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Introduction

End-of-life care, particularly within 3 days of death, is 
important for patients and their families (1,2). The findings 
of a nationwide survey of the bereaved families of terminal 
cancer patients in palliative care units in Japan revealed that 

more than 90% of family members wanted to be present 
at the moment of death (3). Furthermore, previous studies 
suggested that care in the dying phase may affect the 
psychological prognosis of bereaved families (4,5). Medical 
professionals have to make many important decisions for 
patients and their families in the last days of life, including 
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the discontinuation of invasive treatments and informing 
family members and close friends in time (6,7). 

A detailed understanding of the clinical course of non-
cancer patients in the dying phase is critical for the provision 
of appropriate care in the last days of life (7). A number of 
symptoms, signs, and changes in vital signs occur in the last 
three days of life of cancer patients (8), based on which many 
prognostic models have been developed (9,10). Routine 
measurements of vital signs are conducted in daily clinical 
settings, and previous studies reported changes in these 
signs in cancer patients immediately before death (11-15).  
Although non-cancer patients appear to have a similar 
clinical course in the last days of life as advanced cancer 
patients, there is currently no information on changes in 
the vital signs of non-cancer patients before death. If similar 
changes in vital signs in last days of life occur in non-cancer 
patients and terminal cancer patients, the same indicators of 
prognosis used for cancer patients in the dying phase may 
be applied to non-cancer patients.

Therefore, the present study was performed to clarify 
changes in vital signs before impending death in non-
cancer patients, and was conducted in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1054) (14-16). 

Method

Study design and participants

The present study involved a secondary analysis of a 
retrospective study performed to examine survival times 
following marked decreases in oral intake by non-cancer 
patients in the dying phase (17). The main retrospective 
study was a medical chart review of non-cancer patients 
admitted to the General Medicine Ward of Kamisu 
Saiseikai Hospital, Ibaraki, Japan. This hospital is a regional 
core hospital in a medical area serving approximately 
250,000 people, and hospitalized patients are mainly 
acutely ill due to various diseases. We included patients 
who were older than 20 years and had died between April 
2017 and April 2018. Patients diagnosed with cancer, 
those receiving enteral or parenteral nutrition, or those 
on a ventilator during hospitalization were excluded. 
Patients who died within three days of admission were also 
excluded because they did not meet the purpose of the 
present study. The need for informed consent from family 
members was waived by the Institutional Review Board of 
Kamisu Saiseikai Hospital because this study only involved 

a retrospective chart review. Information on the study 
content was presented on a notice board in the hospital 
before its initiation. The present study was conducted with 
the approval of the Institutional Review Board of Kamisu 
Saiseikai Hospital (No. 18-0001), and all procedures were 
performed in accordance with the Declaration of Helsinki 
(as revised 2013). The need for informed consent from 
family members was waived by the Institutional Review 
Board of Kamisu Saiseikai Hospital because this study 
only involved a retrospective chart review. Information on 
the study content was presented on a notice board in the 
hospital before its initiation. Study outcomes will not affect 
the future management of patients.

Data collection

The baseline characteristics of age, sex, diagnosis on 
admission, and the presence of comorbidities categorized 
by the Charlson Comorbidity Index (CCI) (18) were 
recorded for all study patients. Vital signs were collected 
from medical records for up to seven days before the date 
of death, and included systolic and diastolic blood pressure, 
heart rate, body temperature, and oxygen saturation 
(patients received supplemental oxygen depending on 
their conditions), which were routinely documented at this 
hospital. Vital signs were measured at least twice daily, and 
data collected at approximately 9 a.m. and 9 p.m. were used 
in analyses.

Statistical analysis

Descriptive statistics were used to summarize baseline 
characteristics. The average value of each vital sign 
approximately every 12 hours until death was plotted to 
show the changes that occurred in the last seven days. Data 
were divided into two periods: from day −7 to day −4 and 
from day −3 to death. We used a linear mixed model in 
the two periods, with time as a fixed effect and patient as a 
random effect, and performed t-tests to assess whether the 
gradient of the line across the time variable significantly 
differed from zero. Data were subjected to statistical 
analyses using SPSS, version 25 (IBM Japan, Ltd., Tokyo, 
Japan), and a probability (P) value of <0.05 was considered 
to be significant.

Results

Eighty-two patients died during the study period. Thirty-
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five patients who did not meet the inclusion criteria were 
excluded, and, thus, 47 patients were ultimately analyzed 
(Figure 1). Mean age was 81.0 years and 52.1% were male. 
The most common disease on admission was respiratory 
diseases (Table 1). Table 2 summarizes the absolute value of 
vital signs at each data point. The number of data points at 
each time differed because the length of hospital stays varied 
between patients. No significant changes were observed in 
vital signs from day −7 to day −3. In contrast, significant 
decreases were noted in systolic blood pressure (P<0.001), 
diastolic blood pressure (P<0.001), and oxygen saturation 
(P=0.001) from day −3 to death (Figure 2). 

Discussion

The present results revealed that blood pressure and oxygen 
saturation significantly decreased from day −3 to death, 
whereas no significant changes were observed in vital signs 
from day −7 to day −3.

Similar changes in vital signs may occur in the last days 
of life between cancer and non-cancer patients. Hwang 
et al. investigated changes in vital signs in the last 2 days 
before death in terminal cancer patients, and reported 
significant reductions in blood pressure and oxygen 
saturation (7). Bruera et al. also found significant decreases 
in blood pressure and oxygen saturation in the three days 
before death in terminal cancer patients (15). Therefore, 
similar changes may occur in vital signs before impending 
death regardless of the disease, and the methods employed 
to predict impending death in cancer patients may be 

applicable to non-cancer patients. Hui et al. investigated 
physical signs and symptoms in the last days of life in cancer 
patients, and based on the findings obtained, a diagnostic 
model to predict impending death was developed (9,10,19). 
Further studies are needed to confirm whether this 
prognostic tool for impending death may be applied to non-
cancer patients.

The present study had some several limitations that 
need to be addressed. This was a single-center study with 
a small sample size. We used the Shapiro-Wilk test to 
confirm the normal distribution of each vital sign, and 

Figure 1 Flowchart of the study design. Patients who died within 
three days, were diagnosed with cancer, received artificial nutrition, 
or who were on a ventilator were excluded. 

Screened for eligibility (n=82)

Enrolled in the study (n=47)

Excluded (n=35):

(I) Died within 3 days (n=24)

(II) Diagnosed with cancer (n=5)

(III) Received artificial nutrition (n=3)

(IV) On a ventilator (n=3)

Table 1 Demographic and clinical characteristics of study subjects

Baseline characteristics All patients (n=47)

Age (years) (mean ± SD) 81.0±9.5

Male, n (%) 25 (52.1)

Disease on admission, n (%)

Cerebrovascular disease 3 (6.3)

Stroke 3

Cardiovascular disease 4 (8.3)

Chronic heart failure (ACC/AHA stage D) 4

Respiratory diseases 19 (39.6)

Pneumonia 10

Chronic obstructive pulmonary disease 
(GOLD stage IV)

4

Interstitial pneumonia 4

Asthma 1

Liver disease 3 (6.3)

Liver cirrhosis (Child-Pugh class C) 3

Renal diseases 3 (6.3)

End-stage renal disease 2

Chronic glomerulonephritis 1

Others 15 (31.3)

Dementia 7

Septic shock 5

Gastrointestinal bleeding 3

Charlson comorbidity index (mean ± SD) 2.85±1.77

Length of hospital stay (days) (mean ± SD) 34.6±28

ACC/AHA, American College of Cardiology and American Heart 
Association; GOLD, Global initiative for Chronic Obstructive 
Lung disease.
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Figure 2 Changes in vital signs in the final seven days of life. (A) Systolic blood pressure: a significant decrease was observed from day −3 
to death. (B) Diastolic blood pressure: a significant decrease was noted from day −3 to death. (C) Heart rate: no significant changes were 
detected in the final seven days of life. (D) Body temperature: no significant changes were noted in the final seven days of life. (E) Oxygen 
saturation: a significant decrease was observed from day −3 to death.

Table 2 Absolute values of vital signs at each data point

Vital signs Day −7 (n=41) Day −6 (n=41) Day −5 (n=44) Day −4 (n=44) Day −3 (n=46) Day −2 (n=48) Day −1 (n=48)

Systolic blood pressure 
(mmHg)

120.4±26.0 111.3±22.5 119.1±24.4 115.1±24.4 116.8±24.3 114.0±24.1 96.2±28.8

Diastolic blood pressure 
(mmHg)

66.2±13.8 69.2±15.7 70.0±17.1 67.4±17.5 66.2±15.1 67.0±18.0 56.7±17.3

Heart rate (beats/min) 88.5±14.1 94.0±20.7 90.2±19.2 89.8±21.5 89.1±21.0 92.4±23.2 93.0±18.7

Body temperature (℃) 36.6±0.89 36.8±0.78 36.7±0.90 36.8±0.65 36.7±0.76 36.7±0.84 36.7±0.99

Oxygen saturation (%) 95.6±3.5 94.3±3.1 94.2±3.5 95.6±4.1 94.3±5.4 94.4±8.3 94.2±6.3
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confirmed that the distributions of vital signs were generally 
normal. However, this is not a fatal issue in an exploratory 
study. Further studies are needed to establish whether 
the changes observed in vital signs in the dying phase are 
similar in other settings with a large sample. Furthermore, 
subjects in the present study were acutely ill, and many had 
received medication that may have affected their vital signs 
and survival times, including fluid therapy, antipsychotic 
medication, antiarrhythmic drugs, and steroids. Since the 
present study was conducted in a general acute care hospital 
in Japan, the results obtained reflected real-life clinical 
settings. 

Conclusions

In non-cancer patients, similar to terminal cancer patients, 
significant decreases were observed in blood pressure 
and oxygen saturation from day −3 to death, whereas no 
significant changes were noted from day −7 to day −3. 
These changes in blood pressure and oxygen saturation have 
potential as indicators of prognosis within three days of 
death. Further studies on clinical signs and their diagnostic 
characteristics for impending death in non-cancer patients 
are needed. 
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