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Trends in Peritoneal Dialysis Use in the United States
after Medicare Payment Reform
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Richard A. Hirth,5 and Virginia Wang1,2,4

Abstract
BackgroundandobjectivesPeritoneal dialysis (PD) forESKD is associatedwith similarmortality, higher quality of
life, and lowercosts comparedwithhemodialysis (HD),buthashistoricallybeenunderused.Weassessed theeffect
of the 2011Medicareprospectivepayment system(PPS) fordialysis onPD initiation,modality switches, andstable
PD use.

Design, setting, participants, & measurementsUsing US Renal Data System and Medicare data, we identified all
UnitedStatespatientswithESKDinitiatingdialysisbefore (2006–2010) andafter (2011–2013)PPS implementation,
and observed their modality for up to 2 years after dialysis initiation. Using logistic regression models, we
examined the associations between PPS and early PD experience (any PD 1–90 days after initiation), late PD use
(anyPD91–730days after initiation), andmodality switches (PD-to-HDorHD-to-PD91–730days after initiation).
We adjusted for patient, dialysis facility, and regional characteristics.

ResultsOverall, 619,126 patients with incident ESKD received dialysis at Medicare-certified facilities, 2006–2013.
Observed early PD experience increased from9.4%before PPS to 12.6% after PPS. Observed late PDuse increased
from12.1%to16.1%. Inadjustedanalyses,PPSwasassociatedwith increasedearlyPDexperience (oddsratio [OR],
1.51; 95% confidence interval [95% CI], 1.47 to 1.55; P,0.001) and late PD use (OR, 1.47; 95% CI, 1.45 to 1.50;
P,0.001). Insubgroupanalyses, latePDuse increased inpartdue toan increase inHD-to-PDswitchesamongthose
without early PDexperience (OR, 1.59; 95%CI, 1.52 to 1.66;P,0.001) and adecrease in PD-to-HD switches among
those with early PD experience (OR, 0.92; 95% CI, 0.87 to 0.98; P=0.004).

Conclusions More patients started, stayed on, and switched to PD after dialysis payment reform. This occurred
without a substantial increase in transfers to HD.
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Introduction
ESKD affects .700,000 Americans (1). Patients with
ESKD who have not undergone kidney transplant can
be treated with in-center hemodialysis (HD), home-
based peritoneal dialysis (PD), or home HD. PD has
been associated with a similar risk of mortality (2),
but greater patient-reported quality of life (3–6), lower
rates of complications (7,8), and lower societal costs
(1,9–11) compared with HD. Nephrologists estimate
that roughly half of patients with ESKD are good
candidates for PD (12,13), and patients strongly pre-
fer PD when given the option (5,6,14). Despite these
advantages, only 7.6% of patients with ESKD were on
PD in 2010 (1).

In 2011, the Centers for Medicare and Medicaid
Services (CMS) implemented the ESKD prospective
payment system (PPS), which altered payment for
dialysis treatment by bundling dialysis, medications,
and ancillary services into a single payment, adjusted
for patient- and facility-level characteristics (15). The
PPS also provided a training add-on for home dial-
ysis. Because PD has historically been associated with

lower costs than HD (10,11,16), dialysis facility rev-
enues under the PPS were expected to increase by
$330 per month for PD and decrease by $117 per
month for in-center HD (17). Thus, it was anticipated
that the PPS would increase supply and use of PD
across the country.
The proportion of facilities offering PD increased

modestly after the PPS, from 36% in 2006 to 42% in
2013 (18). Recent studies have found that PD use in the
first 3–4 months after dialysis initiation increased after
the PPS, regardless of age, sex, race, and ethnicity
(18–22). Collectively, these studies show an initial
upward trend in PD use. However, the sustainability
of this trend over the long-term, and the factors
contributing to it, are unknown. The PPSmay contribute
to other dialysis use patterns—increased use of PDmore
than 90 days after dialysis initiation, increased rates of
HD-to-PD switches, and decreased rates of PD-to-HD
switches—that have not been examined.
The objective of this study is to assess the effect of

the PPS on PD use between 2006 and 2013 beyond the
first few months after dialysis initiation. We extend
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the effort of recent studies (19–22) by comparing PD use up
to 2 years after initiation and dialysis modality switches,
before and after PPS implementation. We hypothesize that
the PPS increased not only early PD experience, but also
late PD use, by increasing PD initiation at the outset,
increasing HD-to-PD switches, and decreasing PD-to-HD
switches over time. Our results will improve our under-
standing of the PPS’s effect on an underused and clinically
equivalent dialysis modality.

Materials and Methods
Study Design, Population, and Data Sources
We conducted a retrospective cohort study of all United

States patients diagnosed with ESKD between 2006 and
2013. The pre-PPS period comprised years 2006–2010. The
post-PPS period comprised years 2011–2013. Patients were
excluded if they had missing demographic information,
died within 90 days of initiating dialysis, recovered kidney
function within 180 days of initiating dialysis, had no
record of modality type by day 90, or had missing or
invalid ZIP codes (Supplemental Figure 1). Patients en-
rolled in Medicare Advantage at dialysis initiation were
also excluded, because their health care use claims were not
publicly available when this study was conducted.
Patient demographic and clinical characteristics were

from the US Renal Data System (USRDS) CMS Medical
Evidence Report (CMS Form 2728) (23), which is completed
whenever a patient with ESKD begins or re-enters care at a
dialysis facility. Dialysis modality data were from the
USRDS Treatment History files, which are on the basis of a
combination of Medicare claims and provider-reported
data (23). Dialysis facility characteristics were from the
Annual Facility Survey (CMS Form 2744) of all Medicare-
approved dialysis facilities. We merged these survey data
with the Medicare Provider of Service dataset, which
contains additional information on geographic location,
to track dialysis facility ownership changes and improve
the accuracy of facility characteristics (24). Hospital census
data came from the American Hospital Association’s
Annual Hospital Survey. County-level demographic sta-
tistics from the Area Health Resource File were converted
to the ZIP code level. All ZIP code-level data were
aggregated to generate market-level statistics for each
year of the study period. We defined markets as hospital
referral regions, which approximate the area within which
patients may travel for tertiary care and monthly PD
maintenance visits (25–27).

Measurement
Patient use was observed from dialysis initiation until

death, kidney transplant, or the end of a 2-year observation
period. We examined three outcomes to assess the effect of
the PPS on PD use. Early PD experience was defined as a
dichotomous indicator of any PD use versus no PD use
within the first 90 days of initiating dialysis. We did not
require the conventional “60-day rule” (60 consecutive
days of stable treatment modality) for this outcome, so that
we could assess whether the PPS led to any change in PD
initiation—even short-lived—rather than stable treatment
(23). The second outcome was late PD use, a dichotomous
indicator of stable PD use (at least 60 consecutive days)

between 91 days and 2 years after initiating dialysis (23). The
third outcome was a dichotomous indicator of switch from
one modality to the other 91 days to 2 years after dialysis
initiation, with stable treatment on the switched modality. In
this outcome, patients were stratified according to early PD
experience: among patients with early PD experience, we
assessed PD-to-HD switches; among patients without early
PD experience, we assessed HD-to-PD switches.
Our analysis controlled for baseline patient and regional

characteristics that might influence dialysis modality
choice. Patient baseline demographic characteristics in-
cluded age, sex, race, Hispanic ethnicity, United States
region, employment status, and insurance status. Using
patient and facility ZIP codes, we calculated patient
distance to their nearest dialysis facility (which may or
may not offer PD) and relative distance to the nearest PD
facility (25). Patient clinical characteristics included cause
of ESKD, receipt of pre-ESKD nephrology care, baseline
kidney function (28), baseline body mass index, and
comorbid conditions.
Regional characteristics included dialysis facility com-

position (e.g., proportion of freestanding, for-profit, and
urban facilities), demographics (e.g., proportion of urban
residents, and per capita income in the general population),
hospital density (number of hospital beds per 100,000 in the
hospital referral region) (18,29), and dialysis facility com-
petition (30–32). Competition was calculated using the
Herfindahl–Hirschman index, where facilities affiliated
with the same chain were considered a single firm in
each market (30,31,33).

Analysis
Multiple logistic regression models were fit to examine

changes in outcomes between the pre-PPS and post-PPS
periods, adjusting for patient and regional characteristics.
We used discontinuity regression models to model time of
dialysis initiation in years (2006–2013), with the PPS
beginning in 2011. Unlike previous studies that modeled
2009–2010 as a separate transitional period (19,21), we
included these years in the pre-PPS period to conserva-
tively assess the effect of the fully implemented PPS. For the
modality switch outcome, two separate models were fit:
one for the subgroup with any early PD experience, and
one for the subgroup without early PD experience (i.e., only
early HD experience). Patients were censored at death or
transplant. We included all aforementioned covariates in
our models to address potential confounding.
To assess the overall PPS effect (odds ratio [OR]) for each

of the outcomes, we estimated the differences in early PD
experience, late PD use, and modality switches between the
pre-PPS and post-PPS periods, averaging over the years in
each of the periods. Predicted probabilities over the pre-
PPS and post-PPS periods, as well as for individual years,
were estimated using the appropriate intercept and slope
parameters, with fixed values of all covariates centered at
means (see the Supplemental Material). Caution should be
used when inferring these probabilities to population
parameters.
Patients who started dialysis toward the end of the pre-

PPS period (2008–2010) may have had a substantial portion
of their dialysis use spill over into the post-PPS period.
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Table 1. Characteristics of patients with incident ESKD in the United States, byMedicare prospective payment system policy period and
early peritoneal dialysis experience

Characteristic
Overall

N=619,126

Prepolicy Cohort: 2006–2010
N=387,115

Postpolicy Cohort: 2011–2013
N=232,011

HD n=350,619 PDan=36,496 HD n=202,837 PDan=29,174

Cohort characteristics
Days observed, mean (SD) 615 (198) 607 (204) 625 (183) 622 (194) 641 (172)
Censored, N (%) 244,833 (40) 145,418 (42) 18,589 (51) 69,641 (34) 11,235 (39)

Patient characteristics
Age, mean (SD) 61 (16) 61 (15) 55 (17) 61 (15) 55 (16)
Male, N (%) 353,727 (57) 199,025 (57) 20,479 (56) 117,419 (58) 16,804 (58)
Race, N (%)
White 396,992 (64) 220,586 (63) 26,101 (72) 129,824 (64) 20,481 (70)
Black 185,293 (30) 109,967 (31) 7953 (22) 60,855 (30) 6518 (22)
Other 36,841 (6) 20,066 (6) 2442 (7) 12,158 (6) 2175 (8)

Hispanic ethnicity, N (%) 87,414 (14) 48,649 (14) 4382 (12) 30,452 (15) 3931 (14)
Employed (full- or part-time), N (%) 77,597 (13) 38,433 (11) 10,143 (28) 20,962 (10) 8059 (28)
Urban residential status, N (%) 492,730 (80) 280,062 (80) 27,499 (75) 162,771 (80) 22,398 (77)
Distance to nearest dialysis facility, mean miles
(SD)b

4 (7) 4 (7) 6 (12) 3 (6) 5 (12)

Relative distance to nearest PD facility, meanmiles
(SD)b

5 (12) 5 (12) 5 (14) 4 (11) 4 (11)

Region, N (%)
South 261,662 (42) 146,864 (42) 16,248 (45) 85,340 (42) 13,210 (45)
Midwest 133,346 (22) 76,494 (22) 7903 (22) 42,869 (21) 6080 (21)
Northeast 104,349 (17) 61,278 (18) 4850 (13) 34,754 (17) 3467 (12)
West 119,769 (19) 65,983 (19) 7495 (21) 39,874 (20) 6417 (22)

Insurance, N (%)c

Medicare 325,987 (53) 184,971 (53) 13,323 (37) 115,525 (57) 12,168 (42)
Medicaid 173,113 (28) 100,723 (29) 5909 (16) 61,600 (30) 4881 (17)
Department of Veterans Affairs 14,176 (2) 7764 (2) 512 (1) 5411 (3) 489 (2)
Employer group 164,044 (27) 91,041 (26) 16,747 (46) 44,232 (22) 12,024 (41)
Other 121,901 (20) 72,005 (21) 6963 (19) 37,840 (19) 5093 (18)
None 55,415 (9) 31,739 (9) 3270 (9) 17,519 (9) 2887 (10)

Cause of ESKD, N (%)
Diabetes 289,664 (47) 165,317 (47) 14,928 (41) 97,049 (48) 12,370 (42)
Hypertension 179,257 (29) 101,296 (29) 8762 (24) 61,497 (30) 7702 (26)
GN 56,086 (9) 29,656 (9) 6259 (17) 15,501 (8) 4670 (16)
Other/Missing 94,119 (15) 54,350 (16) 6547 (18) 28790 (14) 4432 (15)
Unknown

Comorbidities, N (%)d

Hypertension 538,007 (87) 301,935 (86) 31,457 (86) 178,880 (88) 25,735 (88)
Diabetes 341,783 (55) 193,327 (55) 16,730 (46) 117,329 (58) 14,397 (49)
Congestive heart failure 185,094 (30) 113,070 (32) 6331 (17) 60,985 (30) 4708 (16)
Atherosclerotic heart disease 114,870 (19) 71,700 (20) 5252 (14) 34,577 (17) 3341 (12)
Peripheral vascular disease 75,976 (12) 47,210 (14) 3232 (9) 23,456 (12) 2078 (7)

Pre-ESKD nephrology care, N (%)
Yes 375,642 (61) 201,886 (58) 29,641 (81) 120,448 (59) 23,667 (81)
No 171,393 (28) 106,635 (30) 5001 (14) 55,766 (28) 3991 (14)
Unknown 72,091 (12) 42,098 (12) 1854 (5) 26,623 (13) 1516 (5)

BMI, kg/m2, mean (SD) 29 (8) 29 (8) 29 (7) 30 (8) 29 (7)
eGFR, ml/min per 1.73 m2, mean (SD)e 10 (6) 10 (6) 10 (5) 10 (6) 10 (5)
Market characteristics (hospital referral region)
Dialysis facility composition, mean (SD)
% offering PD in 2006f 39 (15) 38 (15) 40 (16) 41 (15) 43 (15)
% freestanding facilities 90 (15) 89 (16) 90 (15) 91 (13) 92 (12)
% for profit 82 (20) 81 (20) 82 (21) 85 (18) 85 (18)
% chain-affiliated 85 (16) 83 (17) 84 (17) 86 (15) 88 (13)
% urban location 77 (24) 77 (24) 74 (24) 78 (23) 75 (24)

Dialysis market competition, mean (SD)g 39 (18) 39 (18) 41 (19) 39 (18) 41 (18)
Hospital density, mean (SD)h 301 (117) 306 (121) 303 (112) 293 (113) 290 (107)
% urban general population, mean (SD) 81 (16) 81 (16) 78 (16) 81 (16) 79 (16)
Per capita income, $1000s, mean (SD) 40 (99) 39 (8) 38 (8) 43 (9) 42 (9)

HD, hemodialysis; PD, peritoneal dialysis; BMI, body mass index; GN, glomerulonephritis.
aPD modality at any point during the 2-yr follow-up period.
bAbsolute distance to nearest dialysis facility and relative distance (difference) between distance to nearest dialysis facility and distance
to nearest dialysis facility that offers PD.
cInsurance status is not mutually exclusive. Patients can have multiple sources of insurance coverage.
dOther comorbidities included chronic obstructive pulmonary disease, cerebrovascular disease, inability to ambulate, inability to
transfer, other cardiac disease, cancer, drug dependence, and tobacco use, not shown here but described in Supplemental Table 1.
eCalculation of eGFR is on the basis of the Chronic Kidney Disease Epidemiology Collaboration formula.
fPD includes continuous ambulatory PD, continuous cyclic PD, and other PD.
gMeasured using the Herfindahl–Hirschman index of dialysis market competition. Higher values correspond to less competition,
i.e., more monopolistic markets.
hHospital density is defined as the number of community hospital beds per 100,000 people in a hospital referral region.
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In sensitivity analysis, we excluded 2008–2010 from the pre-
PPS period to assess the effect of this phenomenon. This
study was approved by the Institutional Review Board of
Duke University.

Results
Descriptive Characteristics
Overall, we identified 619,126 patients with incident

ESKD who received dialysis at Medicare-certified facilities:
387,115 in the pre-PPS era and 232,011 in the post-PPS era
(Table 1). Before the PPS, mean age was 61, 57% of patients
were men, and 64%were white. Amajority of patients were
unemployed (87%), lived in urban areas (79%), and had
consulted with a nephrologist before their ESKD diagnosis
(60%). The cause of ESKD was diabetes for almost half of
the patients (47%). These characteristics remained gener-
ally unchanged after the PPS.
The proportion of for-profit facilities in markets in-

creased from 81% pre-PPS to 85% post-PPS, and the

proportion of facilities affiliated with chains increased
from 83% to 87% (18).

Early PD Experience and Late PD Use
In the pre-PPS period, an average of 9.4% of patients

(36,496 of 387,115) had early PD experience (Figure 1, Panel

A). In the post-PPS period, an average of 12.6% of patients

(29,174 of 232,011) had early PD experience (Figure 1, Panel

B), a 3.2% increase. In adjusted analysis, the PPS was

associated with increased odds of early PD experience,

compared with the pre-PPS period (OR, 1.51; 95% confi-

dence interval [95% CI], 1.47 to 1.55; P,0.001) (Table 2).

The estimated proportion of patients with early PD

experience increased from 6.2% (95% CI, 6.0 to 6.3) in

2006 to 9.8% (95% CI, 9.6 to 10.0) in 2013 (Figure 2, Panel A).
Late PD use increased from 12.1% (46,888 of 287,115) in

the pre-PPS period (Figure 1, Panel A) to 16.1% (37,252 of
232,011) in the post-PPS period (Figure 1, Panel B), a 4.0%

increase. In adjusted analysis, the PPS was associated with

ESKD diagnosis

N=387,115

Early PD

N=36,496 (9.4%)

Switch to HD

N=8909 (24.4%)

Switch to PD

N=12,330 (3.5%)

Remain on PD

N=25,649 (70.3%)

Remain on HD*
N=1938 (5.3%)

Remain on HD

N=338,289 (96.4%)

Early HD

N=350,619 (90.6%)

Late PD use

N=46,888 (12.1%)

(of N=387,115)

Late HD use

N=340,227 (87.9%)

(of N=387,115)

Day 0 Days 1-90 Days 91-730

Day 0

ESKD diagnosis

N=232,011

Early PD

N=29,174 (12.6%)

Switch to HD

N=6998 (23.9%)

Switch to PD

N=9579 (4.7%)

Remain on PD

N=20,675 (70.9%)

Remain on HD*
N=1501 (5.1%)

Remain on HD

N=193,258 (95.3%)

Early HD

N=202,837 (87.4%)

Late PD use

N=37,252 (16.1%)

(of N=232,011)

Late HD use

N=194,759 (83.9%)

(of N=232,011)

Days 1-90 Days 91-730

A

B

Figure 1. | Unadjusted early PD experience, late PDuse, and switches fromHD to PD increased after implementation of the 2011 PPS. (Panel
A) Use before PPS (2006–2010), N=387,115. (Panel B) Use after PPS (2011–2013), N=232,011. After ESKD diagnosis, patients could initiate
dialysiswith PDorHD.After the 90-day initiation period, patients could remain on their initial dialysismodality, or switch to the othermodality.
Aminority of patientswhoattempted PD in the first 90 days butwere identified asHDusers at the start of the late use observation period (91–730
daysafterdialysis initiation) remainedonHDduring thisperiod.Numbersof patients andpercentages arepresented.Percentagesmaynot addup
to 100%, due to rounding. HD, hemodialysis; PD, peritoneal dialysis; PPS, Medicare prospective payment system for dialysis.
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increased odds of late PD use, compared with the pre-PPS
period (OR, 1.47; 95% CI, 1.45 to 1.50; P,0.001) (Table 2).
The estimated proportion of patients with late PD use
increased from 8.4% (95% CI, 8.2 to 8.6) in 2006 to 13.5%
(95% CI, 13.3 to 13.8) in 2013 (Figure 2, Panel B). When we
restricted the pre-PPS period to years 2006–2007 (the post-
PPS period remained 2011–2013), the PPS effect for late PD
use increased modestly to 1.60.

Subgroup Analysis: Dialysis Modality Switches
Modality switches could lead to an increase in late PD

use in twoways: (1) increased switches fromHD to PD, and
(2) decreased switches from PD to HD. Overall, 6.1% of
patients (5.5% pre-PPS, 7.1% post-PPS) made at least one
modality switch throughout the observation period (Figure
1). Only 1.2% of patients switched modalities more than
once. Overall, mean (median) time to switch after the day
90 threshold was 219 (169) days.
Among patients without early PD experience, switches

from HD to PD increased from 3.5% (12,330 of 350,619) pre-
PPS to 4.7% (9579 of 202,837) post-PPS (Figure 1, Panels A
and B). Mean (median) time to switch after the day 90
threshold was 192 (134) days in the pre-PPS period and 178
[123] days in the post-PPS period. In adjusted analysis, the
PPS was associated with increased odds of HD-to-PD
switches (OR, 1.59; 95% CI, 1.52 to 1.66; P,0.001) (Table 2).
The estimated mean proportion of patients who switched
from HD to PD increased from 2.4% (95% CI, 2.3 to 2.5) in
2006 to 4.2% (95% CI 4.1 to 4.4) in 2013 (Figure 2, Panel C).
Among patients with early PD experience, PD-to-HD

switches decreased modestly, from 24.4% (8909 of 36,496)
in the pre-PPS period to 24.0% (6998 of 29,174) in the post-
PPS period (Figure 1, Panels A and B). Mean time to switch
after the day 90 threshold was 264 (239) days in the pre-PPS
period and 269 (246) days in the post-PPS period. In
adjusted analysis, the PPS was associated with decreased
odds of PD-to-HD switches (OR, 0.92; 95% CI, 0.87 to 0.98;

P=0.004) (Table 2). The estimated mean proportion of
patients who switched from PD to HD decreased from
27.0% (95% CI, 25.9 to 28.1) in 2006 to 24.4% (95% CI, 23.5 to
25.3) in 2013 (Figure 2, Panel C).

Factors Associated with PD Use
A number of patient characteristics were associated with

PD use (Supplemental Tables 2 and 3). Black patients had
almost half the odds of using PD compared with white
patients (early PD experience, OR, 0.59; 95% CI, 0.57 to 0.60;
late PD use, OR, 0.58; 95% CI, 0.57 to 0.60). Patients with
nephrology care before ESKD onset had higher odds of
early PD experience (OR, 3.01; 95% CI, 2.94 to 3.09) and late
PD use (OR, 2.09; 95% CI, 2.04 to 2.13) than patients who
had no pre-ESKD nephrology care. Patients with Medicaid
had lower odds of late PD use (OR, 0.60; 95% CI, 0.59 to
0.62) compared with non-Medicaid beneficiaries, whereas
patients with private insurance had higher odds of late PD
use (OR, 1.39; 95% CI, 1.35 to 1.43) than those without
private insurance. Patients living in the northeast United
States tended to have lower odds of both early PD
experience (OR, 0.71; 95% CI, 0.69 to 0.73) and late PD
use (OR, 0.73; 95% CI, 0.71 to 0.75) compared with patients
living in the southern United States. PD use did not vary
meaningfully by urban/rural region or PD facility charac-
teristics (Supplemental Tables 2 and 3).

Discussion
The primary aim of our study was to evaluate the effect

of the PPS on PD use. In the initial years after Medicare
payment reform, late PD use increased significantly, as
more patients initiated dialysis with PD and more pa-
tients switched from HD to PD. Our results suggest that
Medicare’s PPS for dialysis may be achieving one of its
intended goals in the initial years of payment reform
implementation.

Table 2. Observed and adjusted results for early PD experience, late PD use, HD-to-PD switches, and PD-to-HD switches

Outcome

Pre-PPS (2006–2010) Post-PPS (2011–2013)
Post-PPS versus
Pre-PPS OR
(95% CI)

P Value
Observed
N (%)

Adjusted %
(95% CI)a

Observed
N (%)

Adjusted %
(95% CI)a

Full sample N=387,115 N=232,011
Early PD experience 36,496 (9.4) 6.4 (6.3 to 6.5) 29,174 (12.6) 8.9 (8.8 to 9.1) 1.51 (1.47 to 1.55) ,0.001
Late PD use 46,888 (12.1) 8.9 (8.8 to 9.0) 37,252 (16.1) 12.6 (12.4 to 12.7) 1.47 (1.45 to 1.50) ,0.001

Subgroup without early
PD experience

n=350,619 n=202,837

Switch from HD to PDb 12,330 (3.5) 2.8 (2.8 to 2.9) 9579 (4.7) 4.1 (4.0 to 4.2) 1.59 (1.52 to 1.66) ,0.001
Subgroup with early

PD experience
n=36,496 n=29,174

Switch from PD to HDc 8909 (24.4) 26.3 (25.7 to 26.9) 6998 (23.9) 25.0 (24.4 to 25.6) 0.92 (0.87 to 0.98) 0.004

PPS, Medicare prospective payment system for dialysis; OR, odds ratio; 95% CI, 95% confidence interval; PD, peritoneal dialysis; HD,
hemodialysis.
aEstimated adjusted percentages and associated 95% CIs for all outcomes for the pre-PPS and post-PPS periods were estimated from
models that included all covariates from Table 1. All adjusted estimates use the appropriate intercept and slope parameters, with fixed
values of all covariates centered at means. Caution should be used when inferring these probabilities to population parameters.
bFewer than 0.3%of thesepatients (n=631pre-PPS,n=699post-PPS) actually did tryPD in thefirst 90daysbut switched toHDbeforeday
90 and then switched back to PD after day 90.
cOne patient in the pre-PPS period actually initiated dialysis with HD, but switched to PD before day 90, and then switched back to HD
after day 90.
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Pre-PPS: 6.4% (6.3%-6.5%) Post-PPS: 8.9% (8.8%-9.1%)
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Figure 2. | Adjusted results: Estimated rates of early PD experience, late PD use and switches from HD to PD increased after the PPS, while
switches from PD to HD declined modestly. (Panel A) Early PD experience reflects any PD use in the first 90 days of dialysis initiation and
increased over the study period. (Panel B) Late PD use reflects stable PD use ($60 consecutive days) in days 91–730 after dialysis initiation and
also increased during 2006–2013. (Panel C) Dialysis modality switches among the subgroup of patients without early PD experience (i.e., only

Cont.early HD experience), who switched to PD in days 91–730 after dialysis initiation, increased during 2006–2013. The subgroup of
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Recent studies evaluated the effect of the PPS on dialysis
modality in the first 3–4 months after dialysis initiation
(19–22) in sample sizes ranging from 18,346 (20) to 717,604
(19), and found that short-term PD use increased after 2011.
CMS only starts monitoring clinical outcomes for patients
with ESKD (e.g., mortality and hospitalizations) starting
3 months after dialysis initiation (23), so understanding
changes in PD use in the longer term is an important
mechanism for achieving policy goals.
Only one previous study evaluated HD-to-PD switches

in the first year after dialysis initiation (20). Modality
switching is an important pathway to late PD use. Thus, by
examining late dialysis use as well as trends in modality
switches, our findings provide a more complete and
nuanced understanding of the effects of the PPS. We found
that modality changes contributed to an increase in overall
PD use. Specifically, increased switching from HD to PD
signals providers’ response to payment reform: promoting
use of home-based modalities among patients who had
initiated or were established on HD, despite the costs
associated with switching modalities (e.g., opportunity cost
of HD occupancy, training). The observed growth in early
PD experience and late PD use, and the small reduction in
PD-to-HD switches, suggests that the PPS did not induce
inappropriate referrals to PD. This finding highlights the
potential for more growth in PD use in the coming years.
The use of home-assisted PD, for instance, may further
increase PD use among patients who face barriers to self-
care (34–36). Altogether, our results suggest that as the PPS
era moves forward, PD use could continue to increase not
only at dialysis initiation, but also months or years after-
ward, as patient awareness of and education on treatment
modalities improve and as providers become more expe-
rienced in managing patients on PD.
Prior research found that the increase in short-term PD

use has not been homogenous across the ESKD population
(18,21,32). Although our study did not explicitly evaluate
interactions between the PPS effect and patient demo-
graphics, we did find that PD use generally varied
according to race, geography, and access to specialty
care. Late PD use was lower among patients on Medicaid
compared with patients not on Medicaid and lower among
black patients compared with white patients. This latter
finding is consistent with recent reports that black and
Hispanic patients are less likely to initiate PD and more
likely to switch from PD to HD, compared with white and
Asian counterparts (37). Patients without pre-ESKD ne-
phrology care before dialysis initiation, likely due to poor
access to specialty care, had lower odds of PD use
compared with those who met with a nephrologist. Such
disparities may be related to insufficient patient education
about modality types, lower reimbursement rates for
Medicaid patients, and/or misaligned physician and facil-
ity financial incentives. As evidence mounts that payment

reform can alter the availability and use of PD, policies
should be developed to support outreach and education on
dialysis for underserved patients with known CKD. Ad-
ditionally, more efforts are needed to recognize CKD
earlier among these patients and refer them to nephrolo-
gists before ESKD development.
Although PD use did increase, it is likely that an even

greater proportion of patients could benefit from PD. In
many European countries, .20% of patients with ESKD
receive PD (1). Three reasons may explain the American lag
in PD use, despite PPS implementation. First, recent work
has shown that PD availability has increased modestly at
dialysis facilities (18), with less than half of facilities
offering PD. Second, PD providers were temporarily
plagued by shortages in PD solutions in 2015 (38), likely
limiting patients’ ability to initiate or switch to PD that
year. These shortages were not included in our model,
because they occurred outside of our study period. Third,
many nephrologists do not have sufficient training, knowl-
edge, or comfort managing patients on PD, so they may be
less likely to offer it as an option (39). Recent work has
shown that although it is well known that most patients
prefer home-based dialysis modalities (5,6,14), a majority
do not receive sufficient education about them before
initiating treatment, and end up receiving the dialysis
modality ordered by their physician (40). The decision
about dialysis modality is likely to be strongly influenced
by physician preference and experience with the technique.
Future research should evaluate the effect of individual
physicians or physician groups on modality choice. Al-
though we did not explicitly assess technique survival, it
will also be important to monitor associated changes
between increased patient and provider use and PD
technique survival (41,42).
Although many factors are involved in dialysis modality

decisions, our results imply that the realignment of finan-
cial incentives may have played a role in the overall
increase in PD use. Others have shown similar trends
(19,43), signaling anticipation of changes as early as 2008
(i.e., passage of PPS legislation). Before 2010, the average
operating margin for PD was lower than that of HD (17),
which may partly explain the dominance of in-center HD in
the United States compared with other high-income coun-
tries (1). When Medicare developed the PPS, the expecta-
tion was that operating margins would increase for PD
(from roughly -$185 to $201 per patient-month) relative to
HD (from roughly $76 to $86 per patient-month) (17). These
values may have changed after 2012 legislation that
mandated a gradual decrease in Medicare reimbursement
for dialysis in 2014–2018 (44), and may change even further
after recent federal proposals to implement additional
incentives for increasing provider referrals for home di-
alysis (45). Future research should monitor the sensitivity
of PD use trends to fluctuations in payment.

Figure 2. | Continued. patients with early PD experience, who later switched to HD in days 91–730 after dialysis initiation, decreased during
2006–2013. Aminority of patients with early PD experience were HDusers at the start of the late use period and remained onHD days 91–730
after dialysis initiation; however, this misclassification did not affect our results. All estimates were generated from predicted probabilities over
thepre- andpost-PPSperiodsand in individual years, usingappropriate intercept and slopeparameterswithfixedvaluesof covariates centeredat
mean values. Note: The error bars in the figure panels display annual model-estimated PD use rate 95% confidence intervals which, in some
cases, are small. HD, hemodialysis; PD, peritoneal dialysis; PPS, Medicare prospective payment system for dialysis.
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Our study has several limitations. First, it used an
observational pre/post study design. Nearly all dialysis
facilities were exposed to and fully implemented the PPS at
the same time, so we could not compare our cohort with
patients who were not exposed to payment reform.
Additionally, other policies implemented around the
same time as the PPS, including the Food and Drug
Administration’s black box warning on epoetin labels
(15) and education initiatives for nephrologists and ne-
phrology fellows (39), may have had a simultaneous
effect on PD use. We found that the rise in PD use started
earlier than 2011, so it is likely that these other policies—
implemented before the PPS—also played a role in this
trend. Second, our study relied on the quality and accuracy
of USRDS and CMS data. Dialysis facilities and physicians
are required to submit demographic and medical data only
when patients are first enrolled. Changes in employment
status, insurance status, and comorbidities over time, for
example, are not reliably documented. Moreover, a signif-
icant number of records contain missing baseline clinical
characteristics (e.g., serum albumin, A1c) that may influ-
ence modality choice. Third, data on modality use may not
have been recorded as frequently for patients without
Medicare, so we may have underestimated the number of
brief, early periods of PD use in our model. Fourth, despite
all attempts to adjust for factors to minimize bias, un-
measured confounders were not controlled for and cau-
sality cannot be proven. Finally, results may not generalize
to Medicare Advantage enrollees, who constitute roughly
one-third of all Medicare beneficiaries and 11% of patients
initiating dialysis (46). A recent study showed that patients
with ESKD who were enrolled in Medicare Advantage at
the time of dialysis initiation tended to disenroll from
Medicare Advantage within a year, typically because their
intensive health care needs were not adequately met (47).
Because policymakers anticipate continued growth in
Medicare Advantage, differences in modality choice be-
tween patients with traditional Medicare and Medicare
Advantage should be examined.
In summary, our study found that more patients are now

starting, staying on, and switching to PD than before the
PPS was implemented, achieving a goal of payment reform.
This growth in PD use occurred without a substantial
increase in transfers to HD, achieving a secondary goal of
payment reform. PD use may have accelerated since 2013,
as dialysis providers have developed more experience
managing patients on PD. It will be important to evaluate
this trend in the longer-term to determine whether, when,
and where payment reform encourages dialysis use that is
more closely aligned with patient preference and clinical
appropriateness.
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