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Abstract

Purpose: A sudden unexpected death has significant negative impacts on patients,
family caregivers, and medical staff in hospice/palliative care. This study aimed to
clarify the incidence and associated factors of sudden unexpected death according to
four definitions in advanced cancer patients.

Methods: We performed a prospective cohort study in 23 inpatient hospices/pallia-
tive care units in Japan. Advanced cancer patients aged >18 years who were admitted
to inpatient hospices/palliative care units were included. The incidence and associated
factors of sudden unexpected death were evaluated in all enrolled patients according
to four definitions: (a) rapid decline death, defined as a sudden death preceded by
functional decline over 1-2 days; (b) surprise death, defined if the primary respon-
sible palliative care physician answered “yes” to the question, “Were you surprised
by the timing of the death?”; (c) unexpected death, defined as a death that occurred
earlier than the physicians had anticipated; and (d) performance status (PS)-defined
sudden death, defined as a death that occurred within 1 week of functional status as-
sessment with an Australia-modified Karnofsky PS >50.

Results: Among 1896 patients, the incidence of rapid decline death was the highest
(30-day cumulative incidence: 16.8%, 95% CI: 14.8-19.0%), followed by surprise
death (9.6%, 8.1-11.4%), unexpected death (9.0%, 7.5-10.8%), and PS-defined sud-
den death (6.4%, 5.2-8.0%). Male sex, liver metastasis, dyspnea, malignant skin le-
sion, and fluid retention were significantly associated with the occurrence of sudden
unexpected death.

Conclusion: Sudden unexpected death is not uncommon even in inpatient hospices/

palliative care units, with range of 6.4—16.8% according to the different definitions.
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1 | INTRODUCTION

Advanced cancer patients generally show predictable func-
tional decline in the terminal phase.1 Some patients, however,
experience an acute event with rapid functional decline, re-
garded as a sudden unexpected death.? Sudden unexpected
death is undesirable for patients who wish to spend their
remaining time with their family, or those who want to re-
alize specific wishes.” It also can adversely affect family
caregivers’ emotions, and sometimes lead to complicated
grief reactions.*” It also makes decision-making difficult
for healthcare providers.6 Understanding sudden unexpected
death through clarification of its epidemiology, etiology, and
associated factors may help patients and families to prepare
for death.

To date, four definitions have been proposed to define
sudden unexpected death in palliative care settings with a
wide range of incidences from 0.5% to 42%."" In small-scale
single-center retrospective studies, sudden deaths within a
few or several days following a rapid decline in functional
status occurred at 16—42%,7'9 while unexpected deaths re-
ported by multidisciplinary team meetings occurred at 0.5—
5%.3° Unexpected deaths were 10% of all deaths in acute
palliative care units in a prospective study using surprise
question criteria.'” Recently, a large-scale prospective study
reported a 4% prevalence of sudden death,'' using a definition
based on Australia-modified Karnofsky Performance Status
(AKPS) scores.'? We reasoned that these discrepancies in the
frequency of sudden unexpected death are due to the use of
different definitions among studies in addition to differences
in patients’ characteristics and settings. The absence of a uni-
fied definition of sudden unexpected death makes it difficult
to understand its frequency and predictors.

The primary aim of this study was to clarify the incidence
of sudden unexpected death in patients with advanced cancer
using the four proposed definitions in the same cohort. We
also explored their agreement in the identified cases and ad-
ditional associated factors.

2 | PATIENTS AND METHODS
2.1 | Study design and patients

This study was conducted as a part of a multicenter prospec-
tive cohort study in a convenience sample of 23 inpatient hos-
pices/palliative care units in Japan between January 2017 and
June 2018. The participating institutions comprised certified
inpatient hospices/palliative care units recruited from among
394 institutions throughout the country. Consecutive eligi-
ble patients were enrolled if they had been admitted to the
participating inpatient hospices/palliative care units between
January and December 2017. The inclusion criteria of this

study were: (a) adult patients (aged >18 years), (b) patients
diagnosed with locally extensive or metastatic cancer, and (c)
patients admitted to inpatient hospices/palliative care units.
If patients were hospitalized more than once, only data from
their first hospitalization during the study period were col-
lected, regardless of the number of hospitalizations. Patients
who were scheduled to be discharged within a week or did
not want to participate were excluded. Patients were consec-
utively enrolled; however, with limited medical resources, in
order to reduce the burden on researchers, we allowed each
institution to select the days or terms of registration in ad-
vance. Therefore, we registered all patients who were admit-
ted on these days or during the defined periods unselectively
and consecutively, regardless of patient characteristics or
general condition. All enrolled patients were followed up to
6 months or until death. Patients discharged alive were not
followed, because they were usually treated by physicians of
nonparticipating institutions.

2.2 | Data collection

Primary responsible palliative care physicians collected
baseline data including age, sex, primary and metastatic
cancer sites, cornorbidities,13 medications, and perfor-
mance status (PS) on admission. PS was measured using
the Eastern Cooperative Oncology Group Performance
Status (ECOG-PS), Karnofsky Performance Status (KPS),14
Palliative Performance Status (PPS),15 and palliative care
phase.16 Symptoms including pain, dyspnea, fatigue, and an-
orexia were assessed according to the Japanese version of the
Integrated Palliative Care Outcome Scale (IPOS).”’]8 In ad-
dition, fluid retention symptoms (bilateral extremity edema,
pleural effusion, or ascites); malignant gastrointestinal ob-
struction; malignant skin lesion defined as skin cancer, direct
invasion to skin, or metastatic skin lesion; and delirium were
diagnosed based on the Diagnostic and Statistical Manual of
Mental Disorders, 5th edition. In general, primary responsi-
ble physicians see patients at least twice a day and confirm
patients’ death in inpatient hospices/palliative care units in
Japan. Palliative care physicians involved in this study were
familiar with scoring on those measures in routine practice,
and they completed a brief education session for data collec-
tion before initiation of the study.

For patients who died in hospices/palliative care units,
primary responsible palliative care physicians assessed
whether their death was a sudden unexpected death using
four definitions: (a) rapid decline death, defined as a sudden
death preceded by rapid (1-2 days) functional decline 8. )
surprise death, defined if the primary responsible palliative
care physician answered “yes” to the question, “Were you
surprised by the timing of the death?” (surprise question) 10,
(c) unexpected death, defined as a death that occurred earlier
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FIGURE 1 Flow chart of participant

enrollment Admitted to inpatient hos

All advanced cancer patients (aged 18 or older):

during the study period (n = 2591)

pices/palliative care units

I + Not d for eligibility due to practical reasons* (n=620)

(n=

Consecutively sampled and assessed for eligibility

1971)

+ Scheduled to be discharged within a week (n=42)

+ Patient or family opted out (n=3)

Total enrolled
(n =1926,98%)

Lostto follow up

+ Data lost (n=30)

Total analyzed

(n=1896)
Diedin inpatient hospices/palliative care units Discharged alive Continue hospitalization
within 6 months (n=1625) within 6 months (n=257) at 6 months(n=14)

*: Unavailability of resea

than expected by the primary responsible palliative care phy-
sician & ; and (d) PS-defined sudden death, defined as a sud-
den death that occurred within 1 week of functional status
assessment with an AKPS of 50 or greater.“’lg Immediately
after the patients’ death, the primary responsible physicians
evaluated the AKPS 1 week before the patients’ death. The
AKPS was recorded on the basis of medical records if they
had been outpatients or in general wards in the same hospital.
When information regarding the period before admission to
hospices/palliative care units was unavailable, we used the
KPS on admission because the KPS is highly consistent with
AKPS."

Primary responsible physicians reported definite and
probable complications that directly contributed to death in
all cases. Definite complications included obvious causes,
such as bleeding and suffocation, confirmed by confirmatory
examinations or autopsy; and probable complications were
those assessed by non-confirmatory examinations.

2.3 | Statistical analysis

Baseline demographic data were summarized using descrip-
tive statistics. Cumulative incidences of sudden unexpected
death according to each definition were analyzed using the
Kaplan—Meier method. Data from patients who were dis-
charged alive from inpatient hospices/palliative care units
and those who did not experience sudden unexpected death
were censored. Agreement among definitions was assessed
using kappa statistics. We also calculated the frequency of
sudden unexpected death among patients who died within
6 months in inpatient hospices/palliative care units for each

rchers on certain days of the week, over the weekends or holidays or due to staff rotations.

definition. To explore the factors associated with sudden un-
expected death, we calculated hazard ratios using a Cox re-
gression model. The model included 18 variables: sex, age,
primary cancer sites (gastrointestinal tract, hepatobiliary
tract/pancreas, lung, or other), metastatic sites (liver, lung,
bone, or brain), ECOG-PS on admission, IPOS >2 symptoms
on admission (pain, dyspnea, fatigue, or anorexia), clinical
findings (malignant skin lesion, gastrointestinal obstruction,
fluid retention, or delirium), and comorbidities (cardiovascu-
lar disease or chronic lung disease). We calculated 95% con-
fidence intervals (CI) for all estimates. A p-value <0.05 was
considered significant. We elected not to make adjustments
for multiple comparisons, due to the completely explora-
tory nature of this study. Statistical analyses were performed
using JMP® Pro 13 (SAS Institute Inc.).

3 | RESULTS
3.1 | Patient characteristics

Figure 1 shows the flowchart of this cohort study. Of the
2591 patients admitted to inpatient hospices/palliative care
units during our study period, a total of 1971 patients were
assessed for eligibility consecutively. Of these, 1926 patients
were included (98% enrollment rate). As data from 30 of
these patients were missing, we analyzed a total of 1896 pa-
tients: 1625 died in the hospice/palliative care unit, 257 were
discharged alive, and 14 continued to be hospitalized.
Patient characteristics are summarized in Table 1. Mean
age was 72.4 years, and 965 patients (51%) were male. The
most common primary cancer site was the gastrointestinal
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TABLE 1 Patient characteristics at study enrollment

Characteristics n = 1896
Age, mean + SD (years old) 724 +123
Male 965 (51%)
Primary tumor site
Gastrointestinal tract 527 (28%)
Hepatobiliary tracts and 363 (19%)
pancreas
Lung 319 (17%)
Genitourinary system 141 (7%)
Breast 131 (7%)
Gynecologic organs 119 (6%)
Head and neck 106 (6%)
Blood and lymph nodes 56 3%)
Others 134 (7%)
Metastatic site
Liver 730 (39%)
Lung 708 (37%)
Bone 501 (26%)
Brain 263 (14%)
Comorbidity
Cardiovascular disease 110 (6%)
Chronic lung disease 118 (6%)
ECOG PS
0/1/2/3/4 3/23/158/ 02/1/8/
797/915 42/ 48%)
KPS, median (range) 40 (10-90)
>50, 3040, 10-20 5721978 /345 (30/52/
18%)
PPS, median (range) 40 (10-90)
>60, 30-50, 10-20 184/1363/349  (10/72/18%)
Palliative care phase
Stable/ Unstable/ 177157917921 (9/31/49/
Deteriorating/ Terminal /217 11%)
Symptoms
Pain (IPOS >2) 664 (35%)
Dyspnea (IPOS >2) 380 (20%)
Fatigue (IPOS >2) 787 (42%)
Anorexia (IPOS >2) 865 (49%)
Gastrointestinal obstruction 257 (14%)
Malignant skin lesion® 156 (8%)
Delirium 583 (31%)
Fluid retention 1219 (64%)
Observation period in days, 27, 17 (1-180)

average, median (range)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance
status; IPOS, Integrated Palliative care Outcome Scale; KPS, Karnofsky

Performance Status; PPS, Palliative Performance Status; SD, standard deviation.

“Malignant skin lesion: primary skin cancer (n = 11), metastatic skin lesion or
direct invasion to skin (n = 145).

tract (28%), followed by the hepatobiliary tract and pancreas
(19%). Most patients had ECOG-PS 3 or 4, with median KPS
and PPS scores of 40 and 40, respectively. Median length of
stay was 17 days.

3.2 | Cumulative incidences of sudden
unexpected death according to the four
definitions

Figure 2 shows the cumulative incidences of sudden unex-
pected death according to the four definitions. The cumula-
tive incidence of rapid decline death was the highest (30-day
cumulative incidence [95% CI]: 16.8% [14.8-19.0%]), fol-
lowed by surprise death (9.6% [8.1-11.4%]), unexpected
death (9.0% [7.5-10.8%]), and PS-defined sudden death
(6.4% [5.2-8.0%]). AKPS scores 1 week before death could
not be evaluated and were replaced with KPS at the time of
admission in 29 patients when assessing PS-defined sudden
death.

3.3 | Agreement among the four definitions

Table 2 summarizes agreement among the four definitions.
There was high agreement between surprise death and unex-
pected death (kappa [95% CI]: 0.77 [0.72-0.82]), and moder-
ate agreement between rapid decline death and surprise death
(0.56 [0.50-0.62]) or unexpected death (0.53 [0.47-0.59]).
On the other hand, there was low agreement between PS-
defined sudden death and rapid decline death (0.19 [0.13—
0.25]), surprise death (0.18 [0.11-0.25]), or unexpected
death (0.19 [0.12-0.26]).

3.4 | Complications clinically assumed to
contribute to death

Table 3 presents complications clinically assumed to con-
tribute to death. Commonly observed complications included
aspiration/suffocation, pulmonary embolism, gastrointestinal
bleeding, and infection. Most complications were assumed
based on non-confirmatory examinations by primary respon-
sible physicians, and complications were definitely diag-
nosed in 19 patients.

3.5 | Associated factors of sudden
unexpected death

Table 4 shows associated factors of sudden unexpected
death identified by multivariate Cox regression analysis. For
rapid decline death and surprise death, the following five
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FIGURE 2 (Top) Cumulative 100
incidences of sudden unexpected death were
estimated by the Kaplan-Meier method. 80
Patients who were discharged alive from 2
inpatient hospices/palliative care units § 60
and those who did not experience sudden S
unexpected death were censored. (Bottom) 2
The 30-day cumulative incidences and 95% < 40 Rapid Decline Death
CI (confidence intervals) according to four % Sgg;iig%aéheam
definitions are shown 5 20 :
© o desﬂundejen Death
0
0 30 60 S0 120 150 180 (day)
Time
Numberat risk 1896 581 213 87 34 19 15
30-day cumulative incidence (95%Cl) (%)

Rapid Decline Death 16.8(14.8-19.0)

Surprise Death 9.6 (8.1-11.4)

Unexpected Death 9.0(7.5-10.8)

PS-defined Sudden Death 6.4 (5.2-8.0)
TABLE 2 Agreement among four «(95%CT)
definitions (kappa statistics)

PS-defined
Surprise death Unexpected death sudden death

Rapid decline death
Surprise death
Unexpected death

PS-defined sudden death

0.56 (0.50-0.62) 0.53 (0.47-0.59)
— 0.77 (0.72-0.82)

0.19 (0.13-0.25)
0.18 (0.11-0.25)
0.19 (0.12-0.26)

Abbreviation: CI, confidence interval

— indicates overlapping data

independent factors were identified: dyspnea, malignant skin
lesion, liver metastasis, male sex, and fluid retention. For
unexpected death, malignant skin lesion, fluid retention, gas-
trointestinal obstruction, male sex, and liver metastasis were
identified as associated factors. For PS-defined sudden death,
dyspnea, good PS, and absence of brain metastases were iden-
tified as associated factors. Collectively, male sex, dyspnea,
liver metastasis, malignant skin lesion, and fluid retention
were consistently associated with at least three definitions.

4 | DISCUSSION

In this study, we prospectively investigated the incidence of
sudden unexpected death of advanced cancer patients using
four proposed definitions as well as associated factors and
complications clinically assumed to contribute to death. The
novelty of this study was that we compared the incidence
using four proposed definitions in a single cohort.

Most importantly, we found that 30-day cumulative inci-
dences of sudden unexpected death ranged from 6.4 to 16.8%

and confirmed the finding that sudden unexpected death
is not uncommon. For comparisons, we calculated the fre-
quency of sudden unexpected death using previously reported
studies.”!! The frequency of rapid decline death and unex-
pected death was calculated to be 18% and 10%, respectively,
in our cohort, while these figures are close to the 16% and
5%, respectively, reported in a previous retrospective study
in an inpatient hospice in the UK.® The frequency of surprise
death was 10% both in our study and in a previous study of
patients admitted to two acute palliative care units in the US
and Brazil, despite the difference in settings.10 In addition,
the frequency of PS-defined sudden death was 6% in the
current study, comparable to that reported by Ekstrom et al.
(4%), who enrolled non-cancer patients and those in home
hospice.!" Furthermore, our participating institutions fairly
represent all certified inpatient hospices/palliative care units
in Japan, because the percentage of patients who died (84%
in national data vs. 84% [1625/1926 patients] in this sample)
and the average length of stay (32 days in national data vs.
27 days in this sample) are consistent with our results.”” The
median length of hospice stays in the US (19 day521) and in
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TABLE 3 Frequencies of sudden unexpected death and complications clinically assumed to contribute to death®
Rapid decline Unexpected PS-defined

All deaths death Surprise death  death sudden death

Frequency n=1625 n =295/1625 n = 168/1625 n = 164/1625 n = 104/1625
(18%) (10%) (10%) (6%)

Complications leading to death n (%) n (%) n (%) n (%) n (%)
Aspiration / Suffocation 28 2) 24 ) 16 (10) 14 (8) 1 (@)
Pulmonary embolism 13 (1) 13 4) 12 @) 10 (6) 3 3)
Gastrointestinal bleeding 19 (1) 9 3) 2 (1) 3 2) 2 2)
Infection 19 (1) 8 3) 6 “) 7 4) 3 2)
Gastrointestinal perforation 9 (1) 4 (1) 4 2) 4 2) 4 4)
Cerebrovascular disease 8 (1) 4 (1) 4 ) 3 2 0 0)
Intraabdominal hemorrhage 4 (1) 4 (1) 3 2) 3 2) 1 (1)
Pulmonary hemorrhage 4 (1) 4 (1) 0 0) 0 0) 0 0)
Myocardial infarction 3 (1 2 (@) 1 (1) 1 (1) 1 (1)
Others 11° (1) 6° 2) 6° 4 6° 4) 1° (@)

Total 118 @) 78 (26) 54 (32) 51 31 16 (15)

“The complications were assumed by the primary responsible palliative care physicians to contribute directly to death.

External bleeding due to malignant skin lesion, senility (n = 2, each), genital bleeding, interstitial pneumonia, pneumothorax, heart failure, ileus, diarrhea, abnormal

electrolyte (n = 1, each).

“External bleeding due to malignant skin lesion, genital bleeding, interstitial pneumonia, pneumothorax, heart failure, ileus, diarrhea (n = 1, each).

the other countries (4-23 dayszz) are also similar to that in
our study (17 days), although our study included a certain
number of patients, with better PS and long-term survival.
Thus, our results may generalize not only to patients in hos-
pices/palliative care units in Japan, but also inpatient hos-
pices in other countries, even though careful consideration
is necessary.

The second important finding was that the incidence of
sudden unexpected death varied by definitions. Rapid decline
death had the highest incidence, followed by surprise death,
unexpected death, and PS-defined sudden death. This result
is consistent with previous studies showing that the frequency
of rapid decline death was relatively high, whereas that of
PS-defined sudden death was low.”!" The high agreement be-
tween surprise death and unexpected death are likely due to
the similarity in these two definitions. On the other hand, PS-
defined sudden death, the most objective definition, had low
agreement with the other three definitions. This is potentially
because patients with low AKPS scores at baseline who died
from an unexpected acute fatal event were not regarded as
sudden death using this definition. PS-defined sudden death
may therefore underestimate the incidence of sudden unex-
pected death from a subjective point of view. Our results re-
vealed that variations in the incidences of sudden unexpected
death depended on their definitions and future studies are
needed to characterize which definition is better in evaluating
a specific question.

We also explored factors associated with sudden un-
expected death. In rapid decline death, surprise death, and

unexpected death, we identified new associated factors, in-
cluding malignant skin lesion, liver metastasis, and fluid re-
tention, in addition to previously reported predictors such as
male sex and dyspnea.11 Among patients with malignant skin
lesions, only two patients with skin invasion in head and neck
cancer died due to fatal external bleeding. While this finding
suggests that overall tumor burden rather than massive bleed-
ing may affect sudden unexpected death, the clinical impli-
cation of malignant skin lesions in association with sudden
unexpected death needs further investigation due to the small
sample size.

This study has some limitations. First, patients who were
discharged alive were analyzed as censored cases. The sur-
vival time of these patients was relatively longer (median,
67 days; range, 2—178 days) than that of all enrolled patients
(median, 17 days), which indicates that patients discharged
alive could be in better condition. Considering that those who
are in better condition are possibly at risk of sudden unex-
pected death, the incidence of sudden unexpected death might
be underestimated. Second, we only included and assessed
patients who were admitted for the first time during the en-
rollment period regardless of the number of hospitalizations.
The enrolled patients who had been discharged alive and an-
alyzed as censored cases were not included again when they
deteriorated and were readmitted to the hospice. The exclu-
sion of these patients could result in a decreased proportion
of patients with worse condition who are unlikely to expe-
rience sudden unexpected death. Therefore, the incidence
of sudden unexpected deaths was potentially overestimated
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by excluding subsequent admissions. Third, the physician's
prognosis was generally inaccurate and optimisti023; there-
fore, future studies may want to include other healthcare
providers. Fourth, as there might be a discordance among
performance scale measures>* and a considerable number of
the patients had a high PS, PS-based classification systems
for sudden death might be inaccurate. Fifth, complications
contributing to death were mostly clinically diagnosed, and
these complications may be under or misdiagnosed. Sixth,
we used variables acquired at the time of admission and did
not consider time-dependent factors in evaluating the predic-
tors. Finally, as the patients studied were limited to those ad-
mitted to inpatient hospices/palliative care units, the results
may not be generalizable to other patient groups.

5 | CONCLUSIONS

Sudden unexpected deaths are not uncommon even in inpa-
tient hospices/palliative care units, with a range of 6.4—16.8%
according to different definitions. Clinically, it might be im-
portant for palliative care physicians and clinical oncologists
to communicate with patients and families, keeping in mind
the possibility of sudden unexpected death. Further studies
are needed to characterize, which definition is better for eval-
uating different situations.
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