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Introduction: Incremental hemodialysis (iHD) may attenuate “dialysis shock” and reduce costs, preserving

quality of life. It is considered difficult to reconcile with HD wards’ routine; fear of underdialysis and

increasing mortality are additional concerns. The aim of this study was to evaluate mortality, morbidity,

and costs in a large HD ward where iHD is the standard of HD start.

Methods: This observational study included all incident HD patients in 2017 to 2021, stratified according to

HD start: iHD (1–2 sessions/wk), decremental HD (dHD, 3 sessions/wk at start, later reduced), or standard (3

sessions/wk). Results were compared with data recorded in the same unit before the incremental program

(2015–2017) and with a propensity score-matched cohort from the French Renal Epidemiology and In-

formation Network (REIN) registry.

Results: A total of 158 patients started HD in 2017 to 2021, 57.6% on iHD, 8.9% dHD, and 33.5% standard

HD schedule. Patients on the standard schedule had lower initial estimated glomerular filtration rate

(eGFR) (5 vs. 7 ml/min per 1.72 m2, P¼ 0.003). We found no survival differences according to period of start

(same center) and propensity score matching (REIN). Patients intensively followed in the pre-HD period

were more likely to start on iHD-dHD. Persistence on iHD-dHD was about 50% at 1 year and 35% at 2 years.

Hospitalization rates and time to first hospitalization or death did not differ between the schedules. The

iHD-dHD policy allowed a 16% cost saving, even accounting for supplemental biochemical tests.

Conclusion: Our study reveals that iHD can be a new standard of care, as it is safe and feasible in up to two-

thirds of patients on incident HD.

Kidney Int Rep (2022) 7, 1049–1061; https://doi.org/10.1016/j.ekir.2022.02.010
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D
ialysis saves lives, but at a price. Besides its
intrusiveness in the patient’s life, the treatment is,

in itself, not devoid of iatrogenicity, and while inten-
sive dialysis has well-acknowledged advantages in
particular situations, such as pregnancy, early start of
treatment has not been associated with improvement
in survival and, in the case of acute kidney injury, it
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has even been associated with an increase in kidney
damage.1–4 The concept that, on dialysis, “more is bet-
ter” has also been challenged.5–7

If dialysis is seen as a “renal replacement therapy,” it
is logical that it is started trying to ensure a “treatment
dose” corresponding to a kidney function that com-
prises an acceptable degree of correction of all major
metabolic derangements. It is in this way that HD is
now usually started, regardless of the patient’s residual
kidney function.8–10

However, apart from the few cases in which kidney
function is rapidly and irreversibly lost because of
surgery, or rapidly progressive kidney disease, chronic
1049
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dialysis is started because of the progressive, often
subtle onset of metabolic derangements, in patients
whose eGFR is between 5 and 10 ml/min per 1.72 m2 or
more.11

The decision on when to start dialysis is at the same
time difficult and simple. Since the publication of the
IDEAL study, and after its integration into several
guidelines, first of all the ones of the Canadian Society
of Nephrology, the concept emerged that dialysis start
should follow an intent-to-defer policy, and the deci-
sion should be based on a comprehensive clinical
evaluation (summarized in: first onset of a clinical
indication or a decline in the eGFR to 6 ml/min per 1.73
m2 or less).12 These clinical indications are clear, but
hard to quantify, as they broadly include symptoms of
uremia, fluid overload, refractory hyperkalemia or
acidemia, or other conditions or symptoms that are
likely to be ameliorated by dialysis, and are modulated
by additional factors, including, among others, patient
preference, empowerment, trajectory, and severity of
uremic symptoms. These concepts have been repeat-
edly underlined, and, indeed, the choice is deemed
even more complex in elderly patients at high comor-
bidity.13–15

While these guidelines regard dialysis start with an
“all-or-nothing” approach, the same concept of intent-
to-defer and comprehensive clinical evaluation may be
extended to progressively increasing dialysis dose, in
the presence of residual kidney function, to attain
satisfactory metabolic control. This stepwise approach
is usually referred to as “incremental dialysis.” The
concept is derived from peritoneal dialysis (PD), in
which incremental approaches have long been used.
While the experience is still limited, iHD is increas-
ingly seen as a patient-friendly means to allow a
smooth transition from predialysis care to “full-scale”
renal replacement therapy, reducing what has been
called “dialysis shock.”16–22

iHD has been differently defined, described, and
practiced: some authors, mainly in the United States,
consider it synonymous with twice-weekly HD of
standard duration,16 whereas others, mainly in
Europe, use the term to define a progressive increase
from 1 session of short duration (2–3 hours) per week
to full-dose standard HD (4 hours 3 times per
week).17 Furthermore, other authors consider as iHD
all schedules in which a “less-than-standard” dialysis
dose is used.23 A personalized policy also allows to
downscale dialysis dose (“decremental” schedules,
dHD) in cases of recovery of some kidney function
after dialysis start. This might also favor dialysis
discontinuation beyond the 3 to 6 months conven-
tionally considered as the limit of end-stage kidney
disease reversibility.24,25
1050
The inclusion of low-dose, “palliative dialysis” in
patients at high comorbidity, including situations in
which dialysis delivery is limited for economic or lo-
gistic reasons, further makes comparisons with stan-
dard schedules difficult.26

Within these different practices, a growing body of
case series, reviews, registry data, and expert opinions
suggests that iHD start, outside the context of economic
restrictions, is at least equivalent to standard HD start
in terms of mortality and morbidity.27–29 While
observational studies are often affected by selection
biases, randomization is difficult and may be felt to be
unethical; these issues are a factor in all the “non-
standard” dialysis modalities.30–33

As a consequence, in spite of growing interest, the
actual potential of iHD and its effect on mortality and
morbidity are not clear. In a retrospective analysis,
based on residual kidney function, Chin et al.34

estimated that about half of the incident patients in
their center could have benefited from an iHD start.
Along the same lines, some authors have tried to
draw the profile of the “best” candidates for iHD,
listing up to 10 characteristics, overall defining pa-
tients with a stable metabolic balance and relevant
urine output.16

To the best of our knowledge, the present study is
the first one to report on the results of a policy of iHD
start in all patients without contraindications, and of its
rapid adaptation, increasing or decreasing dialysis
frequency over time. We will refer to this tailor-made
policy encompassing iHD and dHD as “non-standard”
HD start.

The setting of study is a large public HD unit in
central France.

To account for the selection bias due to the allocation
of patients with better kidney function, which can also
reflect better metabolic balance and lower comorbidity,
to the incremental schedules, mortality in incident
patients with nonstandard HD start was compared with
different cohorts: patients who started standard thrice-
weekly HD in the same period; incident patients in the
same center before the establishment of the incremental
program; and propensity score-matched HD patients
with thrice-weekly dialysis start derived from the na-
tional French dialysis registry. Duration of incremental
dialysis, hospitalizations, metabolic balance, and costs
for the provider and the health care system were also
analyzed.
METHODS

Setting of Study

The setting of the study is Centre Hospitalier le Mans
(CHM), in Le Mans in central France.32
Kidney International Reports (2022) 7, 1049–1061
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The dialysis ward has 25 beds for treating chronic
HD patients and patients with acute kidney injury
needing dialysis, outside of the intensive care unit.
The pool of patients on chronic HD ranged from 95
to 110 before the establishment of the iHD program,
and from 105 to 130 after this, the variations in
number depending on the occurrence of kidney
transplantations, deaths, and transfers. The Center
also runs a PD program; PD was the treatment of
choice in 23% of incident patients in both periods
considered, a figure much higher than the penetra-
tion of PD in France (6.5% at the last update).35

Further details are available in the Supplementary
Methods.
Definitions

HD was defined as chronic when it lasted for at least 3
months, regardless of the schedule. iHD was defined as
initial delivery of 1 or 2 dialysis sessions per week,
independently of their duration (2 to 4 hours), lasting
for at least 2 weeks, in an outpatient. The dialysis
schedule during hospitalization, if any, at dialysis start
was not considered.

dHD was defined as a decrease in the number of
dialysis sessions to 2 or 1 session per week, indepen-
dently of their duration, lasting for at least 2 weeks,
occurring in an outpatient, after at least 2 weeks of
outpatient HD, with 3 or more sessions per week.

Nonstandard HD included both iHD and dHD
schedules, as defined previously. Standard HD was
defined as dialysis start with 3 or more sessions per
week, independently of their duration (usually 3–4
hours).

Intensive predialysis follow-up was defined as
follow-up in the unit dedicated to the care of advanced
chronic kidney disease (UIRAV: Unité pour la prise en
charge de l’Insuffisance Rénale AVancée) for at least 1
month. Detailed follow-up schedules are available
elsewhere; these include, for chronic kidney disease
stage 5 or fragile patients with rapidly deteriorating
kidney function, 1 to 4 consultations per month, usu-
ally with concomitant blood tests.36

Further definitions (dialysis discontinuation, co-
morbidity, planned and unplanned dialysis start) are
available in the Supplementary Material.
Selection of Patients
Period of Study

All incident chronic HD patients who started HD be-
tween January 2017 and March 2021 at CHM were
included in the analysis and stratified according to
their iHD, dHD, or standard dialysis schedule. Follow-
up was continued to June 30, 2021.
Kidney International Reports (2022) 7, 1049–1061
Patients were censored at the time of transfer to
other dialysis centers, kidney transplantation, or kid-
ney function recovery (after $3 months of HD).

Control data: period from January 2013 to December
2015. All incident chronic HD patients who started
renal replacement therapy in this period at CHM,
followed-up for at least 1 month as outpatients, were
included in the analysis; in this period, HD was sys-
tematically started 3 times per week (4 hours). Obser-
vation was continued until March 2017.

Patients who started HD in 2016 were not consid-
ered, as 2016 was the transition year in which the in-
cremental dialysis program was set up.

Further information on source of data is available in
the Supplementary Methods.

REIN Registry

REIN is the national French dialysis registry, with full
coverage of all public, associative, and private cen-
ters.37 It is organized in regional areas, and data from
the Pays de la Loire region were selected. Of the 2209
patients who started dialysis in 2017 to 2021 in the 25
centers of the Pays de la Loire other than CHM, we
selected 1583 patients who started with thrice-weekly
HD. Patients on PD (n ¼ 265), who had recovered
kidney within 3 months (n ¼ 75), patients on HD
schedules other than thrice-weekly (n ¼ 247, 186 on
once- or twice-weekly HD and 61 on more frequent
schedules), and patients with incomplete data (n ¼ 39)
were excluded.

Indications for HD Start and Changes in HD

Frequency

Details on dialysis prescriptions and on control policies
are reported in the Supplementary Material. The choice
of when and how to start HD is determined by a
comprehensive clinical and laboratory evaluation that
takes into consideration clinical condition, the presence
of fluid overload (in particular, in patients with car-
diorenal syndrome), uremic symptoms (such as fatigue,
loss of appetite, attention deficit, restless leg syn-
drome), and poor blood pressure control. Details on
biochemical data (eGFR, urea, potassium, acidosis,
anemia, phosphate, parathyroid hormone, albumin,
and brain natriuretic peptide) and the thresholds
considered are available in the Supplementary
Materials.

The same clinical and biochemical indexes are
considered when deciding whether to increase dialysis
frequency. Even if creatinine and urea clearances on
24-hour urine collection, the gold standard for the
assessment of the residual kidney function, are
routinely prescribed, these controls are often not reli-
able in our elderly population and are therefore
1051
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considered only as ancillary in the decision to modulate
HD frequency.38–40

In addition, beta-2-microglobulin (b2m) levels are
tested monthly and considered, in the absence of in-
flammatory status, as markers of residual kidney
function in iHD and as indicators of middle-molecule
depuration in patients without relevant kidney
function.

Furthermore, since 2021, the formula based on b2m
level and serum creatinine, urea, sex, and age proposed
for the evaluation of residual kidney function, has been
integrated in the monthly tests.41
Biochemical Data

Biochemical data were analyzed using standard labo-
ratory methods. Data are reported “per protocol.” They
were gathered at dialysis start (first dialysis session),
regardless of hospitalization status, for urea, creatinine,
hemoglobin, calcium, phosphate, and total proteins,
integrated, when necessary, with data recorded in the
previous or following week. Conversely, for the anal-
ysis of biochemical data at 3 months and at the last
control, only patients who had been hospitalization-
free for at least 1 month were considered. Data are
obtained at midweek for conventional HD and at the
first or only dialysis session per week in iHD-dHD
patients.

Although, for the above-mentioned reasons, urea
clearance was not routinely used to assess residual
renal function, for the sake of this study, we took
advantage of the regular assessment of b2m levels to
calculate residual renal function according to the for-
mula proposed by Jaques and Davenport41 in 2021.
Cost Analysis

The cost of dialysis was considered equivalent to the
French health system’s reimbursement per session
(rounded to 350 Euros per session for in-hospital dial-
ysis).42,43 Transportation expenses are not included in
the dialysis bundle; they were conservatively rounded
to 50 Euros per session, in keeping with the distance
covered and the average French data (13,052 Euros/
patient/yr).44

The additional cost of biochemical tests for iHD and
dHD patients was obtained from the hospital’s admin-
istrative offices; blood tests are included in the dialysis
bundle. Giving their integration in the routine of care,
we analyzed them as “production costs,” rounded to 10
additional Euros per week in the 40 weeks not included
in the monthly tests.

Further details are available in the Supplementary
Materials.
1052
Statistical Analysis and Study Design

The statistical analysis was performed with JASP
v.0.14.1 (JASP Team 2020, University of Amsterdam,
The Netherlands) and R v.4.0.5 (R CRAN-project, 2021).

In all studies, a 2-tailed alpha risk of <5% was
considered statistically significant.

Descriptive Analysis

Data were tested for normality by means of the
Shapiro-Wilk test and homoscedasticity with Levene’s
test and presented as mean and SDs for parametric data
and median and interquartile ranges for nonparametric
data as appropriate, while categorical data are pre-
sented as numbers and proportions.

Normally distributed quantitative data were
compared by means of t test or analysis of variance ac-
cording to the number of groups; otherwise, the Wil-
coxon rank-sum test or Kruskal-Wallis test was used.
Qualitative data were analyzed bymeans of the c2 test or
by Fisher’s test in case of a low sample size of subgroups.

Survival Analysis

Survival, time to first hospitalization or death, and time
on incremental dialysis were visualized by means of
Kaplan-Meier curves, and comparison between the 2
groups was performed by means of the log-rank test.
Dialysis schedule was considered as intention-to-treat
analysis (i.e., death was ascribed to the nonstandard
schedule even after a shift to standard HD).

dHD patients were excluded in the analysis of the
persistence of iHD over time.

Patient survival in the 2 cohorts pre- and post-
implementation of the iHD start (start of dialysis 2013–
2015 [follow-up to June 2016] and 2017–2021) was
compared in the per system of care analysis.

Cox regression analysis was performed to assess the
effect on survival of different combinations of dialysis
schedules (standard vs. nonstandard) and period of
start (2013–2016 vs. 2017–2021) with comorbidity
(Charlson comorbidity index [CCI] dichotomized
at$8), gender (male vs. female), and context of dialysis
start (urgent vs. planned).

Propensity Score Matching

Bipartite propensity score matching through the
greedy nearest neighbor matching algorithm was con-
ducted to produce a CHM-matched sample from the
REIN cohort with a 1:1, 1:2, and 1:5 ratio.45–47

Matching considered the following 3 main factors
classically associated with survival in dialysis patients
and available in both the registry and our database:
age, gender, and presence of diabetes. To ensure similar
follow-up, the year of dialysis start was also matched.
Matching was performed using the “Matchit” R
package v.4.2.0.48
Kidney International Reports (2022) 7, 1049–1061
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Logistic Regressions

A univariate and multivariate logistic regression anal-
ysis was performed to determine which parameters
were associated with nonstandard dialysis start: CCI
(dichotomized at 8), body mass index (dichotomized at
30 kg/m2), gender (female vs. male), kidney disease
(diabetic and vascular kidney disease vs. others), eGFR
(dichotomized at 7 ml/min per 1.72 m2), context of
dialysis start (urgent vs. planned), and predialysis care
(intensive vs. other). To avoid collinearity, the corre-
lation between the explanatory variables included in
the model was assessed by Pearson and Spearman
correlation coefficients, and in case of 2 or more highly
correlated variables, the one considered more clinically
relevant was included. The accuracy of the regression
model was verified by means of residual analysis.

Ethical Aspects

All patients who started dialysis in our center signed
an informed consent form authorizing the anonymous
use of their clinical data for research purposes. The
forms were signed by tutors in cases of minors or pa-
tients with cognitive impairment.

In keeping with the French legislation, the retro-
spective observational study was approved by the
ethics committee of the Le Mans hospital on July 10,
2021. Data from REIN were agreed on in all centers in
the Pays de la Loire region.

Baseline Data

Of the 158 patients who started dialysis at CHM in the
period 2017 to 2021, 91 (57.6%) started with an iHD
schedule (of which, 30 on a once-weekly schedule,
Supplementary Table S1), 14 (8.9%) started on a thrice-
weekly schedule and decreased to a lower number of
sessions, and 53 (33.5%) started and continued with a
thrice-weekly schedule. No difference was found be-
tween groups regarding age, sex, CCI, and nutritional
status according to Subjective Global Assessment and
body mass index (Table 1). Conversely, patients on iHD
had more often been followed-up in the intensive
predialysis care unit, were more likely to have had a
planned dialysis start, and were less frequently hos-
pitalized when beginning HD. In the context of a
relatively low frequency of late referrals (23.4% of
patients with <3 months of follow-up), about two-
thirds of the patients had been followed for at least 1
year before starting dialysis, with no significant dif-
ferences between the groups (Table 1).

Patients who started and continued dialysis with a
thrice-weekly schedule had a significantly lower eGFR
at start (5 ml/min per 1.72 m2 vs. 7 ml/min per 1.72 m2

in patients on iHD-dHD) (Table 1). However, the
indication for elective dialysis start was posed at
Kidney International Reports (2022) 7, 1049–1061
identical eGFR levels for patients being followed in the
intensive predialysis care unit and for those in other
outpatient facilities (median 7 ml/min per 1.72 m2).

Patients who started HD between 2013 and 2015 had
a lower burden of comorbidities, as measured by CCI,
and were more likely to begin renal replacement ther-
apy during hospitalization compared with those start-
ing HD between 2017 and 2021 (Table 2).

Survival Analysis (CHM Cohorts)

In the period 2017 to 2021, age and CCI retain the usual
highly significant effect on survival, whereas initial HD
schedules were not associated with survival differences
(Figure 1a and Supplementary Figure S1A–D). The ef-
fect of CCI is retained in the multivariate Cox analysis
(Supplementary Table S2).

No difference in patient survival was observed
comparing mortality rates observed in the period 2017
to 2021 with those observed in the previous period,
when dialysis was routinely started with 3 sessions per
week (Figure 1b). Cox analysis confirmed that adding
iHD to the system of care did not negatively affect its
performance and only CCI remained significantly
associated with risk of death (Supplementary Table S3).

Survival Analysis With Respect to the REIN

Registry, After Propensity Score Matching

The characteristics of the patients selected from the
REIN Registry after propensity score matching are
presented in Supplementary Table S4. No significant
difference in survival was observed comparing all pa-
tients who started HD at CHM and other centers in the
region (Supplementary Figure S2A–C). After matching
for age, gender, year of dialysis start, and presence of
diabetes, no differences in survival were found
(Figure 2a and Supplementary Figure S3A and B). The
same held true when the analysis was limited to pa-
tients who started HD with an incremental schedule, or
considering 2 nonstandard schedules together (iHD-
dHD) (Figure 2b and Supplementary Figure S3C and D).

Probability of iHD Start and Persistence on

Incremental Dialysis

HD start with an incremental schedule was more
frequent in patients with intensive predialysis follow-
up of at least 1 month, while it was not affected by
sex and comorbidity and type of kidney disease
(Table 1). According to the multiple logistic regression
analysis, an unplanned, emergency start and lower
eGFR were associated with lower odds of beginning HD
on a nonstandard schedule, while an intensive pre-
dialysis follow-up was associated with 10 times greater
odds of starting dialysis on a nonstandard schedule
(Table 3).
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Table 1. Baseline characteristics of patients who started hemodialysis at CHM in the period 2017 to 2021, according to dialysis modality
Dialysis frequency Nonstandard

Standard Nonstandard P value Incremental Decremental

P value for comparison of
standard, incremental,
and decremental groups

N 53 105 91 14

Age (yr), median (min-max) 71 (32–90) 69 (26–94) 0.908 70 (26–94) 69 (38–91) 0.815

Sex, n females (%) 22 (41.5) 42 (40.0) 0.855 35 (38.5) 7 (50.0) 0.703

CCI, median (min-max) 8 (2–13) 8 (2–18) 0.619 8 (2–18) 7 (3–17) 0.208

SGA, n (%) 0.086 0.146

A 34 (65.4) 82 (78.9) 69 (76.7) 13 (92.9)

B 17 (32.7) 18 (17.3) 17 (18.9) 1 (7.1)

C 1 (1.9) 4 (3.8) 4 (4.4) 0

BMI (kg/m-2), median (min–max) 25.6 (16.4–79.9) 27.0 (16.3–47.4) 0.619 26.5 (16.3–47.4) 27.9 (18.6–37.0) 0.841

BMI $30, n (%) 13 (31.4) 34 (32.4) 0.899 31 (34.1) 3 (21.4) 0.636

Start in hospitalization, n (%) 46 (86.8) 70 (67.3) 0.009 56 (62.2) 14 (100) <0.001

Start in emergency, n (%) 39 (73.6) 40 (38.1) <0.001 31 (34.1) 9 (64.3) <0.001

Origin, n (%) <0.001 <0.001

Conventional predialysis care 25 (47.2) 31 (29.5) 22 (24.2) 9 (64.3)

Intensive predialysis care 3 (5.7) 48 (45.7) 47 (51.7) 1 (7.1)

Peritoneal dialysis 1 (1.9) 8 (7.6) 8 (8.8) 0

Transplantation 4 (7.6) 5 (4.8) 5 (5.5) 0

Other 20 (37.7) 13 (12.4) 9 (9.9) 4 (28.6)

Time of previous follow-up, (mo) n (%) 0.026 0.051

0 17 (32.1) 15 (14.3) 11 (12.1) 4 (28.6)

3 0 5 (4.8) 4 (4.4) 1 (7.1)

6 5 (9.4) 8 (7.6) 8 (8.8) 0

$12 31 (58.5) 77 (73.3) 68 (74.7) 9 (64.3)

CKD disease, n (%) 0.763 0.798

Diabetes, nephroangiosclerosis 26 (49.1) 58 (55.2) 52 (57.1) 6 (42.9)

Glomerulonephritis 8 (15.1) 14 (13.3) 12 (13.2) 2 (14.3)

Other 19 (35.9) 33 (31.4) 27 (29.7) 6 (42.9)

eGFR (ml/min per 1.72 m2) at dialysis start,
median (min–max) (all cases)

5 (2–29) 7 (2–40) 0.003 7 (2–40) 7 (2–10) 0.002

eGFR (ml/min per 1.72 m2) at dialysis start,
median (min-max) (only for planned
start of dialysis, excluding cardiorenal
syndromes)

5 (4–8) 7 (3–15) 0.007 7 (3–15) 7 (6–10) 0.019a

BMI, body mass index; CCI, Charlson comorbidity index; CHM, Centre Hospitalier le Mans; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate according to the CKD-
Epidemiology Collaboration formula; max, maximum; min, minimum; SGA, subjective global assessment.
aP ¼ 0.053 for post hoc comparison between standard and incremental.
Bold value indicates significant differences.
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One year after iHD start, about half of the patients
were still on an iHD schedule and about 35% were still
on a once- or twice-weekly schedule at 2 years
(Figure 3). Persistence on iHD was not associated with
kidney disease (diabetes vs. other causes), body mass
index, type of predialysis follow-up, and start in
emergency (Supplementary Table S5). Regaining a good
Table 2. Baseline characteristics of patients who started
hemodialysis in 2013 to 2015 compared with 2017 to 2021

2013--2015 2017--2021 P value

N 91 158

Age (yr), median (min-max) 71 (18–90) 70 (26–94) 0.390

Gender, n females (%) 31 (34.1) 64 (40.5) 0.314

CCI, median (min-max) 7 (2–15) 8 (2–18) 0.018

Diabetes, n (%) 32 (35.2) 73 (46.2) 0.089

Start in hospitalization, n (%) 79 (86.8) 116 (73.9) 0.017

CCI, Charlson comorbidity index; max, maximum; min, minimum.
Bold value indicates significant differences.
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metabolic balance allowed us to reduce the dialysis
prescription for 14 patients (dHD: about 9% of the
incident dialysis cohort).

The main reasons why 53 patients were not able to
start dialysis in an incremental manner or to decrease the
session frequency within 3 months from the start are
reported in Supplementary Table S6.While severe acute
injury, postpartum cortical necrosis, nephrectomy, and
rapidly progressive glomerulonephritides account for
7 (13%) of the cases, the most common situation associ-
ated with start and persistence on a thrice-weekly
schedule was beginning HD in a condition of fluid
overload (34%) and decompensated uremic syndrome
(17%), requiring intensive HD at start, possibly
contributing to a rapid loss of residual kidney function.

Hospitalizations

During the period 2017 to 2021, the number and
duration of hospitalizations following the start of
Kidney International Reports (2022) 7, 1049–1061



Figure 1. (a) Survival of incident hemodialysis patients at Centre Hospitalier Le Mans in the period 2017–2021, according to dialysis schedule. (b)
Comparison of survival of incident hemodialysis patients at Centre Hospitalier Le Mans between the period 2017 to 2021 and 2013 to 2015.
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dialysis were not significantly different, with a median
of 3 hospitalizations per patient on standard HD start
and 2 in patients on nonstandard schedules, all with a
wide range (0–17 hospitalizations) (Supplementary
Table S7). Likewise, the time to first hospitalization
or death did not differ according to type of dialysis
start (Supplementary Figure S4).

Biochemical Profiles

The biochemical profiles at start of dialysis, at 3
months, and at the last update are available in
Supplementary Tables S1, S8, and S9. The flowchart of
the patients is given in Supplementary Figure S5.

The biochemical signature is different at the start
of dialysis, with once- or twice-weekly dialysis be-
ing proposed to patients with better metabolic
control, as witnessed by significantly higher hemo-
globin (9.9 vs. 8.8 g/dl, P ¼ 0.007), albumin (3.2 vs.
2.9 g/dl, P < 0.001), eGFR (7 vs. 6 ml/min per 1.72
m2, P ¼ 0.035), and urinary output ($1000 ml/24 h:
82.8% vs. 44.4%, P < 0.001) and lower phosphates
(1.73 vs. 1.90 mmol/l, P ¼ 0.002) and NT-proBNP
(4640 vs. 11092 ng/l, P ¼ 0.008) (Supplementary
Table S1).
Kidney International Reports (2022) 7, 1049–1061
At 3 months and at the last update, the recorded
differences essentially confirmed the selection criteria,
allowing only patients with stable biochemical profiles
to continue on once- or twice-weekly HD
(Supplementary Table S8). Of note, b2m, a marker of
residual kidney function, was lowest in patients on
once-weekly HD and highest on thrice-weekly HD (P <
0.001) (Supplementary Tables S8 and S9).
Cost Analysis

Table 4 reports on the number of dialysis sessions
“saved,” when compared with a standard dialysis
schedule. If the 105 patients on incremental and
decremental dialysis had been on thrice-weekly
schedules, they would have needed 12,199 dialysis
sessions over their follow-up; because they received
only 6780 sessions, we calculated that 5419 HD sessions
were “saved.”

With an overall follow-up of 219 patient-years in the
total incident population of 158 patients, 5419 dialysis
sessions correspond to 16% of the sessions that would
have been needed if all patients were on thrice-weekly
HD (Table 4).
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Figure 2. (a) Comparison of survival between incident hemodialysis patients at Centre Hospitalier Le Mans in the period 2017 to 2021 and a
propensity score-matched cohort from the REIN Registry. 1:1 matching. (b) Comparison of survival between incremental hemodialysis patients
at Centre Hospitalier Le Mans in the period 2017 to 2021 and a propensity score-matched cohort from REIN. 1:1 matching. REIN, Renal
Epidemiology and Information Network.
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Considering the French reimbursement system and
the cost of transportation, we calculated a savings of
>2 million Euros. This consistent savings for society is
however counterbalanced by an increase in the cost of
controls (evaluated at 400 Euros/yr/patient for addi-
tional biochemical tests).
DISCUSSION

The main result of our study is that it demonstrates
that HD can be safely started in a “non-standard”
way, combining an incremental and a decremental
Table 3. Logistical regression for the outcome nonstandard dialysis start

Odds ratio

95

Lower

CCI ($8) 0.863 0.344

BMI ($30 kg/m2) 0.662 0.254
Gender (male) 0.788 0.318
Diabetes, NAS vs. others 1.129 0.442
eGFR (<7 ml/min per 1.72 m2) 0.279 0.115
Urgent vs. planned start 0.254 0.106
Intensive predialysis vs. conventional
care

10.826 3.452

BMI, body mass index; CCI, Charlson comorbidity index; eGFR, estimated glomerular filtration rat
The Pearson phi coefficient64 was equal to 0.271 between urgent start and intensive predialysis
Charlson score was used.
Bold value indicates significant differences.
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schedule, in the large majority of patients (105/158
cases, 66%). This prevalence is higher than the
already high potential calculated a posteriori in a
recent study in the United States, that sets it at about
50% of incident cases.34 It is worth noting that in the
setting in which the study was carried out, dialysis is
started in accordance with an intent-to-defer policy
(median eGFR at dialysis start: 7 ml/min per 1.72 m2)
(Table 1).

In line with the European incident dialysis popula-
tion, the study cohort is elderly and at high comor-
bidity (median age 70 years, median CCI: 8, Table 1).49
% CI

P valueHigher

2.150

0.1 1 10 100
Odds ratio

0.752

1.689 0.389
1.888 0.597
2.895 0.799
0.646 0.004
0.581 0.002

48.220 <0.001

e according to the CKD-Epidemiology Collaboration formula; NAS, nephroangiosclerosis.
care origin (both were kept in the model) and 0.57 between age and CCI, thus only the

Kidney International Reports (2022) 7, 1049–1061



Figure 3. Time on incremental dialysis before switching to thrice-
weekly dialysis.

Table 4. Cost analysis
Nonstandard Total

among
groupIncremental Decremental

n 91 14 105

1 dialysis per week

Patient-years of
observation

21.4 4.5 25.9

Number of dialysis 1115 234 1349

2 dialysis per week

Patient-years of
observation

37.8 14.5 52.2

Number of dialysis 3926 1505 5431

Total among
nonstandard
dialysis frequency

Patient-years of
observation

59.2 19.0 78.2

Number of dialysis 5041 1739 6780

Summary

Patient-years of
observation on
nonstandard HD

Number of sessions
observed on

nonstandard HD

Number of sessions
expected on thrice-

weekly HD

“Saved”
HD

sessions

78.2 6780 12,199 5419a

HD, hemodialysis.
aEquivalent to 1,896,850 Euros for dialysis costs (each session calculated at 350 Euros)
and 270,950 Euros for transportation (calculated at 50 Euros for each dialysis session).
The hypothetic dialysis sessions were calculated using the following equation:

ndialysis session ¼ Wy � Dfreq � Pyear ,
where Wy is the number of weeks per year (i.e., 52), Dfreq is the dialysis frequency
considered, and Pyear is the patient-years of observation.
With an overall follow-up of 219 patient-years in the total incident population of 158
patients (median follow-up per patient: 1.03 years), 5419 dialysis sessions correspond to
15.86% of the theoretical 34,164 sessions calculated with respect to the standard thrice-
weekly HD.
Bold value indicates significant differences.
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It is also worth noticing that the prevalence of
patients without previous follow-up was in the lower
range recorded in France (about 30%) and that over
60% of the cases had follow-up of at least 1 year
before the start of HD.50,51 Likewise, the prevalence
of new patients who started dialysis with a PD mo-
dality was well above the French range (23% vs.
6.3%).35

The systematic introduction of an iHD schedule,
associated with the possibility of reducing the number
of dialysis sessions for patients who had started on a
standard schedule (dHD), was not associated with
lower survival.

Drawing clear conclusions from observational
studies is difficult; however, these studies directly
reflect the clinical practice and may complement ran-
domized controlled trials. Interestingly, our data are in
keeping with those of a recently published randomized
controlled trial, demonstrating superimposable sur-
vival in the 2 arms (26 and 29 patients randomized to
thrice- and twice-weekly dialysis).52

Because we felt that randomizing HD start would not
be considered acceptable by our patients, we wanted to
ensure that survival was at least equivalent to the one
on standard schedules. We did so in the following 3
complementary ways, each affected by a different bias:
per protocol, comparing patients with standard and
nonstandard dialysis in the period of study (selection
bias, according to residual kidney function); per
Kidney International Reports (2022) 7, 1049–1061
system of care, comparing the period of study with a
previous one in which HD was started with thrice-
weekly schedules in all cases (potentially biased by
further concomitant treatment changes); and compari-
son with propensity score-matched patients from other
regional centers obtained from the REIN Registry (po-
tential “center effect”). In all analyses, results observed
on nonstandard HD were not inferior to those observed
on standard schedules (Figures 1 and 2, Table 3).

In a setting in which patients come from a large area
(up to about 80 km from the HD center), and social
isolation is common, hospitalization was frequent. In
this context, no difference was recorded in incidence
and duration of hospitalization after HD start for pa-
tients on standard and nonstandard dialysis schedules,
or in time to first hospitalization or death
(Supplementary Table S6 and Supplementary Figure S4).

While the metabolic profile is different at the start of
dialysis in patients on thrice-weekly HD or less
frequent schedules, at 3 months, and at the last update,
the only differences regard residual kidney function
and b2m levels, considered to be reliable markers of
residual kidney function, thus confirming the feasi-
bility of iHD-dHD schedules, provided strict control is
assured.41,53
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While the duration of follow-up in patients
followed-up for at least 1 month predialysis had no
significant effect on the choice of the initial schedule,
the quality of follow-up did, and patients who were
exposed to at least 1 month of intensive predialysis care
had a higher chance of starting dialysis in a nonstan-
dard, more gradual way. Conversely, obesity, comor-
bidity, age, or sex did not significantly affect this
choice, while needing dialysis as an emergency mea-
sure was associated with higher odds of starting and
continuing treatment with a thrice-weekly schedule.

With a median duration of 1 year, and with about 1
patient of 4 still on an incremental schedule 2 years
after dialysis start, this policy made possible consistent
savings with respect to standard schedules, corre-
sponding to roughly a 15% reduction in the number of
dialysis sessions in incident patients over the period of
study. The amount saved, calculated using French data,
works out to be over 2 million Euros in 4 years. This is
clearly a relevant sum for the health care system, but it
may not be favorable for the individual structure, as
organizing dialysis sessions can be more complex and
the additional cost of blood tests has to be met by the
dialysis providers. This consideration supports the
need for dedicated investments to avoid penalizing an
overall favorable, more physiological, and logical dial-
ysis option.

This study has limitations. Information on patients’
preferences and on quality of life is lacking and, while
it is intuitive that they prefer having fewer HD ses-
sions, we have no direct evidence to show that they do.
This knowledge gap will hopefully be filled by a
planned prospective study.

Furthermore, even if creatinine and urea clearances
on 24-hour urine collection, the gold standard for the
assessment of the residual kidney function, are
routinely prescribed, these controls are often not reli-
able (incomplete collection, errors in sampling, refusal
of the patient to perform the collection). This problem
is not unusual; while, to the best of our knowledge, no
study specifically addressed the issue of the reliability
of 24-hour urine collection in dialysis patients (and in
particular in elderly populations at high comorbidity),
data gathered in younger populations, mainly with
lithiasis, suggest that at least half of the 24-hour urine
collections are unreliable.38–40 Similar problems are
well known in the context of the care of advanced
chronic kidney disease and make the application of the
formulae based on 24-hour urine collection not appli-
cable on the overall chronic kidney disease population;
hence, several alternative evaluations are proposed in
this population.11 As a consequence, we did not model
dialysis schedule on urea clearance in our elderly
population and considered the data, whenever
1058
available, as ancillary in the decision to modulate HD
frequency, and based the decision on blood tests.
Furthermore, we included in the monthly evaluations
of the outpatients the residual renal function calculated
on the levels of b2m. While this formula is not free of
interferences with inflammation and myeloproliferative
diseases, this was a precious integration to the monthly
data (Supplementary Tables S8 and S9).

Indeed, we feel that this limitation may also become
a strength, indicating incremental schedules can be
safely controlled without the need for the periodic,
cumbersome 24-hour urine collection.41,53–56

Most importantly, as it is a proof-of-concept study,
we deal only with 1 center, the one in which this
“prototype” experience was developed. The limits of
the observational design are at least partly counter-
balanced by the advantage of dealing with the whole
dialysis population, thus avoiding the bias of selective
recruitment, which is common in randomized studies
dealing with different dialysis schedules (about 20% in
the most important daily dialysis trial; about 50% in
the recent randomized controlled trial comparing twice
and thrice-weekly dialysis).31,32,52,57–60

While the different analyses regarding the risk of
death were performed on larger cohorts (per period and
with respect to the REIN Registry), the analysis on
hospitalizations was limited to the last period, and
numbers are still relatively low, so that large-scale
confirmation on a longer period is needed. Further-
more, the effect of changes in practices over time and
the “center effect” could not be ruled out.

A further characteristic of our study, which might
be seen as a limitation, is the fact that both the choice of
dialysis start and the modulation of dialysis frequency
are not based on single measured items or on a rigid
algorithm, but on a comprehensive evaluation that
weighs different factors (metabolic balance, weight
gain, blood pressure, uremic symptoms). While we
tried to capture this individualized approach in the
tables and in the clinical examples, we are aware of the
fact that it may render comparisons among different
settings more difficult. However, this nuanced
approach is in line with a large body of literature and is
in keeping with the guidelines that suggest basing the
intent-to-defer strategy, in the context of low residual
kidney function, on a vast array of symptoms,
contextualized to the clinical, social, and educational
characteristics and to patients’ preferences. We
considered that the logical corollary of basing dialysis
start on an integrated evaluation was to use the same
approach for dialysis modulation. This, of course,
needs further prospective evaluations, also aimed at
assessing the “relative weight” of each indication and
their combination.
Kidney International Reports (2022) 7, 1049–1061
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The cohort studied is one of the largest of iHD so far
available, yet it is limited with respect to registry data
or multicenter studies. This bias is in common with
pilot experiences, and we recognize, of course, that
validation on a larger scale is needed.27 The present
study was possible thanks to a particular situation, that
is, the reorganization of a large nephrology unit, with
the recruitment of a new medical team, experienced in
personalized dialysis and predialysis treatments.61–63

Transforming routine practice is often difficult and
time consuming, and this is why we feel that this
experience of a rapid shift from standardized to
personalized HD offered us, within the limits of a
single-center experience, a unique occasion to describe
the potential of implementing iHD.

In conclusion, the main result is having found that
iHD start may represent a new standard of care, as it
is safe and feasible in up to two-thirds of patients, at
least in a European population with advanced age
and high comorbidity. We therefore suggest that
instead of trying to identify ideal candidates for iHD,
we should focus on reducing contraindications,
mainly through strict predialysis follow-up, to this
more physiological, gradual, and flexible modality of
HD start.
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