
Readers’ Comments
The Digital Stethoscope
—Two Senses Are

Better Than One
“I hear and I forget. I see and I
remember. I do and I understand”

Confucius

We read with great interest the recent
article by Silverman and Balk,1 and agree
that the sound quality of the digital
stethoscope is just as good, or superior to
an analog stethoscope. This is important
to today’s practice of medicine where
cardiovascular physical examinations are
abridged, poorly executed, and minimal
effort is undertaken to optimize the aus-
cultatory milieu for a higher yield exam.2

Amplification of sound does not neces-
sarily result in clearer appreciation of
heart sounds and murmurs as motion arti-
facts and surrounding noises are ampli-
fied as well (Figure 1).

In addition to the sound element, dig-
ital stethoscopes have the unique ability
to incorporate the visual element of
heart sounds and murmurs through pho-
nocardiography. This can occur in real
time, and in the palm of one’s hand,
thus greatly enhancing the examination
experience for clinicians, trainees, and
the patient. One does not even have to
purchase a new stethoscope, but rather
can purchase a stethoscope attachment,
Figure 1. Phonocardiogram recorded on a patient in t

native heart sounds. Artifact sound is also present. Re

Figure 2. Phonocardiogram of an s4 in a young man
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at a lower cost, which can digitalize the
sound with the push of a button (e.g.,
the FDA cleared EKO Core stethoscope
attachment, Berkeley, California).

Aside from murmur detection, phono-
cardiography has historically been the
tool of choice to detect the third (s3) and
fourth (s4) heart sounds,3 and detection
of these sounds by standard auscultation
requires a certain level of experience.4

The s3 and s4 are related to the echocar-
diographic Doppler indices of mitral
inflow E and A wave velocities, respec-
tively. This is relevant in the era of hand-
held ultrasound devices where assess-
ment of diastolic function is not possible,
and volume assessment is focused mainly
on the characteristics of the inferior vena
cava.5

This is important clinically because
the identification of these heart sounds
is specific for diagnosing an elevated
left ventricular end-diastolic pressure,3

and this can be visualized clearly with
the phonocardiogram feature of digital
stethoscopes (Figure 2).

Recently, our group was able to bet-
ter characterize the unique sounds pro-
duced by 3 FDA-approved durable left
ventricular assist devices using phono-
cardiography.6 Identifying changes in
sound vibrations may be of theoretical
benefit for detection of early pump
thrombosis, which is something that
echocardiography is not able to do.

Finally, until the price of a hand-held
ultrasound device is reduced to that of a
he ICU on mechanical ventilation. Note the relative am

cording was made using an EKO Core stethoscope att

with hypertrophic cardiomyopathy. An s4 is always a

alifornia).
digital stethoscope, we believe that the
digital stethoscope may be able to save
the bedside cardiovascular exam, at least
for now.
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Trial Sequential
Analysis of Drug-

Eluting Stents Versus

Bare-Metal Stents in

Saphenous Vein Graft

Intervention
Implantation of drug-eluting stent
(DES) compared with bare-metal stent
(BMS) has emerged as an effective
treatment for native coronary artery dis-
ease (CAD), even with a single month
of dual antiplatelet therapy.1 Contrary to
native CAD, the pathophysiology of
saphenous vein graft (SVG) lesions is
characterized by a diffuse atherosclerotic
burden coupled with a more rapid pro-
gression of the disease.2 In a recent
direct meta-analysis, Patel et al2 reported
the results of DES versus BMS implan-
tation in SVG intervention. The results
showed similar efficacy in both stent
Figure 1. Trial sequential analysis for major advers

cumulative Z-curve (blue line with small black squar

monitoring boundaries (concave red lines), or the fu

of figure is available online.)
types with regard to the soft and hard
clinical end points, specifically major
adverse cardiovascular events, all-cause
mortality, cardiovascular mortality, myo-
cardial infarction, stent thrombosis,
and target vessel revascularization (all
p >0.05).2 However, only a few ran-
domized controlled trials (RCTs; n = 6)
with a limited sample size (n = 1,582
patients) were included in the analysis.
As a consequence, the probability of
type II errors (false negative) increases
with consequent possible absence of sta-
tistical significance. Therefore, we per-
formed a trial sequential analysis (TSA)
to account for the risk of “chance
findings” due to the lack of statistical
power and precision.3 We applied trial
sequential monitoring boundaries using
TSA software, Copenhagen Trial Unit,
version 0.9.5.10 Beta, similar to that per-
formed in interim analyses for RCTs.3

According to the available RCTs, the
incidence of major adverse cardiovascu-
lar events in the BMS group was
43.3%.2 To provide an 80% power to
detect a relative risk reduction of 25% in
the DES group at a 2-sided type a-error
of 0.05, we estimated a diversity (D2)-
e cardiovascular events. The diversity-adjusted inform

es representing each trial) does not cross the traditiona

tility boundaries (convex red lines), indicating absenc
adjusted information (sample) size of
4,157 participants (vs 1,582 in the cur-
rent analysis). The cumulative Z-curve
did not cross either traditional or trial
sequential monitoring boundaries, indi-
cating an “absence of evidence”
(Figure 1). Similar inconclusive results
were noted with regard to other clinical
outcomes, such as all-cause and cardio-
vascular mortalities, myocardial infarc-
tion, stent thrombosis, and target vessel
revascularization.

Although previous studies have shown
beneficial short-term effects of DES
implantation in SVG lesions compared
with BMS likely due to restenosis preven-
tion, long-term outcomes including target
vessel revascularization were not impres-
sive.4 Although newer generation DESs
have demonstrated improved outcomes in
native CAD, they did not show advan-
tages over BMS in a recent RCT for SVG
intervention.5

Our TSA raises the distinct possibility
that the publication by Patel et al and
Brilakis et al are underpowered to answer
the question of whether DES is superior
to BMS in the treatment of patients who
underwent SVG interventions. For now,
ation size equal to 4,157 (vertical red line). The

l boundary (horizontal green line), trial sequential

e of evidence (inconclusive result). (Color version
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