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A B S T R A C T

Introduction: Heart failure (HF) is highly prevalent in nursing home residents. To diagnose HF properly,

echocardiography is recommended by cardiology guidelines. In nursing homes, the nursing home

physician (NHP) usually diagnoses HF based on history, clinical examination, electrocardiography (ECG)

and levels of B-type natriuretic peptide only, which is in contrast to the cardiologist who probably always

will apply for an echocardiogram. Therefore, we aimed (1) to investigate the agreement on the diagnosis

of HF made by the NHP without echocardiography and (2) to determine the clinical characteristics that

may contribute to the proper diagnosis of HF in nursing home residents.

Materials and methods: The study followed a cross-sectional design. Nursing home residents in the

southern part of the Netherlands, aged over 65 years and receiving long-term somatic or psychogeriatric

care, were included in the study. The NHP decided (stepwise) on the diagnosis of HF; first after

anamnesis and physical examination, second after additional information on NTproBNP and ECG, and

finally, on all available information, except echocardiography. An expert team consisting of two

cardiologists and one hospital geriatrician decided on the final diagnosis, based on all available

information.

Results and conclusion: There was an overall agreement on both correctly identifying residents with HF

and correctly excluding HF of 80.4% (kappa 0.57). Characteristics with a high contribution in predicting

HF were a history of HF, a high NT-proBNP level, the presence of rales, arrhythmias and use of

cardiac medication. NHPs are fairly capable of diagnosing HF in nursing home residents without

echocardiography.

� 2016 Elsevier Masson SAS and European Union Geriatric Medicine Society. All rights reserved.
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1. Introduction

Heart failure (HF) is a common chronic disease. Its prevalence
increases with age and it is very frequent among nursing home
residents [1,2]. Nursing home residents are a specific group of very
frail and considerably disabled patients, with high levels of care
dependency due to chronic somatic diseases or progressive
dementia. The care they need is beyond the range of regular
home care services [3].
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Typical signs and symptoms of HF, such as dyspnoea and
oedema, and a structural or functional cardiac impairment as
assessed by cardiac imaging indicate the presence of HF [4]. In
order to diagnose HF, a structured diagnostic workup including
medical history, physical examination, electrocardiography (ECG),
assessment of cardiac markers (natriuretic peptides) and echo-
cardiography is recommended for proper diagnosis [4]. However
with increasing age, diagnosis of HF becomes more complex, often
complicated by geriatric syndromes including frailty, symptoms of
co-morbidities and psychogeriatric disorders, which may lead to
misinterpretation [5–7]. Therefore, the diagnosis may be uncertain
if solely based on signs and symptoms without echocardiography
to seek underlying cardiac dysfunction.

Moreover, the distinction between HF with reduced, mid-range
and preserved left-ventricular ejection fraction as well as the
detection of potentially correctable underlying causes of HF such
ty. All rights reserved.
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as aortic stenosis may have important therapeutic consequences
[4,8,9]. A false positive diagnosis of HF may lead to unnecessary
treatment in a population that is already at high risk for adverse
drug reactions and often receiving multiple other drugs, whereas
unrecognised HF is associated with impaired quality of life and
hospitalisation. Since early diagnosis and treatment of HF may
prevent progression and lead to improvement of quality of life, it is
essential that HF is diagnosed adequately particularly in this
population [10]. However, due to functional limitations or
resistance against hospital referrals and unavailability of on-site
echocardiography, it is difficult to perform echocardiography in
nursing home residents suspected to have HF. Consequently, the
physician attending nursing homes usually diagnose HF without
involvement of a cardiologist. In most Western countries,
physicians attending nursing homes are general practitioners
providing medical care to the residents. In the Netherlands,
physicians have completed a specialist training programme to
become a qualified nursing home physician (NHP) [11]. NHPs may
diagnose HF based on clinical signs and symptoms only, possibly
supported by ECG and levels of B-type natriuretic peptides (BNP or
N-terminal pro BNP [NT-proBNP]).

To the best of our knowledge, there are no studies in which the
diagnostic accuracy for HF, diagnosed using the available tools
without echocardiography, assessed by NHPs is described. Studies
in primary health care with general practitioners having the same
limited diagnostic tools, showed that the diagnosis of HF was
confirmed by echocardiography only in about 30% of cases
[12,13]. Two recent studies in nursing home residents have
reported that a previous diagnosis of HF could not be confirmed in
78% and 62% of cases, respectively. However, in these studies it was
not known who made the diagnosis of HF before and which
diagnostic tools were used [2,14].

This study investigated the accuracy of diagnosing HF by
NHPs, based on clinical assessment (history, physical examina-
tion), diagnostic tests generally available in nursing homes (i.e.
ECG and NT-proBNP), and additional information such as
comorbidities, medication and additional blood testing, as
compared to an expert team additionally using echocardiography
(gold standard). Moreover, we determined the clinical characte-
ristics which may contribute to a correct diagnosis of HF in those
residents where there was doubt about the presence or absence
of HF by the NHP.

2. Materials and methods

This study followed a multi-centre cross-sectional design as
previously published [15]. The study protocol complied with the
declaration of Helsinki and has been granted approval from the
Medical Ethics Committee of Maastricht University/Academic
Hospital Maastricht (NL33281.068.10/MEC10-3-074). The study
has been registered in the Netherlands National Trial Register
(NTR2663).

2.1. Study design and sample

This study was carried out between January 2011 and June
2013 in five long-term care organisations in the southern parts of
the Netherlands, with an overall number of about 4500 nursing
home residents. Within the specified time period, it was feasible to
ask unselected nursing home residents at 28 locations (n = 1920)
allocated to these five long-term care organisations (3–8 per
organisation) to participate in the study. These residents received
chronic somatic care or psychogeriatric care and were over
65 years of age. Residents who received palliative care or were
admitted for short-term rehabilitation (staying < 2 months)
were excluded. Informed written consent was obtained from the
residents themselves or from their legal representatives in the case
of psychogeriatric residents or residents with aphasia.

2.2. Study procedure of the heart failure assessment

Before the start of the inclusion of participants, all participating
NHPs (3–4 per organisation) had received a refresher course
regarding diagnosing HF and performing a structured physical
examination by HF experts of the department of Cardiology at
Maastricht University Medical Centre. The refresher course
included a review of signs and symptoms of HF followed by
bedside teaching (3 h), a lecture on ECG findings in relation to HF
(2 hours) and a visit to the outpatient HF clinic of the Maastricht
University Medical Centre (3 h). NHPs took the cardiac history,
anamnesis and performed the physical examination. They were
blinded to pre-existing information about the residents with the
exception of their name and date of birth. The medical history and
physical examination were recorded in a case record file (CRF)
developed for this study. In residents having somatic disorders
only the history-related questions were answered by the residents
themselves; in psychogeriatric residents, these questions were
answered by the nurses responsible for their daily care and/or the
main family caregiver of the resident.

Two research nurses and a NHP/researcher were responsible for
recording the ECG, collecting a blood sample, gathering data from
the medical records and filling in the questionnaires. Qualified
(fellow) cardiologists recorded the echocardiogram on-site using a
mobile echocardiography device (Philips CX50, Eindhoven NL).

To determine NT-proBNP levels, venous blood samples were
analysed at the clinical chemistry laboratory at Maastricht
University Medical Centre on an Elecsys 2010 (Roche Diagnostics,
Mannheim, Germany). A standard 12-lead ECG was made using
Cardiovit AT-10 plus (Schiller, Switzerland).

Standard echocardiography from parasternal, apical and sub-
costal view was performed and analyses were done according to the
recommendation of the American Society of Echocardiography [16].

2.3. Diagnosis of heart failure by nursing home physician

The NHP was asked to decide on the diagnosis of HF at three
different stages. First, after medical history (including cardiac
history) and physical examination, by answering absent, present,
probably or possible. Second after the additional information on
NT-proBNP and ECG, the NHP decided again, using the same four
answer options. Finally, the NHP received additional information
about medication, comorbidities and additional blood analysis and
had to decide whether HF was present or absent.

2.4. Diagnosis of heart failure by expert team

An expert team of two cardiologists and a geriatrician was
responsible for the final diagnosis of HF based on all the data
collected as mentioned above, according to the current guidelines
of the European Society of cardiology (ESC) [17].

The members of the expert team judged all files independently.
When there was mutual agreement on the diagnosis, the file was
closed. All files with some disagreement were discussed in the
presence of all three members of the expert team to ultimately
reach consensus and make a final diagnosis.

2.5. Statistical analysis

Statistical analyses were performed using IBM SPSS statistics
software version 22. Descriptive frequency distributions for all
variables were determined. Differences between groups were tested
using Student’s T tests or Mann–Whitney U-test (parametric and
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non-parametric testing) and Chi-square test (cross-table analysis).
P-values of <0.05 were considered statistically significant.

The accuracy of the diagnosis of HF by the NHP versus the
expert team was determined by the number of true and false
positive diagnoses. The results are presented by sensitivity,
specificity and positive and negative predictive values. To predict
the presence or absence of HF in the group of residents where there
was uncertainty about the diagnosis by the NHP (HF probably or
possible), a statistical model was created using the statistical
significant characteristics (P-value < 0.05) of the demographic and
clinical characteristics based on the diagnosis of HF by the expert
team. In order to reduce the number of variables included in the
multivariable model, some characteristics were combined and
recoded to a new variable. Dyspnoea is a combination of New York
Heart Association classification, orthopnoea and paroxysmal
nocturnal dyspnoea. Coronary artery disease included myocardial
infarction, coronary bypass graft and coronary ischaemia. Cardiac
medication included the use of a diuretic, a beta-blocker or an
angiotensin converting enzyme inhibitor. Arrhythmia was recoded
in case of an irregular heartbeat, arrhythmia in the history, atrial
Selected nursing home 
residents 
N=1920  

Residents el igible to 
participate in  the study 

N= 181 9 

Residents willing to 
participate 

N= 513 

Residents jud ged by 
expertteam 

N=501 

Resid ents with  
complete  HF -
assess men t 

N=444 

Fig. 1. Flowchart of resi
fibrillation on the ECG and presence of a pacemaker. Multivariable
logistic regression analysis was performed and variables with a P-
value > 0.05 were subsequently excluded using the backward
procedure. Multi-collinearity was tested with collinearity diag-
nostics; tolerance, VIF, eigenvalues and variance proportions. The
probability values in each subject of the regression analysis were
used as a test value for diagnostic accuracy in a ROC curve analysis.
The cut-off point with the highest sum of sensitivity and specificity
was used to determine the predictive value of the model [18]. The
percentage of missing values for the logistic regression was 7.7%.
To prevent biased results, missing values were imputed prior to
logistic regression using the multiple imputation procedure.

3. Results

3.1. Study sample

After applying the exclusion criteria, 27% (n = 513) of the
approached residents or their legal representatives, agreed to
participate in the study as depicted in Fig. 1. Although there is no
Excluded N=  10 1 
-  < 65  years (N=56) 
-  Receiving pa lliative care 

(N=24) 
- No  legal representative to   

obtain informed  consent 
(N=21) 

Non-participants 
N=1306  

Dropouts N=12 
-  Stopped for personal 

reason s (N =3) 
-  Died before HF 

assess ment started 
(N=7) 

-  Resist  agai nst  
examinations (N=2) 

Incomplete  HF  as sessment   
N= 57  

- No  bl oodsample (n=6) 
- No  ECG (n= 5) 
- No  echo  (n= 50) 

a  combination of   2   missing 
items  was  present in  4 
residents.(1x  blood sa mpl e 
and EC G, 2x ECG and  echo, 
1x blood and ec ho) 

dents participation.



Table 1
Demographic and clinical characteristics of nursing home residents diagnosed with

and without heart failure by the expert team.

Variables Residents with and without HF diagnosed by the

expert team

No HF,

n = 299

HF present,

n = 145

P-value

Age (years) mean (SD) 81 (7) 84 (6) <.001
Gender, male 105 (35) 57 (39) 0.389

Psychogeriatric 199 (67) 85 (59) 0.102

Symptoms %

NYHA 1 210 (70) 60 (42) <.001
NYHA 2 49 (16) 45 (32)

NYHA 3 25 (8) 28 (20)

NYHA 4 13 (4) 10 (7)

Orthopnea 26 (9) 29 (20) 0.003
Palpitation 23 (8) 37 (26) <.001
PND 17 (6) 17 (12) 0.041
Fatigue 96 (32) 61 (42) 0.096

Physical examination

Heart rate (bpm)

mean (SD)

72 (12) 74 (16) 0.253

Systolic BP (mmHg)

mean (SD)

140 (25) 136 (26) 0.117

Diastolic BP (mmHg)

mean (SD)

75 (13) 74 (15) 0.179

Increased JV pressure 63 (21) 52 (36) 0.002
Hepatomegaly 16 (5) 13 (9) 0.229

Oedema 149 (50) 96 (66) 0.001
Murmurs 98 (33) 65 (45) 0.015

Irregular heart beat 41 (14) 63 (43) <.001
Rales 68 (23) 67 (46) <.001
Pleural effusion 14 (5) 18 (12) 0.005

Cardial history

Myocardial infarction 31 (10) 36 (25) <.001
Arrhythmia 33 (11) 57 (39) <.001
Coronary ischaemia 49 (16) 46 (32) 0.001
Valvular heart disease 11 (4) 21 (15) <.001
Coronary bypass graft 16 (5) 22 (15) 0.001
Pace maker 8 (3) 11 (8) 0.035
Heart failure in history 32 (11) 68 (47) <.001

Co-morbidity

Diabetes mellitus 57 (19) 35 (24) 0.216

COPD 42 (14) 31 (21) 0.051

CVA 113 (38) 64 (44) 0.200

Cardiac risk factors

Hypertension 126 (42) 78 (54) 0.021
Hypercholesterolemia 79 (26) 35 (24) 0.65

Smoking 42 (14) 17 (12) 0.113

Cardiac medication

Diuretics 88 (29) 87 (60) <.001
Beta-blocker 65 (22) 72 (50) <.001
ACE-inhibitor 44 (15) 38 (26) 0.003
ARB-antagonist 30 (10) 15 (10) 0.919

Blood sample

NT-pro BNP pg/ml

median (IQR)

245 (330) 1133 (1505) <.001

Haemoglobin

mmol/l mean (SD

8.1 (0.9) 7.8 (0.9) 0.002

Creatinine mmol/l

mean (SD)

82 (45) 100 (64) 0.001

Additional

BMI (kg/m2) mean (SD) 25 (5) 26 (5) 0.090

Electrocardiography

Abnormal 217 (73) 132 (91) <.001
Left ventricular

hypertrophy

15 (5) 12 (8) 0.178

Pathological Q-wave 87 (29) 55 (38) 0.061

Atrial fibrillation 25 (8) 49 (34) <.001
Left bundle branch block 11 (4) 18 (12) <.001
Sinustachycardia 8 (3) 8 (6) 0.132

Sinusbradycardia 37 (12) 9 (6) 0.046

Table 1 (Continued )

Variables Residents with and without HF diagnosed by the

expert team

No HF,

n = 299

HF present,

n = 145

P-value

Echocardiography

LVEDD n = 309 mean (SD) 43 (8) 45 (9) 0.116

LVESD n = 284 mean (SD) 29 (6) 34 (10) <.001
LVEF n = 399 mean (SD) 59 (9) 49 (14) <.001

EF � 50%, n = 309 239 (89) 70 (52)

EF 40–49%, n = 54 7 (8) 34 (26)

EF � 39%, n = 36 7 (3) 29 (22)

E/A ratio mean (range) 0.74 (0.27–3.25) 1.22 (0.31–4.45) <.001
E/E’ ratio mean (range) 10.7 (3.45–27.8) 15.2 (3.8–36.7) <.001
Left atrial volume

n = 254 mean (SD)

54 (20) 80 (38) <.001

Valvular functiona

Aortic stenosis 15 (5) 20 (14) 0.001
Aortic regurgitation 18 (6) 18 (12) 0.019
Mitralic regurgitation 17 (6) 26 (18) <.001

Numbers indicate number of patients (%) unless otherwise indicated.

NYHA, New York Hear Association; bpm, beats per minute; BP, blood pressure; PND,

paroxysmal nocturnal dyspnoea; JV, jugular vein; COPD, chronic obstructive

pulmonary disease; CVA, Cerebro-vascular accident; BMI, body mass index; ACE,

angiotensine converting enzyme; ARB, angiotensin receptor blocker; LVEDD, left

ventricular end diastolic diameter; LVESD, left ventricular end systolic diameter;

LVEF, left ventricular ejection fraction; EF, ejection fraction; E/A, ratio of early to late

diastolic mitral inflow waves E/e0 ratio of the mitral inflow E wave to the tissue

Doppler e’ wave.
a Moderate to severe only.
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information available about exact numbers, the main reasons for
not participating were that residents considered themselves too
old or believed that the investigations were too burdensome.
Compared to participants, in the non-participating residents
group, there were more women (71% versus 64%) in which a
few with very high age, resulting in a slightly higher mean age in
this group (83 versus 82).

There were n = 444 residents with a complete HF assessment
(history, physical examination, ECG and echocardiography).

3.2. Demographic and clinical characteristics

An overview of demographic and clinical characteristics of the
444 residents with complete data is presented in Table 1. Residents
with HF showed significantly more typical signs and symptoms of
HF such as increased vena jugularis pressure and rales. Hyperten-
sion and oedema were highly prevalent in residents with and
without HF. NT-proBNP was higher and reduced or mid-range LVEF
was more common in HF patients.

3.3. Diagnosis of heart failure by nursing home physician and expert

team

The expert team diagnosed HF in 145 of the 444 nursing home
residents (33%). The decisions on HF by the NHPs at the three
different stages in the HF- assessment are shown in Table 2. After
anamnesis and physical examination, HF was diagnosed by the
NHPs in only a minority of patients and no definite decision could
be made in more than half. After the additional information about
ECG and NT-proBNP, the uncertainty (HF possible or probably)
only slightly diminished (from 51% to 48%). Finally, after deciding
on all the available information the NHP diagnosed more HF than
the expert team. Concordance with the presence or absence of HF
was reached in 80.4% of cases

3.4. Predictors of heart failure

To determine variables contributing to the diagnosis of HF the
characteristics included in the multivariable logistic regression



Table 2
Diagnosis of HF by Nursing Home Physician (NHP) at three different stages

comparison to expert team.

NHP (n) Expert team (n)a

HF present HF absent

Stage 1 HF present 13 9 4

HF absent 204 32 172

HF probably present 40 27 13

HF possible present 187 77 110

Stage 2 HF present 20 19 1

HF absent 213 17 196

HF probably present 51 39 12

HF possible present 160 70 90

Stage 3 HF present 160 109 51

HF absent 284 36 248

Decision on the diagnosis of HF by the NHP at three different stages: Stage 1: After

cardiac history, anamnesis and physical examination. Stage 2: After additional

information on ECG and NT-pro BNP measurement. Stage 3: After anamnesis,

physical examination, ECG, NT-pro BNP measurement and additional information

about co-morbidity and medication.
a The expert team diagnosed HF on the information at stage 3 and the

echocardiography
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were: age, increased jugular venous pressure, oedema, rales,
dyspnoea, history of HF, CAD, valvular heart disease, arrhythmia,
abnormal ECG, NT-proBNP value, haemoglobin, creatinine and
cardiac medication. Odds ratios of variables that significantly
differed between residents with and without HF in the univariate
model are depicted in Table 3. The final model (Table 3) showed
that characteristics with a high contribution in independently
predicting HF were a history of HF, NT-proBNP levels, presence of
rales, arrhythmia, dyspnoea, increased jugular vein pressure and
using cardiac medication.

3.5. Accuracy of diagnosis of heart failure

At stage 1 and 2 the NHP did not make a definite decision in
227 and 211 residents, respectively (HF probably or possible
in Table 2). In order to determine the presence or absence of HF in
these groups, the variables of the final model (Table 3) were used as
predictors for the presence of HF. The probability value was used as
a test variable in the ROC-curve analysis. Using the ROC-curve
analysis, it appeared that a cut-off point of a probability of HF of
0.24 is the optimal choice in the sense that the sum of sensitivity
and specificity was largest (using Youden criterion index)
[18]. Consequently, if the probability of HF was larger than 0.24,
Table 3
Possible predictors for the presence of heart failure (HF) in nursing home residents.

Variable Univariate model 

OR 95%-CI 

Age 0.98 0.93–1.03 

Rales 2.38 1.15–4.95

1.07

Increased JVP 1.92 0.97–3.77 

Dyspnoea 0.46 0.23–0.92 

Oedema 1.47 0.79–2.75

3.05

Arrhythmia 2.23 1.14–4.35 

CAD 1.02 0.53–1.96 

Valvular heart disease 0.94 0.69–1.30 

HF in history 6.48 3.20–13.14 

ECG 1.67 0.67–4.14 

Ln NT-proBNP 5.06 3.36–7.62 

Cardiac medication 2.58 1.33–5.02 

Haemoglobulin 0.91 0.65–1.28 

Creatinine 1.00 0.99–1.00 

JVP, jugular vein pressure; CAD, coronary artery disease; HF, heart failure; ECG, electro
the patient was classified as having HF. The accuracy of diagnosing
HF by the NHP in combination with these predictors in case of
uncertainty as compared to the expert team opinion for stage 1 and
2 is presented in Table 4. In case this model is used, the test
characteristics (sensitivity, specificity, positive and negative
predictive value) showed a slightly more favourable outcome as
compared to the forced decision whether HF is present or not at the
final stage (Table 4). For example, using the model in stage 2 for the
group of residents classified as probably or possible HF leads to a
sensitivity of 83% versus 75% at stage 3 (forced decision), a
specificity of 85% versus 83% at stage 3 and an overall agreement of
84% (kappa 0.65) versus 80% (kappa 0.57). The performed tests for
multi-collinearity showed no collinearity. Results after imputation
of missing values were compared to the results of the original data
and showed no significant changes.

4. Discussion

This study in unselected nursing-home residents shows a
concordance with the presence or absence of HF in 80% of patients
as decided by the NHP with the available tools in the nursing home
compared to an expert team of cardiologists and a geriatrician that
also had the results of the echocardiography. In addition, there was
a high contribution in independently predicting HF based on
history of HF, NT-proBNP levels, presence of rales, arrhythmia and
using cardiac medication.

Diagnosis of HF by NHPs based on anamnesis, physical
examination, ECG and NT-proBNP values results more often in
over- than under-diagnosis of HF. Nursing home residents may
benefit from accurately diagnosed HF by the NHP, which saves
them a burdensome visit to a cardiologist due to functional and
cognitive limitations. On the other hand, unnecessary treatment as
a result of false positive diagnosis is also not preferable because of
the high risk of adverse drugs reaction [19]. Therefore, the question
arises as to whether a 70% correct diagnosis of HF (positive
predictive value) is acceptable for nursing home residents.
Unfortunately, to the best of our knowledge, there are no other
studies on the diagnostic accuracy by NHPs or physicians attending
nursing homes. Available studies in primary care show a correct
diagnosis of HF between 26 and 50% only [12,13]. Thus, a finding of
almost 70% agreement in our study may be considered a positive
result. However, this still means that almost one in three would not
receive the correct treatment.

Hence, it is questionable whether it is possible to reduce the
number of residents with a false positive or false negative
Final model

P-value OR 95%-CI P-value

0.37

0.02 2.32 1.15–4.65 0.02

0.06 2.01 1.05–3.84 0.03

0.03 0.48 0.24–0.96 0.04

0.23

0.02 2.32 1.21–4.43 0.01

0.95

0.72

<.001 6.48 3.24–12.94 <.001

0.27

<.001 4.87 3.34–7.10 <.001

0.01 2.61 1.39–4.91 0.003

0.60

0.22

cardiography.



Table 4
Agreement of the diagnosis of HF by the nursing home physician versus expert team using a model.

Stages Cross-table

Stage 1 NHP versus expert teama NHP Expert team Sensitivity 74%

Specificity 86%

PPV 71%

NPV 87%

95% CI

HF+ HF� 66–81

HF+ 107 43 150 82–90

HF� 38 256 294 63–78

145 299 444 83–91

Stage 2 NHP versus expert teama NHP Expert team Sensitivity 83%

Specificity 85%

PPV 72%

NPV 91%

HF+ HF� 76–89

HF+ 121 46 167 81–89

HF� 24 253 277 65–79

Total 145 299 444 87–94

Stage 3 NHP versus expert team NHP Expert team Sensitivity 75%

Specificity 83%

PPV 68%

NPV 87%

HF+ HF� 67–82

HF+ 109 51 160 78–87

HF� 36 248 284 60–75

Total 145 299 444 83–91

Decision on the diagnosis of HF by the NHP at three different stages: Stage 1: After cardiac history, anamnesis and physical examination. Stage 2: After additional information

on ECG and NT-pro BNP measurement. Stage 3: After anamnesis, physical examination, ECG, NT-pro BNP measurement and additional information about co-morbidity and

medication.

PPV, positive predictive value, NPV, negative predictive value.
a Using the final model (Table 3) for the group probably/possible HF (Table 2).
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diagnosis of HF made by an NHP. With the logistic regression
model created to predict HF based on clinical characteristics, we
could reduce the number of false positives to nearly one in four by
employing the model when there is doubt about the diagnosis (HF
probably or possible). The false negative diagnosis decreased from
13 to 9%.

In the past, several scores in different patient groups to predict
HF were developed. Mosterd et al. (1997) reviewed six HF scores
for the detection of possible and definite HF and found a high
sensitivity for the detection of definite HF, but a lower sensitivity
for the detection of possible HF [20]. Unfortunately, most of these
scores are not applicable for nursing homes residents because they
require a chest X-ray and the patients included usually differed
significantly from our population. However, none of these scores
used the cardiac marker NT-proBNP to predict the presence of HF.
A recent study by Oudejans et al. (2011) showed an improvement
in the reliability to identify the presence or absence of HF when NT-
proBNP levels were used [21]. They also found that loss of appetite,
lower BMI and absence of wheezing were signs predicting the
presence of HF. In our study, we could not confirm this, which may
be related to the different population studied. In addition to
differences in the occurrence of signs and symptoms, some
questions are hard to answer in residents with cognitive
impairments such as loss of appetite. Based on our data in a
population of nursing home residents, it seems that the variables
HF in history, NT-proBNP value, use of cardiac medication,
arrhythmia, dyspnoea, rales and increased jugular venous pressure
are best suited for more accurate detection of HF.

Although our findings support that HF is a clinical diagnosis and
that a trained NHP may suspect and confirm a diagnosis of HF in
residents, based on clinical history, physical examination, NT-
proBNP value and ECG, echocardiography is recommended by the
ESC-guidelines to determine underlying causes and distinguish
between HF with preserved, mid-range and reduced LVEF
[4,22]. However, several underlying causes of HF such as
hypertension (with LV hypertrophy) and atrial fibrillation can be
diagnosed by physical examination and the use of an ECG only,
which are ready available to NHPs. Nevertheless, there remains a
group of nursing home residents in which performing echocardi-
ography may be required, not in the context of diagnosis per se, but
as basis for adequate treatment. Therefore, we strongly recom-
mend echocardiography in these very frail and disabled old people
if results directly influence decision on treatment of HF. Thus, there
is a clear overlap in the pharmacological treatment of HF with
reduced systolic function (HFrEF) and other cardiovascular
diseases such as hypertension and coronary artery disease in
which ACE- inhibitors, b-blockers mineralocorticoid-receptor
antagonists may be recommended as well [23–25]. Moreover,
treatment of other risk factors of HF such diabetes mellitus and
HFrEF may overlap to a significant extent. Importantly, the
majority of nursing-home residents have multiple of these factors.
Therefore in many cases, treatment might not change if diagnosis
of HF is more accurately established and LVEF is known.
Performance of echocardiography may not add clinical value in
such cases.

If in doubt however, echocardiography is necessary, particularly
if residents may benefit from therapeutic interventions other than
pharmacological, as in the case of valvular disorders [26]. Moreover
if cardiovascular co-morbidities and/or risk factors do not require
treatment with ACE-inhibition (or angiotensin-II antagonist if
intolerant), b-blockers and mineralocorticoid-antagonist, knowing
LVEF is required to treat patients properly, but also to prevent
patients from being exposed to unnecessary treatment in case of
preserved LVEF. Also, it is important to notice that some medication
is contraindicated in case of reduced LVEF (e.g. verapamil,
diltiazem) [4]. Taken together, if treatment significantly changes
when precisely knowing the diagnosis of HF and LVEF, additional
diagnostics are recommended.

The limitations in this study should be mentioned. Several NHPs
were involved by performing anamnesis and physical examination
in this study to diagnose HF in nursing home residents. Although
the participating NHPs took a refresher course there is a possibility
of inter-observer variation, which was not tested. Still, this
represents clinical practice and makes our results better applica-
ble. Furthermore, there were missing echocardiographic values
(n = 50), in the majority (n = 40) caused by poor image quality due
to obesity, cachexia, or COPD. In a minority of cases (n = 10) in
psychogeriatric residents, there was resistance to the echocardi-
ography. There was no cross-validation used for testing the logistic
regression model, which may have resulted in a slightly over
optimistic model, but if cross-validation had been used, the
number of residents would have been smaller, leading to
inaccurate results.

Finally, the participation rate was limited (27%). A consider-
ation here is that legal representatives often do not want to decide
for participation on behalf of demented residents, which explains
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the lower participation rate of psychogeriatric patients. Our
findings are in line with a study conducted by Barnes [27] on
HF in the elderly, where only 30% of patients agreed to participate.
Still, residents included did not differ in a clinical meaningful way
from those that did not agree to participate.

5. Conclusion

Our study showed that the physicians attending the nursing
home were fairly capable of diagnosing HF in nursing home
residents without the information of echocardiography. Still,
echocardiography may be indicated in a group of residents if
treatment decision are dependent on knowing LVEF or if valvular
disease is considered as main underlying cause. A model to predict
HF when the NHP has doubt about the diagnosis of HF contributes
to a more accurate diagnosis of HF in nursing home residents.
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