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Figure 1. HearO application.
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Heart failure (HF) affects >6 million adults in the United States'
and 26 million worldwide?, at a cost of over $30 billion in the
United States alone®. Pulmonary congestion is the predomi-
nant factor leading to hospitalisation for HF patients, and also
is a major contributor to poor outcomes after hospital discharge.
A need exists for a simple, non-invasive approach to detecting
worsening pulmonary congestion at an early stage for the man-
agement of HF patients. In the context of pulmonary congestion,
it has been proposed that the fluid overload may be detected by
distinctly altered phonation patterns. A novel speaker verification
and speech processing technology has been developed that uses
a proprietary smartphone application (HearO, Cordio Medical).
The speech analysis is based on the paradigm of text-dependent
speaker verification. The premise behind the HearO system is that
subtle physiological changes associated with HF decompensation
affect the patient’s speech, producing a different voiceprint. These
changes are much more subtle than those found between different
speakers but are nonetheless detectable using algorithms derived
from those used in text-dependent speaker verification (Figure 1).

To evaluate whether distinct speech measures reflect differ-
ent clinical states of pulmonary congestion, two single-arm, open
label, non-invasive studies were undertaken to analyse speech
recordings of HF patients, one in hospitalised patients with acute
decompensated HF (ADHF) and one in ADHF patients undergo-
ing haemodialysis (a model which represents a fluid-controlled
environment).

Patients hospitalised for ADHF consistent with pulmonary con-
gestion were studied*. Forty-seven patients were enrolled, and
approximately 40 recordings were obtained from each patient,
resulting in a total of 1,728 recordings. Recordings were analysed
for 5 chosen distinct HearO speech measures (SM). Interpatient
comparisons of collected recordings identified significant differ-
ences in all 5 tested SM of both clinical states, wet (admission)
vs dry (discharge); p<0.0001, showing a mean percentage change
from baseline ranging from 49% to 200%.

In another study, five patients with congestive HF undergoing
haemodialysis three times per week for 3 months were studied.
A total of 472 speech recordings (mean 94.4 per patient) were
analysed. Mean baseline (predialysis) speech measures increased
by approximately 23% by the end of the dialysis session and
remained at a similar level until the following morning. By the day
after dialysis, mean speech measures had returned to predialysis
levels (just before the next dialysis cycle). The results also showed
a significant (p=0.04) difference between median speech meas-
ures immediately before versus after dialysis, and a significant
(p=0.007) difference versus those obtained the following morning.

These two studies were able to identify voice alterations, reflec-
tive of changes in HF clinical status (wet vs dry), among patients
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with ADHF and in chronic congestive HF patients undergoing hae-
modialysis, with a significant shift toward improvement and return
to baseline between all dialysis cycles. This innovative approach
assessing HF may provide a new tool for in-hospital and remote
monitoring of pulmonary congestion in HF patients. If validated in
additional studies, this speech-based analysis could provide a sim-
ple non-invasive approach to the remote monitoring and manage-
ment of patients with HF.
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