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Abstract
Vital sign monitoring in palliative care could support symptom management and prediction, though its utility at the 
end-of-life remains critically discussed. This study aims to test a wireless device for continuous vital sign monitoring at 
the end-of-life. This prospective observational study included adult terminal care patients in the palliative care unit at 
a tertiary-care hospital (05/2023–03/2024). Continuous monitoring of heart rate (HR in beats/minute, bpm), respiratory 
rate, and temperature was conducted using VitalPatches (MediBioSense). Patient demographics, medications, and symp-
toms were further recorded. Linear mixed-effects models were applied for analyses. 30 patients (median age 70, 53.3% 
female, 90% with cancer) were included. Median patch duration was 88 h (IQR 35–153). Symptom load increased until 
death (p = 0.004), with weakness and impaired vigilance being prominent. From patch start to end, opioid use rose from 
80 to 100% (p = 0.010), and benzodiazepine use from 50 to 80% (p = 0.015). All vital signs increased in daily and hourly 
intervals. Compared to three days prior, the HR increased as death approached: 3.70 bpm (-2 days, p < 0.001), 7.64 bpm 
(-1 day, p < 0.001), and 12.26 bpm (day of death, p < 0.001). Pain correlated with HR (r = 0.32, p < 0.001), and a 5 bpm 
HR increase over the previous 24 h was associated with imminent death within the following 24 h. Continuous vital sign 
monitoring in palliative care using VitalPatches is feasible and depicts vital sign changes at the end-of-life. A positive 
correlation of HR with pain was detected. These observations provide a rationale for larger studies investigating their 
relevance for life time prediction as well as symptom detection and management.

Keywords  Vital signs · Monitoring, physiologic · Wearable electronic devices · Palliative care · Terminal care · Death · 
Prospective studies · Observational study
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1  Introduction

Palliative care aims to improve the quality of life for patients 
facing serious, life-limiting illnesses, by focusing on physi-
cal, psychosocial and spiritual symptom relief and support 
for both patients and their families [1]. Vital sign monitoring 
is a common clinical practice, yet its role in palliative care 
remains a subject of ongoing debate [2, 3]. While vital signs 
may offer valuable data, their collection in a palliative care 
setting may pose more harm than benefit, given the potential 
for disturbance or discomfort to the patient, family mem-
bers, and care providers [2]. Despite these concerns, vital 
signs can serve as an objective parameter to assist in pre-
dicting the need for supportive measures and imminence of 
death, supporting clinicians’ clinical judgment, and enhanc-
ing communication with patients and families about prog-
nosis and care planning [2]. Therefore, studies investigated 
different devices for the collection of vital sign data [4–8].

Previous studies have explored the use of serial vital sign 
monitoring for end-of-life care [9–13]. However, the inves-
tigation of continuous monitoring has remained sparse [14, 
15]. Continuous monitoring could provide more detailed 
and real-time data including trends, potentially enhancing 
prognostication.

This study aims to: (1) assess the feasibility of continu-
ous vital sign monitoring using wearable patches in the pal-
liative care unit, and (2) analyse vital sign changes at the 
end-of-life and examine how these changes correlate with 
symptoms and influence medication use, in order to identify 
patterns that may enhance clinical prognostication, symp-
tom detection, and symptom management.

2  Methods

2.1  Study design & population

This prospective observational study was reviewed and 
approved by the local ethics committee (protocol number: 
2022 − 1981_1, March 18th 2023). We recruited patients 
aged 18 years or older who were hospitalized in the pallia-
tive care unit at a tertiary-care centre in Germany between 
May 2023 and March 2024. We included patients in ter-
minal care whose life expectancy was estimated to be no 
more than a few days by the multi-professional palliative 
care team, and written informed consent was obtained. This 
manuscript adheres to the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guide-
lines [16].

2.2  Data collection

After inclusion, we set up a continuous, wireless, wearable 
vital sign monitor patch (VitalPatch, MediBioSense, Don-
caster, United Kingdom) on the patient’s left chest as out-
lined by the manufacturer. The VitalPatch biosensor includes 
two electrocardiography electrodes, a triaxial accelerome-
ter, and a thermistor. The patch detects the heart rate (HR in 
beats/minute), respiratory rate (RR in breaths/minute), body 
temperature (Temp in °Celsius) every four seconds, and has 
been validated in previous studies [17, 18]. Data were sent 
via Bluetooth to mobile phones, which uploaded the data 
over cellular networks to the device’s online platform. Sub-
sequently, data were extracted as hourly mean values, after 
cleaning the HR for values below 30 and greater than 155 
beats/minute. Clinical measurements were regularly per-
formed to confirm the correctness of the detected vital signs. 
We also collected general clinical data from the patient’s 
medical records, including demographics, comorbidities, 
medications at start and end of patch application, as well as 
symptom assessments in the patient’s chart which are docu-
mented three times a day in each nursing shift. Symptom 
assessment in the palliative care unit was based on the Pal-
liative Symptom Burden Score (PSBS), which includes ten 
items and a symptom intensity scale ranging from 0 to 4 [19, 
20]. Further, the documented time of death in the notes was 
obtained to compare time differences with the patch data.

2.3  Data analysis

To assess the symptom load, a total score was calculated 
by summing up the individual symptom intensities [20]. 
For a total of 10 symptoms (vigilance, confusion, anxiety, 
sweating, weakness, nausea, vomiting, dyspnoea, cough 
and itching), intensities ranged from 0 (none) to 4 (severe). 
A detailed description of each symptom at each level is pro-
vided in the Supplementary Information. Constipation was 
assessed as a binary variable (1 = yes, 0 = no) and pain using 
the numeric rating scale (NRS) ranging from 0 (no pain) 
to 10 (worst pain imaginable) [21]. A linear mixed-effects 
model to study the association between time until death 
and symptom load with the individual case as the random 
effects and adjustment for age, sex and body mass index as 
in previous analyses was carried out [15]. Differences in the 
medication at the start and end of patch application were 
investigated by the mean standardized difference and chi-
square tests. Mean standardized differences of 0.2, 0.5, and 
0.8 are considered small, medium, and large, respectively 
[22]. For vital sign analyses, adjusted linear mixed-effects 
models were applied to explore the association between 
time before death and vital signs with the individual case 
as the random effects and adjustment for age, sex and body 
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mass index. First, we assessed the association between days 
before death and HR, RR and Temp, respectively. Data 
from the third day before death was used as the reference, 
as previously published [12]. Subsequently, we examined 
the association between hours before death and the respec-
tive vital signs, using 72  h before death as the reference. 
We also assessed the association between an increase in HR 
of five or ten beats per minute over the last 24 h and immi-
nent death within the next 24  h using logistic regression. 
Sensitivity analyses were conducted using time in days and 
hours as continuous variables and excluding data from the 
last two hours before death as in previous literature [15]. We 
applied likelihood ratio tests to confirm that the inclusion of 
the random effect significantly improved the model fit. With 
an exploratory intent, for each shift before death the mean 
vital signs were individually correlated with the symptom 
intensities using Spearman correlation applying Bonfer-
roni [23]. A p-value < 0.05 was considered statistically sig-
nificant. We obtained standardized coefficients or adjusted 
odds ratios (OR) and two-sided 95% confidence intervals 
(CI). Analyses and data visualization were conducted using 
STATA 18.0 (StataCorp LLC, College Station, TX, USA).

3  Results

3.1  Study cohort and patch data

For this study, 35 patients were recruited and 30 patients 
included in the final analysis. One patient removed the patch 
during hyperactive delirium, for the other four patients tech-
nical and connection problems occurred and led to missing 
data. The median age was 70 (interquartile range [IQR] 
61–81) years, 53.3% of patients were female. The median 
body mass index was 23.9 (IQR 20.9–26.8). At inclusion, 
the functional status of patients was partially (26.7%, n = 8) 
or fully (73.3%, n = 22) dependent. The comorbidities of the 
participants are summarized in Table 1, showing that 90% 
of patients suffered from cancer.

Almost all patients were transferred to the palliative care 
unit at the day of hospital admission (one after 16, another 
after 41 inpatient days hospitalized). The duration from unit 
admission until patch start was 7 days (IQR 2–10). Median 
patch duration was 88 hours (IQR 35–153) and 3 days (IQR 
1–6), respectively. All patients died in the unit, the time dif-
ference between the detected time of death from the patches 
compared to the clinical notes was 3 minutes (IQR 0–7).

3.2  Symptoms

Overall, symptom load increased closer to death (0.12, 95% 
CI 0.04 to 0.19, p = 0.004; Fig. 1a). For the last shift before 
death, the median total score was 19 (IQR 16–23). Detailed 
information is provided in the Supplementary Informa-
tion. High symptom intensities were observed in weakness, 
impaired vigilance and confusion (Fig. 1b). For pain assess-
ment, mean pain NRS values throughout the observation 
period were between 2.0 (standard deviation [SD] 1.6) and 
3.8 (SD 1.5). Constipation was present in 58.6% (n = 17) of 
patients.

3.3  Medication

At the start of patch use, around half of the patients received 
non-opioids and 80% opioids. This prevalence changed 
towards the end of patch application (10% and 100%, 
respectively). Additionally, benzodiazepines were often 
prescribed at time of death (80% vs. 50%, p = 0.015). Use 
of other medications, such as antidepressants, antiemetics, 
laxatives, intravenous infusions, antibiotic and antithrom-
botic agents, were reduced (Table 2).

3.4  Vital signs

Vital sign monitoring in all included patients was unprob-
lematic and well tolerated. No complaints from patients, 

Table 1  Patient comorbidities data are presented as frequency and 
prevalence (%)
Comorbidities Yes
Arterial hypertension 16 (53.3%)
NYHA
I 0 (0.0%)
II 2 (6.7%)
III 1 (3.3%)
IV 1 (3.3%)
Pulmonary hypertension 0 (0.0%)
Diabetes mellitus 5 (16.7%)
Chronic vascular disease 0 (0.0%)
Peripheral vascular disease 1 (3.3%)
Chronic obstructive lung disease 4 (13.3%)
Smoking 13 (43.3%)
Dialysis 0 (0.0%)
Immunogenic therapy 0 (0.0%)
Condition after TIA/Stroke 3 (10.0%)
Condition after cardiac decompensation (1 year prior) 3 (10.0%)
Condition after myocardial infarction 3 (10.0%)
Pacemaker/ICD 0 (0.0%)
Condition after CPR 0 (0.0%)
Dementia 1 (3.3%)
Cancer 27 (90.0%)
Metastasis 19 (63.3%)
NYHA, New York Heart Association. TIA, Transient Ischemic 
Attack
ICD, Implantable Cardioverter-Defibrillator. CPR, Cardiopulmonary 
Resuscitation
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relatives or staff members occurred. In the primary analy-
sis (Fig. 2a), compared to three days prior to death, the HR 
was significantly lower before (−7 days: −7.13, 95% CI 
−12.07 to −2.19, p = 0.005; −6 days: −5.73, 95% CI −8.60 to 
−2.84, p < 0.001; −5 days: −8.52, 95% CI −10.94 to −6.10, 
p < 0.001; −4 days: −3.28, 95% CI −5.43 to −1.13, p = 0.003) 
and higher afterwards (−2 days: 3.70, 95% CI 1.81 to 5.59, 
p < 0.001; −1 day: 7.64, 95% CI 5.79 to 9.48, p < 0.001; day 
of death: 12.26, 95% CI 10.42 to 14.11, p < 0.001). For the 
RR, compared to three days prior to death, the RR decreased 
on the following day and increased on the day of death 
(−2 day: −0.70, 95% CI −1.25 to −0.16, p = 0.012; day of 
death: 0.77, 95% CI 0.24 to 1.31, p = 0.005). The tempera-
ture was higher compared to 3 days prior before, on day 7 
before death (−7 day: 0.33, 95% CI 0.17 to 0.50, p < 0.001) 
and increased again on the last two days of life (−1  day: 
0.15, 95% CI 0.09 to 0.21, p < 0.001; day of death: 0.34, 
95% CI 0.30 to 0.42, p < 0.001). When comparing the vital 
signs to those recorded 72 h before death, the same trends 
observed in the primary analyses were evident (see Supple-
mentary Material). Figure 2b illustrates the predicted vital 
signs at each hour before death. An increasing HR of more 
than five beats per minute compared to the value 24 h prior 
was significantly associated with imminent death within the 
following 24  h (OR, 1.86; 95% CI 1.56–2.22; p < 0.001). 
This association was magnified for an increased HR of ten 
beats per minute (OR, 2.29; 95% CI 1.88–2.78; p < 0.001). 

Sensitivity analyses including time in days and hours as 
continuous variables revealed an increase in all vital signs 

Table 2  Prevalence of medication use at the start and end of patch 
application. Data are presented as frequency and prevalence (%). 
Mean standardized differences of 0.2, 0.5, and 0.8 are considered 
small, medium, and large, respectively. P-values were derived from 
chi-square tests
Check Start

n = 30
End
n = 30

Mean stan-
dardized
 difference

P-value

Non-opioid analgesics 16 (53%) 3 (10%) 1.035 < 0.001
Opioids 24 (80%) 30 

(100%)
−0.695 0.010

Antidepressants 7 (23%) 0 (0%) 0.767 0.005
Anticonvulsants 5 (17%) 3 (10%) 0.194 0.45
Antiemetic agents 16 (53%) 6 (20%) 0.725 0.007
Laxatives 3 (10%) 0 (0%) 0.463 0.076
Other analgesics 2 (7%) 0 (0%) 0.372 0.15
Benzodiazepines 15 (50%) 24 

(80%)
−0.651 0.015

Intravenous infusions 7 (23%) 2 (7%) 0.472 0.071
Parenteral nutrition 3 (10%) 1 (3%) 0.265 0.30
Enteral nutrition 0 (0%) 0 (0%)
Antihypertensive 
agents

3 (10%) 0 (0%) 0.463 0.076

Antiarrhythmic agents 1 (3%) 0 (0%) 0.258 0.31
Diuretics 2 (7%) 0 (0%) 0.372 0.15
Anticholinergics 3 (10%) 7 (23%) −0.358 0.17
Antibiotics 3 (10%) 0 (0%) 0.463 0.076
Antithrombotic/Anti-
coagulant agents

5 (17%) 0 (0%) 0.622 0.020

Proton pump inhibitors 7 (23%) 1 (3%) 0.605 0.023

Fig. 1  Symptoms over time. The total symptom score a shows an increasing trend of the cumulative symptom load and intensity at each shift 
before death. The individual symptom intensities differ b.
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Fig. 2  Vital signs over time. The predicted vital signs heart rate (red), respiratory rate (blue) and temperature (green) are shown for each day a and 
hour b before death
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the final 24 h was associated with imminent death. HR was 
positively correlated with pain intensity. Changes in RR and 
Temp were minimal.

4.2  What this study adds

The scoping review by Power et al. summarized studies 
on vital sign monitoring in palliative care, highlighting the 
limited data on serial or continuous measurements. Our 
findings are consistent with previous research on continu-
ous vital sign monitoring [15]. A study using non-wearable 
devices placed under the mattress of participants, with a 
mean measurement period of 10 days, reported significant 
increases in HR (1.51 beats/min, 95% CI 1.50 to 1.52) and 
RR (0.27 beats/min, 95% CI 0.27 to 0.28). However, the 
study population differed, as it included only cancer patients 
with a mean body mass index of 18.6 and a mean age of 76.7 
years [15]. In our study, 90% also had a cancer diagnosis but 
the cohort was younger and had a lower body mass index.

Another study, which monitored vital signs every twelve 
hours in non-cancer patients, demonstrated that systolic 
blood pressure, diastolic blood pressure, and oxygen satu-
ration significantly decreased from day − 3 to death [12]. 
The increase in HR observed in our study during this period 
may be partially explained by these findings, as a decrease 
in blood pressure could trigger an increase in HR to main-
tain organ perfusion.

The study by Bruera included measurements of HR, 
blood pressure, RR, oxygen saturation, and Temp [13]. In 
this cohort of 357 patients, vital signs were measured twice 
daily from admission until death or discharge. The data sup-
port the proposed hypothesis, as systolic blood pressure, 
diastolic blood pressure, and oxygen saturation signifi-
cantly decreased in the final three days of life. Temperature 
slightly increased, while HR and RR remained stable in the 
last three days. Notably, 55% of patients had an HR greater 

(HR hourly: 0.15, 95% CI 0.13 to 0.16, p < 0.001; HR daily: 
3.58, 95% CI 3.25 to 3.91, p < 0.001; RR hourly: 0.005 95% 
CI 0.001 to 0.007, p = 0.004; RR daily: 0.11, 95% CI 0.02 to 
0.21, p = 0.015; Temp hourly: 0.002, 95% CI 0.002 to 0.003, 
p < 0.001; Temp daily: 0.05, 95% CI 0.04 to 0.06, p < 0.001). 
Excluding the last two hours before death yielded confirma-
tory results.

3.5  Correlation between symptoms and vital signs

Correlation analyses were conducted to examine the rela-
tionship between the assessed symptom intensities and the 
mean vital signs at each shift (Fig.  3). Pain and sweating 
showed a positive correlation with HR, while constipation 
exhibited a negative correlation. Cough and weakness were 
positively correlated with RR, with cough also correlating 
with elevated body temperature. Additionally, pain was 
inversely correlated with temperature.

4  Discussion

4.1  Main findings

In this prospective single-centre observational cohort study 
conducted in the palliative care unit, the use of continu-
ous vital sign monitoring with a wearable patch was fea-
sible – supporting and extending previous findings from 
other non-critical care settings [24]. No complaints were 
reported. However, in one case, the patch was removed by 
a patient experiencing delirium, leading to their exclusion 
from the final analysis. Changes in symptoms, including an 
overall increase, and adaptations in medication at the end-
of-life were observed. Vital signs, including HR, RR and 
Temp, showed an increasing trend towards death. For HR, 
a marked increase was observed in the last two days before 
death, and an increase of five or ten beats per minute within 

Fig. 3  Spearman correlations between assessed symptom intensities and the mean vital sign at each shift statistically significant correlations are 
marked with * for p < 0.05 and ** for p < 0.001
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adjustments based on previous evaluation [19]. Vital signs 
only included HR, RR and Temp, but blood pressure and 
oxygen saturation data are missing. HR values were inter-
mittently compared with clinical measurements; however, 
no structured protocol or statistical correlation analysis was 
conducted. The patches also aimed to record the patient’s 
position. However, these were infrequent and unreliable. 
Furthermore, no questionnaire-based or qualitative assess-
ment of the feasibility was performed.

In summary, this prospective observational study exam-
ined the feasibility of continuous vital sign monitoring 
using a wearable patch in the palliative care unit. It explored 
changes in vital signs, symptoms, and medications in termi-
nal patients. We identified an increase in HR and symptoms, 
medication was adjusted and reduced at the end-of-life.
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than 100 beats per minute in the last two days of life, which 
aligns with the relatively high values observed in our study.

Overall, based on the minimal changes in vital signs at 
the end-of-life, a comment on the aforementioned study 
concluded that vital signs alone are insufficient for clini-
cians to accurately prognosticate the timing of death. The 
author states that “the benefit of routine collection of vital 
signs of patients whose goal is comfort may not outweigh 
the burden of their collection to patients, families, and staff. 
The decision to collect vital signs should be individualized” 
[3]. However, the use of non-burdensome wireless patches, 
as employed in our study, enables continuous monitoring, 
and the analysis of vital sign trends over the preceding 24 h 
revealed an association with imminent death.

The prevalent symptoms observed in our study align with 
previous data on symptoms and distress at the end-of-life 
[25–27]. Electronic symptom monitoring in home-based 
palliative care has shown potential in previous studies, but 
could be supported by additional vital sign monitoring [28]. 
Our data indicate correlations between symptom intensi-
ties and vital signs. Further studies are needed to explore 
whether the observed increase in HR is driven by pain, 
lower blood pressures or represents an independent phe-
nomenon. Additionally, we observed changes in medication 
between the start and end of patch application, suggesting 
that care teams adjust treatment in response to evolving 
symptoms and needs. To address common potentially inap-
propriate medication in terminal patients, the “Appropriate 
medication use in Dutch terminal care: study protocol of a 
multicentre stepped-wedge cluster randomized controlled 
trial (the AMUSE study)” is currently conducted [29].

Ultimately, a study examining the efficacy of the 3-day 
surprise question (Would I be surprised if this patient died 
in the next 3 days?) in predicting the prognosis of advanced 
cancer patients nearing death found that physician perfor-
mance yielded a sensitivity of 94.3% and specificity 92.7% 
[30]. Vital sign monitoring which is not perceived burden-
some, might support clinician’s clinical prognostication, but 
only marginal differences were observed needing further 
investigations for optimized individual prediction.

4.3  Strengths and limitations of the study

Aside from its strength in providing broad and granular real-
world data on terminal patients, this study has several limi-
tations. The single-centre design limits its generalizability, 
and selection bias may have occurred, as informed consent 
was required, excluding patients without capacity or legal 
representatives to provide consent. Symptom assessment 
was performed using the local standard, the PSBS, which 
was heuristically developed by clinical experts, is not widely 
distributed across centres and countries, and requires further 

1 3

553

https://doi.org/10.1007/s10877-025-01343-6
https://doi.org/10.1007/s10877-025-01343-6


Journal of Clinical Monitoring and Computing (2026) 40:547–555

12.	 Hosoi T, Ozone S, Hamano J. Variations in vital signs at the end 
of life in non-cancer patients: a retrospective study. Ann Palliat 
Med. 2020;9(5):2678–83. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​1​0​3​​7​/​a​​p​m​-​2​0​-​1​0​5​
4.

13.	 Bruera S, Chisholm G, Santos R, Dos, Crovador C, Bruera E, Hui 
D. Variations in vital signs in the last days of life in patients with 
advanced cancer. J Pain Symptom Manage. 2014;48(4):510–7. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​a​​i​n​s​​y​m​m​a​​n​.​​2​0​1​3​.​1​0​.​0​1​9.

14.	 Fukui S, Ikuta K, Maeda I, Hattori S, Hatano Y, Yamakawa M, 
et al. Association between respiratory and heart rate fluctuations 
and death occurrence in dying cancer patients: continuous mea-
surement with a non-wearable monitor. Support Care Cancer. 
2022;30(1):77–86. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​5​2​0​-​0​2​1​-​0​6​3​4​6​-​y.

15.	 Tanaka H, Fukui S, Maeda I, Hatano Y, Higuchi A, Higami Y, 
et al. The change over time of vital signs with consideration for 
opioid use in the last 2 weeks of life among cancer patients in a 
palliative care unit: continuous measurement of vital signs using 
a non-wearable monitor. Cancer Med. 2021;10(24):8799–807. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​c​a​​m​4​.​4​3​8​2.

16.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Van-
denbroucke JP. The strengthening the reporting of observational 
studies in epidemiology (STROBE) statement: guidelines for 
reporting observational studies. Lancet. 2007;370(9596):1453–7. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​1​4​0​-​6​7​3​6​(​0​7​)​6​1​6​0​2​-​X.

17.	 Breteler MJM, Huizinga E, Van Loon K, Leenen LPH, Dohmen 
DAJ, Kalkman CJ, et al. Reliability of wireless monitoring using 
a wearable patch sensor in high-risk surgical patients at a step-
down unit in the Netherlands: A clinical validation study. BMJ 
Open. 2018;8(2): e020162. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​6​​/​b​m​​j​o​p​e​n​-​2​0​1​
7​-​0​2​0​1​6​2.

18.	 Breteler MJM, KleinJan EJ, Dohmen DAJ, Leenen LPH, van Hil-
legersberg R, Ruurda JP, et al. Vital signs monitoring with wear-
able sensors in high-risk surgical patients a clinical validation 
study. Anesthesiology. 2020;132(3):424–39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​9​7​​/​A​L​​N​.​0​0​0​0​0​0​0​0​0​0​0​0​3​0​2​9.

19.	 Fetz K, Vogt H, Ostermann T, Schmitz A, Schulz-Quach C. 
Evaluation of the palliative symptom burden score (PSBS) in a 
specialised palliative care unit of a university medical centre - a 
longitudinal study. BMC Palliat Care. 2018;17(1):92. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​2​9​0​4​-​0​1​8​-​0​3​4​2​-​0.

20.	 Schulz C, Schlieper D, Altreuther C, Schallenburger M, Fetz K, 
Schmitz A. The characteristics of patients who discontinue their 
dying process - an observational study at a single university hos-
pital centre. BMC Palliat Care. 2015;14:72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​
8​6​​/​s​1​​2​9​0​4​-​0​1​5​-​0​0​7​0​-​7.

21.	 Walk D, Poliak-Tunis M. Chronic pain management: an overview 
of taxonomy, conditions commonly encountered, and assessment. 
Med Clin North Am. 2016;100(1):1–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​
.​​m​c​n​a​.​2​0​1​5​.​0​9​.​0​0​5.

22.	 Andrade C. Mean difference, standardized mean difference 
(SMD), and their use in meta-analysis: as simple as it gets. J Clin 
Psychiatry. 2020;81(5):20f13681. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​0​8​8​​/​J​C​​P​.​2​0​
f​1​3​6​8​1.

23.	 Armstrong RA. When to use the bonferroni correction. Ophthal-
mic Physiol Opt. 2014;34(5):502–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​o​p​​o​.​
1​2​1​3​1.

24.	 Downey CL, Chapman S, Randell R, Brown JM, Jayne DG. The 
impact of continuous versus intermittent vital signs monitoring in 
hospitals: a systematic review and narrative synthesis. Int J Nurs 
Stud. 2018;84:19–27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​n​​u​r​s​​t​u​.​2​​0​1​​8​.​0​4​.​
0​1​3.

25.	 Kehl KA, Kowalkowski JA. A systematic review of the preva-
lence of signs of impending death and symptoms in the last 2 
weeks of life. Am J Hosp Palliat. 2013;30(6):601–16. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​0​​4​9​9​0​9​1​1​2​4​6​8​2​2​2.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

1.	 Radbruch L, De Lima L, Knaul F, Wenk R, Ali Z, Bhatnaghar 
S, et al. Redefining palliative care-a new consensus-based defini-
tion. J Pain Symptom Manage. 2020;60:754–64. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​1​6​​/​j​.​​j​p​a​​i​n​s​​y​m​m​a​​n​.​​2​0​2​0​.​0​4​.​0​2​7.

2.	 Power J, Gouldthorpe C, Davies A. Vital signs in palliative care: 
a scoping review. Cancers (Basel). 2023;15(18): 4641. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​c​a​​n​c​e​r​s​1​5​1​8​4​6​4​1.

3.	 Thomas JR. Normal vital signs as death approaches: commentary 
on Bruera. J Pain Symptom Manage. 2014;48(4):499. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​a​​i​n​s​​y​m​m​a​​n​.​​2​0​1​4​.​0​5​.​0​1​7.

4.	 Schellenberger S, Shi K, Steigleder T, Malessa A, Michler F, 
Hameyer L, et al. A dataset of clinically recorded radar vital 
signs with synchronised reference sensor signals. Sci Data. 
2020;7(1):291. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​7​-​0​2​0​-​0​0​6​2​9​-​5.

5.	 Kant N, Peters GM, Voorthuis BJ, Groothuis-Oudshoorn CGM, 
Koning MV, Witteman BPL, et al. Continuous vital sign monitor-
ing using a wearable patch sensor in obese patients: a validation 
study in a clinical setting. J Clin Monit Comput. 2022;36(5):1449–
59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​8​7​7​-​0​2​1​-​0​0​7​8​5​-​y.

6.	 Haveman ME, van Rossum MC, Vaseur RME, van der Riet C, 
Schuurmann RCL, Hermens HJ, et al. Continuous monitoring of 
vital signs with wearable sensors during daily life activities: vali-
dation study. JMIR Form Res. 2022;6(1):e30863. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​
1​0​.​2​1​9​6​/​3​0​8​6​3​​​​​.​​​

7.	 Areia CM, Santos M, Vollam S, Pimentel M, Young L, Roman C, 
et al. A chest patch for continuous vital sign monitoring: clinical 
validation study during movement and controlled hypoxia. J Med 
Internet Res. 2021;23(9):e27547. https://doi.org/10.2196/27547.

8.	 Shi K, Schellenberger S, Will C, Steigleder T, Michler F, Fuchs 
J, et al. A dataset of radar-recorded heart sounds and vital signs 
including synchronised reference sensor signals. Sci Data. 
2020;7: 50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​s​4​​1​5​9​7​-​0​2​0​-​0​3​9​0​-​1.

9.	 de Miguel Sánchez C, Elustondo SG, Estirado A, Sánchez FV, de 
la Rasilla Cooper CG, Romero AL, et al. Palliative performance 
status, heart rate and respiratory rate as predictive factors of sur-
vival time in terminally ill cancer patients. J Pain Symptom Man-
age. 2006;31(6):485–92. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​a​​i​n​s​​y​m​m​a​​n​.​​
2​0​0​5​.​1​0​.​0​0​7.

10.	 Hwang IC, Ahn HY, Park SM, Shim JY, Kim KK. Clinical 
changes in terminally ill cancer patients and death within 48 h: 
when should we refer patients to a separate room? Support Care 
Cancer. 2013;21(3):835–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​5​2​0​-​0​1​2​-​
1​5​8​7​-​4.

11.	 Taylor P, Crouch S, Howell DA, Dowding DW, Johnson MJ. 
Change in physiological variables in the last 2 weeks of life: an 
observational study of hospital in-patients with cancer. Palliat 
Med. 2015;29(2):120–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​2​​6​9​2​1​6​3​1​4​5​5​4​
9​6​7.

1 3

554

https://doi.org/10.21037/apm-20-1054
https://doi.org/10.21037/apm-20-1054
https://doi.org/10.1016/j.jpainsymman.2013.10.019
https://doi.org/10.1016/j.jpainsymman.2013.10.019
https://doi.org/10.1007/s00520-021-06346-y
https://doi.org/10.1002/cam4.4382
https://doi.org/10.1002/cam4.4382
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1136/bmjopen-2017-020162
https://doi.org/10.1136/bmjopen-2017-020162
https://doi.org/10.1097/ALN.0000000000003029
https://doi.org/10.1097/ALN.0000000000003029
https://doi.org/10.1186/s12904-018-0342-0
https://doi.org/10.1186/s12904-018-0342-0
https://doi.org/10.1186/s12904-015-0070-7
https://doi.org/10.1186/s12904-015-0070-7
https://doi.org/10.1016/j.mcna.2015.09.005
https://doi.org/10.1016/j.mcna.2015.09.005
https://doi.org/10.4088/JCP.20f13681
https://doi.org/10.4088/JCP.20f13681
https://doi.org/10.1111/opo.12131
https://doi.org/10.1111/opo.12131
https://doi.org/10.1016/j.ijnurstu.2018.04.013
https://doi.org/10.1016/j.ijnurstu.2018.04.013
https://doi.org/10.1177/1049909112468222
https://doi.org/10.1177/1049909112468222
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jpainsymman.2020.04.027
https://doi.org/10.1016/j.jpainsymman.2020.04.027
https://doi.org/10.3390/cancers15184641
https://doi.org/10.3390/cancers15184641
https://doi.org/10.1016/j.jpainsymman.2014.05.017
https://doi.org/10.1016/j.jpainsymman.2014.05.017
https://doi.org/10.1038/s41597-020-00629-5
https://doi.org/10.1007/s10877-021-00785-y
https://doi.org/10.2196/30863
https://doi.org/10.2196/30863
https://doi.org/10.2196/27547
https://doi.org/10.1038/s41597-020-0390-1
https://doi.org/10.1016/j.jpainsymman.2005.10.007
https://doi.org/10.1016/j.jpainsymman.2005.10.007
https://doi.org/10.1007/s00520-012-1587-4
https://doi.org/10.1007/s00520-012-1587-4
https://doi.org/10.1177/0269216314554967
https://doi.org/10.1177/0269216314554967


Journal of Clinical Monitoring and Computing (2026) 40:547–555

use in Dutch terminal care: study protocol of a multicentre 
stepped-wedge cluster randomized controlled trial (the AMUSE 
study). BMC Palliat Care. 2024;23(1):6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​
1​​2​9​0​4​-​0​2​3​-​0​1​3​3​4​-​x.

30.	 Ikari T, Hiratsuka Y, Yamaguchi T, Maeda I, Mori M, Uneno Y, 
et al. 3-Day surprise question’ to predict prognosis of advanced 
cancer patients with impending death: multicenter prospective 
observational study. Cancer Med. 2021;10(3):1018–26. ​h​t​t​p​s​:​​​/​​/​d​o​​
i​.​o​​r​​g​​/​​1​0​​.​1​0​​​0​2​/​​c​​a​m​4​.​3​6​8​9.

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

26.	 Escobar Pinzón LC, Claus M, Zepf KI, Fischbeck S, Weber M. 
Symptom prevalence in the last days of life in Germany: the role 
of place of death. Am J Hosp Palliat Care. 2012;29(6):431–7. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​1​0​​4​9​9​0​9​1​1​1​4​2​5​2​2​8.

27.	 Kirkova J, Walsh D, Rybicki L, Davis MP, Aktas A, Tao, Jin, et al. 
Symptom severity and distress in advanced cancer. Palliat Med. 
2010;24(3):330–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​/​0​2​​6​9​2​1​6​3​0​9​3​5​6​3​8​0.

28.	 Mao S, Liu L, Miao C, Wang T, Chen Y, Jiang Z, et al. Electronic 
symptom monitoring for home-based palliative care: a systematic 
review. Palliat Med. 2024;38(8):790–805. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​7​7​​
/​0​2​​6​9​2​1​6​3​2​4​1​2​5​7​5​7​8.

29.	 van Hylckama Vlieg MAM, Pot IE, Visser HPJ, Jong MAC, van 
der Vorst MJDL, van Mastrigt BJ, et al. Appropriate medication 

1 3

555

https://doi.org/10.1186/s12904-023-01334-x
https://doi.org/10.1186/s12904-023-01334-x
https://doi.org/10.1002/cam4.3689
https://doi.org/10.1002/cam4.3689
https://doi.org/10.1177/1049909111425228
https://doi.org/10.1177/1049909111425228
https://doi.org/10.1177/0269216309356380
https://doi.org/10.1177/02692163241257578
https://doi.org/10.1177/02692163241257578

	Titelblatt_Tenge_final
	Tenge_Wireless
	﻿Wireless patches for continuous vital sign monitoring, symptoms and medication at the end-of-life in the palliative care unit: A prospective observational study
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Methods
	﻿2.1﻿ ﻿Study design & population
	﻿2.2﻿ ﻿Data collection
	﻿2.3﻿ ﻿Data analysis

	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Study cohort and patch data
	﻿3.2﻿ ﻿Symptoms
	﻿3.3﻿ ﻿Medication
	﻿3.4﻿ ﻿Vital signs
	﻿3.5﻿ ﻿Correlation between symptoms and vital signs

	﻿4﻿ ﻿Discussion
	﻿4.1﻿ ﻿Main findings
	﻿4.2﻿ ﻿What this study adds
	﻿4.3﻿ ﻿Strengths and limitations of the study

	﻿References



