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Rationale & Objective: Transitions between dial-
ysis modalities can be disruptive to care. Our goals
were to evaluate rates of transition from peritoneal
dialysis (PD) to in-center hemodialysis (HD),
mortality, and transplantation among incident PD
patients in the US Renal Data System from 1996
to 2015 and identify factors associated with
these outcomes.

Study Design: Observational registry-based
retrospective cohort study.

Setting & Participants: Medicare patients incident
to end-stage renal disease (ESRD) from January 1,
1996, through December 31, 2011 (for adjusted
analyses; through December 31, 2014, for
unadjusted analyses), and treated with PD 1 or
more days within 180 days of ESRD incidence
(n = 173,533 for adjusted analyses; n = 219,787
for unadjusted analyses).

Exposure & Predictors: Exposure: 1 or more days
of PD. Predictors: patient- and facility-level
characteristics obtained from Centers for
Medicare & Medicaid Services Form 2728 and
other data sources.

Outcomes: Patients were followed up for 3 years
until transition to in-center HD, death, or
transplantation.
Editorial, p. 529
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Analytical Approach: Multivariable Cox regression
was used to estimate hazards over time and as-
sociations with predictors.

Results: Compared with earlier cohorts, recent
incident PD patient cohorts had lower rates of
death (48% decline) and transition to in-center HD
(13% decline). Among many other findings, we
found that: (1) rates of transition to in-center HD
and death were lowest in the 2008 to 2011
cohort, (2) longer time receiving PD was
associated with higher mortality risk but lower risk
for transition to in-center HD, and (3) larger PD
programs (≥25 vs ≤6 patients) displayed lower
risks for death and transition to in-center HD.

Limitations: Data collected on Form 2728 are only
at the time of ESRD incidence and do not provide
information at the time of transition to in-center HD,
death, or transplantation.

Conclusions: Rates of transition from PD to in-
center HD and death rates for PD patients
decreased over time and were lowest in PD
programs with 25 or more patients. Implications
of the observed improved technique survival
warrant further investigation, focusing on
modifiable factors of center-level performance to
create opportunities for improved patient
outcomes.
Although the number of patients receiving peritoneal
dialysis (PD) has grown by 60% (from 30,861 to

49,489) from 1996 to 2015, the percentage of PD use
among all dialysis patients declined from 14% to 10%.1

However, the updated Centers for Medicare & Medicaid
Services (CMS) Prospective Payment System, put in place
in 2011, financially incentivized greater PD use and is
likely one of the reasons the percentage of PD increased
from nearly 8.5% in 2011 to 10% in 2016. Transition
from PD is a common reality, as prior observational studies
of PD patients report that 34% to 52% of incident PD
patients either transferred to hemodialysis (HD) or died
while on PD by 3 years, depending on the country.2,3

More information is needed about the effect this increase
in PD use has had on transitions from PD to in-center HD
and on mortality while on PD.
Compared with in-center HD, PD has been shown to be
more cost-effective,4,5 less technically demanding,6 and
associated with better preservation of residual kidney
function.7,8 It may be in both the provider’s and patient’s
interest to increase PD use. Despite this, peritonitis remains
an important risk factor for necessitating a switch to in-
center HD, and the initial benefits of PD gradually disap-
pear over time due to progressive loss of residual kidney
function and reduced function of the peritoneal mem-
brane, ultimately leading to insufficient clearance and ul-
trafiltration.9-11 This decreased clearance requires a more
complex exchange regimen that can lead to decreased
quality of life and patient burn out, eventually leading to a
switch to in-center HD.11 Transition to in-center HD is
often necessary (ie, during times of severe peritonitis) and,
if done in a timely fashion, can improve patients’ overall
outcome, but unplanned transitions from PD to in-center
HD are associated with a higher number and longer
duration of hospitalizations and higher risk for mortality,
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PLAIN-LANGUAGE SUMMARY
Transitions in dialysis modality often represent a change
in patients’ clinical status and can be disruptive to care.
Our aim was to examine transitions among patients
newly diagnosed with end-stage kidney disease who
had just started peritoneal dialysis (PD), including
transition to in-center hemodialysis (HD), as well as
mortality and transplantation. We found lower rates of
transition to in-center HD and death over time, an as-
sociation between longer time receiving PD and mor-
tality, and that larger PD units had lower risk for
mortality. This is the largest epidemiologic study to date
to evaluate patterns of transitions among new PD pa-
tients and will serve as a stepping stone in identifying
modifiable factors to improve transitions when possible
and mortality overall.

Sukul et al
emphasizing the importance of anticipating the need for
transition when possible.12,13

In this study, our goals were to focus on patterns of
transition from PD to in-center HD and death but to also
describe rates of kidney transplantation in PD patients from
1996 to 2015, hypothesizing that the rate of transition
from PD to in-center HD and death would decline over the
years due to hopefully more careful patient selection,
while rates of transplantation would remain relatively
stable. A complementary goal was to identify factors
associated with these outcomes, hypothesizing that factors
such as age, cohort year, PD program size, and rurality of
the PD program would play important roles in these out-
comes. Developing a better understanding of the patterns
of and factors associated with transplantation may help
increase the rate of this beneficial outcome. Our study
represents an important first step toward developing
methods to tailor preventive interventions aimed at
improving clinical outcomes in the PD population.
METHODS

Patients and Data Collection

Data were obtained from the US Renal Data System
(USRDS). The study population included all dialysis pa-
tients incident to end-stage renal disease (ESRD) from
January 1, 1996, through December 31, 2011 (for
adjusted analyses; through December 31, 2014, for un-
adjusted analyses) and who were treated with PD for 1 or
more days within 180 days of ESRD incidence
(n = 173,533 for adjusted analyses; n = 219,787 for un-
adjusted analyses). Information for each patient’s dialysis
modality and death was abstracted from the treatment
history file, created using a combination of data from CMS
Form 2728, Medicare claims, CMS-2746 Death Notifica-
tion Form, and other ESRD data sources.1 We used de-
mographic characteristics, first ESRD service date, prior
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transplantation date, initial treatment modality, primary
cause of ESRD, comorbid conditions, multiple indicators of
functional status, smoking history, and drug/alcohol
dependence from CMS Form 2728 at the time of ESRD
incidence. Completion of this form by a health care pro-
vider is required for all individuals in the United States
having newly diagnosed ESRD.

We obtained facility-level characteristics from the CMS
ESRD Facility Survey. Additionally, we calculated PD pro-
gram size based on the number of PD patients treated in a
dialysis facility as of December 31 of each year and cate-
gorized them into quartiles based on the distribution over
all the years combined.

The number of prevalent PD patients in the United
States by study year was calculated as those who were
receiving PD as of December 31 for each year from 1996
to 2011.

Analyses

Annual cohorts of incident PD patients were followed up
for up to 3 years (end of study period for adjusted and
unadjusted analyses was December 31, 2015, and
December 31, 2017, respectively) for 3 outcomes: (1)
transition to in-center HD, defined as at least 30
consecutive days of in-center HD following the switch
from PD to in-center HD; (2) death; and (3) trans-
plantation. For unadjusted analyses, patients who were
incident to ESRD in 2014 and starting PD anytime be-
tween January 1, 2015, and June 30, 2015 (within 180
days of ESRD initiation), had less than 3 years of follow-
up time due to data availability. Time at risk was
calculated as days from PD incidence until the outcome
of interest, expressed in 100 patient-years (PY), or until
censoring for loss to follow-up, recovery of kidney
function, discontinuation of dialysis, or end of the 3-
year follow-up. For mortality analyses, patients were
followed up for 30 days after recovery of kidney
function or discontinuation of dialysis before they were
censored to avoid underestimation of death events. Pa-
tients were classified into annual cohorts based on their
year of ESRD incidence; for each annual incident patient
cohort from 1996 to 2014, we calculated temporal
trends in the unadjusted rates of mortality, trans-
plantation, and transition to in-center HD over a 3-year
follow-up period, expressed as events per 100 PY at
risk. These annual cohorts were then grouped into 4
multiyear cohorts (1996-1999, 2000-2003, 2004-2007,
and 2008-2011). The 2012 to 2014 grouped cohort
was omitted from analyses due to the unavailability of
center-level factors.

We fit separate Cox regression models for each of the
3 outcomes, adjusted for the time when each cohort
was incident to PD plus covariates of patient age, sex,
race, ethnicity, 8 comorbid conditions (Table 1), func-
tional status, tobacco use, alcohol/drug dependence,
primary cause of ESRD, and facility-level factors
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Table 1. Baseline Characteristics of PD Patients by Multiyear Cohort of ESRD Incidence

Patient Characteristics
1996-1999
(n = 46,546)

2000-2003
(n = 42,883)

2004-2007
(n = 39,665)

2008-2011
(n = 44,124)

2012-2014
(n = 45,877)

Age, y 55 (18) 55 (18) 55 (18) 56 (18) 57 (17)
Race
White 32,471 (70%) 30,275 (71%) 28,746 (73%) 31,336 (71%) 32,220 (71%)
African American 9,258 (20%) 8,583 (20%) 8,049 (20%) 9,373 (21%) 9,938 (22%)
Asian 1,427 (3%) 1,554 (4%) 1,542 (4%) 2,119 (5%) 2,404 (5%)
Other/multiracial 3,128 (7%) 2,296 (5%) 1,229 (3%) 1,008 (2%) 865 (2%)

Hispanic ethnicity 4,944 (11%) 5,045 (12%) 4,586 (12%) 5,584 (13%) 5,903 (13%)
Women 21,617 (47%) 19,707 (46%) 17,719 (45%) 18,860 (43%) 18,956 (42%)
Cause of ESRD
Diabetes 20,313 (44%) 18,464 (43%) 16,241 (41%) 17,983 (41%) 19,464 (43%)
Hypertension 9,512 (20%) 9,397 (22%) 9,209 (23%) 11,067 (25%) 12,425 (27%)
Glomerulonephritis 8,455 (18%) 7,223 (17%) 6,587 (17%) 7,116 (16%) 6,433 (14%)
Other cause 6,269 (14%) 6,069 (14%) 5,957 (15%) 6,326 (14%) 5,922 (13%)
Unknown cause 1,735 (4%) 1,555 (4%) 1,572 (4%) 1,344 (3%) 1,183 (3%)

Comorbid conditions
CHF 11,463 (25%) 9,387 (22%) 8,037 (20%) 8,309 (19%) 8,102 (18%)
COPD 2,130 (5%) 1,990 (5%) 1,924 (5%) 2,178 (5%) 2,326 (5%)
CVA/TIA 3,106 (7%) 2,783 (6%) 2,456 (6%) 2,616 (6%) 2,477 (5%)
Cardiovascular
diseasea

11,785 (25%) 10,445 (24%) 9,518 (24%) 10,533 (24%) 10,116 (22%)

PVD 5,583 (12%) 4,708 (11%) 3,932 (10%) 4,148 (9%) 3,506 (8%)
Cancer 1,559 (3%) 1,765 (4%) 1,924 (5%) 2,221 (5%) 2,291 (5%)
Diabetes 25,498 (55%) 23,596 (55%) 21,044 (53%) 22,103 (50%) 24,503 (53%)
Hypertension 35,570 (76%) 34,804 (81%) 33,739 (85%) 38,674 (88%) 40,622 (89%)
Immobilityb 1.005 (2%) 688 (2%) 698 (2%) 750 (2%) 744 (2%)
Tobacco use 2.625 (6%) 2.304 (5%) 2.431 (6%) 2.696 (6%) 2.689 (6%)
Alcohol/drug
dependence

535 (1%) 375 (1%) 391 (1%) 439 (1%) 393 (1%)

Note: Not all categories add up to 100% (race and cause of ESRD) due to the small amount of missing data.
Abbreviations: CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVA/TIA, cerebrovascular accident/transient ischemic attack; ESRD,
end-stage renal disease; PD, peritoneal dialysis; PVD, peripheral vascular disease.
aAtherosclerotic heart disease and other cardiac disease.
bInability to transfer or ambulate.
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(Table S1). To determine how outcome rates change
during the 3-year follow-up period, we calculated
average transition rates by dividing the 3-year follow-up
time into 12 segments of 3 months and computing the
cumulative hazard function (by taking the log of the
survivor function) obtained from the regression model
for each of the 12 segments. For each outcome and time
period, we divided the increment in the cumulative
hazard function by the length of time, thereby yielding
the average transition rate for that period. These rates
(per 100 PY at risk) are plotted by time receiving PD
(months since starting PD). Each data point reflects the
average transition rate of the preceding 3-month period.
We also computed unadjusted transition rates. Hazard
ratios (HRs) with 95% confidence intervals (CIs) were
used to assess the associations of patient- and dialysis
facility–level factors with each outcome.

Of the 173,533 patients, 315 (0.2%) were excluded due
to missing information at the patient or facility level, yielding
173,218 patients for analysis. All analyses were conducted
using SAS software, version 9.4 (SAS Institute, Inc).
612
RESULTS

The size of the incident PD population declined from
12,730 in 1996 to a nadir of 9,507 patients in 2008,
increasing thereafter to 16,819 patients (77% increase) in
2015. The prevalent PD population declined from 30,993
in 1996 to a nadir of 27,292 in 2000, increasing thereafter
to 49,511 in 2015 (81% increase). The prevalence of PD
(of all dialysis modalities) was 14% in 1996 and decreased
to a nadir of 8% in 2004 to 2011 before increasing to 10%
in 2014 to 2015.

Although baseline characteristics of incident PD patients
were similar across the multiyear cohorts, the percentage
of men and prevalence of hypertension increased slightly
during the period and the prevalence of diabetes and
congestive heart failure declined (Table 1). Mean age was
55 to 57 years, with a slight preponderance of men. Nearly
half the incident PD patients had diabetes as a comorbid
condition, and most had a history of hypertension.

Figure 1 shows the cumulative probability of technique
survival (defined as patients who did not die or transition
to in-center HD) for incident PD patients during the 3-year
Kidney Med Vol 2 | Iss 5 | September/October 2020



Figure 1. The cumulative probability of technique survival over 3 years, for incident peritoneal dialysis (PD) patients by year of PD
incidence. Technique survival refers to PD patients who, at the indicated point in time, were still dialyzing with PD and had not died,
undergone transplantation, or transitioned to in-center hemodialysis.

Sukul et al
follow-up period by year of PD incidence, demonstrating
an increase in median survival from 2.2 years for the 1996
cohort to more than 3 years for the 2011 cohort. The
probability of technique survival at 2 years increased from
54% in the 1996 cohort to 66% in the 2011 cohort.
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Unadjusted rates of transition from PD to in-center HD
declined from 24.5 in 1996 to a nadir of 20.2 in 2013
(18% decrease) before increasing slightly to 21.3 in 2014,
though with a notably steep decline from 2009 to 2010
(Fig 2). There was a generally linear decline in death rates,
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cidence

ar of PD Incidence

Transplant
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reviation: PYR, patient-year.
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Figure 3. (A-C) Adjusted rates of (A) transition to in-center hemodialysis (ICHD), (B) death, (C) and transplantation by months on
peritoneal dialysis (PD) for grouped incident PD patient cohorts (1996-2011). To assess secular trends, patients were classified
into multiyear cohorts (1996-1999, 2000-2003, 2004-2007, and 2008-2011) based on their year of end-stage renal disease
(ESRD) incidence. Each Cox regression model was fit separately for each of the 3 outcomes and adjusted for the time when each
cohort was incident to PD, plus covariates of patient age, sex, race, ethnicity, 8 comorbid conditions (Table 1), functional status, tobacco
use, alcohol/drug dependence, primary cause of ESRD, and facility-level factors listed in Table S1. The 3-year follow-up time was
divided into 12 segments of 3 months, and for each segment the cumulative hazard function obtained from the regression model
was computed. For each outcome and each period, the increment in the cumulative hazard function was divided by the time to obtain
the average transition rate. Each data point reflects the average transition rate of the preceding 3 months. Abbreviation: PY, patient-year.

Sukul et al
from 20.2 in 1996 to 11.0 in 2008 (46% decrease), fol-
lowed by a shallower decline thereafter. Transplantation
rates decreased overall from 10.4 in 1996 to 6.8 in 2014
(35% decrease), with the greatest decline from 2007
to 2013.

Average Rates of Outcomes by Time Receiving PD

Figure 3A-C demonstrates adjusted rates of the 3 outcomes
by time receiving PD and by calendar-year cohort. The
2008 to 2011 cohort had lower average rates than the
earlier cohorts for all outcomes. In the 2008 to 2011
cohort, the adjusted rate of transition to in-center HD
decreased by 12% from 0 to 36 months receiving PD, and
the adjusted rate of mortality increased by 80% (Fig 3B).
The average adjusted transplantation rate increased sharply
in the first 12 months (Fig 3C), stabilizing thereafter.
Unadjusted rates for each outcome (Fig S1a-c) showed
similar trends, though the rate of increase in mortality rates
was steeper in adjusted versus unadjusted analyses, prin-
cipally because of age effect.
614
Associations of Select Factors With Outcomes

Figure 4 shows results from multivariable Cox models for
transitions from PD to the 3 outcomes. HRs for mortality
and transition from PD to in-center HD declined in more
recent cohorts (compared with 1996-1999; HR, 0.53;
95% CI, 0.51-0.55 [for death] in 2008-2011; HR, 0.85;
95% CI, 0.82-0.87 [for transition to in-center HD] in
2008-2011). Progressively higher risks for transition to
in-center HD were seen with increasingly smaller PD
programs, with 36% higher risk for transition to in-
center HD in PD programs treating 6 or fewer patients
compared with 25 or more patients (HR, 1.36; 95% CI,
1.32-1.40; Table S1). Smaller PD programs also displayed
slightly higher adjusted risks for mortality, with a 7%
higher risk for mortality in PD programs treating 6 or
fewer patients compared with 25 or more patients (HR,
1.07; 95% CI, 1.03-1.11; Table S1). Older age, African
Americans (compared with patients of white race), dia-
betes as a comorbid condition, congestive heart failure,
cancer, tobacco use, and alcohol/drug dependence had
Kidney Med Vol 2 | Iss 5 | September/October 2020



Figure 4. Hazard ratios for (A) transition to in-center hemodialysis (ICHD), (B) death, and (C) transplantation by patient- and center-
level variables. Abbreviations: CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVA/TIA, cerebrovascular
accident/transient ischemic attack; HTN, hypertension; PD, peritoneal dialysis; PVD, peripheral vascular disease; Ref, reference.

Sukul et al
higher HRs for transitioning to in-center HD. Patients of
Asian race had lower risk for transitioning to in-center
HD than patients of white race (HR, 0.68; 95% CI,
0.65-0.71; Table S1). However, from 1996 to 2011, the
elevated risk for transitioning from PD to in-center HD
for older patients compared with younger patients
attenuated in more recent years, as did the elevated risk in
African Americans compared with patients of white race
(Table S2a).
Kidney Med Vol 2 | Iss 5 | September/October 2020
Results were similar for the outcome of death, except
that men, all non-white races (compared with white race),
and Hispanics (compared with non-Hispanics) had lower
risk for death (Fig 4). Patients treated in rural PD programs
had higher risk for death than those in an urban PD facility
(HR, 1.05; 95% CI, 1.02-1.08; Table S1).

Adjusted rates of transitions from PD to transplantation
(Fig 4) were lower among older, non-white, female, and
Hispanic patients (compared with non-Hispanics). Patients
615
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treated at an independent dialysis organization had higher
rates of transplantation than those in large dialysis orga-
nizations (HR, 1.07; 95% CI, 1.02-1.11), and patients
treated by facilities in rural locations had lower rates of
transplantation than in urban locations (HR, 0.91; 95% CI,
0.87-0.94). The adjusted rates of transplantation progres-
sively increased from 1996 to 2011 for patients 65 years or
older and for African Americans (Table S2c).
DISCUSSION

The size of the USRDS database and the length of
follow-up make this the largest epidemiologic study to
date to simultaneously evaluate patterns of mortality,
transplantation, and transitions from PD to in-center
HD among incident PD patients, and it has several
novel findings. First, PD technique survival has
improved during the study period. Second, from 1996
to 2014, there has been a decline in the rate of
transition from PD to in-center HD and a large pro-
nounced decline in the rate of death. Third, as time
receiving PD increases, rates of transition to in-center
HD decline slightly, while mortality rates increase,
but both were lower in more recent years. Finally, we
confirmed prior findings that older age, diabetes as a
comorbid condition, and smaller PD programs were
associated with higher hazards of transition to in-
center HD and of death while on PD in this large,
comprehensive, and contemporary population.

The most striking finding was the marked decline in
mortality among incident PD patients. It is possible this
may relate to improved PD therapy techniques and/or
teaching. Alternatively, this could simply represent
healthier patient selection rather than a comment on PD
therapy itself given the lower prevalence of congestive
heart failure, cardiovascular disease, peripheral vascular
disease, and diabetes in the more recent patient cohorts.
Mortality among incident HD patients showed similar
patterns over time,1 possibly suggesting the effect of
nondialysis factors in the improved mortality among
dialysis patients in general.

Despite lower transition and mortality rates in more
recent years, rates of mortality consistently increase as time
on PD increases. Rates of mortality (per 100 PY) for
incident patients starting on HD versus starting on PD in
2012 over the first 3 years of therapy decreased from 24.8
to 18.5 (25% decrease) and increased from 10.9 to 19.3
(78% increase), respectively.14 The increasing mortality
rates with longer time on PD underscores the importance
of identifying predictors of mortality so that providers can
better counsel patients considering PD and increase their
chances of positive outcomes.

The decline in transplantation rates among incident PD
patients specifically from 2007 to 2014 and the decreased
transplantation rates in the 2008 to 2011 cohort
(compared with earlier cohorts) were notable despite the
consistency in mean age of incident PD patients during
616
the study period. The USRDS Annual Data Report
demonstrated that transplantation rates decreased by 32%
from 1996 to 2017,1 and although it does not distinguish
between HD versus PD patients, most patients with ESRD
are receiving HD (based on prevalence data). The
declining rate of transplantation among patients with
ESRD in general may simply be dependent on the
growing number of needed kidneys among a possibly
healthier ESRD population (given the declining mortality
rate) mismatched against the number of kidneys available
for transplantation.

The risk for transition from PD to HD described in the
literature is variable, and there is not a standard way in
which this is reported. At 6 months, transfer to HD ranges
from 7% to 25%,15,16 with deaths at 8%,15 whereas at 1
year, transfer to HD ranges from 21% to 44%,16,17

whereas median PD survival time ranges from 1.6 to 3.7
years.12,15,18,19 Among PD patients who transitioned to
HD, 20% to 25% transition within the first 6 months of PD
therapy,20 with >40% transitioning by 12 months.16,20

Our data demonstrate that in the 2 earliest cohorts, rates
of transition were highest within the first 3 months,
decreasing thereafter, and in the 2 more recent cohorts,
rates of transition to HD were slightly higher 3 to 6
months after PD initiation. Similar to our findings,
Kolesnyk et al2 reported that transition is most common
within the first 3 months of PD, whereas Guo and Mujais17

reported that transition rates were highest in the first 6
months of PD, highlighting this early period after starting
PD as one of higher risk. With better understanding of the
proportion of switches that occur as time receiving PD
increases, we can potentially limit the clinical and psy-
chological effects of unplanned transitions when possible.

Knowledge of why patients transfer will inform who
may be at risk for this outcome. Reasons for transition have
common themes, including peritonitis, loss of ultrafiltra-
tion, loss of PD adequacy, catheter-related problems, and
patient choice.12,21 In a single-center Swiss study, the 2
most common reasons for cessation of PD or death from
PD-related causes were peritonitis (38%) and psychosocial
problems (23%), though catheter and psychosocial prob-
lems were more often responsible for cessation of PD or
death by any cause within the first 6 months.18 Certain
reasons for transfer are correlated with time receiving PD,
such as decrease in residual kidney function,22 ultrafiltra-
tion failure,9,23 and sclerosing peritonitis.24

Confirming results of prior studies, we demonstrated
that older patients16,18,25 and those with diabetes16 have a
higher risk for transitioning and that comorbid conditions
such as coronary artery disease and congestive heart failure
were associated with mortality while on PD.16 Our find-
ings are consistent with previous studies that have also
shown an association between smaller PD program size
and transfer to HD15,17,25-28 and mortality.26 Data from a
Baxter database have shown less catheter dysfunction,
fewer infection problems, and less dialysis inadequacy
among larger programs,29 and large centers with both
Kidney Med Vol 2 | Iss 5 | September/October 2020
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established PD and HD programs may better manage short-
term emergency transfers between the 2 modalities.11

Facility experience likely also relates to the number of
new PD starts30 because studies have shown that risk for
early transfer to HD13 and mortality7 was lower in centers
initiating more new PD patients.

Understandably, not all shifts to HD occur predictably,
such as transitions due to resistant peritonitis, an unpre-
dictably nonfunctioning PD catheter, or sudden loss of
residual kidney function. However, if we are better able to
foresee who may require a transition for predictable rea-
sons, there may be a higher chance that these patients
could transition to HD before severe complications
appear.21,31 If we can predict who might transfer to HD
with long enough lead time, select patients could poten-
tially be optimized for arteriovenous fistula placement. The
high use of venous catheters is associated with increased
risk for infection and poorer outcomes,32 underscoring the
benefit of early recognition of a trajectory pointed toward
transition to HD that can allow for appropriate vascular
access planning.33 Despite certain limitations, studies have
demonstrated that routine placement of prophylactic fis-
tulas in PD patients is not successful or justifiable34-38

given their low use and high failure rate when their use
is eventually attempted. Improving the ability to predict
who may require a transition could enable more patients
to benefit from the advantages of an established arterio-
venous fistula close to the time of transition to HD,
potentially saving them from a tunneled catheter.

Our analysis has limitations worth noting. Due to
the addition and/or relabeling of comorbid conditions
on CMS Form 2728 during the years of the study,
analyses and covariate adjustments were limited to data
consistently collected across all study years. Also, the
data collected on Form 2728 are only at the time of
ESRD incidence and do not provide information at the
time of transition to in-center HD, death, or trans-
plantation. Therefore, potential confounders not
assessed by this study include comorbid conditions
arising after ESRD incidence, residual kidney function,
or other laboratory values at or just before the time of
transition, such as levels of albumin or inflammatory
markers. Additionally, some patients in the 2014
incident PD patient cohort in Fig 2 were followed up
for less than 3 years due to data availability compared
with the standard 3-year follow-up of the other co-
horts, potentially affecting the observed rates. How-
ever, this study, based on comprehensive national data,
is uniquely informative in its ability to assess long-
term secular trends in the frequency of transitions
and death. Next steps will include analyzing causes of
transition and death to better discern between avoid-
able and unavoidable transitions.

In conclusion, although it is reassuring that rates of
transition to in-center HD and mortality have declined
in recent years, these 2 outcomes still affect a substantial
number of patients, especially older patients, those with
Kidney Med Vol 2 | Iss 5 | September/October 2020
diabetes, and those dialyzing in smaller PD programs.
Future work should include evaluation of hospitalization
and mortality around the time of transition, which may
allow for a more in-depth understanding of unplanned
transitions. These results will hopefully serve as stepping
stones to better predict situations in which patients
will need a transition to HD and provide enough lead-
time to systematically prepare patients mentally and
physically.
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