
https://doi.org/10.1177/0269216319861927

Palliative Medicine
2019, Vol. 33(9) 1221–1231
© The Author(s) 2019
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/0269216319861927
journals.sagepub.com/home/pmj

Validation of a palliative care outcome 
measurement tool supplemented by  
neurological symptoms (HOPE+):  
Identification of palliative concerns of 
neurological patients

Kim Dillen1 , Markus Ebke2,3, Andreas Koch1, Ingrid Becker4,  
Christoph Ostgathe5, Raymond Voltz1,6,7,8 and Heidrun Golla1,6

Abstract
Background: There is growing interest to integrate palliative care and its structures into the care of neurological patients. However, 
in Germany there is no comprehensive assessment tool capturing the symptoms of patients with advanced neurological diseases.
Aim: To validate a newly developed palliative care measurement tool based on an extension of the validated core documentation 
system Hospice and Palliative Care Evaluation considering additional neurological issues (HOPE+).
Design: Prospective, observational study using HOPE+ and as external criteria, the Eastern Cooperative Oncology Group (ECOG) 
performance status and the 12 months “surprise” question (12-SQ) in a neurological population, and assessment for its construct 
validity and diagnostic accuracy.
Setting/participants: All newly admitted patients to the Department of Neurorehabilitation, Dr. Becker Rhein-Sieg-Clinic aged 18–
100 years (#DRKS00010947).
Results: Data from 263 patients (63 ± 14 years of age) were analyzed. HOPE+ revealed a moderately correlated six-factor structure 
(r = –0.543–0.525). Correlation analysis to evaluate discriminant validity using ECOG as external criterion was high (rs(261) = 0.724, 
p < 0.001) and confirmed for severely affected patients by adding the 12-SQ (“No”-group: 48.00 ± 14.92 vs “Yes”-group: 18.67 ± 7.57, 
p < 0.009). Operating characteristics show satisfactory diagnostic accuracy (area under the curve: 0.746 ± 0.049, 95% confidence 
interval = 0.650–0.842).
Conclusion: HOPE+ demonstrates promising psychometric properties. It helps to assess palliative care issues of patients in 
neurological settings and, in combination with the 12-SQ, conceivably conditions when to initiate the palliative care approach in a 
population underrepresented in palliative care structures so far.
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What is already known about the topic?

•• Outcome measurements in palliative care have primarily been developed on the basis of the leading population in pal-
liative care structures, that is, oncological patients.

•• Detecting neurological patients in need of palliative care and its services remains challenging in Germany and many 
other countries due to the lack of a comprehensive measurement tool for this patient population.

What this paper adds?

•• This validation study demonstrates promising psychometric properties of a new measurement tool (HOPE+) capturing 
palliative care concerns of neurological patients.

•• HOPE+ has potential for an improved prognosis estimation in neurological patients.

Implications for practice, theory, or policy

•• HOPE+ is an easy to handle outcome measurement tool feasible during clinical routine of neurologists.
•• HOPE+ helps to identify neurological patients in need of palliative care and its services.

Introduction
In recent years, there has been a gradual shift toward 
integrating patients other than cancer patients into pallia-
tive care,1,2 that is, the number of cancer patients cared 
for in German palliative and hospice care structures 
decreased from 95% in 2005 to 76% in 2017 while the 
number of patients diagnosed with incurable neurological 
diseases increased from 0.8% to 4.8%. Yet, neurological 
patients are still underrepresented in German palliative 
and hospice care structures considering the high inci-
dence and prevalence of severe neurological diseases 
including neurodegenerative or vascular diseases. This is 
also evident from the comparably low number of neuro-
logical patients in palliative care worldwide. For example, 
in the United States, only 8% of patients in palliative care 
structures have a neurological disease.3

Concurrently, on an international level, there is grow-
ing interest among neurologists to become more knowl-
edgeable in palliative care and numerous studies advocate 
palliative care training for neurologists,1,4–8 and vice versa, 
the need for neurological expertise within palliative care 
health professionals.1,2,6 Pursuing this, a combined neuro-
palliative care approach is self-evident. An important pre-
requisite for integrating neurological patients into 
palliative care is a proper assessment tool, which recog-
nizes palliative care concerns comprehensively. This will 
allow for the development of an effective palliative care 
treatment plan including timely advanced care planning, 
conversation on prognosis and disease course, and refer-
ral to palliative and hospice care structures. However, due 
to the different disease trajectories and health care needs 
of neurological patients compared to those of cancer 
patients,1,6 typical international palliative care assessment 
tools (e.g. Palliative Care Outcome Scale (POS),9 Edmonton 
Symptom Assessment Schedule,10 the Palliative Care 
Assessment)11 fail to capture the comprehensive symp-
tom burden of neurological patients in need of palliative 

care. One reason is that palliative care outcome measure-
ments were initially developed on a population mainly 
consisting of palliative cancer patients as they repre-
sented the main palliative care population during the 
modern palliative and hospice care movement.9–12 As 
such, they do not sufficiently evaluate neuropsychiatric 
symptoms, for example, cognitive deficits or behavioral 
changes.6,9–11,13 One example of such an outcome meas-
urement, widely used in Germany, is the symptom check-
list of the core documentation system Hospice and 
Palliative Care Evaluation (HOPE-SP-CL), which also 
includes an assessment of the Eastern Cooperative 
Oncology Group (ECOG) performance status.14–16 Previous 
research suggested that the HOPE-SP-CL might be appro-
priate for use in non-oncological patients such as neuro-
logical patients if extended by proper symptoms.14

In a first attempt to assess neuropsychiatric symptoms 
in palliative care patients with Glioblastoma, a previous 
study included free-text entries into the standard assess-
ment (HOPE including HOPE-SP-CL and ECOG as well as 
the POS)9,14–19 and concluded that these assessment tools 
should be revised accordingly for such patient groups.20 
The current study uses the neuropsychiatric categories 
found in this study20 and extends them with palliative care 
concerns of neurological patients described in previous 
studies.21–28 This resulted in a symptom checklist of 13 
neurological items (which we will refer to as “HOPE-
Neuro” for the remainder of the paper). The HOPE-Neuro 
in conjunction with the HOPE-SP-CL and ECOG (which we 
will name “HOPE+”) serves as groundwork for develop-
ment of an assessment tool suitable for neurological 
patients who might be in need of palliative care. One fur-
ther aspect of this comprehensive assessment tool is the 
additional use of the 12 months “surprise” question (12-
SQ) as recommended by the German national S3 pallia-
tive guideline for oncological patients29 to predict an 
opportune time to initiate palliative care.30 A poor prog-
nosis estimation, that is, “No, I would not be surprised if 
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my patient would die within the next 12 months” indi-
cates instant integration of the palliative care approach 
into the care of the respective patient.

To explore the suitability of the HOPE+ in combination 
with ECOG and 12-SQ, we here investigated its validity on 
a sample of neurological patients. We thus evaluated the 
diagnostic and psychometric properties of HOPE+ and 
compared them to those of the well-established and vali-
dated HOPE-SP-CL.14

Methods

Participants
Patients between the ages of 18 and 100 (of all genders) 
were recruited from the Rehabilitation Center Dr. Becker 
Rhein-Sieg-Klinik, Department of Neurorehabilitation, in 
Nümbrecht over a 7-month period commencing in August 
2016. All newly admitted patients were assessed by the 
attending neurologist (totaling M.E. as head of the depart-
ment, one senior physician, and three assistant physi-
cians) with 12-SQ and HOPE+ including a 1-year follow-up 
to ascertain the patients’ survival status. Only patients 
with “palliative care-relevant illnesses” were included into 
the analysis of the current study.

All study participants, or a legal representative, pro-
vided written informed consent. The study was approved 
by institutional local ethics review boards of the North 
Rhine Medical Chamber and the University Hospital of 
Cologne (#16-118 on 10 August 2016), registered at the 
German Clinical Trials Register (#DRKS00010947 on 10 
August 2016) and in accordance with the Declaration of 
Helsinki.31

Outcome measurements
In Germany, palliative health care specialists routinely use 
the standardized documentation tool HOPE, developed in 
1996 by a multi-disciplinary working group with annual 
revisions and extensions during a 3-month evaluation 
period since 1999.15,16,32 The core documentation tool 
assesses demographic data, diagnosis, course of treat-
ment and therapeutic intervention, performance status, 
medication, and symptom burden. The latter has been 
evaluated categorically in 2001 using free-text entries for 
physical, psychological, nursing, social, and other prob-
lems resulting in the currently used 17-item HOPE-SP-CL 
for use by palliative health care specialists.15 In its current 
form, it covers physical symptoms (pain, nausea, vomit-
ing, dyspnea, constipation, weakness, loss of appetite, 
tiredness), nursing problems (wound care, assistance with 
activities of daily living), psychological symptoms (feeling 
depressed, anxiety, tension, disorientation/confusion), 
and social needs (organization of care, overburdening of 
family), and concludes with an open-ended question for 

additional symptoms. The German version has been vali-
dated and evaluated using data from palliative care spe-
cialists in palliative care units, hospices, nursing services, 
oncology, and geriatric wards.14,33

In the current study, HOPE-Neuro was added to HOPE-
SP-CL for use in neurological health care structures by 
health care professionals other than palliative care.13,20 
HOPE-Neuro includes symptoms of intracranial pressure, 
epileptic seizures, sensory disturbances, sensitive deficits, 
motor disturbances, dysphagia, spasticity, vegetative dis-
turbances, neuropsychological disorders, quantitative dis-
turbance of consciousness, symptoms of delirium, change 
in personality, and loss of autonomy. All items have been 
discussed carefully among a multi-disciplinary team of 
neurologists and palliative care physicians (H.G., R.V., 
M.E., A.K.).

The response categories for both HOPE-SP-CL and 
HOPE-Neuro range from 0 (none) to 3 (severe). The total 
score is obtained by summing the item scores, that is, 
HOPE-SP-CL 0–51, HOPE-Neuro 0–39, and HOPE+ 0–90. 
The ECOG performance status is used as standard criteria 
by clinicians to examine a patient’s daily living activities 
and how a disease affects a patient’s level of functioning. 
As such, we applied the ECOG as external validation crite-
rion following Stiel et al.14 It has scores ranging from 0–5, 
wherein 0 is fully active and 5 is dead. However, at base-
line, the highest possible score given was 4, completely 
disabled.

“Surprise”-question
The 12-SQ, in this study utilized as a second external vali-
dation criterion, is commonly used for prognosis estima-
tion and to predict the need for integration of palliative 
care services into the care of patients.29,30,34 It was 
answered by the attending neurologist based on clinical 
impression. Patients who were given a poor prognosis 
(“No, I would not be surprised”) were then classified as 
“No”-group while patients who were given a good prog-
nosis (“Yes, I would be surprised”) were allocated to the 
“Yes”-group.

Statistical analyses
Descriptive statistics were calculated using SPSS software 
(v.25, SPSS, Inc., Chicago, IL). To test for normality, the 
Kolmogorov–Smirnov Test was applied.

A multitude of statistical tests was performed to assess 
the validity of HOPE+. Construct validity was measured 
by a factor analysis and by evaluating discriminant valid-
ity. The exploratory factor analysis was conducted using 
the principal axis method with the direct oblimin rotation. 
This approach allows for creation of meaningful factors 
potentially correlating with each other. Only factors with 
an eigenvalue >1 were extracted. Prior to extraction of 
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factors, we assessed the suitability of the data for factor 
analysis using the Kaiser–Meyer–Olkin Measure of 
Sampling Adequacy (KMO) and Bartlett’s test of spheric-
ity. As direct comparison to the direct oblimin approach 
(oblique rotation allowing factors to correlate), we also 
performed factor analysis using the more traditional  
varimax approach (orthogonal rotation keeping factors 
independent/uncorrelated). Discriminant validity was 
assessed by evaluating the dependency with the ECOG 
performance status.18,19,35 This should allow for a poten-
tial differentiation of patients with higher symptom bur-
den who are impacted more severely in their level of 
functioning compared to patients with lower symptom 
burden and minimal impact on their daily living abilities. 
First, Spearman’s rank correlation coefficients were com-
puted to test the association between HOPE sum scores 
and ECOG. Second, pair-wise comparisons of HOPE sum 
scores stratified by ECOG were calculated using the 
Kruskall–Wallis H Test for HOPE-SP-CL and HOPE+. Post 
hoc comparisons were carried out using Bonferroni’s pro-
cedure at p < 0.05. To extend the discriminatory power of 
both scales stratified by ECOG to the classification results 
of the 12-SQ, the “Yes”-group was statistically compared 
to the “No”-group. The combination of using the ECOG 
with the 12-SQ is plausible as lower functioning patients 
are more likely to die within the next 12 months than 
highly functioning patients.30 Third, the Mann–Whitney U 
Test was used to test whether HOPE+ could distinguish 
between patients who were expected to survive the allo-
cated period of 1 year according to the physicians’ 
response to the 12-SQ at time of admission and those 
with a poorer prognosis who might then be appropriate 
for referral into palliative care. Mean values and standard 
deviation (SD) are reported for ease of understanding 
instead of median and quartiles.

Discriminant validity was extended after ascertaining 
the patients’ survival status. Following the initial analysis, 
Spearman’s rho was calculated between HOPE sum scores 
and survival status. The Mann–Whitney U Test was then 
applied to differentiate deceased patients from patients 
who were still alive after 12 months, with and without 
stratification by ECOG.

To assess whether one of the two scales is diagnosti-
cally superior, the Mann–Whitney U Test was first applied 
comparing weighted scores (by number of items) of both 
scales in the 12-SQ “yes” versus “no” group as well as in 
the survival status “deceased” versus “still alive” group of 
patients. Logistic regression analyses were then con-
ducted for both scales to identify which scale best pre-
dicted 12-month mortality. The predictive validity of both 
scales was further evaluated comparing the areas under 
the curve (AUCs) by means of receiver operating charac-
teristics (ROCs) analyses. ROC analyses allow for graphical 
plotting of sensitivity and specificity for all possible cut-off 
points. We chose for an optimal cut-off that maximizes 

both sensitivity and specificity, aiming for higher sensitiv-
ity relative to specificity. The AUCs are defined as meas-
ures of diagnostic accuracy.

Results

Demographic information
From 10 August 2016 until 10 March 2017, a total of  
634 patients were newly admitted to the Dr. Becker 
Rhein-Sieg-Klinik in Nümbrecht, Department of 
Neurorehabilitation. Only patients—or their legal repre-
sentatives—who gave written informed consent, being 
diagnosed with a “palliative care-relevant illness” and 
of whom complete data sets existed were evaluated. 
Therefore, 371 patients could not be recruited into the 
current study due to missing informed consent (n = 137), 
“non-palliative care-relevant illnesses” (n = 16), or 
incomplete data sets (n = 218). Demographical charac-
teristics of the remaining 263 participants are presented 
in Table 1. Both the classification of diagnoses and reha-
bilitation phases are described in detail elsewhere.30 
Each HOPE+ assessment was complete and lasted 
approximately 15 min.

At time of 12-month follow-up, 190 patients were still 
alive, 33 have deceased, and 40 were considered drop-
outs due to unattainability via the phone.

Construct validity
Factor analysis. Exploratory factor analysis revealed 
six factors, explaining 56.3% of the total variance. The 
suitability of the data for factor analysis was confirmed 
by the Bartlett’s test (p < 0.001) and the KMO (0.890). 
Factor loading coefficients of ⩾0.3 on at least one fac-
tor were considered significant for the current study,36 
factor loading coefficients of ⩾0.2 were considered 
acceptable if deemed clinically important. As a result, 
additional symptoms (0.194) were removed from fur-
ther analyses. Factor loadings on epileptic seizures 
(0.201, factor 1), dyspnea (–0.293, factor 4), and 
wound care (0.203, factor 5) were weak but were 
maintained due to their clinical importance. The 
results of the rotated loadings of the remaining 29 
HOPE+ items on each of the six factors are shown in 
Table 2 (the results of the varimax approach can be 
found in the Supplemental File S2 and are comparable, 
yet not identical to the results of the direct oblimin 
approach). Extracted factors showed moderate inter-
correlations of r = –0.543–0.525.

Discriminant validity.  Correlation analyses revealed mod-
erate to strong positive correlations between ECOG and 
HOPE-SP-CL (rs(261) = 0.646, p < 0.001) as well as HOPE+ 
sum scores (rs(261) = 0.724, p < 0.001).

https://journals.sagepub.com/doi/suppl/10.1177/0269216319861927
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Pair-wise comparisons of HOPE+ (Figure 1, top) and 
HOPE-SP-CL sum scores (Figure 1, bottom) stratified by 
ECOG showed significant differences in their level of func-
tioning. Only patients with either high (grade 0 vs 1) or low 

(grade 3 vs 4) levels of functioning did not differ signifi-
cantly for either HOPE scale. High discriminant validity was 
further confirmed by increasing sum scores with worsening 
ECOG for HOPE+ (Table 3a, top) and HOPE-SP-CL (Table 3a, 
bottom), and additionally supported by adding the 12-SQ 
prognosis “yes” versus “no.” These two groups can statisti-
cally be differentiated only within ECOG 4.

Sum scores of HOPE-SP-CL (“yes”: 6.03 ± 4.465, “no”: 
13.87 ± 9.629, p < 0.001) and HOPE+ (“yes”: 
10.33 ± 6.600, “no”: 24.77 ± 17.549, p < 0.001) differed 
significantly between the 12-SQ groups.

After ascertaining the patient’s survival status, corre-
lation analyses indicate low discriminatory power of sur-
vival for HOPE-SP-CL (rs(221) = 0.261, p < 0.001) and 
HOPE+ (rs(221) = 0.303, p < 0.001). Similarly, no signifi-
cant difference was found for survival status stratified by 
ECOG for neither HOPE+ (Table 3b, top) nor HOPE-SP-CL 
(Table 3b, bottom). However, sum scores increased with 
ECOG for both groups (Table 3). Conversely, sum scores 
of HOPE-SP-CL (deceased: 12.27 ± 8.893, still alive: 
6.44 ± 4.879, p < 0.001) and HOPE+ (deceased: 
22.24 ± 15.879, still alive: 11.05 ± 7.310, p < 0.001) 
were significantly different for survival status irrespec-
tive of the level of functioning.

Predictive validity
Comparison of weighted HOPE scores resulted in null find-
ings for both the 12-SQ and the survival groups (Table 4). 
Regression analyses revealed that HOPE-SP-CL and 
HOPE+ added significantly to the model (β = 0.131, odds 
ratio (OR) = 1.140, 95% confidence interval (CI) = 1.077–
1.206, p < 0.001, and β = 0.093, OR = 1.098, 95% 
CI = 1.056–1.141, p < 0.001, respectively). Increasing 
scores of both scales were associated with an increased 
likelihood of dying. Operating characteristics of both 
scales are presented in Figure 2. The AUCs confirm that 
HOPE+ and HOPE-SP-CL can discriminate fairly well 
between survival groups. Pairwise comparisons revealed 
a slight tendency toward superior diagnostic accuracy for 
the HOPE+ relative to the HOPE-SP-CL; however, this  
difference was not significant (0.746 ± 0.049, 95% 
CI = 0.650–0.842 vs 0.712 ± 0.049, 95% CI = 0.616–0.808, 
respectively). When optimally chosen for a balanced 
trade-off between sensitivity and specificity, our results 
show identical sensitivity (HOPE+: 0.727 vs HOPE-SP-CL: 
0.727) and comparable specificity (HOPE+: 0.621 vs 
HOPE-SP-CL: 0.584) at a cut-off of 11.5 for the HOPE+ and 
6.5 for the HOPE-SP-CL.

Discussion
The purpose of this study was to evaluate the validity of 
HOPE+, a combination of HOPE-SP-CL14 and HOPE-Neuro, 
for use in neurological health care settings. Our results 

Table 1.  Demographic data at baseline (n = 263).

n %

Age (years)
  Mean ± standard deviation 63 ± 14  
  Range 22–90  
Sex
  Male 153 58.2
  Female 110 41.8
Primary diagnoses
  Brain injury 13 4.9
  Critical illness polyneuropathy 11 4.2
  Dementia syndrome 2 0.8
  Hypoxic brain damage 2 0.8
  Infection of CNS 21 8.0
  Intracerebral hemorrhage 24 9.1
  Ischemic cerebral infarction 131 49.8
  Multiple sclerosis 14 5.3
  Neurodegenerative disorders 29 11.0
  Primary brain tumors 9 3.4
  Subarachnoid hemorrhage 4 1.5
  Subdural hematoma 3 1.1
Secondary diagnoses
  Bronchopulmonary diseases 54 20.5
  Cardiovascular diseases 177 67.3
  Diseases of the musculoskeletal system 17 6.5
  Infectious diseases 19 7.2
  Malignancies (excluding primary brain 

tumors)
16 6.1

  Neurological and psychiatric diseases 36 13.7
  Other internal diseases 88 33.5
Eastern Cooperative Oncology Group
  Grade 0: Fully active 22 8.4
  Grade 1: Restricted in physical activity 120 45.6
  Grade 2: Ambulatory and capable of 

self-care
50 19.0

  Grade 3: Capable of limited self-care 56 21.3
  Grade 4: Disabled 15 5.7
Rehabilitation phasea

  Phase B 25 9.5
  Phase C 105 39.9
  Phase D 133 50.6

CNS: central nervous system.
aGerman classification system characterizing type and intensity of 
neurological rehabilitation:
Phase B, early rehabilitation: Patients who are severely affected and 
might still suffer from disorders of consciousness. Intensive medical 
treatment may be required.
Phase C, subsequent rehabilitation: Patients still depend on high nurs-
ing and medical care. The aim is intensive mobilization.
Phase D, medical rehabilitation: Patients can actively participate in 
rehabilitation measures. The aim is regaining independence in activities 
of daily life.
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showed good construct validity, with six extracted factors 
and acceptable discriminatory power using the ECOG per-
formance status. Our data further suggest that HOPE+ is 
a suitable scale to capture palliative symptoms in neuro-
logical patients.

To the best of our knowledge, there is only one vali-
dated palliative care outcome measurement that incorpo-
rates neurological symptoms in patients with long-term 
neurological conditions, named IPOS Neuro-S8.36 A major 
difference between the IPOS Neuro-S8 and HOPE+ is that 
the latter evaluates the incidence and intensity of symp-
tom burden while the IPOS Neuro-S8 assesses the impact 
of symptoms on a patients’ everyday life within the past 
3 days. Also, the IPOS Neuro-S8 has not been validated in 

the German language and in Germany, HOPE has been 
established nationwide. HOPE+ can now be translated 
into different languages and validated. It can then be of 
use in neurological health care settings around the world 
assessing the incidence and intensity of symptom burden 
which will help to identify neurological patients in need of 
palliative care.

Construct validity
The factor analysis generated a six-factor structure of mul-
tidimensional domains of symptoms. Factor 1 consists of 10 
neuropsychiatric items, 9 from HOPE-Neuro and the 10th 
representing the neuropsychiatric category of HOPE-SP-CL, 

Table 2.  Rotated factor loadings of the HOPE+.

Item Factors

  1 2 3 4 5 6

Factor 1: Neuropsychiatric symptoms
  Quantitative disturbance of consciousness 0.936  
  Symptoms of delirium 0.880  
  Dysphagia 0.627  
  Disorientation/confusion 0.542  
  Change in personality 0.540  
  Neuropsychological disorders 0.471  
  Vegetative disturbances 0.414  
  Sensory disturbances 0.375  
  Spasticity 0.330  
  Epileptic seizures 0.201  
Factor 2: Intracranial pressure symptomatology
  Nausea 0.977  
  Vomiting 0.753  
  Symptoms of intracranial pressure 0.436  
Factor 3: Increasing need for care and assistance
  Motor disturbances 0.816  
  Assistance with activity of daily living 0.792  
  Loss of autonomy 0.607  
  Overburdening of family 0.439  
  Organization of care 0.437  
  Sensation deficit 0.434  
Factor 4: Psychological burden and strongly associated symptoms
  Anxiety –0.915  
  Tension –0.878  
  Feeling depressed –0.747  
  Dyspnea –0.293  
Factor 5: Additional physical symptoms
  Pain 0.922  
  Constipation 0.347  
  Wound care 0.203  
Factor 6: Powerlessness
  Tiredness 0.650
  Loss of appetite 0.577
  Weakness 0.344

HOPE+: extension of the symptom checklist of the core documentation system Hospice and Palliative Care Evaluation by neurological symptoms.
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Figure 1.  Pair-wise comparisons of the sum score of the HOPE+ (top) and the HOPE-SP-CL (bottom) of patients stratified by ECOG 
performance status. All pair-wise comparisons were statistically different from each other at p < 0.05 (Bonferroni corrected), 
except grade 0 versus 1 and grade 3 versus 4.

Table 3.  Mean sum scores of both the HOPE+ (top) and the HOPE-SP-CL (bottom) by ECOG status performance and 12-SQa (a) and 
survival status (b).

a. “No”-group “Yes”-group p b. Deceased Still alive p

HOPE+ ECOG 0 2.00 (n = 1) 5.29 ± 3.67 (n = 21) 0.273 6.00 (n = 1) 4.38 ± 2.28 (n = 16) 0.588
  ECOG 1 13.15 ± 10.83 (n = 13) 7.91 ± 4.59 (n = 107) 0.210 7.67 ± 4.41 (n = 6) 8.33 ± 5.10 (n = 97) 0.827
  ECOG 2 14.88 ± 5.30 (n = 8) 12.21 ± 4.83 (n = 42) 0.194 13.20 ± 3.56 (n = 5) 12.26 ± 5.17 (n = 38) 0.543
  ECOG 3 23.81 ± 13.69 (n = 27) 19.34 ± 6.83 (n = 29) 0.522 21.08 ± 12.10 (n = 12) 11.17 ± 5.09 (n = 36) 0.820
  ECOG 4 48.00 ± 14.92 (n = 12) 18.67 ± 7.57 (n = 3) 0.009b 40.33 ± 13.23 (n = 9) 24.33 ± 15.63 (n = 3) 0.145
HOPE-SP-CL ECOG 0 2.00 (n = 1) 3.05 ± 2.87 (n = 21) 0.909 4.00 (n = 1) 2.31 ± 1.70 (n = 16) 0.353
  ECOG 1 7.92 ± 7.27 (n = 13) 4.65 ± 3.31 (n = 107) 0.252 4.33 ± 2.88 (n = 6) 4.88 ± 3.64 (n = 97) 0.766
  ECOG 2 9.25 ± 3.06 (n = 8) 7.10 ± 4.05 (n = 42) 0.057 8.20 ± 2.17 (n = 5) 7.21 ± 4.33 (n = 38) 0.241
  ECOG 3 13.41 ± 7.96 (n = 27) 11.28 ± 4.79 (n = 29) 0.411 11.50 ± 7.404 (n = 12) 11.17 ± 5.09 (n = 36) 0.582
  ECOG 4 25.42 ± 8.73 (n = 12) 10.67 ± 5.57 (n = 3) 0.018b 21.78 ± 8.043 (n = 9) 12.67 ± 8.08 (n = 3) 0.064

HOPE+: extension of the symptom checklist of the core documentation system Hospice and Palliative Care Evaluation by neurological symptoms; 
HOPE-SP-CL: symptom checklist of the core documentation system Hospice and Palliative Care Evaluation; ECOG: Eastern Cooperative Oncology Group.
Numbers represent mean ± SD for ease of understanding instead of median and quartiles. Statistical analyses were done using non-parametric tests 
due to the skewed distribution of the data.
aPatients were assigned into two groups, depending on the neurologist’s response to the 12-months “surprise” question (12-SQ). Those given a poor 
prognosis were categorized as the 12-SQ “No”-group while those who were given a good prognosis were classified as the 12-SQ “Yes”-group.
bsignificant differences at p < 0.05 (Bonferroni corrected).
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so we subsumed them under “neuropsychiatric symp-
toms.” The second factor “intracranial pressure symptoma-
tology” contains three items including nausea and vomiting 
which are not unique to intracranial pressure but are com-
mon symptoms thereof. The combined loading of both 
items onto one factor is in good agreement with the factor 
structure reported in previous studies.14,36 In fact, Stiel 
et al.14 performed an exploratory factor analysis on HOPE-
SP-CL as part of the validation process and found compara-
ble factor loadings to factors 2–6 in the present study. 
Interestingly, three neurological items—motor disturbance, 
loss of autonomy, and sensation deficit—additionally 
loaded on factor 3, corresponding to the “increasing need 
for care and assistance.” The items epileptic seizures, dysp-
nea, and wound care loaded low on factors 1, 4, and 5, 
respectively. Nevertheless, we maintained them in the 
analysis as they either relate well to their respective factors 
(dyspnea generally occurs together with anxiety and ten-
sion) and/or they are common symptoms in both neuro-
logical and oncological palliative care patients and, as such, 

convey clinically relevant information.37–40 The moderate 
intercorrelations of all six factors suggest a combination of 
both separable but also related dimensions. The latter indi-
cates that the combination of HOPE-SP-CL and HOPE-Neuro 
can be used as one main construct for assessing symptom 
burden in neurological patients. We have thus succeeded in 
creating six meaningful factors correlating with each other 
to a satisfactory degree. This is in line with previous research 
suggesting the inclusion of additional symptoms when 
using the HOPE-SP-CL for specific patient groups such as 
neurological patients.14

Discriminant validity suggests satisfactory psychomet-
ric properties in differentiating highly functional patients 
with lower symptom burden from patients with lower 
performance status and higher symptom burden. 
Considerable differences between the 12-SQ groups in 
relation to their functional ability seem plausible as a 
physicians’ prognosis estimation is based on, inter alia, 
clinical impression of the patients’ functional abilities.41 
We thus added the 12-SQ as external criterion to our 
analysis and found that patients in the “No”-group pre-
sented with higher symptom burden than patients in the 
“Yes”-group,30 both with and without stratification by 
performance status. In fact, discriminant validity in dif-
ferentiating patients with respect to 12-SQ was statisti-
cally confirmed for patients with the lowest performance 
status. In contrast, discriminatory power of survival sta-
tus within 12 months stratified by ECOG was weak but 
improved with omission of ECOG. A potential explanation 
is the low statistical power arising from the lower sample 
size in the group of deceased patients together with the 
restricted number of severely ill patients. Our data show 
that the difference in symptom burden between survival 
groups increases with ECOG. This suggests that discrimi-
natory power in identifying patients at risk of deceasing 
improves with the degree of functional disability, which 
seems reasonable and is in accordance with the results of 
a previous study showing that ECOG in combination with 
age and dysphagia is a significant predictor for prognosis 
estimation.30

Predictive validity
Our analyses suggest that HOPE+ is a suitable instrument 
to detect neurological patients with high symptom bur-
den who might be at risk of dying. To enhance the predic-
tive power of survival in neurological patients, we propose 
the inclusion of the 12-SQ as the combination of the items 
age, dysphagia, and overburdening of family with the 
12-SQ have great predictive accuracy for 12 months sur-
vival and thus facilitate early referral into palliative care.30

Although statistical comparison of the AUCs of both 
scales revealed no significant difference, the operating char-
acteristics of the HOPE+ were slightly higher compared to 
those of the HOPE-SP-CL indicating a tendency toward 

Table 4.  Comparison of weighted HOPE scores for the 12-SQ 
(top) and survival groups (bottom).

HOPE-SP-CL HOPE+ p

“No”-group (n = 61) 0.82 ± 0.567 0.83 ± 0.585 0.874
”Yes”-group 
(n = 202)

0.36 ± 0.263 0.34 ± 0.220 0.246

Deceased (n = 33) 0.72 ± 0.523 0.74 ± 0.529 0.555
Still alive (n = 190) 0.38 ± 0.287 0.37 ± 0.244 0.362

HOPE+: extension of the symptom checklist of the core documenta-
tion system Hospice and Palliative Care Evaluation by neurological 
symptoms; HOPE-SP-CL: symptom checklist of the core documentation 
system Hospice and Palliative Care Evaluation.
Numbers represent mean ± SD for ease of understanding instead 
of median and quartiles. Statistical analyses were done using non-
parametric tests due to the skewed distribution of the data.

Figure 2.  ROC curve showing the trade-off between sensitivity 
and specificity for the HOPE+ and HOPE-SP-CL.
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superiority in our sample of neurological patients. Similarly, 
we found slightly greater specificity for the HOPE+ com-
pared to the HOPE-SP-CL, while the sensitivity of both scales 
remained identical. Our sample was recruited from one 
neurological rehabilitation clinic and the majority of patients 
were in rehabilitation phase D already. Thus, we have rea-
son to assume that the trend toward greater diagnostic 
accuracy might improve by including more patients from 
further neurological institutions treating patients with more 
advanced disease trajectories. Further studies are needed 
to verify the author’s hypothesis.

Clinical relevance
HOPE+ is a promising tool to evaluate the palliative symp-
tom burden of neurological patients. From a clinical point 
of view, it facilitates the characterization of neurological 
patients in need of palliative care in the clinical routine of 
neurologists more so than using the HOPE-SP-CL alone. By 
using it, patients at risk of dying within the next 12 months 
could be identified, corroborated by adding the 12-SQ. 
The tool might aid to determine when the palliative care 
approach should be integrated into the care of this patient 
population. This is of particular importance as neurologi-
cal patients are still underrepresented in palliative and 
hospice care structures. Reasons for this might be that (1) 
a sound validated outcome measurement addressing 
additional issues of this patient population is lacking in 
Germany and many other countries thus far (to the best 
of our knowledge, there is only the IPOS Neuro-S8),36 (2) 
disease trajectories of neurological patients are often 
longer and less predictable than those of oncological 
patients,1,6 and (3) health care professionals in neurology 
have shown restrained interest in palliative care, but this 
seems to be changing.1,4–7 Our approach addresses all 
these aforementioned aspects. HOPE+ is feasible for 
health care professionals in demanding clinical neurologi-
cal settings and can be included in the common anamnes-
tic procedure.

Conclusion
Our results demonstrate satisfactory psychometric 
properties of HOPE+, including a moderately correlated 
six-factor structure, acceptable discriminant validity, 
and promising diagnostic accuracy. We thus provide 
preliminary evidence for an extended validated out-
come measure suitable to assess palliative care needs 
of neurological patients by a neurologist who is not 
trained in palliative medicine. This is essential as there 
is growing interest among neurologists to provide palli-
ative care for their patients themselves or through 
referral into palliative and hospice care structures. 
HOPE+ has potential to improve prognosis estimation 
and helps to identify the time to initiate a palliative care 

approach. Once established nationwide, it might also be 
appropriate for an international audience.

Strengths and limitations
Although our sample size is rather large compared to 
other validation studies,9,17,36,42 which could be consid-
ered a strength of our study, there are two major limita-
tions to our study. The first one relates to the selection 
of our sample. All included patients were recruited from 
one neurological rehabilitation clinic, the majority was 
already in rehabilitation phase D and suffered from an 
ischemic cerebral infarction. This limits the generaliza-
bility to other patient populations. Future studies are 
thus warranted investigating the diagnostic accuracy of 
HOPE+ to corroborate our results, including a greater 
sample of patients in (1) neurological settings other 
than rehabilitation clinics, (2) clinically more severe 
rehabilitation phases, and (3) a wider range of neuro-
logical diagnoses.

Even though we were able to present a sufficient set of 
validation data using the two external validation criteria 
ECOG performance status scale and the 12-SQ, a second 
caveat of our study relates to the omission of additional 
instruments, preventing us from investigating a more 
comprehensive set of validity such as convergent validity 
as subtype of construct validity.
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