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typical patients. Model inputs were obtained from the survey, literature

review, and available cost data. Sensitivity analyses were also con-

ducted.

Studies have confirmed
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Abstract: Patients presenting late in the course of kidney disease who

require urgent initiation of dialysis have traditionally received tempor-

ary vascular catheters followed by hemodialysis. Recent changes in

Medicare payment policy for dialysis in the USA incentivized the use of

peritoneal dialysis (PD). Consequently, the use of more expeditious PD

for late-presenting patients (urgent-start PD) has received new attention.

Urgent-start PD has been shown to be safe and effective, and offers a

mechanism for increasing PD utilization. However, there has been no

assessment of the dialysis-related costs over the first 90 days of care.

The objective of this study was to characterize the costs associated

with urgent-start PD, urgent-start hemodialysis (HD), or a dual approach

(urgent-start HD followed by urgent-start PD) over the first 90 days of

treatment from a provider perspective.

A survey of practitioners from 5 clinics known to use urgent-start

PD was conducted to provide inputs for a cost model representing
, Janett Hartley, RN Clernon, RN,
d Steven Guest, MD

The estimated per patient cost over the first 90 days for urgent-start

PD was $16,398. Dialysis access represented 15% of total costs, dialysis

services 48%, and initial hospitalization 37%. For urgent-start HD, total

per patient costs were $19,352, and dialysis access accounted for 27%,

dialysis services 42%, and initial hospitalization 31%. The estimated

cost for dual patients was $19,400.

Urgent-start PD may offer a cost saving approach for the initiation of

dialysis in eligible patients requiring an urgent-start to dialysis.

(Medicine 93(28):e293)

Abbreviations: ACO = Accountable Care Organization, ASP =

Average Sales Price, AVF = arteriovenous fistula, AVG =

arteriovenous graft, BLS = Bureau of Labor Statistics, CMS =

Centers for Medicare & Medicaid, CPT = Current Procedure

Terminology, CVC = central venous catheter, EPO =

erythropoietin, ESRD = end-stage renal disease, HCPCS =

Healthcare Common Procedure Coding System, HCUP =

Healthcare Cost and Utilization Project, HD = hemodialysis,

ICD-9-CM = International Classification of Diseases, 9th edition,

Clinical Modification, PD = peritoneal dialysis, RRT = renal

replacement therapy, r-TPA = recombinant tissue plasminogen

activator, USA = United States of America, USRDS = United

States Renal Data System.

INTRODUCTION

M edicare has been the primary payer for dialysis services
for patients with end-stage renal disease (ESRD) in the

USA since 1973. With the number of patients requiring renal
replacement therapy (RRT) growing from approximately
16,000 in 1973 to over 600,000 in 2011, Medicare’s spending
on RRTs has increased dramatically from $229 million in 1973
to $34 billion in 2011.1,2 To control costs, Medicare’s payment
policy for dialysis care has evolved from fee-for-service to a
composite rate in 1983 and then to an experimental capitation
for erythropoietin use in the early 1990s.1

In 2011, the Centers for Medicare & Medicaid (CMS)
substantially changed the payment system to a ‘‘bundled pay-
ment’’ system. In this new system, the prior composite rate and
separately billable intravenous drugs and additional laboratory
tests became bundled into one base rate per dialysis treatment
regardless of dialysis modality.3 Consequently, peritoneal
dialysis (PD), which provides similar clinical outcomes at a
lower cost, was incentivized relative to hemodialysis (HD).
that under the bundled payment system,
for dialysis providers is higher when
ts with ESRD compared with HD and
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consequently the use of PD among the 1st and 2nd-year ESRD
patients has grown more rapidly than HD.4–6

However, planning and preparation for dialysis remains
suboptimal in the USA. In 2011, 42.1% of ESRD patients failed
to see a nephrologist prior to dialysis initiation. Only 26.3% of
the patients with advanced kidney disease follow up with a
nephrologist more than 1 year prior to dialysis initiation.2 As a
result, the majority of patients start dialysis in an unplanned
‘‘crash’’ scenario.

PD has not traditionally been considered for the late-
referred, more urgent patient in the ‘‘crash’’ scenario because
PD catheter placement was considered an ‘‘elective’’ and non-
urgent procedure and by the belief that post-implantation of the
PD catheter requires 14 days of healing and maturation before
PD therapy could be initiated. PD, which is a home dialysis
modality, also requires patient training to allow for safe tran-
sition of the therapy to the patient’s home. As a result of these
barriers, and ease of in-center HD initiation, patients that
present late and unplanned almost uniformly receive HD with
temporary central venous catheters (CVCs).2,7

A major concern with acute unplanned urgent-start hemo-
dialysis (urgent-start HD) using CVCs is the association with
greater mortality in incident patients and high rates of infec-
tious complications.8–11 Consequently, recent quality
improvement initiatives have been developed to promote
utilization of urgent-start peritoneal dialysis (urgent-start
PD) to avoid HD with CVCs in patients who are acceptable
candidates for PD.12,13 In this approach, the PD catheter is

Liu et al
placed expeditiously and PD therapy is initiated using special
precautions to prevent complications.14 Hence, PD therapy is
an option even for the late-referred, unplanned patient.
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In addition, a recent study conducted by Lobbedez et al15

demonstrated that 83% of eligible patients given a choice of
urgent-start HD vs urgent-start PD, chose urgent-start PD,
helping reduce the use of CVC. Given the large number of
unplanned start patients in the United States, urgent-start PD
offers a potentially significant mechanism for increasing the use
of PD, which in turn has the potential to cut costs for private
payers and Medicare.

Currently, there are no studies addressing the economic
implications of urgent-start PD vs. urgent-start HD from a
combined (hospital and clinic) provider perspective.5,12,13,16

Additionally, the cost implications for what we term dual
patients, those who receive very transient initial urgent-start
HD and swiftly transition to urgent-start PD in the first 90 days
of unplanned acute dialysis, are not available in the literature.
This study provides cost estimates for urgent-start PD,
urgent-start HD, and dual patients during the initial 90 days
of dialysis.

METHODS
Structured interviews and published reports were used to

populate a quantitative model to estimate resource utilization and

costs from the combined provider perspective of the first 90 days

of urgent-start PD, urgent-start HD, and dual patients. Dual

patients are defined as those who receive two HD sessions prior

to starting PD as part of their urgent-start care in the first 90 days.

The study inputs were not based on analyzing patient level data,

Medicine � Volume 93, Number 28, December 2014
but rather on best estimates of resource use and resource costs

associated with each modality from the combined

providers’ perspective.
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Clinical Pathway
A comprehensive clinical pathway was determined to

capture steps involved in the urgent initiation of dialysis based
on a review of recent relevant published literature and nephrol-
ogists’ opinion. This pathway served as the framework for
assessing the costs of the first 90 days of urgent-start dialysis
treatments (Figure 1).13,17 The framework outlines the current
processes associated with the first 90 days of urgent-start PD,
urgent-start HD, and dual strategies. The pathway includes
initial hospitalization, initial and permanent access procedures,
and dialysis (mix of in-center and at home depending on the
modality).

Resource Data Collection
Based on the clinical pathway, and focusing on the com-

bined provider perspective, a set of questions for a structured
interview was developed and semi-structured interviews with
staff from 5 clinics were conducted. The primary purpose of the
interviews was to gather detailed information regarding the use
of resources, including personnel, supplies, labs, medications,
and overhead, during the first 90 days of urgent-start PD, urgent-
start HD, and dual patients and to provide estimates regarding the
proportions of patients receiving particular access procedures. Days
0 to 14, representing the typical urgent treatment period, were
separated from days 15 to 90 in terms of estimating personnel time,
laboratory tests, medications, supplies, and procedures.

The chosen sites were known to have experience in urgent-
start PD and urgent-start HD. The interviews involved nephrol-
ogists and nurses at these clinics. The first two interviews were
conducted in-person and used to refine the survey as well as
collect initial data. Another three phone and web-based inter-
views were then conducted. Following the initial collection, the
data were collated and examined. Missing values, items that
demonstrated substantial variance, and outlier responses were
identified and followed up using emails to achieve consensus
values for the model. Where consensus among sites was not
possible and/or where sites were unwilling or able to provide
estimates, most recent literature and expert opinion (coauthors
who practice nephrology) were used to best approximate the
input in question.

Calculation of Costs
A spreadsheet-based cost-model was developed for a

typical patient requiring urgent initiation of dialysis. The
resource utilization results were combined with respective
estimates of costs to complete the calculations. Costs were
grouped into hospital costs, access costs, and dialysis costs.
Dialysis costs were further broken into personnel, supplies,
laboratory costs, medications, and facility and maintenance.
The particular sources for each part of the clinical pathways are
delineated below (the Appendices also provide further detail,
http://links.lww.com/MD/A107). Sensitivity analyses were con-
ducted to assess the comparative costs of the three modalities
with different clinical and economic scenarios. All costs reflect
2013 dollars. When necessary, costs were inflated using an
annual rate of 3.2% based on medical consumer price index
information for Urban locations from the US Department of
Labor between 2011 and 2013.18
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Hospital Costs
Hospital costs per day reported by Kaiser Family Founda-

tion across types of hospitals were weighted by counts of types

# 2014 Lippincott Williams & Wilkins
of hospitals available from the American Hospital Association
and inflated to 2013 dollars.18–20 A consensus estimate from the
survey was a 3-day hospital stay for a typical patient entering
into urgent-start HD and urgent-start PD and a 4-day stay for
dual patients.

Access Costs
To initiate dialysis, patients require procedures to create an

access to the blood for HD or to the abdominal cavity for PD.
The blood devices can be temporary catheters or permanent
blood vessel procedures and often several procedures are
required, such as an initial temporary device to initiate therapy
followed by the creation of a more permanent access point.
Access costs were estimated using the geometric mean of
payments calculated by CMS using Healthcare Common Pro-
cedure Coding System (HCPCS) codes and estimated frequen-
cies of known access strategies from the survey (Laparoscopy
and Percutaneous for PD catheter placement and temporary
vascular catheters in the femoral vein or temporary catheters
with or without Dacron cuffs—the catheter types used in
common clinical practice for HD).21 The costs of permanent
vascular access procedures for HD were based on native vessel
arteriovenous fistula (AVF) or placement of an artificial vessel
used as a graft (AVG). For urgent-start HD, all patients start
dialysis with a temporary catheter and it was assumed that 90%
would have permanent access (AVF or AVG) placed in the first
90 days.22 Access costs for dual patients were based on survey
results for type of initial HD access followed by the same access
costs used for urgent-start PD.

Personnel Costs of Dialysis Services
For personnel costs, US Bureau of Labor Statistics (BLS)

data on wages, adjusted to reflect that wages, and benefits tend
to reflect 70.1% of all personnel costs, by occupational category
(Nurse, Dietician, Social Worker, Financial Coordinator, Clinic
Manager, Technician) were used along with detailed time
estimates for each occupational category from the surveys.23,24

However, the amount for a Medical Director Fee could not be
found at BLS or elsewhere and was estimated based on
expert opinion.

Supply Costs of Dialysis Services
Baxter Healthcare Corporation based on average sales

prices to dialysis clinics were used for the majority of supply
costs (eg, PD solution, and integrated automatic PD cassettes for
urgent-start PD patients; dialysates, blood sets, and dialyzers for
urgent-start HD patients). Fresenius Medical Care catalogues
were used for costing the use of dialysis chairs identified in the
survey.25 Total supply costs were calculated based on per
session costs multiplied by 39 (90 days divided by 7 days/week
times 3 sessions/week), and costs of large items such as
machines and water treatment systems were converted to aver-
age costs per session by annuitizing over an estimated lifetime
assuming zero resale value and a 3% real discount rate and then
converted to a simple average per session. Hornberger et al4 was
used as a reference for the lifetime of durable supplies (eg, water
treatment systems). For further detail, see Appendix (http://
links.lww.com/MD/A107).

Economic Evaluation of Urgent-Start Peritoneal Dialysis
Laboratory Costs of Dialysis Services
Laboratory costs were based on detailed survey results

regarding frequency of each type of lab test and corresponding
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costs by Current Procedure Terminology (CPT) code from the
National Fee Analyzer.26

I.V. Medication Costs
CMS Drug Average Sales Price (ASP) from July 13, 2013

was used to estimate drug costs, combined with doses and
frequency of use in the first 90 days for each drug (erythro-
poietin [EPO], iron sucrose, doxercalciferol, calcitriol, recom-
binant tissue plasminogen activator [r-TPA]) from the survey.
However, consensus could not be reached regarding the fre-
quency of use and dose of EPO across the centers and there was
wide variance across the centers. Therefore, the dose estimate
for EPO was based on 2013 USRDS (United States Renal Data
System) Annual Data Report.2,27

Facility and Maintenance Costs
Facility and maintenance costs, deemed to be proprietary

by all of the clinics, were taken from the recent study of resource
use in PD and HD conducted by Hornberger et al4 combined
with time estimates from the survey of 2 weeks in center for
PD followed by 2.5 months at home and 3 months in center
for HD.

Sensitivity Analyses
Sensitivity analyses were conducted to assess the potential

impact on costs of various potential clinical strategies, adverse
events, and potential variation in supply costs. These included
changing the days of hospitalizations for PD and HD, the type of
PD and HD catheter placement and reducing nurse time in PD
by 20% to simulate potential efficiencies from improvements in
training.9,28,29 Further, the analysis examined the impact of both
increasing and decreasing the costs of supplies by 20% and
lowering the dose of EPO for PD and HD by 30% to reflect
potential changes since the implementation of the CMS pro-
spective payment system in 2011. In addition, published rates,
as well as consensus best and worst case scenarios were used to
examine the impact of infections as well as infection and non-
infection related catheter replacement rates.6,28,30 Cost infor-
mation for infections were from the Healthcare Cost and
Utilization Project.29

Liu et al
RESULTS
The clinics reported seeing a total of 376 incident dialysis

patients over a 1-year period, and 218 were unplanned. Among

TABLE 1. Costs Across Dialysis Modalities for Days 0 to 90

Urgent-Start PD, $ (%)

Initial hospitalization $6072 (37)
Dialysis access $2492 (15)

Initial access NA
Permanent access $2492

Dialysis services $7834 (48)
Total (inpatientþ outpatient) $16,398 (100)

NA¼ not applicable.�
Includes initial ($2437) and permanent ($2790) access costs based on a

links.lww.com/MD/A107).21

y Includes initial HD access costs ($790) and PD access costs ($2492).21
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the unplanned patients, 95 were initiated using urgent-start PD,
26 using dual, and 97 with urgent-start HD.

Base Case Costs
Table 1 shows total estimated costs by category across the

modalities from the combined provider perspective. The esti-
mated per patient costs over 90 days for urgent-start PD, urgent-
start HD, and dual patients were $16,398, $19,352, and $19,400,
respectively. The cost of dialysis services, including facility and
maintenance, personnel, supplies, laboratory, and medication-
related costs accounted for a substantial portion of costs in all
modalities. Compared to urgent-start HD, there were significant
savings in costs for urgent-start PD, which arose from differ-
ences in the expected costs of dialysis access. Table 2 provides
further details for the costs of dialysis services. Overall, the
costs of providing dialysis services through urgent-start PD and
urgent-start HD were similar for the first 90 days. However, the
supply costs and personnel (especially nurse time) are higher for
urgent-start PD, while the EPO and facility costs were higher for
urgent-start HD vs. urgent-start PD.

Results From the Sensitivity Analyses
Table 3 shows results from sensitivity analyses on total

costs across the 3 modalities. Across the scenarios, the cost of
urgent-start PD varies from $10,326 to $20,446, urgent-start HD
from $13,280 to $23,400, and dual from $15,352 to $27,496,
with lower costs associated with urgent-start PD in all but one
scenario. The length of initial hospitalization and the rates of
infections had the highest impact on costs. Within scenarios, the
savings from urgent-start PD relative to urgent-start HD for a
patient up to 90 days of treatment varies from�$75 in the worst
case of high PD-associated infections and an idealized scenario
of no dialysis associated infections for HD to $4,549 in which
case the infection rates and catheter replacement rates for
urgent-start PD were half of those for urgent-start HD (5.5%
vs 11%).

DISCUSSION
Dialysis treatments for patients with ESRD continue to

impose a substantial financial burden to Medicare and Accoun-
table Care Organizations (ACOs) covering dialysis treatments.
In the USA, yearly costs of PD therapy are significantly less

Medicine � Volume 93, Number 28, December 2014
than in-center HD, while providing similar clinical outcomes.
The most recent USRDS report suggests around $16,000 annual
cost savings for patients on PD as compared to HD.2 In an

Urgent-Start HD, $ (%) Dual, $ (%)

$6072 (31) $8096 (42)
$5227

�
(27) $3282y (17)

$2437 $790
$2790 $2492

$8053 (42) $8022 (41)
$19,352 (100) $19,400 (100)

2013 CMS payment report. For details, please see Appendix A (http://

# 2014 Lippincott Williams & Wilkins
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TABLE 2. Detailed Cost Estimates of Dialysis Services Across Modalities for the First 90 Days

Urgent-Start PD Urgent-Start HD Dual

$ % $ % $ %

Facility and Maintenance $530 7 $1335 17 $560 7
Personnel

�
$3158 40 $2202 27 $3250 41

Suppliesy $2977 38 $1400 17 $2977 37
HD supplies NA $1400 $72
In-clinic PD supplies $270 NA $270
3 $2706 NA $2635

Laboratory costs $493 6 $503 6 $515 6
Medications $677 9 $2614 32 4 9
Totalz (outpatient) $7834 100 $8053 100 $8022 100

3. Supply costs are adjusted to reflect that home PD occurs in 74 days of the typical Dual patient and 76 days for the regular urgent-start PD patients
in the first 90 days.

ns.
d sa
2 d
.co
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attempt to generate cost savings, the changes in dialysis reim-

bursement instituted by CMS in 2011, as part of the bundled

4. Based on 2 days of HD medications and 88 days of PD medicatio�
Based on BLS wages and salaries and a BLS report that wages an
ySupply costs based on catalog prices.25 Dual supply costs based on
zFurther detail for costs can be found in Appendix B(http://links.lww
payment system, provide incentives to increase PD utilization.
Historically, however, initiation of PD, as compared to

HD, was considered more labor-intensive, requiring patient

TABLE 3. Sensitivity Analyses

Scenarios for per patient cost within 90 days

Base case results
Initial hospitalization stay

0 days for both PD and HD, 2 days for dual
5 days for both PD and HD, 7 days for Dual

Catheter placement methods
PD, 100% surgery (Laparotomy); HD 100% uncuffed

catheter followed by cuffed catheter
PD, 100% Laparoscopy; HD, 100% cuffed catheter

Non-infection catheter replacement
PD 5% vs HD 10%
PD 15% vs HD 10%
PD 20% vs HD 20%

Infections and catheter replacement
�

PD peritonitis 5.5%,28 catheter replacement 5.5% vs HD
BSI 11%28 and catheter replacement 11%

PD peritonitis 10%6 and catheter replacement 10% vs
HD BSI 7.6%30 and catheter replacement 7.6%

PD peritonitis 15% and catheter replacement 15% vs
HD BSI 15% and catheter replacement 15%

PD peritonitis 15% and catheter replacement 15% vs
HD BSI 0% and catheter replacement 0%

Impact of training of PD Nurses
Reducing PD nurses’ time by 20%

Supply costs and ESA doses
Supply costs decreased by 20%
Supply costs increased by 20%
EPO doses decreased by 30%

�
The costs per peritonitis and blood infection event were obtained from 2

based on codes and descriptions as follows and inflated at 3.2% to get 20
inflammatory reaction due to peritoneal dialysis catheter, Medicare patients
diagnosis code 999.32 Bloodstream infection due to central venous catheter

# 2014 Lippincott Williams & Wilkins
training, elective pre-emptive surgery for catheter placement,
and time to allow for catheter insertion site healing. Thus,

laries account for 70% of total compensation.23,24

ays of HD costs plus 88 days of PD costs.
m/MD/A107).
initiation of PD was typically limited to patients presenting
in an elective, non-urgent manner. Unfortunately, most patients
initiating dialysis in the USA start late in the course of their

Urgent-start PD Urgent-start HD Dual

$16,398 $19,352 $19,400

$10,326 $13,280 $15,352
$20,446 $23,400 $25,472

$16,174 $19,700 $19,176

$16,622 $18,910 $19,624

$16,523 $19,552 $19,525
$16,772 $19,552 $19,650
$16,897 $19,751 $19,899

$16,667 $21,216 $19,641

$17,662 $20,436 $20,636

$18,767 $22,134 $21,742

$18,767 $18,692 $21,742

$15,829 $19,352 $18,831

$15,803 $19,072 $18,805
$16,994 $19,632 $19,996
$16,221 $18,700 $19,212

011 HCUP (Healthcare Cost and Utilization Project) national statistics
13 results: ICD-9-CM principal diagnosis code 996.68 Infection and
mean cost of $18,488 in 2011 ($19,617 in 2013); ICD-9-CM principal
, Medicare patients mean cost of $19,751 in 2011 ($20,957 in 2013).29

www.md-journal.com | 5

http://links.lww.com/MD/A107


MD-D-14-00460; Total nos of Pages: 7;

MD-D-14-00460
disease or have unexpected kidney deteriorations requiring
dialysis in an urgent manner. As a result, the utilization of
PD in the USA has remained low as compared to many other
industrialized countries.2

A reintroduced clinical pathway, termed urgent-start PD,
has recently received increased attention.12,13,31 For patients
presenting late in the course of their kidney disease, urgent-start
PD has been shown to be safe and feasible and offers a
mechanism for increasing the use of PD without compromising
patient outcomes.12,32

While differences in long-term costs between PD and in-
center HD are known, this study provides the first economic
analyses comparing urgent-start PD, urgent-start HD, and a dual
approach over the first 90 days after dialysis initiation.2,4,6,33,34

We find that urgent-start PD, and to a lesser extent the dual
strategy, appears to be financially superior compared with
urgent-start HD. These findings complement the financial
incentives for increased PD utilization under the current
bundled payment mechanism.3,12,13

Despite the relatively low use of PD in incident patients in
the USA, the clinics participating in the survey reported that
more than 50% of patients requiring urgent-start dialysis chose
and received urgent-start PD, suggesting there is room for
expansion of urgent-start PD. This is consistent with the find-
ings by Lobbedez et al15 who found that among patients eligible
for urgent-start PD and were given the choice of HD vs. PD, PD
was chosen 83% of the time.

The current analysis provides a framework and a collection
of the best available evidence to understand current urgent-start
dialysis practices and the associated costs in the first 90 days of
treatment. If projected to 1 year, the savings of urgent-start PD
could be larger, and overall our findings provide an economic
rationale for wider adoption of urgent-start PD programs. On the
other hand, it has to be stressed that the survey was done using
clinical providers favoring the use of PD and expansion to new
centers would generally involve initial increases in start-up cost
to initiate urgent-start programs. Further studies are needed to
better understand the costs of establishing urgent-start PD
capabilities in existing facilities, longer-term outcomes, as well
as to examine variation in costs across a broader set of patient
populations. For example, costs may be very different if the
number of home dialysis patients is small because of ineffi-
ciencies related to staffing and infrastructure for urgent-start
PD programs.

Limitations
The study is based on 5 clinics across 5 states and may not

be generalizable to other settings. The sample size of the
clinician interviews was small, and this study may not capture
the variability in urgent-start dialysis care and practice across
the USA. Nonetheless, the clinician-interview nature of the
study helped depict a real-world clinical setting and was the
only feasible mechanism for obtaining data of an urgent dialysis
clinical pathway at this point. Furthermore, clinical experts
were involved in study design, questionnaire development,
clinician interviews, and resource utilization parameters assess-
ments during analysis.

There were instances of missing data despite clinician
interviews and follow up with each site, often due to the
proprietary nature of some cost information. Typically there

Liu et al
were existing published sources to provide estimates when
direct information was not available. However, expert nephrol-
ogy opinion by the physician authors was also occasionally

6 | www.md-journal.com
required. Also, most of the supply costs for both PD and HD
were based on information from Baxter and those would likely
vary across suppliers. There are similar limitations to the lab and
medication costs where costs may be different across settings
and different drugs and/or lab tests may be used in other settings
than were used in the 5 clinics surveyed here. Nonetheless,
given the robustness of the results in the sensitivity analysis, it is
doubtful that any changes related to strategies for filling in
missing data in the surveys or to changes in cost sources that
were consistent across the modalities would alter the main
findings. (See the Appendices for more detailed descriptions
of data sources for all the inputs, http://links.lww.com/MD/
A107.)

The results are not based on patient level data and as such
the survey involved asking clinicians to focus on characterizing
a typical patient to be able to obtain precise measures of
resource utilization and costs. In a real-world clinical setting
for dialysis, it is unlikely that patients would meet all of the
inherent assumptions in characterizing a typical patient. Hence,
while the interview nature of the study depicts a real life setting,
the costs may not reflect average costs overall. For example, the
model uses an assumption of 90% of AV grafts or fistula being
performed in the first 90 days for urgent-start HD patients. In
actuality, this number may be lower which would delay graft
costs and lower the costs of urgent-start HD in the first 90 days
directly but may also be associated with more catheter com-
plications and associated costs. This is also an example where
there was not enough evidence in the literature to conduct a
meaningful sensitivity analysis.

Further, in applying the results more generally, it would be
important to consider selection bias or channeling bias in that
severe patients are likely channeled to urgent HD due to the
ability to be on HD within an hour while urgent PD may still
require the use of HD temporarily. The findings for dual patients
are less subject to selection bias; however, the downstream costs
of dual modal patients may be higher than average PD costs.
Further there could be implications of urgent-start PD in overall
cost estimates beyond 90 days. It is beyond the scope of this
model to estimate the magnitude of these potential biases.

CONCLUSION
Initiation of dialysis is a costly medical intervention,

especially in patients who present late in the course of their
disease or have an unexpected deterioration in underlying
kidney function that prevents the more elective transition to
dialysis. The study demonstrated that for a typical patient
undergoing urgent-start PD, there is likely to be lower costs
to hospitals and clinics during the first 90 days of dialysis
compared to a patient initiating dialysis with urgent-start HD.
The main cost savings come from lower costs associated with
peritoneal access establishment. There may also be savings (or
expenses) through differences in costs associated with infec-
tious complications, as shown in our sensitivity analysis. The
results suggest that urgent-start PD is likely to generate sig-
nificant cost savings in most clinical presentations if applied to a
substantial number of patients. The findings of this research
should help inform policy makers to better understand the
economic impact of PD vs HD in the acute, unplanned setting.
Together with uncompromised clinical outcomes of these pro-
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grams, urgent-start PD may be a preferable treatment modality
for a substantial portion of patients requiring dialysis in the
acute, unplanned setting.
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