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Abstract
Background

Patients with systolic heart failure are at high risk of admission to hospital and death. This can be
reduced by ensuring that they are receiving all evidence-based heart failure medications and by detecting
early signs of deterioration in their condition.

Methods

We recruited 209 primary care patients with echocardiographically proven left ventricular systolic
dysfunction (ejection fraction < 40%). 84 patients consented to be actively monitored by the heart failure
team using telemedicine. 125 patients consented to receiving usual care but allowing access to their
medical records. The primary end-point was cardiovascular death or admission to hospital for heart
failure at 1 year. Secondary end-points included the prescription of evidence-based heart failure
medications and patient satisfaction at the end of the study.

Results

There was no difference in the mortality rate between the groups (6.02% in the active group and 5.56% in
control). There was a signi�cant difference in hospital admission (10.84% in the active group and 1.59%
in control; p-value of 0.0078). At the end of the study, in the active group v control group, 92% v 52% of
patients were on a beta-blocker, 92% v 48% on ACE-I/ARB, and 60% v 30% on an MRA. There were no
differences in the �nal doses achieved.

Conclusions

Active telemonitoring in an elderly population with systolic heart failure did not reduce cardiovascular
mortality or admission to hospital for heart failure over the 1 year of the study. It did result in more
patients receiving evidence based heart failure medications.

Trial registration

This trial received ethical approval from the Health Research Authority London-City Road and Hampstead
Research Ethics Committee (REC Reference: 16/L0/0070, IRAS project ID: 173818). The ClinicalTrials.gov
Identi�er number is: NCT04371731. This trial was retrospectively registered on 30/4/2020 and this study
adheres to CONSORT guidelines

Background
Heart failure is a common complex clinical syndrome of symptoms and signs caused by impairment of
the heart’s action as a pump in supporting the circulation. It is caused by structural or functional
abnormalities of the heart. Around 920,000 people in the UK today have been diagnosed with heart
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failure. Both the incidence and prevalence of heart failure increase steeply with age, with the average age
at �rst diagnosis being 77 years (1). Patients on GP heart failure registers, representing prevalent cases of
heart failure, are at signi�cant mortality risk, with a ten-year survival of 27% as compared to 75% in the
age- and sex-matched general population in 2009 (2). On average, a GP will look after 30 patients with
heart failure and suspect a new diagnosis of heart failure in, perhaps, 10 patients annually (3).

In the last year, Dr Foster data demonstrated that there were nearly 89,000 admissions in the UK with a
primary diagnosis of heart failure, with a 30 day mortality rate of nearly 10%. 20% of these patients are
readmitted after discharge. Admissions due to heart failure are projected to rise by 50% over the next
25 years – largely due to the aging of the population (4). It is estimated that the total annual cost of heart
failure to the NHS is around 2% of the total NHS budget: approximately 70% of this total is due to the
costs of hospitalization. These numbers may be improved if the patient is seen and followed up by a
heart failure specialist, who ensures that they are given all evidence-based medications at the maximally
tolerated dose and who monitors them for signs of early deterioration. We hypothesized that they may
also be improved by enhanced surveillance for signs of deterioration in the community, using
telemedicine.

Methods
Patients were enrolled from 2016 through 2017 at 12 GP practices across Buckinghamshire. Practices
were selected if the used EMIS web as their electronic patient record and showed enthusiasm for
participating in the study. At each practice, a senior heart failure nurse was deployed to identify patients
with a REED code for heart failure and an echocardiographically determined ejection fraction (EF) of less
than 40%. If no echocardiogram was available this was arranged. Exclusion criteria were inability to
participate in the study protocol for any reason, including a low expected probability of survival for the
next 6 months owing to conditions other than heart failure; inability to stand on a scale; or severe
cognitive impairment.

Patients were consented to receive usual care or undergo telemonitoring, according to their personal
wishes. The telemonitoring system was designed by Graphnet. It automatically uploaded any relevant
data (weight, dyspnoea class, renal function, full blood count, urate, chest X-ray, repeat echocardiogram,
hospital admissions, death) entered in the GP or hospital records. Patients were also encouraged to enter
their own data (in particular weight and exercise tolerance). Clinicians were instructed to treat patients in
accordance with national guidelines for the management of heart failure.

Usual Care and Telemonitoring Protocols

At the time of enrollment, all patients received educational materials developed by Jannsen Healthcare
Innovation and, if needed, a weighing scale. We also provided patients in the telemonitoring group with
detailed instructions, and a demonstration by the heart failure nurse, on how to use the telemonitoring
system.
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The telemonitoring group was instructed to make daily entries into the system. Failure to enter any data
over 7 days resulted in a telephone call. Information from the telemonitoring system was downloaded
daily to a secure Internet site and was reviewed every weekday (except on holidays) by the research
nurses. Predetermined triggered “variances” alerted the clinical team to possible deterioration in the
patient’s condition. The protocol required the nurses to contact any patient whose gathered data
generated variances and document their management of these variances. The primary anticipated
adverse event associated with telemonitoring was a delay in seeking care for urgent or emergency
situations because of a belief that the telemonitoring data would immediately alert clinicians. To
minimize this risk, patients were told to contact their clinicians directly with any urgent concerns.

Data Collection

At baseline, the study nurse collected the medical history and physical-examination data by means of
direct interview, examination, and medical-record review. Patients in the actively monitored group were
also interviewed by telephone at 6 and 12 months after enrollment. During these telephone interviews,
information was collected about the quality of life, satisfaction with care, and use of medications.

At 12 months, the nurses reviewed the GP and hospital medical records to ascertain readmissions. HES
data was also obtained for mortality. They also contacted patients and their primary care providers to
inquire about readmissions. Discharge summaries, other chart documentation, or both were obtained for
all readmissions.

End Points

The primary end point was a composite of heart failure admissions or cardiovascular death within 365
days after enrollment. The lead physician, who was unaware of the treatment-group assignments,
adjudicated each potential admission to ensure that the event quali�ed as a heart failure event.

Statistical analyses

Data were analysed using descriptive and comparative statistics. Quantitative data are presented as
arithmetic mean and standard deviation (SD). Mortality rates were compared using non-parametric
permutation testing, together with Fisher’s exact test. A Monte Carlo simulation was employed to evaluate
whether patients in either cohort had outperformed their predicted survival probabilities. Differences in
admission rates were compared at the two-sided 5% signi�cance level (P = 0.05) using both non-
parametric permutation testing as well as Fisher’s exact test for contingency tables.

Categorical data are presented as frequencies (%). Differences in categorical variables between groups
were compared at the two-sided 5% signi�cance level (P = 0.05) using the chi-squared test.

Results
Patients
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209 patients, with ages ranging from 37 to 96 years, consented to take part in this study. 84 patients
agreed to undergo telemonitoring and 125 to receive usual care. All patients completed the 12-month
interview. Medical-record reviews for deaths, admissions and vital-status veri�cation were completed for
100% of patients.

The mean age of patients who opted into being part of an active monitoring cohort was 74.30 ± 12.48
years and in the control cohort it was 77.82 ± 9.23 years. This is an older population than other
contemporary studies (76.43+/-10.73 in our study v 63.80+/- 11.40 in McMurray et al (5)).

Despite this they had lower NYHA scores (Figure 1).

There were no signi�cant differences between the cohorts in terms of:

New York Heart Association (NYHA) scores

Ejection fraction

Systolic blood pressure (BP)

Age of patients

Gender of patients

Weight of patients

The absence of confounding variables allows us to attribute any differences observed between the two
cohorts to the active monitoring protocol.

Mortality rate analysis

The overall cardiovascular mortality rate during the one year duration of the study was 5.74%. This
corresponds to 12 cardiovascular deaths; 5 of which occurred in the active monitoring group and 7
occurring in the control group.  This resulted in one-year mortality rates of 6.02% and 5.56% for the active
and control cohorts respectively. There was no signi�cant difference between the two groups.

We further explored the hypothesis that active monitoring may have yielded improved outcomes in terms
of the individual patient’s Seattle Heart failure scores and their corresponding predicted one year survival
probability. This allowed us to validate if the number of observed deaths was signi�cantly higher or lower
than predicted by the Seattle Heart failure scores. No signi�cant differences were found, indicating that
for both cohorts the number of observed cardiovascular deaths was in line with the predictions made
using the Heart Failure score.

All deaths due to cardiovascular causes occurred in patients over 70 years of age.

Admission rate analysis 

The difference in admission rate to hospital for heart failure between active and control cohorts was also
studied. Throughout the duration of the pilot study, a total of 11 admissions occurred; 9 of which
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occurred within the actively monitored group and 2 in the control cohort. This corresponds to a 1-year
heart failure admission rate of 10.84% and 1.59% for the active and control groups respectively (p-value
of 0.0078) and 5.2% for the whole study group. These admission rates are similar to those in the
PARADIGM HF study, where 14% of patients were admitted with heart failure after 27 months. Admitted
patients had an average age of 77.72 ± 6.93, with all but one admitted patient being over the age of 70.
The actively monitored cohort had a signi�cantly higher rate of hospital admissions.

Drug prescription analysis 

Throughout the duration of the study, patients were expected to be on evidence based drugs for the
treatment of heart failure (Beta blockers, ACEI/ARB and mineralocorticoid antagonists).

As patients were taking different formulations of the various drug types we standardised the doses using
dose equivalence tables (Table 1).

Table 1.

Beta-blocker Dose level 1 Level 2 Level 3 Level 4

Bisoprolol 1.25mg 2.5mg 5mg 10mg

Carvedilol 3.125mg bd 6.25 mg bd 12.5mg bd 25mg bd

Metoprolol 12.5mg bd 25mg bd 50mg bd 100mg bd

ACE Inhibitor Dose level 1 Level 2 Level 3 Level 4

Ramipril 1.25mg 2.5mg 5mg 10mg

Lisinopril 5mg 10 mg 20mg 40mg

Perindopril 2mg  4mg 8mg 16mg

A2 receptor blocker Dose level 1 Level 2 Level 3 Level 4

Candesartan 4mg 8mg 16mg 32mg

Valsartan 20mg bd 40mg bd 80mg bd 160mg bd

Losartan 25mg 50mg 100mg 150mg

MRA Dose level 1 Level 2 Level 3 Level 4

Spironolactone 25mg 50mg 100mg  

Eplerenone 25mg 50mg 100mg  
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Table 2 below characterizes the changes in drug prescription which occurred during the study, for each of
the four prescription drugs considered. With the exception of ACE Inhibitors, we observe a greater increase
in prescription dosage for patients in the active cohort as compared to the control cohort. Furthermore,
the results indicate that for all drugs considered, a larger percentage in the actively monitored group of
patients concluded the study on each of the individual drugs and on all 3 classes of drugs (62% v 30%).

Table 2.

Drug Dose change (level) Median Final Dose Prescribed at study conclusion

Beta-blocker active 0.66 3.38mg
Bisoprolol equivalent

92%

Beta-blocker control 0.48 3.75mg 52%

ARB Active -1.22 12.5mg Candesartan equivalent 22%

ARB control -2.3 14.25mg 19%

ACE-I active 0.13 5mg Ramipril equivalent 70%

ACE-I control 0.27 5mg 29%

MRA active 0.67 25mg Spironolactone equivalent 62%

MRA control 0.21 25mg  30%

 

At the end of the study, in the active group v control group, 92% v 52% of patients were on a beta-blocker
(signi�cant difference; p-value 4.84 x 10-10), 92% v 48% on ACE-I/ARB (signi�cant difference; p-value 1.59
x 10-11), and 62% v 30% on an MRA (signi�cant difference; p-value 8.46 x 10-6). There were no signi�cant
differences in the �nal doses achieved.

Overall satisfaction with active monitoring delivery

A questionnaire was provided to all patients who opted to receive active monitoring. The purpose of the
questionnaire was to determine overall satisfaction levels with the monitoring and identify areas for
potential improvement. A questionnaire was circulated at the midpoint of the study (6 months) as well as
at its conclusion (12 months). Of all patients in the active control group, a total of 27 completed both
questionnaires (corresponding to 32.53% of all patients under active monitoring).  The characteristics of
this subset of the active cohort were consistent with the overall characteristics of all patients in the study;
there was no signi�cant differences in cardiovascular status (e.g., NYHA scores) or personal
characteristics (e.g., gender, age).The questionnaire consisted of a eleven questions measuring the
patient satisfaction on various aspects of the active monitoring treatment. The overall response from
patients was positive, with an average satisfaction of 8.54 / 10. Furthermore, when asked how likely they
would be recommend the active monitoring treatment, patients gave an average score of 8.34 / 10.

Satisfaction with verbal responses of GPs dropped from the 6 month to the 12 month questionnaire
as demonstrated by Figure 2.

There was also a signi�cant drop in satisfaction with the website, as visualized by Figure 3.
Moreover, the “Advice for everyday life” section of the website also saw a signi�cant drop in
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satisfaction, indicating that this section of the website may require expanding or updating (�gure 4).

Satisfaction with the booklet “Understanding heart failure” also saw a signi�cant drop from the 6
month to 12 month questionnaire (�gure 5). This may indicate that there is a need for the booklet to
provide further guidance and advice for patients during the latter stages of treatment.

Adverse Events

No adverse events were reported during the study period.

Discussion
In our single center pilot study, involving elderly patients diagnosed with predominantly stable systolic
heart failure in primary care, we found no reduction in the risk of admission to hospital (10.84% v 1.59%)
or death from cardiovascular causes (6.02% v 5.56%) with telemonitoring as compared with usual care.
Except for the extremely low admission rates in the usual care group in our study, this is in line with the
TEHAF study where hospitalizations in the active group occurred in 18 (9.1%) compared with 25 (13.5%)
usual care patients respectively. In that study cardiovascular mortality was 11 (5.5%) in the intervention
group and 7 (3.77%) in the usual-care group (6).

For our study, a disease speci�c, bespoke telemonitoring system was developed by Graphnet. Only GP
sites that were able to integrate this system into their practices, using EMIS web, were included in the
study, and we worked closely with them to ensure accuracy of diagnosis and to enter baseline data. It is
possible that this collaborative working brought about by inclusion in the study itself led to enhanced
surveillance for heart failure deterioration in the usual care group, which resulted in the very low
admission rates. The higher admission rates in the monitored group is likely to be due to early detection
of deterioration and a prompt response on behalf of the heart failure team.

Automated telemonitoring will always be only one limb of chronic disease management. Daily
information about the patient’s clinical and biochemical status is important but although the heart failure
nurses were required to document their responses to alerts, this data was not stored by the platform. We
do know that alerts were reviewed and these were discussed with the cardiologists responsible for clinical
management of patients' heart failure, including medication adjustments, education about salt and water
intake, weight measurement and exercise. It is possible that although instructions were given to patients
and their primary care physicians about medication/ lifestyle modi�cations these were not acted upon in
a timely manner.

Our results do suggest that telemonitoring can improve the prescription of evidence-based heart failure
medications. National data from the NICOR heart failure audit suggests that 89.3% of heart failure
patients receive beta-blockers on hospital discharge, 83.8% an ARB/ACE-I, and 54.7% a mineralocorticoid
(7). In our monitored population the numbers were slightly higher than this, whilst they were lower in the
usual care group. This suggests that optimization of medical therapy is not routinely performed in
primary care.
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Conclusions
In summary, a telemonitoring strategy failed to provide a bene�t over usual care when applied to an
elderly community based population, with predominantly stable heart failure and reduced ejection
fraction. It did lead to a signi�cant increase in the prescription of evidence based medications for this
group of patient patients.
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Figure 1
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Figure 2

Boxplot visualizing the difference in satisfaction to GP verbal response at the 6 month and 12 month
stage of the pilot study.

Figure 3

Boxplot visualizing the difference in satisfaction with website at the 6 month and 12 month stage of the
pilot study.
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Figure 4

Boxplot visualizing the difference in satisfaction with advice for everyday life provided by website
(question 7) at the 6 month and 12 month stage of the pilot study.

Figure 5
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Boxplot visualizing the difference in satisfaction the booklet “Understanding heart failure” at the 6 month
and 12 month stage
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