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Implementation of transmural disease management
in patients admitted with advanced heart failure
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Objective The objective of this study was to assess the feasibility and impact on readmissions of transmural disease management across the
borders of the cardiology department in patients with advanced heart failure (HF).

Methods and results Consecutive patients, readmitted within one year for advanced HF by a dedicated specialist (n = 55), were followed
for 22 £ 10 months after implementation of a hospitalwide transmural disease management strategy. Participants received a tag in their electronic medi-
cal record, triggering a HF caregiver contact, with subsequent guideline-recommended, protocol-driven care on each cardiac or non-cardiac hospitalization
as well as outpatient evaluation. Upon transition to outpatient follow-up, patients were instructed to call the HF caregiver with any question at low
threshold. Readmission rates were prospectively collected. Despite receiving adequate treatment with neurohumoral blockers, patients (71+ 11 years;
ejection fraction 35 £ 13%) had spent 4% (27%) of the year preceding study inclusion in hospital, with 73% admitted once, 20% twice, and 7% more than
twice for acute decompensated HF (ADHF). During the study, patients were exposed to 6 + 4 dedicated HF caregiver contacts. Participation in remote device
monitoring increased from 31% to 92%, with 1 (0-3) additional phone contacts per patient-year of follow-up in this subgroup (n=24). All-cause mortality
and readmission rates for ADHF were 10% and 25% after one year, and 19% and 39% after 2 years, respectively. Follow-up time spent in hospital decreased
significantly to 2% (16%) (P value =0.047).

Conclusions Follow-up of advanced HF patients through transmural disease management is feasible and associated with favourable clinical

outcome.

Keywo rds Disease management - heart failure - hospitalization - quality of health care.

INTRODUCTION It affects 23% of the total population in developed coun-

tries, with a prevalence as high as 20% in octogenari-

Improvements in pharmacotherapy and innovations
in cardiac devices have led to an increased life expec-
tancy and better quality of life in heart failure (HF)
patients''®. Yet, despite these advances, HF remains an
important cause of morbidity and mortality worldwide.
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ans'”'8, Acute decompensated HF (ADHF) is the leading
cause of hospital admissions in patients > 65 years of age,
with 60-day mortality and repeat readmission rates close
to 15% and 30%, respectively". Moreover, HF is a major
contributor to health-care costs, consuming about 2.5%
of the total budget, with 60-70% spent on hospitaliza-
tions for ADHF***!. Therefore, major societies like the
Heart Failure Society of America (HESA), the American
Heart Association (AHA), the American College of Car-
diology (ACC) and the European Society of Cardiology
(ESC) have been engaged in trying to reduce HF read-
mission rates by implementing better current evidence-
based diagnostics, treatments and guidelines'”*.
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Regrettably, disease management strategies imple-
mented only at a single specialized HF ward using a
one-fits-all approach have failed to improve ADHF read-
mission rates”. Moreover, it is important to acknowledge
that HF is not one specific disease, but rather a complex
clinical condition, characterized by diverse cardiac and
non-cardiac diseases. Indeed, co-morbid conditions like
renal dysfunction, diabetes, or lung disease are very
prevalent, and have a major impact on morbidity and
mortality*. As a result, HF patients frequently present
at non-cardiac wards or medical services (i.e., extramu-
ral)®. Therefore, care for HF patients ideally comprises
an individually tailored approach, which should be deliv-
ered in a systematic way with each hospitalization (or
outpatient contact), irrespectively of the reason for
admission, and thus also including non-cardiac hospi-
talizations (i.e. transmural care). Such a quality of care
improvement initiative, focusing on individually tailored
HF disease management with transmural care delivery
and a central role for the paramedical HF caregiver, was
implemented at our centre for advanced HF patients
with repeated readmissions. We report the outcome data
for patients who were followed by this strategy. More
specifically, the impact of the programme on readmis-
sion rates and clinical outcome was assessed.

METHODS
Study population

From May 2009 until March 2011, we included con-
secutive patients admitted to a tertiary care centre
(Ziekenhuis Oost-Limburg, Genk, Belgium) with a diag-
nosis of advanced heart failure, who were referred to a
dedicated HF specialist (W.M.) for further therapy. Addi-
tionally, patients had to be admitted for ADHF at least
once during the preceding year. ADHF hospitalizations
were defined as hospital admissions because of signs
and/or symptoms of congestion and/or low cardiac out-
put. During the hospital stay intravenous diuretics, ino-
tropes and/or vasodilators had to be administered to
these patients. The study complied with the declaration
of Helsinki and the locally appointed ethics committee
approved the study protocol. As the study was only
observational, the need for informed consent was
waived.

Study efforts to deliver transmural and
individually tailored care

Identifying the patient throughout the hospital

What sets the transmural disease management strat-
egy of this study apart from other multidisciplinary

programmes is that real efforts were made to deliver
individually tailored HF care across the classical borders
of the cardiology ward and even across the hospital (i.e.,
transmural). Therefore, upon inclusion in the study;, all
patients received a special tag in their electronic medical
record (EMR). This tag was subsequently activated with
each hospital readmission or outpatient evaluation and
triggered a paramedical HF caregiver contact. Conse-
quently, irrespective of the reason for readmission or
location of the patient inside or outside of the cardiology
ward, a HF caregiver was notified who visited and eval-
uated the patient.

Central role for the dedicated paramedical heart failure
caregiver

A dedicated team of HF caregivers, all nurses trained
in HF pathophysiology, echocardiography, and cardiac
devices, played a central role in our disease management
strategy. Importantly, these HF caregivers remained at
the centre of HF care during and after transition to
outpatient follow-up, irrespective of the physician treat-
ing the patient: (i) specialized care by the dedicated HF
cardiologist; (ii) general cardiology care by the patient’s
personal cardiologist; and (iii) non-cardiac care includ-
ing the general practitioner of the patient. Patients were
explicitly instructed to contact their HF caregiver for
any question at low threshold, during hospitalization
(cardiac and non-cardiac) as well after discharge. More-
over, there was a close collaboration with homecare
nurses after discharge through one specific contact per-
son, who was informed of the patient’s hospitalization
and discharge plan. This person instructed the homecare
nursing team to follow-up on the patient’s weight, blood
pressure, heart rate and symptoms, and contacted the
HF caregiver with any problem.

Transmural care delivery during hospital admission

At any time when a patient was visited by the HF
caregiver, disease education tailored to the patients’
individual needs and conditions was provided. In addi-
tion, at least one visit of a dietician, a physical therapist
and, if indicated, a psychologist, was arranged before
discharge. Compliance with medications and dietary
sodium restriction were always evaluated, as instructed
by the guidelines". Notes were made in the EMR of the
patient about different aspects of the education provided,
and points of importance for future care were high-
lighted. Generally, patients received 6 education
moments within the first year after a hospital admission
for ADHF: two elaborate education sessions, preferably
at least one with the patient’s close relatives (ca. 30-45 min);
two short education sessions focusing on key points of



medications and dietary sodium restriction (ca. 8 min)
and two telephone contacts 2 weeks and 6 months after
discharge. Importantly, as the paramedical HF caregiver
team had a thorough insight into HF pathophysiology,
echocardiography and devices, individually tailored care
and education could be provided. Furthermore, the HF
caregiver was instructed to check if HF patients with
reduced ejection fraction were receiving optimal medi-
cal therapy including an angiotensin-converting enzyme
inhibitor or angiotensin II receptor blocker, a beta
blocker, and a mineralocorticoid receptor antagonist at
guideline-recommended tolerated target dosages. If
pharmacological treatment could be improved, the HF
caregiver would inform the patient’s general cardiologist
or treating physician in order to increase the dose if
appropriate. Similarly, indications for advanced HF
therapies could be suggested by the HF caregiver.

If a prolonged hospitalization was needed, the HF
caregiver continued to visit the patient at least once every
three to five days. Standardized instructions to measure
daily weight changes, restrict the use of intravenous
fluids and avoid non-steroidal anti-inflammatory drugs
if possible were given to non-cardiac nursing teams car-
ing for the patient. Finally, a structured questionnaire
was used to assess the need for further evaluation, and
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eventually advanced treatment was given by the HF
specialist (figure 1). Afterwards, the HF specialist would
consider the need and strategy for decongestive therapy,
advanced HF therapy, and check indications for cardiac
devices. At Ziekenhuis Oost-Limburg, patients with
cardiac devices are followed through cooperation
between the HF specialist, electrophysiologist, cardiac
imaging specialist, and dedicated nurses in a multidis-
ciplinary clinic as described before?.

Transition to outpatient care

Finally, when the patient was ready for discharge, the
HF caregiver provided discharge notes with general
information about HF, recommendations for lifestyle
adaptations, and a telephone number of the HF caregiver
team, which could be contacted during work hours for
trouble-shooting in case of questions or problems.
In addition, the general practitioner was always informed
electronically of any hospitalization or outpatient con-
tact, and if needed, instructed to check the patients’
adherence to medication and/or lifestyle adaptations.
Patients with an implantable cardioverter/defibrillator
(ICD) or cardiac resynchronization therapy (CRT) defi-
brillator device were invited to participate in remote
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device monitoring. Alarms which prompted action of
the HF caregiver included lead/device problems, ven-
tricular and supraventricular arrhythmias, drops in
biventricular pacing <90% in case of CRT, sudden
decreases in heart rate variability, and changes in tho-
racic impedance in some devices. The dedicated HF
caregiver interpreted the alarms daily, with transmis-
sions during weekends read on Monday. Patients were
contacted by telephone if alarms were considered to be
relevant. The same structured questionnaire used by the
HEF caregiver for in-hospital evaluation was subsequently
employed and HF education provided by phone (fig-
ure 1). At each telephone contact, patients were encour-
aged to contact the HF caregiver team if there was any
further change in clinical condition. It is important to
state that there was a close collaboration between the
HF caregiver team and the general practitioner of the
patient, who was informed of every phone call to the
patient, and instructed to closely follow-up on recom-
mended treatment adaptations. After 3 days, the HF
caregiver made a routine phone call to reappraise the
patient’s condition.

Study end points

Demographics, clinical data, medical therapy and
admission cause were obtained at the time of the index
hospitalization. Changes in medical therapy at hospital
discharge and after 6 months of follow-up were registered.
A comprehensive assessment was made of different treat-
ment options performed in each patient. Patients were
followed until death, their last hospitalization, or their
last outpatient evaluation, whichever came last. The pri-
mary end point of the study was the readmission rate for
ADHEF after one and two years of follow-up, excluding
elective rehospitalizations. Subsequently, we compared
the average yearly readmission rate for ADHF in each
individual patient with the year preceding inclusion in
the study. The secondary end points were the total num-
ber of hospitalizations per year of follow-up and the per-
centage of follow-up time spent in hospital. Further, time
to all-cause mortality was assessed. In addition, the abso-
lute number and type of hospitalizations occurring during
follow-up in the study population were prospectively
listed. ADHF hospitalizations were subdivided according
to their presumed trigger: infection (e.g., respiratory
infection), arrhythmia (e.g., atrial fibrillation), non-
compliance which also included substance abuse or
ADHEF because of non-steroidal anti-inflammatory drug
use, or an unknown trigger. Acute cardiac hospitalizations
were classified as an acute coronary syndrome, a primary
diagnosis of arrhythmia, or a miscellaneous cause. Other
non-elective hospitalizations were considered to be co-
morbidity-related. Causes of elective hospitalizations

included: implantation of a CRT device, implantation of
a pacemaker or ICD, right heart catheterization with/
without subsequent haemodynamic-guided therapy, an
electrophysiological procedure (i.e., ablation, electrical
reconversion or electrophysiological diagnostics), or
another non-specified cause.

Statistical analysis

All continuous variables were expressed as
mean + standard deviation (SD), if normally distributed,
or otherwise as median (interquartile range, IQR). Cat-
egorical variables were expressed as percentages. The
primary and secondary end points were compared using
the Wilcoxon signed-rank test. Statistical significance
was set at a two-tailed probability level of @ <0.05. Actu-
arial survival rates were calculated according to the
Kaplan-Meier method. All statistical analyses were per-
formed using IBM' SPSS’ (version 20.0) for Windows.

RESULTS

Study population

Fifty-five patients met the inclusion criteria and had
at least one ADHF hospitalization during the year pre-
ceding the index hospitalization. Baseline characteristics
of the study population are presented in table 1.
The median (IQR) length of index hospital stay was
7 days (4-10 days) and reasons for admission are pre-
sented in table 2. Patients had a mean + SD follow-up of
22+ 10 months.

Care strategies during follow-up
Patient education

During the study period, the 55 study patients had a
total of 570 HF education moments by dedicated caregiv-
ers resulting in 6 £4 HF caregiver contacts per patient-
year of follow-up. Forty-two percent of these contacts
took place during hospitalization (27% while being admit-
ted at the cardiology ward, i.e. intramural; 15% extramu-
ral), while 58% were in an outpatient setting. The median
(IQR) time spent by the HF caregiver on an education
contact was 31 (12-39) minutes in case of an intramural
hospitalization, 10 (5-10) minutes for an extramural hos-
pitalization and 15 (10-15) minutes for an outpatient
contact. An additional 20-min education session was
provided to patients who received a cardiac device, and
another 10-min session was performed to explain the
concept of remote device monitoring if the patient par-
ticipated in remote follow-up. Involvement of the treating
physician was minimal and protocol-driven (figure 1).



Table 1

Age (year)
Gender
Male
Female
Body mass index (kg/m?)
Blood pressure (mmHg)
Systolic
Diastolic
Heart rate (bpm)
QRS width (ms)
QRS width =150 ms
Left ventricular ejection fraction (%)
Left ventricular ejection fraction <40%
Mitral valve regurgitation > 2/4
Tricuspid valve regurgitation > 2/4
Ischaemic heart disease
History of cardiac surgery
Coronary artery bypass graft
Valvular surgery
History of atrial fibrillation
Diabetes mellitus
Chronic obstructive pulmonary disease
New York Heart Association functional class
I
I
Il
v
Maximal aerobic capacity (mL/min/kg)
Cardiac device
Implantable cardioverter/defibrillator
Cardiac resynchronization therapy
Serum haemoglobin (g/L)
GFR (mL/min/1.73m?)
Plasma NTproBNP (pg/mL)

Baseline characteristics of the study population (n = 55)

Transmural disease management in heart failure

Table 2 Reason for the index hospitalization

eGFR: estimated glomerular filtration rate by the Chronic Kidney Disease

Epidemiology Collaboration (CKD-EPI) formula.

Table 3 Pharmacological therapy

ACE-l

Dose (% of the recommended target dose)

ARB

Dose (% of the recommended target dose)

ACE-1or ARB

Dose (% of the recommended target dose)

Beta blocker

Dose (% of the recommended target dose)

Mineralocorticoid receptor antagonist
Loop diuretic

Dose (mg furosemide eq.)
Hydralazine

Dose (mg)
Nitrates

Baseline Discharge After 6 months of follow-up
53% 49% 43%

50 (25-63) 50 (50-100) 50 (50-100)
11% 16% 19%

50 (25-50) 25 (19-50) 38(25-50)
62% 64% 60%

50 (25-50) 50 (25-75) 50 (28-100)
87% 91% 91%

50 (25-94) 50 (25-56) 50 (25-100)
51% 56% 58%
80% 89% 75%

40 (40-80) 40 (36-80) 40 (40-80)
20% 31% 26%

50 (38-200) 75 (50-200) 75 (38-113)
9% 13% 13%

ACE-I: angiotensin-converting enzyme inhibitor, ARB: angiotensin Il receptor blocker.

AN Acute decompensated heart failure 51%
Non-elective hospitalization not due to heart failure
73% Cardiac arrhythmia 5%
2 Infectious disease 2%
28+6 )
Miscellaneous* 13%
Elective hospitalization
126+22 _ i .
70+13 CRT implantation 22%
82+24 Right-sided cardiac catheterization 4%
129+ 42 E!ectrophysiological procedure (ablation, reconversion, 3%
36% diagnostics)
35413 *Pleural effusion, pacemaker erosion, chest pain.
67% CRT: cardiac resynchronization therapy.
46%
29%
59%
22%
19% Pharmacological therapy and haemodynamic-guided
60% therapy
31% . . .
- zi\n overview of che.mgles in pharmacological therapy
during the index hospitalization and subsequent follow-
4% up including the use of neurohumoral blockers and
29% vasodilator therapy is provided in table 3. Haemody-
62% namic-guided therapy through guidance by pulmonary
5% artery catheter measurements, with titration of sodium
126+29 . . . . . .
nitroprusside and intravenous diuretics to achieve a
% central venous pressure <8 mmHg and pulmonary cap-
0 . .
5 illary wedge pressure <15 mmHg as described before,
125420 was performed in 14 patients (25%) after inclusion®**"
56+ 25 This treatment strategy was used in only 4 patients (7%)
3,655 (2,3108,832) before inclusion in the study.
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Elective hospitalizations

Thirteen patients (24%) had a total of 17 elective
rehospitalizations (0.18 per patient-year of follow-up).
A detailed description of the reasons for such hospi-
talizations is provided in table 4.

Remote monitoring

At the moment of the index hospitalization, 16 patients
had an ICD or CRT defibrillator and only 5 were followed
by remote device monitoring (31%). After inclusion in
the study, there was a clear increase of participation as all
but one patient agreed to be followed within the remote
monitoring programme. Moreover, another 9 out of
10 patients who received an ICD or CRT defibrillator after
inclusion participated as well, resulting in an overall par-
ticipation of 92%. The 24 patients who were followed with
remote device monitoring were contacted 95 times in total
during the study period, resulting in 1 (0-3) phone contact
per patient-year of follow-up. A detailed description of
the reasons for remote monitoring phone contacts and
subsequent actions is presented in table 5.

Primary and secondary end points

The readmission rate for ADHF after one year of fol-
low-up was 19%. After two years, this figure increased to
39%. Compared to the year preceding inclusion, the
median (IQR) number of ADHF hospitalizations per
patient per year decreased significantly from 1 (1-2) to 0
(0-1) (P-value <0.001; figure 2). However, patients who
still experienced readmissions for ADHF had a substan-
tially higher yearly hospitalization rate of 1 (1-2). The
overall yearly all-cause hospitalization rate decreased sig-
nificantly from 2 (2-3) before to 1 (0-3) after inclusion in
the programme (P-value =0.014). As a result, the percent-
age of follow-up time spent in the hospital also decreased
from 4% (27%) in the year before to 2% (16%) after inclu-
sion (P-value=0.047). Freedom from all-cause mortality
was 90% after 1 year and 81% after 2 years of follow-up.

Hospitalization causes

ADHEF hospitalizations accounted for 30% of all non-
elective hospital readmissions. Triggers for ADHF were
diverse, but in 55% no clear cause could be identified
and non-compliance was carefully excluded in these
cases (figure 3). Acute cardiac hospitalizations accounted
for 11% of non-elective hospital admissions (2% acute
coronary syndrome; 6% arrhythmia; 3% miscellaneous).
The remaining 59% of non-elective hospitalizations were
co-morbidity-related (22% within and 37% outside of
the cardiology ward).

Table 4 Reason for elective rehospitalizations

CRT implantation 12%
Pacemaker or ICD implantation 18%

Right heart catheterization

Only diagnostics 6%
Including haemodynamic-guided therapy 12%
Electrophysiological procedure (ablation, reconversion, diagnostics) 35%
Miscellaneous* 18%

*Percutaneous transluminal aortic valvuloplasty, transcatheter aortic valve
implantation.

CRT: cardiac resynchronization therapy, ICD: implantable cardioverter-
defibrillator.

Table 5 Reasons and actions for remote monitoring contact

Thoracicimpedance alarm 70%
Education provided, no further action necessary 45%
Outpatient evaluation by general practitioner and increased diuretics 31%
Outpatient evaluation by dedicated HF specialist 24%
Semi-urgent hospitalization 2%

Arrhythmia 11%
Education provided, no further action necessary 40%
Outpatient evaluation by general cardiologist 60%

Biventricular pacing < 90% 5%
Education provided, no further action necessary 80%
Outpatient evaluation by dedicated HF specialist 20%

Lead- or device problem 7%
Education provided, no further action necessary 71%
Outpatient evaluation by electrophysiologist 29%

Patient initiative 7%
Outpatient evaluation by general practitioner 60%
Semi-urgent hospitalization 40%

HF: heart failure.

DISCUSSION

The primary finding of this study is that a transmural
disease management programme with individually tai-
lored, supervised HF care across the borders of the cardi-
ology department — within and outside of the hospital - is
feasible in clinical practice without significantly increased
time investment of physicians. Moreover, the implementa-
tion of such a programme, mainly provided by paramed-
ical HF caregivers, resulted in an impressive decrease of
ADHF readmissions in patients with advanced HFE.
Although hospital readmissions for ADHF still accounted
for 30% of the remaining non-elective hospitalizations
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during follow-up, most of these readmissions were pre-
sumably not preventable as they were triggered by infec-
tion (17%) or lacked a clear trigger with non-compliance
excluded as a cause (55%). Overall, survival was good in
this population of very sick patients with HF (90% after
one year and 81% after two years) with only 2% follow-up
time spent in hospital after implementation of the trans-
mural care pathway. Our study strongly suggests that HF
care should exceed beyond the boundaries of the cardiol-
ogy ward. However, to achieve this, an engaged, educated
and dedicated team of HF caregivers is pivotal.

As HF is not a simple disease, but an often complex
clinical syndrome, care for patients has evolved to com-
prehensive, integrated and interdisciplinary disease man-
agement strategies. The first randomized clinical trial
investigating such an approach reported a reduction in the
readmission rate of elderly HF patients when comprehen-

Transmural disease management in heart failure

sive education of patient and family, dietary advice, review
of the medication, social service consultation and dis-
charge notes by HF nurses were implemented systemati-
cally’. Subsequently, several large meta-analyses have
confirmed that multidisciplinary disease management
strategies in HF patients are associated with a 30% reduc-
tion in ADHF readmission rates and up to 18% decrease
in the combined event of readmission or death®*. Fur-
thermore, multidisciplinary HF strategies were cost-effi-
cient as the increased cost of organized HF care was offset
by a reduction of readmissions*?*. It is both reassuring
and thought-provocative that the implementation of a
transmural HF disease management strategy in our study
was able to significantly reduce readmission rates, even in
old and very sick patients with a high comorbidity burden.
However, an important limitation of randomized clin-
ical trials and meta-analysis evaluating disease manage-
ment strategies for HF is the substantial variation concern-
ing the design and characteristics of these programmes.
Moreover, it is very difficult to assess which aspects of an
integrated approach are essential for the perceived benefits.
Based on current knowledge, successful strategies probably
include a multidisciplinary approach, including in-hospi-
tal care, intensive patient education, supportive self-care
strategies, optimization of medical treatment, and contin-
ued surveillance during follow-up™. It should be noted that
these aspects were central in our transmural disease man-
agement programme. Other key aspects described by oth-
ers and central in our care strategy, were the active involve-
ment of dedicated caregivers and cardiologists specialized
in HE a close collaboration with the general practitioner,
and prompt response on deterioration during follow-up,
especially in the patients who participated in remote mon-
itoring. In addition, it should be stressed that HF caregiv-
ers in our study were thoroughly trained to have knowledge
on HF haemodynamics (clinical assessment and echocar-
diography), medical therapy and device technology (diag-
nostics and optimization). These important insights
allowed them to really deliver individualized HF care.
Yet, one of the largest randomized clinical trials evalu-
ating a HF disease management strategy, the Coordinating
Study Evaluating Outcomes of Advising and Counseling
in Heart Failure (COACH) showed disappointing results>.
In the COACH study, 1,049 HF patients were randomly
assigned to usual care, an interventional group to basic
support and an interventional group to intensive support.
Patients in the basic support group received visits by a HF
nurse at admission and with each outpatient contact. The
nurse provided protocol-guided education and a contact
address was given in case of clinical deterioration, HF signs
or symptoms. Education materials included a patient diary,
brochures on HF and its management and samples of
sodium-restricted food seasonings. Patients in the inten-
sive support group received the same interventions as the
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basic support group, but were scheduled for monthly HF
nurse visits, weekly telephone contacts in the first month
after discharge and were visited at home by a HF nurse.
Furthermore, the intensive support also included extra
telephone calls, 2 home visits, multidisciplinary advice
given by a physiotherapist, dietician and social worker and
extra education in HF patient self-efficacy. During follow-
up of 18 months, the study’s first primary end point of
ADHF readmissions or all-cause mortality did not differ
significantly between groups, nor did the second primary
end point of number of days lost because of death or hos-
pitalization during follow-up. At first sight, the findings
of this study seem in disagreement with previous evidence.
However, the COACH study featured a one-size-fits-it-all
approach for each individual patient in a specific group.
Moreover, HF care delivery was provided only intramu-
rally, while our study clearly demonstrates that through
the use of a HF tag incorporated in the EMR of the patient,
transmural care delivery is probably more successful at
reducing readmissions. This is illustrated by the fact that
63% of HF caregiver contacts took place outside the bor-
ders of the cardiology ward, and 58% of these even outside
of the hospital. Moreover, the substantial proportion of
patients who had an ICD or CRT defibrillator (n=24) and
were followed with remote monitoring had an additional
1 (0-3) phone contacts per patient-year of follow-up.
Indeed, the COACH investigators acknowledge that HF
disease management programmes should not be aban-
doned but rather refined. Our study, describing in detail
different treatment options and reasons for readmission
in a population of very sick HF patients with repeated
readmissions, is reassuring as it indicates that with a trans-
murally delivered, individually tailored, multidisciplinary
HF disease management programme, caregivers can actu-
ally dramatically reduce readmission rates.

Study limitations

Some limitations should be acknowledged when inter-
preting the results of this study. First, this was a single-
centre study in an experienced tertiary care centre, which
might create some concerns regarding external validity.
However, as explained, we think the concept of transmu-
ral disease management is feasible in clinical practice with
asimple tag in the EMR, even in less experienced centres,
if a motivated team of dedicated and educated heart fail-
ure nurses is present. Secondly, the sample size of this
study is rather small, implying that our findings are only
hypothesis-generating and should be confirmed in larger
studies. Yet it remains very difficult to rigorously perform
a trial evaluating the impact of a multidisciplinary treat-
ment strategy on clinical outcome. Importantly, our cross-
over design ensures minimal intra-individual variability
and the unequivocally positive results of the study in a

selected group of very sick heart failure patients make a
strong pledge towards efficacy of the disease management
strategy. Thirdly, the sample size of our study was too
small to identify the relative effectiveness of different
aspects within the disease management programme to
improve clinical outcome. Fourthly, despite a strong focus
on optimal medical treatment, the proportion of patients
who took guideline-recommended neurohumoral block-
ers increased little during follow-up and the percentage
of patients on renin-angiotensin system blockers might
be considered low. However, patients were already diag-
nosed (and treated) for HF before inclusion in the study.
Moreover, they were very sick with a median NT-proBNP
of 3,655 pg/mL and a lot of them suffering from chronic
kidney disease and not tolerating further uptitration of
these medications. Fifthly, 25% of patients received a CRT
device during follow-up, which has been shown to reduce
readmissions for ADHF in populations similar to ours'>'.
However, this effect of CRT in only a subset of patients is
unlikely to account for the large drop in ADHF readmis-
sions observed in the population as a whole. Sixthly,
because of the inclusion criteria used in our study to select
advanced HF patients (at least one hospitalization for
ADHEF in the year preceding study inclusion), one might
be concerned that regression to the mean bias possibly
inflated the effect size of the intervention on the yearly
number of ADHF readmissions. However, it should be
stressed that patients were followed during 22 + 10 months
with the majority of patients followed 2-3 years to mini-
mize this bias. Moreover, the secondary end point of
percentage of follow-up time spent in hospital, which is
less sensitive to regression to the mean bias, also decreased
significantly after inclusion in the study confirming the
internal validity of the study.

CONCLUSION

We report outcome data for a selected cohort of
advanced HF patients with repeated readmissions for
ADHE after implementing a hospital-wide, transmural
HF disease management strategy. Our data show that if
HF care is individually tailored and delivered beyond
the borders of the cardiology ward, readmissions for
ADHEF and all-cause hospitalizations can be reduced
dramatically, even in a population of very sick patients.
Moreover, by giving a central role to dedicated HF car-
egivers, such strategy is feasible in clinical practice as
patients are efficiently referred to the most appropriate
level of care. This requires close collaboration between
general practitioners and other caregivers including but
not limited to cardiologists, with patients only referred
to the dedicated heart failure specialist for advanced
heart failure therapies.
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