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Introduction: Transition to hemodialysis (HD) is a common outcome in peritoneal dialysis (PD), but the
associated mortality risk is poorly understood. This study sought to identify rates of and risk factors for
mortality after transitioning from PD to HD.

Methods: Patients with incident PD (between 2000 and 2014) who transferred to HD for =1 day were
identified, using data from Australia and New Zealand Dialysis and Transplantation registry (ANZDATA),
Canadian Organ Replacement Register (CORR), Europe Renal Association (ERA) Registry, and the United
States Renal Dialysis System (USRDS). Crude mortality rates were calculated for the first 180 days after
transfer. Separate multivariable Cox models were built for early (<90 days), medium (90-180 days), and
late (>180 days) periods after transfer.

Results: Overall, 6683, 5847, 21,574, and 80,459 patients were included from ANZDATA, CORR, ERA
Registry, and USRDS, respectively. In all registries, crude mortality rate was highest during the first 30
days after a transfer to HD declining thereafter to nadir at 4 to 6 months. Crude mortality rates were lower
for patients transferring in the most recent years (than earlier). Older age, PD initiation in earlier cohorts,
and longer PD vintage were associated with increased risk of death, with the strongest associations during
the first 90 days after transfer and attenuating thereafter. Mortality risk was lower for men than
women <90 days after transfer, but higher after 180 days.

Conclusion: In this multinational study, mortality was highest in the first month after a transfer from PD to
HD and risk factors varied by time period after transfer. This study highlights the vulnerability of patients at
the time of modality transfer and the need to improve transitions.
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world." PD has several advantages over facility HD,
including preservation of residual kidney function,
preservation of potential vascular access, reduction in
bacteremia, increased autonomy, and lower global so-
cioeconomic burden.” '’ However, PD technique sur-
vival is often short with a majority of patients
discontinuing PD within 2 to 3 years owing to death,
transplantation, or transfer to HD.'' " Several patients
may also be transferred to HD as part of a planned
schedule. When using a 30-day technique-failure defi-
nition, up to 25% of patients transferred to HD ulti-
mately resumed PD in an Australian study.'®
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Though transitioning from PD to HD is very com-
mon, little is known about the outcomes in the imme-
diate period after transfer from PD to HD," specifically
regarding factors associated with enhanced mortality.
Typically, adverse events occurring during the early
period after transfer (up to 30-90 days) are attributed to
the initial dialysis modality in most publications.'® This
study aimed to assess rates, patterns, and risk factors of
mortality after a transfer from PD to HD.

METHODS

Study Design and Population

All adult patients who started on PD within 180 days of
kidney replacement therapy (KRT) initiation between
January 2000 and December 2014 (2013 in Canada) were
identified from the ANZDATA, CORR, ERA Registry,
and the USRDS databases. The ERA Registry included
data from 17 registries from the following 11 countries:
Austria, Andalusia (Spain), Asturias (Spain), Basque
country (Spain), Catalonia (Spain), Dutch-speaking
Belgium, French-speaking Belgium, Denmark, Finland,
Greece, Iceland, Norway, Sweden, the Netherlands,
United Kingdom and Valencian Region (Spain). For
Spain, the coverage of the general population by the
regional registries was 53%. PD patients who were
recorded as transferring to HD for 1 day or more during
the observation period were included in the study. Pa-
tients were only included once (first transfer only).
Considering the extremely low incidence of direct
transfer to home HD,”” ** home and facility HD were not
differentiated. Patients undergoing kidney trans-
plantation before treatment with PD were excluded.

Outcome and Covariates

The primary outcome was mortality after transfer from
PD to HD (including dialysis withdrawal), as identified
in all registries. Patients were followed from the first
day of HD (after transfer from PD) until death, irre-
spective of any subsequent modality transfer. Data
were censored at the time of kidney transplantation,
loss to follow-up, or the end of the study (December 31,
2014, in CORR and December 31, 2015, in all other
registries), whichever came first. Cause-specific deaths
were categorized using the same definitions throughout
the registries (Supplementary Annex 1).

Covariates were based on availability in all 4 registries
and included age, sex, year of KRT start, cause of kidney
disease, and duration of PD before transfer to HD. Age,
sex, and cause of primary kidney disease were deter-
mined at time of KRT initiation. Comorbidities were not
included owing to lack of availability throughout the
registries (mostly ERA). The era of KRT initiation was
based on the calendar year and categorized as 2000 to
2004, 2005 to 2009, and 2010 to 2014. PD vintage was
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defined as “the time from PD initiation until the first
transfer to HD.” Primary kidney disease was categorized
as glomerulonephritis, diabetes, hypertensive disease,
and “other/unknown.” Temporary HD was defined as
return to PD within 180 days of HD transfer.

Statistical Analysis

Crude mortality rates by 5-day periods until 30 days
and by 30-day periods until 180 days after transfer
were assessed using Poisson regression. Prespecified
subgroup analysis was performed for cohort years of
KRT initiation, patient age, and PD vintage at time of
transfer to HD. For each 30-day period, patients were
considered at risk if they were alive on the first day of
the period, irrespective of their dialysis modality (HD/
resumed PD/dialysis withdrawal), with censoring at
time of kidney transplantation, loss to follow-up, or the
end of the study period.

In each registry, separate multivariable Cox pro-
portional hazard models were used for early (<90
days), medium (90-180 days), and late (>180 days)
periods after the transfer to HD to examine the asso-
ciation between the covariates and the mortality within
these periods. These 3 periods were considered owing
to the nonproportional mortality hazard observed
during the entire follow-up time after transfer to HD,
previous publications,'®*’ and clinical meaningfulness.
The proportional hazards assumption was assessed
with log-minus-log plots, observed (Kaplan—Meier) and
predicted (Cox) graphs, and Schoenfeld residuals. Pa-
tients were followed after transfer from PD to HD from
the first day (model 1), day 90 (model 2), or day 180
(model 3) until death, censoring at time of kidney
transplantation, loss to follow-up, or the end of follow-
up. Right-censoring was also performed in the “early”
and “medium” period models if a patient was still alive
after 90 or 180 days, respectively.

A sensitivity model, using the same statistical
approach as presented previously, was used to assess
the association between cause of transfer to HD and
early mortality risk in ANZDATA. Additionally, meta-
analyses were performed to combine individual results
of survival models from the 4 registries using the
random effect approach, with the DerSimonian-Laird
estimator for variance. I° statistic and Q test were
used to assess the heterogeneity between sites. Ana-
lyses were performed locally for each registry
following the same methods and using Stata SE, version
15 (StataCorp, College Station, TX), SAS 9.4 and R3.6.1.

RESULTS

Patients with incident PD who transferred to HD for at
least 1 day were included from 4 registries with
respective patient numbers of 6683 (ANZDATA), 5847
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Table 1. Baseline characteristics of incident peritoneal dialysis
patients who transferred to hemodialysis

ANZDATA, CORR, ERA, USRDS,
Characteristics n = 6683 n=5847 n=21574 n= 80,459
Age at KRT start (yr) 61 [49-70] 62 [61-71] 61 [49-71] 58 [46-68]
Male 3880 (58) 3473 (69) 13,814 (64) 57,298 (56)
Primary kidney
disease
Glomerulonephritis 1721 (26) 1102 (19) 3355 (16) 11,830 (15)
Diabetic 1397 (36) 2312 (41) 5167 (24) 36,552 (45)
nephropathy
Hypertensive 890 (13) 1023 (18) 3170 (156) 19,942 (25)
disease
Other 1662 (25) 1241 (22) 9882 (46) 15,746 (15)
Yr of KRT start
2000-2004 2274 (34) 2225 (38) 7188 (33) 25,703 (32)
2005-2009 2587 (39) 2405 (41) 8072 (37) 24,573 (30)
2010-2014 1824 (28) 1218 (21) 6316 (29) 30,574 (38)
PD duration before 1.3 [0.5-2.56] 1.3 [0.5-2.6] 1.1[0.4-2.3] 1.1 [0.4-2.3]

fransfer (yr)

ANZDATA, Australia and New Zealand Dialysis and Transplantation registry; CORR,
Canadian Organ Replacement Register; ERA, Europe Renal Association Registry; KRT,
kidney replacement therapy; PD, peritoneal dialysis; USRDS, United States Renal
Dialysis System databases.

Values represent number (percentage) or median [interquartile range].

(CORR), 21,574 (ERA Registry), and 80,459 (USRDS).
Overall, these patients represent approximately 20%,
of all patients with incident PD in the 4 registries, with
the exception of the USRDS where the percentage of
patients transferring to HD reached nearly 25%
(Supplementary Figure S1). Frequency of transfer to
HD changed minimally during the study period (2000—
2014) with a small increase through years in Canada
and Europe and a small decrease in Australia/New
Zealand and United States. In the 4 registries, the
proportion of patients who died while on PD decreased
during the study period from 14% to 17% in the
earliest cohort to 9% to 12% in the most recent era.
Baseline characteristics of study cohorts from the 4
registries are presented in Table 1. Median duration on
PD before transfer to HD was 1.1 years in Europe and
the United States and 1.3 years in Australia/New Zea-
land and Canada. The proportion of patients for whom
the transfer to HD was temporary (and who resumed
PD within 180 days) was 20%, 16%, and 18% in
ANZDATA, CORR, and ERA Registry, respectively,
with a median duration of temporary HD ranging from
49 (26—83) to 59 (35-94) days (Supplementary Table S1).

Mortality Rate After Transfer From PD to HD

In all 4 registries, mortality rates were high after
transfer from PD to HD, peaking during the first 30-day
periods after transfer (Figure la). At their peak, crude
mortality rates reached 48, 68, 32, and 34 deaths per
100 patient-years in ANZDATA, CORR, ERA Registry,
and USRDS, respectively. Between-registry variability
in death rates was observed over the first 30 days
(Figure 1b) with rates converging to a similar level
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thereafter. Proportions of cause-specific deaths varied
over the 30-day periods with an increase in
cardiovascular-related and decrease in infection-related
deaths from the earlier to later periods after transfer to
HD (Supplementary Figure S2A—C).

Era, Age, and PD Duration Subgroups

Crude mortality rates were lower in more recent co-
horts (2010-2014) than earlier cohorts (2000-2004)
throughout all registries. The pattern of highest mor-
tality rates seen over the first 30-day period was,
however, preserved in all eras (Figure 2a-d and
Supplementary Table S2). Age-stratified mortality risk
showed that although older patients were always at
higher risk of death, their higher mortality risk
appeared even more pronounced during the first few
months after transfer to HD (Figure 3a—d), when
compared with younger patients. Also, the youngest
group (<50 years) appeared to have no excess mortality
in the early phase, with a fairly stable crude mortality
risk throughout the post-transfer periods. Similarly,
patients with more than 3 years on PD before transfer
had a higher mortality risk during the first months
(compared with those with shorter PD duration)
though this risk seemed to stabilize to a level close to
patients with shorter PD vintage after 3 to 6 months
post-transfer to HD (Figure 4a—d).

Predictors of Mortality During Early, Medium,
and Late Periods After Transfer to HD

Risk factors for early, medium, and late periods of
mortality after transfer from PD to HD are displayed in
Table 2 and Supplementary Figure S3A-D. Overall,
predictors were consistent across registries, both in
terms of specific risk factors and change by observation
period.

Older age was consistently associated with higher
risk of death, although the strength of the association
was much more pronounced during the early post-
transfer period (<90 days) than the medium and late
periods. Similarly, longer PD vintage (>3 years) before
transfer was associated with higher mortality especially
during the early (<90 days) and medium (90-180 days)
periods after transfer with a lower increase in mortality
risk in the late transfer period (>180 days). In all 4
registries, males had a lower risk of death during the
early post-transfer period (compared with females)
whereas their mortality risk was higher in the late post-
transfer period. Survival curves for the early post-
transfer period are presented in Supplementary
Figure S4A—~C, comparing “50 to 59 years” versus “70
years and over” with fixed values of other covariates
(male, diabetic kidney disease, PD vintage >3 years,
and most recent era).

Kidney International Reports (2022) 7, 1062-1073
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Figure 1. Crude mortality rates after a transfer from PD to HD (a) per 30-day period for 180 days post-transfer and (b) per 5-day period within the
first 30 days post-transfer. HD, hemodialysis; PD, peritoneal dialysis; PY, person year.

Results of the meta-analysis combining the 4 regis-
tries are presented in Figure 5a—d. Although effect sizes
varied across the registries, the meta-analysis showed a
global consistency between the registries. It confirmed
the order of magnitude of association between mortal-
ity risk and risk factors during early, medium, and late
periods after transfer. There was variability in I’
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Figure 2. Crude mortality rates by year of RRT initiation (2000—-2004/2005-2009/2010-2014), by registry (a) ANZDATA, (b) CORR, (c) ERA Registry,
and (d) USRDS. ANZDATA, Australia and New Zealand Dialysis and Transplantation registry; CORR, Canadian Organ Replacement Register;
ERA, Europe Renal Association Registry; PY, person year; RRT, renal replacement therapies; USRDS, United States Renal Dialysis System

databases.
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USRDS. ANZDATA, Australia and New Zealand Dialysis and Transplantation registry; CORR, Canadian Organ Replacement Register; ERA,
Europe Renal Association Registry; HD, hemodialysis; PD, peritoneal dialysis; PY, person year; USRDS, United States Renal Dialysis System

databases.

significant heterogeneity in most subgroups and
periods.

Additional Analysis

Assuming cause of transfer from PD to HD could be a
significant confounder, the main survival analysis was
repeated in ANZDATA registry with inclusion of the
cause of transfer. Overall, the associations between
other baseline characteristics and mortality remained
highly similar (Supplementary Table S3). During the
early period, risk of death was lower for patients
transferred to HD owing to inadequate dialysis (hazard
ratio 0.66, 95% CI 0.50-0.88) and mechanical causes
(hazard ratio 0.37, 95% CI 0.25-0.53) than those
transferred for infection-related reasons. After the first
90 days, having a social cause for transfer to HD was
associated with the highest risk of death, especially
between 90 and 180 days after transfer (hazard ratio
1.78, 95% CI 1.27-2.47, compared with infectious
causes).

DISCUSSION

This study is one of the first robust descriptions of the
mortality risk after transferring from PD to HD, with
similar results found from 4 registries covering 21
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countries. This multicenter, multiregistry study re-
ported consistently higher mortality rates in the first 60
to 90 days after transfer to HD, stabilizing thereafter.
Across the 4 registries, crude mortality rates after
transfer were lower in the more recent era as compared
with earlier eras, younger versus older patients, and in
patients with shorter versus longer PD vintage before
transfer to HD. In addition, adjusted multivariable
models showed similar trends in all 4 registries, with
more pronounced association between risk factors
(older age, PD vintage) and mortality risk during the
early post-transfer period. Differences in sex-related
mortality risk were also consistent across registries
with males experiencing lower mortality risk than fe-
males during the early period and higher risk during
the late periods.

The early period after transition from chronic kid-
ney disease to dialysis has been repeatedly shown to be
associated with higher risk of death than the subse-
quent dialysis periods.Mﬁ26 Various causes may be
involved in this increased risk, including acute events
precipitating chronic kidney disease progression and
cardiovascular stress associated with dialysis (espe-
cially HD),27 or even selection bias, possibly leading to
survival of the fittest. Modifiable risk factors include

Kidney International Reports (2022) 7, 1062-1073
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Figure 4. Crude mortality rates after transfer from PD to HD per 30-day periods stratified by PD vintage before transfer, in (a) ANZDATA, (b)
CORR, (c) ERA Registry, and (d) USRDS. ANZDATA, Australia and New Zealand Dialysis and Transplantation registry; CORR, Canadian Organ
Replacement Register; ERA, Europe Renal Association Registry; HD, hemodialysis; PD, peritoneal dialysis; PY, person year; USRDS, United

States Renal Dialysis System databases.

predialysis referral and education, timely vascular ac-
cess planning, and timely initiation of dialysis (avoid-
ing “crash” start).”® ’' Although little data can be
found on transitioning between dialysis modalities, this
research group postulated that similar phenomena may
also exist at time of modality transfer."’ Recently, a
study from the ANZDATA observed heightened mor-
tality risk after transfer from home HD to in-center
HD.” In consequence, the increased mortality risk
seen during the first 30-day period after transfer from
PD to HD is perhaps not surprising.

Although our observations may not be a revelation
for clinicians, these novel, current data have not been
reported before. This is mostly owing to the technical
analytical approaches of most registries to define
technique failure by commonly requiring up to 30 and
even 90 days of any new modality.'® In these cases, any
event (including death) occurring during that time
interval is typically attributed to the previous modality
(here, PD) which may artificially minimize the very
early mortality risk associated with any modality
transfer.

In this multiregistry study, a higher mortality risk
during the first month as compared with base rate was
consistently observed in all 4 registries and in all eras.

Kidney International Reports (2022) 7, 1062-1073

There was, however, a variation in the magnitude of
this increased risk with ANZDATA and CORR dis-
playing very high crude mortality rates during the first
30 days and the ERA Registry and USRDS more mod-
erate increases. Interestingly, all 4 registries had almost
identical risks of death during the second month after
transfer.

The nature of the study makes it difficult to identify
specific reasons behind this early rate divergence,
though several hypotheses can be postulated, including
differences in data capture. For patients with a very
short time on HD, this may not always be systemati-
cally documented in all jurisdictions, especially when
hospitalization or HD occurs outside their usual dial-
ysis care system. Alternatively, practice patterns may
differ internationally. More specifically, some might
have a policy of transferring patients who are not doing
well on PD, to HD, though not necessarily for PD-
related reasons, rather than advising withdrawal from
dialysis. These 2 hypotheses are partially reflected by
Figure 1b where 5-day crude death rates increase
slowly in the ERA Registry and USRDS and more
steeply over 10 to 15 days in ANZDATA and CORR.
Differences in dialysis withdrawal practices overall
(during PD and early after transfer to HD) may also
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Table 2. Adjusted hazard ratios and their 95% Cls for mortality after transfer from peritoneal dialysis to hemodialysis during early, medium, and late periods and in 4 international registries
ANZDATA CORR ERA Registry USRDS
Early Medium Late Early Medium Late Early Medium Late Early Medium Late

Characteristics <90 d 91-180 d >180d <90d 91-180 d >180 d <90d 91-180 d >180 d <90 d 91-180 d >180d
Age, ref. <560 yr

50-59 2,05 (143-2.93) 1.18(0.76-1.81) 156 (1.17-1.79) 1.49 (1.03-2.15)  1.50 (0.91-2.48) 137 (1.16-1.62) 1.99 (1.61-2.48) 162 (123-212) 163 (1.49-1.78) 1.85 (1.69-2.03) 1.68 (1.51-1.87) 1.69 (1.65-1.75)

60-69 295 (2.11-410) 173 (1.17-2.54) 199 (1.75-2.24) 271 (1.97-3.73) 2.20 (1.39-348) 1.85 (1.59-2.14) 3.62 (2.99-4.39) 2.96 (2.34-3.75) 226 (2.08-2.44) 3.00 (2.75-3.27) 2.53 (2.28-279) 2.43 (2.36-2.51)

=70 4.94 (358-6.80) 2.55 (1.74-3.71) 293 (2.59-3.32) 4.26 (3.13-5.80) 3.23 (2.08-5.03) 269 (2.33-3.11) 5.25 (4.35-6.33) 4.25 (3.37-5.35) 3.19 (2.95-3.44) 5.36 (4.94-5.82) 4.15 (3.76-457) 3.86 (3.74-3.98)
Sex, ref. female

Male 0.79 (0.66-0.95) 0.76 (0.68-0.97) 1.05 (0.97-1.14) 0.95 (0.80-1.14) 1.03 (0.78-1.35) 1.17 (1.07-1.28) 0.81 (0.73-0.90) 1.06 (0.91-1.22) 1.17 (1.12-1.23) 0.94 (0.90-0.99) 1.01 (0.95-1.07) 1.08 (2.06-1.10)
Primary kidney disease,

ref. diabetes

N 0.66 (0.51-0.85) 0.49 (0.34-0.70) 058 (0.562-0.64) 0.56 (0.42-0.75) 0.55 (0.36-0.85) 054 (0.47-0.62) 0.48 (0.40-0.59) 0.4 (0.34-0.57) 050 (0.46-0.54) 0.72 (0.65-0.78) 0.67 (0.60-0.75) 057 (0.55-0.59)

HTN 0.97 (0.76-1.25) 0.88 (0.62-1.25) 0.76 (0.67-0.85) 0.82 (0.66-1.03) 0.76 (0.52-0.92) 0.72 (0.64-0.82) 0.90 (0.77-1.05) 0.65 (0.53-0.80) 0.67 (0.62-0.72) 0.86 (0.81-0.92) 0.79 (0.73-0.85) 0.74 (0.72-0.76)

Other 0.89 (0.71-1.11) 055 (0.39-0.77) 0.64 (0.68-0.71) 0.76 (0.60-0.95) 0.77 (0.54-1.10)  0.66 (0.568-0.74) 0.73 (0.65-0.83) 0.65 (0.53-0.77) 0.60 (0.56-0.63) 0.91 (0.85-0.99) 0.84 (0.76-0.92)  0.66 (0.64-0.69)
Yr, ref. 2000-2004

2005-2009 091 (0.76-1.11)  0.85 (0.656-1.10) 0.81 (0.74-0.88) 0.83 (0.69-1.00) ~0.70 (0.52-0.92) 0.9 (0.90-1.09) 0.76 (0.67-0.85) 0.71 (0.61-0.83) 0.76 (0.72-0.80) ~ 0.84 (0.79-0.90) 0.8 (0.82-0.95) 0.88 (0.86-0.91)

2010-2014 0.68 (0.52-0.87)  0.48 (0.33-0.70) 0.79 (0.69-0.90) 0.79 (0.61-1.01) 0.66 (0.44-1.01) 0.81 (0.65-0.99) 0.61 (0.53-0.70) 0.59 (0.49-0.71)  0.75 (0.69-0.80) 0.77 (0.73-0.82) 0.79 (0.73-0.85)  0.94 (0.91-0.96)
PD duration ref. <6 mo

6 mo-3 yr 1.26 (0.99-1.58) 1.2 (0.88-1.65) 1.16 (1.06-1.27) 1.31 (1.04-1.64) 1.45 (1.02-2.07) 1.07 (0.97-1.19) 1.18 (1.04-1.34) 1.11 (0.94-1.31) 1.03 (0.98-1.09) 1.35 (1.27-1.43) 1.25 (1.16-1.34) 1.10 (1.08-1.13)

=3 yr 2.20 (1.70-2.85) 1.67 (1.08-2.28) 1.34 (1.19-1.62) 2.00 (1.63-2.569) 2.12 (1.40-3.21) 1.31 (1.13-1.62) 2.04 (1.76-2.35) 1.61 (1.32-1.96) 1.21 (1.12-1.30) 2.14 (1.98-2.30) 1.87 (1.70-2.05) 1.35 (1.31-1.40)

ANZDATA, Australia and New Zealand Dialysis and Transplantation registry; CORR, Canadian Organ Replacement Register; d, day; ERA, Europe Renal Association Registry; GN, glomerulonephritis; HD, hemodialysis; HTN, hypertensive nephro-
sclerosis; PD, peritoneal dialysis; ref, reference category; ref., reference; USRDS, United States Renal Dialysis System.
Adjusted for age, sex, primary kidney disease, year of kidney replacement therapy initiation, and PD duration before transfer to HD.

aH 01 d Wod Jgjsuel] 1ayy AljerLIop e 18 alspal4-nesapeN J-Y



A-C Nadeau-Fredette et al.: Mortality After Transfer From PD to HD

a Age <90 days after transfer
Study Hazard Ratio HR 95%-Cl
Category = 50-59
ANZDATA — 205 [1.44-291)
CORR — 149 [1.04-2.14)
ERA —— 1.99 [1.61-2.46)
USRDS - 185 1.69-2.02)
Overall Hazard ratio -> 1.86 [1.72-2.01]
Heterogenetty: I = 0%, p = 0.54
Category = 60-69
ANZDATA —_— 295 [2.13-4.08]
CORR —_— 2mnm [1.98-3.71]
ERA —— 362 [3.00-4.37]
USRDS - 3.00 [276-3.27)
Overall Hazard ratio -> 310 [2.79-3.44]
Heterogenetty: I” = 23%, p = 0.27
Category =>=70
ANZDATA —#— 494 [361-676]
CORR — 426 [3.15-5.76]
ERA —%— 525  (437-631)
USRDS - 5.36 [4.95-581]
Overall Hazard ratio - 5.26 [4.90-5.64)
Heterogenetty: I* = 0%, p = 0.53
| N |
05 1 2 r 3
b sex <90 days after transfer
Study Hazard Ratio HR 95%-C1  Weight
ANZDATA —i 079 [0.66-094] 17.7%
CORR 095 [0.80-1.13] 18.2%
ERA km =d 081 [0.73-0.90] 28.0%
USRDS k1 0.94 [0.90-0.99] 36.1%
O ratio - 0.88 [0.79-0.97] 100.0%
Heterogenety: I* = 69%, p =002 T 1
05 s 1 15

C Cohort years

<90 days after transfer

Study Hazard Ratio HR  95%CI
Category = 2005-2009
ANZDATA —_— 091 [0.75-1.10)
CORR —— 083 0.69-1.00]
ERA — 0.76 (0.68-0.85]
USRDS - 084 0.79-0.90)
Overall Hazard rato - 083 [0.78-0.87)
Heterogenety: I* = 6%, p = 0.3
Category = 2010-2014
ANZDATA —_— 068 [0.53-0.88]
CORR —_— 079 [0.62-1.01]
ERA — 061 [0.53-0.70]
USRDS - 077 [0.73-0.82)
Overall Hazard rato ———— 0.71 [0.62-0.82]
Heterogenety: /* = 71%, p = 0.02

05 075 1 15

d PD duration

<90 days after transfer

Study Hazard Ratio
Category = 6 months to 3 year
ANZDATA

CORR

ERA

USRDS

Overall Hazard ratio
Heterogenety: /" = 2%, p = 028

I
—_—
e
-
-

Category = 3 years and over
ANZDATA

CORR

ERA

USRDS

Overall Hazard ratio
Heterogenety: I* = 0%, p = 0.89

— s

—
——
-
->

—
05 1 2

3

HR  95%Cl

126 [1.00-158]
131 [1.05-1.64)
118 [1.04-1.34)
135 [127-143)
130 [1.21-1.39)

220 [171-283]
200 [155-259)
204 [177-235]
214 [199-230)
242 [1.99-225)

90-180 days after transfer

Study

Category = 50-59

ANZDATA

CORR

ERA

USRDS

Overall Hazard ratio
Heterogenetty: I = 0%, p = 0.45

Category = 60-69

ANZDATA

CORR

ERA

USRDS

Overall Hazard ratio
Heterogenetty: I = 50%, p = 0.11

Category =>=70

Hazard Ratio

|
I
—-
-
>
—
R
—
-
—_—

HR  95%.Cl

1.18 0.77-1.81)
150 [0.92-2.45]
162 [1.24-2.11)
168 [1.51-1.86)
1.64 [1.49-1.80)

173 [1.18-25)
220 [1.40-3.45]
296 [235-3.74]
252 [229-279]
245 [2.05-2.92]

ANZDATA 255 [1.76-3.70]
CORR 323 [2.10-4.98]
ERA - 425 (3.39-5.32)
USRDS - 414 [3.77-4.56]
Overall Hazard ratio —— 3.71 [3.06-4.50]
I=59%, p=008
T T )
05 1 2 7
90-180 days after transfer
Study Hazard Ratio HR 95%-C1  Weight
ANZDATA ] 0.76 [0.59-0.98] 125%
CORR H 1.03 [0.79-1.35) 11.3%
ERA 105 [0.92-122) 27.3%
USRDS - 1.01 [0.95-1.07) 48.9%

Overall Hazard ratio
Heterogenety: /* = 43%, p = 0.16
05

90-180 days after transfer

Study

Category = 2005-2009
ANZDATA

CORR

ERA

USRDS

Overall Hazard ratio
Heterogenety: I° = 61%, p = 0.05

Category = 2010-2014

Hazard Ratio

—
—
—.—
-
s

_—

E——

s
-
————
T

099 [0.89-1.09] 100.0%

HR  95%CI

0.85 [0.66-1.10)
0.70 [0.53-0.93)
0.71 [0.61-0.83)
0.88 [0.82-0.95)
0.79 [0.69-0.91)

ANZDATA 0.48 [0.33-0.69]

CORR 066 [0.44-0.99)

ERA 059 [0.49-0.71]

USRDS 0.79 [0.73-0.85)

Overall Hazard ratio 0.64 [0.51-0.81]

F=79%,p <001
r )
03 075 1 15
90-180 days after transfer
Study Hazard Ratio HR 95%-C1
Category = 6 months to 3 year
ANZDATA e 1.20 [0.88-163]
CORR —— 145 [1.03-2.05)
ERA T 1.11 [0.95-1.30)
USRDS - 125 [1.16-134)
Overall Hazard ratio -> 1.23 [1.16-1.31)
Heterogenety: /" = 0%, p = 0.45
Category = 3 years and over
ANZDATA —_— 157 [1.09-2.26]
CORR —_— 212 [1413.18]
ERA — 161 [1.32-195]
USRDS - 187 [1.70-2.05)
Overall Hazard ratio - 1.81 [1.66-1.97]
Heterogenety: I = 3%, p = 0.38
—t
0s 1 2 3
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>180 days after transfer

Study Hazard Ratio HR 95%-Cl

Category = 50-59

ANZDATA —- 156 [1.37-1.78)

CORR - 1.37 [1.16-1.61)

ERA - 163 [1.49-177]

USRDS 1.69 [1.64-175)

Overall Hazard ratio > 1.60 [1.49-1.72)

Heterogenetty. I = 61%, p = 0.05

Category = 60-69

ANZDATA - 1.99 [1.76-2.25]

CORR —- 1.85 [1.60-2.14)

ERA - 225 [209-244)

USRDS 43 [236251)

Overall Hazard ratio - 215 [1.92-241)

Heterogeneity: I = 87%, p < 0.01

Category =>=70

ANZDATA - 293 [259-3.31)

CORR - 269 [234-3.10)

ERA - 319 [296-3.44)

USRDS 386 [3.74-398)

Overall Hazard ratio - 3.16 [2.67-3.75)

F=95%, p <001
" . )
05 1 2 7
>180 days after transfer
Study Hazard Ratio HR 95%-C1  Weight
ANZDATA 105 [0.97-1.14] 20.4%
CORR ——— 147 [107-128] 18.6%
ERA - 117 [1.12-1.23] 27.6%
USRDS 1.08 [1.06-1.10] 33.4%
Overall Hazard ratio - 1.11 [1.05-1.18] 100.0%
Heterogeneity: /" = 78%, p < 0.01
0. 075 1 15

>180 days after transfer

Study Hazard Ratio HR  95%.Cl
Category = 2005-2009
ANZDATA — 0.81 [0.74-0.88)
CORR —— 0.99 [0.90-1.09]
ERA - 0.76 [0.72-0.80)
USRDS ® 0.88 [0.86-0.90)
Overall Hazard ratio - 0.85 [0.78-0.94]
Heterogenety: /° = 92%, p < 0.01
Category = 2010-2014
ANZDATA —— 0.79 [0.69-0.90]
CORR — 0.81 [0.66-1.00]
ERA - 0.74 [0.69-0.80]
USRDS = 0.94 [0.91-0.96]
Overall Hazard ratio ———— 0.82 [0.71-0.95]
I =92%,p <0.01
r T d
05 075 1 15
>180 days after transfer
Study Hazard Ratio HR  95%C1
Category = 6 months to 3 year
ANZDATA —-— 116 [1.06-1.27)
CORR e 107 [097-1.18)
ERA fe- 1.03 (0.98-1.09]
USRDS 110 [1.08-1.13)
Overall Hazard ratio > 1.09 [1.04-1.14)
Heterogenetty: I* = 59%, p = 0.06
Category = 3 years and over
ANZDATA —.— 134 [1.19-151]
CORR —— 131 [1.13-151]
ERA - 121 [1.12-1.29]
USRDS o 135 [1.31-1.40]
Overall Hazard ratio - 130 [1.224.39)
Heterogenety: I = 64%, p = 0.04
0s 1 2

Figure 5. Meta-analysis with adjusted hazard ratios for mortality by (a) age groups, (b) male sex, (c) cohort years, and (d) peritoneal dialysis
vintage during early (<90 days), medium (90-180 days), and late (>180 days) periods post-transfer from PD to HD. Reference groups: age <50
years, female, years 2000 to 2004, PD vintage <6 months. Adjusted for age, sex, primary kidney disease, year of kidney replacement therapy
initiation, and duration of PD before transfer to HD. HD, hemodialysis; HR, hazard ratio; PD, peritoneal dialysis.

exist between regions and could have contributed to
this different pattern. For instances, dialysis with-
drawal was identified as the cause of death in 34% of
dialysis patient in Australia in 2019 whereas <15%
were classified as such in United States. Caution should
however be used when comparing these proportions as
classification practices may differ internationally and
the proportion of missing/unknown cause of death was
much higher in USRDS than ANZDATA. Other reasons
potentially involved in this early crude rate-disparity

Kidney International Reports (2022) 7, 1062-1073

include differences in characteristics of patients trans-
ferred from PD to HD, with slightly shorter PD vin-
tages in United States and Europe, for instance. These
measured and unmeasured differences in patients’
characteristics may also translate into variation in the
total risk and causes of transfer to HD.

A previous study from the ANZDATA registry
showed that reasons for transfer from PD to HD
modulated the risk of early mortality after transfer.’
The authors found that patients transferred owing to

3
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infections and social reasons had a higher crude rate of
death and higher adjusted risk of death during the first
2 years after transfer to HD than those transferred
owing to inadequate dialysis and mechanical issues.’’
Differences in outcome may also reflect whether the
transfer was anticipated and planned for, with, for
instance, pre-emptive arteriovenous fistula creation.
The potential different outcomes associated with
planned modality transfer are important when
considering any PD-first, integrated dialysis’* (or home
dialysis)”” *” approaches, acknowledging that this first
modality may well be temporary.

Causes of death also varied in proportion during 30-
day periods after transfer to HD with a pattern where
infections were more frequently involved during the
early days after transfer whereas cardiovascular-related
deaths increased in proportion during later periods
after transfer. It remains difficult to perform any
between-registry comparison because certainty of
reason for transfer varied greatly with a much higher
proportion of “unknown” causes in Canadian and Eu-
ropean data than in Australian/New Zealand data.

The unexpected association between lower mortality
risk in males than females early after transfer to HD and
higher risk during the later period after transfer was
consistent in the 4 registries. Sex is not a traditional
mortality risk factor in patients with kidney failure, in
contrast with the general population.”® *’ The pattern
and underlying causes of sex-differences in mortality
risk found here are likely complex, raising the possi-
bility that the overall lack of sex effect is simply an
average of different situations where risk is higher and
others where it is lower.

In this study, the risk of early mortality was worse
for patients who had a longer PD vintage before they
transferred to HD. Numerous studies have demon-
strated that duration of dialysis is a predictor of mor-
tality, and this study is no exception. It may also reflect
differences in the cause of transfer to HD, as this varies
with duration of PD,12’41’42 but our subanalysis of
ANZDATA including the cause of transfer to HD did
not mitigate the higher mortality risk association with
longer dialysis vintage. It should, however, be noted
that crude mortality rates were higher during the first
few months after transfer, even in subgroups of pa-
tients with less than 6 months of PD vintage, high-
lighting the fact that modality transfer can be
hazardous at any time.

This study also found lower risks of death in pa-
tients transferred to HD during the most recent versus
earlier years. This association was found in all 4 reg-
istries and is consistent with the global improvement of
survival of people with kidney failure.”**’ It could also
be postulated that a component of this lower post-
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transfer mortality is related to changes in practice,
which might include more “pre-emptive” or planned
transfers to HD, improvement of transitioning pro-
grams, or a decrease in futile transfers. Despite this era
effect, the pattern of peaking mortality risk during the
first 60 days after transfer to HD remains present in the
most recent cohorts.

Ultimately, in some cases, early mortality after
modality transfer could be directly related to an acute
health issue that would have been fatal irrespective of
the dialysis modality transfer. It remains difficult to
identify what proportion of very early deaths falls
into this category. However, this also brings up the
question about the potential futility of dialysis mo-
dality transfer in extremely unstable patients who
would potentially be a candidate for dialysis with-
drawal.”*” Results of the present study may help
clinicians identify patients who are most likely to die
after transfer to HD and prevent potentially futile
interventions.

This study has several strengths. It is the first study
to report outcomes of one of the most common modality
transfers, without the bias of the traditional 30 to 90
days where outcomes are often attributed to the initial
modality. It includes data from 4 well-known multi-
national registries, used consistent definitions and sta-
tistical analyses, and consistently found
patterns in all registries.

These strengths are balanced against some limita-
tions. The most important is related to the multiregistry
nature of the study, limited by using only covariates
that were available in all registries, and preventing
adjustment for most comorbidities and other poten-
tially important factors with risk of residual con-
founding. In addition, although wusing consistent
outcomes definitions, there may be persistent differ-
ences between registries in data capture and how
variables are defined. For example, modality transfer in
the context of prolonged hospitalization might be
missing in registries and could lead to underestimation
of transitions rates and outcomes. Ultimately, this
study cannot make any causal inference between the
transfer to HD and increased mortality risk.

In conclusion, this study showed that the early
period after transfer from PD to HD was associated with
an increased mortality risk as compared with baseline
risk, which was a consistent finding across multina-
tional registries. This highlights the need to increase
the awareness of potential hazards of such transfers and
to potentially consider the eventual futility of transfer
for non—PD-related reasons. Most importantly, it calls
for efforts to improve transitioning care pathways to
hopefully improve patient outcomes and reduce
suffering.

similar
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SUPPLEMENTARY MATERIAL

Supplementary File (PDF).

Annex 1. Cause-specific death categories.

Figure S1. Crude rates of transfer to HD (=1 day) and
mortality in all incident PD patients in each registry per
100 patient-years, by cohort year of kidney replacement
therapy initiation.

Figure S2. Cause of death after transfer from PD to HD, by
30-day period in (A) ANZDATA, (B) CORR, and (C) ERA
Registry. Data unavailable in USRDS cohort.

Figure S3. Forest plots of the adjusted hazard ratios for
mortality after transfer from PD to HD, stratified by early
(<90 d), medium (90-180 d), and late (>180 d) period in
(A) ANZDATA, (B) CORR, (C) ERA Registry, and (D)
USRDS. Adjusted for age, sex, primary kidney disease,
year of kidney replacement therapy initiation, and PD
duration before transfer to HD.

Figure S4. Adjusted survival curves for the initial 90 days
after transfer from PD to HD in (A) ANZDATA, (B) CORR,
and (C) ERA Registry. Data adjusted for male sex,
diabetic nephropathy, PD vintage > 3 years, era 2010-
2014, and age as displayed (=70 years versus 50-59 years).
Table S1. Baseline characteristics of incident PD patients
transferred to HD who did or did not resume PD within
180 days of transfer to HD.

Table S2. Crude mortality rates per 100 patient-years.
Table S3. Adjusted hazard ratios for mortality, and their
95% confidence intervals in ANZDATA during early,
medium, and late periods, with adjustment for cause of
transfer, age, sex, primary kidney disease, year of kidney
replacement therapy initiation, and PD duration before
transfer to HD.; mortality rates per 100 patient-years.
STROBE Checklist.
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