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Wireless pulmonary artery haemodynamic monitoring in
chronic heart failure: a randomised controlled trial

William T Abraham, Philip B Adamson, Robert C Bourge, Mark F Aaron, Maria Rosa Costanzo, Lynne W Stevenson, Warren Strickland,
Suresh Neelagaru, Nirav Raval, Steven Krueger, Stanislav Weiner, David Shavelle, Bradley Jeffries, Jay S Yadav, for the CHAMPION Trial Study Group*

Summary

Background Results of previous studies support the hypothesis that implantable haemodynamic monitoring
systems might reduce rates of hospitalisation in patients with heart failure. We undertook a single-blind trial to
assess this approach.

Methods Patients with New York Heart Association (NYHA) class III heart failure, irrespective of the left ventricular
ejection fraction, and a previous hospital admission for heart failure were enrolled in 64 centres in the USA. They
were randomly assigned by use of a centralised electronic system to management with a wireless implantable
haemodynamic monitoring (W-IHM) system (treatment group) or to a control group for at least 6 months. Only
patients were masked to their assignment group. In the treatment group, clinicians used daily measurement of
pulmonary artery pressures in addition to standard of care versus standard of care alone in the control group. The
primary efficacy endpoint was the rate of heart-failure-related hospitalisations at 6 months. The safety endpoints
assessed at 6 months were freedom from device-related or system-related complications (DSRC) and freedom from
pressure-sensor failures. All analyses were by intention to treat. This trial is registered with ClinicalTrials.gov,
number NCT00531661.

Findings In 6 months, 84 heart-failure-related hospitalisations were reported in the treatment group (n=270) compared
with 120 in the control group (n=280; rate 0-32 vs 0- 44, hazard ratio [HR] 0-72, 95% CI 0-60-0-85, p=0-0002). During
the entire follow-up (mean 15 months [SD 7)), the treatment group had a 37% reduction in heart-failure-related
hospitalisation compared with the control group (158 vs 254, HR 0-63, 95% CI 0-52-0-77; p<0-0001). Eight patients
had DSRC and overall freedom from DSRC was 98- 6% (97 - 3-99 - 4) compared with a prespecified performance criterion
of 80% (p<0-0001); and overall freedom from pressure-sensor failures was 100% (99 -3-100-0).

Interpretation Our results are consistent with, and extend, previous findings by definitively showing a significant and
large reduction in hospitalisation for patients with NYHA class III heart failure who were managed with a wireless
implantable haemodynamic monitoring system. The addition of information about pulmonary artery pressure to
clinical signs and symptoms allows for improved heart failure management.

Funding CardioMEMS.

Introduction
Despite current treatments, rates of hospital admissions
for heart failure have improved little during the past three
decades.! In the USA, between 1996 and 2006, hospital
discharges for heart failure rose from 877000 to 1106 000.”
Among beneficiaries of Medicare, 27% of discharged
patients with heart failure were readmitted to hospital
within 30 days.’ More than half the US$39-2 billion yearly
direct cost of care for heart failure in the USA is
attributable to the cost of treatment in hospital.? The
estimated average cost of the final 2 years of life for
patients with heart failure is greater than $156 000, with
more than 75% attributable to hospital admission for
heart failure during the last 6 months of life.*
Improvements in outpatient management of patients
with chronic heart failure are needed to address the
increasing burden of worsening heart failure that requires
admission to hospital.

Patients are usually admitted to hospital for heart
failure because of worsening signs and symptoms of

congestion.” Previous investigations have shown that
increases in intracardiac and pulmonary artery
pressures are the cause of this clinical congestion and
are apparent several days to weeks before the onset of
worsening signs, symptoms, and hospital admission,*’
suggesting that early intervention targeting these
pressures might reduce the risk of admission to
hospital. In a clinical trial,® increases in intracardiac
pressures often arose independently of weight changes,
such that monitoring of weight alone was inadequate to
identify congestion in time to avert the events associated
with heart failure. This finding might account for why
telemonitoring systems that rely on patient-reported
assessment of general health, symptoms of heart
failure, and daily weight change have not reduced re-
admission or mortality rates.’

Implantable systems for chronic monitoring of
intracardiac and pulmonary artery pressures have been
developed.”” Preliminary findings with the use of these
systems suggest a reduction in hospital admissions for
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Figure 1: Implantable haemodynamic monitoring system

(A) CardioMEMS sensor or transmitter. (B) Transcatheter is implanted into a distal branch of the descending pulmonary artery. (C) Patient is instructed to take daily
pressure readings from home using the home electronics. (D) Information transmitted from the monitoring system to the database is immediately available to the
investigators for review. (E) Transmitted information consists of pressure trend information and individual pulmonary artery pressure waveforms.

heart failure. The hypothesis in the present study, the
CardioMEMS Heart Sensor Allows Monitoring of
Pressure to Improve Outcomes in NYHA Class III Heart
Failure Patients (CHAMPION) trial, was that manage-
ment of heart failure by use of pulmonary artery pressures
would greatly reduce the rate of heart-failure-
related hospitalisation.

Methods

Patients

Patients (aged =18 years) were eligible for participation
in the CHAMPION study if they had moderate (New
York Heart Association [NYHA] functional class III)
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heart failure for at least 3 months, irrespective of left
ventricular ejection fraction or cause, and a
hospitalisation for heart failure within the past
12 months. Patients had to be given drug and device
treatments for heart failure at optimum or best-tolerated
stable doses, according to national guidelines.”*
Exclusion criteria included a history of recurrent
pulmonary embolism or deep venous thrombosis,
cardiac resynchronisation with device implantation
within the preceding 3 months, and stage IV or V
chronic kidney disease (glomerular filtration rate
<25 mL/min per 1-73 m2). The other inclusion and
exclusion criteria have been described previously.” The
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723 patients underwent
medical chart screen

98 chart screen failures |

A

625 screening visit
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50 screening failures |

25 not implanted
19 device not opened

2 sensor did not release;
successfully removed

1transient VT

1difficulty maintaining

severe chronic cough
1transient LBBB

DVT or PE during
pulmonary angiogram

6 device opened not implanted
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550 implanted and
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4 non-compliance
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3 investigator decision

VAD study

1enrolled in investigational

26 exited before 6 months
20 deaths
1 non-compliance
3 withdrew consent
linvestigator decision
1 lost to follow-up

N

244 6-month visit 254 6-month visit |

| |

270 safety analysis
270 primary efficacy

280 safety analysis
280 primary efficacy

analysis analysis
270 ancillary efficacy 280 ancillary efficacy
analysis analysis

Figure 2: Trial profile

VT=ventricular tachycardia. LBBB=left bundle branch block. DVT=deep vein thrombosis. PE=pulmonary embolism.
VAD=ventricular assist device. *Device not opened because the patient did not meet the angiographic or

anatomical inclusion criteria.

For the Minnesota Living with
Heart Failure questionnaire
see http://www.license.umn.

edu/Products/Minnesota-
Living-With-Heart-Failure-
Questionnaire__794019.aspx
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institutional review board of each participating centre
approved the study protocol, and all patients provided
written informed consent.

Study design

CHAMPION was a prospective, multicentre (n=64),
single-blind, clinical trial undertaken in the USA. Eligible
patients underwent implantation of a pulmonary artery
sensor, an integral part of the wireless implantable
haemodynamic monitoring (W-IHM) system (Champion,
CardioMEMS, Atlanta, GA, USA). This system has a

passive, wireless, radiofrequency sensor without batteries
or leads, and has been described in detail elsewhere
(figure 1).” After sensor implantation, patients were
admitted to hospital overnight for observation. Those
receiving anticoagulant drugs were restarted on
treatment. Participants who were not taking warfarin
were placed on aspirin (81 mg/day or 325 mg/day, orally)
and clopidogrel for 1 month (75 mg/day, orally) after
insertion of the implant; after 1 month, only aspirin was
continued. Before discharge from hospital, participants
were randomly assigned to a treatment group, which
allowed the clinician access to their pulmonary artery
pressure readings that were obtained through the W-IHM
system, or to a control group from which such access was
blocked. Before discharge, patients were trained to
operate the home electronic console. All patients, in
treatment and control groups, took daily pressure
readings. These measurements were transmitted through
a modem to a secure patient database. The protocol-
defined treatment goal for patients managed with
clinician knowledge of W-IHM data was to lower
pulmonary artery pressures when elevated, using
neurohormonal, diuretic, or vasodilator drugs. All
patients were on optimum drug and device therapies at
the time of sensor implantation in accordance with the
guidelines of the American College of Cardiology and
American Heart Association. The data from the sensor
was only available to the physician for patients in the
treatment group, and drug changes were made based on
information about the sensor haemodynamics and
standard of care, which includes patients’ signs and
symptoms. The control group continued to receive
standard of care management, which included drug
changes in response to patients’ clinical signs and
symptoms. To assure a high background standard of
care, only study sites with experience in management of
heart failure were chosen to participate in the
CHAMPION trial.

In the treatment group, review of pressure data was
done at least once a week and more frequently, if
changes occurred in treatment. All patients were
scheduled to be seen by their clinician at 1 month,
3 months, and 6 months, and every 6 months thereafter.
Visits included a physical examination, assessment of
NYHA class and quality-of-life assessment by use of the
21-question Minnesota Living with Heart Failure
questionnaire (MLHFQ), and review of drugs. Adverse
events were recorded continuously.

Randomisation and masking

Randomisation was done by use of a computer-generated
schedule stratified by study site, with block sizes of four,
and maintained by use of a validated 21 Code of Federal
Regulations, Part 11, compliant system. Investigators
enrolled patients who were randomly assigned in a
1:1 ratio by use of a centralised electronic system. To
maintain patient masking, all patients were asked to
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take pressure readings every day. Standardised clinician
communication scripts were provided for telephone
calls to patients about changes to drugs. Sites were
required to balance the number of contacts between
patients in the treatment and control groups. Patients
were masked to their assignment group. The masking
of patients was maintained until analysis of the 6-month
data was complete for the entire patient population.

Statistical analysis

The primary efficacy endpoint was the rate of heart-
failure-related hospitalisations during the 6 months
after insertion of the implant in the treatment group
versus the control group. The two primary safety
endpoints were device-related or system-related
complications (DSRC) defined as an adverse event that
was definitely or possibly related to the wireless
pressure sensor or external electronics, and was treated
with invasive means other than intramuscular
administration of drugs or a right-heart catheterisation;
and pressure-sensor failure defined as an inability to
obtain readings.

For the primary efficacy endpoint, a sample size of
248 patients per group, estimated through simulation,
provided 90% power by use of a negative binomial
regression procedure. To account for potential early
discontinuations, 550 patients were enrolled. For the
primary safety endpoints, assuming a final nominal
analysis a=0-048 and use of an exact test for one-sample
binomial proportions, a sample size of 305 or 306 would
provide 90% power to detect differences as small
as 5-7%.

Each of the final primary safety and efficacy analyses
required a significance level of 0-048, based on
O’Brien-Fleming boundaries for one planned interim
analysis. Freedom from DSRC and freedom from
pressure-sensor failures were statistically analysed with
an exact test for one-sample binomial proportions for
superiority to rates of 0-80 and 0- 90, respectively.

Four secondary efficacy endpoints were analysed
hierarchically by use of a=0-05 at each stage, if
significance continued to be shown. These were change
in pulmonary artery pressures to 6 months, measured as
area under the curve of pulmonary artery pressure
relative to baseline (analysis of covariance with baseline
pressure as the covariate); proportion of patients admitted
to hospital for heart failure during the first 6 months
(Fisher’s exact test); days alive outside hospital for heart
failure adjusted for variable number of days in the trial
during the first 6 months (Wilcoxon rank sum test); and
quality of life by use of the total MLHFQ score at 6 months
(student’s t test). Patient survival rates were analysed by
use of the Kaplan-Meier method and the log-rank test.

Prespecified supplementary analyses were heart-failure-
related hospitalisations during the entire randomised
follow-up (Andersen—Gill model); freedom from death or
first heart-failure-related hospitalisation (Kaplan-Meier
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Treatment group Control group
(n=270) (n=280)
Age (year) 61(13) 62 (13)
Male sex 194 (72%) 205 (73%)
White 96 (73%) 205 (73%)
Body-mass index (kg/m?) 31(7) 31(7)
Left ventricular ejection fraction (=40%) 62 (23%) 57 (20%)
Ischaemic cardiomyopathy 158 (59%) 174 (62%)
CRT or CRT-D device 91 (34%) 99 (35%)
ICD device 88 (33%) 98 (35%)
Time from CRT, CRT-D, or ICD to CM implant (days) 868 (831) 844 (733)
Comorbidities
Hypertension 207 (77%) 220 (79%)
Coronary artery disease 182 (67%) 202 (72%)
Diabetes mellitus 130 (48%) 139 (50%)
Atrial tachycardia flutter or fibrillation 120 (44%) 135 (48%)
Chronic obstructive pulmonary disease 76 (28%) 83 (30%)
Chronic kidney disease 54 (20%) 54 (19%)
Laboratory and haemodynamic analyses
Creatinine (pumol/L) 123-8 (44-2) 123-8 (44-2)
GFR (mL/min per 1.73m?) 60 (23) 62 (23)
Systolic blood pressure (mm Hg) 121(23) 123 (21)
Diastolic blood pressure (mm Hg) 72 (13) 72 (13)
Heart rate (beats per min) 72 (13) 73 (12)
Pulmonary artery mean pressure (mm Hg) 29 (10) 30(10)
Drugs
Angiotensin-converting enzyme inhibitors or 205 (76%) 222 (79%)
angiotensin-receptor blockers
B blocker 243 (90%) 256 (91%)
Aldosterone antagonist 117 (43%) 114 (41%)
Loop diuretic 248 (92%) 258 (92%)
Hydralazine 36 (13%) 33 (12%)
Nitrate 64 (24%) 56 (20%)
Data are number (%) or mean (SD). Percentages are based on the number of patients who were randomly assigned.
CRT=cardiac resynchronisation therapy. CRT-D=cardiac resynchronisation therapy with defibrillator. ICD=implantable
cardioverter defibrillator. CM=CardioMEMS sensor.
Table 1: Baseline demographic characteristics of patients

method; log-rank test); duration of heart-failure-related
hospitalisation (Wilcoxon rank sum test); number of
changes to drugs for heart failure (Wilcoxon rank sum
test); and the rate of heart-failure-related hospitalisations
by baseline systolic function at 6 months (negative
binomial regression procedure). All analyses were by
intention to treat.

Cost-effectiveness was evaluated by use of a decision
analytical model based on the Markov cohort simulation,
developed to capture the clinical events and costs for a
hypothetical cohort of patients from the time of
intervention through a maximum of 5 years. Patients
were assessed in terms of two health states (alive or
dead) with separately estimated transition probabilities
based on Kaplan-Meier survival curves for the treatment
and control groups. Survival probabilities beyond the
trial period were estimated with an exponential survival
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For the European Quality
of Life-5 Dimensions see
www.eurogol.org

model. For patients who were alive, the period of survival
was weighted by patients’ utility measured with the
European Quality of Life-5 Dimensions. Costs evaluated
in the model included costs of W-IHM sensor implan-
tation and device, heart-failure-related hospitalisation,
drugs for outpatients, and end-of-life support for those
who died. Total costs and quality-adjusted life years
(QALYs) were modelled according to the time (in monthly
intervals) patients spent in each health state. The model
was constructed with TreeAge Pro 2006 Software
(version 1.0).

The data analysis centre was Stat-Tech Services, Chapel
Hill, NC, USA. An independent data safety monitoring
board reviewed all available safety data during 25% and
75% masked interim analyses. An unmasked interim
analysis of safety and efficacy was undertaken after 50%
of patients completed at least 6 months of follow-up. An
independent, masked clinical events classification com-
mittee reviewed all available clinical safety data and
assessed the occurrence of heart-failure-related hospital-
isations. All adverse events, hospital admissions, and
deaths were reviewed and adjudicated by this committee
and used in the final data analyses.

This trial was prospectively registered with
ClinicalTrials.gov, number NCT00531661.

Role of the funding source

The study was designed by WTA, PBA, and advisers,
including the steering committee, and the sponsor.
Data were monitored, collected, and managed by the
sponsor. WTA and PBA had full access to study data
and final responsibility for the decision to submit for

Results

Between Sept 6, 2007, and Oct 7, 2009, 550 patients
were randomly assigned to the treatment (n=270) and
control groups (n=280). Figure 2 shows the trial profile.
All patients remained in their assigned group until the
last patient completed 6 months of follow-up. The mean
follow-up was 15 months (SD 7, total duration
250176 patient days). The groupzs were similar with
respect to baseline characteristics (table 1). All analyses
were undertaken on patients in their original assign-
ment groups.

Both primary safety endpoints were met. Patients had
98- 6% freedom from DSRC (95% CI 97-3-99-4; table 2)
No pressure-sensor failures occurred in 550 patients
(100%, 95% CI 99-3-100-0; table 2). The rate of heart-
failure-related hospitalisations at 6 months (primary
efficacy endpoint) was reduced by 28% in the treatment
group (table 2). The numbers of non-heart-failure-
related hospitalisations were not different in the
treatment and control groups (146 vs 143, p=0-66).

Over the entire randomised follow-up, the rate of
heart-failure-related hospitalisations was reduced by
37% in the treatment group (figure 3A). Additionally,
the treatment group had a lower risk of death or first
heart-failure-related hospitalisation (figure 3B).

The treatment group had a greater reduction in
pulmonary artery mean pressure, fewer patients
admitted to hospital for heart failure, more days alive
outside hospital, and better quality of life than did the
control group during 6 months of follow-up (table 2).
For the quality-of-life assessment, analysis data were
available at 6 months for 465 of 550 patients (or

publication. 9765 [85%] of 11550 datapoints). 36 (<1%) of
Not enrolled Treatment Control group  All patients  Risk p value NNT
(n=25) group (n=270)  (n=280) (n=575) (95% CI)

Primary efficacy endpoints*

Heart-failure-related hospitalisations up to 6 months (number; events per NA 84 (0-32) 120 (0-44) NA 0721 0-0002 8

patient per 6 months) (0-60-0-85)

Primary safety endpointsi

Device-related or system-related complications 2 (8%) 3 (1%) 3 (1%) 8 (1%) § <0-0001 NA

Pressure-sensor failures 0 0 0 0 S <0-0001 NA

Prespecified supplementary efficacy endpointsq

Heart-failure-related hospitalisations during entire randomised follow-up NA 158 254 NA 0-63t <0-0001 4

(0-52-0-77)

Secondary efficacy endpoints

Change from baseline in pulmonary artery mean pressure at 6 months NA -156 33 NA NA 0-008 NA

(mm Hgxdays; mean area under the curve)

Patients admitted to hospital for heart failure at 6 months NA 55 (20%) 80 (29%) NA 0-71]| 0-03 NA

(0:53-0-96)

Days alive outside hospital at 6 months (mean, SD) NA 174-4 (31.1) 172:1(37-8) NA NA 0-02 NA

Minnesota Living with Heart Failure Questionnaire at 6 months (mean, SD) NA 45 (26) 51(25) NA NA 0-02 NA
Data are number (%) or number, unless otherwise indicated. NNT=number needed to treat. NA=not applicable. *p value from negative binomial regression for comparison of treatment group with control group.
‘THazard ratio. #p value from exact test of binomial proportions of freedom from events compared with 80% (device-related or system-related complications) and 90% (pressure sensor failure) for all patients.
SRisk difference not reported because analysis by randomisation group was not prespecified. Ip value from the Anderson-Gill model for comparison of treatment group with control group. ||Relative risk.
Table 2: Effect of wireless implantable haemodynamic monitoring on safety and efficacy endpoints
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Figure 3: Cumulative heart-failure-related hospitalisations during entire period of randomised single-blind follow-up (A), and freedom from first
heart-failure-related hospitalisation or mortality during the entire period of randomised follow-up (B)

9765 datapoints (individual questions) were imputed.
Survival rates in the treatment and control groups at
6 months were similar (255 [94%] vs 260 [93%], hazard
ratio [HR] 077, 95% CI 0-40—1-51; p=0-45).

The length of stay for heart-failure-related hospital-
isations was significantly shorter in the treatment group
than in the control group (2-2 days [SD 6-8] vs 3-8 days
[11-1], p=0-02). The treatment group had a significantly
greater number of changes to drugs for heart
failure (2468, mean 9-1 per patient [7-4]) than did the
control group (1061, 3-8 per patient [4-5]; p<0-0001).

Heart-failure-related hospitalisations were analysed
in prespecified subgroups by baseline systolic function
(table 1). Patients in the treatment group had a
significant reduction in the rate of heart-failure-related
hospitalisations compared with those in the control
group for preserved (0-16 vs 0-33, p<0-0001) and
reduced systolic function (0-36 vs 0-47, p=0-007) during
6 months.

Patients in the treatment group had an average
quality-adjusted life expectancy of 2-506 QALYs with a
total cost of $68919; patients in the control group
had an average quality-adjusted life expectancy of
2-200 QALYs with a cost of $64637 Thus, the
incremental cost-effectiveness ratio of integrating
W-IHM into standard of care for management of the
heart is estimated to be $13 979 per QALY gained.

15 serious adverse events, of which eight (1%) were
DSRC and seven (1%) were procedure-related adverse
events, were reported during 575 implant attempts. Of
these serious events, four were bleeding events (groin
haematomas [n=2], epistaxis [n=1], haemoptysis [n=1]),
three were hospitalisations related to anticoagulation
treatment (arterial embolisms secondary to interruption

www.thelancet.com Vol 377 February 19, 2011

of anticoagulation [n=2], prolonged hospitalisation
secondary to resumption of therapeutic anticoagulation
for mechanical heart valve [n=1]), two were exacerbations
of pre-existing atrial dysrhythmias during right heart
catheterisation, two febrile illnesses, one pulmonary in-
situ thrombus during right-heart catheterisation that
was treated with anticoagulation, one cardiogenic shock,
one atypical chest pain, and one delivery-system failure
that required a snare to remove the delivery system.
No episodes of pulmonary infarction or embolism
associated with the sensor (during or after the implant
procedure) occurred during the trial. No events required
removal of the sensor.

Discussion

W-IHM is safe and significantly reduces the risk of
heart-failure-related hospitalisation in patients with
NYHA functional class III heart failure. The 6-month
risk of heart-failure-related hospital admission was 30%
lower in the W-IHM group, managed with daily
measurement of pulmonary artery pressures plus
standard of care, than in the control group, managed
according to standard-of-care monitoring of heart failure
alone. This reduction in risk lasted the entire period of
the randomised single-blind follow-up. The number
needed to treat to prevent one heart-failure-related
hospitalisation was highly favourable and similar to
other standard treatments for heart failure.®® The
treatment group also had significant reduction in
pulmonary artery mean pressure, fewer patients
admitted to hospital for heart failure, more days alive
outside hospital, and better quality of life than did the
control group. Compared with the other treatment
approaches to heart failure, W-IHM produced reductions
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Panel: Research in context

Systematic review

We searched Medline from March, 1995, to December, 2010,
for full reports of randomised clinical trials and observational
studies with the terms “heart failure” and “implantable
pressure monitoring”. We identified one randomised clinical
trial of an implantable right ventricular pressure monitoring
system,® and four observational studies of implantable
systems for monitoring right ventricular (n=1),* pulmonary
artery (n=2),** and left atrial (n=1)" pressures.

Interpretation

Together, the results of these studies show the feasibility of
using implantable pressure monitoring systems and suggest,
but do not prove, reduced rates of hospital admission for heart
failure when such systems are used in patients with New York
Heart Association (NYHA) class Ill. Our results are consistent
with and extend these findings by definitively showing a
significant and large reduction in hospital admission for
patients with NYHA class Il heart failure managed with a
wireless implantable haemodynamic monitoring system.

in heart-failure-related morbidity that were of similar
but additive magnitude.®” By contrast with other
treatments that have been proven to be effective only in
patients with decreased systolic function, W-IHM
similarly improved outcomes in patients with reduced
and preserved systolic function.

Traditional clinical methods and interventions known
to reduce heart-failure-related morbidity were active in
both groups of this trial. The high-quality management
of heart failure provided by trial sites is shown by the very
low rate of heart-failure-related hospitalisation in the
control group. This rate was much lower than the rates
noted in other trials.*” Thus, the benefits of W-IHM were
in addition to the proven treatments and management
strategies for heart failure. The management strategy
tested in the CHAMPION trial allowed further
optimisation of standard treatments for heart failure, and
titration of diuretic treatment to significantly reduce
increased pressures and improve clinical outcomes. By
contrast, non-implantable telemonitoring systems for
heart failure do not seem to improve outcomes compared
with standard of care. In the largest randomised,
controlled trial done so far, a comprehensive non-invasive
telemonitoring system did not reduce morbidity or
mortality in 1653 patients who were randomly assigned
to the telemonitoring system versus usual care.’

The W-IHM system was safely implanted by a variety of
cardiology subspecialists, including heart failure
specialists, electrophysiologists, and interventional
cardiologists. The safety profile and adverse event rates
were similar to those reported for right heart
catheterisation,” and better than those reported for other
permanent implants used in the management of heart

failure (eg, pacemakers, defibrillators),”? mainly because
of a lack of the complications associated with the
placement of transvenous leads and subcutaneous
impulse generators. Thus, the overall risk and benefit of
management of heart failure by use of this W-IHM
system compares favourably with current device-based
approaches to treatment of heart failure.

Previous studies of implantable haemodynamic
monitoring systems provided pilot data and suggestions
of clinical benefit (panel).*"** These reports were difficult
to interpret because they had small numbers of patients,
were statistically underpowered, or lacked a control
group. Our study did not have these limitations. The
CHAMPION protocol also differed from previous
haemodynamic monitoring studies in that specific
recommendations were made on how to use pressures
in the management of heart failure. The potential
limitations of the present trial included the challenges
inherent in maintaining patient masking and in
minimisation of the effect of investigator—patient and
device—patient interactions on outcome. Great care was
taken to successfully assure patient masking and a
singular, objective primary endpoint was chosen to
minimise the potential effect of unmasking. A strength
of this trial was the prolonged single-blind follow-up
after the assessment of the primary endpoint at
6 months. This prolonged follow-up allowed demon-
stration of the durability of the treatment effect. This
trial was not powered to detect a mortality benefit, and
larger trials of haemodynamic monitoring will be
needed to address this important question.

The generalisability of these results to most patients
with NYHA class III heart failure is likely to be good
because the exclusion criteria for this study were few.
The major restriction to inclusion was stage IV or V
chronic kidney disease because these patients might be
difficult to treat (ie, diurese) even with knowledge of
increased pulmonary artery pressures. The CHAMPION
trial represents the first positive, randomised, adequately
powered clinical trial of implantable haemodynamic
monitoring in patients with moderately symptomatic
heart failure. The addition of information about
pulmonary artery pressure to clinical signs and symptoms
allows for improved heart-failure management and leads
to a reduction in heart-failure-related hospitalisations.
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