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Introduction

“When will I be discharged from the hospital?” is one of the 
most commonly questions asked by patients. Home discharge 
is a major challenge for patients with advanced cancer as 
well as their families and health care professionals (1). The 
likelihood and the time point of discharge are important 
for planning discharge management. In contrast to other 
fields of medicine, we have few validated tools to predict 
the likelihood of discharge in patients with advanced cancer 
(1,2). The improvement of symptoms on the Edmonton 
symptom assessment scale (ESAS) is a validated tool for 
the assessment of physical symptoms in palliative care. It 

constitutes an important prognostic factor and is correlated 
with the improvement of survival (3). However, at the time 
of admission to a palliative care unit (PCU) one cannot 
predict whether the patient’s symptoms will improve. 
Estimation of the probability of discharge in such patients 
has not been investigated yet. In an EU-wide assessment it 
was found that friends and relatives provided three billion 
unpaid care hours (5.2 hours per EU citizen), amounting to 
about 23.2 billion Euros (4). Thus, discharge is obviously 
a major challenge for patients with advanced cancer and 
their families. Referral to palliative care tends to occur 
rather late. In view of the high cost of palliative care and 
the fact that functionally dependent patients are unlikely 
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to return home (5,6), it would be meaningful to focus 
on prognosis as well as the likelihood of discharge. A 
predictor of home discharge at the time of admission 
would enable caregivers to accompany patients and 
family members effectively through this process. It would 
also permit timely organization of home care, ideally 
enabling a patient to spend as much time as possible in 
the home environment. We hypothesized that analysis 
of the autonomic nervous system and the detection of 
dysautonomia might influence the likelihood of patients 
being discharged from a PCU and serve as a predictor. 
Autonomic dysfunction is associated with shorter survival. 
Every organ in the body is innervated by the autonomic 
nervous system. In advanced cancer patients, dysfunction 
of the autonomic nervous system identified by measuring 
heart rate variability (HRV) was found to be associated 
with a lower performance status and shorter survival (7,8). 
A patient population being admitted to a PCU has not 
been studied so far. We hypothesized that the degree of 
autonomic dysfunction is correlated with a shorter survival 
probability. Analysis of HRV is a means of obtaining data 
on standardized parameters of the autonomic nervous 
system. Sinus node cells generate a basal rhythm, which 
is modulated by the autonomic nervous system. Usually 
the ECG-RR interval changes with each heartbeat. An 
unchanged heart rate is regarded as an unfavorable clinical 
sign. Measurement of HRV provides standard parameters 
for the function of the autonomic nervous system. It is 
measured as the standard deviation of total normal R-R 
intervals. HRV has been poorly investigated in palliative 
care. Dysregulation of the autonomic nervous system is a 
common phenomenon in patients with advanced cancer (9). 
A limited body of data have demonstrated the stability 
of HRV on 24-hour monitoring, with 24-hour indices 
being stable and free of the placebo effect (10). Chronic 
stress causes a vegetative imbalance and weakening of the 
sympathetic and parasympathetic nervous system. The 
inflammatory response is regulated by the nervous system, 
which also controls heart rate and other vital functions. In 
the absence of precise regulation, deficiencies or excesses 
of the inflammatory response increase morbidity and 
reduce life expectancy (11). Pain increases sympathetic 
activity and decreases vagal-parasympathetic activity (12). 

Fairchild et al. evaluated the ability of a multidisciplinary 
team to predict patients’ discharge and concluded that the 
most common factors influencing correct prediction were 
the Karnofsky performance status scale (KPS), the extent of 
disease, and histology (13). 

The purpose of this prospective study was to determine 
whether measurement of the autonomic nervous system 
would help in predicting patients’ discharge from a PCU. 
KPS and palliative performance scale (PPS) were also 
assessed. KPS and PPS serve to measure the level of patient 
activity as well as requirements for medical care, and have 
been widely used for the general assessment of patients 
suffering from cancer (14-17).

Materials and methods

We conducted a prospective single-center cohort study 
to identify the association between measurement of the 
autonomic nervous system and the likelihood of discharge. 
The study period extended from August 2012 to August 
2013. Sixty consecutive patients suffering from advanced 
cancer, who were admitted to a PCU, consented to the 
investigation and were able to communicate, were included 
in the study. The study assistant visited the ward without 
prior notice and included all patients admitted on the 
respective day, who fulfilled the inclusion criteria. The 
PCU at the Medical University of Vienna is hospital based, 
comprises 12 beds, and mainly attends to cancer patients. 
Its principal task in this regard is to improve the health of 
patients with advanced cancer and assist their families in 
transferring the patients to home care supported by mobile 
palliative teams. Based on statistics, about 50% of patients 
achieve this goal while the remaining patients die at the 
ward. The mean length of the patients’ stay at the ward 
is 14 days. Patients with atrial fibrillation, arrhythmias, 
those taking beta blockers, patients with a pacemaker, and 
heart- or lung-transplanted patients were excluded from 
the study because physiologic HRV is no longer present 
in these conditions. The study was approved by the local 
ethics committee. Written informed consent was obtained 
from each patient. KPS and PPS were rated by one of three 
doctors of the palliative care team. Twenty- to 24-hour peak-
to-peak HRV measurement with a sampling rate of 4,000 Hz 
(Medilog® AR12plus) was performed. HF, LF, total power, 
PNN50 and LOG LF/HF, serving as benchmarks of total 
heart rate, were measured (Supplement 1). 

Linear correlation was checked between recorded 
parameters and the number of days of hospitalization (from 
admission to discharge). Discharge was defined as either 
the day of discharge from hospital or the day of death. 
All statistical analysis was performed using the Statistical 
Package for Social Sciences (SPSS) 17.0 software (SPSS 
Inc., Chicago, IL, USA). P values <0.05 (α) were considered 
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to indicate statistical significance; all tests were two-sided 
if not mentioned otherwise. Median, range (minimum to 
maximum), mean and standard deviation were applied for 
description of data, as well as percentages (of valid cases). 
For comparing means/medians in two samples, t-tests 
(parametric test for two independent samples) or the Mann-
Whitney U-test (nonparametric test for two independent 
samples) were used. Multivariate testing of mean differences 
between discharged and deceased patients by analysis 
of variance was not permitted for HRV parameters 
(homogeneity of variances and covariances was not given), 
so alternatively t-tests and Bonferroni correction was 
applied. Multivariate testing was permitted for parameters 
of mobility (homogeneity of variances and covariances were 
given). Bivariate linear relations were checked by Pearson’s 
r (for interval-scaled variables) or Spearman’s ρ correlations 
(nonparametric). 

Results

Sixty patients were included in the study (26 men and 
34 women; 43.3% versus 56.7%). Discharge was achieved 
in 45% of patients (27/60) while 55% of patients (33/60) 
died at the PCU. On the basis of our exclusion criteria 
approximately 15% of all patients admitted between August 
2012 and August 2013 were excluded from the study. 

The study cohort consisted of a heterogeneous group 
of malignancies, of which lung (36%) and breast cancer 
(32.4%) were the most common ones (Table 1). The patients’ 
median age was 64 years (range, 41-88 years). The median 
duration of stay for discharged patients was 15.2 days 
(range, 2-37 days) while the median duration of stay for 
deceased patients was 13.6 days (range, 3-57 days; P=0.541). 
A significant mean difference could not be determined for 
any HRV parameter. However, some descriptive differences 
were observed. Mean HF (vagal activity) and total power 
(total variability) tended to be higher in patients who were 
discharged than in those who died, but did not achieve 
significance (Table 2). Considering the subgroup of patients 
who were discharged, and correlating HRV parameters with 
the days until discharge, we noticed a negative correlation 
(higher HRV values were associated with a lower number of 
days until discharge), but the correlations were minor and 
not significant. In deceased patients, the correlation between 
HRV parameters and the number of days until death was 
not significant. The absence of significance may have been 
due to the limited sample size and the heterogeneous nature 
of the sample (large standard deviations). Median KPS on 

admission was 56.2 (range, 40-80) for the entire cohort, and 
was significantly higher in discharged patients (60.7; range 
40-80) compared to deceased patients (52.4; range 40-80; 
P=0.008 multivariate; P=0.002 univariate). Median PPS 
on admission was identical with median KPS on admission 
(56.2; range 40-80) for the entire group of patients, and was 
significantly higher in discharged patients (60.7; range 40-
80) than in deceased patients (54.2; range 40-80; P=0.008 
multivariate; P=0.002 univariate). Median PPS was similar 
in discharged patients (22.3%; range 16-34) and deceased 
patients (23.0%; range 18-35; P= ns). Higher KPS or PPS 
scores were associated with a greater number of days until 
death. Among patients who died, lower KPS and PPS 
scores were correlated with the number of days until death. 
Higher KPS and PPS were significant predictors of the 
likelihood of discharge. 

Discussion

Home discharge after hospital admission to an inpatient 
PCU is a major challenge for patients with advanced cancer 
as well as their professional and family caregivers. Data 
concerning prognosis in this context are scarce. Referral 
to a specialized palliative care center usually occurs late in 
the course of the disease (5). Palliative care inpatients defy 
simple comparison because of the heterogeneity of their 
malignant diseases and disease-specific demands. It would 
be useful to predict a patient’s propensity for deterioration 
at the time of his/her admission to a PCU. Symptoms such 
as fatigue, weakness, poor intake of food and fluids, reduced 
cognition, a gaunt appearance, or difficulties in swallowing 
medicine might be signs of approaching death. The reasons 
for referral to a PCU are mainly pain and emotional burden 
by way of anxiety, depression, or grief (18). The circadian 
rhythm is frequently disturbed in patients undergoing 
palliative care treatment. Their quality of life may be 
impaired by the burden of symptoms, pain, fatigue, sleeping 
difficulties, or a poor performance status. 

Measurement of HRV is a simple and non-invasive tool. 
Although HRV data did not achieve significance in respect 
of discharge in the present study, the measurement of 
HRV might provide information about a patient’s circadian 
rhythm. Patients with advanced cancer are known to have 
similar HRV components during the day and at night, thus 
indicating abolishment of circadian fluctuations in HRV. 
In practical terms, this might serve as an indication for the 
severity of autonomic dysfunction and could be used to 
better estimate the chances of patients being discharged. 
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If future studies were to establish the significance of this 
parameter, it may be easier for clinicians to decide, at the 
very start of a patient’s hospitalization, whether he/she will 
be eventually discharged to go home.

Twenty-hour HRV measurement is a non-invasive tool for 
assessing a patient’s circadian rhythm. In studies conducted 
thus far, the measurement of HRV has been mainly used 

in cardiology. The significance of HRV as an independent 
parameter of cardiovascular risk has been established in 
several studies (19-23). These studies show that HRV 
might serve as a prognostic parameter. HRV-measurement 
is performed with a small portable five-point ECG. This 
non-invasive and painless procedure was performed 
over 24 hours after admission and did neither lead to 

Table 1 Type of cancer for the total group of patients, for women and men and for discharged and deceased patients

Diagnosis Total (%) (n=60) Women (%) (n=34) Men (%) (n=26) Discharged (%) (n=27) Died (%) (n=33)

Lung cancer 11.4 20.6 15.4 23.1 15.2

Breast cancer 11.0 32.4 0.0 19.2 18.2

Cholangiocellular carcinoma 7.0 8.8 15.4 7.7 12.1

Ovarian cancer 5.0 14.7 0.0 3.8 12.1

Pancreatic cancer 5.0 0.0 19.2 11.5 6.1

Colon cancer 4.0 0.0 15.4 7.7 6.1

Head-neck tumor 3.0 8.8 0.0 7.7 3.0

Acute myeloid leukemia 2.0 0.0 7.7 0.0 6.1

Anal cancer 1.0 0.0 3.8 0.0 3.0

Cervical cancer 1.0 2.9 0.0 0.0 3.0

Esophageal cancer 1.0 2.9 0.0 3.8 0.0

Hepatocellular carcinoma 1.0 0.0 3.8 0.0 3.0

Leiomyosarcoma 1.0 2.9 0.0 0.0 3.0

Mesothelioma 1.0 0.0 3.8 3.8 0.0

Multiple myeloma 1.0 0.0 3.8 3.8 0.0

Prostate cancer 1.0 0.0 3.8 3.8 0.0

Renal cell cancer 1.0 0.0 3.8 0.0 3.0

Urothelial cancer 1.0 0.0 3.8 3.8 0.0

n.n. 2.0 5.9 0.0 0.0 6.1

n.n., not named.

Table 2 Measures of heart rate variability (HF, LF, total power, PNN50, Log HF/LF), KPS and PPS for the total group of patients, for 
discharged and for deceased patients. 

Parameter
Total Discharged Deceased

n Mean SD Min Max n Mean SD Min Max n Mean SD Min Max

HF 60 100.67 180.14 0.05 953.1 27 124.71 226.66 2.7 953.1 33 81 131.15 0.05 626.4

LF 60 164.55 464.05 0.22 3,337.8 27 158.56 279.64 1.2 1,379.6 33 169.46 577.45 0.22 3,337.8

Total power 60 939.87 1,659.62 9.3 10,785.6 27 1,106.31 1,417.44 9.3 4,778.3 33 803.68 1,844.83 22.6 10,785.6

PNN50 60 6.64 10.39 0.02 52.14 27 6.6 11.25 0.12 52.14 33 6.67 9.81 0.02 39.53

Log HF/LF 60 0.73 1.25 0.87 4.83 27 1.03 1.45 -0.3 4.83 33 0.48 1.02 –0.87 3.27

KPS 60 56.2 10.6 40 80 27 60.7 10.4 40 80 33 52.4 9.4 40 80

PPS 60 56,2 10.6 40 80 27 60.7 10.4 40 80 33 52.4 9.4 40 80

KPS, Karnofsky performance status scale; PPS, palliative performance scale.
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any physical inconvenience nor ethical difficulties in the 
included patients or their relatives. 

Conclusions
 

We conclude that the subject calls for further investigation. 
The deterioration of the autonomic nervous system in cancer 
patients is known to be a predictor of death (8). The mean 
survival of patients who died was a mere 13.6 days while that 
of discharged patients was definitely longer, although we 
did not measure the latter. 

Apart from prognostic reasons, the likelihood of discharge 
from a PCU would give patients the opportunity to organize 
their lives. Therefore, the probability of discharge from 
PCUs warrants further investigation. Discharge requires 
that symptoms such as dyspnea, nausea or pain are on the 
wane. On the other hand, “the going-home initiative” (24) 
can not be achieved by symptom control alone, but requires 
preparation of the home environment as well. Discharge is 
a difficult, sensitive and complex issue (25). There appears 
to be a “common pathway toward death” for malignant 
and nonmalignant diseases, as found by Solano et al., 
who investigated characteristic symptoms among end-
stage patients with cancer, acquired immunodeficiency 
syndrome (AIDS), heart disease, chronic obstructive 
pulmonary disease, or renal disease. Pain, breathlessness, 
and fatigue were registered in more than 50% of patients 
for all five diseases (26). In the best interest of patients 
it would be meaningful to take their wishes into account. 
Therefore, it would be helpful to draft a realistic plan 
of achievable goals between the palliative care team, the 
patients, and their families. 

The limitations of the present study include the small 
sample size and the heterogeneous nature of the patient 
population. At this point we have to refer to our exclusion 
criteria. Patients who did not give their consent or who 
were not able to communicate appropriately were excluded 
from the study. All of the patients that fulfilled the inclusion 
criteria agreed to participate. Due to the study design and 
the fact that almost all patients were admitted to the PCU 
for the first time, we were unable to compare the obtained 
HRV parameters with earlier measurements of HRV. We 
recommend further studies to investigate the association 
between reduced HRV parameters and a lower likelihood 
of discharge. KPS and the PPS are established tools (27,28) 
and did provide important information in the present study. 
The data indicate that KPS and PPS are reliable, simple, 
easy to assess, and of significant importance in palliative 

care. As time-consuming assessment is not always possible 
in clinical routine, KPS and PPS might serve as important 
guides for discharge. Furthermore, discharge management 
should receive the clinician’s attention at the very beginning 
of a patient’s in-hospital stay.
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Supplementary material

Supplement 1: Components of HRV

HF: High frequency is a band of power spectrum ranging 
from 0.15 to 0.4 Hz, and reflects parasympathetic (vagal) 
activity. It is calculated in milliseconds squared (ms²), and 
is also known as the ’respiratory band‘ because of variations 
due to respiration. Heart rate increases during inhalation 
and decreases during exhalation, which is known as 
respiratory sinus arrhythmia.

LF: Low frequency is a band of power spectrum 
ranging from 0.04 to 0.15 Hz. It reflects both sympathetic 
and parasympathetic (vagal) activity, and is calculated 
in milliseconds squared (ms²). Generally it is a strong 
indicator of sympathetic activity. When the respiratory rate 
is lower than 7, parasympathetic influence is represented 
by LF. LF values may be high in a relaxed state, indicating 
parasympathetic activity.

TP: Total power is the subsumption of measurements 
between 0.003-0.4 Hz, and serves as a benchmark of total 
variability. It is calculated in milliseconds squared (ms²) 
and reflects overall autonomic activity, where sympathetic 
activity is a primary contributor. 

PNN50: Measure of the percentage of successive RR 
intervals which differ from one another by more than 50 
ms; higher parasympathetic (vagal) activity results in higher 
pNN50 values.

LOG LF/HF: Ratio between the power of low-frequency 
and high-frequency bands. It indicates overall balance 
between sympathetic and parasympathetic (vagal) activity. 
Higher values reflect domination of the sympathetic system, 
lower levels reflect domination of the parasympathetic 
system. LOG LF/HF indicates overall balance between the 
sympathetic and parasympathetic system and can be used to 
quantify the overall balance between the sympathetic and 
parasympathetic system.


