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Introduction: Kidney transplantation (KT) remains the treatment of choice for end-stage kidney disease

(ESKD), but access to transplantation is limited by a disparity between supply and demand for suitable

organs. This organ shortfall has resulted in the use of a wider range of donor kidneys and, in parallel, a

reexamination of potential alternative renal replacement therapies. Previous studies comparing Canadian

intensive home hemodialysis (IHHD) with deceased donor (DD) KT in the United States reported similar

survival, suggesting IHHD might be a plausible alternative.

Methods: Using data from the Scientific Registry of Transplant Recipients and an experienced US-based

IHHD program in Lynchburg, VA, we retrospectively compared mortality outcomes of a cohort of IHHD

patients with transplant recipients within the same geographic region between October 1997 and

June 2014.

Results: We identified 3073 transplant recipients and 116 IHHD patients. Living donor KT (n ¼ 1212) had

the highest survival and 47% reduction in risk of death compared with IHHD (hazard ratio [HR]: 0.53; 95%

confidence interval [CI]: 0.34–0.83). Survival of IHHD patients did not statistically differ from that of DD

transplant recipients (n ¼ 1834) in adjusted analyses (HR: 0.96; 95% CI: 0.62–1.48) or when exclusively

compared with marginal (Kidney Donor Profile Index >85%) transplant recipients (HR: 1.35; 95% CI:

0.84–2.16).

Conclusion: Our study showed comparable overall survival between IHHD and DD KT. For appropriate

patients, IHHD could serve as bridging therapy to transplant and a tenable long-term renal replacement

therapy.
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E
SKD care is complex and costly. Currently, there
are more than 700,000 patients living with ESKD in

the United States,1 and this number is expected to rise.
Compared with dialysis, KT is known to provide su-
perior quality of life,2 patient survival,3 and cost-
effectiveness.3,4 However, not every patient with
advanced kidney disease will qualify for trans-
plantation, and those who do, face lengthy waiting
times because of critical organ shortage. In 1998, the
median waiting time was 2.7 years, rising to 4.2 years
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by 2008.5 By the end of 2016, 16% of wait-listed pa-
tients had been waiting for $5 years, and 9.8%
(> 9500 individuals) were delisted due to death or
becoming too sick to transplant.6 This trend is partic-
ularly troublesome for patients with prolonged dialysis
exposure, as they face worse allograft and patient
survival,4 even when transplanted with living donor
(LD) kidney.7,8 Thus, there is a need to use all suitable
organs, including those anticipated to have reduced
survival, such as high (>85%) Kidney Donor Profile
Index (KDPI) kidneys. These marginal organs require
specific patient consent, but still provide favorable
outcomes compared with remaining on dialysis.9,10

This critical supply-demand mismatch creates a ne-
cessity to explore and expand alternative renal
replacement therapies that could be comparable to KT.

Generally, survival is known to be worse among
dialysis patients than KT recipients. Factors such as
Kidney International Reports (2020) 5, 296–306
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blood pressure control,11 volume optimization,12,13 left
ventricular mass index improvement,14 and bone
mineral metabolism15–17 directly affect patients’ car-
diovascular prognosis. Unsurprisingly, cardiovascular
disease is responsible for 48% of deaths in this popu-
lation, usually due to arrhythmias, cardiac arrest,
congestive heart failure, acute myocardial infarction,
and atherosclerotic heart disease.1 Conventional in-
center hemodialysis, typically delivered over 3- to 5-
hour sessions 3 times per week, results in a 2-day
interdialytic gap each week, which is associated with
increased mortality and morbidity.18,19 IHHD offers a
solution to many of these problems, while conferring
improved solute clearance15,20 and better survival than
in-center hemodialysis.21 There is no standard defini-
tion of IHHD,15 but most commonly, it is defined as
hemodialysis treatment 4 or more times per week,
preferably totaling 20 hours or more, and eliminating
the 2-day interdialytic gap.15,22,23 IHHD, in the form of
nocturnal home hemodialysis, not only provides sur-
vival, cardiovascular, and metabolic advantage, but it
is associated with improved sleep apnea and nocturnal
oxygen saturation. Moreover, patients receiving
nocturnal home hemodialysis usually perceive their
dialysis as less cumbersome despite its increased fre-
quency and length. Two previous Canadian studies
compared the survival of patients receiving nocturnal
IHHD with that of KT recipients. The first, by Pauly
et al.,22 showed that survival among a cohort of Ca-
nadian nocturnal IHHD patients was not significantly
different from among DD KT recipients in the United
States. The second study, by Tennankore et al.,24 re-
ported decreased early hospitalization rate but inferior
outcome (treatment failure or death) in the IHHD group
compared with allograft survival from either living
donors or DDs. Most recently, a study by Molnar
et al.25 suggested that survival after KT was superior to
home hemodialysis in elderly patients. However in this
study, home hemodialysis patients received an average
of 10 hours of dialysis and fewer than 4 sessions per
week, which differs from IHHD.26 Given the conflict-
ing conclusions reported thus far, we sought to
compare the overall survival among a large cohort of
adult IHHD patients with that of KT recipients strati-
fied by kidney source and quality (defined by KDPI)
within the same geographic region.
METHODS

IHHD and KT Patients

The IHHD cohort consisted of 116 patients with ESKD
who received IHHD from Lynchburg Nephrology
Physicians located in Lynchburg, VA, between
October 1, 1997, and June 30, 2014. KT recipients’ data
Kidney International Reports (2020) 5, 296–306
were extracted from the Scientific Registry of Trans-
plant Recipients, which includes data on all transplant
candidates, donors, and recipients in the United States,
submitted by the members of the Organ Procurement
and Transplantation Network. The Health Resources
and Services Administration, US Department of Health
and Human Services, provides oversight for the ac-
tivities of the Organ Procurement and Transplantation
Network and Scientific Registry of Transplant Re-
cipients contractors. All KT recipients belong to the
same donor service area of Virginia. We obtained
Institutional Review Board approval from Central
Health, University of Virginia, and Fresenius, as well as
written approval from DaVita.

IHHD patients received home hemodialysis >20
hours/week and $4 sessions/week during the study
period. No patient had >1 day of interdialytic gap.
Only patients with ESKD receiving IHHD for the first
time were included; 2 patients returning to IHHD after
failed KT were excluded. All IHHD patients were $18
years old and had a body mass index (BMI) $17. Of the
116 patients in this study, 87 patients had been pre-
viously described.20 Patients had a mean dialysis
duration of 7 hours per session and 40 hours per week,
mean blood flow rate and dialysate flow rate were 240
and 287 ml/min, respectively with a mean weekly
standardized Kt/V of 5.25. They used the Fresenius
(Bad Homburg, Germany) 2008H, 2008K, or
2008K@Home machine. From October 2009 to June
2014, 23 new IHHD patients used the NxStage (Law-
rence, MA) System One machine and 12 others changed
from the Fresenius machine to NxStage platform. These
patients had a mean blood flow rate of 335 ml/min,
mean dialysate flow rate of 144 ml/min, mean duration
of 6 hours and 57 minutes, received 4 to 5 sessions
weekly, and had similar clearances compared with
traditional machine users. Just more than 30% of IHHD
patients had an arteriovenous fistula for access. Addi-
tional characteristics of the IHHD cohort are available
in Supplementary Table S1.

The KT cohort consisted of 3073 recipients (1861 DD
KT and 1212 LD KT), age $18 years old, and trans-
planted between October 1, 1997, and June 30, 2014, at
3 transplant centers in Virginia. We excluded re-
cipients of en bloc kidneys (2 same-donor pediatric
kidneys transplanted as a single unit), recipients of
simultaneous organs, repeated KT and those with
BMI < 17. DD KT recipients were divided by KDPI
categories: low 0% to 20%, standard 21% to 85%, and
high >85%. KDRI scores were first calculated for all
DD organs according to the Organ Procurement and
Transplantation Network instructions and KDPI was
then calculated using the most-recent conversion
table available on the Organ Procurement and
297
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Transplantation Network Web site.9 Because the IHHD
cohort consisted only of patients who were black,
white, or Asian, we restricted KT recipients to these
races. Asian patients (1% or less in both cohorts) were
combined with white patients for analysis purposes.

Statistical Analysis

The primary outcome of interest was time to death,
which was calculated from start of IHHD or date of first
transplant until death or censoring. Patients on IHHD
were censored at date of last follow-up, date of stop-
ping IHHD, or study end, whichever was first. KT
recipients were censored at the earliest among the
following: date of last follow-up, graft failure, study
end (December 31, 2014), or date of re-listing on the
transplant waiting list (due to failed transplant, if graft
failure date was not known). Survival probabilities
were estimated using the Kaplan-Meier method, strat-
ified by treatment modality: DD KT, LD KT, and IHHD.
The follow-up for Kaplan-Meier survival curves was
censored at 8 years because of fewer patients remaining
on IHHD. Re-analyses with this cutoff did not change
the results. Survival differences among groups were
evaluated with log-rank test without adjustment, and
then assessed using Cox regression, with adjustment
for age, sex, race, BMI, vintage, cause of ESKD, and era.
Due to significant advancement in immunosuppression
therapies, stratified analysis of KT recipients before or
after September 30, 2004 (early or late era), were per-
formed. Data for KDPI calculation was available in 1834
DD KT recipients, leaving out 27 individuals, or 1.5%
of the cohort. In addition, for exploratory purposes,
survival differences of DD KT versus IHHD or LD KT
versus IHHD were evaluated using Cox regression
within subgroups of age, sex, race, BMI, vintage, and
cause of ESKD, by including their interactions with
treatment modalities.

Because treatment modality is not assigned
randomly, clinical characteristics could differ consid-
erably between IHHD and KT patients. To address such
potential bias, additional analyses with propensity
score (PS) methods were performed to evaluate the
robustness of the main results. PS of treatment mo-
dalities was estimated from logistic regression based on
age, sex, race, BMI, vintage, era, and cause of ESKD,
separately for IHHD versus DD KT and IHHD versus
LD KT. We included PS in the Cox regression along
with other covariates and estimated PS-adjusted HR for
IHHD versus KT or IHHD versus KDPI groups. We also
performed PS matching with 1:2 ratio for IHHD versus
KT patients and estimated the HR for IHHD versus KT
in the matched subsets, Furthermore, sensitivity anal-
ysis adjusting for diabetes, coronary artery disease,
cardiovascular disease, peripheral vessel disease,
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hypertension, and cancer was also performed. A P
value < 0.05 was considered statistically significant.
Models used complete case analysis. All statistical an-
alyses were performed using SAS, version 9.4 (SAS
Institute, Raleigh, NC).
RESULTS

The demographic and clinical characteristics for 116
IHHD patients and 3073 KT recipients (1861 DD KT and
1212 LD KT patients) are shown in Table 1. The LD KT
group was relatively younger, predominantly white,
with shorter dialysis vintage and lower BMI compared
with DD KT and IHHD groups. Each cohort had similar
proportions of women (41.3% DD KT, 38.6% LD KT,
and 41.4% IHHD). LD KT recipients were less likely to
have diabetes (33.6%), but the difference was nonsig-
nificant. History of malignancy was more common in
IHHD patients (10.3%) than in patients with DD KT
(0.9%) or LD KT (0.2%). Compared with other KDPI
categories and IHHD patients, high-KDPI recipients
(Table 2) were relatively older, more frequently male,
and likely to have hypertensive kidney disease. In the
IHHD group, >50% identified high school as their
highest educational level, and 31% had an arteriove-
nous fistula for vascular access contrasting with 62.7%
prevalence in other US hemodialysis populations1;
44.4% used well water, suggesting a rural place of
residence (Supplementary Table S1).

Overall survival differed significantly across mo-
dalities (log-rank P < 0.0001) (Figure 1). The LD KT
cohort (184 died and 1028 censored) exhibited the best
survival among all (184 died and 1028 censored) and
did not reach median survival time during follow-up.
Conversely, DD KT recipients (370 died and 1491
censored) had a median survival of 14.3 (95% CI: 12.8–
15.56) years compared with 10.4 years in IHHD pa-
tients (22 died and 94 censored). Because organ quality
can affect posttransplant outcomes, we divided the DD
KT cohort by KDPI category (low 0%–20%, standard
21%–85% and high KDPI). Median overall recipient
survival of high-KDPI KT was 10.6 years. As expected,
high-KDPI recipients carried 2.1 times (95% CI: 1.26–
3.50, P ¼ 0.0045) higher risk of death than low KDPI
recipients. When comparing overall survival between
high-KDPI and IHHD cohorts, no significant difference
was observed (HR: 1.35; 95% CI: 0.84–2.16; P ¼
0.2168) (Figure 2).

The HRs associated with demographic and clinical
characteristics (age, sex, race, vintage, BMI, cause of
ESKD, and era) are shown in Supplementary Table S2.
A total of 136 patients (4%) were excluded from
multivariable analysis due to missing covariates.
There was evidence of association between overall
Kidney International Reports (2020) 5, 296–306



Table 2. Selected demographic and clinical characteristics of
deceased donor kidney transplant recipients by KDPI

Characteristic
KDPI < 20,
n [ 109

KDPI 20--85,
n [ 1352

KDPI > 85,
n [ 373

IHHD,
n [ 116

Age, yr, mean � SD 50.4 � 13.0 51.9 � 12.0 53.8 � 11.5 51.0 � 14.7

African American, n (%) 64 (58.7) 804 (59.5) 257 (68.9) 59 (50.9)

Females, n (%) 53 (48.6) 546 (40.4) 160 (42.9) 48 (41.4)

BMI, mean � SD 28.1 � 5.5 28.5 � 5.4 28.6 � 5.4 30.8 � 8.9

Cause of ESKD, n (%)

GN 14 (12.8) 223 (16.5) 41 (11) 38 (32.8)

DM 34 (31.2) 367 (27.1) 111 (29.8) 30 (25.9)

Hypertension 31 (28.4) 416 (30.8) 155 (41.6) 28 (24.1)

Polycystic kidney disease 12 (11) 129 (9.5) 17 (4.6) 4 (3.4)

Other 14 (12.8) 223 (16.5) 41 (11) 16 (13.8)

Diabetes, n (%) 43 (39.4) 502 (37.1) 140 (37.5) 43 (37.1)

Dialysis vintage, yr,
mean � SD

3.3 � 2.6 3.7 � 2.7 4.0 � 3.1 2.7 � 3.5

Dialysis vintage >3 mo,
n (%)

97 (89) 1211 (89.6) 343 (92) 95 (81.9)

Deaths, n (%) 18 (16.5) 261 (19.3) 83 (22.3) 22 (19)

BMI, body mass index; DM, diabetes mellitus; ESKD, end-stage kidney disease; GN,
glomerulonephritis; IHHD, intensive home hemodialysis; KDPI, Kidney Donor Profile
Index.

Table 1. Demographic and clinical characteristics of IHHD and KT
patients

Characteristic
DD KT

(n [ 1861)
LD KT

(n [ 1212)
IHHD

(n [ 116)
P

value

Age, yr, mean � SD 52.1 � 12 47.7 � 13.6 51.0 � 14.7 <0.0001a

Race, n (%)

Black 1140 (61.3) 365 (30.1) 59 (50.9) <0.0001b

White 721 (38.7) 847 (69.9) 57 (49.1)

Sex, F, n (%) 769 (41.3) 468 (38.6) 48 (41.4) 0.3172

BMI, mean � SD 28.5 � 5.4 27.8 � 5.2 30.8 � 8.9 <0.0001

ESKD cause, n (%)

GN 278 (14.9) 233 (19.2) 38 (32.8) <0.0001

DM 519 (27.9) 313 (25.8) 30 (25.9)

Hypertension 613 (32.9) 290 (23.9) 28 (24.1)

Polycystic kidney disease 161 (8.7) 112 (9.2) 4 (3.4)

Other 290 (15.6) 264 (21.8) 16 (13.8)

Vintage, mo, mean � SD 3.7 � 2.8 1.3 � 1.8 2.7 � 3.5 <0.0001c

Vintage group, n (%)

<3 mo 137 (7.4) 382 (31.5) 21 (18.1)

>3 mo 1675 (90) 778 (64.2) 95 (81.9)

Missing 49 (2.6) 52 (4.3) None

Atherosclerotic disease, n (%)

No 1258 (67.6) 861 (71) 82 (70.7)

Yes 147 (7.9) 91 (7.5) 34 (29.3)

Missing 456 (24.5) 260 (21.5) None

Cerebrovascular disease, n (%)

No 1363 (73.2) 938 (77.4) 114 (98.3)

Yes 48 (2.6) 26 (2.1) 2 (1.7)

Missing 450 (24.2) 248 (20.5) None

Peripheral vascular disease, n (%)

No 1719 (92.4) 1138 (93.9) 100 (86.2)

Yes 115 (6.2) 68 (5.6) 16 (13.8)

Missing 27 (1.5) 6 (0.5) None

Hypertension, n (%)

No 160 (8.6) 111 (9.2) 11 (9.5)

Yes 1260 (67.7) 858 (70.8) 105 (90.5)

Missing 441 (23.7) 243 (20) None

Previous cancer,d n (%)

No 1844 (99.1) 1210 (99.8) 104 (89.7)

Yes 17 (0.9) 2 (0.2) 12 (10.3)

Diabetes, n (%)

No 1125 (60.5) 777 (64.1) 73 (62.9)

Yes 696 (37.4) 407 (33.6) 43 (37.1)

Missing 40 (2.1) 28 (2.3) None

Deaths during study period 370 (19.9) 184 (15.2) 22 (19)

BMI, body mass index; DD, deceased donor; DM, diabetes mellitus; ESKD, end-stage
kidney disease; GN, glomerulonephritis; IHHD, intensive home hemodialysis; KT, kid-
ney transplantation; LD, living donor.
aMean age compared using 1-way analysis of variance. There is a statistically signif-
icant difference when comparing DD and LD groups, IHHD and LD groups, but not when
comparing DD and IHHD groups.
bAsian race has been combined with white. There was 1 Asian individual in IHHD
(0.9%), 26 Asian individuals in DD (1.4%), and 19 Asian individuals in LD (1.6%).
cVintage times compared across groups using Kruskal-Wallis test due to departures
from normality.
dA small number of patients were missing data on previous cancer. We assumed that
missing ¼ no.
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survival and treatment modality, age, race, dialysis
vintage, cause of ESKD, and era. Subgroup analysis
comparing patients who received DD KT with those
who received IHHD noted that dialysis vintage of 2 to
5 years, ESKD due to polycystic kidney disease and
hypertension, as well as normal BMI were associated
Kidney International Reports (2020) 5, 296–306
with survival advantage (Supplementary Figure S1).
We observed analogous findings between LD KT and
IHHD in addition to black race and male gender
(Supplementary Figure S2). Table 3 depicts HR for
IHHD patients compared with patients who received
KT (DD and LD). In the unadjusted model, the risk of
death for LD KT recipients was almost half that of
IHHD patients (HR: 0.53; 95% CI: 0.34–0.83; P ¼
0.0053). After covariate adjustment, the adjusted HR
was 0.69 (95% CI: 0.44–1.09; P ¼ 0.1075). We did not
observe a difference in survival when comparing DD
KT with IHHD in unadjusted (HR: 0.92; 95% CI: 0.60–
1.41; P ¼ 0.6995) or adjusted (HR: 0.96; 95% CI: 0.62–
1.47; P ¼ 0.8378) models. As expected, LD KT was
superior to DD KT (HR: 1.39; 95% CI: 1.13–1.70). In
addition, sensitivity analysis adjusting for various
comorbid conditions revealed similar HR estimates for
most covariates despite the fact that >30% of patients
in this analysis were excluded due to missing data
(data not shown).

The PS-adjusted analysis did not detect a difference
in overall survival between DD KT and IHHD (HR:
0.96; 95% CI: 0.62–1.49; P ¼ 0.8522); however, when
directly comparing LD KT with IHHD, we observed a
survival advantage in the former group (HR: 0.60; 95%
CI: 0.37–0.96; P ¼ 0.0342). Likewise, PS-adjusted
analysis of KT recipients with marginal organs (KDPI
>85%, n ¼ 373) showed a survival comparable with
that of IHHD patients (HR: 1.15; 95% CI: 0.7–1.88; P ¼
0.58). In analyses with a subset of patients matched on
PS in a 1:2 ratio, we did not observe a difference be-
tween IHHD and DD patients (HR: 1.07; 95% CI: 0.46–
2.49; P ¼ 0.88), or between IHHD and LD patients (HR:
0.80; 95% CI: 0.47–1.35; P ¼ 0.40).
299



Figure 1. Survival by treatment modality. Graph represents the overall survival for living donor (LD) kidney transplant recipients, deceased donor
(DD) kidney transplant recipients, and intensive home hemodialysis patients (IHHD). The overall survival differed across modalities (P < 0.001,
log-rank test).

Figure 2. Survival of deceased donor (DD) kidney transplant recipients by organ quality versus intensive home hemodialysis (IHHD). Graph
represents the overall survival among those who received DD kidney transplants stratified by Kidney Donor Profile Index (KDPI) category
(KDPI <20%, 20%–85%, >85%) compared with IHHD patients. The overall survival differed across modalities (P < 0.002, log-rank test). However,
there was no significant difference when comparing high KDPI recipients with IHHD (P ¼ 0.2168).

CLINICAL RESEARCH AG Nishio-Lucar et al.: Intensive Home Hemodialysis and Kidney Transplant
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Table 3. Hazard ratios and 95% CIs for treatment modality from Cox
regression

Model type

Comparison

DD KT vs. IHHD LD KT vs. IHHD

Hazard ratio
(95% CI) P value

Hazard ratio
(95% CI) P value

Unadjusted 0.92 (0.60–1.41) 0.6995 0.53 (0.34–0.83) 0.0053

Adjusteda 0.96 (0.62–1.48) 0.8395 0.69 (0.44–1.08) 0.1075

PS-adjustedb 0.96 (0.62–1.49) 0.8522 0.60 (0.37–0.96) 0.0342

PS-matchedc 1.067 (0.46–2.49) 0.8803 0.80 (0.47–1.35) 0.3970

CI, confidence interval; DD, deceased donor; IHHD, intensive home hemodialysis; KT,
kidney transplantation; LD, living donor; PS, propensity score.
aMultivariable Cox regression model adjusted for age, sex, race, vintage, body mass
index, cause of end-stage kidney disease, and era (n ¼ 3053).
bPS-adjusted model (n ¼ 3053).
cPS-matched analysis (2:1 ratio. n ¼ 232 DD KT, n ¼ 232 LD KT, n ¼ 116 IHHD).

AG Nishio-Lucar et al.: Intensive Home Hemodialysis and Kidney Transplant CLINICAL RESEARCH
Given changes in practice patterns along with
advancement in technology and pharmacotherapy over
time, we compared overall survival across treatment
modalities within 2 different eras: before and after
September 30, 2004 (Figures 3 and 4). In this model,
survival was better for all patients during the later era
even when adjusting for treatment modality, with an
approximately 37% reduction in risk of death (HR:
0.63; 95% CI: 0.53–0.76; P < 0.001). Interestingly, LD
KT recipients had superior overall survival compared
with IHHD during the earlier era, but this did not carry
through in the later cohort (Table 4).
Figure 3. Survival by treatment modality for patients starting on or before
donor (LD) kidney transplant recipients, deceased donor (DD) kidney tran
starting treatment on or before September 30, 2004. The overall survival d

Kidney International Reports (2020) 5, 296–306
DISCUSSION

KT has long been considered the treatment of choice for
ESKD; however, as incidence of ESKD rises, so is the
time patients spend waiting on chronic dialysis.
Although LD KT carries superior overall outcomes
among all renal replacement therapies, most candidates
fail to identify an LD and hence, must wait on the
list.25,27 Current data demonstrate conventional hemo-
dialysis is unable to provide survival anywhere near
that of KT.28–30 Many studies have explored risk fac-
tors associated with mortality among dialysis patients,
and the major players are thought to be suboptimal
solute clearance, uncontrolled hypertension, chronic
hypervolemia, left ventricular hypertrophy, hyper-
phosphatemia, and a wide interdialytic gap. Frequent
and prolonged hemodialysis treatments, such as what is
attained through IHHD, can mitigate those factors and
their negative influence on survival.11–21 In 2019, an
executive order pertaining to kidney health and
transplantation was issued.31 One of its primary goals is
to incentivize home dialysis, through reimbursement
restructure, over the next several years. The policy
change underscores the timeliness of this study.

Although others have attempted to clarify whether
patient survival on IHHD differs from KT, results have
been conflicting and questions remain unanswered.
September 30, 2004. Graph represents the overall survival for living
splant recipients, and intensive home hemodialysis patients (IHHD)
iffered across modalities (P < 0.001, log-rank test).

301



Figure 4. Survival by treatment modality for patients starting after October 1, 2004. Graph represents the overall survival for living donor (LD)
kidney transplant recipients, deceased donor (DD) kidney transplant recipients, and intensive home hemodialysis patients (IHHD) starting
treatment after October 1, 2004. The overall survival differed across modalities (P < 0.001, log-rank test). Compared with the previous era,
survival was better across all treatment modalities.

CLINICAL RESEARCH AG Nishio-Lucar et al.: Intensive Home Hemodialysis and Kidney Transplant
Pauly et al.22 compared survival among Canadian IHHD
patients and US KT recipients using data from the US
Renal Data System database. This study found no sig-
nificant difference in the adjusted survival of patients
receiving DD KT compared with IHHD, but patient
follow-up was relatively short. Molnar et al.25 reported
patient survival after KT was better than on home
hemodialysis in patients $65 years old. However, the
definition of home hemodialysis of Molnar et al.25

differed from ours: patients received an average of
3.7 sessions of dialysis per week for 165 minutes per
session and had short, variable follow-up.26 Our anal-
ysis compares IHHD with a broader cohort of KT re-
cipients, including stratification by organ quality in
DD KT, which we believe adds to existing literature.

IHHD is known to mitigate and improve several risk
factors associated with increased cardiovascular
morbidity and mortality.11–21 This is the most likely
explanation for the survival advantage seen with IHHD
compared with conventional hemodialysis. Although
IHHD has not been conclusively associated with
improved quality of life,32,33 studies do show
improvement in quality of sleep,34 reduced sleep apnea
syndrome,35 restored pituitary-hypothalamic axis
resulting in enhanced fertility,36 and improved preg-
nancy outcomes.37 In addition, IHHD has the potential
302
to provide more flexibility and patient autonomy than
conventional in-center hemodialysis.

It is not surprising that our study shows differences
among cohorts. LD KT recipients were relatively
younger, predominantly white, with shorter dialysis
vintage and lower BMI compared with DD KT and
IHHD groups. They had lower frequency of diabetes
(not statistically significant). Both DD KT and LD KT
recipients were less likely to have history of malig-
nancy than the IHHD group (0.9% vs. 0.2% vs. 10.3%,
respectively). Although these differences are important
and some may be due to incomplete capture in the
Scientific Registry of Transplant Recipients dataset, it is
unlikely they are the sole reason for the observed
survival outcomes. One could argue that KT candidates
are on average healthier than IHHD patients, given the
thorough pretransplant evaluation that is not required
for dialysis patients. Despite this, our adjusted results
did not detect a difference in overall survival between
DD KT and IHHD groups. Likewise, when exploring
the effect of organ quality by dividing DD KT re-
cipients by KDPI categories, we continued to see no
difference in overall survival compared with IHHD.
We observed a trend toward improved survival during
the first 4 years in the IHHD group compared with high
KDPI, but further analysis is needed to ascertain this
Kidney International Reports (2020) 5, 296–306



Table 4. Hazard ratios and 95% CIs of treatment modality and era
from Cox regression
Variable Comparison Hazard ratio (95% CI) P value

Treatment modality DD vs. IHHD 0.956 (0.62–1.47) 0.8378
LD vs. IHHD 0.542 (0.35–0.84) 0.0067

Era Late vs. early 0.761 (0.64–0.91) 0.0026

CI, confidence interval; DD, deceased donor; IHHD, intensive home hemodialysis; LD,
living donor.
Multivariable Cox regression model adjusted for treatment modality and era (n ¼ 3189,
576 events).
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observation. The results comparing LD KT and IHHD
were not perfectly consistent (statistically significant in
the PS-adjusted model but nonsignificant in the
multivariable model and matched model). It may be
that the sample size of 116 in the IHHD group did not
provide sufficient power.

Between the mid-1990s and mid-2000s, sizeable
changes occurred in the transplant landscape. Im-
provements in induction therapy (transition to pre-
dominant use of lymphocyte depleting agents such as
antithymocyte globulin and alemtuzumab) and main-
tenance immunosuppression (moving from azathio-
prine and cyclosporine regimens to almost universal
use of tacrolimus and mycophenolic acid) led to sub-
stantial improvement in short-term outcomes with
1-year rejection rate <10% and graft survival
rate $95%.38 These advances, coupled with changes in
pediatric allocation policy during the mid-2000s,39

along with a fall in living donation rates,40 led us to
conclude it was important to explore the effect of era
on our survival comparisons. All cohorts enjoyed bet-
ter survival in the later era, but we observed no evi-
dence of a difference in survival between IHHD and DD
KT regardless of era. Although newer dialysis machine
technology (NxStage) became available during the
second era, this was not used in our IHHD cohort until
the last 4 years of the study and did not significantly
affect our results. The PS analyses mitigate some types
of bias, and also demonstrate our main analysis results
were not dramatically affected by differences between
groups. It is true that PS methods work better with
complete and appropriate data, while we had some
covariates missing. But we performed additional
sensitivity analyses to explore the association between
various comorbid conditions and survival. Despite the
missing data for some variables, we observed similar
effect sizes and no meaningful differences in results
across models.

In December 2014, a new kidney allocation system
was implemented in the United States, improving
access to transplantation for previously disadvantaged
groups (i.e., minorities and highly sensitized in-
dividuals).41 However, certain candidates (i.e., blood
type O recipients and individuals >65 years old)
Kidney International Reports (2020) 5, 296–306
continue to experience extended waiting times and
transplant rates that are equal to or less than before the
kidney allocation system was implemented.42 In the
absence of an LD, candidates such as those mentioned
previously or those with perceived increased mortality
while waiting, may be offered marginal organs in order
to be transplanted in a timely manner, which in turn
are linked to inferior outcomes.43,44 Furthermore, most
waiting patients receive in-center hemodialysis, which
carries worse outcomes than IHHD. Thus, selected
candidates could benefit from IHHD as a bridging
therapy while waiting for more ideal organs. We
believe KT remains the gold-standard treatment for
most patients, but our findings clearly indicate more
studies are needed to determine circumstances in
which IHHD may be a suitable alternative to
transplantation.

Worth mentioning is the posttransplant survival
disadvantage sometimes experienced in black versus
non-black patients. Our study strata were mostly
balanced in terms of race, with the exception of the
high-KDPI KT recipients (69% black). Compared with
the IHHD patients (50% black), this could potentially
shift the comparison toward the null, but on the other
hand, it is difficult to determine attribution of poor
outcome to race versus lower-quality donor organ.

Our study compares a large single-center cohort of
adult IHHD patients with KT recipients from the same
geographical area. The data cover an extended period,
during which there were changes in clinical practice,
technology, and pharmacotherapy. We studied patients
within the same geographic region. This approach
naturally controlled for geographic variation in recip-
ient candidate selection and posttransplant care prac-
tices that are known to occur in different regions, but
the drawback is that this approach may affect the
generalizability of our findings.

ESKD treatment and KT are challenging to study.
The subpar number of transplantable organs necessi-
tates the study and implementation of alternatives to
transplantation. However, ethical constraints, not
unique to kidney failure outcomes research, limit the
ability to perform the most scientifically valid study
because what is best for each unique patient’s health
might not align with an ideal study design. Thus, we
have made use of the best-available data and carefully
applied statistical methods that allow us to make
appropriate and meaningful conclusions.

To thrive as a modality of renal replacement ther-
apy, IHHD requires focused patient training (for
approximately 4–6 weeks on average), committed and
adherent patients with a dedicated care partner, well-
trained and supportive hemodialysis staff nurses who
can provide close monitoring, as well as supervision by
303
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an experienced physician(s). Building such a program
can be time onerous and labor intensive for all stake-
holders, but done properly, it results in an effective
dialysis modality in which patients are not only highly
motivated but engaged with their treatment. Many
dialysis programs are unable to offer all these compo-
nents in a sufficient manner to deliver a successful
IHHD program. Thus, it is understandable that the
type of IHHD program we are able to deliver may not
currently be the norm in the United States. Similarly, it
is possible that the outcomes would be less remarkable
at smaller, less experienced dialysis centers.

We have discussed several potential limitations that
include the relatively small cohort of IHHD patients, its
single-center and retrospective observational nature,
population restriction to a specific geographic region,
and changes in clinical practice and technology.
Nonetheless, we have taken steps to overcome these
limitations as much as possible. We equally recognize
that psychosocial and economic issues, outside the
scope of this study, could result in confounding.

In summary, our study demonstrates that in selected
patients, IHHD can offer comparable survival benefit to
that afforded by successful DD KT. These findings are
of particular interest to those who, unfortunately
because of a lack of LDs and/or face extended wait
times, might be transplanted with marginal organs.
Given the recent presidential mandate to appreciably
augment home dialysis therapies and transplantation,
and in light of major organ shortage, IHHD serves as a
suitable treatment option for those who may not be
candidates for peritoneal dialysis and bridge therapy
while waiting for KT. Increasing awareness in the
nephrology community and appropriate patient edu-
cation are needed to facilitate patients’ access to IHHD
as an alternative to standard in-center hemodialysis
before KT with the potential to positively impact pa-
tient survival.
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