
Kidney Dis 25(1): 196-205.

Lopez Revuelta, K, Garcia Lopez, FJ, de Alvaro Moreno, F and Alonso, | (2004).
Perceived mental health at the start of dialysis as a predictor of morbidity and
mortality in patients with end-stage renal disease (CALVIDIA Study). Nephrol Dial
Transplant 19(9): 2347-53.

Lowtie, EG, Lazatrus, JM, Mocelin, AJ, Bailey, GL, Hampers, CL, Wilson, RE and Merrill,
JP (1973). Survival of patients undergoing chronic hemodialysis and renal
transplantation. N Engl ] Med 288(17): 863-7.

157



Lowrie, EG and Lew, NL (1990). Death risk in hemodialysis patients: the predictive value
of commonly measured variables and an evaluation of death rate differences
between facilities. Am ] Kidney Dis 15(5): 458-82.

Lund, L and Jonler, M (2007). Peritoneal dialysis catheter placement: is laparoscopy an
option? Int Urol Nephrol 39(2): 625-8.

Luno, J (2007). The organization and financing of end-stage renal disease in Spain. Int J
Health Care Finance Econ 7(4): 253-67.

Mackenzie, P and Mactier, RA (1998). Home haemodialysis in the 1990s. Nephrol Dial
Transplant 13(8): 1944-8.

Macrae, J, Walley, RV and Parker, AS (1969). Economics of dialysis. Br Med | 1(5646):
777-8.

Maglakelidze, N, Pantsulaia, T, Tchokhonelidze, I, Managadze, L. and Chkhotua, A (2011).
Assessment of health-related quality of life in renal transplant recipients and dialysis
patients. Transplant Proc 43(1): 376-9.

Mahmoud, KM, Sheashaa, HA, Gheith, OA, Wafa, EW, Agroudy, AE, Sabry, AA, Abbas,
TM, Hamdy, AF, Rashad, RH and Sobh, MA (2010). Continuous ambulatory
peritoneal dialysis in Egypt: progression despite handicaps. Perit Dial Int 30(3): 269-
73.

Maiorca, R, Cancarini, GC, Zubani, R, Movilli, E and Brunori, G (1996). Differing dialysis
treatment strategies and outcome. Nephrol Dial Transplant 11 Suppl 2: 134-9.

Mak, RH, Cheung, W, Cone, RD and Marks, DL (2006). Mechanisms of disease: Cytokine
and adipokine signaling in uremic cachexia. Nat Clin Pract Nephrol 2(9): 527-34.

Malindretos, P, Sarafidis, P, Lazaridis, A and Nikolaidis, P (2012). A study of the
association of higher parathormone levels with health-related quality of life in
hemodialysis patients. Clin Nephrol 77(3): 196-203.

Malmstrom, RK, Roine, RP, Heikkila, A, Rasanen, P, Sintonen, H, Muroma-Karttunen, R
and Honkanen, E (2008). Cost analysis and health-related quality of life of home
and self-care satellite haemodialysis. Nephrol Dial Transplant 23(6): 1990-6.

Mapes, DL, Lopes, AA, Satayathum, S, McCullough, KP, Goodkin, DA, Locatelli, F,
Fukuhara, S, Young, EW, Kurokawa, K, Saito, A, Bommer, ], Wolfe, RA, Held, PJ
and Port, FK (2003). Health-related quality of life as a predictor of mortality and
hospitalization: the Dialysis Outcomes and Practice Patterns Study (DOPPS).
Kidney Int 64(1): 339-49.

Marco, MP, Craver, L, Betriu, A, Belart, M, Fibla, | and Fernandez, E (2003). Higher
impact of mineral metabolism on cardiovascular mortality in a European
hemodialysis population. Kidney Int Suppl(85): S111-4.

Marott, SC, Nordestgaard, BG, Zacho, ], Friberg, ], Jensen, GB, Tybjaerg-Hansen, A and
Benn, M (2010). Does elevated C-reactive protein increase atrial fibrillation risk? A
Mendelian randomization of 47,000 individuals from the general population. ] Am
Coll Cardiol 56(10): 789-95.

Marron, B, Martinez Ocana, JC, Salgueira, M, Barril, G, Lamas, JM, Martin, M, Sierra, T,
Rodriguez-Carmona, A, Soldevilla, A and Martinez, F (2005). Analysis of patient
flow into dialysis: role of education in choice of dialysis modality. Perit Dial Int 25
Suppl 3: §56-9.

Matas, AJ (2014). Transplantation: Increased ESRD and mortality risk for kidney donors?
Nat Rev Nephrol 10(3): 130-1.

158



Matas, AJ, Gillingham, KJ, Humar, A, Kandaswamy, R, Sutherland, DE, Payne, WD,
Dunn, TB and Najarian, ]S (2008). 2202 kidney transplant recipients with 10 years
of graft function: what happens next? Am J Transplant 8(11): 2410-9.

Mazairac, AH, de Wit, GA, Grooteman, MP, Penne, EL, van der Weerd, NC, den Hoedt,
CH, Levesque, R, van den Dorpel, MA, Nube, M]J, ter Wee, PM, Bots, ML and
Blankestijn, PJ (2013). Effect of hemodiafiltration on quality of life over time. Clin |
Am Soc Nephrol 8(1): 82-9.

Mazairac, AH, de Wit, GA, Grooteman, MP, Penne, EL, van der Weerd, NC, van den
Dorpel, MA, Nube, MJ, Levesque, R, Ter Wee, PM, Bots, ML and Blankestijn, PJ
(2011). A composite score of protein-energy nutritional status predicts mortality in
haemodialysis patients no better than its individual components. Nephrol Dial
Transplant 26(6): 1962-7.

Mazairac, AH, Grooteman, MP, Blankestijn, PJ, Penne, EL, van der Weerd, NC, den
Hoedt, CH, van den Dorpel, MA, Buskens, E, Nube, MJ, ter Wee, PM, de Wit, GA
and Bots, ML (2012). Differences in quality of life of hemodialysis patients between
dialysis centers. Qual Life Res 21(2): 299-307.

McClellan, WM, Wasse, H, McClellan, AC, Kipp, A, Waller, LA and Rocco, MV (2009).
Treatment center and geographic variability in pre-ESRD care associate with
increased mortality. ] Am Soc Nephrol 20(5): 1078-85.

McCusker, FX, Techan, BP, Thorpe, KE, Keshaviah, PR and Churchill, DN (1996). How
much peritoneal dialysis is required for the maintenance of a good nutritional state?
Canada-USA (CANUSA) Peritoneal Dialysis Study Group. Kidney Int Suppl 506:
S56-61.

McDonald, SP and Russ, GR (2002). Sutvival of recipients of cadaveric kidney transplants
compared with those receiving dialysis treatment in Australia and New Zealand,
1991-2001. Nephrol Dial Transplant 17(12): 2212-9.

McFarlane, PA, Bayoumi, AM, Pierratos, A and Redelmeier, DA (2003). The quality of life
and cost utility of home nocturnal and conventional in-center hemodialysis. Kidney
Int 64(3): 1004-11.

McFarlane, PA, Pierratos, A and Redelmeier, DA (2002). Cost savings of home nocturnal
versus conventional in-center hemodialysis. Kidney Int 62(6): 2216-22.

McLaughlin, K, Manns, B, Culleton, B, Donaldson, C and Taub, K (2001). An economic
evaluation of early versus late referral of patients with progressive renal
insufficiency. Am | Kidney Dis 38(5): 1122-8.

Medani, S, Shantier, M, Hussein, W, Wall, C and Mellotte, G (2012). A comparative
analysis of percutaneous and open surgical techniques for peritoneal catheter
placement. Perit Dial Int 32(6): 628-35.

Mehrotra, R, Chiu, YW, Kalantar-Zadeh, K, Bargman, | and Vonesh, E (2011). Similar
outcomes with hemodialysis and peritoneal dialysis in patients with end-stage renal
disease. Arch Intern Med 171(2): 110-8.

Mehrotra, R, Kermah, D, Fried, L, Kalantar-Zadeh, K, Khawar, O, Norris, K and
Nissenson, A (2007). Chronic peritoneal dialysis in the United States: declining
utilization despite improving outcomes. ] Am Soc Nephrol 18(10): 2781-8.

Meier-Kriesche, HU, Baliga, R and Kaplan, B (2003). Decreased renal function is a strong
risk factor for cardiovascular death after renal transplantation. Transplantation
75(8): 1291-5.

159



Meier-Kriesche, HU and Kaplan, B (2002). Waiting time on dialysis as the strongest
modifiable risk factor for renal transplant outcomes: a paired donor kidney analysis.
Transplantation 74(10): 1377-81.

Meier-Kriesche, HU, Port, FK, Ojo, AO, Rudich, SM, Hanson, JA, Cibrik, DM,
Leichtman, AB and Kaplan, B (2000). Effect of waiting time on renal transplant
outcome. Kidney Int 58(3): 1311-7.

Mendelssohn, DC (2009). Increasing PD utilization: should suitable patients be forced?
Perit Dial Int 29(2): 144-6.

Mendelssohn, DC, Langlois, N and Blake, PG (2004). Peritoneal dialysis in Ontario: a
natural experiment in physician reimbursement methodology. Perit Dial Int 24(6):
531-7.

Mendelssohn, DC, Mujais, SK, Sotoka, SD, Brouillette, |, Takano, T, Barre, PE, Mittal,
BV, Singh, A, Firanek, C, Story, K and Finkelstein, FO (2009). A prospective
evaluation of renal replacement therapy modality eligibility. Nephrol Dial Transplant
24(2): 555-61.

Mendelssohn, DC, Mullaney, SR, Jung, B, Blake, PG and Mechta, RL (2001). What do
American nephologists think about dialysis modality selection? Am ] Kidney Dis
37(1): 22-9.

Menon, V, Greene, T, Pereira, AA, Wang, X, Beck, GJ, Kusek, JW, Collins, AJ, Levey, AS
and Sarnak, MJ (2005). Relationship of phosphorus and calcium-phosphorus
product with mortality in CKD. Am ] Kidney Dis 46(3): 455-63.

Merion, RM, Ashby, VB, Wolfe, RA, Distant, DA, Hulbert-Shearon, TE, Metzger, RA,
Ojo, AO and Port, FK (2005). Deceased-donor characteristics and the survival
benefit of kidney transplantation. Jama 294(21): 2726-33.

Merkus, MP, Jager, KJ, Dekker, FW, de Haan, RJ, Boeschoten, EW and Krediet, RT
(1999). Physical symptoms and quality of life in patients on chronic dialysis: results
of The Netherlands Cooperative Study on Adequacy of Dialysis (NECOSAD).
Nephrol Dial Transplant 14(5): 1163-70.

Merkus, MP, Jager, KJ, Dekker, FW, De Haan, R], Boeschoten, EW and Krediet, RT
(1999). Quality of life over time in dialysis: the Netherlands Cooperative Study on
the Adequacy of Dialysis. NECOSAD Study Group. Kidney Int 56(2): 720-8.

Merrill,  JP, Murray, JE, Harrison, JH and Guid, WR (1956). Successful
homotransplantation of the human kidney between identical twins. ] Am Med
Assoc 160(4): 277-82.

Michels, WM, van Dijk, S, Verduijn, M, le Cessie, S, Boeschoten, EW, Dekker, FW and
Krediet, RT (2011). Quality of life in automated and continuous ambulatory
peritoneal dialysis. Perit Dial Int 31(2): 138-47.

Michels, WM, Verduijn, M, Boeschoten, EW, Dekker, FW and Krediet, RT (2009). Similar
survival on automated peritoneal dialysis and continuous ambulatory peritoneal
dialysis in a large prospective cohort. Clin ] Am Soc Nephrol 4(5): 943-9.

Mingardi, G, Cornalba, L, Cortinovis, E, Ruggiata, R, Mosconi, P and Apolone, G (1999).
Health-related quality of life in dialysis patients. A report from an Italian study using
the SF-36 Health Survey. DIA-QOL Group. Nephrol Dial Transplant 14(6): 1503-
10.

Mittal, SK, Ahern, L, Flaster, E, Maesaka, JK and Fishbane, S (2001). Self-assessed physical
and mental function of haemodialysis patients. Nephrol Dial Transplant 16(7):
1387-94.

160



Mizobuchi, M, Towler, D and Slatopolsky, E (2009). Vascular calcification: the killer of
patients with chronic kidney disease. ] Am Soc Nephrol 20(7): 1453-64.

Moe, S, Drueke, T, Cunningham, J, Goodman, W, Martin, K, Olgaard, K, Ott, S, Sprague,
S, Lameire, N and Eknoyan, G (2006). Definition, evaluation, and classification of
renal osteodystrophy: a position statement from Kidney Disease: Improving Global
Outcomes (KDIGO). Kidney Int 69(11): 1945-53.

Moht, PE, Neumann, PJ, Franco, SJ, Marainen, ], Lockridge, R and Ting, G (2001). The
case for daily dialysis: its impact on costs and quality of life. Am | Kidney Dis 37(4):
777-89.

Monteon, F, Correa-Rotter, R, Paniagua, R, Amato, D, Hurtado, ME, Medina, JL, Salcedo,
RM, Garcia, B, Matos, M, Kaji, ], Vazquez, R, Ramos, A, Schettino, MA and
Moran, ] (1998). Prevention of peritonitis with disconnect systems in CAPD: a
randomized controlled trial. The Mexican Nephrology Collaborative Study Group.
Kidney Int 54(6): 2123-8.

Moorhead, JF, Baillod, RA, Hopewell, JP, Knight, AH, Crockett, RE, Fernando, ON and
Varghese, Z (1970). Survival rates of patients treated by home and hospital dialysis
and cadaveric renal transplantation. Br Med ] 4(5727): 83-5.

Morrissey, PE and Monaco, AP (2014). Donation after circulatory death: current practices,
ongoing challenges, and potential improvements. Transplantation 97(3): 258-64.

Mutray, JE (2011). Ronald Lee Herrick Memortial: June 15, 1931-December 27, 2010. Am ]
Transplant 11(3): 419.

Murtagh, FE, Marsh, JE, Donohoe, P, Ekbal, NJ, Sheerin, NS and Harris, FE (2007).
Dialysis or not? A comparative survival study of patients over 75 years with chronic
kidney disease stage 5. Nephrol Dial Transplant 22(7): 1955-62.

Naidas, OD, Chan-Licuanan, KR, Velasco, VP, Dalay, CV, Bayog, DV and Rosete-Liquete,
RM (1998). Cost effectiveness analysis of alternative treatments of end-stage renal
disease: Philippine experience. Transplant Proc 30(7): 3116.

Naish, P (1979). Dialysis and transplantation and the quality of life. Br Med ] 1(6156): 122-
3.

National Kidney Foundation (2000). Clinical practice guidelines for nutrition in chronic
renal failure. K/DOQI, National Kidney Foundation. Am ] Kidney Dis 35(6 Suppl
2): S1-140.

National Kidney Foundation (2002). K/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and stratification. Am ] Kidney Dis 39(2
Suppl 1): S1-266.

National Kidney Foundation (2003). K/DOQI clinical practice guidelines for bone
metabolism and disease in chronic kidney disease. Am | Kidney Dis 42(4 Suppl 3):
S1-201.

Navaneethan, SD, Palmer, SC, Craig, JC, Elder, GJ and Strippoli, GF (2009). Benefits and
harms of phosphate binders in CKD: a systematic review of randomized controlled
trials. Am ] Kidney Dis 54(4): 619-37.

Nebel, M, Finke, K and Renner, E (1991). Analysis and comparison of treatment costs in
peritoneal dialysis and hemodialysis. Contrib Nephrol 89: 274-81.

Negoi, D, Prowant, BF and Twardowski, Z] (2006). Current trends in the use of peritoneal
dialysis catheters. Adv Perit Dial 22: 147-52.

Neil, N, Guest, S, Wong, L, Inglese, G, Bhattacharyya, SK, Gehr, T, Walker, DR and
Golper, T (2009). The financial implications for Medicare of greater use of
peritoneal dialysis. Clin Ther 31(4): 880-8.

161



Nemeth, EF, Steffey, ME, Hammerland, LG, Hung, BC, Van Wagenen, BC, DelMar, EG
and Balandrin, MF (1998). Calcimimetics with potent and selective activity on the
parathyroid calcium receptor. Proc Natl Acad Sci U S A 95(7): 4040-5.

Nguyen-Khoa, T, Massy, ZA, De Bandt, JP, Kebede, M, Salama, L, Lambrey, G, Witko-
Sarsat, V, Drueke, TB, Lacour, B and Thevenin, M (2001). Oxidative stress and
haemodialysis: role of inflammation and duration of dialysis treatment. Nephrol
Dial Transplant 16(2): 335-40.

Nicholson, T and Roderick, P (2007). International Study of Health Care Organization and
Financing of renal services in England and Wales. Int | Health Care Finance Econ
7(4): 283-99.

Ninomiya, T, Perkovic, V, de Galan, BE, Zoungas, S, Pillai, A, Jardine, M, Patel, A, Cass,
A, Neal, B, Poulter, N, Mogensen, CE, Cooper, M, Marre, M, Williams, B, Hamet,
P, Mancia, G, Woodward, M, Macmahon, S and Chalmers, | (2009). Albuminuria
and kidney function independently predict cardiovascular and renal outcomes in
diabetes. ] Am Soc Nephrol 20(8): 1813-21.

Nissenson, AR (1996). Health-care economics and peritoneal dialysis. Perit Dial Int 16
Suppl 1: S373-7.

Nissenson, AR, Prichard, SS, Cheng, IK, Gokal, R, Kubota, M, Maiorca, R, Riella, MC,
Rottembourg, | and Stewart, JH (1993). Non-medical factors that impact on ESRD
modality selection. Kidney Int Suppl 40: S120-7.

Nissenson, AR, Prichard, SS, Cheng, IK, Gokal, R, Kubota, M, Maiorca, R, Riella, MC,
Rottembourg, | and Stewart, JH (1997). ESRD modality selection into the 21st
century: the importance of non medical factors. Asaio | 43(3): 143-50.

Nodaira, Y, Ikeda, N, Kobayashi, K, Watanabe, Y, Inoue, T, Gen, S, Kanno, Y,
Nakamoto, H and Suzuki, H (2008). Risk factors and cause of removal of peritoneal
dialysis catheter in patients on continuous ambulatory peritoneal dialysis. Adv Perit
Dial 24: 65-8.

Okpechi, IG, Nthite, T and Swanepoel, CR (2013). Health-related quality of life in patients
on hemodialysis and peritoneal dialysis. Saudi ] Kidney Dis Transpl 24(3): 519-26.

Olsen, ], Bonnevie, B, Palmhoj-Nielsen, C and Povlsen, JV (2010). Economic
consequences of an increased number of patients on outgoing dialysis. Scand | Urol
Nephrol 44(6): 452-8.

Oniscu, GC, Brown, H and Forsythe, JL (2004). How great is the survival advantage of
transplantation over dialysis in elderly patients? Nephrol Dial Transplant 19(4): 945-
51.

Ortiz, AM, Fernandez, MA, Troncoso, PA, Guzman, S, Del Campo, F and Morales, RA
(2004). Outcome of peritoneal dialysis: Tenckhoff catheter survival in a prospective
study. Adv Perit Dial 20: 145-9.

Ortiz, F, Aronen, P, Koskinen, PK, Malmstrom, RK, Finne, P, Honkanen, EO, Sintonen,
H and Roine, RP (2014). Health-related quality of life after kidney transplantation:
who benefits the most? Transpl Int 27(11): 1143-51.

Ouyang, CJ, Huang, FX, Yang, QQ, Jiang, ZP, Chen, W, Qiu, Y and Yu, XQ (2015).
Comparing the Incidence of Catheter-Related Complications with Straight and
Coiled Tenckhoff Catheters in Peritoneal Dialysis Patients--a Single-Center
Prospective Randomized Trial. Perit Dial Int 35(4): 443-9.

Pacheco, A, Saffie, A, Torres, R, Tortella, C, Llanos, C, Vatgas, D and Sciaraffia, V (2007).
Cost/Utility study of peritoneal dialysis and hemodialysis in Chile. Perit Dial Int
27(3): 359-63.

162



Pai, AS and Giachelli, CM (2010). Matrix remodeling in vascular calcification associated
with chronic kidney disease. ] Am Soc Nephrol 21(10): 1637-40.

Palmer, SC, McGregor, DO, Craig, JC, Elder, G, Macaskill, P and Strippoli, GF (2009).
Vitamin D compounds for people with chronic kidney disease requiring dialysis.
Cochrane Database Syst Rev(4): CD005633.

Paniagua, R, Amato, D, Vonesh, E, Correa-Rotter, R, Ramos, A, Moran, | and Mujais, S
(2002). Effects of increased peritoneal clearances on mortality rates in peritoneal
dialysis: ADEMEX, a prospective, randomized, controlled trial. ] Am Soc Nephrol
13(5): 1307-20.

Panichi, V, Migliori, M, De Pietro, S, Taccola, D, Bianchi, AM, Giovannini, L, Norpoth,
M, Metelli, MR, Cristofani, R, Bertelli, AA, Sbragia, G, Tetta, C, Palla, R and
Colombo, R (2002). C-reactive protein and interleukin-6 levels are related to renal
function in predialytic chronic renal failure. Nephron 91(4): 594-600.

Park, IH, Yoo, HJ, Han, DJ, Kim, SB, Kim, SY, Kim, CY, Lee, C, Kim, HS and Han, OS
(1996). Changes in the quality of life before and after renal transplantation and
comparison of the quality of life between kidney transplant recipients, dialysis
patients, and normal controls. Transplant Proc 28(3): 1937-8.

Park, YS, Min, SI, Kim, DK, Oh, KH, Min, SK, Kim, SM and Ha, J (2014). The outcomes
of percutaneous versus open placement of peritoneal dialysis catheters. World ]
Surg 38(5): 1058-64.

Pastan, S and Bailey, ] (1998). Dialysis therapy. N Engl ] Med 338(20): 1428-37.

Pauly, RP, Gill, JS, Rose, CL, Asad, RA, Chery, A, Pierratos, A and Chan, CT (2009).
Survival among nocturnal home haemodialysis patients compared to kidney
transplant recipients. Nephrol Dial Transplant 24(9): 2915-9.

Pecters, P, Rublee, D, Just, PM and Joseph, A (2000). Analysis and interpretation of cost
data in dialysis: review of Western European literature. Health Policy 54(3): 209-27.

Peng, YS, Chiang, CK, Hung, KY, Chang, CH, Lin, CY, Yang, CS, Chen, TW, Hsia, CC,
Chen, DL, Hsu, WD, Chang, CF, Wu, KD, Lin, RP, Tsai, T] and Chen, WY (2010).
Comparison of self-reported health-related quality of life between Taiwan
hemodialysis and peritoneal dialysis patients: a multi-center collaborative study.
Qual Life Res 20(3): 399-405.

Perl, J and Chan, CT (2009). Home hemodialysis, daily hemodialysis, and nocturnal
hemodialysis: Core Curriculum 2009. Am ] Kidney Dis 54(6): 1171-84.

Petl, J, Zhang, ], Gillespie, B, Wikstrom, B, Fort, J, Hasegawa, T, Fuller, DS, Pisoni, RL,
Robinson, BM and Tentori, F (2012). Reduced survival and quality of life following
return to dialysis after transplant failure: the Dialysis Outcomes and Practice
Patterns Study. Nephrol Dial Transplant 27(12): 4464-72.

Piccoli, G, Formica, M, Mangiarotti, G, Pacitti, A, Piccoli, GB, Bajardi, P, Cavagnino, A,
Ghezzi, P, Ragni, R, Ramello, A, Verzetti, G, Cesano, G, Quarello, F and
Vercellone, A (1997). The costs of dialysis in Italy. Nephrol Dial Transplant 12
Suppl 1: 33-44.

Plantinga, L.C, Fink, NE, Finkelstein, FO, Powe, NR and Jaar, BG (2009). Association of
peritoneal dialysis clinic size with clinical outcomes. Perit Dial Int 29(3): 285-91.

Pontoriero, G, Pozzoni, P, Vecchio, LD and Locatelli, F (2007). International Study of
Health Care Organization and Financing for renal replacement therapy in Italy: an
evolving reality. Int ] Health Care Finance Econ 7(2-3): 201-15.

Popovich, RP, Moncrief, JW, Nolph, KD, Ghods, AJ, Twardowski, Z] and Pyle, WK
(1978). Continuous ambulatory peritoneal dialysis. Ann Intern Med 88(4): 449-56.

163



Prichard, SS (1997). The costs of dialysis in Canada. Nephrol Dial Transplant 12 Suppl 1:
22-4.

Prowant, BF, Kappel, DF and Campbell, A (1986). A comparison of inpatient and
outpatient Medicare allowable charges for continuous ambulatory peritoneal and
center hemodialysis patients: a single-center study. Am | Kidney Dis 8(4): 248-52.

Pupim, LB, Caglar, K, Hakim, RM, Shyr, Y and Ikizler, TA (2004). Uremic malnutrition is
a predictor of death independent of inflammatory status. Kidney Int 66(5): 2054-60.

Qunibi, WY and Nolan, CR (2004). Treatment of hyperphosphatemia in patients with
chronic kidney disease on maintenance hemodialysis: results of the CARE study.
Kidney Int Suppl(90): S33-8.

Rabindranath, KS, Adams, J, Ali, TZ, Daly, C, Vale, L and Macleod, AM (2007).
Automated vs continuous ambulatory peritoneal dialysis: a systematic review of
randomized controlled trials. Nephrol Dial Transplant 22(10): 2991-8.

Rae, A, Craig, P and Miles, G (1972). Home dialysis: its costs and problems. Can Med
Assoc ] 106(12): 1305 passim.

Raftery, J (2006). Review of NICE's recommendations, 1999-2005. Bmj 332(7552): 1266-8.

Raggi, P, Boulay, A, Chasan-Taber, S, Amin, N, Dillon, M, Burke, SK and Chertow, GM
(2002). Cardiac calcification in adult hemodialysis patients. A link between end-stage
renal disease and cardiovascular diseaser ] Am Coll Cardiol 39(4): 695-701.

Rambod, M, Bross, R, Zittetkoph, J, Benner, D, Pithia, ], Colman, S, Kovesdy, CP,
Kopple, JD and Kalantar-Zadeh, K (2009). Association of Malnutrition-
Inflammation Score with quality of life and mortality in hemodialysis patients: a 5-
year prospective cohort study. Am | Kidney Dis 53(2): 298-309.

Ray, JA, Borker, R, Barber, B, Valentine, W], Belozeroff, V and Palmer, AJ (2008). Cost-
effectiveness of eatly versus late cinacalcet treatment in addition to standard care for
secondary renal hyperparathyroidism in the USA. Value Health 11(5): 800-8.

Rejnmark, L, Avenell, A, Masud, T, Anderson, F, Meyer, HE, Sanders, KM, Salovaara, K,
Cooper, C, Smith, HE, Jacobs, ET, Torgerson, D, Jackson, RD, Manson, JE,
Brixen, K, Mosekilde, L, Robbins, JA, Francis, RM and Abrahamsen, B (2012).
Vitamin D with calcium reduces mortality: patient level pooled analysis of 70,528
patients from eight major vitamin D trials. | Clin Endocrinol Metab 97(8): 2670-81.

Rinat, C, Becker-Cohen, R, Nir, A, Feinstein, S, Shemesh, D, Algur, N, Ben Shalom, E,
Farber, B and Frishberg, Y (2010). A comprehensive study of cardiovascular risk
factors, cardiac function and vascular disease in children with chronic renal failure.
Nephrol Dial Transplant 25(3): 785-93.

Robinson, R (1999). Limits to rationality: economics, economists and priority setting.
Health Policy 49(1-2): 13-26.

Rocco, MV, Dwyer, JT, Larive, B, Greene, T, Cockram, DB, Chumlea, WC, Kusek, JW,
Leung, J, Burrowes, JD, McLeroy, SL, Poole, D and Uhlin, L. (2004). The effect of
dialysis dose and membrane flux on nutritional parameters in hemodialysis patients:
results of the HEMO Study. Kidney Int 65(6): 2321-34.

Rocco, MV, Lockridge, RS, Jr., Beck, GJ, Eggers, PW, Gassman, JJ, Greene, T, Larive, B,
Chan, CT, Chertow, GM, Copland, M, Hoy, CD, Lindsay, RM, Levin, NW, Ornt,
DB, Pierratos, A, Pipkin, MF, Rajagopalan, S, Stokes, JB, Unruh, ML, Star, RA,
Kliger, AS, Kliger, A, Eggers, P, Briges, |, Hostetter, T, Narva, A, Star, R,
Augustine, B, Mohr, P, Beck, G, Fu, Z, Gassman, |, Greene, T, Daugirdas, ],
Hunsicker, L, Larive, B, Li, M, Mackrell, J, Wiggins, K, Sherer, S, Weiss, B,
Rajagopalan, S, Sanz, ], Dellagrottaglie, S, Kariisa, M, Tran, T, West, J, Unruh, M,

164



Keene, R, Schlarb, J, Chan, C, McGrath-Chong, M, Frome, R, Higgins, H, Ke, S,
Mandaci, O, Owens, C, Snell, C, Eknoyan, G, Appel, L, Cheung, A, Derse, A,
Kramer, C, Geller, N, Grimm, R, Henderson, L, Prichatrd, S, Roecker, E, Rocco, M,
Miller, B, Riley, ], Schuessler, R, Lockridge, R, Pipkin, M, Peterson, C, Hoy, C,
Fensterer, A, Steigerwald, D, Stokes, J, Somers, D, Hilkin, A, Lilli, KK, Wallace, W,
Franzwa, B, Waterman, E, Chan, C, McGrath-Chong, M, Copland, M, Levin, A,
Sioson, L, Cabezon, E, Kwan, S, Roger, D, Lindsay, R, Suri, R, Champagne, ],
Bullas, R, Garg, A, Mazzorato, A, Spanner, E, Rocco, M, Burkart, |, Moossavi, S,
Mauck, V, Kaufman, T, Pierratos, A, Chan, W, Regozo, K and Kwok, S (2011). The
effects of frequent nocturnal home hemodialysis: the Frequent Hemodialysis
Network Nocturnal Trial. Kidney Int 80(10): 1080-91.

Rocha, MJ, Ferreira, S, Martins, LS, Almeida, M, Dias, L, Pedroso, S, Henriques, AC,
Almeida, R and Cabrita, A (2012). Cost analysis of renal replacement therapy by
transplant in a system of bundled payment of dialysis. Clin Transplant 26(4): 529-31.

Roderick, P, Nicholson, T, Armitage, A, Mehta, R, Mullee, M, Gerard, K, Drey, N, Feest,
T, Greenwood, R, Lamping, D and Townsend, ] (2005). An evaluation of the costs,
effectiveness and quality of renal replacement therapy provision in renal satellite
units in England and Wales. Health Technol Assess 9(24): 1-178.

Rosery, H, Bergemann, R, Marx, SE, Boehnke, A, Melnick, J, Sterz, R and Williams, L
(20006). Health-economic comparison of paricalcitol, calcitriol and alfacalcidol for
the treatment of secondary hyperparathyroidism during haemodialysis. Clin Drug
Investig 26(11): 629-38.

Rosner, MH (2013). Cost of renal replacement therapy. Nephrol Dial Transplant 28(10):
2399-401.

Rudnicki, M, Kerschbaum, |, Hausdorfer, J, Mayer, G and Konig, P (2010). Risk factors
for peritoneal dialysis-associated peritonitis: the role of oral active vitamin d. Perit
Dial Int 30(5): 541-8.

Russell, |D, Beecroft, ML, Ludwin, D and Churchill, DN (1992). The quality of life in renal
transplantation--a prospective study. Transplantation 54(4): 656-60.

Russell, LB, Gold, MR, Siegel, JE, Daniels, N and Weinstein, MC (1996). The role of cost-
effectiveness analysis in health and medicine. Panel on Cost-Effectiveness in Health
and Medicine. Jama 276(14): 1172-7.

Saidi, RF, Elias, N, Kawai, T, Hertl, M, Farrell, ML, Goes, N, Wong, W, Hartono, C,
Fishman, JA, Kotton, CN, Tolkoff-Rubin, N, Delmonico, FL, Cosimi, AB and Ko,
DS (2007). Outcome of kidney transplantation using expanded criteria donors and
donation after cardiac death kidneys: realities and costs. Am | Transplant 7(12):
2769-74.

Salvatierra, O, Jr., Feduska, NJ, Vincenti, F, Duca, R, Potter, D, Nolan, ], Cochrum, KC
and Amend, WJ (1979). Analysis of costs and outcomes of renal transplantation at
one center. Its implications. Jama 241(14): 1469-73.

Schaubel, DE, Blake, PG and Fenton, SS (2001). Effect of renal center characteristics on
mortality and technique failure on peritoneal dialysis. Kidney Int 60(4): 1517-24.

Schaubel, DE, Blake, PG and Fenton, SS (2001). Trends in CAPD technique failure:
Canada, 1981-1997. Perit Dial Int 21(4): 365-71.

Schiffl, H, Lang, SM, Stratakis, D and Fischer, R (2001). Effects of ultrapure dialysis fluid
on nutritional status and inflammatory parameters. Nephrol Dial Transplant 16(9):
1863-9.

165



Schippers, HM and Kalff, MW (1976). Cost comparison haemodialysis and renal
transplantation. Tissue Antigens 7(2): 86-90.

Schmid, GP (1995). Understanding the essentials of economic evaluation. ] Acquir
Immune Defic Syndr Hum Retrovirol 10 Suppl 4: S6-13.

Schnitzler, MA, Johnston, K, Axelrod, D, Gheorghian, A and Lentine, KL. (2011).
Associations of renal function at 1-year after kidney transplantation with subsequent
return to dialysis, mortality, and healthcare costs. Transplantation 91(12): 1347-56.

Schon, S, Ekberg, H, Wikstrom, B, Oden, A and Ahlmen, | (2004). Renal replacement
therapy in Sweden. Scand ] Urol Nephrol 38(4): 332-9.

Scribner, BH, Buri, R, Caner, JE, Hegstrom, R and Burnell, JM (1960). The treatment of
chronic uremia by means of intermittent hemodialysis: a preliminary report. Trans
Am Soc Artif Intern Organs 6: 114-22.

Sennfalt, K, Magnusson, M and Catlsson, P (2002). Comparison of hemodialysis and
peritoneal dialysis--a cost-utility analysis. Perit Dial Int 22(1): 39-47.

Seow, YY, Cheung, YB, Qu, LM and Yee, AC (2013). Trajectory of quality of life for poor
prognosis stage 5D chronic kidney disease with and without dialysis. Am | Nephrol
37(3): 231-8.

Sesso, R, Eisenberg, JM, Stabile, C, Draibe, S, Ajzen, H and Ramos, O (1990). Cost-
effectiveness analysis of the treatment of end-stage renal disease in Brazil. Int ]
Technol Assess Health Care 6(1): 107-14.

Sharif, A and Baboolal, K (2012). Update on dialysis economics in the UK. Perit Dial Int
31 Suppl 2: S58-62.

Sharif, A, Shabir, S, Chand, S, Cockwell, P, Ball, S and Borrows, R (2011). Meta-analysis of
calcineurin-inhibitor-sparing regimens in kidney transplantation. ] Am Soc Nephrol
22(11): 2107-18.

Sharma, J, Raggi, P, Kutner, N, Bailey, J, Zhang, R, Huang, Y, Herzog, CA and Weber, C
(2012). Improved long-term survival of dialysis patients after near-total
parathyroidectomy. | Am Coll Surg 214(4): 400-7; discussion 7-8.

Shen, JI, Mitani, AA, Saxena, AB, Goldstein, BA and Winkelmayer, WC (2013).
Determinants of peritoneal dialysis technique failure in incident US patients. Perit
Dial Int 33(2): 155-66.

Shiao, CC, Kao, TW, Hung, KY, Chen, YC, Wu, MS, Chu, TS, Wu, KD and Tsai, T]
(2009). Seven-year follow-up of peritoneal dialysis patients in Taiwan. Perit Dial Int
29(4): 450-7.

Shih, YC, Guo, A, Just, PM and Mujais, S (2005). Impact of initial dialysis modality and
modality switches on Medicare expenditures of end-stage renal disease patients.
Kidney Int 68(1): 319-29.

Shinaberger, CS, Kopple, JD, Kovesdy, CP, McAllister, CJ, van Wyck, D, Greenland, S and
Kalantar-Zadeh, K (2008). Ratio of paricalcitol dosage to serum parathyroid
hormone level and survival in maintenance hemodialysis patients. Clin ] Am Soc
Nephrol 3(6): 1769-76.

Shulman, NB, Ford, CE, Hall, WD, Blaufox, MD, Simon, D, Langford, HG and
Schneider, KA (1989). Prognostic value of serum creatinine and effect of treatment
of hypertension on renal function. Results from the hypertension detection and
follow-up program. The Hypertension Detection and Follow-up Program
Cooperative Group. Hypertension 13(5 Suppl): 180-93.

166



Siegel, JE, Weinstein, MC, Russell, LB and Gold, MR (1996). Recommendations for
reporting cost-effectiveness analyses. Panel on Cost-Effectiveness in Health and
Medicine. Jama 276(106): 1339-41.

Silva, LF, Matos, CM, Lopes, GB, Martins, MT, Martins, MS, Arias, LU, Pisoni, RL and
Lopes, AA (2011). Handgrip strength as a simple indicator of possible malnutrition
and inflammation in men and women on maintenance hemodialysis. | Ren Nutr
21(3): 235-45.

Simoens, S (2009). Health economic assessment: a methodological primer. Int | Environ
Res Public Health 6(12): 2950-66.

Singh, N, Davidson, I, Minhajuddin, A, Gieser, S, Nurenberg, M and Saxena, R (2010).
Risk factors associated with peritoneal dialysis catheter survival: a 9-year single-
center study in 315 patients. | Vasc Access 11(4): 316-22.

Singh, S, Yium, J, Macon, E, Clark, E, Schaffer, D and Teschan, P (1992). Multicenter
study of change in dialysis therapy-maintenance hemodialysis to continuous
ambulatory peritoneal dialysis. Am | Kidney Dis 19(3): 246-51.

Sintonen, H (2001). The 15D instrument of health-related quality of life: properties and
applications. Ann Med 33(5): 328-306.

Skaaby, T, Husemoen, LL, Pisinger, C, Jorgensen, T, Thuesen, BH, Fenger, M and
Linneberg, A (2012). Vitamin D status and cause-specific mortality: a general
population study. PLoS One 7(12): ¢52423.

Slatopolsky, E, Brown, A and Dusso, A (1999). Pathogenesis of secondary
hyperparathyroidism. Kidney Int Suppl 73: S14-9.

Slinin, Y and Ishani, A (2013). Dialysis bundling and small dialysis organizations: a call for
close monitoring. Am ] Kidney Dis 61(6): 858-60.

Smith, DG, Hatlan, LC and Hawthorne, VM (1989). The charges for ESRD treatment of
diabetics. ] Clin Epidemiol 42(2): 111-8.

Smith, DG and Wheeler, JR (1987). Switching and the definition of modality in end-stage
renal disease treatment. Med Care 25(12): 1168-78.

Smith, DG and Wheeler, JR (1988). A comparison of charges for continuous ambulatory
peritoneal dialysis and center hemodialysis. ] Clin Epidemiol 41(9): 817-24.

Snyder, JJ, Kasiske, BL and Maclean, R (2006). Peripheral arterial disease and renal
transplantation. ] Am Soc Nephrol 17(7): 2056-68.

Sorensen, VR, Mathiesen, ER, Heaf, | and Feldt-Rasmussen, B (2007). Improved survival
rate in patients with diabetes and end-stage renal disease in Denmark. Diabetologia
50(5): 922-9.

Sox, HC and Greentield, S (2009). Comparative effectiveness research: a report from the
Institute of Medicine. Ann Intern Med 151(3): 203-5.

St Peter, WL, Fan, Q, Weinhandl, E and Liu, ] (2009). Economic evaluation of sevelamer
versus calcium-based phosphate binders in hemodialysis patients: a secondary
analysis using centers for Medicare & Medicaid services data. Clin J] Am Soc
Nephrol 4(12): 1954-61.

St Peter, WL, Liu, J, Weinhandl, E and Fan, Q (2008). A comparison of sevelamer and
calcium-based phosphate binders on mortality, hospitalization, and morbidity in
hemodialysis: a secondary analysis of the Dialysis Clinical Outcomes Revisited
(DCOR) randomized trial using claims data. Am | Kidney Dis 51(3): 445-54.

Stanton, ] (1999). The cost of living: kidney dialysis, rationing and health economics in
Britain, 1965-1996. Soc Sci Med 49(9): 1169-82.

167



Steiber, A, Leon, JB, Secker, D, McCarthy, M, McCann, L, Serra, M, Sehgal, AR and
Kalantar-Zadeh, K (2007). Multicenter study of the validity and reliability of
subjective global assessment in the hemodialysis population. ] Ren Nutr 17(5): 336-
42.

Stel, VS, Kramer, A, Zoccali, C and Jager, KJ (2009). The 2006 ERA-EDTA Registry
annual report: a precis. ] Nephrol 22(1): 1-12.

Stel, VS, van de Luijtgaarden, MW, Wanner, C and Jager, KJ (2011). The 2008 ERA-
EDTA Registry Annual Report-a precis. NDT Plus 4(1): 1-13.

Stenvinkel, P (2002). Inflammation in end-stage renal failure: could it be treated? Nephrol
Dial Transplant 17 Suppl 8: 33-8; discussion 40.

Stenvinkel, P, Heimburger, O and Lindholm, B (2004). Wasting, but not malnutrition,
predicts cardiovascular mortality in end-stage renal disease. Nephrol Dial Transplant
1909): 2181-3.

Stenvinkel, P, Heimburger, O, Lindholm, B, Kaysen, GA and Bergstrom, ] (2000). Are
there two types of malnutrition in chronic renal failure? Evidence for relationships
between malnutrition, inflaimmation and atherosclerosis (MIA syndrome). Nephrol
Dial Transplant 15(7): 953-60.

Stenvinkel, P, Heimburger, O, Paultre, F, Diczfalusy, U, Wang, T, Berglund, L and
Jogestrand, T' (1999). Strong association between malnutrition, inflammation, and
atherosclerosis in chronic renal failure. Kidney Int 55(5): 1899-911.

Stevenson, Ae (2010). Oxford Dictionary of English (3 ed), Oxford University Press.

Streja, E, Kovesdy, CP, Molnar, MZ, Notris, KC, Greenland, S, Nissenson, AR, Kopple,
JD and Kalantar-Zadeh, K (2011). Role of nutritional status and inflammation in
higher survival of African American and Hispanic hemodialysis patients. Am ]
Kidney Dis 57(6): 883-93.

Strippoli, GF, Tong, A, Johnson, D, Schena, FP and Craig, JC (2004). Catheter-related
interventions to prevent peritonitis in peritoneal dialysis: a systematic review of
randomized, controlled trials. ] Am Soc Nephrol 15(10): 2735-46.

Suki, WN (2008). Effects of sevelamer and calcium-based phosphate binders on mortality
in hemodialysis patients: results of a randomized clinical trial. ] Ren Nutr 18(1): 91-
8.

Suki, WN, Zabaneh, R, Cangiano, JL, Reed, ], Fischer, D, Garrett, L, Ling, BN, Chasan-
Taber, S, Dillon, MA, Blair, AT and Burke, SK (2007). Effects of sevelamer and
calcium-based phosphate binders on mortality in hemodialysis patients. Kidney Int
72(9): 1130-7.

Svensson, MK, Cederholm, ], Eliasson, B, Zethelius, B and Gudbjornsdottir, S (2013).
Albuminuria and renal function as predictors of cardiovascular events and mortality
in a general population of patients with type 2 diabetes: A nationwide observational
study from the Swedish National Diabetes Register. Diab Vasc Dis Res 10(6): 520-9.

Takahashi, R, Ito, Y, Takahashi, H, Ishii, H, Kasuga, H, Mizuno, M, Suzuki, Y, Yuzawa, Y,
Maruyama, S, Murohara, T, Imai, E and Matsuo, S (2012). Combined values of
serum albumin, C-reactive protein and body mass index at dialysis initiation
accurately predicts long-term mortality. Am ] Nephrol 36(2): 136-43.

Takeshita, H, Yokoyama, M, Fujii, Y, Chiba, K, Ishioka, |, Noro, A and Kihara, K (2012).
Impact of renal function on cardiovascular events in patients undergoing radical
nephrectomy for renal cancer. Int | Urol 19(8): 722-8.

Tan-Torres Edejer, T, Baltussen, R, Adam, T and al, e (2003). WHO guide to cost-
effectiveness analysis. Geneva, World Health Organization.

168



Teerawattananon, Y, Mugford, M and Tangcharoensathien, V (2007). Economic evaluation
of palliative management versus peritoneal dialysis and hemodialysis for end-stage
renal disease: evidence for coverage decisions in Thailand. Value Health 10(1): 61-
72.

Teng, M, Wolf, M, Ofsthun, MN, Lazarus, JM, Hernan, MA, Camargo, CA, Jr. and
Thadhani, R (2005). Activated injectable vitamin D and hemodialysis survival: a
historical cohort study. ] Am Soc Nephrol 16(4): 1115-25.

Tentori, F, Blayney, MJ, Albert, JM, Gillespie, BW, Kerr, PG, Bommer, ], Young, EW,
Akizawa, T, Akiba, T, Pisoni, RL, Robinson, BM and Port, FK (2008). Mortality risk
for dialysis patients with different levels of serum calcium, phosphorus, and PTH:
the Dialysis Outcomes and Practice Patterns Study (DOPPS). Am | Kidney Dis
52(3): 519-30.

Tentori, F, Hunt, WC, Stidley, CA, Rohrscheib, MR, Bedrick, EJ, Meyer, KB, Johnson,
HK and Zager, PG (2006). Mortality risk among hemodialysis patients receiving
different vitamin D analogs. Kidney Int 70(10): 1858-65.

Teraoka, S, Toma, H, Nihei, H, Ota, K, Babazono, T, Ishikawa, I, Shinoda, A, Maeda, K,
Koshikawa, S, Takahashi, T and et al. (1995). Current status of renal replacement
therapy in Japan. Am | Kidney Dis 25(1): 151-64.

Teschner, M, Heidland, A, Klassen, A, Sebekova, K and Bahner, U (2004). Georg Ganter--
a pioneer of peritoneal dialysis and his tragic academic demise at the hand of the
Nazi regime. | Nephrol 17(3): 457-60.

Thamer, M, Ray, NF, Fehrenbach, SN, Richard, C and Kimmel, PL (1996). Relative risk
and economic consequences of inpatient care among patients with renal failure.
Am Soc Nephrol 7(5): 751-62.

Theofilou, P (2011). Quality of life and mental health in hemodialysis and peritoneal
dialysis patients: the role of health beliefs. Int Urol Nephrol 44(1): 245-53.

Tonelli, M, Pannu, N and Manns, B (2010). Oral phosphate binders in patients with kidney
failure. N Engl ] Med 362(14): 1312-24.

Tonelli, M, Wiebe, N, Knoll, G, Bello, A, Browne, S, Jadhav, D, Klarenbach, S and Gill, ]
(2011). Systematic review: kidney transplantation compared with dialysis in clinically
relevant outcomes. Am ] Transplant 11(10): 2093-109.

Trotter, CL and Edmunds, W] (2002). Modelling cost effectiveness of meningococcal
serogroup C conjugate vaccination campaign in England and Wales. Bmj 324(7341):
809.

Tsimoyiannis, EC, Siakas, P, Glantzounis, G, Toli, C, Sferopoulos, G, Pappas, M and
Manataki, A (2000). Laparoscopic placement of the Tenckhoff catheter for
peritoneal dialysis. Surg Laparosc Endosc Percutan Tech 10(4): 218-21.

United States Renal Data System (1993). Annual Data Report. Bethesda, Maryland,
National Institutes of Health, National Institute of Diabetes and Digestive and
Kidney Diseases.

Unruh, M, Benz, R, Greene, T, Yan, G, Beddhu, S, DeVita, M, Dwyer, JT, Kimmel, PL,
Kusek, JW, Martin, A, Rehm-McGillicuddy, J, Techan, BP and Meyer, KB (2004).
Effects of hemodialysis dose and membrane flux on health-related quality of life in
the HEMO Study. Kidney Int 66(1): 355-60.

Unruh, ML, Larive, B, Chertow, GM, Eggers, PW, Garg, AX, Gassman, |, Tarallo, M,
Finkelstein, FO and Kimmel, PL (2013). Effects of 6-times-weekly versus 3-times-
weekly hemodialysis on depressive symptoms and self-reported mental health:
Frequent Hemodialysis Network (FHN) Trials. Am ] Kidney Dis 61(5): 748-58.

169



Unruh, ML, Newman, AB, Larive, B, Dew, MA, Miskulin, DC, Greene, T, Beddhu, S,
Rocco, MV, Kusek, JW and Meyer, KB (2008). The influence of age on changes in
health-related quality of life over three years in a cohort undergoing hemodialysis. |
Am Geriatr Soc 56(9): 1608-17.

Van Biesen, W, Veys, N, Lameire, N and Vanholder, R (2008). Why less success of the
peritoneal dialysis programmes in Europe? Nephrol Dial Transplant 23(5): 1478-81.

Van der Velde, M, Bakker, SJ, de Jong, PE and Gansevoort, RT (2010). Influence of age
and measure of eGFR on the association between renal function and cardiovascular
events. Clin ] Am Soc Nephrol 5(11): 2053-9.

Van Wyck, D, Robertson, J, Nissenson, A, Provenzano, R and Kogod, D (2010).
Relationship among length of facility ownership, clinical performance, and
mortality. Clin ] Am Soc Nephrol 5(2): 248-51.

Vanholder, R, Davenport, A, Hannedouche, T, Kooman, ], Kribben, A, Lameire, N,
Lonnemann, G, Magner, P, Mendelssohn, D, Saggi, SJ, Shaffer, RN, Moe, SM, Van
Biesen, W, van der Sande, F and Mehrotra, R (2012). Reimbursement of dialysis: a
comparison of seven countries. ] Am Soc Nephrol 23(8): 1291-8.

Varis, | (1994). Cost-effectiveness Analysis of Renal Replacement Therapies. Tampere,
Acta Universitatis Tamperensis.

Vegter, S, Tolley, K, Keith, MS and Postma, MJ (2011). Cost-effectiveness of lanthanum
carbonate in the treatment of hyperphosphatemia in chronic kidney disease before
and during dialysis. Value Health 14(6): 852-8.

Veroux, M, Corona, D and Veroux, P (2009). Kidney transplantation: future challenges.
Minerva Chir 64(1): 75-100.

Verrelli, M, Fontaine, B, Kraushar, M and Fine, A (2002). Hospitalization is not necessaty
for peritoneal dialysis catheter insertion. Perit Dial Int 22(5): 614-6.

Vervloet, MG, du Buf-Vereijken, PW, Potter van Loon, BJ, Manamley, N, Reichert, L] and
Smak Gregoor, PJ (2013). Cinacalcet for secondary hyperparathyroidism: from
improved mineral levels to improved mortality? Neth | Med 71(7): 348-54.

Villa, G, Rodriguez-Carmona, A, Fernandez-Ortiz, L, Cuervo, ], Rebollo, P, Otero, A and
Arrieta, ] (2011). Cost analysis of the Spanish renal replacement therapy
programme. Nephrol Dial Transplant 26(11): 3709-14.

Vonesh, EF, Snyder, JJ, Foley, RN and Collins, AJ (2006). Mortality studies comparing
peritoneal dialysis and hemodialysis: what do they tell us? Kidney Int Suppl(103):
S3-11.

Voss, D, Hawkins, S, Poole, G and Marshall, M (2012). Radiological versus surgical
implantation of first catheter for peritoneal dialysis: a randomized non-inferiority
trial. Nephrol Dial Transplant 27(11): 4196-204.

Wang, AY, Wang, M, Woo, ], Lam, CW, Li, PK, Lui, SF and Sanderson, JE (2003). Cardiac
valve calcification as an important predictor for all-cause mortality and
cardiovascular mortality in long-term peritoneal dialysis patients: a prospective
study. ] Am Soc Nephrol 14(1): 159-68.

Wannamethee, SG, Shaper, AG, Lowe, GD, Lennon, L, Rumley, A and Whincup, PH
(20006). Renal function and cardiovascular mortality in eldetly men: the role of
inflammatory, procoagulant, and endothelial biomarkers. Eur Heart | 27(24): 2975-
81.

Ward, RA, Schmidt, B, Hullin, ], Hillebrand, GF and Samtleben, W (2000). A comparison
of on-line hemodiafiltration and high-flux hemodialysis: a prospective clinical study.
J Am Soc Nephrol 11(12): 2344-50.

170



Weinhandl, ED, Foley, RN, Gilbertson, DT, Arneson, TJ, Snyder, J] and Collins, AJ
(2010). Propensity-matched mortality comparison of incident hemodialysis and
pertitoneal dialysis patients. ] Am Soc Nephrol 21(3): 499-500.

Wight, JP, Edwards, L, Brazier, ], Walters, S, Payne, JN and Brown, CB (1998). The SF36
as an outcome measure of services for end stage renal failure. Qual Health Care
7(4): 209-21.

Wikstrom, B, Fored, M, Eichleay, MA and Jacobson, SH (2007). The financing and
organization of medical care for patients with end-stage renal disease in Sweden. Int
J Health Care Finance Econ 7(4): 269-81.

Wilson, R, Zhang, P, Smyth, M and Pratt, R (2009). Assessment of survival in a 2-year
comparative study of lanthanum carbonate versus standard therapy. Curr Med Res
Opin 25(12): 3021-8.

Winkelmayer, WC, Weinstein, MC, Mittleman, MA, Glynn, R] and Pliskin, JS (2002).
Health economic evaluations: the special case of end-stage renal disease treatment.
Med Decis Making 22(5): 417-30.

Wolf, M, Betancourt, |, Chang, Y, Shah, A, Teng, M, Tamez, H, Gutierrez, O, Camargo,
CA, Jr., Melamed, M, Norris, K, Stampfer, MJ, Powe, NR and Thadhani, R (2008).
Impact of activated vitamin D and race on survival among hemodialysis patients. ]
Am Soc Nephrol 19(7): 1379-88.

Wolfe, RA, Ashby, VB, Milford, EL, Ojo, AO, Ettenger, RE, Agodoa, LY, Held, PJ and
Port, FK (1999). Comparison of mortality in all patients on dialysis, patients on
dialysis awaiting transplantation, and recipients of a first cadaveric transplant. N
Engl ] Med 341(23): 1725-30.

Wong, G, Howard, K, Chapman, JR, Chadban, S, Cross, N, Tong, A, Webster, AC and
Craig, JC (2012). Comparative survival and economic benefits of deceased donor
kidney transplantation and dialysis in people with varying ages and co-morbidities.
PLoS One 7(1): €29591.

Wright, MJ, Bel'eed, K, Johnson, BF, Eadington, DW, Sellars, L. and Farr, MJ (1999).
Randomized prospective comparison of laparoscopic and open petitoneal dialysis
catheter insertion. Perit Dial Int 19(4): 372-5.

Wauerth, D, Finkelstein, SH, Ciarcia, ], Peterson, R, Kliger, AS and Finkelstein, FO (2001).
Identification and treatment of depression in a cohort of patients maintained on
chronic peritoneal dialysis. Am ] Kidney Dis 37(5): 1011-7.

Wyld, M, Morton, RL, Hayen, A, Howard, K and Webster, AC (2012). A systematic review
and meta-analysis of utility-based quality of life in chronic kidney disease treatments.
PLoS Med 9(9): €¢1001307.

Yahalom, G, Kivity, S, Segev, S, Sidi, Y and Kurnik, D (2013). Estimated glomerular
filtration rate in a population with normal to mildly reduced renal function as
predictor of cardiovascular disease. Eur ] Prev Cardiol.

Yang, CY, Chen, TW, Lin, YP, Lin, CC, Ng, YY, Yang, WC and Chen, JY (2008).
Determinants of catheter loss following continuous ambulatory peritoneal dialysis
pertitonitis. Perit Dial Int 28(4): 361-70.

Yang, WC, Hwang, SJ, Chiang, SS, Chen, HF and Tsai, ST (2001). The impact of diabetes
on economic costs in dialysis patients: experiences in Taiwan. Diabetes Res Clin
Pract 54 Suppl 1: S47-54.

Yeun, JY, Levine, RA, Mantadilok, V and Kaysen, GA (2000). C-Reactive protein predicts
all-cause and cardiovascular mortality in hemodialysis patients. Am | Kidney Dis
35(3): 469-76.

171



Young, EW, Albert, JM, Satayathum, S, Goodkin, DA, Pisoni, RL, Akiba, T, Akizawa, T,
Kurokawa, K, Bommer, |, Piera, L and Port, FK (2005). Predictors and
consequences of altered mineral metabolism: the Dialysis Outcomes and Practice
Patterns Study. Kidney Int 67(3): 1179-87.

Zhao, W, Zhang, L, Han, S, Zhu, Y, Wang, L, Zhou, M and Zeng, L. (2012). Cost analysis
of living donor kidney transplantation in China: a single-center experience. Ann
Transplant 17(2): 5-10.

Zheng, Z, Shi, H, Jia, ], Li, D and Lin, S (2013). Vitamin D supplementation and mortality
risk in chronic kidney disease: a meta-analysis of 20 observational studies. BMC
Nephrol 14(1): 199.

Zittermann, A, lodice, S, Pilz, S, Grant, WB, Bagnardi, V and Gandini, S (2012). Vitamin
D deficiency and mortality risk in the general population: a meta-analysis of
prospective cohort studies. Am J Clin Nutr 95(1): 91-10

172



ORIGINAL COMMUNICATIONS

The permission of following publishers to reprint the original publications is
acknowledged:

Elsevier, Oxford, United Kingdom (I)
Springer, Boston, Massachusetts, USA (II)
S. Karger AG, Basel, Switzerland (I1I)
Multimed Inc, Milton, Ontario, Canada (IV)

173



Cost Analysis of Renal Replacement Therapiesin Finland

Tapani Salonen, MD, Tuomo Reina, MD, MSc, Heikki Oksa, MD, PhD, Harri Sintonen, PhD, and
Amos Pasternack, MD, PhD

® Background: Costs for treating patients with end-stage renal disease (ESRD) have grown noticeably. However,
most of the cost estimates to date have taken the perspective of the payers. Hence, direct costs of treating ESRD are
not accurately known. Methods: Files of all adult patients with ESRD who entered dialysis therapy between January
1,1991, and December 31, 1996, were studied retrospectively, and all use of health care resources and services was
recorded. Follow-up continued until December 31, 1996. Results: Two hundred fourteen patients fulfilled the study
criteria, 138 patients started with in-center hemodialysis (HD) therapy, and 76 patients started with continuous
ambulatory peritoneal dialysis (CAPD) therapy. Patients were followed up until death (72 patients) or treatment
modality changed for more than 1 month. Fifty-five patients received a cadaveric transplant, and after transplanta-
tion (TX), they were examined as a separate group of TX patients. Direct health care costs for the first 6 months in
the HD, CAPD, and TX groups were US $32,566, $25,504, and $38,265, and for the next 6 months, $26,272, $24,218,
and $7,420, respectively. During subsequent years, annual costs were US $54,140 and $54,490 in the HD group,
$45,262 and $49,299 in the CAPD group, and $11,446 and $9,989 in the TX group. Regression analyses showed 4
variables significantly associated with greater daily costs in dialysis patients: age, ischemic heart disease,
nonprimary renal disease, and HD treatment. Conclusion: Compared with HD, CAPD may be associated with lower
costs, yet the absolute difference is not striking. After the TX procedure is performed once, annual costs decline

remarkably, and cadaveric TX is less costly than both dialysis modalities. Am J Kidney Dis 42:1228-1238.

© 2003 by the National Kidney Foundation, Inc.

INDEX WORDS: Continuous ambulatory peritoneal dialysis (CAPD); cost; end-stage renal disease (ESRD); hemodi-

alysis (HD); kidney transplantation (TX).

OSTS FOR MEDICAL care are increasing
rapidly, and especially end-stage rena dis-
ease (ESRD) expenditures have grown remark-
ably. Renal transplantation (TX) has been shown
to be more cost-effective than dialysis therapy,*”
and it also is believed to provide a considerable
improvement in health-related quality of life, 811
whereas comparisons between in-center hemodi-
alysis (HD) and continuous ambulatory perito-
nea dialysis (CAPD) therapy have given, to
some extent, contradictory results. According to
some investigators, CAPD is less costly than
in-center HD,1>15 whereas some investigators
have not found significant differences between
these modalities.2*16 In a Brazilian study, HD
treatment was associated with greater costs, but a
better cost-effectiveness ratio, than CAPD.8
Results of reported studies still have some
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limitations. In many studies, costs are measured
as reimbursements by health insurance to dialy-
sis centers, which does not reflect actual produc-
tion costs.t” Some subgroups (patients with dia-
betes and those with cardiovascular diseases)
have been excluded,® as have costs of outpatient
prescription medi cation.'? Precise costs of ESRD
treatment have not been calculated. Many of the
key parameters required for dealing accurately
with such a topic are either missing or inad-
equately estimated in the sources of informa-
tion.'8 Here, we performed a detailed analysis of
direct health care costs of the most used rena
replacement therapies (RRTSs) in Finland; namely,
in-center HD, CAPD, and cadaveric TX.

PATIENTS AND METHODS

Patients and Follow-Up

Patients were recruited from the Department of Medicine
at Tampere University Hospital (TaUH; Tampere, Finland;
region population, ~440,000). All adult patientswith ESRD
scheduled for RRT between January 1, 1991, and December
31, 1996, were included in this study, either through outpa-
tient follow-up or when RRT was started as an emergency
procedure. Their files were studied retrospectively by one of
us (T.S.)). Additional data from local hospitals and health
centers were collected, aswell. Follow-up started on the day
dialysis was first performed and continued until the end of
1996, death, or loss to follow-up because of transfer to
another district or renal function recovery. The predialysis
period was not assessed. Patients who had undergone RRT

1228 American Journal of Kidney Diseases, Vol 42, No 6 (December), 2003: pp 1228-1238
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Table 1. Breakdown of Costs of a Single HD Session and a 1-Day Hospitalization at TaUH

General Cardiac Intensive

HD Session Ward Care Unit Care Unit
Salaries (US $) 101 111 283 937
Material, supplies (US $) 65 21 73 424
Administration, maintenance, amortization, 27 94 111 284

miscellaneous (US $)

Total (US $) 193* 226 467 1,645

*Intradialytic medications cost an additional $81/session/patient, and laboratory, radiological, and other analysis related to
HD session, $24, respectively. Data from the hospital accounting system.

previously and restarted it during the study period were
excluded. Diagnostic classification was based on the cause
of ESRD obtained from thefiles.

Modality Definition

The RRT mode adopted was based on the patient’s choice,
his or her medical status, and the current availability of HD
facilities. Assignment of treatment modality was performed
on an intention-to-treat basis: Patients starting with HD
therapy belonged to the HD group, and patients were classi-
fied as CAPD patients if it was the modality primary
initiated. Sometimes RRT was obliged to start acutely with
HD, but if this period was shorter than 30 days and CAPD
was the modality planned in predialysis time, these patients
were still regarded as CAPD patients. Patients who received
a cadaveric transplant during the study period were consid-
ered as having started anew life track and were examined as
a separate modality group.

Costing Procedures

Cost analysis took the perspective of service providers,
and the costing method determines direct health care costs
associated with each treatment, including overhead costs
caused by infrastructure, administration, amortization, and
so on.

All resource use was valued at prices in 1997. All costs
were converted to US dollars using an exchange rate of US
$1 equal to 5.1944 Finnish marks.

HD Session

Patients normally underwent 3 weekly treatments of 4
hours. For all patients, HD therapy was started at TaUH, but
after a stable period, therapy was continued as satellite
dialysisfor 25 patientsliving far from TaUH. The number of
weekly HD sessions during follow-up per patient was re-
corded. A Cimino-Brescia-type arteriovenous (AV) fistula
usually was used for vascular access. If this was not pos-
sible, a central venous HD catheter was inserted. The cost
for a single session, excluding costs of laboratory and
radiology tests and intradialytic and interdialytic drugs, was
US $193. A detailed analysis of costsislisted in Table 1.

A CAPD Day

Patients performed CAPD at home and visited the dialysis
unit once a month for an outpatient check-up. A Tenckhoff

catheter (implanted by surgical dissection in the operating
room) was used for peritoneal access. Dialysis fluids used
were Dianeal (Baxter BV, Utrecht, The Netherlands) and
Lockolys-Glucos (Fresenius AG, Bad Homburg, Germany),
and these 2 products were used practically equally (52.1%
and 47.9% of peritoneal dialysis [PD] days, respectively).
The didlysis schedule most often followed was 4 daily bag
exchanges (84.1% of PD days). Patients on CAPD training
were mostly in inpatient care. Intermittent PD was per-
formed only at the beginning of dialysis therapy (average
length, 13.5 days; maximum, 30 days) and is classified as a
form of CAPD training in this study. Continuous cycling PD
accounted for only 4.2% of total PD days, was used by 4
patients, and is analyzed as CAPD.

Daily CAPD costs, including fluids, hoses, protective
caps, disinfectants, and other equipment, were assessed to be
US $58 to $96, depending on fluid volume and number of
bag exchanges. The most often used forms (4 exchanges,
2-L volume) cost US $77 (Dianeal) and $75 (Lockolys-
Glucos), respectively. Dialysis costson CAPD include solely
costs for fluids and equipments, and costs arising from other
resources and services (eg, hospitalization, medication) were
added as separate categories.

Cadaveric TX

Rena TX in Finland is performed in a centralized manner
at Helsinki University Hospital. All transplants among the
study population were cadaveric. The cost of the TX proce-
dure was US $5,150, and the average cost for a 1-day
hospitalization, including medications, laboratory and radio-
logical analyses, and possible dialysis therapy, was $756 in
1996. The stay in Helsinki University Hospital typically was
approximately 3 weeks. After TX, al patients received
standard immunosuppressive therapy: a combination of aza-
thioprine, methylprednisolone, and cyclosporine.

Hospitalizations

Thedaily cost of hospitalization at the general ward in the
Department of Internal Medicine was US $226 (detailed
analysis listed in Table 1). This figure contains only “hotel”
costs (eg, capital costs, maintenance services, meals, plumb-
ing, and employee salaries), but not costs for examinations
or medicines. Daily costs at the Intensive Care Unit and
Cardiac Care Unit were US $1,645 and $467, respectively
(Table 1). Hospitalizations at departments of TaUH other
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than the Department of Medicine were rare, and hotel costs
did not differ among departments. Local hospitals and health
centers were asked to produce their hospitalization costs,
and these numbers were used directly. Eighty percent of all
hospital daystook place at TaUH.

Medications

Patients’ medications during the study period were re-
corded in detail. This includes such medicines during the
dialysis sessions as erythropoietin (EPO), intravenous antibi-
otics, and liquids during hospitalizations and outpatient
prescription medications.

Consultations and Outpatient Checkups

Visits to different outpatient clinics at TaUH were re-
corded, and datafor costs of single visits were obtained from
the hospital accounting system. These costs do not include
laboratory or other examinations. Visits to local hospitals
and health centers were registered, aswell.

Transportation

Patients were living in an area with a diameter of 115 km
(average, 27 km). They principally used a taxi for regular
HD visits and CAPD contrals; thus, transportation costs
were calculated solely on the basis of taxi costs (US $0.96
for 1 km).

Invasive Examinations, Surgical Procedures,
and Central Venous Punctures

Costs for AV fistula procedures and peritoneal catheter
implantation before the initiation of dialysis therapy aso
wereincluded in the analysis and were added to patient costs
for the first 6 months. The number and dates of all surgica
procedures and invasive examinationswere recorded. Implan-
tations of central venous catheters by anesthesiologists also
wereregistered. Numbers and costs of the most costly events
arelistedin Table 2.

Other Costs

Detailed data for costs of laboratory tests performed
during the study period of all patients were obtained from
the database of the Central Laboratory of TaUH. Costs of
laboratory tests performed elsewhere than TaUH were not
calculated, although they were estimated to be very low and
of noimportance.

Examinations performed at the Departments of Radiol-
ogy, Clinical Physiology, Neurophysiology, Nuclear Medi-
cine, and Pathology were identified, and cost data for these
examinations were obtained from the respective units.

Calculation of Mean Costs

Mean costs in different treatment modalities were ob-
tained by dividing RRT costs in separate treatment modali-
tiesfor agiven period by the respective number of observed
daysin agiven period multiplied by the length of the period.
In this analysis, patients in the HD and CAPD groups were
followed up until death or treatment modality changed for
more than 1 month. Follow-ups of HD and CAPD patients
receiving a cadaveric transplant were censored at the time

SALONEN ET AL

Table 2. Numbers and Costs of the Most
Cost-Producing Surgical Procedures, Invasive
Examinations, and Central Venous Catheter

Implantation
Cost/
No. of Intervention
Patients (US $)
AV fistula construction 309 1,348
Central venous catheter
implantation 179 90
Peritoneal catheter
implantation 105 1,348
Peritoneal catheter
removal 52 674
Coronary angiographies 26 1,110
Cataract extraction 21 760
Below-the-knee
amputation 14 1,348
Vitrectomy 10 2,329
AV vascular prosthesis 9 1,925
Endoscopic
cholecystectomy 9 1,444

the TX procedure was performed, and they started anew life
track as TX patients.

Satistical Analysis

Patient characteristics were compared between the HD
and CAPD groups by means of Student’s t-test for continu-
ous variables and Spearman’s chi-square test for categorical
variables. Overall patient survival was estimated using the
Kaplan-Meier method. When considering survival of al
patients, survival is defined by death, censoring in the end of
the study period, or when aliving patient withdrew for other
reasons. Survival among modalities was compared by using
log-rank test. When survival was considered in different
treatment modalities, survival is defined by death, censoring
in the end of the study period, or when a living patient
withdrew for other reasons or underwent TX (for HD and
CAPD patients). Transplant recipients started a new life
track as TX patients. Stepwise multiple regression was
performed to identify factors associated with daily costs and
survival. Calculations were performed using SPSS for Win-
dows, version 6.1.3 (SPSS Inc, Chicago, IL; 1989 to 1995).

RESULTS

Two hundred fourteen patients (120 men, 94
women) fulfilled the study criteria. Patient age at
onset of dialysis therapy ranged from 15 to 84
years; mean age was 56.5 + 1.0 (SEM) years.
Mean age of men was dlightly younger than that
of women (54.8 = 1.3 versus 58.8 = 1.6 years,
P = 0.028). Diagnostic groupings are listed in
Table 3. The group with diabetic nephropathy
was the largest, with 76 patients (35.5%); 33
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Table 3. Patient Diagnostic Grouping, Age, and Sex

No. of Renal Biopsies

Diagnostic Group Patients Men <50y (% of total group)
Primary renal diseases 86 (40.2) 54 (62.8) 30 (34.9) 53 (61.6)
Chronic glomerulonephritis 54 (25.2) 37 (68.5) 21 (38.9) 51 (94.4)
Interstitial nephritis 20 (9.3) 11 (55.0) 7 (35.0) 2(10.0)
Polycystic kidney disease 12 (5.6) 6 (50.0) 2(16.7) 0 (0)
Nonprimary renal diseases 128 (59.8) 66 (51.6) 38 (29.7) 19 (14.8)
Diabetes 76 (35.5) 42 (55.3) 29 (38.2) 9(11.8)
Amyloidosis 20 (9.3) 8 (40.0) 7 (35.0) 4 (20.0)
Miscellaneous nephropathies 32 (15.0) 16 (50.0) 2(6.3) 6 (18.8)
Total 214 (100) 120 (56.1) 68 (31.7) 72 (33.6)

NOTE. Values expressed as number (percent).

patients had insulin-dependent diabetes mellitus
and 43 patients had non—insulin-dependent diabe-
tes mellitus. The group with chronic glomerulo-
nephritisincluded 54 patients (25.2%). The amy-
loidosis group consisted of 19 patients with
secondary amyloidosis and 1 patient with pri-
mary amyloidosis. Interstitial nephritiswasfound
in 20 patients. The group with miscellaneous
nephropathies consisted of 32 patients (15.0%)
with undefined chronic nephropathies and second-
ary nephropathies other than diabetic nephropa-
thy and amyloidosis;, 15 of these patients had
hypertensive nephrosclerosis.

There were 138 HD patients and 76 CAPD
patients in this study. Mean follow-ups were on
average 23 months in the HD group and 28
months in the CAPD group. Demographic data
for different treatment modalities are listed in
Table 4. Patients used multiple treatment modali-
ties over time. Twenty-seven patients (36%) had
to change from CAPD to HD therapy because of
technical failure, usualy recurrent peritonitis epi-

Table 4. Demographic Data

No. of
Patients Mean Age (y) Deaths >

HD 138 586+ 12  56(41) 29 (21)
CAPD 76 511+1.9  16(21) 26(34)
P (HD v CAPD) 0.000 0.006  0.051
All 214 565+ 1.0  72(34) 55(26)
TX* 55* 450+ 16 3(5)

NOTE. Values expressed as mean = SEM or number (percent).
*TX group consisted of 29 patients starting on HD therapy and 26
patients starting on CAPD therapy.

sodes (Table 5). Nineteen treatment failures oc-
curred during thefirst year. The combined rate of
peritonitis and catheter infection was 0.68 epi-
sodes/patient/y, and the catheter implantation rate
was 1.12 catheterg/patient/y. Twelve patients
changed voluntarily from HD to CAPD therapy,
none of them because of technical failure.

Cadaveric TX was performed on 55 patients
(26% of the study population); hence, the aver-
age annual TX rate was 21 TX/million popula-
tion. Mean age of transplant recipients was 45.0
years (range, 16 to 65 years; Table 4). Of all
transplant recipients, 48 patients (87%) main-
tained sufficient renal function, 4 patients re-
turned to dialysis treatment because of graft
failure, and 3 patients died by the end of the
study period. No patient underwent re-TX during
the study period. Averagetime on dialysistherapy
before TX was 14.4 months for al transplant
recipients.

Patient Survival

During the study period, 72 patients (34%)
died and 8 patients were withdrawn because of
transfer to another district or renal function recov-
ery. Death rates in each treatment modality are
listed in Table 4. Higher mortality in HD patients
explains the shorter follow-up of the HD group.
Mortality in patients aged 15 to 39 years was
11%; in those aged 40 to 54 years, 28%; and in
those older than 55 years, 42%. Cardiovascular
diseases caused more than half the desths, and
infections, approximately one sixth of deaths.
Median survival time for al patients was 57.7
months (Fig 1). Patients on CAPD therapy seem
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Table 5. Patient Outcomes During Consecutive Yearly Observations

No. of Patients Starting Change to End of Still on First Modality
Year the Examined Year CAPD or HD Death X Follow-Up at End of Year

HD

1 138 12 (9) 29 (21) 12 (9) 24 (17) 61 (44)

2 61 0 13 (21) 9 (15) 8 (13) 31 (51)

3 31 0 5 (16) 2 (6) 8 (26) 16 (52)

4 16 0 2(13) 1(6) 6(38) 7(44)
CAPD

1 76 19 (25) 2(3) 12 (16) 16 (21) 27 (36)

2 27 4 (15) 3(11) 5(19) 3(11) 12 (44)

3 12 3(25) 1(8) 2@17) 2@17) 4 (33)

4 4 1(25) 0(0) 0 (0) 2 (50) 1(25)

NOTE. Values expressed as number (percent).

to survive significantly better than patients on
HD therapy (P = 0.0025), but if technical sur-
vival is considered, there was no significant
differencein survival between the HD and CAPD
groups (P = 0.58).

Cost Analysis

Mean costs in different treatment modalities.
Mean costs in the different groups and periods
are listed in Table 6, and cost breskdown is
shownin Fig 2. Costsfor the first 6 months were
greatest among TX patients at US $38,265, and

for HD and CAPD patients, costs were $32,566
and $25,504, respectively. Costsin the TX group
declined abruptly during subsequent periods, but
were stable in patients treated with HD and
CAPD. During the 3 years of follow-up, costs
remained at approximately the same level and
differenceswere negligible. There was no signifi-
cant differencein costs between men and women
(Tables 710 9). Treatment of patientswith nonpri-
mary renal disease caused dlightly greater costs
than treatment of patients with primary renal
disease. Also, CAPD costs of patientswith diabe-

p A\
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E 5 \iz%hl Y + Censored

> >

3 ]

2 Total Population

3 A Rsq = 0,9949 _ _ _

0 360 720 1080 1440 1800 2160 Fig 1. Patient survival by
Kaplan-Meier method with
cubic regression line with

Days 95% confidence intervals.
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Table 6. Mean Costs in Different Treatment Modalities

Months 1-6 Months 7-12 Year 2 Year 3

HD (US $) Mean 32,566 26,272 54,140 54,490
SEM 1,093 1,149 3,459 3,650

No. of patients 138 95 61 31

CAPD (US %) Mean 25,504 242,18 45,262 49,299
SEM 1,094 1,685 3,338 2,963

No. of patients 76 53 27 12

TX (US $) Mean 38,265 7,420 11,446 9,240
SEM 2,043 669 1,316 464

No. of patients 55 49 43 33

tes and those older than 50 years were greater,
but for HD patients, there was no such trend.
Multiple regression model. Four variables
turned out to be statistically significant in explain-
ing the variance in daily costs: age, ischemic
heart disease, primary rena disease, and treat-
ment modality. Age increased daily costs by
approximately US $0.81 (+$0.35) per year of
age, and the presence of heart disease increased
daily costsby $34.7 (=$14.2). Costs of treating a
patient with ESRD with primary rena disease
were US $63.7 (+=$12.7) less per day than those
for treating a patient with nonprimary renal dis-

ease. Modality group also had a noticeable effect
on costs. According to this model, treating a
patient with CAPD instead of HD saved US
$35.6 (+$10.8) per day. However, the explana-
tory power of the model is not very high (R? =
0.21373), and SEs arelarge.

To examine the effects of separate underlying
causes of ESRD, the covariates primary and
nonprimary renal diseases were replaced by indi-
vidual diagnoses. Interestingly, in this model,
none of the examined diagnoses had a statisti-
cally significant effect on costs. Treatment modal-
ity and presence of heart disease remained among
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Fig 2. Mean costs in different treatment modalities. Dialysis, solely costs for HD sessions or CAPD fluids and

equipment; Transplantation, cost of TX procedure; Hospitalization, hotel costs for inpatient care; Medication, costs
for inpatient and outpatient medicines; Check-ups and consultations, visits to outpatient clinics; Other costs, minor
cost categories of operations, eg, radiological examinations, CAPD and TX patient transportation, HD patient
consultations. Overhead costs are included in each category.
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Table 7. Mean Costs for HD in Different Subgroups

No. of Months 0-6 No. of Months 7-12 No. of Year 2

Group Patients (US $) Patients (US $) Patients (US $)

All 138 32,566 95 26,272 61 54,140
Men 80 32,717 52 27,080 34 59,309
Women 58 33,618 43 26,917 27 51,328
<50y 29 31,531 19 29,707 9 75,448
50y 109 33,538 76 26,459 52 52,876
PRD 54 29,298 42 23,999 24 52,554
Non-PRD 84 35,850 53 29,056 37 58,388
Diabetes 44 34,006 27 28,908 20 63,781
Nondiabetes 94 32,741 68 26,155 41 52,287

Abbreviation: PRD, primary renal disease.

the most cost-producing factors. Such variables
as sex or body mass index did not have an effect
0on costs.

DISCUSSION

The retrospective file-based analysis makes it
possible to accurately identify resources and ser-
vices used that give rise to costs. Practically all
possible cost data were obtained in this analysis
except for costs of examinations and short-term
transient in-patient medicationsin local hospitals
and health centers. To our knowledge, this level
of accuracy in recording cost factorsin our study
has not been achieved previously. Resources and
services were valued at prevailing prices to the
providers, instead of fee-scheduled reimburse-
ments. Previous investigators mostly have taken
the perspective of payers, and costs have been
measured as reimbursements.261416.1920 The ac-
counting methods are different between organi za-
tions, and contracts with suppliers are more or
less favorable, contributing to profits achieved

by facilities. Taking the viewpoint of providers
allows an accurate breakdown of expenses. Con-
versely, in this study, costs of the treatment of
patients with ESRD were assessed as a whole
instead of focusing on costs related directly to
dialysis therapy or TX. Out of the scope of this
study are costs arising in the social sector (eg,
home help and staying in old people’s home).
However, it can be estimated that these costs are
negligible compared with other costs. Of 86
patients on dialysis therapy at the end of 1996,
only 9 patients used some of these services.
Productivity costs (indirect costs) caused by early
retirement and premature death were not consid-
ered in this study.

A third of the patients started their RRT with
CAPD, and also at the end of the study period,
the same proportion of dialysis patients were on
CAPD therapy. Thisfigureis very close to other
countries with a publicly funded health care
system, such as Sweden and Canada.?+% Glo-
bally, 17% of patients with ESRD are undergo-

Table 8. Mean Costs for CAPD in Different Subgroups

No. of Months 0-6 No. of Months 7-12 No. of Year 2

Group Patients (US $) Patients (US $) Patients (US'$)

All 76 25,504 53 24,214 27 45,262
Men 40 24,318 26 21,487 16 43,463
Women 36 27,816 27 28,136 11 50,294
<50y 40 23,940 31 20,943 17 39,662
50y 36 27,742 22 27,328 10 49,137
PRD 32 22,292 23 21,272 12 45,653
Non-PRD 44 28,831 30 27,302 15 46,335
Diabetes 32 29,882 21 29,897 12 51,027
Nondiabetes 44 23,323 32 20,982 15 42,386

Abbreviation: PRD, primary renal disease.
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Table 9. Mean Costs for TX in Different Subgroups

No. of Months 0-6 No. of Months 7-12 No. of Year 2

Group Patients (US $) Patients (US $) Patients (US $)

All 55 38,265 49 7,420 43 11,446
Men 28 36,872 27 7,486 23 10,968
Women 27 40,327 22 7,648 20 12,456
<50y 35 38,025 33 7,138 27 11,032
50y 20 39,438 16 8,362 16 12,847
PRD 33 36,978 29 7,368 26 12,348
Non-PRD 22 40,785 20 7,849 17 10,560
Diabetes 14 37,299 14 8,497 11 10,802
Nondiabetes 41 38,946 35 7,216 32 11,972

Abbreviation: PRD, primary renal disease.

ing PD as the dialysis modality.?! Selection of a
particular treatment modality, although not deter-
ministic, is not completely random.* Several fac-
tors, medical and nonmedical, affect selection,
and no formal criteria have been followed.?:23
CAPD was the modality more likely offered if
the patient had diabetes, was in moderate genera
condition, and not very aged. In the past, CAPD
patients tended to be older and sicker than HD
patients?#25; however, recent studies have given
figures similar to ours.#121416 Thus, patients on
CAPD therapy were younger, uremiawas caused
more often by chronic glomerulonephritis or
insulin-dependent diabetes mellitus, and the
prevalence of cardiac disease was not as com-
mon as in patients on HD therapy. A remarkable
proportion of CAPD patients did not succeed in
their modality and were forced to switch mo-
dality, a problem well documented previ-
ously.132426-28 A pproximately 40% of CAPD pa-
tients who were followed up to 1 year and who
did not receive atransplant had to change to HD
therapy during the first year. Some of these
patients returned to CAPD therapy later. During
subsequent years, the shift from CAPD to HD
therapy decreased markedly. Conversely, some
HD patients transferred voluntarily to CAPD
therapy. Hence, the proportion of dialysis pa-
tients treated with CAPD was continuously ap-
proximately 30%.

Several serious illnesses among patients with
ESRD resulted in much greater mortality com-
pared with the general population. In this study,
the overall mortality rate was 33.6%, and most
deaths occurred in the elderly and those who
were primarily selected to HD therapy. Classifi-
cation of patients according to the first treatment

modality gives much better survival to patients
on CAPD than HD therapy. However, this kind
of analysis does not take into account the switch-
ing among modalities and only shows that pa-
tients who will survive better are offered CAPD
therapy as the first modality. When technica
failure is considered as death, there is no differ-
ence in survival between modalities. A similar
result was obtained in an Italian study.?®

Average direct costs for treating patients at
TaUH are somewhat greater than at non-univer-
sity central hospitals because of more teaching
and scientific activities. The increase in costs for
this reason is approximately 17% (data from the
hospital accounting system; L. Karki, personal
communication, January 2000). The extra costs
are not divided equally among modalities; they
burden HD most because patients treated with
HD have to visit the hospital more often than
those treated with CAPD or TX.

Dialysis therapy itself was the most costly
item in both dialysis therapies, accounting for
approximately half the total expenditures in the
HD group and more than haf in the CAPD
group. Annual costs were almost equal in both
modalities (between US $29,025 and $29,553 for
HD and $27,570 and $29,239 for CAPD). Costs
for hospitalizations were the second largest item
(after the first year, US $7,593 to $9,310 for HD
and $6,611 to $8,090 for CAPD, respectively).
Medication costs turned out to be somewhat
greater for HD (US $6,958 to $8,756) than CAPD
($3,974 t0 $6,327), and there also was an increas-
ing trend in medication costs during the study
period, reflecting the growing role of EPO
therapy: In 1991, only 6 of 26 dialysis patients
were administered EPO; in 1996, EPO was ad-
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ministered to 98 of 117 patients. There was a
greater proportion of EPO users on HD than
CAPD therapy each year, but the difference was
statistically significant in 1992 only. EPO caused
38% of total medication costs. Transportation
costs mainly burdened the HD group and were
the most important cause of the dlightly greater
total expenses in the HD group. Despite the
considerable number of |aboratory tests, consul-
tations, surgical procedures, and radiological and
other examinations performed, their impact on
total costswas only marginal. Total costs were at
approximately the same levels reported in other
studies; this applies also to the dightly lower
expensesin CAPD patients.151822.29

Some investigators*1416.3031 previously re-
ported lower CAPD costs than in this study.
Nonrenal outpatient physician consultations and
oral medications were not included in 1 of these
studies,’* and costs for transportation were ex-
cluded in another study.3! Compared with results
of Bruns et al, ¥ dialysis costs of CAPD in our
study seem to be greater, possibly because of
more expensive equipment. Also, costsfor hospi-
talization in CAPD patients were high in our
study, and there was no differencein hospitaliza-
tion costs between HD and CAPD patients.

Direct costs for cadaveric TX were approxi-
mately US $22,900/patient. After the TX proce-
durewas performed once, annual total costswere
only US $9,240 to $11,446, which is consider-
ably less than costs for either HD or CAPD.
Medications accounted for approximately 60%
of total costs, and the exact amounts (US $6,161
to $6,741) were almost identical to medication
expenses of dialysis patients. A Canadian study
reported similar costs in the first year after TX;
however, second-year costs were almost double
compared with our results.®

When comparing daily costs, we used a mul-
tiple regression model to adjust for comorbidi-
ties, age, and other covariates, however, the
explanatory power of the model did not meet our
expectations. Ischemic heart disease turned out
to be a very important variable affecting costs
according to the regression model. Interestingly,
patient age did not have a very significant effect
on costs; it increased daily costs by only US
$0.81 per 1 year of age, and surprisingly, diabe-
tes was a statisticaly insignificant variable in
explaining the variance of daily costs.

SALONEN ET AL

Our modd suggests that CAPD saves $35.6
per day compared with HD, which is a remark-
able amount, and it is difficult to give credenceto
being caused solely by the modality. Creating a
well-designed model to explain costs in patients
with ESRD isdifficult. In aretrospective setting,
controlling for all variables is inconvenient, and
even after adjusting, there are still a lot of con-
founding factors favoring CAPD therapy. Com-
pared with the HD group, a greater proportion of
patientsin the CAPD group received a cadaveric
transplant, and many potential CAPD failures
causing hospitalization and other extracostswere
avoided. Also, CAPD patients with technical
failure or impaired physical capability (eg, stroke,
cardiac insufficiency) often had to changeto HD
therapy; ie, they leave CAPD when more inten-
sive treatment is needed and cost-producing fac-
tors start accumulating. The 2 modalities are
different in their cost expectations. It is unlikely
that thisissue of selection bias will ever be fully
resolved unless patients are randomly assighed
to CAPD or HD therapy. Neverthel ess, the major
conclusion in this study is that even without
adjustments, no remarkable difference in costs
between HD and CAPD could be found.

The prognosis of patients recelving a trans-
plant was much more favorable than that of
patients on dialysis therapy. During follow-up,
only 3 of 55 patients died. The low death rate
also affects costs. Death has an associated cost
because patients with elevated risk are treated
intensively. To assess lifetime costs, a much
longer period of follow-up is needed, and this
issue remains unanswered in our study. To our
knowledge, previous studies have not evaluated
lifetime costsin detail either.

Differences in the care of patients with ESRD
worldwide, financing of health care systems, and
dialysis modality utilization limit the generaliz-
ability of our results to other countries. Finland
has a publicly funded health care system, and
general health insurance is paid as income tax.
Hospital costs are amost completely funded by
the government and municipalities; direct pay-
ments from patients cover only an insignificant
fraction of total costs. Most patient expenditures
for CAPD fluids, outpatient medication, and trans-
portation are reimbursed by health insurance. In
Finland, as in other Western countries, HD isthe
most commonly practiced modality of RRT.%?
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Home HD and self-care HD, estimated to be
clearly less expensive than in-center HD 1518
were not applied in the Tampere region during
the study period. The number of intermittent PD
and continuous cycling PD days was compara-
tively small in our study. The long distances
between patients homes and the dialysis center
(average, 27 km) caused considerable transporta-
tion costs.

Our main motivation to undertake the study
was to determine costs of various RRTs. Because
total expenditures and the structure of costs are
known, results also can be used to achieve sav-
ings. The most beneficial area for savingsis the
cost for inpatient hospitalization, and efforts
should be made to reduce or shorten hospita
stays. Dialysistherapy and medication are essen-
tial and not likely to be overprescribed, and the
other costs are of minor significance. The matter
of effectiveness is not included in the analysis,
but this study emphasizes the requirement for a
cost-effectiveness study evaluating RRT, and our
purposeisto publish an analysisin the future by
using data obtained in this study. In summary,
average direct costs of CAPD patients were
dlightly lower than those of HD patients, but
some caution has to be exercised when interpret-
ing thisresult because of complexities associated
with the comparison of these modalities. The
lowest costs and best survival were found in the
TX group, and the superiority of this modality to
HD and CAPD therapy is obvious.
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Abstract

Background Dialysis treatment requires consid-
erable resources and it is important to improve
the efficiency of care.

Methods Files of all adult end-stage renal disease
(ESRD) patients who entered dialysis therapy
between 1991 and 1996, were studied and all use of
health care resources was recorded. A total of 138
patients started with in-center hemodialysis (HD)
and 76 patients with continuous ambulatory peri-
toneal dialysis (CAPD). Four alternative perspec-
tives were applied to assess effectiveness. An
additional analysis of 68 matched CAPD-HD pairs
with similar characteristics was completed.
Results Cost-effectiveness ratios (CER; cost per
life-year gained) were different in alternative
observation strategies. If modality changes and
cadaveric transplantations were ignored, annual
first three years’ CERs varied between $41220-
61465 on CAPD and $44540-85688 on HD. If
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CAPD-failure was considered as death, CERs
were $34466-81197 on CAPD. When follow-up
censored at transplantation but dialysis modality
changes were ignored, CERs were $59409-95858
on CAPD and $70042-85546 on HD. If observa-
tion censored at any change of primarily selected
modality, figures were $57731-66710 on CAPD
and $74671-91942 on HD. There was a trend of
lower costs and better survival on CAPD, the only
exception was the strategy in which technical
failure of modality was considered as death.
Figures of the matched CAPD-HD pairs were
very close to the figures of the entire study
population.

Conclusions Compared to HD, CERs were
slightly lower on CAPD.

Keywords CAPD - Cost - Cost-effectiveness -
ESRD - Hemodialysis

Introduction

The high cost of renal replacement therapy
(RRT) presents an economic and ethical dilemma
for those responsible for funding treatment pro-
grams for patients with end-stage renal disease
(ESRD) [1]. Sicker patients requiring more med-
ical intervention are entering in dialysis therapy.
On the other hand, scarcity of resources is a
reality in present health care systems [2]. In
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developed countries, it has been estimated that
1%-2% of overall health budgets are spent on
ESRD care, although only 0.08% of population
has ESRD [3-5].

In response to scarcity, economic evaluation
has gained popularity in the field of ESRD care.
There is a near unanimity of opinion that renal
transplantation is far cheaper than prolonged
dialysis [6]. Many studies have demonstrated its
superiority when compared to dialysis therapies:
It is associated with a more favorable cost-
effectiveness ratio (CER) and it also results to a
better quality of life [7-9]. However, consensus
has not been reached on the cost-effectiveness
(CE) of different dialysis modalities [10, 11]. A
number of confounding factors prevent reliable
comparisons between hemodialysis (HD) and
continuous ambulatory peritoneal dialysis
(CAPD): The patient selection into dialysis
modalities is not randomly assigned. It is likely
that patients who are sicker or healthier than
average systematically select different modalities
and the patients being selected to each of the
therapies are different in their likely cost expec-
tation [12] and also several non-medical factors
impact on modality selection [13]. Patients also
use multiple modalities over time and switching
among dialysis therapies makes the modality
definition complex. Many cost estimates have
been derived from the imbursements by the
health insurance to the dialysis centers, which
do not correspond to the actual production costs
but take the perspective of the payers [10, 14, 15].

We performed a CE analysis comparing in-
center HD and CAPD. The cost analysis included
a precise file survey containing both the direct
costs for dialysis therapy and also costs for
hospitalizations, medications etc. All use of
health care resources and services was recorded.
Valuation of cost data was based on the cost for
the providers, not charges. To assess effective-
ness, four different strategies were applied.

Subjects and methods
Patient’s characteristics and costing procedures

have been previously described in detail in our
article focusing on costs and structure of costs [16].

@ Springer

Patients and follow-up

The study was performed at Tampere University
Hospital (TaUH) in Finland. This hospital is
providing care for a population of about 440,000
people. All the adult ESRD patients entering first
time in RRT between January 1, 1991 and
December 31, 1996 were included in the study.
The follow-up started on the day dialysis therapy
was first performed and continued until the end of
1996, death, loss to follow-up or renal function
recovery. Altogether 214 adult patients (120
males and 94 females) entered in dialysis therapy
during the study period. The diagnostic grouping
and the demographic and clinical characteristics
are presented in Table 1. The mean age of
patients was 56.5 (+1.0 SEM, range 15-84 years).
The largest diagnostic group was diabetic
nephropathy with 76 patients (33 with insulin-
dependent and 43 with non-insulin-dependent,
respectively). The group of chronic glomerulone-
phritis included 54 patients. There were 20
patients in the amyloidosis group and interstitial
nephritis was found in 20 cases. In 32 cases the
cause of ESRD was undefined nephropathy or
secondary nephropathy other than diabetic

Table 1 Patient diagnostic grouping and demographic
characteristics

Diagnostic group Number Mean Start on
(% of total age HD n
population) (%)

Primary renal 86 (40) 55.3 54 (63)

diseases (PRD)
Chronic 54 (25) 529 29 (54)
glomerulonephritis
(CGN)

Interstitial nephritis 20 (9) 60.1 13 (65)
(INTE)

Polycystic kidney 12 (5) 58.1 12 (100)

disease (POLY)

Non-primary renal 128 (60) 57.4 84 (66)

disease
(NON-PRD)
Diabetes (DIAB) 76 (36) 54.7 44 (58)
Amyloidosis 20 (9) 54.9 15 (75)
(AMYL)
Miscellaneous 32 (15) 65.1 25 (78)
nephropathies
(MISC)
Total 214 (100) 56.5 138 (65)
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nephropathy or amyloidosis and these patients
were defined to have miscellaneous nephropathy.
About 15 of them had hypertensive nephroscle-
rosis.

A total of 138 patients started on HD and 76
patients in CAPD. A summary of demographic
data in different treatment modalities is shown in
Table 2. To avoid distortion caused by different
patient selection between the two modalities, we
separately analyzed a sub-population with similar
characteristics: For each patient on CAPD we
determined a control case on HD with similar age
(£6 years) and co-morbidities. Consequently, 68
HD-CAPD-patient pairs were formed. The
patient characteristics of this group are shown in
Table 3. The mean age of the selected sub-
population was 53.9 (both CAPD and HD)
compared to 51.1 years (CAPD) and 58.6 years
(HD) of the whole population.

Table 2 Summary of demographic data in different
treatment modalities. Values expressed as number (%) or
mean (+SEM)

HD-patients CAPD- P (HD vs.
(n =138) patients CAPD)
(n =176)
Mean age 58.6 (x1.2)  51.1 (x1.9) 0.000
(+SEM)
<50 years 30 (22%) 38 (50%) 0.000
Body-mass 26.0 (x0.42) 24.6 (x0.46)  0.005
index
(+#SEM)
Male 80 (63%) 40 (53%) 0.542
Deaths 56 (41%) 16 (21%) 0.006
Transplanted 29 (21%) 26 (34%) 0.051

Table 3 Characteristics of the selected 68 matched
CAPD-HD-patient pairs. Values expressed as number (%)
or mean (+SEM)

HD CAPD P (CAPD vs.
(n=68) (n=68)  HD)
Mean age 53.9 53.9 (¥2.0) 0.994
(£2,0)
Deaths 26 (38%) 16 (24%)  0.095

Transplanted 20 29%) 25 (37%) 0.466

Primary renal 31 (46%) 29 (43%) 0.863
disease

Diabetics 19 (28%) 27 (40%)  0.205

Modality definition

Mode of dialysis therapy was defined on inten-
tion-to-treat basis. Patients were classified as
CAPD or HD patients based on their treatment
modality at the start of the study period and
retained that classification even if their dialysis
modality changed or if they received a cadaveric
transplant over the study period. However, if
CAPD was the modality planned in pre-dialysis
time but a patient had to start RRT acutely with
HD and switched to CAPD within 30 days, this
patient was still regarded as CAPD-patient.

Costing procedures

The cost analysis was performed from the per-
spective of service providers and the study was
designed to include the total costs of care for
patients, including both dialysis related and other
costs. Overhead costs due to infrastructure and
administration were included. All resource use
was valued at 1997 prices.

The cost for a single HD session was $193
including solely costs for dialysis; costs of e.g.,
laboratory tests, intra- and interdialytic drugs and
hospitalizations were excluded since they were
assessed as separate categories. Normally patients
received three four-hour treatments weekly. The
costs of a CAPD day were $58-$96 depending on
fluid volume and number of bag exchanges. This
figure includes costs for fluids, hoses, protective
caps, disinfecting, and other equipment. Dia-
neal™ and Lockolys-Glucos™ were applied as
dialysis fluids and these products were utilized
equally (52% and 48% of PD days, respectively).
The price of most typical form (4 x 2 1 per day)
was $77 (Dianeal™) and $75 (Lockolys-Glu-
cos™), respectively. Continuous cycling perito-
neal dialysis (CCPD) accounted for only 4.2% of
total peritoneal dialysis days and therefore CCPD
was analyzed under title CAPD in this study.
Costs from CAPD training were included in
analyses.

The daily costs of hospitalization at a general
ward in TaUH, Cardiac Care Unit, and Intensive
Care Unit were $226, $467, and $1645, respec-
tively. These figures contain only the “‘hotel” costs,
thus excluding costs for medications, laboratory
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tests, radiological or any other examinations. Local
hospitals and health centers accounted for 20% of
all hospital days and these days were valued on the
basis of their total daily hospital cost. The patients’
use of medication was recorded in detail. Both
outpatient prescription medications and medicines
during the dialysis sessions, intravenous antibiotics
and liquids during hospitalizations were included.
Traveling distance (on average 27 km) and fre-
quency of traveling from and to hospital was
obtained from patient files. These were valued by
average taxi costs ($0.96 for 1 km). The number of
visits to different outpatient clinics and consulta-
tions during hospitalization were recorded and
data on the costs were obtained from the hospital
accounting system. The number of surgical oper-
ations, invasive examinations and implantations of
central venous catheters were registered. Costs for
arterio-venous fistula operations and peritoneal
catheter implantation were included in analyses.
Costs of laboratory tests were acquired from the
database of the Central Laboratory of the TaUH.
Costs data on diagnostic examinations (radiology,
clinical physiology, nuclear medicine, pathology)
which were performed during the study period,
were obtained from the respective units.

Renal transplantations in Finland are central-
ized at Helsinki University Hospital. There, the
cost for transplantation procedure was $5150 and
the daily cost of hospitalization (at aggregate
level, including medications, examinations, and
possible dialysis therapy) was $756. The standard
immunosuppressive therapy (combination of aza-
thioprine, methylprednisolone, and cyclosporine)
was used after transplantation. All transplants
among the study population were cadaveric.

Mean costs, effectiveness, and
cost-effectiveness analysis

Mean costs in different treatment modalities for a
given period were obtained by dividing the
observed costs in a given period by the respective
number of days multiplied by the length of the
period. Effectiveness was determined as proba-
bility to survive the given period. Cost-effective-
ness ratios (CER; cost per life-year gained) were
determined by dividing the calculated mean costs
by effectiveness.
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We decided to use four different strategies to
determine the cut-point of follow-up: Strategy
1: Intention to treat. Patients starting either on
HD or on CAPD were observed until end of
follow-up time or death. Modality changes and
kidney transplantation were not taken into
account. Strategy 2: Death of modality: Tech-
nical failure was additionally considered as
death. Follow-up continued until end of fol-
low-up time, death, or technical failure. Strat-
egy 3: Time on dialysis. Follow-up continued
until end of follow-up time, death, and cadav-
eric transplantation. Strategy 4: Time on pri-
marily selected modality: Patients were
observed until modality change of any reason
including cadaveric transplantation.

Statistical analysis

Patient characteristics were compared between
HD and CAPD groups using Student’s #-test for
continuous variables and Spearman’s chi-square
test for categorical variables. Patient survival was
estimated using the Kaplan—-Meier method. Sur-
vival in the modalities was compared using the
log-rank test.

Results

Mean follow-up time was 23 months in the HD
group and 28 months in the CAPD group.
Switching of modality was common: Of 76
patients on CAPD, 18 patients (24%) had to
change to HD due to technical failure during the
first year. There were no technical failures in the
HD group, but 12 patients changed voluntarily to
CAPD. 55 patients received a cadaveric trans-
plantation, 29 of them started on HD and 26 on
CAPD, respectively. Patient outcomes during
consecutive yearly observations are shown in
Fig. 1.

Patient survival

Altogether 72 patients (34%) died during the
study period. The median time of survival for all
patients was 57.7 months. Fig. 2 illustrates the
survival of patients starting on HD and CAPD.
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Modality changes and cadaveric transplantations
were ignored. Patients on CAPD had a better
survival than patients on HD (P = 0.0025). How-
ever, when technical failure was taken into
account and considered as an end-point of
follow-up, there was no difference between the
modalities.

Cost-effectiveness

Cost-effectiveness ratios are shown in Table 4
and Fig. 3 for the whole population and in
Table 5 and Fig. 4 for matched CAPD-HD pairs.
If modality changes are not taken into account
(strategy 1), costs were lower and survival was

Fig. 2 Survival on HD 1,1
(solid line) and CAPD
(dashed line) by Kaplan—

Meier method. P = 0.0025 1.0 1 .
by the log-rank test i\t&

I

Cum Survival

360 720 1080 1440 1800 2160
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Table 4 Cost-effectiveness ratios on CAPD and HD. Costs: cumulative costs during the observation period; effectiveness:
probability to survive the given period. Four different strategies were applied to determine the end-points of follow-up

Cost Cost Eff. Eff. CER CER Incre- Incre- Incremental
CAPD HD CAPD HD CAPD HD mental mental CER on HD
costs on eff. on
HD HD

Strategy 1  Year 1 57,845 64,463 0.94 0.75 61,465 85,688 6618 -0.19 CAPD
dominates

Year 2 42288 50,868 0.90 0.80 47,023 63,300 8580 -0.10 CAPD
dominates

Year 3 34,913 38,932 0.85 0.87 41,220 44,540 4019 0.03 148303

Years 1-3 143,559 165,712 0.72 0.53 200,278 313,552 22,153 -0.19 CAPD
dominates

Strategy 2 Year 1 57,260 64,463 0.71 0.75 81,197 85,688 7203 0.05 152930

Year 2 36,656 50,868 0.82 0.80 44,889 63,300 14,212 -0.01 CAPD
dominates

Year 3 28,069 38,932 0.81 0.87 34,466 44,540 10,863 0.06 181960

Years 1-3 137,249 165,712 0.46 0.53 295,540 313,552 28,463 0.06 444041

Strategy 3 Year 1 55,787 63,338 0.94 0.74 59,589 85,546 7551 -0.20 CAPD
dominates

Year 2 50,468 55,007 0.85 0.78 59,409 70,630 4539 -0.07 CAPD
dominates

Year 3 62,279 55,186  0.65 0.79 95,858 70,042  -7093 0.14 HD

dominates

Years 1-3 165,848 180,125 0.52 0.45 320,975 396,489 14,277 -0.06 CAPD
dominates

Strategy 4 Year 1 55,116 64,566 0.83 0.71 66,710 91,492 9450 -0.12 CAPD
dominates

Year 2 46,491 56,689 0.81 0.73 57,731 77,486 10,198 -0.07 CAPD
dominates

Year 3 50,519 56,705 0.80 0.76 63,149 74,671 6186 -0.04 CAPD
dominates

Years 1-3 158,853 185,021 0.53 0.39 298,428 471,872 26,168 -0.14 CAPD
dominates

better (except year 3) on CAPD compared to HD
(Table 4 and Fig. 3) and, consequently, annual and
particularly cumulative first three years’ CERs were
more favorable on CAPD. If technical failure is
considered as death (strategy 2), the average
survival among CAPD-patients shortened remark-
ably. Cumulative first three years’ CERs on CAPD
and on HD were very close to each other. In
strategies 1 and 2 the observation period includes
time with a functioning transplant (55 patients, 26%
of study population). CERs in strategy 1 were
somewhat better than they were in strategies 3 and
4, in which only the time on dialysis is assessed. In
strategy 3, the follow-up included only time on
dialysis. Switches among HD and CAPD were
ignored and there was patient flux from CAPD to
HD and vice versa. Differences between costs on
CAPD and on HD were not remarkable and
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cumulative 3-year survival was 0.52 on CAPD and
0.45 on HD, respectively. If any change of the
primary selected modality is considered as an end-
point (strategy 4), costs were systematically lower
and survival was better on CAPD. When assessing
the selected CAPD-HD pairs (Table 5 and Fig. 4),
the figures are almost identical compared to the
entire population. There is a trend of lower costs and
better effectiveness on CAPD. The only exception
is strategy 2 with slightly lower survival on CAPD.

Data derive from 1997 and actual production
costs to treat ESRD have remarkably changed
since then. Between 1997 and 2004, costs for a
single HD session have increased by 20%, the
daily costs of hospitalization have grown by 33%
and costs of visits to outpatient clinics have
increased up to 50% at TaUH (data from the
hospital accounting system). Costs for CAPD
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Fig. 3 Annual and first three years’ cumulative cost-effectiveness ratios in different strategies

fluids and equipments were on average 15% higher
in 2004 than in 1997. On the other hand, costs for
prescription medications have decreased by 6%
during the same time (data from the Finnish
National Agency for Medicines). Expenditures for
transportation were 31% higher in 2004 than in
1997. The dialysis therapy accounts for about half
of total expenditures in the HD group and more
than a half in the CAPD group. Costs for
hospitalizations are the second largest item
(14%-17% after first year on HD and 15%-18%
on CAPD, respectively) and costs for medication
third largest items (13%-16% on HD and 9%-
14% on CAPD). [16] Based on these figures it can
be estimated that the total expenditures for the
given treatment have grown 22% among HD-
patients and 21% among CAPD-patients.

Discussion

In our study, the average acceptance of new ESRD
patients per year was 81 per million population,
which is close to the rate in other developed
European countries but somewhat less than for

example in Sweden [6]. Differences in financing
the care of ESRD patients worldwide are remark-
able. In some countries publicly funded healthcare
system provides treatment, in others there are
independent producers, both profit and non-profit,
which are financed by supplies from health insur-
ance institutions. Prior studies mostly have taken
payers’ perspective and costs have been measured
by reimbursements [10, 14, 15]. The accounting
methods differ between producers (for example
including salaries of staff and overhead) and
contracts with insurance institutions are less or
more favorable, contributing to profits achieved by
producers. On the other hand, serious diseases
among ESRD patients result in large additional
costs: hospital admission rates are high and the
length of stay in hospital is prolonged, abundant
medication and considerable number of surgical
operations is needed compared to non-ESRD
patients. In this study, we decided to take the
perspective of provider because this viewpoint has
rarely been reported. Cost data of all ESRD
patients in a single center were obtained minutely.
To our knowledge, studies with this level of
accuracy in recording cost factors have not been
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Table 5 Cost-effectiveness ratios on CAPD and HD.
Sub-analysis of 68 matched CAPD-HD-pairs. Costs:
cumulative costs during the observation period; effective-

ness: probability to survive the given period. Four different
strategies were applied to determine the end-points of
follow-up

Cost Cost Eff Eff CER CER Incre- Incre- Incremental
CAPD HD CAPD HD CAPD HD mental mental CER on HD
cost eff. on
on HD HD
Strategy 1 Year 1 58,007 65,592 0.94 0.80 61,815 81,806 7585 -0.14 CAPD
dominates
Year 2 42,876 51,822 0.90 0.78 47,789 66,464 8946 -0.12 CAPD
dominates
Year 3 35,672 35,574  0.84 0.91 42,361 38,883  -98 0.07 HD dominates
Years 1-3 144,510 165,678 0.71 0.57 203,822 289,647 21,168 -0.14 CAPD
dominates
Strategy 2 Year 1 57,391 65,592 0.69 0.80 83,187 81,806 8201 0.11 73289
Year 2 37,329 51,822 0.81 0.78 46,297 66,464 14,493 -0.03 CAPD
dominates
Year 3 28,892 35,574  0.80 0.91 36,029 38,883 6682 0.11 59133
Years 1-3 138,155 165,678 0.45 0.57 309,695 289,647 27,523 0.13 218610
Strategy 3  Year 1 55,907 634,54 093 0.79 59,883 80,587 7547 -0.15 CAPD
dominates
Year 2 50,467 60,755 0.85 0.73 59,408 82,897 10,288 -0.12 CAPD
dominates
Year 3 62,279 59,650 0.65 0.81 95,873 73,843  -2629 0.16 HD dominates
Years 1-3 165,941 187,584 0.52 0.47 322,090 402,368 21,643 -0.05 CAPD
dominates
Strategy 4 Year 1 55,218 65,573 0.82 0.74 67,528 88,780 10,355 -0.08 CAPD
dominates
Year 2 46,492 64,037 0.81 0.89 57,733 71,823 17,545 0.09 203302
Year 3 50,519 60,070 0.80 0.57 63,149 105,571 9551 -0.23 CAPD
dominates
Years 1-3 158,703 194,941 0.53 0.37 301,259 520,259 36,238 -0.15 CAPD
dominates

published previously. For the first time, we deter-
mined different cut-points of follow-up to assess
the effect of modality changes and cadaveric
transplantation to CER.

In this study, we evaluated costs arising due to
medical treatments of patients, but social sector
expenditures (sickness allowances, disability pen-
sions, home help, etc.) were excluded. Indirect
costs as losses of productivity, decreased tax
payments, and early retirement were also ignored,
but it can be estimated, given a rather young
patient population, that their impact on total
expenditures is considerable.

The selection of modality is a complex deci-
sion. As the conditions of the disease, preferences
of the patient technologies or physician change,
the choice of modality can also change. It is
unlikely that this issue of selection bias will ever
be fully resolved unless patients are randomly
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assigned to PD or HD. In this study, the propor-
tion of patients starting on CAPD was 36%,
whereas in the United States only 12.7% of
patients are on CAPD [12]. Since the selection of
a particular modality is not random, they were
different in their cost expectations already at the
baseline: First: Patients starting on CAPD were
younger and ESRD was caused more often by
chronic glomerulonephritis or type 1 diabetes.
Subsequently, death rates were not equal. In this
study, death rates were 41% on HD and 21% on
CAPD, respectively. Death definitely has a cost
associated with it: Patients with elevated risk of
death are treated intensively, usually in hospital.
Extra medication, operations, and invasive exam-
inations are needed. A remarkable portion of
these patients will die despite the efforts. Our
finding of better survival among CAPD-patient
differs from the results of a recent survey where
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the risk for death of patients treated with perito-
neal dialysis after 2 years of dialysis was twice
that of patients treated with HD [17]. Contrary to
our study, follow-up censored at transplantation.
Second: A greater proportion of patients in the
PD group were transplanted and many potential
PD-failures causing extra costs were thus avoided.
Third: PD-patients with technical failure or with
impaired physical capability had often to change
to HD; they left PD when more intensive treat-
ment was needed. Of 76 patients on PD, 18 were
forced to switch to HD due to technical failure
and another 12 patients were transplanted during
the first year of follow-up. On the other hand, 12
HD patients voluntarily changed to CAPD.

By determining the alternative end-points of
observation, different aspects are offered to
economically evaluate ESRD. If modality
changes are not taken into account and the
observation period includes time with a function-
ing transplant, second and third year’s CERs were
somewhat better compared to strategies in which
only time on dialysis is assessed. The fact that
renal transplantation yields more favorable CE
than dialysis therapy has been previously demon-

strated in several studies [7-9]. Interestingly,
annual costs between strategies 3 and 4 were very
close to each other. Consequently, changing the
modality does not have any major effect on
treatment costs; they seem to be about the same
level before and after modality switch.

Due to patient selection, a comparison
between CAPD and HD is difficult. Instead of
extended statistical processing of data and adjust-
ing for co-morbidities, age and other covariates,
we decided to select a sub-population of patients
with similar characteristics: costs and life-years
gained among 68 matched HD-CAPD pairs were
assessed. Interestingly, despite excluding the
group of HD patients (70 patients) with higher
mean age, the CER of the selected HD patients
did not significantly differ from CER among the
whole HD population. Since the sub-analysis
included almost all (68 out of 76) CAPD-patients,
CERs were almost identical compared to the
whole CAPD population. Likewise among the
whole study population, CERs were systemati-
cally but slightly lower on CAPD than on HD.
For selected patients, CAPD seems to be a more
cost-effective dialysis modality than HD.
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Several factors limit interpreting the results of
this study. Differences in funding of healthcare
systems and in dialysis modality utilization
restrict the exploitability of our results to other
countries. Also, costs to treat ESRD have
changed remarkably since 1997. However, as the
treatment costs have increased similarly in the
both modalities, we can presume that slightly
better CER on CAPD compared to HD still
exists. ESRD patients’ treatment has continu-
ously developed, but we believe that the structure
of the costs nowadays does not distinctly differ
from 1997. Frequency of HD sessions or fluid
volumes on CAPD have not changed since 1990s,
and problems which caused hospital stays then
would presumably lead to hospitalization today as
well. Due to application of new and expensive
medications and the routine use of erythropoietin
therapy there probably have occurred an increase
in the medication costs, but it affects equally both
modalities. All the HD patients in this study were
treated solely with in-center HD which has been
reported to be more costly than home HD and
self-care HD [10]. Also continuous cycling peri-
toneal dialysis (CCPD) has gained popularity in
the last few years while the proportion of CCPD
days was relatively small (4.2% of total peritoneal
dialysis) in our study. A greater amount of
dialysis fluids and a considerable number of other
equipments are needed in CCPD compared to
CAPD and it can be estimated that dialysis costs
are on average about 40% higher on CCPD than
on CAPD.

Treating ESRD is expensive and the number of
patients is increasing rapidly. Older and sicker
patients enter dialysis therapy. It is important to
develop strategies for more efficient care [10].
In summary, in our single-center study, we found
that CAPD was somewhat more cost-effective
than HD but caution has to be exercised when
the results are interpreted. Choosing between
the modalities is a complex decision, where
both medical and non-medical factors attribute
selection.
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Abstract

Background: Secondary hyperparathyroidism, malnutrition
and inflammation have been reported to associate with ad-
verse outcomes in dialysis patients. However, little is known
about the implications of these conditions for treatment
costs. Methods: The cost data of all adult patients who had
entered dialysis therapy at Tampere University Hospital be-
tween 1991 and 1996 and had remained on dialysis for at
least 1 year were collected. Results of measurements of para-
thyroid hormone (PTH), calcium, phosphorus, albumin and
C-reactive protein (CRP) were obtained from the database of
the hospital. Results: Patients (n = 109), aged 57.0 + 14.9
years, included 57% men and 37% diabetics; 62% started on
hemodialysis and 38% on peritoneal dialysis. Average daily
costs were USD 161 (range 95-360). After controlling for pa-
tients’ age, body mass index, gender, dialysis modality and
primary renal disease, there was a positive correlation be-
tween average CRP and average costs and a negative corre-
lation between albumin and costs. Correlations between
mineral metabolism markers and costs were not found, but
there was a trend towards lower cost among patients who
achieved the Kidney Disease Outcomes Quality Initiative tar-

gets of calcium, phosphorus and PTH (USD 145 * 31) com-
pared with those with nonoptimal levels (USD 165 * 48;p =
0.095). Costs of patients with at least one in-target PTH mea-
surement were lower than costs of patients with constantly
low PTH (USD 148 £ 31 vs. 170 %+ 48; p = 0.01). Conclusion:
Serum levels of albumin and CRP correlated with dialysis pa-
tients’ treatment costs. Achieving the Kidney Disease Out-
comes Quiality Initiative targets may be associated with low-

er costs. Copyright © 2007 S. Karger AG, Basel

Introduction

Patients undergoing maintenance dialysis therapy
have a high prevalence of secondary hyperparathyroid-
ism (SHPT) [1], and a significant proportion also experi-
ence protein energy malnutrition and inflammation [2].
SHPT is characterized by increased serum levels of para-
thyroid hormone (PTH) and develops in response to an
imbalance in serum levels of calcium (Ca), phosphorus
(P) and vitamin D, as a result of altered metabolism in
chronic kidney disease [3]. Disordered Ca, P and PTH
concentrations are associated with increased risks of soft
tissue and cardiovascular calcifications and mortality
and hospitalization caused by cardiovascular disease [4—
7]. Uremic bone disease (renal osteodystrophy) is anoth-
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Table 1. Demographic characteristics and average costs of 109 di-
alysis patients

Mean age * SD, years 57.0%x14.9
Males 62 (57)
Diabetics 40 (37)
Primary renal disease as a cause of ESRD 45 (41)
Start on hemodialysis 68 (62)
Dead 35(32)
Mean body mass index £ SD 25.8*4.7
Mean daily costs + SD, USD 161+46

Figures in parentheses are percentages. ESRD = End-stage re-
nal disease.

er important consequence of SHPT [8], and there is an
association between risks of hip and vertebral fractures
and PTH concentration [9]. Over recent years, there has
been an increasing realization that the regulation of PTH
secretion together with the maintenance of Ca, P and
Ca X P product within target levels [3, 10] may reduce
morbidity and mortality in patients with SHPT.

The Kidney Disease Outcomes Quality Initiative (K/
DOQI) guidelines recommend strict targets for the con-
trol of serum levels of PTH, Ca, P and the Ca X P prod-
uct: PTH 16.5-33.0 pmol/I (150-300 pg/ml), Ca 2.10-2.37
mmol/l (8.4-9.5 mg/dl), P 1.13-1.78 mmol/l (3.5-5.5 mg/
dl) and Ca X P product <4.4 mmol?/1?> (<55 mg?/dl?)
[11]. Many patients have suboptimal control of PTH and
minerals. In the Dialysis Outcomes and Practice Patterns
Study, about 50% of dialysis patients were below the low
target for PTH, whereas the upper level was exceeded in
19-31% of patients within each country [12].

Protein energy malnutrition and inflammation are
other common disturbances among hemodialysis pa-
tients. They often occur concomitantly, and due to the
association with atherosclerotic cardiovascular disease,
they have been referred to as ‘malnutrition inflammation
atherosclerosis’ [13] or ‘malnutrition inflammation com-
plex syndrome’ [14]. Malnutrition inflammation com-
plex syndrome is reported to correlate with a poor out-
come, including significantly greater rates of hospitaliza-
tion and mortality in hemodialysis patients [2, 13, 14]. A
low serum albumin level is associated with malnutrition
and is a well-established predictor of mortality [4, 15] and
inflammation and can be assessed by means of inflam-
matory biomarkers, of which CRP is the single most
used.

Despite accumulating evidence that imbalance in
mineral metabolism, malnutrition and inflammation

cl8 Nephron Clin Pract 2007;106:c17-¢23

have a major effect on mortality and morbidity in dialysis
patients, little is known about the effect on treatment
costs. We have performed an analysis evaluating the as-
sociation between costs and the commonly measured
variables Ca, P, PTH, albumin and CRP in dialysis pa-
tients.

Subjects and Methods

Patients and Follow-Up

The study was performed at Tampere University Hospital,
which provides care for a population of about 440,000 people. Al-
together 214 adult patients entered dialysis therapy between 1 Jan-
uary 1991 and 31 December 1996. Of these, 111 patients remained
on dialysis for at least 1 year. There were 2 patients with no avail-
able laboratory results and they were excluded from the analysis.
The follow-up started on the day the dialysis therapy was first
performed and continued until the end of 1996, death or kidney
transplantation. Patients were classified as hemodialysis and con-
tinuous ambulatory peritoneal dialysis on an intention-to-treat
basis. Their files were studied retrospectively, and the use of
health care resources and services was recorded.

Costing Procedures and Laboratory Evaluation

The study was designed to include the total costs for treating
dialysis patients. Both dialysis-related and other costs (medica-
tion, hospitalization, transportation, operations and invasive ex-
aminations, laboratory tests and radiological examinations) were
included. All resources used were valued at the prices common in
1997. Patients’ characteristics and costing procedures have been
described in detail in our article focusing on costs and the struc-
ture of costs [16]. A single patient’s average daily costs were cal-
culated by dividing the patient’s observed total costs by the re-
spective number of days. The results of laboratory tests performed
during the study period were obtained from the database of the
Tampere University Hospital. Blood tests had been taken by the
decision of clinicians as a part of normal treatment and follow-up.
Ca, P, PTH, CRP and albumin were routinely measured once in 3
months, and additional tests were taken when needed.

Statistical Analysis

Comparisons between groups were made by Levene’s test for
equality of variances. Categorical variables were compared using
the x? test. Data are expressed as means * SD or medians. Cor-
relations between continuous values were assessed using Spear-
man’s and Pearson’s correlation coefficient for nonparametric
and parametric data, respectively. Partial correlation coefficients
after controlling for clinical characteristics were performed using
SPSS (SPSS Inc., Chicago, I11., USA).

Results

Patients” demographic characteristics are shown in ta-
ble 1. There were 62 men and 47 women in the study, and
the mean age of the 109 patients was 57.0 years (range
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Fig. 1. Scatterplots of patients’ average PTH, P and Ca levels versus average daily costs. Please note the logarith-

mic axis representing PTH values.

Table 2. Number and average results
of laboratory tests taken during the
follow-up

Mean * SD

Serum total Ca

Serum PTH

Serum P

Serum ionized Ca

Mineral Metabolism Markers, Albumin,
CRP and Costs

Serum albumin
Serum CRP

Measure- Average number
ments of measurements/
patient/year

1,161 4.7

1,193 4.8

6,096 24.5

6,408 25.8

2,173 8.7

5,098 20.5

2.4+0.13 mmol/l
16.8 £18.7 pmol/l

1.7 £0.37 mmol/l

1.3+ 0.05 mmol/I
323%38g/l
34.8%£22.1 mg/l

Nephron Clin Pract 2007;106:¢17-c23
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16-80). Diabetics comprised 37% of the study popula-
tion, and in 41% of patients, end-stage renal disease was
caused by primary renal disease (chronic glomerulone-
phritis, interstitial nephritis or polycystic kidney dis-
ease). Sixty-two percent of patients started on hemodi-
alysis and 38% on continuous ambulatory peritoneal
dialysis. Thirty-five patients (32%) died during the fol-
low-up. The mean follow-up time on dialysis was 832
days, and the total follow-up period includes 248 patient-
years. Patients’ average daily costs were USD 161 (median
151, range 95-360).

The total number of laboratory tests and results (mean
+ SD) of laboratory tests are shown in table 2. Figure 1
shows the association between patients’ costs and min-
eral metabolism parameters. Each plot represents an in-
dividual patient’s average laboratory result versus average
daily costs. In 77 patients (71%), the average PTH was
below target level (16.5 pmol/l) and exceeded the target
level (33.0 pmol/l) in only 16 patients. Due to the domina-
tion of low PTH values, the logarithmic axis representing
PTH levels is used.

Table 3 shows the relationships between costs, given
laboratory parameters, age and body mass index. There
was a weak negative correlation (r = -0.221, p < 0.05) be-
tween costs and PTH. Serum albumin levels and costs
were inversely correlated (r = -0.338, p<0.01), and a pos-
itive correlation was found between average CRP and
costs (r = 0.464, p <0.01) (fig. 2).

Fig. 2. Scatterplots of patients’ average albumin and CRP versus
average daily costs.

Table 3. Correlation coefficients between costs, laboratory parameters, age and body mass index

Costs PTH CRP Albumin P Ca Ionized Ca Age BMI
Costs 1.000
PTH -0.221% 1.000
CRP 0.464**  -0.024 1.000
Albumin -0.338**  0.164 -0.360** 1.000
p -0.002 0.110  -0.112 0.172 1.000
Ca -0.077 0.001 0.071 0.396** 0.269**  1.000
Ionized Ca -0.048 -0.086  -0.044 0.099 0.142 0.563** 1.000
Age 0.005 -0.059 0.201*  0.003 -0.322**  0.075 -0.001 1.000
BMI 0.152 -0.090 0.168 0.149 0.055 0.262%* 0.151 0.215*  1.000

BMI = Body mass index.

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

c20
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Table 4. Subgroups of patients according
to PTH level

Group Patients Mean average Mean average
PTH = SD costs £ SD
pmol/l USD

PTH constantly <16.5 pmol/l 59 (54.1) 84%56 170 48

PTH 16.5-33.0 pmol/l 43 (39.4) 22.3%16.0 148 * 31*

PTH constantly >33.0 pmol/l 7 (6.4) 64.5+£34.8 172+ 85

Figures in parentheses are percentages.
* p =0.01 compared with PTH constantly <16.5 pmol/L

Table 5. Correlation coefficients after controlling for age, body mass index, gender, dialysis modality and pri-

mary renal disease

Costs PTH CRP Albumin P Ca Tonized Ca
Costs 1.000
PTH -0.1369 1.000
CRP 0.3251%* 0.0602 1.000
Albumin -0.4680** 0.1118 —-0.3785%* 1.000
P -0.0230 0.1575 0.0054 0.1903 1.000
Ca 0.0274 0.2004* 0.0689 0.3287%* 0.2654** 1.000
Tonized Ca 0.1379 0.0841 -0.0087 0.0361 0.0574 0.6226** 1.000

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

We divided patients into 3 subgroups according to
their PTH status: (1) PTH constantly below target (<16.5
pmol/l), (2) atleast one in-target result (16.5-33.0 pmol/l)
during the follow-up, and (3) constantly elevated (>33.0
pmol/l) PTH. Number of patients and average costs in
different subgroups are shown in table 4. There were no
patients with persistently optimal PTH measurements.
Average costs were significantly higher when PTH was
continuously suppressed (USD 170 * 48) compared with
the group with at least one in-target PTH (USD 148 * 31;
p = 0.01). Costs in the high-PTH group were at the same
level (USD 172 * 85) as those in the low-PTH group, but
there were only 7 patients with continuously elevated
PTH levels, and the difference did not reach statistical
significance (p = 0.18).

There were 19 patients with near-optimal (K/DOQI
recommendations) mineral metabolism levels: both av-
erage Ca between 2.1 and 2.4 mmol/l and average P be-
tween 1.1 and 1.8 mmol/l and, furthermore, at least one
PTH measurement between 16.5 and 33.0 pmol/l. Com-

Mineral Metabolism Markers, Albumin,
CRP and Costs

pared with 90 patients with nonoptimal levels, albumin
and CRP levels of these 19 patients were equal, and no
significant differences in patient characteristics (age,
gender, diabetes, primary renal disease, body mass index)
or mortality were found. Costs of patients with near-op-
timal levels of mineral metabolism markers were on aver-
age USD 145 * 31 compared with USD 165 * 48 with
nonoptimal measurements (p = 0.095). An additional
analysis comparing patients with in-target Ca with non-
optimal Ca and in-target P with nonoptimal P was done,
and there were no statistically significant differences in
costs.

After controlling for age, body mass index, gender, di-
alysis modality and primary renal disease, there still re-
mained a significant correlation between costs and albu-
min and between costs and CRP, but PTH turned out to
be statistically insignificant (table 5).

Nephron Clin Pract 2007;106:¢17-c23 c21



Discussion

In this study, we evaluated costs arising in medical
treatment of patients. Cost data of patients were collected
minutely. Social sector expenditures and indirect costs
(loss of productivity, early retirement) were out of scope
of this study and thus ignored. The dialysis therapy ac-
counted for about half of total costs. Costs for hospitaliza-
tions were the second largest (on average 14-18%) and
costs for medication the third largest (9-16%) items. De-
spite the considerable number of laboratory tests, surgical
operations, radiological and other examinations, their
impact on total costs was only marginal.

We found no significant correlation among mineral
metabolism markers and costs, contrary to our stated hy-
pothesis. Abnormalities in these biochemical markers
have been associated with increased mortality [5, 7], and a
significant association between higher serum phosphate
concentration and risk of hospitalization for hip and femur
fractures was also found in a large US study [17]. Super-
saturation of extracellular Ca and P may accelerate the de-
velopment of medial wall vascular calcification, known to
be associated with increases in arterial stiffness, aortic
pulse wave velocity and left-ventricular size [18]. Logically,
disturbances in mineral metabolism markers could be ex-
pected to associate with higher costs as well.

There are several possible explanations for these results.
First, the distribution of PTH values was dominated by
values below the target, and the amount of patients with
constantly elevated PTH was low. Possibly, the uneven dis-
tribution biases results. Second, data were derived from the
1990s, and the patients’ SHPTs were managed by large dos-
es of Ca-containing phosphate binders, which in turn may
lead to Ca loading and soft-tissue and cardiovascular cal-
cification. At the time of the study, the target of serum Ca
concentration was the upper normal margin. Currently,
newer phosphate binders have been introduced. Third, pa-
rameters vary over time, and the reported average value
may be subject to misclassification bias. We cannot claim
that average values or costs remain the same throughout
the study period. Fourth, only 109 patients were included
in this study, and due to comorbidities, the average daily
costs between patients varied significantly. Theoretically,
few outliers could affect results and give misleading infor-
mation. However, in 90% of patients, the average daily
costs were between USD 95 and 213, and after excluding
the decile of patients with the highest costs from the anal-
ysis, the results did not change.

Even though there was no direct correlation between
Ca, P or PTH and costs, there was a trend towards lower

c22 Nephron Clin Pract 2007;106:c17-¢23

costs among patients with in-target results of all three
mineral metabolism markers (Ca, Pand PTH), compared
with patients with off-target results. Recommended Ca or
P levels alone were not linked with costs, whereas on the
contrary, the PTH level was. Continuously low PTH was
associated with higher costs compared with patients with
at least occasionally in-target PTH. Average costs in pa-
tients with continuously high PTH were at the same level
as costs in the high-PTH group, but the number of pa-
tients with constant SHPT was small. Thus, a significant
difference compared with patients with in-target PTH
could not be found.

Retrospective analysis can be criticized as an inappro-
priate method to assess correlations between laboratory
values and costs. However, our approach is supported by
the finding that both CRP and albumin were statistically
significantly correlated with costs. Serum CRP, as an
acute-phase protein, strongly correlated with costs. In
this study, CRP may be rather considered as a marker of
infection than a marker of inflammation. In a retrospec-
tive setting, CRP was frequently measured when the pa-
tient was treated due to infections, and elevated CRP val-
ues were obtained in patients with poor general condi-
tion, high hospitalization rates, use of intravenous
antibiotics and, consequently, high costs. The correlation
with costs and CRP was strong, even when median CRP
was used instead of average CRP.

Hypoalbuminemia results from the combined effects
of inflammation and inadequate protein and caloric in-
take in dialysis patients, and serum albumin is a known
predictor of mortality in dialysis patients [4]. A signifi-
cant inverse correlation between costs and albumin was
found in this study. Undoubtedly, albumin is an impor-
tant factor for poor clinical outcome of dialysis patients.

To our knowledge, our study is the first one to evaluate
the association between costs and mineral metabolism
markers, CRP and albumin. SHPT, hypoalbuminemia
and elevated CRP are all associated with adverse out-
comes. Traditional therapies for SHPT are limited by side
effects that may place patients at higher risk of vascular
calcification. The calcimimetic cinacalcet has been effec-
tive and well tolerated in the management of SHPT, and
it has been shown to have favorable effects on clinical out-
comes in patients with chronic kidney disease [19]. Pre-
liminary results of the Dialysis Clinical Outcomes Revis-
ited Study have shown a significant decrease in mortality
and hospitalization in patients receiving sevelamer hy-
drochloride compared with Ca-based phosphate binders.
However, so far, no studies have evaluated the effect of
treating SHPT on costs. In this study, we assessed the im-
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pact of commonly measured laboratory markers on the

costs of dialysis patients. In conclusion, serum levels of

albumin and CRP were associated with the treatment

costs of dialysis patients. There was no direct correlation
between costs and mineral metabolism markers, but a
trend towards lower costs in patients who achieved the
K/DOQI targets was found.

—_
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STRUCTURED OUTPATIENT PERITONEAL DIALYSIS CATHETER INSERTION IS
SAFE AND COST-SAVING

Tapani E. Salonen and Heikki Saha

Department of Medicine, Tampere University Hospital, and Medical School,
University of Tampere, Tampere, Finland

¢ Background: Dataabout outcomes and costs for perito-
neal catheter insertion on an outpatient basis are scarce.
¢ Methods: Using patientfiles, all peritoneal dialysis (PD)
catheter insertions performed between 2004 and 2009 in
a single-center tertiary care institution for adult patients
were located. Patient demographics, complications, hospi-
talizations, survival, and treatment modality changes were
recorded. Procedure-related expenses were valued as actual
production costs.

¢ Results: Duringthe study period, 106 PD catheters were
inserted. In 46 cases, the patients were admitted electively
for catheter insertion; 19 catheters were placed during
admission for other medical reasons; and 41 catheters were
placed on an outpatient basis. Among the study patients
(54.7 £ 16.0 years of age), 45% were diabetic. Early (<30
days) catheter-related complications occurred in 22% of
patients. The incidences of technique failure and any com-
plication within 90 days were 10% and 38% respectively.
The occurrence of complications was not statistically sig-
nificantly different for outpatients and electively admitted
patients. Average costs for catheter insertion were higher
in electively hospitalized patients than in outpatients
(€2320 + €960 vs €1346 + €208, p <0.000).

¢ Conclusions: Compared with an inpatient procedure,
outpatient insertion of a PD catheter results in similar
outcomes at a lower cost.

Perit Dial Int 2014; 34(6):612-617 www.PDIConnect.com
epub ahead of print: 01 Jul 2013  doi: 10.3747/pdi.2012.00121

KEY WORDS: Peritoneal dialysis catheter; insertion;
outpatients; peritonitis; technique failure; costs.

Protocols for peritoneal dialysis catheter insertion
(PDCI) vary. Traditionally, many units admit patients for
catheter placement. However, insufficiency of resources
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has led to anincreased need to alleviate the high demand
for hospitalbeds (1), and implementing same-day surgery
for various procedures has gained popularity.

So far, data to support PDCI on an outpatient basis
are scarce. In a short report in 2002, Verrelli et al. (1)
described the 3-month follow-up of 196 PDCIs in a
single Canadian center. Of the PDCIs, 90 were per-
formed on an outpatient basis, and compared with
inpatient insertions, the outpatient insertions showed
no differences in complication rates. In another short
report in 2002, Chang et al. (2) reported a 10-year
experience of outpatient catheter placement at a
single institution. Among 251 catheters placed in 225
patients, same-day surgery was used in 165 cases.
Catheter survival with same-day surgery was 84% at 1
year, and 18 catheter-related complications occurred
within the first week. The authors of those two reports
concluded that PDCI can safely be performed on an
outpatient basis.

Hospitalization demands resources, and it also con-
tributes substantially to the costs of treating dialysis
patients (3). Considerable savings could be achieved by
reducing unnecessary admissions. However, no avail-
able publications have compared costs for inpatient
and outpatient PDCI. The present study analyzed PDCIs
performed in a single tertiary care center with the aim
of describing the outpatient PDCI protocol and compar-
ing the short-term outcomes and costs of inpatient and
outpatient PDCI.

METHODS

The patients were recruited from the Department
of Medicine at Tampere University Hospital, which is
a tertiary-care teaching hospital hosting the only PD
program in the region, which has 450 000 inhabitants.
ALLPDC(Is for adult patients between 1 January 2004 and
31 December 2009 wereincluded in the study. Follow-up
started the day the PDCI was performed.
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Data were collected from patient files held in an elec-
tronic database. The diagnostic classification used was
based on the cause of end-stage renal disease obtained
from the files. Patient demographics, incidence of infec-
tious complications (peritonitis and catheter-related
infections), noninfectious complications (catheter-relat-
ed mechanical complications, leaks, and other problems),
hospitalizations, and survival and treatment modality
changes were recorded. Complications were divided into
those occurring early (€30 days) and late (>30 days) after
the PDCI procedure. Technique failure was defined as
transfer to hemodialysis therapy because of peritonitis,
ultrafiltration failure, inadequate dialysis, exit-site or
tunnelinfection (or both), or mechanical problems.

A single-cuffed catheter was used for all patients.
Procedures were performed by surgeons, usually with the
patient under spinal anesthetic in the operating room.
Vital signs, electrocardiogram, and pulse oximetry were
monitored throughout the operation. The conventional
open minilaparotomy technique was used in all cases,
with a single midline infraumbilical incision 4 - 6 cm in
length. The catheter was passed through this incision
on a straight introducer into the well of the pelvis and
was secured with a purse-string suture in the parietal
peritoneum. The linea alba was closed with a suture and
the catheter was tunneled to an exit sitein theiliac fossa.
After demonstration of good inflow and outflow and an
absence of fluid leaks, the wound was closed.

Patients scheduled for inpatient PDCI were admitted
directly to the nephrology ward 1 day before the proce-
dure. They were discharged on the first postoperative
day unless there was a need for further hospitalization.
After discharge, patients visited weekly with the PD
nurse, and PD training was started within 4 weeks of
catheterinsertion.

Outpatient PDCIs were initiated in September 2006.
Table 1 shows the critical pathway for outpatient PDCI
in detail. Eligible patients were selected and referred
by nephrologists at Tampere University Hospital. Before
the procedure, patients visit the nephrology outpatient
clinic, where a history and physical examination are
performed, and the risks and benefits are discussed.
Blood samples are taken to determine cell count and
chemistry. Patients are scheduled for catheter inser-
tion within 1 week of their visit. They are advised not to
eat after midnight on the day of the procedure. Bowel
preparation is not needed. The procedure is started in
the morning, and once it is finished, patients are taken
to the recovery room. Based on the nephrologist’s deci-
sion, patients are discharged once they have had lunch,
have been able to ambulate, and have voided urine. The
usual time of discharge is about 15:00 h.

This single copy is for your personal, non-commercial use only.
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Our economicanalysis took the perspective of a service
provider. The resources and services were valued as actual
production costs. Costs of PDCI, outpatient visits, and
1 day’s hospitalization at the nephrology department
were obtained from the administrative department of
Tampere University Hospital. All resource use was valued
at 2010 prices.

Data are expressed as mean + standard deviation
unless otherwise stated. Patient characteristics were
compared using the t-test for continuous variables and
the chi-square test for categoricalvariables. Survival was
estimated using the Kaplan-Meier method. Patient sur-
vivalwas defined using the endpoints of death, censoring
at study end, or withdrawal from peritoneal dialysis by
a living patient because of a change to hemodialysis or
because of kidney transplantation. When considering the
survival of catheters, survival was defined as technique
failure, censoring at the end of the study period, death,
or kidney transplantation. Survival between groups was
compared using the log-rank test.

RESULTS

Between 1 January 2004 and 31 December 2009, 106
PDCIs (65 in men, 41 in women) were performed at our
institution. Of those 106 PD(Is, 6 represented a second
procedurein a patient who had already undergone PDCI.
Of all the PDCIs, 65 were performed on hospitalized
patients. Ofthose 65 patients, 46 had been admitted elec-
tively for PDCI (group A: elective hospitalization), and 19
patients had received their catheter during an admission
because of late referraland a need to start renal replace-
ment therapy immediately, or during an admission for
other medical reasons (group B: other hospitalization).
The remaining 41 patients received their catheters on an
outpatient basis (group C: outpatients).

Mean age of the patients was 54.7 + 16.0 years (range:
20 - 91 years). Diabetic nephropathy was the cause of
end-stage renal disease in 45% of patients, and chronic
glomerulonephritis, in 25%. Table 2 summarizes demo-
graphic data for the patients.

Patients who underwent PDCI during hospitalization
for other medical reasons (group B) were older (p =
0.032) than patients hospitalized electively for PDCI
(group A). We observed no statistically significant dif-
ferences in male-to-female ratio, body mass index, or
presence of diabetes between the groups.

Early complications (at <30 days) occurred in 23
patients (22%) overall, with an equal incidence in the
outpatient and electively hospitalized groups (22%
and 22% respectively, Table 3). Of all early compli-
cations, 13 were infectious in nature (5 peritonitis
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TABLE 1
Critical Pathway for Outpatient Peritoneal Dialysis (PD) Catheter Insertion
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Preoperative office visit
Patient history and physical examination

Education of patient about general goals and expectations, discussion of risks and benefits
Instructions for meals and medication: No meals after midnight before the operation, medication should be taken in

the morning

Blood sample: cell count, electrolytes, creatinine, C-reactive protein, international normalized ratio, activated partial

thromboplastin time
Nasal mupirocin ointment for 5 days preoperatively

Day of operation (within 1 week of preoperative office visit)
Before the operation (07:45 h)
Patient history: meals, medications, general condition
Blood pressure and blood sugar (diabetic patients)

Intravenous line inserted, prophylactic antibiotic (cefuroxime 1.5 g) started
Patient transferred to operating room with PD catheter set and supplies and 2000 mL 1.36% dextrose dialysate

PD catheterinsertion procedure (operating room, 08:30 h)
After the operation (recovery room, 10:00 h)

Blood pressure monitoring, blood sugar measurements (diabetic patients)
Catheter flushed 1-2 times with 1000 mL 1.36% dextrose dialysate

Exit site and incision are checked to detect leaks or bleeding

Instructions for post-implantation care: The dressing applied should be kept dry and should not be changed (exceptin
the presence of bleeding or infection) before the postoperative visit at 1 week

Lunch (noon)

Patient is encouraged to ambulate and void urine after having recovered from anesthesia

Treatment of postoperative pain

Discharge (upon nephrologist’s decision after clinical examination, 15:00 h)

Postoperative visits

Weekly controls by PD nurse: Aseptic management of the exit site and incision; sutures removed after 7-10 days

Mupirocin cream at exit site
Patient education: Catheter and exit site management

Dressing changes once weekly during the first week, and every 2 to 3 days thereafter

PD is usually started 2-4 weeks after catheterinsertion
Permission to shower after 1 week

episodes, 8 exit-site infections). An early pericatheter
leak occurred in 1 patient, and 9 patients experienced
mechanical or bleeding complications. Immediate
postoperative complications occurred in 4 patients,
3 of them being in the outpatient group (7%). These
patients needed short-term hospitalization. None of
the complications was life-threatening; all patients
were discharged within 48 hours, no procedure-related
deaths occurred.

Technique failure within 90 days occurred in 11
patients (10%), and some form of complication within
90 days occurred in 40 (38%). Infectious complications
occurred in 26 patients (25%). Differences in compli-
cation rates were statistically insignificant between
outpatient and electively admitted patients, but we

614

observed a trend toward a lower number of infectious
complications in the outpatient group (p = 0.080).

The overall incidence of technique failure during
the entire follow-up period was 0.29 per patient-year,
and the rates of peritonitis and of peritonitis and
catheter-related infections combined were 0.68 and
0.88 per patient-year respectively. Cadaveric kidney
transplantation was performed in 36 patients, and 18
patients died during the study period. Compared with
the electively hospitalized patients, patients hospitalized
for other medical reasons experienced higher mortality
(p=0.029).

Figure 1 shows catheter survivalfor the firstyearin the
various groups. Differences between the groups were not
statistically significant (p = 0.794, group A vs group C).
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TABLE 2
Baseline Patient Characteristics
Patient group
: B:
Elective Other C: p
Overall hospitalization hospitalization Outpatient Value
Variable (n=106) (n=46) (n=19) (n=41) (Avs ()
Mean age (years) 54.7+16.0 52.3+16.5 63.3+14.9° 53.4+14.9 0.752
Sex [n (%) men] 65 (61) 31(67) 11 (58) 23 (56) 0.278
Mean body mass-index (kg/m?) 24.8+4.1 25.0+4.1 25.045.2 24.443.5 0.461
Mean follow-up (days) 454%342 504+358 2974298 470+330 0.655
Diabetic nephropathy [n (%)] 48 (45) 20 (43) 6 (32) 22 (54) 0.343
@ p=0.039 compared with group A.
TABLE 3
Rates of Treatment-Related Complications Within 30 and 90 Days
Patient group [n (%)]
A: B:
Elective Other C: p
Overall hospitalization hospitalization Outpatient Value
Variable (n=106) (n=46) (n=19) (n=41) (Avs ()
Early complication (<30 days) 23(22) 10 (22) 4(21) 9(22) 0.981
Technique failure within 90 days 11 (10) 6 (13) 1(5) 4(10) 0.631
Any infectious complication within 90 days 26 (25) 14 (30) 6 (32) 6 (15) 0.080
Any complication within 90 days 40 (38) 19 (41) 8 (42) 13 (32) 0.354

10m=r;

©

o

Group C

Cumulative survival

~

'.4.___. Group A
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0 60 120 180 240 300 360
Catheter survival (days)

Figure 1 — Catheter survival (treatment modality survival) in
the various groups during the first year. Group A = elective
hospitalization; group B = other hospitalization; group C =
outpatient catheter insertion. Log-rank significance: p =
0.794,Avs C; p=0.225 (B vs C).

This single copy is for your personal, non-commercial use only.

The total cost of the PDCI process included expenses
for the preoperative outpatient visit (not incurred in
electively hospitalized patients), the PDCI procedure,
and postoperative monitoring and hospitalization.
Table 4 shows the cost results. Average procedure-related
hospitalization time was 2.67 days in the electively
hospitalized patients and 0.098 days in the outpatient
group. In the outpatient group, 3 patients (7%) needed
immediate hospitalization for 1 - 2 days after the PDCI.
Reasons for hospitalization were pain, bleeding, and
perioperative bowel perforation. In 1 patient, elective
hospitalization was prolonged because of postoperative
pain. Average total costs were significantly higherin the
electively hospitalized patients (€2320 + €960) than in
the outpatients (€1346 + €208, p <0.000).

DISCUSSION
The aims of the present study were to describe our

structured PDCI protocol and to compare the results of
inpatientand outpatient PDCI. Our findings suggest that
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TABLE 4
Total Cost of the Peritoneal Dialysis (PD)
Catheter Insertion Process

Cost by patient group (€)
A: C:
Elective Outpatient
Costitem hospitalization  procedure
Preoperative outpatient visit 0 119
PD catheterinsertion 833 833
procedure
Monitoring in recovery room 0 340
Average hospitalization
(at €556/day) 1487 o4
Mean total average cost 23204959 1346+2082

@ p <0.000 compared with group A.

an outpatient PDCIis safe and that hospitalization is not
necessary. Qutcomes and complication rates were similar
in electively hospitalized patients and outpatients. By
reducing unnecessary admissions, considerable savings
can be achieved, and the risk of nosocomial infections
might be lowered. Logically, costs were lower for patients
undergoing outpatient PDCI than for the hospitalized
patientsin the present study. Compared with aninpatient
procedure, an outpatient PDCI cost 42% less (average
difference: €974).

To our knowledge, the present study is the first to
assess both costs and outcomes for PDCI. Numerous
centers have implemented outpatient PDCI and have
been using that approach for many years. However,
in many countries, economic pressure on beds is less,
and patients are still routinely admitted to hospital for
procedures that might not require an admission. It is
important that objective evidence in favor of an outpa-
tientapproachis presented so that centers who continue
to take the more expensive approach can see that there
is an alternative.

Several different methods of PDCI have been devel-
oped. The surgical method is still the most common
technique (4). Compared with open surgery, the lap-
aroscopic technique is slower, but produces equivalent
outcomes, as reported in a UK study (5). In a recent
Canadian study, radiologic catheter insertion was associ-
ated with more outpatient procedures and no excess of
complications compared with the surgical method (6).
In our study, open surgery and a single-cuffed catheter
were used for all patients.

The mean age of our patients and the proportion
with diabetes were similar to those reported in previous
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studies (7-10); however, the incidences of technical
failure and of peritonitis were higher (7-9,11). Recent
studies have found an association of the number of
PD patients with clinical outcomes. Clinic size may
be a proxy for PD experience, and fewer failures tend
to occur in clinics with more than 25 patients (9)
or 50 patients (8) than in centers with smaller PD
populations. On the other hand, the incidence of early
dialysate leak has been reported to be higher in other
studies (12,13).

Patients who underwent PDCI during hospitalization
for other medical reasons were older and experienced
higher mortality than did elective patients, reflecting a
more complicated clinical setting. Otherwise, no signifi-
cant differences in demographics or complications were
noted between the groups. Particularly, we observed no
difference in the occurrence of procedure-related early
complications. Immediate postoperative complications
were minor and easily resolved. Verrelli et al. reported
similar results in their study (1).

Limitations of our study include its retrospec-
tive nature and the restricted number of patients.
Comorbidities were not systematically registered.
Because this was a single-center study, the results
might not be generalizable. However, the demographics
of patients in our study are close to those in other
studies. Costs were measured as production costs
for the provider. Because accounting methods differ
between societies and centers, our cost analysis can-
not be directly applied universally. Also, because of
limited capacity in the outpatient clinic recovery room,
15 patients who were originally planned as outpatients
after 2006 switched to become inpatients, and they are
included in group A (elective hospitalization). Medical
reasons did not affect the decision to switch. Because
patients were a mix of inpatients and outpatients
after 2006, selection bias might be a potential source
of error. However, compared with both the inpatients
before 2006 and the outpatients after 2006, the char-
acteristics and outcomes for the 15 switched patients
were similar. No statistically significant differences
were observed, and we believe that this kind of non-
medical selection does not constitute true bias.

CONCLUSIONS

We report the first analysis that compares both the
outcomes and the costs of outpatient and inpatient
PDCI. Outpatient insertion of catheters is safe, low-
ers demand for inpatient care, and compared with an
inpatient procedure, results in similar outcomes at
lower cost.
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