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Abstract

Background and objectives Withdrawal from maintenance hemodialysis before death has become more
common because of high disease and treatment burden. The study objective was to identify patient factors and
examine the terminal course associated with hemodialysis withdrawal, and assess patterns of palliative care
involvement before death among patients on maintenance hemodialysis.

Design, setting, participants, & measurements We designed an observational cohort study of adult patients on
incident hemodialysis in a midwestern United States tertiary center, from January 2001 to November 2013, with
death events through to November 2015. Logistic regression models evaluated associations between patient
characteristics and withdrawal status and palliative care service utilization.

Results Among 1226 patients, 536 died and 262 (49% of 536) withdrew. A random sample (10%; 52 out of 536)
review of Death Notification Forms revealed 73% sensitivity for withdrawal. Risk factors for withdrawal before
death included older age, white race, palliative care consultation within 6 months, hospitalization within 30 days,
cerebrovascular disease, and no coronary artery disease. Most withdrawal decisions were made by patients (60%)
ora family member (33%; surrogates). The majority withdrew either because of acute medical complications (51%)
or failure to thrive/frailty (22%). After withdrawal, median time to death was 7 days (interquartilerange, 4-11). In-
hospital deaths were less common in the withdrawal group (34% versus 46% nonwithdrawal, P=0.003). A third
(34%; 90 out of 262) of those that withdrew received palliative care services. Palliative care consultation in the
withdrawal group was associated with longer hemodialysis duration (odds ratio, 1.19 per year; 95% confidence
interval, 1.10 to 1.3; P<0.001), hospitalization within 30 days of death (odds ratio, 5.78; 95% confidence interval,
2.62 to 12.73; P<<0.001), and death in hospital (odds ratio, 1.92; 95% confidence interval, 1.13 to 3.27; P=0.02).

Conclusions In this single-center study, the rate of hemodialysis withdrawals were twice the frequency
previously described. Acute medical complications and frailty appeared to be driving factors. However, palliative
care services were used in only a minority of patients.
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Introduction hospice services (8). The current treatment practices at
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Maintenance hemodialysis (HD) therapy is now pro-
vided to over 440,000 patients annually in the United
States (1). Patients on maintenance HD have a high
prevalence of debilitating symptoms (2), and their
long-term prognosis is guarded, with a life expectancy
of less than a third to half that of the general age-
matched population (3). For patients with ESKD,
palliative care consultative services may improve
quality of life by aiding in symptom management in
addition to aligning patient preferences and goals of
care, but it is underutilized in this population (4-7).
Despite a poor prognosis, the overwhelming majority
(>80%) of patients on dialysis are hospitalized and
receive intensive care unit treatment (>60%) in the
last 90 days of their life and less than a third receive
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end of life may not reflect patient wishes. In a United
States study examining advance care planning in
patients on maintenance HD, only 18% preferred to
live as long as possible despite suffering (9). In a
survey of patients with CKD in Canada, 36% pre-
ferred to die at home or in an inpatient hospice (29%)
rather than in a hospital (27%) (10). This contrasts
starkly with the current reality of end-of-life care for
patients on dialysis, which is more aggressive than that
for other life-limiting diseases (5,11,12).

Withdrawal from dialysis therapy is reported as
a cause of death in 20%-30% of ESKD patients in
Western countries (1,3,13). Several studies assessed
HD withdrawal rate and factors associated with
withdrawal using administrative claims data or death
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notifications (1,3,13-15). Yet, the reported withdrawal rates
may be underestimated given (I) changes in coding rec-
ommendation for withdrawal cause of death, and (2) varied
guidance as to what constitutes death preceded by HD
withdrawal. Thus, more granular information is needed
regarding the true prevalence of HD withdrawal, the
terminal course after withdrawal, and the utilization of
palliative care services. Gaining a more thorough under-
standing of these factors can help facilitate timely goals-of-
care discussions between clinicians and patients to better
meet patient preferences and ultimately improve end-of-life
care for patients with ESKD (16). Therefore, the goal of this
study was to examine the frequency of HD withdrawal
before death, patient factors associated with withdrawal,
terminal course after withdrawal, and patterns of palliative
care involvement before death among patients on mainte-
nance HD treated in an integrated health care network
utilizing an integrated electronic medical records system.

Materials and Methods
Study Population

Patients included in the study were individuals aged =18
years who initiated maintenance HD from January 9, 2001
to November 15, 2013 at Mayo Clinic Dialysis Services
(n=1226). Mayo Clinic Dialysis Services provides all HD in
an integrated health care network for residents in south-
eastern Minnesota, northern Iowa, and southwestern Wis-
consin, through eight community-based outpatient HD
facilities as previously described (17-19). The study pop-
ulation was restricted to 590 patients who died before
study end on November 15, 2015. Patients were excluded if
they received HD for <30 days (n=30), transferred care
outside of the network (n=23), or transitioned to peritoneal
dialysis (n=1) before study end. Minnesota research au-
thorization was available for the final study cohort (1=536).
The study was reviewed and approved by the Mayo Clinic
Institutional Review Board (IRB#09-007581).

Electronic medical records were reviewed for cause of
kidney disease, patient comorbidities, reason for HD
withdrawal, date, cause and location of death, number of
hospital admissions within 30 days before death, and
presence and timing of palliative care consultation before
death. To compare HD withdrawal reporting patterns from
our institution and withdrawal status identified in this
study, we obtained Centers for Medicare and Medicaid
Services (CMS)-2746 ESKD Death Notification Forms from
CROWNWEeb (20,21), on a random sample comprising 10%
(n=52) of the death cohort, 26 from the withdrawal and 26
from the nonwithdrawal cohort. If the cause of death was
not primarily identified as HD withdrawal, the CMS-2746
primary cause of death was recorded. Electronic medical
records and CMS-2746 forms were reviewed by physicians
(J.C.-Y.C. and L.J.H.) and/or trained nurse abstractors.

Definitions

HD withdrawal was defined as HD discontinuation after
an active decision to permanently stop dialysis by the
patient, family, health care power of attorney, or health
care team, as documented in the electronic medical record.
Death after dialysis withdrawal was defined as a death
event occurring >24 hours after HD withdrawal. These
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criteria were used to exclude patients in which HD
withdrawal was undertaken in the context of withdrawal
of other life-sustaining treatments in the face of impending
and/or immediate death. Reason(s) for HD withdrawal
were categorized as recommended by CMS-2746 form and
Murphy et al. (22): (1) HD access failure, (2) acute medical
complications, (3) chronic debilitating problems, (4) chronic
failure to thrive/frailty, and (5) kidney withdrawal. Kidney
withdrawal was defined per Murphy et al. as death pre-
ceded by HD withdrawal primarily related to kidney
dysfunction/uremia without significant medical problems
other than kidney failure. Acute medical complications and
chronic debilitating problems were further categorized into
specific clinical conditions, including cardiac disease, lung
disease, malignancy, resistant infection or sepsis, multiple
comorbidities leading to poor prognosis, and other. Palli-
ative care consultative services were noted if care from a
palliative care team member was documented in either the
inpatient or outpatient setting within 6 months of death.
Missing data for death location was assigned to the
‘unknown’ category.

Statistical Analyses

Continuous variables are reported as mean with SD or
median with interquartile range (IQR) for non-normally
distributed variables. Categorical variables are expressed
as number (percentage). Comparisons between withdrawal
and nonwithdrawal groups, as well as those with and
without palliative care among patients who underwent
withdrawal, were made using univariable and multivari-
able logistic regression models. No data were missing for
the univariable and multivariable analyses. P values <0.05
were considered statistically significant. Analyses were
performed using SAS 9.4 (SAS Institute, Inc., Cary, NC)
and R software v3.4.1.

Results
Death Cohort and HD Withdrawal

Among 1226 patients receiving incident HD at Mayo
Clinic Dialysis Services, 536 (44%) died within the study
period. Of these, 262 (21% of the original cohort and 49%
of the death cohort) withdrew from HD before death.
Patient characteristics are shown for the death cohort
(n=536; Table 1). Overall, mean patient age at start of
dialysis was 72 (SD 13) years and 74 (SD 13) years at time of
death. A majority of the cohort were men (60%) and white
(94%). Common comorbidities included congestive heart
failure (70%), coronary artery disease (67%), and diabetes
mellitus (59%). Diabetic kidney disease was the most
common cause of CKD (37%), followed by hypertension
(20%). The median HD duration was 23 months (IQR, 8-47)
with 68% having at least one hospitalization within 30 days
of death and 26% having a palliative care consultation
within 6 months of death.

Factors Associated with HD Withdrawal

The odds of withdrawal from HD therapy before death
were higher in patients who were older at HD initiation
(odds ratio [OR] per 10 years, 1.30; 95% confidence inter-
val [95% CI], 1.12 to 1.49; P<0.001), of white race
(OR, 2.19; 95% CI, 1.05 to 4.57; P=0.04), with a history of
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cerebrovascular disease (OR, 1.59; 95% CI, 1.13 to 2.26;
P=0.01), and without a history of coronary artery disease
(OR, 0.60; 95% CI, 0.42 to 0.87; P=0.01). Median HD
duration did not differ between groups. However, the
odds of withdrawal were higher in those with a hospital-
ization within 30 days of death (OR, 1.65; 95% CI, 1.15 to
2.39; P=0.01) and palliative care consultation within 6
months of death (OR, 2.29; 95% CI, 1.54 to 3.40; P<<0.001)
compared with those without. Results were similar after
fitting multivariable models using all characteristics in
Table 2 (Supplemental Table 1).

Reasons for HD withdrawal before death are presented
in Figure 1A. The most common reasons for withdrawal
were acute medical complications (51%), failure to thrive/
frailty (22%), and chronic debilitating problems (18%).
Only one individual withdrew from HD because of
exhaustion of dialysis access sites and options for kidney
replacement therapy (0.4%). Among those with acute
medical complications or chronic debilitating problems
leading to HD withdrawal, multiple comorbidities leading
to poor prognosis was most commonly identified as a
contributing factor (Figure 1B). In the withdrawal group,
an active decision to withdraw was made by 156 (60%)
patients themselves. Approximately one third of with-
drawal decisions were made by surrogates: in 91 (35%)
patients, the decision was made by family, in seven (3%)
patients, it was made by nonfamily power of attorney, in
five (2%) patients, the decision was made by the health care
team, and the remaining three (1%) were unknown.

To assess the frequency of HD withdrawal reporting on
the basis of our Death Notification Forms as compared with
our current medical record review, a random sample of the
withdrawal cohort was queried for CMS-2746 ESKD Death
Notification Forms. Of the 52 patients (comprising 10% of
the final cohort: 26 patients each from withdrawal and
nonwithdrawal cohorts), seven patients in the withdrawal
cohort had a nonwithdrawal primary cause of death listed
on the death form. These nonwithdrawal primary death
causes included chronic obstructive pulmonary disease,
pulmonary infection, myocardial infarction, pulmonary
edema, septicemia, dementia, and malignancy. The sensi-
tivity of the Death Notification Form for withdrawal is
73%, the specificity is 100%, the positive predictive value is
100%, and the negative predictive value is 79%.

Terminal Course after HD Withdrawal

Care settings at the time of death are illustrated in Figure
2. Nearly half (46%) of the patients who did not withdraw
from HD before death died in the hospital, primarily in the
intensive care unit setting. Conversely, fewer patients who
did withdraw from HD died in the hospital (34%; P=0.003),
with a minority dying in the intensive care unit setting.
Hospice care at the time of death was provided to 22% of
the entire death cohort, although more commonly provided
in patients who withdrew (37% versus 7% nonwithdrawal;
P<0.001). After HD withdrawal, the median time to death
was 7 days (IQR, 4-11), with 183 (70%) deaths in <10 days,
72 (28%) deaths between 10 and 30 days, five (2%) deaths
between 30 and 100 days, and two (1%) deaths in over 100
days (Figure 3). The two patients with prolonged survival
(>100 days) after HD withdrawal had substantial residual
kidney function.

Table 1. Patient characteristics among patients on
hemodialysis who died between 2001 and 2015 (n=536)
Characteristics at Baseline and Death Cohort, n=536
Baseline characteristics
Age at HD initiation, mean (SD) 72 (13)
HD duration, mo, median [IQR] 23 [8-47]
Men, n (%) 321 (60)
White, 1 (%) 501 (94)
Cause of ESKD, 1 (%)
Polycystic kidney disease 9(2)
Diabetic kidney disease 199 (37)
Hypertension 109 (20)
Glomerular/tubulointerstitial disease 64 (12)
Acute tubular necrosis 19 (4)
Failing kidney transplant 25 (5)
Other 89 (17)
Unknown 22 (4)
Comorbidities and characteristics
at death, n (%)
Congestive heart failure 375 (70)
Coronary artery disease 358 (67)
Valvular heart disease 270 (50)
Diabetes mellitus 314 (59)
Malignancy 187 (35)
Cerebrovascular disease 213 (40)
Liver disease 67 (13)
COPD 168 (31)
Peripheral vascular disease 242 (45)
Depression 223 (42)
Hospitalization before death® 363 (68)
Palliative care consultation before death® 141 (26)
Age at death, mean (SD) 74 (13)
HD, hemodialysis; IQR, interquartile range; COPD, chronic
obstructive pulmonary disease.
“Hospitalizations were included if they occurred =30 days
before death.
PPalliative care consultations were included if they occurred
=6 months before death.

Palliative Care Utilization in the Withdrawal Cohort

In the HD withdrawal group, approximately one third
(34%; 90 patients) received palliative care consultative
services within the 6 months preceding death, and 68% of
the initial consultations occurred in the hospital. Reasons
for palliative consultation included facilitation of with-
drawal decisions (54%), end-of-life care options or hospice
enrollment (19%), a prospective pilot palliative project in
patients with ESKD (23) during the study period (16%),
symptom management (9%), and other (2%). The median
number of palliative visits per patient conducted in this 6-
month period was 3 (IQR, 1-23). The odds of receiving
palliative care consultation within 6 months of death were
higher among those with longer HD duration (OR per year,
1.19; 95% CI, 1.08 to 1.31; P<0.001), hospitalizations within
30 days of death (OR, 5.78; 95% CI, 2.62 to 12.73; P<<0.001),
and those who experienced in-hospital death (OR, 1.92;
95% ClI, 1.13 to 3.27; P=0.02; Table 3). Results were similar
after fitting multivariable models using all characteristics
in Table 3 (Supplemental Table 2).

Discussion
In this incident, single-center, cohort study, nearly half
(49%) of all deaths occurred after HD withdrawal. This rate
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Table 2. Patient characteristics associated with withdrawal from hemodialysis before death, among patients (n=536) who died between
2001 and 2015
Characteristics at Baseline and Death e V\Qil;gzawal, W1t1111;:12rg;/v al, er{t;?;a(;\gao}o%%d S P Value
Baseline characteristics
Age at HD initiation, mean (SD) 70 (13) 74 (12) 1.30 (1.12 to 1.49)? <0.001
HD duration, mo, median [IQR] 22 [8-45] 24 [7-49] 1.04 (0.97 to 1.12)b 0.25
Men, 1 (%) 174 (64) 147 (56) 0.74 (0.52 to 1.04) 0.08
White, 1 (%) 250 (91) 251 (96) 2.19 (1.05 to 4.57) 0.04
Cause of ESKD, 1 (%) 0.36
Polycystic kidney disease 6(2) 3() Reference
Diabetic kidney disease 98 (36) 101 (39) 2.06 (0.50 to 8.47)
Hypertension 54 (20) 55 (21) 2.04 (0.49 to 8.56)
Glomerular/tubulointerstitial disease 27 (10) 37 (14) 2.74 (0.63 to 11.94)
Acute tubular necrosis 12 (4) 7 (3) 1.17 (0.22 to 6.20)
Failing kidney transplant 16 (6) 9(3) 1.13 (0.23 to 5.62)
Other/unknown 61 (22) 50 (19) 1.64 (0.39 to 6.89)
Comorbidities and characteristics
at death, n (%)
Congestive heart failure 195 (71) 180 (69) 0.89 (0.62 to 1.29) 0.53
Coronary artery disease 198 (72) 160 (61) 0.60 (0.42 to 0.87) 0.01
Valvular heart disease 129 (47) 141 (54) 1.31 (0.93 to 1.84) 0.12
Diabetes mellitus 170 (62) 144 (55) 0.75 (0.53 to 1.05) 0.10
Malignancy 87 (33) 100 (38) 1.33 (0.93 to 1.89) 0.12
Cerebrovascular disease 94 (34) 119 (45) 1.59 (1.13 to 2.26) 0.01
Liver disease 33(12) 34 (13) 1.09 (0.65 to 1.82) 0.74
COPD 84 (31) 84 (32) 1.07 (0.74 to 1.54) 0.73
Peripheral vascular disease 127 (46) 115 (44) 0.91 (0.64 to 1.27) 0.57
Depression 104 (38) 119 (45) 1.36 (0.96 to 1.92) 0.08
Hospitalization before death® 171 (62) 192 (73) 1.65 (1.15 to 2.39) 0.01
Palliative care consultation before death® 51 (19) 90 (34) 2.29 (1.54 to 3.40) <0.001
Pvalues <0.05 were considered statistically significant and are denoted in bold. P values were derived using logistic regression models.
95% CI, 95% confidence interval; HD, hemodialysis; IQR, interquartile range; COPD, chronic obstructive pulmonary disease.
Per 10 years.
PPer year.
“Hospitalizations were included if they occurred =30 days before death.
dPalliative care consultations were included if they occurred =6 months before death.

is almost double that previously reported (1,3,13) in
Western countries. We also found that patients who
were older, white, with recent hospitalization, prior cere-
brovascular disease, and no cardiovascular disease were
more likely to withdraw. Acute medical complications
were driving factors for withdrawal. Finally, a minority
(one third of patients) who withdrew received palliative
care services within 6 months of death. Our study provides
insight into the clinical context of HD withdrawal, sug-
gesting that a patient who is more likely to withdraw from
HD is an elderly individual with multiple comorbidities
who develops an acute medical complication with limited
treatment options, leading to the decision to withdraw.
These results highlight the need to proactively identify
patients on HD with limited prognoses and high symptom
burden (24) who could benefit from earlier palliative care
services and advance care planning before a hospitalization
event.

Although our findings overlap with those of other
studies on HD withdrawal, there are some key differences.
We utilized the narrative medical records to define HD
withdrawal and required documentation of an active de-
cision to permanently discontinue HD by patient, family,
health care power of attorney, or health care team. Similar

studies were done in the first two decades of dialysis
treatment in the United States and were largely focused on
describing rates of withdrawal by cause of ESKD and
dialysis modalities (14,15). More recent studies based their
definition of dialysis withdrawal on registry data (1,3)
or death notifications (1,25), which may be limited by re-
porting consistency over time or changes in withdrawal
definitions and therefore underestimate the withdrawal
rates. Historically, there is also international variation in the
classification of withdrawal (22). In the United States,
the CMS-2746 ESKD Death Notification Form has under-
gone periodic revisions, with “withdrawal from dialysis/
uremia” added as a cause of death in 2004. Moreover, the
Australia and New Zealand Dialysis and Transplant
registry has broad categories of cause of death, including
cardiac, vascular, infection, and social, wherein dialysis
withdrawal is housed in the social category (3). Finally,
variability within a single institution may be seen over
time. In a small (1=52) random sampling of the death
cohort, we identified differences between our CMS-2746
ESKD Death Notification Form reporting and our study
reviews of withdrawals (73% sensitivity for withdrawal).
Collectively, these findings support the notion of potential
discrepancies between abstracted HD withdrawal rates
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Figure 1. | Acute medical complication was the most common reason for HD withdrawal. (A) Reasons for HD withdrawal before death on the
basis of categories by Murphy et al. (22) (n=262). (B) Conditions contributing to acute medical and chronic debilitating HD withdrawal reasons.

FTT, failure to thrive; WD, withdrawal.

from registry data and the narrative medical records on a
broader scale, due to a variety of factors.

There is an increasing interest in end-of-life care in
patients with ESKD, and guidelines and communication
frameworks have now been developed to facilitate shared
decision-making (26,27). To involve patients and family in
the decision-making process, advance care planning needs

to be regularly discussed and initiated early in the disease
course (28). Unfortunately, advance directives are under-
utilized in this population and largely devoid of references
to dialysis preferences (16,29). In previous studies looking
at withdrawal decision-making, there was a high propor-
tion of cases needing surrogates or physicians to make
end-of-life decisions (30,31). In our study, most withdrawal
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Figure 2. | More patients on HD without withdrawal died in a hospital setting. Care settings at time of death by percentage in patients on HD
with (n=262) and without (n=274) HD withdrawal before death. ICU, intensive care unit.
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Figure 3. | Most patients on HD that withdrew died within the first
two weeks. Patient survival in days after final dialysis session in pa-
tients on HD who withdrew from dialysis therapy and died (n=262).

decisions were made by the patients (60%), followed by
family members (33%), and the most common reason for
withdrawal was acute medical complications (51%). Sim-
ilar to other studies, we found that most (70%) patients who
underwent HD withdrawal died within 10 days of HD
withdrawal and died in a nonhospital setting (66%)
(1,32-34). The decision of HD withdrawal is complex (35).
Knowing what to expect after HD withdrawal and identi-
fying the signs of deterioration (acute or chronic medical
complications, such as frequent hospitalizations) can help
patients and their surrogates make informed decisions.

In this study, about one third (34%) of the withdrawal
cohort had palliative care involvement within 6 months
before death and less than a quarter (22% of total death
cohort) utilized hospice services, which is higher than
previously reported (1,7,36). Although 37% of the with-
drawal cohort utilized hospice at the end of life, 40% died in
the hospital setting after HD withdrawal, reflecting the
high percentage of early deaths after withdrawal. In
general, palliative and hospice services have been under-
utilized in the ESKD population compared with that of
patients with cancer, despite the high mortality and
morbidity of patients with ESKD (35). Among patients
who died in inpatient facilities in the Veteran Affairs health
care system, only half of patients on ESKD received
palliative care services compared with almost three quar-
ters of patients with cancer (5). This underutilization may
be because of the uncertainty of disease trajectory for
patients with ESKD (37,38) and inadequate training in end-
of-life care in nephrologists (39,40). In addition, the re-
quirement of foregoing dialysis to qualify for the hospice
Medicare benefit, unless the patient has a second terminal
diagnosis unrelated to kidney failure, may contribute to the
low rate of hospice enrollment (or utilization) for patients
with ESKD (38). Moreover, although our institution ben-
efits from an outpatient palliative care clinic offering
services to patients on HD, studies suggest that fewer
than 20% of institutions have outpatient palliative care
services available (41), making inpatient palliative care
consultation the only option for the majority of patients.
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Therein, limited access to palliative care may be another
barrier contributing to low rates of palliative care consul-
tation and/or hospice utilization. Overall, these important
findings suggest that detailed reviews of individual patient
experiences may be necessary to determine the true rate of
deliberate HD withdrawal before death and the need for
palliative and hospice services to support these individuals
at the end of life.

This study has limitations. First, the vast majority (94%) of
the cohort was white, which is not reflective of the ESKD
population in the United States, wherein ethnic and racial
minorities are over-represented (8). White race has been
associated with HD withdrawal (3,25,42), and this may have
contributed to our higher withdrawal rate. Second, we
studied United States patients from a single tertiary center,
which may reflect practice biases and further limit general-
izability to other populations. Third, we did not review
individual patient preferences and goals in this study which
represents an important future area for research. Lastly, our
rate of palliative care consultation might be higher as 14
patients were part of the palliative care pilot project (23),
which was the third most common reason for palliative care
consultation. However, the single integrated system allowed
for a unified definition of HD withdrawal and granular
detailed abstraction of individual patient information, rather
than diagnostic/administrative billing codes or death certi-
fications, which may lack accuracy.

In conclusion, medical record-abstracted HD with-
drawal at our center was nearly double that previously
reported in the literature, suggesting that large registry
data may underestimate the rate of deliberate HD with-
drawal before death and thus the need for palliative
care services for this patient group. Most deaths occurred
after an acute clinical decline requiring hospitalization,
wherein introduction of palliative services and goals
of care assessment often occur late. These observations
highlight the importance of early recognition of patients
with ESKD on a trajectory of decline who may benefit
from advance care planning discussions before they
reach the terminal phase. Further studies are needed to
assess the effect of palliative care services in this patient
population.
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Table 3. Patient characteristics associated with palliative care consultation within 6 months of death, among patients (n=262) who
withdrew from hemodialysis before death between 2001 and 2015
Characteristics at No Palliative Care With Palliative Care Palliative Care Odds P
Baseline and Death Consultation,® n=172 Consultation,? n=90 Ratio (95% CI) Value
Baseline characteristics
Ageat HD initiation, mean (SD) 75 (11) 72 (13) 0.83 (0.67 to 1.03)° 0.09
HD duration, mo, median [IQR] 18 [4-42] 35 [17-57] 1.19 (1.08 to 1.31)d <0.001
Men, 1 (%) 102 (59) 45 (50) 0.69 (0.41 to 1.15) 0.15
White, 1 (%) 163 (95) 88 (98) 2.43 (0.51 to 11.49) 0.26
Cause of ESKD, 1 (%) 0.39
Polycystic kidney disease 1(0.6) 2(2) Reference
Diabetic kidney disease 64 (37) 37 (41) 0.29 (0.03 to 3.30)
Hypertension 43 (25) 12 (13) 0.14 (0.01 to 1.67)
Glomerular/tubulointerstitial 22 (13) 15 (17) 0.34 (0.03 to 4.12)
disease
Acute tubular necrosis 5(3) 2(2) 0.20 (0.01 to 3.66)
Failing kidney transplant 5(3) 4 (4) 0.40 (0.03 to 6.18)
Other/unknown 32(19) 18 (20) 0.28 (0.02 to 3.32)
Comorbidities and
characteristics at death, 1 (%)
Congestive heart failure 114 (66) 66 (73) 1.40 (0.80 to 2.46) 0.24
Coronary artery disease 107 (62) 53 (59) 0.87 (0.52 to 1.47) 0.60
Valvular heart disease 96 (56) 45 (50) 0.79 (0.48 t0 1.32) 0.37
Diabetes mellitus 96 (56) 48 (53) 0.91 (0.54 to 1.51) 0.70
Malignancy 63 (37) 37 (41) 1.21 (0.72 to 2.04) 0.48
Cerebrovascular disease 73 (42) 46 (51) 1.42 (0.85 to 2.37) 0.18
Liver disease 19 (11) 15 (17) 1.61 (0.78 to 3.35) 0.20
COPD 55 (32) 29 (32) 1.01 (0.59 to 1.75) 0.97
Peripheral vascular disease 75 (44) 40 (44) 1.04 (0.62 to 1.73) 0.90
Depression 74 (43) 45 (50) 1.32 (0.79 to 2.21) 0.28
Hospitalization before death® 110 (64) 82 (91) 5.78 (2.62 to 12.73) <0.001
Hospital location of death 49 (29) 39 (43) 1.92 (1.13 to 3.27) 0.02
(versus nonhospital)
Pvalues <0.05 were considered statistically significant and are denoted inbold. P values were derived using logistic regression models.
95% CI, 95% confidence interval; HD, hemodialysis; IQR, interquartile range; COPD, chronic obstructive pulmonary disease.
“Palliative care consultations were included if they occurred =6 months before death.
PHospitalizations were included if they occurred =30 days before death.
“Age per 10 years for multivariable analyses.
4Per year of HD therapy for multivariable analyses.

Division of Nephrology on March 11-14 in Long Beach, California,
and on March 3-6 2018 in Orlando, Florida.

Study contents are the sole responsibility of the authors and donot
necessarily represent the official views of NIH.
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Supplemental Table 1. Multivariable analysis of patient characteristics associated with
withdrawal from hemodialysis prior to death, among patients (n=536) who died between 2001

and 2015.

Characteristics at baseline and death

Withdrawal
OR (95% CI)

P-value

Baseline Characteristics
Age at HD initiation, mean (SD)
HD duration (months), median [IQR]
Male, No. (%0)
Caucasian, No. (%0)
Cause of CKD, No. (%)
Polycystic kidney disease
Diabetic kidney disease
Hypertension
Glomerular/Tubulointerstitial Disease
Acute tubular necrosis
Failing kidney transplant
Other/Unknown
Comorbidities and characteristics at death
Congestive heart failure, No. (%0)
Coronary artery disease, No. (%)
Valvular heart disease, No. (%)
Diabetes mellitus, No. (%)
Malignancy, No. (%)
Cerebrovascular disease, No. (%)
Liver disease, No. (%0)
COPD, No. (%)
Peripheral vascular disease, No. (%)
Depression, No. (%)
Hospitalization prior to deatht, No. (%)

Palliative care consultation prior to deatht,

1.41 (1.18, 1.68)
1.01 (0.93, 1.10)
0.87 (0.59, 1.30)
1.88 (0.85, 4.15)

5.08 (1.09, 23.78)
3.40 (0.74, 15.62)
4.14 (0.87, 19.70)
1.79 (0.30, 10.66)
3.21 (0.56, 18.30)
2.50 (0.55, 11.44)

0.74 (0.47,1.17)
0.52 (0.33, 0.80)
1.23 (0.82, 1.83)
0.67 (0.41, 1.11)
1.10 (0.74, 1.65)
1.61 (1.08, 2.41)
1.10 (0.61, 1.98)
1.13(0.76, 1.70)
0.83 (0.55, 1.26)
0.70 (0.47, 1.03)
1.62 (1.06, 2.46)
2.16 (1.38, 3.39)

<0.001
0.83
0.50
0.11
0.13

0.20
0.003
0.32
0.12
0.63
0.02
0.75
0.55
0.37
0.07
0.02
<0.001

Abbreviations: HD: hemodialysis; SD: standard deviation; IQR: interquartile range; CKD: chronic kidney
disease; COPD: chronic obstructive pulmonary disease

OR: Odds Ratio; 95% CI: 95% confidence interval.

P-values <0.05 were considered statistically significant and are denoted in bold. P-values were derived

using logistic regression models.

}Hospitalizations were included if they occurred less than or equal to 30 days prior to death.
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Supplemental Table 2. Multivariate analysis of patient characteristics associated with palliative
care consultation within 6 months of death, among patients (n=262) who withdrew from
hemodialysis prior to death between 2001 and 2015.

Characteristics at baseline and death

Palliative care
OR (95% ClI)

P-value

Baseline Characteristics
Age at HD initiation, mean (SD)
HD duration (months), median [IQR]
Male, No. (%0)
Caucasian, No. (%0)
Cause of CKD, No. (%)
Polycystic kidney disease
Diabetic kidney disease
Hypertension
Glomerular/Tubulointerstitial Disease
Acute tubular necrosis
Failing kidney transplant
Other/Unknown
Comorbidities and characteristics at death

Congestive heart failure, No. (%0)
Coronary artery disease, No. (%)
Valvular heart disease, No. (%)
Diabetes mellitus, No. (%)
Malignancy, No. (%)
Cerebrovascular disease, No. (%)
Liver disease, No. (%0)

COPD, No. (%)

Peripheral vascular disease, No. (%)
Depression, No. (%)

Hospitalization prior to deatht, No. (%)

Hospital location of death (vs non-hospital),

0.93 (0.71, 1.22)
1.25 (1.11 1.41)
0.59 (0.31, 1.12)
2.71 (0.39, 18.75)

Ref
0.16 (0.01, 3.85)
0.08 (0.003, 1.91)
0.12 (0.01, 2.94)
0.13 (0.04, 4.41)
0.13 (0.004, 4.12)
0.16 (0.01, 3.64)

2.03 (0.95, 4.34)
0.82 (0.41, 1.61)
0.52 (0.27, 1.004)
0.53 (0.22, 1.30)
1.21 (0.63, 2.31)
1.73 (0.91, 3.29)
1.59 (0.66, 3.78)
0.98 (0.51, 1.90)
1.02 (0.52, 2.01)
1.12 (0.60, 2.10)
7.21 (2.81, 18.51)
1.06 (0.55, 2.05)

0.58
<0.001
0.11
0.31
0.67

0.07
0.56
0.05
0.17
0.57
0.10
0.30
0.95
0.96
0.72
<0.001
0.87

Abbreviations: HD: hemodialysis; SD: standard deviation; IQR: interquartile range; CKD: chronic kidney disease;

COPD: chronic obstructive pulmonary disease

OR: Odds Ratio; 95% CI: 95% confidence interval.

P-values <0.05 were considered statistically significant and are denoted in bold. P-values were derived using logistic

regression models.

tHospitalizations were included if they occurred less than or equal to 30 days prior to death.
tPalliative care consultations were included if they occurred less than or equal to 6 months prior to death.

*Per 10 years
**Per year



