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Abstract

HD therapy withdrawal.

nance HD and died in our hospital.

withdrew HD versus those who continued HD.

groups with distinct comorbid conditions.

Background: End-of-life medical care for patients receiving maintenance hemodialysis (HD) therapy has become an
increasingly important issue worldwide. Thus far, no clear indicators and/or biomarkers exist regarding the timing of

Methods: To clarify the perimortem circumstances, we examined temporal changes in multiple clinical parameters
during the last 10 serial HD sessions of 65 terminal patients with end-stage renal disease who had undergone mainte-

Results: The results showed that, while most of the laboratory data were unaltered, the physical parameters, such as
systolic blood pressure and consciousness levels, gradually and significantly deteriorated toward the last HD session
prior to death. The frequency of the use of vasopressors and O, inhalation tended to increase. The accumulation of
such severe conditions was observed at the last HD session. Of interest, the accumulation of severe conditions at the
last HD session in patients with malignancies was significantly less than those with cardiovascular diseases or infec-
tious diseases. The accumulation of severe conditions at the last HD session did not differ between patients who

Conclusion: The results of the present study suggest that predicting the timing of maintenance HD therapy with-
drawal is likely to be difficult and that the timing of maintenance HD therapy termination may differ among patient
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Background

End-of-life medical care for patients receiving main-
tenance hemodialysis (HD) therapy has become an
increasingly important issue worldwide [1-4]. This can
be attributed, at least in part, to an increase in aging
patients with end-stage renal disease (ESRD) [5, 6].
Many HD patients have serious complications, such as
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cardiovascular disease, and it is sometimes difficult to
continue intermittent HD sessions during the final stage
[7-9]. However, no clear indicators and/or biomarkers
exist regarding the timing of HD therapy withdrawal.

The withdrawal of maintenance HD therapy is con-
sequently related to death in ESRD patients. However,
extracorporeal circulation occasionally leads to a severe
reduction in blood pressure, and HD therapy itself can
become life-threatening during a terminal stage [7].
Recently, the Japanese Society for Dialysis Therapy pub-
lished a proposal for a shared decision-making process
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regarding the initiation and continuation of maintenance
HD [3]. In this proposal, the withdrawal of maintenance
HD therapy has been recommended under the following
conditions: (1) when it is difficult to perform HD safely
and when HD itself could be life threatening; and (2)
when the patient’s general condition becomes extremely
poor and the patient’s wish regarding the forgoing of HD
has been specifically expressed, or when the family can
assume the patient’s wish definitely [3]. The medical team
needs to evaluate these conditions objectively, but assess-
ments have thus far been performed based on their indi-
vidual experiences.

Previously, we collected data from deceased HD
patients and showed that physical parameters (such as
blood pressure and consciousness levels), the use of spe-
cific medical treatments (such as vasopressor use, oxy-
gen inhalation and ventilator use), nursing care levels,
and the activities of daily living (ADL) could be potential
indicators to predict short-term prognosis in HD patients
[10]. To clarify these perimortem circumstances in
greater detail, we examined the temporal changes in mul-
tiple clinical parameters during the last 10 serial HD ses-
sions in terminal patients with ESRD who had undergone
maintenance HD and had died in our hospital.

Methods

Study subjects

This retrospective study was conducted at a single insti-
tution in Japan. The study protocol was approved by
the institutional review board (IRB; Approval Number:
20190065). The IRB dismissed the need to obtain writ-
ten informed consent from the family/relatives of the
deceased patients, although the study protocol was dis-
closed and an opportunity to opt out was given. Between
January 1, 2014, and December 31, 2018, 1525 ESRD
patients underwent maintenance intermittent HD ther-
apy while admitted to our hospital. Among them, 65
patients died during their hospital stay; these patients
were recruited for the present study. In the present study,
patients undergoing maintenance HD therapy were
defined as those receiving intermittent HD therapy for
more than 2 months. For patients whose dialysis modal-
ity changed from intermittent HD therapy to continuous
hemodiafiltration therapy during their hospital admis-
sion, the last HD session was defined as the last session of
intermittent HD.

Data

Data regarding sex, age, ESRD etiology, HD vintage, the
dates of admission, the last HD session and death, and
the causes of admission and death were obtained from
the patients’ medical records. Laboratory data, including
white blood cell counts, the levels of hemoglobin, total
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protein, albumin, urea nitrogen, creatinine, potassium,
calcium, phosphate and C-reactive protein, as well as
physical data, such as consciousness levels, systolic and
diastolic blood pressure and heart rate, were collected.
Data regarding the presence or absence of the oral intake
of foods, vasopressor use, O, inhalation, surgery, and vas-
cular access trouble were also collected. In the present
study, the data regarding the presence or absence of the
oral food intake were collected as a representative marker
of ADL, because we previously showed that the abilities
of patients to turn over in beds, change their clothes, eat,
and perform oral care deteriorated significantly toward
the death, and these abilities were well correlated each
other [10].

Statistical analyses

Normally distributed continuous variables were
expressed as the mean =+ standard deviation (SD), non-
normal variables as the median and interquartile range
(IQR), and categorized data as the percentage fre-
quency. To test for differences between groups, a one-
way ANOVA with a post hoc Fisher’s protected least
significant difference test was used for normally distrib-
uted variables, a Mann—Whitney test or a Kruskal-Wal-
lis one-way ANOVA on ranks with Dunn’s post hoc test
was used for non-normal variables, and a x* test was used
for categorical data. All the statistical analyses were per-
formed using SigmaPlot/SigmaStat 9 (Systat Software
Inc, San Jose, CA). A value of P<0.05 was considered
significant.

Results

Characteristics of deceased HD patients

Sixty-five patients undergoing maintenance HD died in our
hospital between January 1, 2014, and December 31, 2018
(Table 1). Fifty-three of them (82%) were male, whereas
twelve (18%) were female. The median age at death was
73 (IQR: 65-79) years, and the HD vintage was 42 (IQR:
5-114) months. The patients had been admitted in the
hospital for 33 (IQR: 16—114) days, and the duration from
the last HD session until death was 2 (IQR: 1-4) days. In
5 patients, the dialysis modality was changed from inter-
mittent HD therapy to continuous hemodiafiltration ther-
apy at a terminal stage, but these patients all died within
2-12 days after the last intermittent HD session. The eti-
ologies of ESRD were diabetes (29%), hypertension (20%),
primary glomerular diseases (17%), polycystic kidney
disease (8%), and others (26%). The reasons for hospital
admission were cardiovascular diseases (34%), gastroin-
testinal disorders (20%), infectious diseases (18%), malig-
nancies (17%), and others (11%). The causes of death were
infectious diseases (45%), cardiovascular diseases (25%),
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Table 1 Characteristics of patients (n=65)

Male (%) 82

Age at death (years) 73 (IQR: 65-79)
HD vintage (months) 42 (IQR: 5-114)
Duration of admission (days) 33(IQR: 16-114)
Duration from last HD session until death (days) 2 (IQR: 1-4)
CKD etiology (%)

Diabetes 29
Hypertension 20

Primary glomerular diseases 17

Polycystic kidney disease 8

Others 26

Causes of admission (%)

Cardiovascular diseases 34
Gastrointestinal diseases 20

Infectious diseases 18
Malignancies 17

Others 11

Causes of death (%)

Cardiovascular diseases 25
Gastrointestinal diseases 12

Infectious diseases 45
Malignancies 15

Others 3

The median values and interquartile ranges (IQR) or percentages are shown

malignancies (15%), gastrointestinal diseases (12%), and
others (3%).

Temporal changes in multiple clinical parameters

before death

Temporal changes in laboratory data for the 65 deceased
patients were examined over the last 10 serial HD ses-
sions that were completed before death. As shown in Fig. 1,
most of the laboratory data, including the white blood cell
counts and the levels of hemoglobin, total protein, albumin,
urea nitrogen, creatinine, potassium, and C-reactive pro-
tein were unaltered among the 10 time points before death.
However, the serum phosphate level gradually increased
toward the last HD session (Fig. 1H).

Changes in multiple physical parameters, including sys-
tolic blood pressure, diastolic blood pressure, heart rate,
and consciousness levels, are shown in Fig. 2. The sys-
tolic blood pressure at the start of the HD session was the
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lowest at the last HD session (99 [IQR: 86—114] mmHg)
among the 10 serial HD sessions (Fig. 2A). The diastolic
blood pressure at the start of the HD session did not dif-
fer among the 10 serial HD sessions (Fig. 2B). The propor-
tion of patients whose systolic blood pressure was less than
90 mmHg at the start of the HD session gradually increased
over time (Fig. 2C), and the proportion of patients whose
systolic blood pressure dropped to less than 90 mmHg dur-
ing the HD session also increased toward the last HD ses-
sion (Fig. 2D). On the other hand, the heart rate at the start
of the HD session did not differ significantly among the 10
serial HD sessions (Fig. 2E). Regarding the consciousness
levels, the proportion of patients with disturbed conscious-
ness (i.e., Japan Coma Scale [JCS] > 10) gradually increased
toward the last HD session (Fig. 2F) [11]. Indeed, 44% of
the patients had disturbed consciousness at the last HD
session.

We next examined alterations in the eating status and
various medical treatments during the last 10 serial HD
sessions prior to death. The proportion of patients with
oral intake did not differ significantly over time, although
a trend toward a decrease in eating ability was observed
(Fig. 3A). The proportions of patients who were treated
with vasopressors and who inhaled oxygen, respectively,
also tended to increase over time (Fig. 3B, C). Indeed,
29.2% of the patients were being treated with vasopressors
at the last HD session, whereas only 11.4% of the patients
had received treatment with vasopressors as of 10 sessions
before the last HD session (Fig. 3B). Similarly, 64.6% of the
patients required oxygen inhalation at the last HD session,
while 40% of the patients had required oxygen inhalation as
of 10 sessions before the last HD session (Fig. 3C). On the
other hand, the proportion of patients who had undergone
surgery within 7 days was unaltered across the 10 serial HD
sessions (Fig. 3D). In addition, the proportion of patients
with vascular access troubles was unaltered (Fig. 3E).

Accumulation of severe conditions before death

We examined whether multiple severe conditions had
accumulated before death. We counted the cumula-
tive number of the following conditions over the last 10
serial HD sessions: (1) a systolic blood pressure of less
than 90 mmHg at the start of the HD session; (2) a sys-
tolic blood pressure dropping to less than 90 mmHg dur-
ing the HD session; (3) a disturbed consciousness level
(JCS >10); (4) an inability to consume food orally; (5) the

(See figure on next page.)

Fig. 1 Temporal changes in white blood cell (WBC) counts (A), and the levels of hemoglobin (B), total protein (C), albumin (D), urea nitrogen (E),
creatinine (F), potassium (G), phosphate (H), and C-reactive protein (I) were examined in 65 HD patients over 10 serial HD sessions prior to death.
Data were collected from the 10th HD session before death (—10) until the last HD session (L). Differences were tested using a Kruskal-Wallis
one-way ANOVA on Ranks (A-G, 1) or a one-way ANOVA with a post hoc Fisher’s protected least significant difference test (H). *P < 0.05 compared to
the last HD session. **P < 0.05 compared to the —2 HD session prior to death. ***P <0.05 compared to the —3 HD session prior to death
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Fig. 2 Changes in the systolic blood pressure (SBP) at the start of the HD session (A), the diastolic blood pressure at the start of the HD session (B),
the proportion of patients with an SBP of less than 90 mmHg at the start of the HD session (C), the proportion of patients with an SBP of less than
90 mmHg during the HD session (D), the heart rate at the start of the HD session (E), and the proportion of patients with disturbed consciousness
(JCS > 10) were examined in 65 HD patients over 10 serial HD sessions prior to death. Data were collected from the 10th HD session before death
(—10) until the last HD session (L). Differences were tested using a Kruskal-Wallis one-way ANOVA on Ranks with Dunn’s post hoc test (A, B), a XZ test
(C, D, F), or a one-way ANOVA (E). *P < 0.05 compared to the last HD session
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use of oxygen inhalation; and (6) the use of vasopressors.
The median cumulative number was 1 or 2 conditions
from 10 HD sessions before death until 2 HD sessions
before death (Fig. 4A). However, a significant increase
in the cumulative number of conditions was seen imme-
diately before death. Indeed, the cumulative number of
severe conditions was 3.0 (IQR: 2.0-4.0) at the last HD
session. We further examined whether the cumulative
number of severe conditions differed among patients
with different causes of death (Fig. 4B). The cumulative
number of severe conditions at the last HD session was
3.5 (IQR: 2.75-5.0) in patients who died of cardiovascu-
lar diseases and 4.0 (IQR: 2.0-4.0) in patients with infec-
tious diseases. On the other hand, it was only 1.5 (IQR:

1.0-2.75) in patients who died of malignancies. Temporal
changes in the cumulative number of severe conditions
over the last 10 serial HD sessions in patients with malig-
nancies and without malignancies are shown in Fig. 4C,
D. These results suggest that the timing of maintenance
HD termination may differ among patients with dis-
tinct comorbid conditions. However, the duration from
the last HD session until death did not differ signifi-
cantly among the groups (Fig. 4E). Finally, we examined
whether the cumulative number of severe conditions at
the last HD session differed between patients for whom
HD was withdrawn (#=21) and patients for whom HD
was continued (n=44). The accumulation of severe con-
ditions was similar between both groups (Fig. 4F).
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Discussion

In the present study, we examined temporal changes in
multiple clinical parameters, including laboratory data,
physical data, the use of specific medical treatments,
and the eating status of 65 ESRD patients who had
undergone maintenance HD therapy prior to dying at
our hospital. The results showed that most of the labo-
ratory data, including serum albumin level, a marker of
the nutritional status, were unaltered during the last 10
serial HD sessions prior to death. However, the physical
parameters, such as the systolic blood pressure and con-
sciousness levels, gradually and significantly deteriorated
toward the last HD session before death. In addition,
the frequency of the use of specific medical treatments,
including vasopressor use and O, inhalation, tended to
increase. The accumulation of severe conditions was
observed at the time of the last HD session. Of interest,
the accumulation of severe conditions varied according

to distinct comorbidities. Indeed, the accumulation of
severe conditions at the last HD session in patients with
malignancies was significantly less than that in patients
with cardiovascular diseases or infectious diseases. These
results suggest that the timing of maintenance HD termi-
nation might differ among patients with distinct comor-
bid conditions. However, the duration from the last HD
session until death did not differ significantly among the
groups. Furthermore, we showed that the accumulation
of severe conditions at the last HD session was not differ-
ent between patients for whom HD was withdrawn and
patients for whom HD was continued, suggesting that
the withdrawal of HD in our hospital was executed at the
very last moment in terminal HD patients.

Previously, we showed that physical parameters (blood
pressure and consciousness levels), the use of spe-
cific medical treatments (vasopressor use, O, inhala-
tion, and ventilator use), nursing care levels, and ADL,
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Fig.4 A Changes in the cumulative number of severe conditions, including (1) a systolic blood pressure of less than 90 mmHg at the start of the
HD session; (2) a systolic blood pressure that dropped to less than 90 mmHg during the HD session; (3) a disturbed consciousness level (JCS > 10);
(4) an inability to consume food orally; (5) the use of oxygen inhalation; and (6) the use of vasopressors, were examined in 65 HD patients over 10
serial HD sessions prior to death. Data were collected from the 10th HD session before death (—10) until the last HD session (L). *P < 0.05 compared
to the last HD session. B Cumulative numbers of severe conditions at the last HD session for patients classified according to the cause of the
death. *P<0.05 compared to patients with cardiovascular diseases. **P < 0.05 compared to patients with infectious diseases. C, D Changes in the
cumulative number of severe conditions were examined in HD patients with malignancies (C, n=10) and without malignancies (D, n=55) over 10
serial HD sessions prior to death. Data were collected from the 10th HD session before death (—10) until the last HD session (L). *P < 0.05 compared
to the last HD session. E The duration from the last HD session until death was examined in 65 HD patients. F The cumulative number of severe
conditions at the last HD session was compared between patients for whom HD was withdrawn and patients for whom HD was continued. A-F
Differences were tested using a Mann-Whitney test (F) or Kruskal-Wallis one-way ANOVA on Ranks with Dunn's post hoc test (A-E)
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but not laboratory data, could be potential predictors
of the short-term prognosis of terminal HD patients.
These results were obtained after examining data from
47 deceased patients at 4 time points, including time of
hospital admission, 2 weeks before death, last HD ses-
sion, and day of the death [10]. The aim of the present
study was to confirm and to extend these previous find-
ings and to clarify how these factors change over 10 serial
HD sessions prior to death. Basically, the results of the
present study were consistent with those of our previous
study [10], but the present study clarified that the dete-
rioration in the parameters and the conditions occurred
abruptly at the time of the last HD session. For example,
the systolic blood pressure at the start of the HD ses-
sion did not differ significantly from the 10th HD session
to the 2nd HD session prior to death. However, it had
decreased and reached its lowest value at the last HD ses-
sion. The cumulative number of severe conditions at the
last HD session was significantly higher than that at the
10th to the 3rd HD session prior to death. These results
suggest that the timing of HD withdrawal might be diffi-
cult to predict in advance. On the other hand, the results
of the present study also suggest that an increase in the
cumulative number of severe conditions from 2 to 3 may
reflect dangerous changes in the patient’s physical con-
dition immediately before death. Physicians should con-
sider withdrawing maintenance HD therapy under such
conditions.

When the cumulative number of severe conditions
increases from 2 to 3 in a terminal HD patient, one may
think that changing the dialysis modality from inter-
mittent HD to others gives an advantage to long-term
survival. However, we do not recommend this option.
Indeed, 5 out of 65 patients in our study population
changed the dialysis modality from intermittent HD
to continuous hemodiafiltration therapy at a terminal
stage, but they all died within 2-12 days after the last
intermittent HD session. Conservative kidney manage-
ment is probably the most appropriate option under such
conditions.

The results of the present study showed that the cumu-
lative number of severe conditions at the last HD session
in patients with malignancies was significantly smaller
than that in patients who died of cardiovascular diseases
or infectious diseases. In such patients, the withdrawal
of maintenance HD therapy might be determined, based
on the score of survival prediction tools for terminally ill
cancer patients [12—14]. Although the right to die with
dignity has not been established by law in Japan, the
Japanese Society for Dialysis Therapy has proposed that
the presence of an incurable malignant disease should
prompt a review of whether HD should be withdrawn
[3]. The timing of maintenance HD termination might be
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slightly earlier among patients with malignancies at our
hospital. In our cases, the median duration from the last
HD session until death was 2 (IQR: 1-4) days. Even if the
median survival time is only 2 days, the medical team,
together with the patient’s family, should make a pallia-
tive care plan. Indeed, among the 65 patients, 2 patients
survived for more than 20 days after the last HD session.
Conservative kidney management, including effective
palliative care, should be provided to patients in whom
HD therapy is withdrawn.

Withdrawal of maintenance HD therapy occurs fre-
quently and has been recognized as an appropriate treat-
ment option in Western countries [5-7, 15]. For example,
dialysis withdrawal is the second or third leading cause
of death in patients with ESRD in North America and
Australia [5, 6, 15]. In “shared decision-making in the
appropriate initiation of and withdrawal from dialysis’, a
clinical practice guideline published by the Renal Physi-
cian Association in the United States of America [4], it
has been described that patients with two or more of
the following characteristics may have a particularly
poor prognosis: (1) elderly (age 75 years and older); (2)
patients with high comorbidity scores (e.g., modified
Charlson Comorbidity Index score of 8 or greater); (3)
marked functional impairment (e.g., Karnofsky Perfor-
mance Status Scale score of less than 40); and (4) severe
chronic malnutrition (e.g., serum albumin level less than
2.5 g/dL). It has also been described that patients in this
population should be informed that dialysis may not con-
fer a survival advantage or improve functional status over
medical management without dialysis and that dialysis
entails significant burdens that may detract from their
quality of life. Although these points are important infor-
mation for making a decision to not initiate or to dis-
continue dialysis, they are not the description about the
timing to withdraw dialysis at the terminal stage. Predic-
tion of the timing of maintenance HD withdrawal is likely
to be difficult.

The present study had several limitations. First, all
65 patients were hospitalized in a single institution.
Although the composition of the causes of death and
the age of the patients were similar to those of the
entire HD patient population in Japan [16], the patient
population examined in the present study might have
been unique, and the presently obtained results might
contain some biases that would prevent the results
from being generalizable. Because our institution is a
university hospital, HD patients who undergo aggres-
sive treatment tend to stay in our hospital until the
final stage, whereas those who decline such treatment
tend to move to other hospitals prior to death. Conse-
quently, the mortality rate of HD patients in our hos-
pital was extremely low. Further data from deceased
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HD patients who had been admitted to various types of
clinics, hospitals, and hospices are needed. The retro-
spective nature of the analysis and a small number of
Japanese patients were also limitations in this study.
However, prospective studies of this topic are quite
difficult. Further studies are required to confirm and
extend our findings.

Conclusion

In conclusion, the results of the present study showed
that many clinical parameters, including blood pres-
sure and consciousness levels, deteriorated gradually
and significantly toward the last HD session in termi-
nal HD patients. The accumulation of multiple severe
conditions was observed at the time of the last HD
session, but predicting the timing of maintenance HD
withdrawal is likely to be difficult. Further studies are
required to establish a scoring system for evaluating the
short-term prognosis of these patients.
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