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Expansion of home hemodialysis (HHD) provides an opportunity to improve clinical outcomes, reduce
cost of care, and address the staffing challenges currently faced in caring for patients with kidney failure
on replacement therapy. To increase HHD expansion, current practices and barriers to home dialysis must
be examined and addressed. One such barrier is vascular access for HHD; although tunneled hemodi-
alysis central venous catheters (CVCs) have been used for decades, physicians still hesitate to send
patients home without a mature, functional arteriovenous access. An expert panel of clinicians was
convened by Outset Medical, a manufacturer of hemodialysis systems, to review the literature and
generate consensus recommendations regarding the use of CVCs for HHD. Consistent with the most
recent Kidney Disease Outcomes vascular access guidelines, the end-stage kidney disease life plan
should be created via shared decision making for modality choices, with the corresponding dialysis ac-
cess individualized for the patient, and for whom a CVC may represent the most appropriate vascular

access to provide HHD.
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BACKGROUND

In the early years of kidney replacement therapy, home
hemodialysis (HHD) was the leading modality in the
United States, with utilization as high as 90% in parts of
the country.' Medicare expansion to cover hemodialysis
(HD) services in 1973 led to proliferation of HD centers
and a progressive decline in HHD to less than 1% by the
late 1990s.” A slow resurgence of HHD began in the early
2000s and now represents 0.2%-0.3% of the prevalent
dialysis population. While seemingly modest, HHD has
become the fastest growing modality in the United States
with a relative growth rate of greater than 55%.’

Numerous regulatory and environmental factors have
contributed to the expansion of HHD; in response, there
has been an advent of newer, more user-centric technol-
ogies to support its growth.”” In 2019, the Executive
Order on Advancing American Kidney Health provided
incentives to expand kidney transplantation and home
dialysis. Concurrently, patients with kidney failure were
included into Medicare Advantage, both regulatory factors
supporting greater HHD use. During the recent SARS-CoV-2
pandemic, the fragility of supply chain and nurse-intensive
staffing and the increased risk of communicable disease
transmission in dialysis centers were quickly exposed.®®
The fragility and risks inherent in many dialysis centers
can be mitigated by the appropriate shift of eligible patients
to HHD. Coupled with the increase in telehealth and newer
home technologies that allow remote monitoring, elec-
tronic medical record integration, and data transmission, the
expansion of HHD has never been more feasible.” HHD
provides an opportunity to improve patient outcomes,
lower overall cost of care, address nurse resource limita-
tions, and provide patients with greater autonomy with the
goal to improve the patient experience.

Kidney Med Vol 7 | Iss 1 | January 2025 | 100916

To achieve a meaningful increase in HHD, the obstacles to
expansion must first be identified and addressed. First is the
reality of unplanned starts and the associated lack of time to
properly plan for HHD and attain a mature arteriovenous
(AV) access for replacement therapy. Approximately 40% of
patients initiate HD as an urgent start, and 80% of all pa-
tients, regardless of planned starts, initiate HD with a central
venous catheter (CVC).'”'" Second, there is a predominance
(87%) of in-center HD as the “default” kidney replacement
modality for the prevalent kidney failure population. In-
center HD may not be the most appropriate modality for
all patients, and many patients may be better suited for
HHD. As such, a change in modality distribution must pri-
marily consider the transition of patients from both acute
and in-center environments to the home, without the
accompanying dialysis access type being a barrier to decision
making. Indeed, dialysis access is an important clinical
decision to support the modality and the needs of the in-
dividual patient. We have learned from the well-intentioned
national quality initiative, called Fistula First established in
2015, that a “one-size-fits-all” population-based approach is
inappropriate for patient-centered care. Although Fistula
First successfully demonstrated that clinicians could effect
change on a national level, it also yielded the unintended
consequence of many patients with insufficient arterial or
venous anatomy undergoing repeated unsuccessful attempts
at arteriovenous fistula (AVF) creation despite modest to
high surgical risk and low preoperative likelihood of success
yielding a significant number of “futile” AVFs (eg, never
used within 2 years of creation). 217 Ag a result, the most
recent Kidney Disease Outcomes Quality Initiative (KDOQI)
vascular access guidelines now recommend the development
of an End-Stage Kidney Disease Life-Plan for each patient that
focuses on individualized modality strategy and access
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needs—the vascular access choices that accompany a chosen
modality/modalities, to achieve “the right access, in the
right patient, at the right time, for the right reasons.”'® In
this construct, patients and their physicians select modalities
appropriate for the patient’s medical and life circumstances,
and in doing so, may appropriately opt for a tunneled CVC as
longer-term vascular access, recognizing that most prior data
on the risks with a tunneled CVC were derived largely from
patients receiving in-center HD and subject to significant bias
and confounding inherent in all observational data analyses.

A clinical workgroup was convened by Outset Medical,
a manufacturer of HD systems used for both hospital and
home use, to review the available data surrounding the use
of tunneled CVC for HHD. The workgroup comprised
clinicians and scientists with expertise in the care of pa-
tients with kidney failure, HD vascular access, and home
dialysis modalities. Members reviewed the published
literature, data from the United States Renal Data System
(USRDS), and their own clinical experience to provide
consensus recommendations on the use of tunneled CVC
for HHD. Key takeaways from the workgroup discussions
are provided in Table 1.

TUNNELED HD CVCS FOR KIDNEY
REPLACEMENT THERAPY

According to the USRDS Annual Data Report, approxi-
mately 83% of patients commenced maintenance HD with
a CVC in 2020."" Despite a sizeable fraction of patients
undergoing AVF creation within the first 90 days of HD
initiation, there is a continued dependence on CVC
because AVF maturation often takes longer than 90 days. It
is common to require multiple procedures before an AVF
is sufficiently developed to sustain cannulation without
infiltration or severe bruising, and sometimes even with
multiple procedures, AVFs are not usable for dialysis.'*"’
Indeed, the most common complications of AVF creation
include thrombosis and failure to mature, resulting in
abandonment.'” A recent meta-analysis reported that only
26% of AVFs placed are mature after 6 months, and 21%
are abandoned without use.'’

Studies have demonstrated that AVF failure can be
particularly high in subpopulations, such as patients with

Table 1. Key Take-Away Points

1. Tunneled CVC will continue to play a vital role in the care of
patients with ESKD.

2. Home hemodialysis provides an avenue to improve outcomes
and reduce the cost of ESKD care.

3. The ESKD Life-Plan and vascular access recommendations
consider tunneled hemodialysis catheters a reasonable
approach at times during the patient ESKD journey.

4. Outcomes in patients using CVCs, in-center and at home, are
similar.

5. We recommend that the decision to dialyze at home should
be independent of the patient’s current or long-term vascular
access plan.

Abbreviations: CVC, central venous catheter; ESKD, end-stage kidney
disease.

frailty, over 65 years old, those with small vessel size or
diseased /damaged vessels, and patients with more co-
morbid conditions. These same subpopulations demonstrate
lower penetration of AVFEs and AV grafts (AVGs) (together
referred to as AV access), likely reflecting the overall lack of
suitability of these patients for AV access.'™'”'® Among
patients with AV access created after dialysis initiation, older
patients, patients with diabetes, and those located in the
United States were more likely to suffer primary AV access
failure and require secondary intervention, leading to sig-
nificant increases in morbidity and costs of care.”””'

In a pilot trial of AVF versus AVG creation in older
patients started on HD with a CVC, patients with an AVF
underwent an average of 5 interventions, and those with
an AVG underwent an average of 2 interventions before
successful cannulation.”” For these reasons, and particu-
larly in high-risk patients, it is not reasonable to delay
referral to HHD until an AVF is mature. Such a delay likely
obligates the patient to in-center HD and can reduce the
likelihood that the patient (and care partner) will ulti-
mately perform HHD, as suggested by the <4% of incident
patients on in-center HD who transition to home dialysis
(combined peritoneal dialysis [PD] and HHD) at 90
days."’

In the prevalent HD population, CVC use has remained
consistent since 2012 at approximately 20%."'' Moreover,
patients on maintenance HD with an AV access often
encounter events throughout their journey where a CVC
may be needed as a bridge between a failed and new AV
access. For example, the patency rates for AVGs can be as
low as 31.6% at 2 years while a single site analysis showed
34% of patients with AVFs required a second access by 5
years.z‘g’24 In some situations, CVCs are required as a
permanent (“destination”) catheter when all viable AV
access options have been exhausted.

Among patients treated with PD, approximately 50%
will need to transition to another kidney replacement
modality before the end of their third year, either due to
inadequate clearance or ultrafiltration failure with the loss
of residual kidney function and/or repeated bouts of
peritonitis.'' With average transplant wait list times as
long as 10 or more years, and many patients being ineli-
gible for kidney transplantation, the current growth and
expansion of PD will likely translate to a larger number of
patients needing to eventually transition from PD. Mo-
dality switch from PD is accompanied by an almost 100%
hospitalization rate in the 6 months surrounding it, with
an associated cost of approximately $55,000 dollars in the
120 days around each transition event.”” Nearly all patients
who transition from PD to HD do so with a CVC.***°

THE END-STAGE KIDNEY DISEASE LIFE-PLAN
ACCESS NEEDS

A patient’s journey with kidney failure and the associated
care can be complex and come with events that require an
adjustment from long-term decision making to a focus on
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“what’s next.” Incident patients often find their kidney
failure diagnosis overwhelming and may resist discussing
future decisions such as kidney transplantation and AV
access creation. Additionally, some patients decline AV
access, placing them at direct odds with their clinicians and
dialysis providers, leading to significant dissonance within
the care team.””””® An initial assessment taking into
consideration the patient’s age, comorbid conditions,
functional status, social support, goals, and preferences can
help determine whether in-center HD and referral for AVF
creation or AVG placement is the “right” option for the
patient at the given time.

Future reassessment should weigh these factors in
addition to the patient’s anatomy, potential for long-term
survival (>1 year), likelihood of successful AV access cre-
ation, and transplant eligibility to determine if the Life Plan
and vascular access needs should be adjusted. Table 2
summarizes the current KDOQI guidelines regarding ac-
cess needs, which consider the patient End-Stage Kidney
Disease Life-Plan, particularly as it pertains to tunneled
CVC.

Many patients are hesitant to have an AV access created
due to fear of surgical complications, pain of cannulation,
or cosmetic reasons, and some ultimately may choose a
permanent CVC." Nephrologists and regulatory bodies
should respect a patient’s informed choice; importantly,
physicians and dialysis providers should not be penalized
for respecting a patient’s well-informed decision. A study
from the SONG-HD initiative showed that the top 3

Table 2. ESKD Life-Plan and Vascular Access Choice

Kidney Medicine

vascular outcomes of importance and concern were
vascular access function, infection, and aneurysms.zg Pa-
tient input into their own care and concern for their health
outcomes drives their decision making. Ultimately, the
choice of dialysis access should be a shared decision among
patients and their care team. Patients should be given the
opportunity to make informed decisions based on unbi-
ased information and personal preference.

CLINICAL EXPERIENCE OF CVCS IN HD

Decades of tunneled HD catheter use have yielded sub-
stantial data regarding their associated outcomes. While
the majority of these data were derived from in-center HD,
published data have consistently shown that among pa-
tients eligible for AV access, overall complication rates
related to infection (local and systemic), thrombosis, and
missed or delayed dialysis treatment are consistently
higher in patients with CVCs.””' Brown et al'® studied a
cohort of 115,425 incident patients from the USRDS and
compared mortality risks in patients with a AVF placed
first, a CVC after AVF failure, or a CVC placed first (the
referent group). The AVF group had the lowest mortality
over 58 months (hazard ratio, 0.50; 95% confidence in-
terval [CI], 0.48-0.52), with mortality rates at 6, 12, and
24 months after initiation of 9%, 17%, and 31%, respec-
tively, compared with 32%, 46%, and 62%, respectively,
in the CVC first group.'® The group with a CVC after failed
AVF also experienced lower mortality than the CVC first

ESKD Life-Plan and Vascular Access Choice

1.1 KDOQI considers it reasonable that each patient with progressive CKD and/or with an eGFR 15-20 mL/min/1.73 m? or already

on kidney replacement therapy should have an individualized ESKD Life-Plan that is regularly reviewed, updated, and documented on

their medical record. (Expert Opinion)

1.2 KDOQI considers it reasonable to conduct an annual review and update of each patient’s individualized ESKD Life-Plan, together

with their health care team. (Expert Opinion)

1.3 KDOAQI considers it reasonable that, in addition to regular monitoring, a minimum quarterly overall review and update of each

patient’s vascular access functionality, complication risks, and potential future dialysis access options should be done together with

their health care team. (Expert Opinion)

TDC Indications for Use:

2.2 KDOQI considers it reasonable in valid clinical circumstances to use tunneled CVC for short-term or long-term durations for

incident patients, as follows (Expert Opinion):

Short-term duration:

* AVF or AVG created but not ready for use and dialysis is required

* Acute transplant rejection or other complications requiring dialysis

* PD patient with complications that require time-limited peritoneal rest or resolution of complication (e.g., pleural leak)

* Patient has a living donor transplant confirmed with an operation date in the near future (eg, <90 days) but requires dialysis

* AVF or AVG complication such as major infiltration injury or cellulitis that results in temporary nonuse until problem is resolved

* Note: In special, limited circumstances where temporary CVC is required to manage a vascular access complication (eg, <2
weeks), it may be acceptable to use a nontunneled CVC

Long-term or indefinite duration:

* Multiple prior failed AV accesses with no available options

* Valid patient preference whereby use of an AV access would severely limit QOL or achievement of life goals and after the patient
has been properly informed of patient-specific risks and benefits of other potential and reasonable access options for that patient (if
available)

* Limited life expectancy

» Absence of AV access creation options due to a combination of inflow artery and outflow vein problems (eg, severe arterial
occlusive disease, noncorrectable central venous outflow occlusion) or in infants/children with prohibitively diminutive vessels

* Special medical circumstances

Abbreviations: AV, arteriovenous; AVF, arteriovenous fistula; AVG, arteriovenous graft; CKD, chronic kidney disease; CVC, central venous catheter; eGFR, estimated
glomerular filtration rate; ESKD, end-stage kidney disease; KDOQI, Kidney Disease Outcomes Quality Initiative; PD, peritoneal dialysis; QOL, quality of life.
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group (hazard ratio, 0.66; 95% CI, 0.64-0.68). The au-
thors suggested that patient factors related to candidacy for
AVF creation (rather than the AVF itself), could explain
two-thirds or more of the survival benefit observed with
an AVE.'®

Further, CVCs allow for the necessary blood flow rates
to effectively deliver adequate HD. Efforts to optimize CVC
care (evidence-based imaging for CVC insertion, use of
masks, and proper aseptic technique cleansing with
chlorhexidine, proper exit site dressings, and other stra-
tegies for infection prevention) have reduced catheter
infection rates, while newer catheter and cap designs can
reduce risk of thrombosis.””* Recent data during the
SARS-CoV-2 pandemic suggest that CVC-related infection
rates are further reduced with more stringent adherence to
infection control procedures.’’

Patients have used CVCs in HHD to perform their
treatments successfully for decades. Over a 12-year period,
Lockridge and Kjellstrand reported that 70% of nocturnal
HD treatment months were performed using a CVC, with
62 of the 87 patients (71%) dialyzing at home. Cumulative
patient survival was reported as 79% and 64% at 5 and 10
years, respectively.”® Canadian datasets have demonstrated
that approximately 30% of patients receiving HHD have
done so using CVCs. Overall, the Canadian experience with
CVCs has been favorable with respect to all-cause mortality
and total adverse event rates.”” Tennankore et al. reported
low adverse event rates for HHD irrespective of vascular
access type (0.049 per AVE-year, 0.015 per AVG-year, and
0.022 per CVC-year), with the most common severe
adverse event being venous needle dislodgement in pa-
tients with AV accesses.”” Perl et al reported on 11-year
data demonstrating that the standard HHD modality (ie,
standard thrice weekly vs daily nocturnal), did not
meaningfully influence CVC outcomes.’” Single-center
experiences, such as that of Lockridge, demonstrate the
ability to achieve good outcomes locally.*' Review of
larger registries, such as the Canadian home dialysis reg-
istry, demonstrate the reproducibility of these results over
decades.”” See Table 1 for key take-away points regarding
catheter care.

CATHETER USE WITH HHD IS ASSOCIATED
WITH SIMILAR RISKS TO CATHETER USE IN-
CENTER HD

It is unclear how many patients in the United States are
currently dialyzing at home with CVCs. The 2022 USRDS
annual report documented that 20% of prevalent patients
treated with maintenance HD are using CVCs.'" Published
literature from the Canadian Organ Replacement Registry
compared outcomes of AV access to those of CVCs in
patients on HHD. Use of an AV access was associated with
a hazard ratio for combined death and technique failure of
0.78 (95% CI, 0.64-0.94) and 0.63 (95% CI, 0.43-0.91)
for death alone.”” International and United States data
from incident and prevalent patients dialyzing in-center

demonstrated a relative risk of death for patients with a
CVC to be 1.5 (95% CI, 1.0-2.2) to 1.53 (95% CI, 1.41-
1.67), respectively, when compared to patients with
AVFs.'"*'*! While matched cohort data on patients with
CVCs on HHD versus in-center HD are not available, the
data presented here suggests that the mortality risk asso-
ciated with CVC use (relative to AV access) at home are
similar to those for in-center HD. The similarity in
infection and mortality rates can be due to a variety of
factors; however, patient activation and CVC training and
care are likely central. Patients on home HD tend to be
engaged and self-motivated with a high level of activa-
tion. In contrast, there is variation in nursing and tech-
nician training for CVC care and degree of adherence to
infection control measures, and patients in-center tend to
have lower activation, which could impact adherence to,
and understanding of, appropriate catheter care.”” " See
Table 3 for instructions on caring for a tunneled CVC at
home.

POTENTIAL BENEFITS TO CVC USE AT HOME

In-center thrice weekly HD is dependent on high blood
flow rates to achieve small solute adequacy. Tunneled
CVCs can have challenges achieving the high flows
required by the in-center HD prescription, with data
suggesting that approximately 65% of patients on in-
center HD with a CVC will have at least one episode of
CVC dysfunction (defined as a blood flow <300 mL/
min), and this dysfunction was associated with missed
treatments, additional access interventions, and hospi-
talization.”® The reversal of lines due to inadequate flow
further reduces the likelihood of meeting solute clearance
targets.”” Conversely, the flexibility to adjust session
length and frequency of HHD allows prescribing to
accommodate lower blood flow rates while still achieving
“adequacy” targets.”® For this reason, the KDOQI
guidelines changed the definition of CVC dysfunction to
recognize the benefits of lower flow rates during longer
duration HD."”

When appropriately used, a CVC can remove the most
time-consuming part of HHD training: self-cannulation of
AV access.”” "' Alleviating the fear and time spent over-
coming the psychological burden of learning self-
cannulation of AV access, in addition to proper operation
of their HD machine could, especially with newer technol-
ogy, simplify and facilitate training.”**” Analysis of USRDS
data demonstrates <4% of patients effectuate a transition to
home therapy after the initial 90-day experience in-center.'’
Delays in HHD referral awaiting AV access maturation or the
patient overcoming the fear of self-cannulation of AV access
impede HHD expansion and fosters inertia with in-center
HD. Furthermore, patients become susceptible to compli-
cations often ameliorated with HHD, especially with a more
frequent or nocturnal HD prescription, which allows for
slower ultrafiltration, greater hemodynamic stability, and
more thorough solute clearance.””
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Table 3. Caring for a Tunneled CVC at Home

* Ensure the patient has proper training for CVC care.

Keep the catheter dressing clean and dry.

Make sure the area of the insertion site is clean and the patient changes the dressing once a week or when clinically indicated.
Keep an emergency dressing kit at home in case you need to change your dressing in between treatments.

Never remove the cap on the end of your catheter when not receiving treatment. Air must not enter the catheter.

Keep scissors and sharp objects away from your CVC.

You should only shower using a proper shower protocol taught to you by a health care provider.

You should not shower until the exit site is completely healed—approximately 6 weeks after insertion.

Sponge bath until the exit site is fully healed.

Use proper CVC protection that is commercially available.

Clear dressing that sticks to your CVC site is inadequate to keep you safe.

Do not submerge your body in water such as swimming or taking a bath.

Wear a mask over your nose and mouth anytime the catheter is opened to prevent bacteria from entering the catheter and your
bloodstream. Professionals changing the dressing should wear a mask and gloves as well.

If the area around your catheter feels sore or looks red, call your dialysis care team at once. Ask your dialysis team about signs and
symptoms that require immediate attention.

Know your Kt/V* and URR" (urea reduction ratio). Kt/V and URR are numbers that tell you how much dialysis you are getting.
The NKF recommends using Kt/V. If you are receiving enough dialysis, your Kt/V should be at least 1.2. If URR is used, it
should be 65% or more. If your numbers are too low, one possible cause may be that your access is not working well. Ask your

dialysis team to check your access.

Abbreviations: CVC, central venous catheter; NKF, National Kidney Foundation.

#Kt/V: A number calculated from clinical data to determine the adequacy of a dialysis treatment. Per CMS guidelines the goal Kt/V for a single hemodialysis treatment is

1.2.

PURR: An alternative calculation to Kt/V from clinical data to determine the adequacy of a dialysis treatment. The goal URR for a single hemodialysis treatment is 65%.
Source: National Kidney Foundation, https://www.kidney.org/atoz/content/hemocatheter

The expansion of PD is accompanied by an inevitable
increase in PD discontinuations and transfers to HD.
Because the PD population is already familiar with self-care
dialysis, and many are ideal candidates for conversion,
when appropriate, PD patients should be transferred to
HHD. However, home-to-home transitions (PD to HHD),
remain the subject of case reports and small case series.””
To achieve the Advancing American Kidney Health Initia-
tive goals of home expansion, it is critical to create clearer
paths for patients who already manage their care at home to
continue to do so when appropriate and when changing
modality. In the absence of adequate predictive PD failure
models, a home-to-home transition often requires bridging
CVC use for HHD. Proper education and referral for HHD
irrespective of dialysis access before patients transition from
PD can reduce the likelihood of hospitalization and ease the
apprehension many patients experience when considering
transitioning off PD to HD (whether in-center or HHD).”’
The End-Stage Kidney Disease Life-Plan and referral for
vascular access provides specific guidance for this scenario.'”

Finally, expansion of HHD is dependent on incident
patient adoption. As technologies continue to advance and
with higher adoption of HD from the intensive care unit to
home, urgent start transition to HHD is now a reality.
“Transitional care programs” or “dialysis start units” for
unplanned or “crash” starts have demonstrated measured
success in increasing incident patient home adoption.”” >’
Expansion of such types of units that facilitate the transi-
tion from in-hospital acute dialysis start to home dialysis
will be challenged by the competition of in-center facilities
chairs and the maintenance of critical mass and training of
staff required to support such transitional programs. Such
programs are successful in the setting of universal health
care where financial incentives have less prominence than
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appropriate patient disposition. Small center experience
has demonstrated the ability for patients with unplanned
starts to be educated on HHD during their acute stay and
transition directly to home training.”’ By leveraging hos-
pital staff to begin the education with newer technology
that spans the acute and home environments, urgent start
HHD via a CVC is a viable path for patients. Urgent start
HHD not only creates a direct path home but alleviates the
space and staffing burden associated with in-center HD and
vascular access care.

SUMMARY AND RECOMMENDATIONS

With federal initiatives in the United States, quality in-
centives, and environmental factors at play, the nephrology
community must examine current practice and explore
opportunities to modify the delivery of care for patients
with kidney disease. An AVF remains the optimal access for
the majority of patients on HD. Many patients, however,
will continue to dialyze through tunneled HD catheters as
temporary or more permanent (“destination”) options
throughout their journey. Published evidence and clinical
experience in aggregate suggest that the risks associated
with CVC use (relative to AV access) are no higher and
perhaps lower at home. Current incentives, federal pro-
jects, staffing shortages, and the recent coronavirus
pandemic have created an environment where home
dialysis expansion is imperative to improve outcomes and
reduce costs in an overburdened dialysis care model.

The goal of expansion of HHD must include the newer
KDOQI vascular access guidelines movement away from
“Fistula First” one-size-fits-all approach and an increased
utilization of appropriate vascular access, including
tunneled HD catheters for patients on HHD. Recognition
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that an appropriate home start, regardless of vascular access
type, is an “optimal start” should be reflected in newer
payment models. The choice of HD vascular access should
be individualized, especially when this may prove pivotal in
a patient’s decision to preferentially choose HHD. While the
nephrology community should continue to encourage
preemptive AV access creation in patients with advanced
chronic kidney disease who manifest progressive loss of
kidney function, current KDOQI vascular access guide-
lines recognize that a one-size-fits-all fistula approach
does not benefit all patients. An individualized plan al-
lows for shared decision making regarding modality and
access type and timing—including HHD. Consistent with
the end-stage kidney disease (ESKD) Life-Plan, which
centers around prioritizing what is best for the patient,
patients should choose whether to dialyze at home or in-
center first, and then determine the appropriate vascular
access needs. The expansion of HHD and the changes
needed to meet patient demand, respect patient auton-
omy, improve outcomes, and reduce cost in kidney care
are dependent on it.

ARTICLE INFORMATION

Authors’ Names and Academic Degrees: Michael Alexander
Aragon, MD, Osama El Shamy, MD, Sijie Zheng, MD, Glenn M.
Chertow, MD, Joel Glickman, MD, Eric Weinhandl, PhD, Paul
Komenda, MD, Stephan Dunning, MBA, MS, Frank Liu, MD, and
Charmaine Lok, MD

Authors’ Affiliations: Outset Medical, San Jose, CA (MAA, SD);
Division of Renal Disease and Hypertension, Department of
Medicine, George Washington University, Washington, DC (OES);
Division of Nephrology, The Permanente Medical Group, Kaiser
Oakland Medical Center, Oakland, CA (SZ); Division of
Nephrology, Daprtment of Medicince, Stanford University, Palo
Alto, CA (GMC); Section on Renal Disease and Hypertension,
Perelman School of Medicine, University of Pennsylvania,
Philadelphia, PA (JW); DaVita Clinical Research, Minneapolis, MN
(EW); Department of Pharmaceutical Care and Health Systems,
University of Minnesota, Minneapolis, MN (EW); Department of
Medicine, Max Rady College of Medicine, University of Manitoba,
Wilnnipeg, MB, Canada (PK); Division of Nephrology, Department
of Medicine, Weill Cornell Medical College, New York, NY (FL);
and Faculty of Medicine, University of Toronto, Toronto, ON,
Canada (CL).

Address for Correspondence: Michael Alexander Aragon, MD,
Outset Medical, 3052 Orchard Drive, San Jose, CA 95134. Email:
maragon@outsetmedical.com

Support: None.

Financial Disclosures: Members of the expert panel have served as
paid advisors to Outset Medical. No compensation was provided for
drafting or editing the article.

Peer Review: Received November 28, 2023. Evaluated by 2
external peer reviewers, with direct editorial input from the Editor-
in-Chief. Accepted in revised form July 29, 2024.

REFERENCES
1. Blagg CR. The early history of dialysis for chronic renal failure in
the United States: a view from Seattle. Am J Kidney Dis.
2007;49(3):482-496. doi:10.1053/}.ajkd.2007.01.017

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Blagg CR. A brief history of home hemodialysis. Adv Ren Replace
Ther. 1996;3(2):99-105. doi:10.1016/s1073-4449(96)80048-3
Saran R, Robinson B, Abbott KC, et al. US Renal Data System
2019 Annual Data Report: epidemiology of kidney disease in
the United States. Am J Kidney Dis. 2020;75(1)(suppl 1):S1-
S64.

Plumb TJ, Alvarez L, Ross DL, et al. Safety and efficacy of the
Tablo hemodialysis system for in-center and home hemodialysis.
Hemodlal Int. 2020;24(1):22-28. doi:10.1111/hdi.12795
Plumb TJ, Alvarez L, Ross DL, et al. Self-care training using the
Tablo hemodialysis system. Hemodial Int. 2021;25(1):12-19.
doi:10.1111/hdi.12890

Cords O, Martinez L, Warren JL, et al. Incidence and preva-
lence of tuberculosis in incarcerated populations: a systematic
review and meta-analysis. Lancet Public Health. 2021;6(5):
€300-e308. doi:10.1016/52468-2667(21)00025-6
O’'Mahony MC, Stanwell-Smith RE, Tillett HE, et al. The Staf-
ford outbreak of Legionnaires’ disease. Epidemiol Infect.
1990;104(3):361-380. doi:10.1017/s0950268800047385
Hsu CM, Weiner DE, Aweh G, et al. COVID-19 among US
dialysis patients: risk factors and outcomes from a national
dialysis provider. Am J Kidney Dis. 2021;77(5):748-756.e1.
doi:10.1053/}.ajkd.2021.01.003

Garfan S, Alamoodi AH, Zaidan BB, et al. Telehealth utilization
during the Covid-19 pandemic: a systematic review. Comput
Biol Med. 2021;138:104878.

United States Renal Data System. 2022 USRDS Annual Data
Report: Epidemiology of kidney disease in the United States.
National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases, Bethesda, MD, 2022.

Astor BC, Eustace JA, Powe NR, et al. Type of vascular access
and survival among incident hemodialysis patients: the Choices
for Healthy Outcomes in Caring for ESRD (CHOICE) Study.
J Am Soc Nephrol. 2005;16(5):1449-1455. doi:10.1681/
ASN.2004090748

Lee T, Qian JZ, Zhang Y, Thamer M, Allon M. Long-term out-
comes of arteriovenous fistulas with unassisted versus assisted
maturation: a retrospective national hemodialysis cohort study.
J Am Soc Nephrol. 2019;30(11):2209-2218.

Al-Jaishi AA, Oliver MJ, Thomas SM, et al. Patency rates of the
arteriovenous fistula for hemodialysis: a systematic review and
meta-analysis. Am J Kidney Dis. 2014,63(3):464-478. doi:10.
1053/j.ajkd.2013.08.023

Dember LM, Beck GJ, Allon M, et al. Effect of clopidogrel on
early failure of arteriovenous fistulas for hemodialysis: a ran-
domized controlled trial. JAMA. 2008;299(18):2164-2171.
Farber A, Imrey PB, Huber TS, et al. Multiple preoperative and
intraoperative factors predict early fistula thrombosis in the
Hemodialysis Fistula Maturation Study. J Vasc Surg.
2016;63(1):163-170.

Patel ST, Hughes J, Mills JL Sr. Failure of arteriovenous fistula
maturation: an unintended consequence of exceeding dialysis
outcome quality initiative guidelines for hemodialysis access.
J Vasc Surg. 20083;38(3):439-445.

Lok CE, Huber TS, Lee T, et al. KDOQI clinical practice
guideline for vascular access: 2019 update. Am J Kidney Dis.
2020;75(4)(suppl 2):S1-S164. doi:10.1053/j.ajkd.2019.12.001
Brown RS, Patibandla BK, Goldfarb-Rumyantzev AS. The
survival benefit of “fistula first, catheter last” in hemodialysis is
primarily due to patient factors. J Am Soc Nephrol. 2017;28(2):
645-652. doi:10.1681/ASN.2016010019

Bylsma LC, Gage SM, Reichert H, Dahl SLM, Lawson JH.
Arteriovenous fistulae for haemodialysis: a systematic review
and meta-analysis of efficacy and safety outcomes. Eur J Vasc
Endovasc Surg. 2017;54(4):513-522.

Kidney Med Vol 7 | Iss 1 | January 2025 | 100916


mailto:maragon@outsetmedical.com
https://doi.org/10.1053/j.ajkd.2007.01.017
https://doi.org/10.1016/s1073-4449(96)80048-3
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref3
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref3
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref3
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref3
https://doi.org/10.1111/hdi.12795
https://doi.org/10.1111/hdi.12890
https://doi.org/10.1016/S2468-2667(21)00025-6
https://doi.org/10.1017/s0950268800047385
https://doi.org/10.1053/j.ajkd.2021.01.003
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref9
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref9
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref9
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref10
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref10
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref10
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref10
https://doi.org/10.1681/ASN.2004090748
https://doi.org/10.1681/ASN.2004090748
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref12
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref12
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref12
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref12
https://doi.org/10.1053/j.ajkd.2013.08.023
https://doi.org/10.1053/j.ajkd.2013.08.023
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref14
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref14
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref14
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref15
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref15
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref15
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref15
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref16
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref16
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref16
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref16
https://doi.org/10.1053/j.ajkd.2019.12.001
https://doi.org/10.1681/ASN.2016010019
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref19
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref19
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref19
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref19

Aragon et al

20.

21.

22.

23.

24,

25.

26.

27.

28.

290.

30.

31.

32.

33.

34.

35.

36.

Yan Y, Ye D, Yang L, et al. A meta-analysis of the association
between diabetic patients and AVF failure in dialysis. Ren Fail.
2018;40(1):379-383. doi:10.1080/0886022X.2018.1456464
Pisoni RL, Zepel L, Zhao J, et al. International comparisons of
native arteriovenous fistula patency and time to becoming
catheter-free: findings from the Dialysis Outcomes and Prac-
tice Patterns Study (DOPPS). Am J Kidney Dis. 2021;77(2):
245-254. doi:10.1053/j.ajkd.2020.06.020

Robinson T, Geary RL, Davis RP, et al. Arteriovenous fistula
versus graft access strategy in older adults receiving hemodi-
alysis: a pilot randomized trial. Kidney Med. 2021;3(2):248-
256.e1.

Hung YN, Ko PJ, Ng YY, Wu SC. The longevity of arteriovenous
graft for hemodialysis patients—externally supported or non-
supported. Clin J Am Soc Nephrol. 2010;5(6):1029-1035. doi:
10.2215/CJN.08181109

Lynn KL, Buttimore AL, Wells JE, Inkster JA, Roake JA,
Morton JB. Long-term survival of arteriovenous fistulas in
home hemodialysis patients. Kidney Int. 2004;65(5):1890-
1896.

Weinhandl ED, Saffer TL, Aragon M. Hidden costs associated
with conversion from peritoneal dialysis to hemodialysis. Kid-
ney360. 2022;3(5):883-890. doi:10.34067/KID.0007692021
Boissinot L, Landru |, Cardineau E, Zagdoun E, Ryckelycnk JP,
Lobbedez T. Is transition between peritoneal dialysis and he-
modialysis really a gradual process? Perit Dial Int. 2013;33(4):
391-397. doi:10.3747/pdi.2011.00134

Quinan P, Beder A, Berall MJ, Cuerden M, Nesrallah G,
Mendelssohn DC. A three-step approach to conversion of
prevalent catheter-dependent hemodialysis patients to arterio-
venous access. CANNT J. 2011;21(1):22-33.

Gedney N. Arteriovenous fistula or dialysis catheter: a patient’s
perspective.  Kidney360. 2022;3(6):1109-1110. doi:10.
34067/KID.0001462022

Viecelli AK, Howell M, Tong A, et al. Identifying critically
important vascular access outcomes for trials in haemodialysis:
an international survey with patients, caregivers and health
professionals. Nephrol Dial Transplant. 2020;35(4):657-668.
doi:10.1093/ndt/gfz148

Pisoni RL, Arrington CJ, Albert JM, et al. Facility hemodialysis
vascular access use and mortality in countries participating in
DOPPS: an instrumental variable analysis. Am J Kidney Dis.
2009;53(8):475-491. doi:10.1053/}.ajkd.2008.10.043

Ravani P, Palmer SC, Oliver MJ, et al. Associations between
hemodialysis access type and clinical outcomes: a systematic
review. J Am Soc Nephrol. 2013;24(3):465-473. doi:10.1681/
ASN.2012070643

Schwab SJ, Beathard G. The hemodialysis catheter conun-
drum: hate living with them, but can't live without them. Kidney
Int. 1999;56(1):1-17.

Lau CE. Transparent and gauze dressings and their effect on
infection rates of central venous catheters: a review of past and
current literature. J Intraven Nurs. 1996;19(5):240-245.

Soi V, Moore CL, Kumbar L, Yee J. Prevention of catheter-
related bloodstream infections in patients on hemodialysis:
challenges and management strategies. Int J Nephrol Reno-
vasc Dis. 2016;9:95-1083. doi:10.2147/1JNRD.S76826
Hymes JL, Mooney A, Van Zandt C, Lynch L, Ziebol R, Killion D.
Dialysis catheter-related bloodstream infections: a cluster-
randomized trial of the ClearGuard HD antimicrobial barrier
cap. Am J Kidney Dis. 2017;69(2):220-227.

Brunelli SM, Njord L, Hunt AE, Sibbel SP. Use of the Tego
needlefree connector is associated with reduced incidence of
catheter-related bloodstream infections in hemodialysis

Kidney Med Vol 7 | Iss 1 | January 2025 | 100916

37

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Kidney Medicine

patients. Int J Nephrol Renovasc Dis. 2014;7:131-139. doi:10.
2147/1JNRD.S59937

Johansen KL, Gilbertson DT, Wetmore JB, Peng Y, Liu J,
Weinhandl ED. Catheter-associated bloodstream infections
among patients on hemodialysis: progress before and during
the COVID-19 pandemic. Clin J Am Soc Nephrol. 2022;17(3):
429-433. doi:10.2215/CJN.11360821

Lockridge RS, Kjellstrand CM. Nightly home hemodialysis:
outcome and factors associated with survival. Hemodial Int.
2011;15(2):211-218.

Perl J, Lok CE, Chan CT. Central venous catheter outcomes in
nocturnal hemodialysis. Kidney Int. 2006;70(7):1348-1354.
doi:10.1038/sj.ki.5001744

Tennankore KK, d'Gama C, Faratro R, Fung S, Wong E,
Chan CT. Adverse technical events in home hemodialysis. Am J
Kidney Dis. 2015;65(1):116-121. doi:10.1053/j.ajkd.2014.08.
013

Pipkin M, Craft V, Spencer M, Lockridge RS Jr. Six years of
experience with nightly home hemodialysis access. Hemodial
Int.  2004;8(4):349-353.  doi:10.1111/1.1492-7535.2004.
80410.x

Perl J, Nessim SJ, Moist LM, et al. Vascular access type and
patient and technique survival in home hemodialysis patients:
the Canadian Organ Replacement Register. Am J Kidney Dis.
2016;67(2):251-2509.

Greene J, Hibbard JH, Sacks R, Overton V, Parrotta CD. When
patient activation levels change, health outcomes and costs
change, too. Health Aff (Millwood). 2015;34(3):431-437. doi:
10.1377/hlthaff.2014.0452

Hussein WF, Bennett PN, Carrasco A, et al. Changes in patient
activation in people starting dialysis: a prospective longitudinal,
observational study. Hemodial Int. 2022;26(3):435-448. doi:
10.1111/hdi.13013

Chenoweth CE, Hines SC, Hall KK, et al. Variation in infection
prevention practices in dialysis facilities: results from the na-
tional opportunity to improve infection control in ESRD (end-
stage renal disease) project. Infect Control Hosp Epidemiol.
2015;36(7):802-806. doi:10.1017/ice.2015.55

Griffiths RIl, Newsome BB, Leung G, Block GA, Herbert RJ,
Danese MD. Impact of hemodialysis catheter dysfunction on
dialysis and other medical services: an observational cohort
study. Int J Nephrol. 2012;2012:673954.

Senécal L, Saint-Sauveur E, Leblanc M. Blood flow and recir-
culation rates in tunneled hemodialysis catheters. ASA/O J.
2004;50(1):94-97. doi:10.1097/01.mat.0000104825.33101.7¢c
Lockridge RS, Albert J, Anderson H, et al. Nightly home he-
modialysis: fifteen months of experience in Lynchburg, Virginia.
Home Hemodial Int. 1999;3(1):23-28.

Cafazzo JA, Leonard K, Easty AC, Rossos PG, Chan CT.
Patient-perceived barriers to the adoption of nocturnal
home hemodialysis. Clin J Am Soc Nephrol. 2009;4(4):
784-789.

Tomori K, Okada H. Home hemodialysis: benefits, risks, and
barriers. Contrib Nephrol. 2018;196:178-183. doi:10.1159/
000485719

Lockridge R Jr, Weinhand!l E, Kraus M, et al. A systematic
approach to promoting home hemodialysis during end stage
kidney disease. Kidney360. 2020;1(9):993-1001. doi:10.
34067/KID.0003132020

Cherukuri S, Bajo M, Colussi G, et al. Home hemodialysis
treatment and outcomes: retrospective analysis of the Knowl-
edge to Improve Home Dialysis Network in Europe (KIHDNEy)
cohort. BMC Nephrol. 2018;19(1):262. doi:10.1186/s12882-
018-1059-2


https://doi.org/10.1080/0886022X.2018.1456464
https://doi.org/10.1053/j.ajkd.2020.06.020
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref22
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref22
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref22
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref22
https://doi.org/10.2215/CJN.08181109
https://doi.org/10.2215/CJN.08181109
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref24
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref24
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref24
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref24
https://doi.org/10.34067/KID.0007692021
https://doi.org/10.3747/pdi.2011.00134
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref27
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref27
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref27
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref27
https://doi.org/10.34067/KID.0001462022
https://doi.org/10.34067/KID.0001462022
https://doi.org/10.1093/ndt/gfz148
https://doi.org/10.1053/j.ajkd.2008.10.043
https://doi.org/10.1681/ASN.2012070643
https://doi.org/10.1681/ASN.2012070643
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref32
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref32
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref32
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref33
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref33
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref33
https://doi.org/10.2147/IJNRD.S76826
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref35
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref35
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref35
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref35
https://doi.org/10.2147/IJNRD.S59937
https://doi.org/10.2147/IJNRD.S59937
https://doi.org/10.2215/CJN.11360821
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref38
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref38
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref38
https://doi.org/10.1038/sj.ki.5001744
https://doi.org/10.1053/j.ajkd.2014.08.013
https://doi.org/10.1053/j.ajkd.2014.08.013
https://doi.org/10.1111/j.1492-7535.2004.80410.x
https://doi.org/10.1111/j.1492-7535.2004.80410.x
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref42
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref42
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref42
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref42
https://doi.org/10.1377/hlthaff.2014.0452
https://doi.org/10.1377/hlthaff.2014.0452
https://doi.org/10.1111/hdi.13013
https://doi.org/10.1111/hdi.13013
https://doi.org/10.1017/ice.2015.55
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref46
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref46
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref46
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref46
https://doi.org/10.1097/01.mat.0000104825.33101.7c
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref48
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref48
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref48
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref49
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref49
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref49
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref49
https://doi.org/10.1159/000485719
https://doi.org/10.1159/000485719
https://doi.org/10.34067/KID.0003132020
https://doi.org/10.34067/KID.0003132020
https://doi.org/10.1186/s12882-018-1059-2
https://doi.org/10.1186/s12882-018-1059-2

Kidney Medicine

53.
54,

55.

56.

57

Aragon et al

Chan KE, Thadhani RI, Maddux FW. Adherence barriers to
chronic dialysis in the United States. / Am Soc Nephrol.
2014;25(11):2642-2648. doi:10.1681/ASN.2013111160
Elbokl MA, Kennedy C, Bargman JM, McGrath-Chong M,
Chan CT. Home-to-home dialysis transition: a 24-year single-
centre experience. Perit Dial Int. 2022;42(3):324-327.
Eschbach JW, Seymour M, Potts A, Clark M, Blagg CR.
A hemodialysis orientation unit. Nephron. 1983;33(2):106-110.
Bowman B, Zheng S, Yang A, et al. Improving incident ESRD
care via a transitional care unit. Am J Kidney Dis. 2018;72(2):
278-288.

Bose S, Bowman BT, McPhatter L, Wentworth D, Daniel CL,
AbdelRahman EM. A transitional start unit (TSU) improves
home dialysis adoption by incident ESKD patients. Presented

58.

59.

60.

at: American Society of Nephrology Kidney Week; November
5-10, 2019; Washington, DC.

Morfin JA, Yang A, Wang E, Schiller B. Transitional dialysis
care units: a new approach to increase home dialysis mo-
dality uptake and patient outcomes. Semin Dial. 2018;31(1):
82-87.

Asamoah-Odei E, Nawasreh A, Tailor P. Transitional start dial-
ysis: from concept to reality. Presented at: 37th Annual Dialysis
Conference; March 11-17, 2017; Long Beach, CA.

Dialysis from the Comfort of Your Own Home? NYU Langone
Hospital—Long Island Makes It Possible. NYU Langone Health
News. Spring 2023. Accessed May 5, 2023. https://
nyulangone.org/news/dialysis-comfort-your-own-home-nyu-
langone-hospital-long-island-makes-it-possible

Kidney Med Vol 7 | Iss 1 | January 2025 | 100916


https://doi.org/10.1681/ASN.2013111160
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref54
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref54
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref54
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref55
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref55
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref56
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref56
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref56
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref58
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref58
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref58
http://refhub.elsevier.com/S2590-0595(24)00127-4/sref58
https://nyulangone.org/news/dialysis-comfort-your-own-home-nyu-langone-hospital-long-island-makes-it-possible
https://nyulangone.org/news/dialysis-comfort-your-own-home-nyu-langone-hospital-long-island-makes-it-possible
https://nyulangone.org/news/dialysis-comfort-your-own-home-nyu-langone-hospital-long-island-makes-it-possible

	Vascular Access for Home Hemodialysis: A Perspective on Tunneled Central Venous Catheters at Home
	Background
	Tunneled HD CVCs for Kidney Replacement Therapy
	The End-Stage Kidney Disease Life-Plan Access Needs
	Clinical Experience of CVCs in HD
	Catheter Use with HHD Is Associated with Similar Risks to Catheter Use In-center HD
	Potential Benefits to CVC Use at Home
	Summary and Recommendations
	References


