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Abstract

Background In-center hemodialysis (IHD) is the most common dialysis modality. Assisted peritoneal dialysis
(assPD) is an option for frail and/or incapacitated patients. Both modalities can be used to alleviate uremic symp-
toms towards the end of life. There are few studies comparing these modalities. The primary aim is to compare
hospital admissions between assPD and IHD. The secondary aim is to compare continuation of the dialysis modality
and patient survival.

Methods Patients > 65 years, registered in the Swedish Renal Registry (SRR) and starting dialysis 2010-2017 were eli-
gible for inclusion. Patients starting on assPD were matched with patients starting on IHD according to sex, Charlson
Index, age and date for start of dialysis. Data were collected from SRR and other registries.

Results During the first year, patients on assPD and IHD had in median one (IQR 0-5.0; 0-4.0) hospitalization
(p=0.412). There was no significant difference after two years, in the annual number of days admitted to hospi-

tal, in hospitalizations with cardiovascular or infectious disease diagnoses or continuation of the dialysis modality,
respectively. However, patients on assPD had a worse median survival (1.1 years IQR 0.6-2.1; IHD 3.1 years IQR 0.2-5.8;
p<0.001).

Conclusion In this study patients starting assPD, often as a palliative treatment, showed no difference compared
to IHD concerning the number of hospitalizations, number of days in hospital/year or continuation of the dialysis
modality. Patients on assPD had a worse survival, which is likely due to residual confounding. Without that, patients
on assPD would probably have lower number of hospitalizations. Despite limitations due to the retrospective obser-
vational design of the study, the results indicate that assPD is a feasible alternative to IHD when self-care dialysis

is not possible and/or IHD too arduous.
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Background

The number of patients with kidney replacement
therapy (KRT) is increasing worldwide (https://
usrds-adr.niddk.nih.gov/2022). In most European
countries the incidence of KRT is highest in individu-
als aged>75 years (https://usrds-adr.niddk.nih.gov/
2022) [1]. Even though the proportion of patients
with a kidney transplant is increasing in many coun-
tries, most elderly patients are treated with hemodi-
alysis (HD) (https://usrds-adr.niddk.nih.gov/2022) [2].
For the elderly or frail person, hemodialysis has some
disadvantages, exhausting transfers several times per
week to the dialysis unit, and postdialysis fatigue. Pre-
vious studies have shown an increased risk of demen-
tia [3] and hemorrhagic stroke [4] in patients on HD
compared with peritoneal dialysis (PD). Furthermore,
self-care PD is suitable for many patients but not for
all. Assisted PD (assPD) is a way of enabling PD for
frail or older patients with a high burden of comorbid-
ity, who cannot perform PD independently. However,
assPD is still not available in all countries and Neph-
rology units [5]. In Sweden assPD has been available
since the 1990ies [6], yet to date only 4% of all patients
on dialysis in Sweden are treated with assPD and the
modality is still not available in all regions [2]. The main
provider responsible for the staff costs for assistance
during PD varies in the Swedish health care regions, in
some regional health care is responsible while in others
municipal elderly care provides this service. Patients
in all regions are followed by nephrologists who are
responsible for dialysis prescription and medications.

There are few earlier studies comparing assPD and
in-center hemodialysis (IHD), the dialysis modalities
suitable for frail, incapacitated and/or elderly patients.
Oliver et al. showed that patients on assPD or IHD had
the same frequency of hospitalizations [7]. Iasere et al.
showed a similar quality of life and physical function for
patients on assPD and IHD, but a higher satisfaction with
the dialysis modality for patients with assPD [8, 9]. There
are some studies comparing assPD and self-care PD, but
for the oldest, frailest and/or incapacitated patients with
multiple comorbidities self-care PD is not a clinically rel-
evant option [10-13].

The total Swedish population of patients on assPD are
included in the Swedish Renal Registry (SRR), a high-
quality national registry with all Swedish Nephrology
units connected to the registry [2]. Patients at all stages of
CKD and all kidney replacement therapies are included.
The coverage is almost 100% for patients on maintenance
dialysis [14] and about 93-98% of the patients on dialysis
are included in the yearly cross-sectional dialysis surveys
with granular data on dialysis modality, prescriptions and
laboratory parameters [2].
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Sweden has a high proportion of patients on PD
compared to many other countries, 20-25% (https://
usrds-adr.niddk.nih.gov/2022), (https://www.medsc
inet.net/snr/). In Sweden assPD is usually prescribed
as an active, palliative treatment for a selected group
of patients, for whom in-center hemodialysis (IHD)
could be a possibility, but is not deemed the prefer-
able choice, or for whom comprehensive conservative
treatment might be an alternative option. Under these
circumstances it is of interest to investigate how often
these patients are hospitalized and how often the dialy-
sis modality is discontinued.

The primary aim of the present study is to compare
the utilization of inpatient care, i.e. hospital admissions
and days in hospital, for patients with assPD or IHD as
initial KRT. The secondary aim is to compare continu-
ation of dialysis modality and patient survival between
assPD and IHD.

Methods

Inclusion criteria and definitions of groups

All patients, 65 years or older, registered in the SRR
and starting dialysis between 2010 and 2017 were eli-
gible for inclusion if they fulfilled the inclusion crite-
ria of assPD as initial KRT. In the SRR, the exact dates
of start of KRT and switches between IHD, HHD, PD
and kidney transplantation are registered. In addition,
there is a yearly cross-sectional survey of all patients on
dialysis (CSS) in Sweden. The distinction between self-
administered and assPD can only be found in the CSS.
The exact starting dates of assPD were accessed from
patients’ files. There is no information in the SRR on
whom provides assistance, it could be either health care
staff or relatives.

To be eligible for the present study a patient should
have started PD or IHD as their first dialysis modality,
which should have been registered in the first CSS as
either assPD or IHD. Among patients registered as hav-
ing assPD in the first CSS, those with IHD or self-care
PD for more than 1 month before start of assPD were
excluded. Among patients registered as having IHD,
those with PD before start of IHD were not eligible for
matching. A recovered kidney function, start of home
hemodialysis, a kidney transplantation or a registration
on the kidney transplant waiting list before or after start
of dialysis were exclusion criteria for both groups, as all
these events would most likely be more common among
patients on IHD. Patients on IHD should have been regis-
tered in the SRR’s section for chronic kidney disease not
on KRT (SRR-CKD)>1 month before start of dialysis,
thus excluding patients starting on IHD because of acute
kidney failure.
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Matching

Patients on assPD were matched 1:1 with patients
on IHD according to sex, exact Charlson Comorbid-
ity Index, age (4+/—3 years) and date for start of KRT
(+/—3 years). Matching was performed in loops with
the best possible matching patients on IHD for each
patient on assPD until there was no available matches
for all patients on ass PD. Charlson Comorbidity Index
[15] was defined without age and by using all discharge
diagnoses in the Swedish Inpatient Registry until the
start date of KRT as previously described [16]. Kidney
failure was not included in the index as previously sug-
gested for populations on maintenance dialysis [17].
Matching was performed at day 0 of RRT.

Collection of data

Dates of start and changes in KRT, dates of birth and
kidney diagnosis were collected from the SRR. Labo-
ratory values and dialysis prescriptions were collected
from the first CSS in the SRR. Discharge diagnoses and
dates of hospital admissions were collected from the
Swedish Inpatient Registry, dates of death from the
Swedish Mortality Database and information about
registrations on waiting-lists for transplantation were
collected from Scandiatransplant. Data from the SRR
and patients’ files were individually linked to the other
registries based on personal identification numbers and
were then anonymized.

Ethical approval
The study was approved by the Swedish Ethical Review
Authority (2017/760 and 2019-02810).

Follow up

As discrimination between self-administered and
assPD is not registered at start, but only in the yearly
CSS in the SRR, patients starting on assPD who had
changed dialysis modality or died before the first CSS
could not be identified in the registry. Therefore, only
patients on assPD or IHD who had survived until their
first CSS were included in the study. Day 0 in the study
was defined as the day of the first CSS. All patients were
followed until death or September 1st 2019. Results are
given for one year and two years, respectively, of follow
up after the first CSS.

Comparison of hospital admissions

Time to first all-cause admission after the first CSS was
compared as well as annual all-cause hospital admis-
sion rates and annual days admitted during one and
two years after the first CSS. Time to first all-cause
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admission was performed as an intention-to-treat anal-
ysis, not considering changes to other modalities, cen-
soring was performed only at the dates of death in this
analysis. The admission rates and annual days admitted
were calculated as the number of admissions during
the exact days of follow up for each patient, maximally
one or two years. The only reason for shorter follow up
was death as the analysis was performed as intention-
to-treat. Acute and elective admissions were included
in the analysis. There is no separation between these
causes in the Swedish Inpatient Registry.

Separate comparisons were performed for annual
hospital admission rates and number of days admitted
with cardiovascular- or acute infectious disease diagno-
ses. Diagnoses used for defining an admission as due to
cardiovascular or infectious disease according to ICD 9
and 10, have been described previously [16].

Patient survival and continuation of the dialysis modality
Survival was calculated from the date of the first CSS.
The survival analysis was performed as an intention-
to-treat analysis (ITT), patients were considered at risk
also after switching to other modalities of KRT. Con-
tinuation of dialysis modality was compared between
assPD and IHD and defined as a switch to another dial-
ysis modality after the first CCS. In this analysis, cen-
soring was performed at death and the end of the study.
There is no registration of discontinuation of any form
of dialysis and end-of-life care in the SRR.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Version 23. The follow up started at the first CSS, less
than 1 year after start of RRT. Wilcoxon signed rank
test was used for comparisons of frequency of hospital
admissions and annual days admitted. Poisson regres-
sion was used for comparisons of all-cause annual days
admitted with adjustment for kidney diagnosis and days
admitted to hospital during the last year before start
of dialysis. Kaplan—Meier estimate and Breslow test
were used for comparisons of time to change of dialy-
sis modality, time to first hospital admission and death.
Cox regression was used in comparisons of patient sur-
vival with adjustment for factors that was not used in
the matching, days admitted to hospital one year before
start and kidney diagnoses. A supplementary analy-
sis was performed for patient survival with additional
adjustment for additional factors; laboratory values at
the first CSS and vintage at start. Results are given as
medians and interquartile ranges (IQR). P-value <0.05
was considered as statistically significant.
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Results

Patient characteristics and laboratory values

Among patients starting dialysis 2010-2017, 207 patients
had assPD at their first cross-sectional survey. Of these,
118 patients fulfilled all study criteria and could be
matched with 118 patients with IHD (Suppl Fig. 1). The
median age was 79 years in both groups and 64% were
male. Only 8% in both groups had a Charlson Comorbid-
ity Index of 0, while the proportions of patients with an
index of 1, 2 or 3 were 30%, 31% and 31%, respectively.
For most separate diagnoses included in the comorbid-
ity index there were only small differences between the
groups but cerebrovascular disease was more common
among patients on assPD and congestive heart failure was
more common among patients on IHD (Suppl Table 1).
The cohorts were not matched with respect to kidney
disease but the most common kidney diagnosis in both
groups was diabetic nephropathy, followed by hyperten-
sion. Patients starting assPD had more days in hospi-
tal during the last year before start of dialysis compared
with patients starting IHD, in median 27 days compared
with 16. The median dialysis vintage at the first CSS was
equal between the groups, 0.5 years (Table 1). Patients on
ass PD had lower median plasma albumin (28 g/L) and
higher CRP (22 mg/L) compared with patients on IHD

Table 1 Characteristics at start of dialysis for patients with assPD
or IHD as initial KRT

AssPD IHD
Total number (n) 118 118
Age at start median (IQR) years 79 (74-82) 79 (74-83)
Sex male percent (n) 64% (76) 64% (76)
Charlson comorbidity index at start percent (n)
0 8% (10) 8% (10)
1 30% (35) 30% (35)
2 31% (36) 31% (36)
3 31% (37) 31% (37)
Kidney diagnosis percent (n)
APCKD 4% (5) 5% (6)
Diabetic nephropathy 31% (38) 31% (36)
Hypertension 29% (36) 26% (31)
Renovascular disease 0% (0) 1% (1)
Glomerulonephritis 2% (3) 6%( 7)
Pyelonephritis 4% (5) 3% (4)
Other 12% (16) 17% (20)
Unknown 12% (15) 11% (13)
Vintage at CSS median years 0.5(0.2-0.7) 0.5(0.2-0.8)
Days admitted one year before start median 27 (10-46) 16 (7-42)

(IQR) n

AssPD Assisted peritoneal dialysis, IHD in-center hemodialysis, KRT Kidney
replacement therapy, QR Interquartile range, APCKD Adult polycystic kidney
disease, CSS Cross sectional survey
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Table 2 Laboratory values at first CSS for patients with assPD or
IHD as initial KRT

AssPD IHD
Total number (n) 118 118
Albumin g/L median (IQR:n) 28 (25-32;117) 33 (31-36;98)
CRP mg/L median (IQR:n) 22 (6-61; 106) 8 (5-27;93)
Phosphate mmol/L median 140.1-17;111) 14(1.2-1.8;93)
(IQR:n)

Hemoglobin g/L median (IQR:n) 116 (107-127;113) 112 (102-123; 93)

CSS Cross sectional survey, AssPD Assisted peritoneal dialysis, IHD In-center
hemodialysis, KRT Kidney replacement therapy, /QR Interquartile range, CRP
C-reactive protein

(33 g/L; 8 mg/L; Table 2). There were missing data for
total Kt/V urea for patients on assPD but not for other
variables.

Dialysis prescriptions and doses
Most patients with assPD, 89% (105), were treated with
CAPD at the first CSS. Patients on CAPD had in median
4 (IQR 3-4) changes per day with a median total volume
of 8 (IQR 6-8) liters at their first CSS. Only 3 patients
had less than 3 daily changes. For patients on APD the
median daily volume was 11.0 (IQR 10.0-13.5) liters.
Total kt/V urea is not a mandatory variable in the regis-
try and the completeness is low for all patients on PD [2].
Only 50 patients in the study cohort had a registered total
Kt/V urea at their first CSS. Among these 39 (78%) had a
total weekly Kt/V urea>1.7. Three patients were anuric.
No patient on IHD had HDF. Most patients had an AV-
fistula 47% (55), followed by a tunneled central dialysis
catheter 42% (49). The majority was prescribed 3 dialysis
sessions weekly, 71% (84), and 25% (30) had incremental
dialysis, twice weekly. Only 4 patients had a higher dialy-
sis frequency. The tot SAN Kt/V was>2.1 for 57% (67) of
the patients on IHD.

Changes and continuation of the dialysis modalities
Among patients with assPD, 5 had a short period, less
than 1 month (according to the inclusion criteria) on
IHD before start of assPD. After a period on assPD, 11
changed to IHD, in median 1.2 years (IQR 0.5-1.8) after
their first cross-sectional survey and 1.7 years (IQR 1.0-
2.1) after start of dialysis. Among patients with IHD, four
changed to PD, in median 1.6 years (IQR 0.2-0.7) after
their first CSS and 2.0 years (IQR 0.4-0.9) after start of
dialysis. No patient was lost to follow up.

There was no significant difference in continuation of
dialysis modality after the first CSS between assPD and
IHD (p=0.052). The one- and two-years’ continuation
rate was 95% and 86%, respectively, for assPD and 98%
and 97% for IHD (Fig. 1).
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Fig. 1 Continuation of the dialysis modality after the first CSS for matched patients with assPD and IHD (with changes in dialysis modalities

considered as events and with censoring at the dates of death; p=0.052)

Comparison of hospital admissions

Among patients with assPD, 47% had no admissions dur-
ing the first year of follow up and 41% during the two
years of follow up. Among patients with IHD 43% and
39% had no admissions during the same time periods.
The median time to first all-cause hospital admission was
0.7 (IQR 0.2-non applicable) years for patients on assPD
and 0.4 (IQR 0.1-; p=0.226) for patients on IHD. The
median annual all-cause hospitalization rate during the
first year of follow-up was 1 both for patients on assPD
and IHD (p=0.412; Table 3). During the two years of

follow-up, the annual all-cause hospitalization rate was
1,5 for patients on assPD and 1 for patients on IHD but
the difference was not statistically significant (p=0.077).
There was no significant difference in the median all-
cause number of days admitted to hospital during the
first year of follow-up between patients on assPD and
IHD (1.0 and 2.0; p=0.138). During the two years of fol-
low-up, patients on assPD had a higher number of days
admitted compared with patients on IHD, 5.2 and 3.1,
respectively (p=0.009). After adjustment for kidney diag-
nosis and the number of days admitted during the last

Table 3 Annual hospitalizations for patients with assPD or IHD as initial KRT

All-cause Infectious disease Cardiovascular disease
One year after CSS  Two years after CSS One year after CSS  Two years after CSS One year after Two years after
CSS CSS

n Days n n Days n n Days n n Days n n Days n n Days n
AssPD 1.0 1,0 15 52 0 0 0 0 0 0 0 0
Median (IQR) (0-5.0) (0-323) (0-4.8) (0-333) (0-1.0) (0-2.5) (0-1.5) (0-9.4) (0-0) (0-0) (0-0.5) (0-0)
IHD 1.0 20 1.0 3.1 0 0 0 0 0 0 0 0
Median IOR (0-4.0) (0-20.0) (0-3.2) (0-14.6) (0-1.0) (0-3.3) (0-0.5) (0-3.6) (0-0) (0-0) (0-0.5) (0-1.5)
P value 0412 0.138 0.077 0.009 0.349 0.502 0.05 0.079 0.667 0.935 0.987 0.731

AssPD assisted peritoneal dialysis, IHD in-center hemodialysis, KRT Kidney replacement therapy, CSS Cross sectional survey, IQR interquartile range
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year before start of dialysis there was no statistically sig-
nificant difference between patients on assPD and IHD
(p=0.079).

Most patients in both groups had no hospital admis-
sion with an infectious disease diagnosis or cardiovascu-
lar diagnosis during the first year of follow-up or during
the two years of follow-up, there were no significant dif-
ferences between the groups (p>0.05; Table 3). Among
patients on assPD, 17 had in total 53 hospitalizations
with peritonitis during the two years of follow-up (1-8
per patient).

Patient survival

Median patient survival was significantly shorter for
patients with assPD compared with IHD, 1.1 years (IQR
0.6-2.1) compared with 3.1 years (IQR 0.2-5.8; p <0.001).
Patient survival after the first CSS was 59% after 1 year
and 26% after 2 years for patients on assPD; survival was
74% after 1 year and 60% after 2 years for patients on
IHD (Fig. 2). Patient survival remained lower for patients
on ass PD compared with IHD after adjustment for days
in hospital one year before start and kidney diagnosis
(HR 2.504; p<0.001). A supplementary analysis with all
these factors as well as adding plasma albumin, CRP and
hemoglobin at the first CSS and dialysis vintage at start
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(HR 2.917; p<0.001) did not change the difference in sur-
vival between assPD and IHD.

Discussion

This registry-based, nation-wide study showed that
patients with assPD as initial KRT had a similar fre-
quency of hospital admissions and number of days per
year in hospital compared with patients with IHD as
initial KRT. There was no difference in discontinuation
of dialysis modality between the groups. Moreover, only
11 out of 118 patients starting on assPD changed dialy-
sis modality and among patients alive after 2 years, 89%
were on assPD. Patient survival was significantly lower
for patients on assPD compared with IHD after 1 and
2 years on the respective treatment modality.

The hospitalization rates, one admission per year dur-
ing the first year, for patients with assPD and matched
patients with IHD, were similar compared with previous
studies by Oliver et al. [7, 18] However, the number of
days/year admitted to hospital for patients on assPD, 1.0
during year one and 5.2 during the two years following
the CSS, were lower compared with all previous studies,
which have reported 11-53 days per year in hospital for
patients on assPD [7, 18-20]. There are several factors
which might impact these differences. Other studies ana-
lyzed data from earlier time periods, 1998-2013, and the

10 B
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i 1 —I1HD
Cum.u altlve \_|_\_ assPD-censored
Surviva 08 e —— IHD-censorad
T .
.
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00 50 1,00 1,50 2,00
Years
AssPD (n) 118 21 3
IHD (n) 118 58 22

Fig. 2 Patient survival from the first CSS for matched patients with assPD and IHD (IHD > assPD, p < 0.001). The analysis was performed

as intention-to-treat, with censoring performed only at the end of study
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overall prognosis has improved for patients on dialysis
during the last decades. There are also differences in the
organization of healthcare and in the number of hospital
beds in different countries. The number of hospital beds
in Sweden has decreased since the nineties to a low level
compared with other high-income countries, although
concomitantly nursing care has shifted from in-hospital
to being administered in the home [2, 21].

There was no difference between assPD and IHD for
hospitalizations with cardiovascular diagnoses and a
nonsignificant trend towards a higher number of admis-
sions with infectious disease diagnoses for patients with
assPD during the two years following the first CSS.
In accordance, Oliver et al. did not find a significantly
increased overall risk of hospitalizations with infectious
disease diagnoses in patients on assPD. On the other
hand, they reported a significantly increased number of
days per year in hospital for peritonitis in patients on
assPD compared with days in hospital for HD catheter-
related bacteremia for patients on HD [7]. The number
of hospitalizations and days admitted could probably be
further reduced for patients on assPD if preventive meas-
ures against peritonitis were increased and the organiza-
tion of outpatient care for peritonitis was improved.

Previous studies comparing self-care PD and HD have
reported a higher discontinuation rate with PD [22].
In the present study there was a nonsignificant trend
towards a higher discontinuation rate with assPD. IHD is
often a subsequent alternative modality to both self-care
and assPD, when there are medical complications and/
or contraindications to PD, such as frequent peritonitis.
Oliver et al. also reported a higher proportion of patients
changing from assPD to IHD compared with patients on
IHD changing to assPD [7]. It is notable, that the contin-
uation rate one year after the first CSS was high in the
present study, 95%, for patients on assPD. Previous stud-
ies have reported lower one year dialysis modality contin-
uation rates of 58%, 81% and 88% [18, 19, 23]. This could
be related to differences in methods between the studies.
As we did not have data separating assPD and self-care
PD at start of dialysis, all patients starting with assPD and
then changing to other modalities prior to or not surviv-
ing until their first CSS were excluded from the analysis.

Contrary to the study by Oliver et al., we found a sig-
nificantly lower survival for patients on assPD compared
with IHD [7]. Most previous studies comparing PD, with-
out differentiating between assPD and self-care PD, and
IHD have reported similar patient survival rates between
the modalities during the first years [24]. Even if we do
not have complete data on dialysis effectiveness, there
is no evidence supporting that the higher mortality rate
was related to an inadequate dialysis dose, as most of the
patients had CAPD with four changes per day with a total
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daily dialysate volume of 8 L. It is more likely that the dif-
ference in survival between the dialysis modalities in our
study are related to patient selection and residual con-
founding. In Sweden, assPD is often used as a palliative
treatment for patients with a short expected life-span,
especially in those with cognitive impairment, advanced
cardiac failure or who are deemed too frail to be able to
tolerate IHD. Patients on assPD had a higher number of
days admitted to hospital the year before starting dialy-
sis compared with patients on IHD. They also had higher
CRP and lower plasma albumin levels at their first CSS,
which are indicative of malnutrition, and inflammation.
Both low plasma albumin and increased CRP are strong
indicators of cardiovascular disease and increased mor-
tality in patients on dialysis [25]. Results from the peridi-
alysis study, corroborate that patients starting assPD are a
vulnerable group per se. In that study, patients with men-
tal contraindications to self-care PD, had a worse sur-
vival compared with patients who started PD or HD as
a free choice [26]. If there is residual confounding asso-
ciated with patients being frailer when they start assPD,
the findings in this study support the use of assPD, even
stronger, as hospitalizations were still not more frequent
for patients on assPD compared with IHD.

The one-year survival in our study was lower, 59%
and 74% for patients on assPD and IHD, respectively,
compared with 89% for both groups in a previous study
by Oliver [7]. The patients in our study had in general
poorer health, Oliver et al. did not exclude patients who
received a kidney transplant, and over 60% of the patients
in our study had a Charlson comorbidity score of 2 or 3.
Two earlier studies on survival in patients on assPD also
reported a divergent one year survival, 83% [19] and 58%
[27] compared to the study by Oliver and our study. The
patients assigned to assPD in these studies are a heterog-
enous group, which makes it difficult to compare survival
rates. The survival rate for patients on assPD and IHD,
respectively, in our study would probably have been even
lower had we not excluded patients who did not survive
their first CSS.

Two previous studies have analyzed cost differences
between assPD, performed as APD, and IHD. Olsen et al.
reported similar costs for patients on assPD and IHD in
Denmark [28] and Bevilacqua et al. reported lower costs
for assPD in Canada [23] compared with IHD. None of
these studies included costs for hospitalizations in their
analyses, but neither our study nor the study by Oliver
et al. found any differences in hospitalizations. Unfortu-
nately, there is no published analysis on cost differences
between these modalities in Sweden.

We acknowledge some limiting factors in our study.
Unfortunately, no discrimination between assPD and self-
care PD is registered at the start of dialysis in the SRR.
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Consequently, in this retrospective study, we were unable
to classify the groups according to dialysis modality at day
1 on KRT. However, assPD and self-care PD are registered
at the annual CSS, which is what we used in this study.
There is also a large risk of residual confounding between
groups in an observational study. Without residual con-
founding, the survival would probably have been higher
and the hospitalization rates have been lower for patients
on assPD. We have no data on frailty, whether patients
were living in care homes, their physical function or their
capacity for self-care dialysis, severity of cardiac failure or
cognitive function, factors that probably differ between
groups. Although we have data on dialysis volumes for
patients on PD, the estimated Kt/V is only known for a
minority of patients. Moreover, we have no information on
the frequency of discontinuation of dialysis for palliation
or causes of death. The study also has some strong merits.
It is one of the largest studies in the field, one of very few
comparing assPD and IHD in matched patients. The study
population is nationwide and the data is collected from
high-quality national registries with a high coverage.

Conclusions

In conclusion, this study shows that assPD is a good alter-
native to IHD for frail, elderly or incapacitated patients
with a low discontinuation rate of dialysis modality and a
similar incidence of hospitalizations and number of days
spent in hospital. Thus, enabling them to spend their time
at home rather than in a hospital. The survival rate was
significantly lower in patients on assPD compared with
IHD, most likely due to residual confounding caused by
more vulnerable patients on assPD. Without that, patients
on assPD would probably have lower number of hospi-
talizations. Although this retrospective observational reg-
istry study was not tailored to elucidate the causes. Due
to organizational problems, assPD is not available in all
countries and health care regions, thus all patients do not
have the possibility to make a person-centered, individu-
alized choice of kidney replacement therapy.

Abbreviations

AssPD  Assisted peritoneal dialysis
IHD In-center hemodialysis
SRR Swedish Renal Registry

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512882-024-03799-1.

Supplementary Material 1. Figure S1. Inclusion and exclusion of matched
patients with assPD and IHD as initial kidney replacement therapy.

Supplementary Material 2. Table S1. Separate comorbidities included in
Charlson comorbidity index at start of dialysis for patients with assPD or
IHD as initial KRT.

Page 8 of 9

Acknowledgements
We are thankful for all patients and staff who have contributed to data in the
SRR.

Authors’ contribution

Concept and study design (HR, MS, NC); Statistical analysis (HR); Interpretation
of results (HR, MS, NC); Drafting the manuscript (HR, NC); Critically revising,
evaluating the content, and final approval (HR, MS, NC).

Funding

Open access funding provided by Karolinska Institute. The authors are grateful
for the grants from the following Swedish non-profit organizations: Stiftelsen
for njursjuka and Njurfonden.

Data availability
The data underlying this article will be shared on reasonable request by the
corresponding author.

Declarations

Ethics approval and consent to participate

The study was approved by the Swedish Ethical Review Authority (2017/760
and 2019-02810). As all persons had the opportunity to opt-out from the
SRR. No informed consent was required for this study by the Swedish Ethical
Review Authority for the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Clinical Science, Intervention and Technology (CLINTEC), Karo-
linska Institutet, Solna, Sweden. ?Department of Renal Medicine, Karolinska
University Hospital Huddinge, , M99, Stockholm 141 86, Sweden. *Swedish
Renal Register, Jonkdping, Sweden. *Department of Clinical Sciences in Lund,
Department of Endocrinology, Nephrology and Rheumatology, Lund Universi-
tyand, Skane University Hospital, Lund, Sweden.

Received: 4 May 2024 Accepted: 7 October 2024
Published online: 14 October 2024

References

1. Astley ME, et al. The ERA registry annual report 2020: a summary. Clin
Kidney J. 2023;16(8):1330-54.

2. Registry, S.R. https://www.medscinet.net/snr/rapporterdocs/Svenskt%
20Njurregister%20%C3%85rsrapport%202022%20webbversion.pdf. 2022.

3. Wolfgram DF, et al. Risk of dementia in peritoneal dialysis patients com-
pared with hemodialysis patients. Perit Dial Int. 2015;35(2):189-98.

4. Wang IK et al. Comparison of Subdural hematoma risk between hemo-
dialysis and peritoneal dialysis patients with ESRD. Clin J Am Soc Nephrol.
2015;10(6):994-1001.

5. Brown EA, et al. Availability of assisted peritoneal dialysis in Europe:
call for increased and equal access. Nephrol Dial Transplant.
2022;37(11):2080-9.

6. Segelmark M, et al. Unequal access to health care in the country:
assisted peritoneal dialysis not offered to all who need it. Lakartidningen.
2012;109(9-10):452-3.

7. Oliver MJ, et al. Hospitalization rates for patients on assisted peritoneal
dialysis compared with in-center hemodialysis. Clin J Am Soc Nephrol.
2016;11(9):1606-14.

8. lyasere O, et al. Longitudinal trends in quality of life and physical function
in frail older dialysis patients: a comparison of assisted peritoneal dialysis
and in-center hemodialysis. Perit Dial Int. 2019;39(2):112-8.

9. lyasere OU, et al. Quality of life and physical function in older patients on
dialysis: a comparison of assisted peritoneal dialysis with hemodialysis.
Clin J Am Soc Nephrol. 2016;11(3):423-30.


https://doi.org/10.1186/s12882-024-03799-1
https://doi.org/10.1186/s12882-024-03799-1
https://www.medscinet.net/snr/rapporterdocs/Svenskt%20Njurregister%20%C3%85rsrapport%202022%20webbversion.pdf
https://www.medscinet.net/snr/rapporterdocs/Svenskt%20Njurregister%20%C3%85rsrapport%202022%20webbversion.pdf

Rydell et al. BMC Nephrology ~ (2024) 25:349

20.

21

22.

23.

24.

25.

26.

27.

28.

Jiang X, et al. Patients undergoing assisted peritoneal dialysis to show
a better technique survival: A competing risk analysis. Int J Clin Pract.
2021,75(7):e14192.

. Puapatanakul P, et al. Assisted peritoneal dialysis performed by

caregivers and its association with patient outcomes. Perit Dial Int.
2022;42(6):602-14.

Song Q, et al. Assisted peritoneal dialysis: a feasible KRT modality for
frail older patients with end-stage kidney disease (ESKD). Sci Rep.
2021;11(1):14928.

Yabe H, et al. Effects of cognitive impairment and assisted perito-

neal dialysis on exit-site infection in older patients. Clin Exp Nephrol.
2022;26(6):593-600.

Schon S, et al. Renal replacement therapy in Sweden. Scand J Urol Neph-
rol. 2004;38(4):332-9.

Charlson ME, et al. A new method of classifying prognostic comorbid-
ity in longitudinal studies: development and validation. J Chronic Dis.
1987;40(5):373-83.

Ivarsson KM, et al. The effect of parathyroidectomy on patient sur-

vival in secondary hyperparathyroidism. Nephrol Dial Transplant.
2015;30(12):2027-33.

Chae JW, et al. Prediction of mortality in patients undergoing main-
tenance hemodialysis by Charlson Comorbidity Index using ICD-10
database. Nephron Clin Pract. 2011;117(4):c379-84.

Oliver MJ, et al. Home care assistance and the utilization of peritoneal
dialysis. Kidney Int. 2007,71(7):673-8.

LobbedezT, et al. Assistedperitoneal dialysis Experience in a French renal
department. Perit Dial Int. 2006;26(6):671-6.

Smyth A, et al. Peritoneal dialysis in an ageing population: a 10-year
experience. Int Urol Nephrol. 2012;44(1):283-93.

Health equipment - Hospital beds - OECD Data. https://www.oecd.org/
en/data/indicators/hospital-beds.html?oecdcontrol-00b22b2429-var3=
2017.

Rydell H, et al. Fewer hospitalizations and prolonged technique survival
with home hemodialysis- a matched cohort study from the Swedish
Renal Registry. BMC Nephrol. 2019;20(1):480.

Bevilacqua MU, et al. Evaluation of a 12-month pilot of long-term and
temporary assisted peritoneal dialysis. Perit Dial Int. 2017,37(3):307-13.
Elsayed ME, et al. Propensity score matched mortality comparisons of
peritoneal and in-centre haemodialysis: systematic review and meta-
analysis. Nephrol Dial Transplant. 2020;35(12):2172-82.

Fouque D, et al. Nutrition and chronic kidney disease. Kidney Int.
2011;80(4):348-57.

Heaf J, et al. First-year mortality in incident dialysis patients: results of the
Peridialysis study. BMC Nephrol. 2022;23(1):229.

Povlsen JV, Ivarsen P. Assisted automated peritoneal dialysis (AAPD)

for the functionally dependent and elderly patient. Perit Dial Int.
2005;25(Suppl 3):560-3.

Olsen J, et al. Economic consequences of an increased number of
patients on outgoing dialysis. Scand J Urol Nephrol. 2010;44(6):452-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9


https://www.oecd.org/en/data/indicators/hospital-beds.html?oecdcontrol-00b22b2429-var3=2017
https://www.oecd.org/en/data/indicators/hospital-beds.html?oecdcontrol-00b22b2429-var3=2017
https://www.oecd.org/en/data/indicators/hospital-beds.html?oecdcontrol-00b22b2429-var3=2017

	Assisted peritoneal dialysis compared to in-centre hemodialysis – an observational study of outcomes from the Swedish Renal Registry
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Inclusion criteria and definitions of groups
	Matching
	Collection of data
	Ethical approval
	Follow up

	Comparison of hospital admissions
	Patient survival and continuation of the dialysis modality
	Statistical analysis

	Results
	Patient characteristics and laboratory values
	Dialysis prescriptions and doses
	Changes and continuation of the dialysis modalities
	Comparison of hospital admissions
	Patient survival

	Discussion
	Conclusions
	Acknowledgements
	References


