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KEY LEARNING POINTS

What is already known about this subject?
• Residual kidney function has been associated with improved survival in dialysis patients and is considered better preserved
with twice-weekly incremental haemodialysis (I-HD) or peritoneal dialysis (PD) as compared with conventional thrice-
weekly HD (TW-HD).

• Despite current guidelines supporting an incremental approach to HD initiation, the vast majority of patients requiring
kidney replacement therapy (KRT) still begin on conventional TW-HD in resource-rich countries.

What this study adds?
• In selected patients initiating dialysis, I-HD is a suitable KRT modality that can be maintained for a significant amount of
time before transitioning to a conventional TW-HD regimen.

• In the appropriate clinical setting, I-HD initiation is associated with improved survival as compared with TW-HD or PD.
What impact this may have on practice or policy?
• An I-HD regimen can be safely implemented in patients initiating dialysis when carefully selected.
• These results reinforce current guidelines and call for long-awaited randomized controlled trials prior to large-scale
implementation of I-HD programmes.

ABSTRACT

Background. Residual kidney function is considered better
preserved with incremental haemodialysis (I-HD) or peri-
toneal dialysis (PD) as compared with conventional thrice-
weekly HD (TW-HD) and is associated with improved sur-
vival. We aimed to describe outcomes of patients initiating
dialysis with I-HD, TW-HD or PD.
Methods. We conducted a retrospective analysis of a prospec-
tively assembled cohort in a single university centre including
all adults initiating dialysis from January 2013 to December
2020. Primary and secondary endpoints were overall survival
and hospitalization days at 1 year, respectively.
Results. We included 313 patients with 234 starting on HD
(166 TW-HD and 68 I-HD) and 79 on PD. At the end of the
study, 10 were still on I-HD while 45 transitioned to TW-
HD after a mean duration of 9.8 ± 9.1 months. Patients who
stayed on I-HDwere less frequently diabetics (P= .007). Mean
follow-up was 33.1 ± 30.8 months during which 124 (39.6%)
patients died. Compared with patients on TW-HD, those on I-
HD had improved survival (hazard ratio 0.49, 95% confidence
interval 0.26-0.93, P = .029), while those on PD had similar
survival. Initial kidney replacement therapy modality was not
significantly associated with hospitalization days at 1 year.
Conclusions. I-HD is suitable for selected patients starting
dialysis and can be maintained for a significant amount of time
before transition to TW-HD, with diabetes being a risk factor.
Although hospitalization days at 1 year are similar, initiation
with I-HD is associated with improved survival as compared
with TW-HD or PD. Results of randomized controlled trials
are awaited prior to large-scale implementation of I-HD
programmes.

Keywords: incremental haemodialysis, mortality, outcomes,
peritoneal dialysis, survival

INTRODUCTION
In Europe, 100 000 patients initiated kidney replacement
therapy (KRT) in 2016, corresponding to an overall incidence

of 132 per million population. In-centre haemodialysis (HD)
is the most commonly used modality [1]. Most incident
patients still have a significant residual kidney function (RKF)
when starting HD, with an estimated glomerular filtration
rate (eGFR) of 6–10 mL/min/1.73 m2 [2]. The importance
of RKF preservation in dialysed patients is increasingly
recognized as it has been associated with improved survival
and quality of life, as well as decreased inflammation and
erythropoietin use in observational studies [3]. A dogma of
thrice-weekly HD (TW-HD) has been implemented based
on urea kinetic modelling and dialysis adequacy targets, as
evaluated by small molecule dialytic clearance (Kt/V). This
metric was first formalized in the 1980s and later updated in
the 2000s in large randomized controlled trials (RCTs) [4, 5].
Results from those seminal studies have defined the concept
of ‘dialysis adequacy’ with a target sessional delivered single
pool Kt/V of 1.2 still recommended in current guidelines
[6]. However, most included patients did not have significant
RKF. Incremental HD (I-HD) is generally defined as a once-
or twice-weekly HD regimen prescribed in incident end-
stage kidney disease (ESKD) patients in order to achieve
the target weekly small molecule clearance while accounting
for RKF. I-HD has been associated with greater preserva-
tion of RKF in incident patients as compared with TW-
HD in observational studies [7]. Despite current guidelines
supporting the choice of an incremental approach for HD
prescription, the vast majority of ESKD patients still begin
on a TW-HD regimen in resource-rich countries [6, 8, 9].
Although not universal, incremental prescription considering
RKF is more commonly accepted in peritoneal dialysis (PD)
[10]. Moreover, PD has also been associated with better
RKF preservation as compared with TW-HD in observational
reports [11].

As an incremental approach to dialysis prescription is
gaining wider acceptance, our aim is to describe the impact
of initial KRT modality (I-HD, TW-HD or PD) on overall
mortality and other selected outcomes in incident ESKD
patients.
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MATERIALS AND METHODS
Participants and study design
We conducted a retrospective analysis of a prospectively

assembled cohort in a single university centre (Geneva
University Hospitals, Geneva, Switzerland). The Swiss renal
registry and quality assessment programme was established in
2006 by the Swiss Society of Nephrology on a voluntary basis
and on a legal obligation since 2013. Therefore, all patients in
Switzerland on chronic dialysis are included in this registry
and provide informed consent for their anonymized data to be
used for quality control and clinical research purpose. In the
present study,we included all adults initiating dialysis (incident
patients) at our centre, from January 2013 to December 2020
with a follow-up to December 2021. Patients already on
dialysis (prevalent patients) or those requiring dialysis for
acute kidney injury (functional alteration in kidney function
lasting <3 months) were not included. Demographic, clinical
and laboratory data were retrieved from electronic medical
records. eGFR at KRT initiation was calculated with the 2012
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation using serum creatinine measured at the very
beginning of the first HD session [12]. Urine output at KRT
initiation was derived from a urine sample collected over 24
h during the first interdialytic interval after three initial HD
sessions and prior to the fourth regular HD session. Residual
kidney urea clearance (KRU)was calculated based on this same
urine collection using a 0.9 correction factor for time-averaged
concentration of pre-HD urea [13]. The primary endpoint
was overall survival during follow-up according to initial KRT
modality (I-HD, T-HD or PD). Secondary endpoints were
hospitalization days and decline in urine output at 1 year aswell
as factors associated with transition from I-HD to TW-HD.

Dialysis prescription
Every incident ESKD patient at our centre is offered a

pre-dialysis educational programme regarding KRT modality
(HD, PD and transplantation). Initial KRT modality is then
decided with amajor emphasis on patient preferences. Patients
attributed to HD are systematically offered I-HD if urine
output is ≥500 mL/day, KRU ≥2 mL/min and interdialytic
weight gain (IDWG) ≤2.5 kg [14]. Patients fulfilling those
criteria begin I-HD with twice-weekly 3-h sessions, with ul-
trafiltration (UF) rate not exceeding 10mL/kg/h. Patients on I-
HDhave 24-h urine collected every 2months routinely. If urine
output, KRU or IDWG are not in the required range, patients
are transitioned to TW-HD. As urine output has showed a
stronger association with clinical prognosis as compared with
KRU, we empirically put more emphasis on this parameter to
decide transition to TW-HD [15]. Patients can also transition
to TW-HD for other clinical reasons at the discretion of
the attending physician, including overall clinical condition,
uremic symptoms, volume control (UF >10 mL/kg/h), blood
pressure control, anaemia, electrolytes and acid–base status.
Kt/V monitoring is not routinely done at our centre but
rather obtained when clinically indicated. Patients were di-
alyzed using either HD or haemodiafiltration (HDF) with

postdilution reinjection according to the choice of attending
physician. High-flux polysulfone dialysers were used with
Braun (Braun, Melsungen, Germany) or Fresenius (Fresenius
AG, Bad Homburg, Germany) dialysis machines. Patients
choosing PD started with a continuous ambulatory PD
(CAPD) incremental prescription typically consisting of two
glucose dwells during the day as well as one icodextrin dwell
overnight. Urine output and KRF are thenmonitored regularly
in order to adapt PD prescription with a target total weekly
Kt/V ≥1.7.

Statistical analysis
Continuous variables are expressed as mean ± standard

deviation (SD) or median (interquartile range) according
to distribution and categorical ones as number and relative
frequencies (%). Between-groups comparison was conducted
using the t-test, and ANOVA and Chi-square for continuous
and categorical variables, respectively.

For primary endpoint, all-causemortality was considered as
the outcome and initial KRT modality as the main predictor.
Kaplan–Meier curves and log-rank tests were performed to
compare survival. Cox proportional hazard models were used
with KRT modality (TW-HD, I-HD and PD) as a three-
level categorical variable. Proportional hazard assumption
was tested using log–log plots. As we aimed to describe the
impact of initial KRT modality on further clinical outcomes,
status from patients transitioning from I-HD to TW-HD
was not updated over time and only initial dialysis modal-
ity was considered. Patients transplanted during follow-up
were censored. Multivariate analyses included the following
variables as potential confounders selected on prior scientific
knowledge: age, gender, Charlson comorbidity score, presence
of arteriovenous fistula (AVF) (as opposed to catheter), and
urgent KRT initiation. Charlson score comprised diabetes and
cardiovascular disease, as well as other items according to
the standard description [16, 17]. Urgent KRT initiation was
defined as the absence of contact with a nephrologist within
1 month prior to dialysis initiation. Late referral was defined
as <3 months follow-up by a nephrologist prior to dialysis
initiation. Cardio-renal syndrome was defined as chronic
heart failure participating in kidney function impairment and
volume overload [18].

For secondary endpoint, hospitalization days were
considered as the outcome and initial KRT modality as
the main predictor. Multivariate linear regression was
used to adjust for above-described potential confounders.
Normality of residuals and homoscedasticity were tested
graphically.

Variables were transformed when appropriate. Specifi-
cally, square-root transformation was used for hospitaliza-
tion days in linear models. Data were considered to be
missing completely at random and therefore patients with
any missing variables were excluded from the multivariate
analyses. P-values <.05 were considered significant. Sta-
tistical analyses were conducted using STATA version 15
(StataCorp, 4905 Lakeway Drive, College Station, TX 77845,
USA).
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Table 1. Baseline characteristics according to initial KRTmodality

TW-HD (N = 166) I-HD (N = 68) PD (N = 79) P-value

Age (years) 62.8 ± 15.7 59.7 ± 16.9 62.5 ± 16.8 0.422
Gender (men) 113 (68.0%) 46 (67.6%) 54 (68.3%) 0.996
Smoker 45 (27.6%) 22 (35.4%) 16 (20.7%) 0.155
Diabetes 84 (50.6%) 21 (30.8%) 28 (35.4%) 0.007
HT 145 (87.3%) 52 (76.4%) 66 (83.5%) 0.118
CV disease 74 (44.5% 27 (39.7%) 31 (39.2%) 0.656
ESKD cause
DM and/or HT
Glomerulonephritis
Other

88 (53.3%)
18 (10.9%)
59 (35.7%)

27 (39.7%)
16 (23.5%)
25 (36.7%)

42 (53.1%)
17 (21.5%)
20 (25.3%)

0.034

Cardiorenal syndrome 5 (3.0%) 3 (4.4%) 9 (11.3%) 0.024
Charlson score 7.3 ± 3.0 6.3 ± 2.6 6.8 ± 3.0 0.047
AVF 26 (15.6%) 25 (36.7%) NA <0.001
Urgent KRT initiation 56 (33.7%) 28 (41.1%) 9 (11.3%) <0.001
Late referral 57 (34.3%) 26 (38.2%) 12 (15.1%) 0.003
Sodium (mmol/l) 137.4 ± 4.7 138.4 ± 3.7 137.2 ± 5.3 0.226
Potassium (mmol/l) 4.5 ± 0.8 4.6 ± 0.9 4.4 ± 0.7 0.318
Bicarbonate (mmol/l) 20.4 ± 4.3 20.6 ± 5.3 22.5 ± 4.4 0.007
PTH (pmol/l) 37.4 ± 40.2 38.1 ± 27.5 37.4 ± 28.5 0.992
Calcium (mmol/l) 2.21 ± 0.26 2.12 ± 0.22 2.29 ± 0.21 <0.001
Phosphate (mmol/l) 2.08 ± 0.66 2.09 ± 0.58 1.85 ± 0.56 0.024
Albumin (g/l) 30.9 ± 6.1 35.8 ± 6.7 34.8 ± 6.1 <0.001
eGFR at KRT initiation (mL/min/1.73 m2) 7.7 ± 3.5 6.6 ± 3.0 8.3 ± 4.7 0.021
KRU (mL/min) 2.2 ± 1.9a 3.1 ± 2.1 4.1 ± 2.3 <0.001
Urine output at KRT initiation (mL) 1220 ± 717a 1851 ± 759 1732 ± 691 <0.001

aAvailable in a subgroup of 75 patients only.
Abbreviations: CV, cardiovascular; DM, diabetes; HT, hypertension; PTH, parathormone.
Bold values indicate P <0.05.

Ethics
This study was approved by the local ethics committee

‘Commission cantonale d’éthique de la recherche’ (CCER),
Geneva, Switzerland, and was performed according to the
Declaration of Helsinki.

RESULTS
From January 2013 toMarch 2021, 313 patients started chronic
dialysis at our institution. Among those, 234 started on HD
with 166 on TW-HD and 68 on I-HD, while 79 started
on PD. Absolute and relative numbers of incident I-HD
patients according to study year are depicted in Supplementary
data, Figure S1a and b. Baseline characteristics of patients
according to initial KRT modality are described in Table 1.
Mean age was 62.0 ± 16.2 with 213 (68%) men, without
significant differences across KRT modalities. As compared
with patients initiating with I-HD or PD, those on TW-HD
had a higher prevalence of diabetes and a lower prevalence
of glomerulonephritis. They also had higher Charlson scores,
a lower prevalence of AVF, lower serum albumin and lower
KRU, as well as lower urine output as compared with I-HD
and PD patients. As compared with patients initiating with
I-HD or TW-HD, those on PD had a higher prevalence of
cardiorenal syndrome and a lower prevalence of urgent KRT
initiation as well as late referral. They also had higher serum
bicarbonate, higher calcium, lower phosphate and higher
eGFR at KRT initiation as compared with TW-HD and I-HD
patients. Overall, 78 patients later received a kidney transplant
during follow-up with 39 (23.4%) in the TW-HD group, 17

(25.0%) in the I-HD group and 22 (27.8%) in the PD group
(P = .762).

Over time, four patients initiating with I-HD eventually
recovered sufficient KRF to become HD-independent after a
mean duration of 7.0 ± 3.5 months. No patients in the TW-
HD and PD groups became dialysis-independent. Among the
64 remaining patients on I-HD, 5 were transplanted and 4 died
while still on I-HD. Among the 55 remaining patients, 10 were
still on I-HD at the end of follow-up, while 45 transitioned to
TW-HD after amean duration of 9.8± 9.1months. The rate of
persistence of I-HD at 1 year was 28.8%. The patient flowchart
is provided as Supplementary data, Figure S2.

Mean follow-up time was 33.1 ± 30.8 months during
which 124 (39.6%) patients died. Kaplan–Meier survivor
function according to initial KRT modality is illustrated in
Fig. 1. Patients initiating with I-HD had increased survival
as compared with those on TW-HD or PD (P = .009 for
log-rank test). In univariate Cox proportional hazard model,
patients on I-HD had increased survival as compared with
those on TW-HD [hazard ratio (HR) 0.41, 95% confidence
interval (95% CI) 0.22–0.76; P = .005], while those on PD had
similar survival to those on TW-HD (HR 1.05, 95% CI 0.69–
1.59; P = .798). Multivariate analyses included 307 patients
without any missing values on considered covariates. In the
multivariate Cox proportional hazardmodel, patients on I-HD
had increased survival as compared with those on TW-HD
(HR 0.49, 95% CI 0.26–0.93; P= .029), while those on PD had
similar survival compared with those on TW-HD (HR 1.15,
95% CI 0.65–2.02; P = .625) (Table 2). Cox survivor function
according to initial KRT modality is illustrated in Fig. 2.
Charlson score was positively associated with mortality (HR
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FIGURE 1: Kaplan–Meier survivor function according to initial KRT
modality.

Table 2. Association with overall mortality using multivariate Cox propor-
tional hazard model

HR (95% CI) P-value

Initial KRT modality
TW-HD
I-HD
PD

Ref
0.49 (0.26–0.93)
1.15 (0.65–2.02)

0.029
0.625

Age (years) 1.02 (1.00–1.04) 0.016
Gender (men) 0.94 (0.63–1.39) 0.769
Charlson score 1.17 (1.08–1.26) <0.001
Urgent KRT initiation 1.21 (0.79–1.85) 0.375
Access type
HD catheter
AVF
PD catheter

Ref
1.14 (0.61–2.14)
0.94 (0.45–1.95)

0.668
0.885

Bold values indicate P <0.05.

1.17, 95% CI 1.08 1.26; P < .001). Other considered covariates
were not significantly associated with mortality (Table 2).

Among patients initiating dialysis with I-HD, 45 transi-
tioned to TW-HD, while 19 stayed on I-HD during follow-up.
Prevalence of diabetes was lower in patients who stayed on
I-HD as compared with those who transitioned to TW-HD.
Prevalence of hypertension tended to be lower and urine
output at KRT initiation higher in patients who maintained I-
HD, although not reaching statistical significance. Other con-
sidered variables were similar between those groups (Table 3).

Selected outcomes at 1 year are presented in Table 4. As
compared with patients initiating with I-HD or PD, those on
TW-HD had higher mortality and hospitalization days. As
compared with PD patients, those on I-HD had similar urine
output at 1 year but higher decline in urine output from base-
line. Multivariate analyses included 311 patients without miss-
ing values on considered covariates. In multivariate linear re-
gression, initial KRT modality was not significantly associated
with hospitalization days at 1 year. Charlson score was posi-
tively associated with hospitalization days at 1 year (HR 0.43,
95%CI 0.24–0.62, P< .001). Other considered covariates were
not significantly associated with hospitalization days at 1 year
(Table 5).

FIGURE 2:Multivariate Cox survivor function according to initial
KRT modality. Multivariate model is adjusted for the following
covariates: age, gender, Charlson score, urgent KRT initiation and
access type.

In sensitivity analysis, PD patients were excluded and
analyses repeated including only I-HD and TW-HD patients.
In multivariate Cox proportional hazard model, patients on I-
HD had increased survival as compared with those on TW-
HD (HR 0.50, 95% CI 0.26–0.94; P = .034). Associations
between mortality and considered covariates are presented in
Supplementary data, Table S1. In multivariate linear regres-
sion, initial KRT modality was not significantly associated
with hospitalization days at 1 year. Associations between
hospitalization days at 1 year and considered covariates are
presented in Supplementary data, Table S2.

DISCUSSION
In this retrospective analysis of a prospectively assembled
cohort, we found that ESKD patients initiating KRT with I-
HD had improved overall survival as compared with patient
initiating on standard TW-HD or PD while accounting for
potential confounders. Although patients could be maintained
on I-HD for several months, transition to TW-HD was often
necessary, especially when diabetes was present.

Conceptually, I-HD is designed as a KRT modality aiming
at decreasing dialysis doses by taking into account patient
RKF in an attempt to improve clinical outcomes. Practically,
patients on I-HD are thus dialysed twice a week instead of
the traditional TW-HD regimen. Suitability for I-HD initiation
is based on expert recommendations, and consideration is
given to general metrics of dialysis adequacy with a particular
emphasis on RKF and urine output [19]. Although growing
over the past decade, the body of evidence on I-HD is
surprisingly small [19]. Moreover, as clinical trials are yet to be
published, the literature on I-HD is exclusively observational.
RKF and its maintenance are central to I-HD implementation
and have been linked to important benefits. Shafi et al. [3]
showed that the presence of RKFwas associatedwith improved
survival, quality of life, inflammation and erythropoietin use in
a cohort of 734 incident HD patients. Similarly, Obi et al. [20]
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Table 3. Baseline characteristics according to transition from I-HD to TW-HD

Stayed on I-HD (N = 19) Transitioned to TW-HD (N = 45) P-value

Age (years) 58.9 ± 15.9 61.1 ± 16.7 0.634
Gender (men) 13 (68.4%) 32 (71.1%) 0.830
Smoker 4 (21.0%) 19 (33.3%) 0.164
Diabetes 1 (5.2%) 17 (38.6%) 0.007
HT 13 (68.4%) 38 (86.3%) 0.096
CV disease 6 (31.5%) 19 (43.1%) 0.388
Charlson score 5.3 ± 2.1 6.5 ± 2.9 0.112
AVF 10 (52.6%) 15 (34.8%) 0.106
Urgent KRT initiation 6 (31.5%) 15 (33.3%) 0.891
eGFR at KRT initiation (mL/min/1.73 m2) 5.5 ± 2.2 6.6 ± 2.5 0.105
KRU (mL/min) 3.8 ± 1.7 3.1 ± 2.2 0.331
Urine output at KRT initiation (mL) 2144 ± 776 1780 ± 791 0.096

Four patients on I-HD who recovered from dialysis during follow-up were excluded from this analysis (see Supplementary data, Fig. S2).
Abbreviations: CV, cardiovascular; HT, hypertension.
Bold values indicate P <0.05.

Table 4. Selected outcomes at 1 year

TW-HD (N = 166) I-HD (N = 68) PD (N = 79) P-value

Mortality 36 (21.6%) 5 (7.3%) 11 (13.9) 0.021
Hospitalization days 27 (11–69) 18 (3–46) 16 (3–48) 0.003
Urine output (mL) NA 1291 ± 810 1392 ± 656 0.429
Decline in urine output from baselinea (%) NA 33.3 ± 31.2 23.3 ± 24.1 0.041

aPatients who increased their urine output between baseline and 1-year follow-up were considered to have a decline of 0%.
Bold values indicate P <0.05.

Table 5. Association with hospitalization daysa at 1 year using multivariate
linear regression

β coefficient (95% CI) P-value

Initial KRT modality
TW-HD
I-HD
PD

Ref
−0.89 (−1.89 to 0.09)
−0.35 (−1.74 to 1.02)

0.077
0.612

Age (years) −0.02 (−0.05 to 0.01) 0.252
Gender (men) −0.19 (−0.99 to 0.61) 0.643
Charlson score 0.43 (0.24 to 0.62) <0.001
Urgent KRT initiation −0.11 (−1.01 to 0.77) 0.793
Access type
HD catheter
AVF
PD catheter

Ref
−1.08 (−2.19 to 0.02)
−1.27 (−2.84 to 0.28)

0.054
0.108

aSquare-root transformation was used.
Bold values indicate P <0.05.

found that RKF decline during the first year after HD initiation
was associated with decreased survival in a cohort of 6500
patients starting maintenance HD. Those results offer a strong
rational for I-HD implementation where endogenous RKF
partially substitute for dialytic clearance. As both I-HD and
PD are thought to better preserve RKF over time as compared
with TW-HD, one could wonder whether those incremental
approaches would provide measurable clinical benefits over
conventional HD regimen [7, 11]. In 2016, Obi et al. compared
8068 patients treated with conventional TW-HD to 351
matched patients on twice-weekly I-HD initiating dialysis. In
their analysis, I-HD regimen was associated with increased
mortality in patients with baseline KRU <3.0 mL/min or
urine output <600 mL/day but not in those with higher

RKF [7]. Similarly, Mathew et al. [21] found similar overall
survival when comparing 434 I-HD with 50 162 TW-HD
patients initiating dialysis. In a recent meta-analysis including
more than 75 000 ESKD patients starting dialysis, I-HD was
associated with better RKF preservation with no increase in
mortality as compared with TW-HD [22]. Finally, two pilot
multicentric RCTs focusing on feasibility of I-HD programmes
were recently published. A first study by Vilar et al. [23] in the
UK enrolled 55 incident HD patients with 29 receiving I-HD
and 26 TW-HD. Although not primarily designed to describe
clinical outcomes, the authors reported a lower hospitalization
rate in the I-HD group. Similarly, Murea et al. [24] included
23 I-HD and 25 TW-HD patients in the USA and described
a trend towards lower hospitalization and mortality rates
for I-HD patients, although results did not reach statistical
significance. Taken globally, those observations suggest that
I-HD does not increase mortality risk as compared with
traditional TW-HD regimen when patients are carefully
selected with sufficient RKF. However, I-HD is not harmless in
uncontrolled settings as the large-scale application of once- or
twice-weekly HD in resource-limited environments has been
associated with poor survival [25]. Moreover, twice-weekly
HD has also been found detrimental in a Korean cohort, but
suboptimal nutritional status in the I-HD group as well as
censoring at RKF disappearance and TW-HD transition could
have influenced the results [26].

In our cohort, mortality rate was overall comparable to that
of prior reports on incident patients from other Swiss centres
[27, 28]. However, we found that patients initiating with I-
HD regimen had improved survival as compared with those
treated with conventional TW-HD or PD. A longer follow-up
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as compared with prior comparable studies could potentially
participate in this positive finding. While reduced exposition
to the harmful effects of HD procedure could theoretically
improve outcomes in I-HD patients, reverse causality and
residual confounding inherent to observational studies cannot
be excluded. Among such possibilities, lead-time bias is partic-
ularly important in studies comparing dialysis regimen as time
to death is measured from dialysis initiation. As patients on I-
HD could start HD earlier than those on TW-HD, they could
benefit from lead-time, artificially decreasing their mortality
risk while on dialysis. This phenomenon is, however, very
unlikely in our cohort as patients on I-HD actually had slightly
lower eGFR at dialysis initiation as compared with those on
TW-HD or PD. Comorbid conditions are obviously a major
potential confounder in such studies, with healthier patients
preferentially attributed to incremental strategies. Thus, in our
analysis, patients initiating I-HD had slightly lower Charlson
scores and that score itself was a strong predictor of overall
mortality. However, I-HD patients maintained lower mortality
risk despite adjustment for this factor in multivariate analysis
suggesting an independent effect of the HD regimen itself.
Overall, our results reinforce findings from recently published
pilot RCTs, suggesting potential clinical benefits of I-HD in
incident patients [23, 24].

Prior major studies on I-HD regimen were conducted on
large national registries with a vast majority of patients treated
with TW-HD. Thus, it is difficult to infer what proportion of
incident patients would actually be suitable for I-HD [7, 21].
As I-HD was routinely considered as a KRT modality in our
prospectively assembled cohort, we could observe that almost
one-third of all incidentHDpatients were offered twice-weekly
HD, suggesting that a large-scale application of incremental
strategy is conceivable. We also observed that the proportion
of patients initiating with I-HD rather that TW-HD increased
over time, potentially reflecting a progressive change in clinical
practice. Moreover, while a significant proportion of I-HD
patients had eventually to transition to TW-HD, twice-weekly
HD could be maintained for numerous months. Importantly,
diabetes was found to be an important risk factor for TW-HD
rather than I-HD initiation as well as for transition from I-
HD to TW-HD during follow-up despite similar RKF between
groups at baseline. In a recent publication, Torreggianni et al.
[29] compared 53 patients starting dialysis with TW-HD with
91 patients initiating with I-HD. While the mean duration
of I-HD to TW-HD transition was not provided, the rate of
persistence on I-HD at 1 year was around 50%. In another
large observational study including 434 incident patients on
I-HD, 155 transitioned to TW-HD after a median duration
of 9 months [21]. In the present study, we report a mean
longevity on I-HD of 9.8 months corresponding to a 1-year
persistence rate of 29%. Comparison of maintenance on I-
HD between different cohorts is inherently difficult owing
not only to differences in patients’ characteristics but also to
heterogeneity in clinical practice regarding dialysis initiation
and criteria for transition to TW-HD.

PD is thought to allow better RKF preservation as compared
with TW-HD [11, 22]. Moreover, an early survival advantage
of PD as compared with HD has been reported [30]. However,
direct comparison between incident PD and I-HD patients has

not been previously reported. In our cohort, patients initiating
with PD hadmortality rates comparable to that of TW-HD but
higher than that of I-HD patients. This association holds true
despite less frequent urgent KRT initiation in the PD group.
Of note, preservation of RKF seemed superior with PD as
compared with I-HD, with a slightly lower decline in urine
output at 1 year.

Significant limitations apply to our findings. First, adjust-
ment in multivariate models was based on variables measured
at baseline. Thus, factors potentially influencing transition
from I-HD to TW-HD during follow-up could not be taken
into account. Second, dialysis Kt/V was not included in
our analyses, as it was not consistently calculated in our
cohort. However, qualitative modification of our results is very
unlikely, as patients treated with I-HD would be expected to
have lower dialysis Kt/V as compared with TW-HD. Third, for
patients initiating with TW-HD, data on RKF were available
in a subgroup only, as urine collection was often not ordered
when patients had obvious reasons to initiate with a TW-
HD regimen. Fourth and most importantly, confounding by
indication, residual confounding and reverse causality cannot
be excluded in this observational study.

CONCLUSION
In this observational study, we report that a significant
proportion of ESKD patients starting dialysis are suited to
a twice-weekly I-HD regimen. Incremental dialysis can be
maintained for a significant period of time in selected patients
before transition to conventional TW-HD, with diabetes
being a major risk factor. When comparing KRT modality,
patients initiating dialysis with I-HD have increased survival
as compared with those initiating with either TW-HD or PD.
Urine output at 1 year is slightly better preserved on PD as
compared with I-HD. Globally, these findings show that I-HD
can be safely implemented in incident patients when carefully
selected. Results of RCTs are eagerly awaited prior to large-
scale implementation of I-HD programs.
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