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September 29, 2006

Via FedEx and Electronic Submission to: http://www.cms.hhs.gov/eRulemaking

Mark B. McClellan, M.D., Ph.D.

Administrator, Centers for Medicare & Medicaid Services
U.S. Department of Health and Human Services

Attn: CMS-1506-P

Mail Stop C4-26-05

7500 Security Boulevard

Baltimore, Maryland 21244

Re:  Medicare Program; The Hospital Outpatient Prospective Payment System and
CY 2007 Payment Rates; CY 2007 Update to the Ambulatory Surgical Center
Covered Procedures List; the Ambulatory Surgical Center Payment System
and CY 2008 Payment Rates; Medicare Administrative Contractors; and
Reporting Hospital Quality Data for FY 2008 Inpatient Prospective Payment
System Annual Payment Update Program --HCAHPS® Survey, SCIP, and
Mortality; Proposed Rule
CMS-1506-P
Comments on Packaged Services—0069T “Acoustic heart sound recording
and computer analysis”

Dear Dr. McClellan:

On behalf of Inovise Medical, Inc. we are pleased to submit comments on the above-captioned
Proposed Rule for the 2007 Hospital Outpatient Prospective Payment System (the “Proposed
Rule™). Inovise Medical, Inc., is a medical device company in Portland, Oregon, that is
committed to the development of innovative relatwely low cost diagnostic products. Inovise is
the developer and manufacturer of the Audicor® System, a cardiac dla%lostlc device used in the
diagnosis and management of patients with heart failure. The Audicor” System is used to
perform acoustic heart sound recording and computer analysis, which is billed under code 0069T.
We were disappointed to see that CMS is proposing to package this service under the 2007 OPPS,
however, we appreciate the opportunity to respond to the concerns raised by the Centers for
Medicare and Medicaid Services (CMS) in the Proposed Rule by clarifying certain facts about the
device and the related procedure and by providing new information that was not available at the
time the Proposed Rule was drafted. We are confident that your review of these data will support
a decision to unpackage this procedure and to assign code 0069T to an Ambulatory Payment
Classification group for 2007.

1. Background on Audicor® System and Acoustic Heart Sound Recording with
Computer Analysis

The Audicor System was cleared by the U.S. Food and Drug Administration in 2003 to acquire,
analyze, display and print heart sound data useful in the identification of cardiac conditions

Inovise Medical, Inc.

10565 SW Nimbus Avenue, Suite 100
Portland, Oregon 97223-4311
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associated with left ventricular dysfunction. A supplemental clearance was obtained in 2005 to
allow for displaying and monitoring cardiac indices, including Left Ventricular Systolic Time
(LVST), QS1 and S3 strength, measures of heart pump function. LVST measures the time
interval that the heart is pumping (the interval between the first and second heart sounds): a
longer time correlates with better heart pump function. QS1 (also called EMAT or
electromechanical activation time) measures the time from the start of the electrical signal for
heart to pump (the Q wave) to the beginning of pumping (first heart sound): a shortened time
period correlates with greater heart pump function. S3 strength measures the strength of the third
heart sound, which is generally not heard when listening to a healthy patient’s heart: a value >5
correlates with elevated left ventricular filling pressure or cardiac overload. A copy of a report
showing these values is attached (Attachment A). A packet of peer-reviewed, published clinical
literature on the use of acoustic heart sound recording is also attached (Attachment B); included
among these papers is‘a symposium supplement from the journal Congestive Heart Failure, which
focuses on acoustic heart sound recording and was published in July/August 2006.

The acoustic heart sound recording procedure principally is performed in the following settings:
(1) in the emergency department (ED) to evaluate patients with shortness of breath to assist with
the diagnosis of heart failure, (2) in the electrophysiology outpatient clinic (or physician office) to
optimize settings in patients with cardiac resynchronization therapy (CRT) device implantation,
(3) in the heart failure outpatient clinic (or physician office) to monitor and manage patients
receiving medical or other therapies for heart failure. Currently, most utilization is in major
hospital centers, and Medicare beneficiaries comprise the majority of patients who are
undergoing procedures with the device.

The American College of Cardiology (ACC) sought new coding for the acoustic heart sound
recording procedure in November 2003. Because the technology was new, the procedure was
assigned a Category ITI Current Procedural Terminology (CPT) code. Although not part of the
request by ACC, the CPT Editorial Panel included language to the descriptor designating the
acoustic heart sound procedure as an add-on to the 12-lead electrocardiograph (ECG) procedure.
The descriptor for the technical component/facility service read:

0069T Acoustic heart sound recording and computer analysis;
acoustic heart sound recording and computer analysis only (List separately in addition to
codes for electrocardiography)
(Use 0069T in conjunction with 93005)

The initial device offerings of the Audicor® system provided a 12-lead ECG report together with
the acoustic heart sound recording report and accommodated attachment of the Audicor® device
to an ECG cart. The device was designed this way because it was felt that combining the acoustic
heart sound recording procedure with a 12-lead ECG would improve work flow. Early in its
adoption and use the acoustic heart sound recording procedure was performed primarily in
patients presenting in EDs with shortness of breath. Many of these patients will also have an
ECG performed to assist with diagnosis (to rule out myocardial infarction or arrhythmia as the
cause of the shortness of breath).

MIA 313906-1.075705.0011
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As the use of the device has evolved to include patients in heart failure clinics being evaluated for
management of heart failure and patients in electrophysiology clinics undergoing optimization of
CRT devices, physician-users requested that the 12-lead ECG co-functionality of the devices be
removed because it was unnecessary. Therefore, the current devices do not include a 12-lead
ECG report.

It is important to understand that the acoustic heart sound recording procedure never required a
12-lead ECG for its performance—the heart sounds recording was simply an attachment to the
device to improve work flow. The device does incorporate a single electrical lead (two sensors)
together with the acoustic sensors, but this is simply to obtain heart timing information that is
used in determining some of the cardiac indices measured by the Audicor® system. The measures
reported by the Audicor® system relate to heart pump function—these are different from the
electrical measures obtained by an ECG. The acoustic heart sound recording procedure is
ordered and performed separately and independently from an ECG procedure. Some patients in
whom acoustic heart sound recording is performed will have an ECG; others will not.

1I. Request to Unpackage Code 0069T and 2007 Proposed Rule

Acoustic heart sound recording under code 0069T was packaged for the 2006 OPPS. For the
2007 OPPS, Inovise requested that the procedure be paid separately as it is a distinct diagnostic
test like other diagnostic tests that are paid separately under OPPS. In the Proposed Rule, CMS
proposed maintaining the packaging status for this procedure “because it is closely linked to the
performance of an ECG, should never be reported alone, and is estimated to require only modest
hospital resources.” We are pleased to respond to each of these concerns.

A. Acoustic Heart Sound Recording is Not Closely Linked to the Performance
of an ECG ‘

As explained in Section I, above, the acoustic heart sound recording procedure is not linked to the
performance of al2-lead ECG procedure. We understand that there may have been confusion on
this point due to the initial version in 2004 that added sound to a 12-lead device. The inclusion of
a single electrical lead for timing purposes as part of the acoustic heart sound recording procedure
does not mean that this procedure comprises a 12-lead ECG. In this regard, the acoustic heart
sound recording procedure is like any other procedure which involves gating of the diagnostic
information based upon the cardiac cycle, like echocardiography and nuclear cardiac imaging.
(See Attachment C for copies of echocardiography images which show a single electrical lead
superimposed on the ultrasound image.)

The acoustic heart sound recording procedure may be performed in patients in whom an ECG is
also ordered, but in this regard, the procedure is no different from a chest-X-ray, the ECG, or a
BNP (natriuretic peptide) test—all of which are paid separately.

171 Fed Reg. 49506,49534 (Aug. 23, 2006).

MIA 313906-1.075705.0011
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B. Acoustic Heart Sound Recording under Code 0069T may be Reported Alone
Beginning in 2007

The evolution of the technology away from any relationship with ECG reporting was recognized
by the CPT Editorial Panel, which in response to a request from the ACC, has removed the add-
on designation and reference to reporting with any ECG procedure effective January 1, 2007.
The new descriptor reads:

0069T Acoustic heart sound recording and computer analysis; acoustic heart sound recording
and computer analysis only

Therefore, beginning January 1, 2007, it will be perfectly proper to report code 0069T without an
ECG or any other procedure.

C. Acoustic Heart Sound Recording Involves Significant Resources Relative to
Other Services to which it may be Packaged

In the Proposed Rule, CMS noted: “Using CY 2005 claims, we had only 9 single claims for CPT
code 0069T, with a median line-item cost of $1.93, consistent with its low expected cost.”> The
acoustic heart sound procedure is billed under a Category III code and was packaged in 2005.
There was very little incentive for hospitals to bill using this code given the scrutiny payers apply
to all Category III codes and the lack of any incremental payment due to the packaged status.
Frankly, in 2005, Inovise was not yet mature enough in our reimbursement outreach to customers
to help educate them on the importance of billing the procedure and properly reflecting the costs
on claim forms for purposes of future OPPS rate-setting.

We cannot explain the $1.93 median cost observed on the 9 single claims. Since the procedure
would almost never be performed as a sole OPPS service, it is unlikely that the 9 single claims
were accurately coded. '

The Audicor® device acoustic sensors currently sell for $35 for the two used during a single
procedure. During 2005, the average sales price to hospitals for these sensors was $25. In
addition, hospitals pay $7,000 to $17,000 to purchase the equipment (console and printer) used to
perform the procedure. The more expensive model offers greater functionality and includes an
additional computer to do serial display of Audicor changes along with Bi-V timing changes.
Considering the acoustic sensors and equipment plus costs for clinical staff to run the procedure
(approximately 30 minutes for a nurse, technologist or other trained staff) and everhead, we
estimate total costs of ~$80 for the procedure. This represents a substantial cost considering the
payment for an ECG tracing of $23.60 (Proposed Rule payment for APC 0099)

D. Acoustic Heart Sound Recording is a Distinct Cardiac Diagnostic Procedure

In the Proposed Rule, staff also indicated: “To the extent that the acoustic heart sounding
recording service may be more frequently provided in the future in association with ECGs or

2_I_d_.
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other OPPS services as its clinical indications evolve, we expect that its cost would also be
increasingly reflected in the median costs for those other services, particularly ECG procedures.™
Although we would agree that it would be rare that the acoustic heart sound procedure would be
reported alone in the absence of any other OPPS services, we respectfully disagree with the
characterization of the acoustic heart sound recording procedure as being "associated with" other
procedures.

The acoustic heart sound recording procedure may be performed with a broad range of other
services depending upon the particular case in which the test is ordered. For example, in a patient
presenting to the ED with shortness of breath, a chest-X-ray, ECG, a BNP test and an ED visit
may be performed and billed together with the acoustic heart sound recording procedure. Ina
patient visiting a heart failure clinic for management of diet and medications, the acoustic heart
sound recording procedure may be performed together with an outpatient clinic visit. In a patient
coming to an electrophysiology clinic for optimization of CRT settings, the acoustic heart sound
recording procedure may be reported together with codes to report electronic analysis of CRT
devices. Therefore, there is no particular service to which the acoustic heart sound recording
procedure is associated.

It also appears quite unlikely that the costs of the acoustic heart sound recording procedure would
be reflected in the median costs for these other services. First, all of the other services identified
above are separately paid under OPPS (or under the Clinical Laboratory Fee Schedule, in the case
of BNP). Under the OPPS single-claim methodology, it is likely that most, if not all, of the
claims that would include code 0069T would be dropped because these would comprise multiple
separately payable line items plus a single packaged service—there would be no single procedure
to which the 0069T line item could be packaged. Even if the costs for the acoustic heart sound
recording procedure were retained under the single claims methodology, the costs for the acoustic
heart sound recording procedure would not be expected to have a meaningful impact on the
median costs because many of the other services involve millions of single claims. The acoustic
heart sound recording procedure is not expected to be performed at anywhere near the frequency
of these other procedures and so would not be expected to impact the median value of the cost of
these other procedures.

II. Summary and Recommendation

In summary, we request that the acoustic heart sound recording procedure under code 0069T be
unpackaged under OPPS because (1) it is not associated with any other single service, (2) the
costs are not likely to map to any particular APC, and (3) the costs are not low compared with
other procedures that may be performed at the same session.

As a separately paid service, we would recommend assignment to APC 0096 "Noninvasive
vascular studies" (proposed payment ~$97) or APC 0097 "Cardiac and ambulatory blood pressure
monitoring" (proposed payment ~$63) or to a new technology APC (e.g., APC 1502 level I
[$50-$100] with proposed payment $75) to allow for tracking of this procedure. All 3 APCs are

31(1.
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economically consistent with the estimated costs for the procedure and the 2 clinical APCs appear
reasonably coherent clinically to the acoustic heart sound recording procedure.

As noted above, the acoustic heart sound recording procedure is performed together with clinic or
ED visits, chest-X-rays, ECGs, and BNP tests to assist with diagnosis and management of
patients with left ventricular dysfunction. All of these other services are paid separately. We are
simply asking that the same criteria be applied to the acoustic heart sound recording procedure to
allow separate payment for this distinct diagnostic service.

* % % *

We appreciate your consideration of our comments. If you have any questions about our
commients or the attachments, please contact our reimbursement counsel, Paul Radensky, M.D.,
J.D., at 305.347-6557. Thank you for your attention to this matter, which is of critical importance
to Inovise.

Sincerely yours,

Pl ity GO

Patricia White
Chief Executive Officer

Attachments

Cc: Mr. Herb Kuhn
Carol Bazell, M.D.
Edith Hambrick, M.D., J.D.
Kenneth Simon, M.D. M.B.A.
Diane Wallis, M.D., F.A.C.C,, F.C.C.P., American College of Cardiology
Denise Garris, American College of Cardiology
Stephanie Kennan, Office of Senator Ron Wyden
Catherine Finley, Office of Senator Gordon Smith

MIA 313906-1.075705.0011
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The Utility of Heart Sounds and Systolic Intervals Across the

Care Continuum

Acoustic cardiography is an exciling, new, easy-touse, modernized technology that incorporates already proven techniques of
phonocardiography: Application of acoustic cardiography to clinical practice can improve diagnosis and management of heart
failure patients. lis clinical use should help address some of the need for robust, inexpensive, and widely accessible technology
for proactive heart failure diagnosis and management. Acoustic cardiographically recorded measurements have been correlated
with both cardiac catheferization and echocardiographically determined hemodynamic pardmeters. Heart sounds capiured by
acoustic cardiograms have proven fo assist clinicians in assessing dyspneic patients in the emergency department by utilizing
the strong specificity of an S, for deecting acute decompensated heart failure. Acoustic cardiography offers a costefficient, easy-
touse method to oplimize the devices used in cardiac resyncronization therapy. The rapidly and easily obtainable information
gathered by acoustic cardiography should foster its more widespread use in diagnosis and treatment of heart failure, inclyling
cardiac resyncronization therapy device optimization. {CHF. 2006;12(4 suppl 1):2-7) ©2006 le Jacq

Hearr. failure (HF) currently affects
over 5 million Americans, with
roughly 500,000 new cases each vear. It
accounts for 1215 million office visits
and 6.5 million hospital days annually.
Despite new and improved treatments,
HF results in 300,000 deaths each year
as a primary or contributory cause.
The rapid growth of HF has made it
a disease of epidemic proportions that
has a tremendous clinical and financial
impact on the US health care system.
With 5-year mortality rates approach-
ing 50%, it is the most common cause
of hospitalization in patients older than
65 years and is the single most expen-
sive diagnosis in the United States. In
2001, there were almost one million
hospital discharges for decompensated
HE at a cost of more than $20 billion.
The average hospital loses more than

$1000 per HF admission.!

HF care in 2006 has shown dra-
matic progress over the past several
years, and many more options are
currently available than was the case
as recently as the carly 1990s. With
the discovery and clinical application
of new biomarkers, such as B-type
natriuretic peptide (BNP) and the
rapidly expanding field of implant-
able devices, HF care has become an
emergent subspecialty within the field
of cardiology. However, despite the
progress made within the HF arena,
there remains significant unmet clini-
cal need. Because HF occurs most
frequently in the elderly, a population
with many simultaneous comorbidi-
ties, it can be a challenging diagnosis
in the emergency department (ED).
Moreover, since its most common
presentation is dyspnea, a symptom
that is common to many discases,

misdiagnosis is routine. Even in the
BNP era, accurate diagnosis of acute
decompensated HF (ADHF) at ED
presentation remains difficult. BNP
has aided in “ruling out” ADHF with
its high negative predictive value, but
due to the limited positive predictive
value and specificity of abnormal BNP
values, problems with accurately “rul-
ing in" ADHF persist. Results from a
large prospective blinded study have
shown that 18.5% of ED HF diagnoses
are inaccurate.’

Medical therapies, such as angio-
tensin-converting enzyme inhibitors,
B blockers, and spironolactone, have
led to marked improvements in both
symptom control and overall survival
in patients with HE’>?® The addition
of devices such as implantable cardio-
verter-defibrillators and pacemakers
have also proven beneficial.® Some HE

W. Frank Peacock, MD;' Alex Harrison, MD;? Alan S. Maisel, MD?
From the Department of Emergency Medicirie, Cleveland Clinic, Cleveland, OH;' the Division of Cardiology, Department of
Medicine, University of California, Irvine Medical Center, Orange, CA;? and the Department of Medicine, Veterans Affairs

San Diego Healthcare System and University of California, San Diego, San Diego, CA®
Address for correspondence: Alex Harrison, MD, Division of Cardiology, Department of Medicine, University of California, Irvine,
101 The City Drive, Building 53, Route 81, Room 100, Orange, CA 92868-4080

E-mail: alexharrisonmd@hotmail.com
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patients - benefit from simultaneous
pacing of both ventricles (biventricu-
lar, or BiV, pacing) or of one ventricle
in patients with bundle branch block.
This approach is rteferred to as car-
diac resynchronization therapy (CRT)
and is recommended in advanced HF
(usually New York Heart Association
class I1! or IV), severe systolic dysfunc-
tion (e.g., ejection fraction <35%),
and intraventricular conduction delay
(e.g, QRS >120 milliseconds).™!
The rationale behind CRT is that
it improves pump performance and
reverses ventricular remodeling.
Importantly, when BiV pacing is used,
the delay between atrial and ventricu-
lar stimulation (the AV delay) should
be adjusted to achieve the maximum
attainable cardiac output. Studies
have suggested that the optimal AV
delay can be defined by Doppler echo-
cardiography'?; however, this is a lim-
ited resource in many environments.

Unfortunately, expensive and highly
programmable CRT devices have been
shown in real-world practice to have
a 30% nonresponder rate.”> This may
be largely attributable to the fact that
only 10% of CRT devices are optimized
and is in stark contrast to the random-
ized controlled clinical trials that led
to the approval of CRT devices."!
There continues to be a tremendous
need for robust, inexpensive, widely
accessible, and easy-to-use technology
that is highly specific for proactive HF
diagnosis and management.

Heart sounds and systolic time
intervals recorded in an acoustic car-
diogram may improve the areas of
weakness in the current HF era and
have proven valuable in assisting clini-
cal diagnostic and management chal-
lenges encountered during HF care.

Heart Sounds and Systolic
Time Intervals

Auscultation of heart sounds has been
a diagnostic tool employed by clini-
cians to detect abnormalities asso-
ciated with cardiac dysfunction for
centuries. Potain' first described
abnormal diastolic cardiac sounds in
the literature in 1880. With relatively

Figure 1. Placement of the AUDICOR sensors (Inovise Medical, Inc., Portland, OR)

normal heart rates, S,, also known as
a ventricular gallop, occurs 0.12-0.16
sec. after the S, in early diastole.’®
The most likely explanation for the
extra sound producing the S, is that
vigorous and excessively rapid fill-
ing of blood into a stiff ventricle is
suddenly halted, causing vibrations
audible as the S..' The §,, also known
as an atrial gallop, occurs after P-wave
onset and before the §, in the cardiac
cycle. The S, occurs as blood enters a
relatively noncompliant ventricle late
in diastole because of atrial contrac-
tion and causes vibrations of the left
ventricular (LV) muscle, mitral valve
apparatus, and LV blood mass.!”

The auscultated S, and S, have
long been used as clinical signs of
heart disease with both diagnostic and
prognostic importance.'®? However,
the value of these physical findings
has been diminished by reports of poor
accuracy and a large degree of interob-
server variability.?*** In addition, it
has been well documented that physi-
cian physical examination skills have
deteriorated and are not emphasized
during training as much as they once
were.” The phonocardiogram has

traditionally been the gold standard
tool for the detection of extra heart
sounds because it produces objective
data that is reproducible and quanti-
fiable. Phonocardiography has been
used to understand the mechanisms
and associated clinical characteristics
of diastolic sounds,”* and results of
phonocardiography have heen used to
determine the accuracy of physician
auscultation.”® In addition to provid-
ing objective measures of heart sounds,
phonocardiography used in conjunc-
tion with a carotid pulse tracing allows
for the collection of valuable data
about systolic time intervals.’!*2 While
phonocardiography provides reliable
and objective information, obtaining
the data has proven difficult, timely,
and cumbersome and requires a tech-
nician with specialized skill to operate
the device. Consequently, its use has
been supplanted by echocardiography.

With the invention of new technol-
ogy, the phonocardiogram has recently
been reincarnated as a newer modern
version of the older proven technique.
This newly renovated phonocardio-
gram is called an acoustic cardiogram.
By teplacing the standard V, and V,

acoustic cardiography in HF diagnosis and management

wly  august 2006 supplement 1



Table. Definitions of Diastolic Time Intervals

AsgrevianoN  Caroiac Crcte TERMINOLOGY

Dertumon

EMAT
st
PEP
WVET

Lefi ventricular systolic fime
Pre-gjection period
Left ventricular ejection time

IVRT Isovolumic relaxation time

VCT Isovolumic contraction fime

Electromechanical activation time

Time from the Quwave onset to mitral valve closure {S,)

Time from mitral valve closure (S,) to aortic valve closure {S.}; includes the IVCT

Time from Q-wave onset fo aortic valve opening; includes the IVCT

Timo when the left ventricle is actively ejecling blood into the aorta ftime from cortic

valve opening to aortic valve closure}

Time when the left veniricle relaxes during early diastole before any filling occurs
{time after the aortic valve closes and before the mitral valve opens)

Time during contraction of the ventricle after the mitral valve closes and before the

qortic valve opens

Normal

ECG
L

Pressure

Sound

Systolic Heart Failure

Figure 2. Heart sounds and systolic time interval data provided by the AUDICOR
device (Inovise Medical, Inc., Portland, OR). (Pressure waveforms -are pro-
vided here for convenience of reference and are not patt of the AUDICOR
data.) ECG=electrocardiogram; Ao=aorta; LA=left atrium; LV=left ventricle;
PEP =pre-ejection period; LVET =left ventricular ejection time; [IVCT=isovolumic
contraction time; IVRT=isovolumic relaxation time; EMAT =electromechanical
activation time; LVST=left ventricular systolic time

leads with newly designed sensors, both
sound and electrical information can
be gathered. To process the acous-
tic cardiogram data, Inovise Medical,
Inc. (Portland, OR) has developed the
AUDICOR technology. This is a sys-
tem that records, stores, displays, and
algorithmically interprets the simul-
tancous digital electrocardiographic

(ECG) and acoustical data (Figure 1).

‘The strengths of this system are that it

does not require a pulse sensor, works
in noisy environments (e.g., in an ED
where accurate auscultation may be
difficult), and has relatively forgiving
sensor placement. Computer algorithms
allow for rapid, reproducible, and objec-
tive data to be generated and analyzed

for prompt clinical use. Acoustic car-
diography can provide objective mea-
surements of heart sounds as well as
valuable information about systolic
time intervals that have proven useful
in a variety of clinical settings (Figure
2, Table). A detailed investigation and
discussion of the hemodynamic corré-
lates of the S, and systolic time interval
follows in this supplement.*

Acoustic Cardiography
and Its Correlation to
Gold Standards
Acoustic cardiography is a validated,
rapid, and noninvasive means to assess
cardiac hemodynamics. It has been
compared with cardiac catheteriza-
tion, an invasive procedure that rep-
resents the gold standard of cardiac
hemodynamics. Acoustic cardiography
has also been compared with echo-
cardiography, a similarly noninvasive
method to assess cardiac .hemody-
namics. However, both cardiac cath-
eterization and echocardiography are
much mote costly, time-consuming,
and highly limited resources. -
Recent studies demonstrated the
relationship between various measure-
ments of cardiac hemodynamics. In
one report, 100 subjects cach under-
went acoustic cardiography, echocar-
diography, BNP measurement, and left
heart catheterization within a 4-hour
period. These studies demonstrated
that there was a strong association
between the presence of an S, and a
number of parameters, including the
incidence of HF diagnosis, depressed
LV ejection fraction, elevated LV end-
diastolic pressure, abnormal ventricular
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relaxation, and tissue Doppler imaging
assessments indicative. of ventricular
dysfunction (e.g., increased decelera-
tion rate of early mitral valve inflow
patterns).**® While BNP values per-
formed well in predicting the absence
of HE, they fared poorly in predicting
depressed LV ejection fraction and
elevated LV end-diastolic pressure.
Therefore, acoustic cardiography can
help “rule in” certain diagnoses with
its high specificity for ventricular dys-
function and abnormal cardiac hemo-
dynamics,®® thus supplementing the
clinical impression in precisely the
range where BNP performs poorly. In
addition, systolic time interval data
have proven to correlate well with
hemodynamic measures: the LV sys-
tolic time correlates well with the
LV ejection fraction, and the electro-
mechanical activation time correlates
with measures of cardiac contractil-
ity (dP/d¢).3>3 This easily and rapidly
obtainable information has been prov-
en to assist clinicians in assessing dys-
pneic patients in the ED and in other
areas of HF management-and could be
widely implemented to help proactive
HF diagnosis and management.

Clinical Applications of

Acoustic Cardiography

Emergency Department. Although
HF may be readily diagnosed in its
advanced stages, it can be difficult to
diagnose clinically in its earlier stages.”
HF has many nonspecific signs and
symptoms that can present diagnostic
and management ambiguities. Also,
the ED can be a challenging environ-
ment for detecting an S, by routine
auscultation. Even in the BNP era, an
accurate diagnosis of ADHF within
the ED remains poor, with 18.5% of
cases of ADHF being undiagnosed.?
Recent studies evaluating the clinical
utility of acoustic cardiography in the
ED setting have found that the detec-
tion of S, is significant and aids physi-
cians in accurate diagnosis. While
not sensitive enough to be used as a
screening tool, the detection of an S,
is highly specific for abnormal cardiac
function.? Studies have demonstrated

T

/ L] )

5.7 7.2

+ +LR
011 1.2 4.3 . Infinite
Posilive Likelthood = Rule In P
ADHF osktve e = n Fower ADHF
Unlikely Negalive Likelihood = Rule Out Power Likely

N340

Figure 3. Synergy between acoustic cardiography-detected S, and B-type natri-
uretic peptide (BNP) (pg/mL). ADHF=acute decompensated heart failure;

LR =likeli ood ratio

the additive information garnered by
S, heart sounds detected by acoustic
cardiograms and the combined util-
ity it serves with BNP values when
evaluating dyspneic patients in the
ED.*** These studies illustrate that an
S, detected by acoustic cardiography
is highly specific for ADHF and is ide-
ally suited for use in combination with
BNP to improye diagnostic accuracy
in ED patients with dyspnea of unclear
etiology (Figure 3).

The implementation of BNP testing
has improved the diagnostic accuracy
of detecting ADHF;! however, the non-
diagnostic values of BNP between 100
500 pg/ml, the range referred to as the
“gray zone,” are found in an important
portion of dyspneic patients. Acoustic
cardiography has been shown to help
resolve a significant amount of these
indeterminate BNP values and can
substantially improve the diagnostic
evaluation of patients with gray-zone
BNP values. In doing so, acoustic car-
diography can increase the confidence
with which physicians initiate treat-
ment for clinically significanc ADHE
as recently corroborated by M. Zuber,
MD (unpublished data, May 2006).
Moreover, the presence of an S, in
combination with a BNP value >500
pg/mlL virtually assures the presence of

ADHEF as depicted by the infinite posi-
tive likelihood ratio in Figure 3.*

The clinical advantages of an
early accurate diagnosis of ADHF are
apparent. Interestingly, there appears
to be a significant fiscal penalty for an
inaccurate initial ED diagnosis miss-
ing HF when it is present. According
to a study appearing later in this
supplement, patients who were mis-
diagnosed as non-ADHF (most often
chronic obstructive pulmonary disease
and pneumonia) at ED presentation
accrued hospital charges that were sig-
nificantly higher than those correctly
diagnosed: $10,508 vs. $7977, respec-
tively. The difference of more than
$2500 represented a 32% increase in
charges and resulted in a near dou-
bling of the financial loss experienced
by the hospital.*

Because acoustic cardiography can
be performed at the time of the ECG
(a test routinely obtained within min-
utes in the ED as compared with cen-
tral laboratory testing, which can take
hours), it can help solve some of the
unmet clinical need for more rapid
and accurate diagnosis. As a result,
fewer missed diagnoses, more rapid and
accurate initial diagnoses, and valuable
risk assessment should allow prompt
initiation of appropriate treatment and
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eatly risk stratification. This translates
to better clinical outcomes and more
economically sound delivery of health
care. The Acute Decompensated Heart
Failure National Begisary (ADHERE)
database®* has collected data on over
100,000 patient cases and has taught
us that earlier diagnosis and initiation
of appropriate treatment renders bet-
ter outcomes and more cost-efficient
care. A review and analysis of the
existing literature surrounding acoustic
cardiography and its role in assisting
ED diagnosis of ADHF appears in this
supplement, along with original articles
and case studies demonstrating. the
powerful utility of this application.

Inpatient Hospital Setting. The
appearance, disappearance, or change
in the S, intensity in response to
maneuvers ot therapies, e.g, vasodila-
tors or diuretics, has been well studied.
Dynamic changes may reveal signifi-
cant information about clinical status
regatding treatment response.”? The
baseline data obtained in the ED may
then be utilized to assist in determin-
ing therapeutic efficacy throughout a
patient’s hospital stay. As well, while
few data currently exist for diagnos-
ing ADHF that occurs as a second-
ary event during a hospitalization, one
could speculate that having a baseline
or BNP and acoustic cardiogram on
admission could significantly aide in
this diagnosis. Should an elevation in
"BNP occur and/or an S, appear that
was not initially present, the -diagnosis
of a new, or exacerbation of an existing,
cardiac dysfunction should be consid-
ered and investigated. Similarly, knowl-
edgc of the dry weight acoustic status at
discharge could help at follow-up and
subsequent outpatient assessments.

Qutpatient Cardiology Offices and
HF Clinics. The utility of acoustic
cardiograms in outpatient settings for
monitoring has been hypothesized as a
means to detect early signs of ADHE
because an S, occurs before the onset
of symptoms. This may potentially help
to identify patients who require prompt
medical intervention, as opposed to the

more stable patient for whom a routine
check-up with an HF nurse practitioner
or physician’s assistant could be sched-
uled. In doing so, early adjustments in
medications and/or further evaluation
may help prevent an episode of ADHF
requiring hospitalization. This rapidly
and easily obtainable information can
be gathered at the time of arrival at the
clinician’s office when baseline vital
signs and ECG are recorded. This infor-
mation is much easier and faster to
obtain than any laboratory test, includ-
ing the BNP value, ‘which requires
phlebotomy and laboratory analysis.

CRT and Outpatient Optimization.
One of the most exciting and promis-
ing new uses of acoustic cardiography
is its rapid and easy use in CRT opti-
mization. Expensive and highly pro-
grammable CRT devices have been
shown in real-world practice to have a
30% nonresponder rate, which may be
largely attributable to the fact that only
10% of CRT devices are optimized."
This is in stark contrast to the random-
ized controlled clinical trials that led to
the approval of CRT devices for treat-
ing HE All of these trials implemented
optimization strategies.™!!

The paucity of CRT optimization in
clinical practice stems from the labor-
and time-intensive echocardiography
protocols. These procedures are costly
and require an expensive echocar-
diogram machine and a skilled echo-
cardiographer. Acoustic cardiography
offers a cost-efficient, easy-to-use meth-
od to optimize CRT patients. Acoustic
cardiography has been compared with
other optimization techniques employ-
ing echocardiographic protocols and
has proven comparable.®® In this study,
22 CRT patients had independendy
obtained recommendations for best
AV delays through echocardiography
and acoustic cardiography, revealing
that both technologies yield equivalent
clinical results. Echocardiographic opti-
mization strategies attempt to achieve
optimal AV delay by coordinating the
end of the A wave (indicating the end
of the atrial contribution of LV fill-
ing) with the onset of systolic mitral

regurgitant flow (indicating the onset
of ventricular contraction).”? Acoustic
cardiography can optimize the settings
of the CRT device by creating the
shortest electromechanical activation
time, defined as the time from the
onset of the QRS complex (ventricu-
lar depolarization), to the S,, indicat-
ing ventricular systole and closure of
the mitral valve. In doing so, the LV
systolic time—the interval from S, to
S,—can be maximized, which has been
shown to correlate well with maximiz-
ing ejection fraction.”® In addition, the
strength of the S, as measured by
AUDICOR, can be minimized, thereby
lowering LV end-diastolic pressure if
initially above the detection threshold.
All of this can be performed easily, rap-
idly, at the point of care, and without
the need for expensive devices and
skilled technicians. A detailed analysis
of benefits of acoustic cardiography in
CRT optimization appears later in this
supplement, along with the echocar-
diography equivalency study® and case
studies demonstrating the applicability
of this technique in CRT optimization.

The easy-to-use and rapidly obtain-
able information gathered by acoustic
cardiography should foster more wide-
spread CRT optimization. This could
allow for real-world experience with
CRT to approach the success rates
scen in the large randomized con-
trolled trials.

Summary and Conclusions
Acoustic cardiography is an exciting
new modernized technology imple-
menting the already proven techniques
of phonocardiography and systolic
time intervals. When applied to clini-
cal practice, acoustic cardiography can
improve diagnosis and management
of HF patients. ts clinical use should
help address some of the need for
robust, inexpensive, widely accessible,
and easy-to-use technology for proac-
tive HF diagnosis and management.
Heart sounds and systolic time inter-
vals captured by acoustic cardiograms
have proven valuable in assisting clini-
cal diagnostic and management chal-
lenges encountered in HF care.
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Hemodynamic Correlates of the Third Heart Sound and
Systolic Time Intervals

Bedside diagnostic lools remain important in the care_of potients with heart failure. Over the past two centuries, cardiac
auscultation and phonocardiography.have been essential in understanding cardiac pathophysiology and caring for patients
with heart disease. Diastolic heart sounds (S, and S,) and systolic time intervals have been particularly useful in. this regard.
Unfortunately, auscultation skills have declined considerably, and systolic time intervals have traditionally required carolid
pulse tracings. Newer technology allows the automated defection of heart sounds and measurement.of systolic time intervals in
a simple, inexpensive, noninvasive system. Using the newer system, the authors present data on the hemodynamic correlates
of the S, and abnormal sysfolic fime intervals. These data serve as the foundation for using the system to befter understand
the test characteristics and pathophysiology of the S, and systolic time intarvals, and help to define their use in improving the

bedside diagnosis and management of pahenls with heart failure. (CHF. 2006;12(4 suppl 1):8-13) ©2006 e Jocq _

th the advent of increasingly
complex diagnostic modali-
ties in cardiovascular medicine, it is
remarkable that- simple bedside diag-
nostic tests such as cardiac auscultation
and electrocardiography (ECG) remain
essential.'? Bedside diagnosis is invalu-
able because of the importance of rapid
diagnosis and triage, the continual con-
straints on health care resources, and
the improvement in outcomes that
occurs when proper diagnostic deci-
sions are made early in the course of
treatment. This is especially true in
the diagnosis and treatment of heart
failure, because the epidemic of heart
failure continues to grow and because
its manifestations can be protean.’t
Cardiac auscultation and the timing
of heart sounds have been central to
bedside noninvasive diagnosis of heart
failure over the past century.

Cardiac auscultation began long
before Theophile Laennec’s fortu-
itous discovery of the stethoscope in

1818; descriptions of cardiac sounds
date back to Hippocrates® writings,
circa 400 BC.) However, it was not
until the latter half of the 19th cen-
tury and the early 20th century, with
the description and timing of heart
sounds. and murmurs and the rise
of phonocardiography, that: the full
potential of cardiac auscultation was
realized. During that important time,
Carl Pietre Potain described the S,
and Willem Einthoven, Otto Frank,
and Carl Wiggers played key roles in
the development of modemn phono-
cardiography, with its graphic depic-
tion of heart sounds.’® Later, through
the work of Aubrey Leatham’ and
William Evans in the late 1940s (with
the creation of a novel phonocardio-
gram with the additional capability of
recording simultanecus carotid pulse
tracings and ECG data) and Weissler
and colleagues®® in the 1960s. (with
the correlation of abnormal systolic
time intervals [STIs} with lefc ven-

tricular [LV] dysfunction), ausculta-
tive and phonocardiographic bedside
diagnosis came into its golden age:!
Within the realm of auscultation and
phonecardiography, both the S, and
STIs have been among the most useful
and best-studied diagnostic tools.

Methodology and
Definitions
Although bedside cardiac diagnosis
remains important, the practice of the
cardiac physical examination has dete-
riorated significantly over time.’*" In
addition, although STIs historically
have provided a rapid bedside diag-
nostic method to evaluate LV func-
tion, the need for skilled personnel
and simultaneous carotid pulse trac-
ings has limited the usefulness of this
method, especially after the. emer-
gence of echocardiography.

Newer technology allows the auto-
mated detection of heart sounds and
the measurement of STIs in a simple,

Sanjiv J. Shah, MD;! Andrew D. Michaels, MD, MAS?
From the Division of Cardiology, Department of Medicine, University of California, San Francisco, San Francisco, CA;! and the

Division of Cardiology, Department of Medicine, University of Utah, Salt Lake City, UT?

Address for correspondence: Andrew D. Michaels, MD, MAS, Division of Cardiology, Department of Medicine, University of Utah,
30 North 1900 East, Room 4A100, Salt Lake City, UT 84132-2401

E-mail: andrew.michaels@hsc.utah.edu

S, and systolic fime interval hemodynamics

july = august 2006 « supplement 1



Table. Third Heart Sounds and Systolic Time Intervals in Asymptomatic individuols by Age

Act () N EMAT {us) REMAT* IVST (ws) %VST* EMAT/IVST
<30 A7 73.2:10.8 -8.0¢1.7 339225 36.7:5.5 0.22:0.04
<40 253 73.7:11.3 8.2:1.8 338128 37.315.1 0.22:0.04
31-40 86 74.4212.1 8.7:1.9** 335+33 38.7:4.0** 0.22:0.05
41-50 114 77.2:14.9** 8.722.5** 343:31 38.015.8 0.23:0.06
51-60 210 82.2:17.8** 9.122.4** 344229 38.0:5.1 0.24:0.06**
6170 189 82.4:15.9** 9.742.6** 340:30 40.0:4.0** 0.25:0.06**
71-80. 289 86.0:18.4** 9.7:2.5%* 348:35%* 38.9:4.3** 0.25:0.07+*
>80 ; 130¢ 85.9:+16.1** 9.843.1** 342:47 38.9:7.2** 0.25:0.06**
240 v 941 L 83.3:17.2** 9.5:2.6** 344:34** . .38.735.1** - 0.25+0.06**
Data are presented as mean + SD. EMAT=eleciromechanical activation time {QS, interval); IVST=let ventiiculor systolic time {S,-S
interval); *%EMAT and %LVST refer to the percentage of each intervol as a portion of the lolal cardiac cycle duration (RR inl ;

inexpensive system (AUDICOR,
Inovise Medical, Inc., Portland, OR).
This acoustic cardiograph records,
stores, displays, and interprets simul-
taneous digital EOG and heart sound
data, using unique dual-purpose sensors
that acquire both electrical and acoustic
data from:the.V, and V, positions.. The
AUDICOR system’s computerized algo-
rithm uses wavelet-based signal process-
ing techniques combined with a hidden
Markov model to identify normal and
abnormal heart sounds, and”it-deter-
mines the timing of heart sounds in the
cardiac cycle by comparing the sounds
to the onset of the P wave and QRS
complexes in the simultaneously record-
ed ECG. The algorithm was ‘developed
using files annotated by phonocardiog-
raphy expetts, and it-has been clinically
validated using Doppler echocardiog-
raphy and invasive hemodynamic data
from patients with a variety of cardiac
abnormalities. The AUDICOR system
produces a variety of measurements,
including the presence and strength of
heart sounds (such as the S)) and the
duration of STls.

" The S, is a low-pitched sound that
occurs in early diastole, approximately

120-160 milliseconds after the S, dur- -

ing rapid LV filling. The AUDICOR
system determines the presence of the
S,, and, based on the intensity and
persistence of the sound, provides a
value of S, strength with a range of
1-10. If this value equals or exceeds
5.0, the algorithm declares that an S,
is present.

**p<0.05 compared with group younger than 40 years. Data source is Inovise Medical, inc., Portland, OR, on file.
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Figure 1. Mustration of systolic time intervals in relation to the cardiac cycle depict;d

via electrocardiographic (ECG) and pressure waveforms (pressure waveforms are dis-

played here for convenience of reference and are not part of the AUDICOR [Inovise

Medical, Inc.; Portlind, OR]"data.). Traditional systolic time intervals include the

pre-ejection period (PEP) and the left ventricular ejection time (LVET). The PEP

encompasses the electromechanical activation time (EMAT; -8, interval) and the
- isovolumic contraction time (IVCT). The AUDICOR system measures. the EMAT
and left ventricular systolic time (LVST, S-S, interval). Isovoluniic relaxation time
(AIVRT) may be measured by fnvasive left heart catheterization ot echocardiography.
Ao=aorta; LA=left atrium; IV=left ventricle

Figure 1 displays the conventional tion time (IVCT), pre-ejection peri-

LV STls, which include the electro-
mechanical activation time (EMAT:
Q-S, interval), isovolumic contrac-

od (PEP), LV ejection time (LVET),
and electromechanical systole (Q-5,
interval). The PEP is comprised of
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Figure 2. Prevalence of the S, by age in
the 8, decreases markedly i

in subjects older

tomatic individuals. Prevalence of
30 years. Adapted with permission

from Congest Heart Fail. 2005;11:242-247.'

the EMAT and the IVCT, and the Q-
S, is comprised of the PEP and LVET.
Another important STI measurement
is the PEP/LVET ratio. Since the PEP
and LVET intervals vary equally at
heart rates <110 bpm, the PEP/LVET
ratio avoids the necessity of employ-
ing a heart-rate correction to the
STIs." It is the PEP/LVET tatio that
has been most used to diagnose LV
dysfunction.!*!

Of note, the ST1Is measured by the
AUDICOR system are different from
those conventionally measured. The
AUDICOR system measures the Q-
S, Q-S,, and S-S, (LV systolic time
[LVST)) intervals. In the traditional
method, the PEP contains the IVCT,
whereas in the AUDICOR method,
the LVST contains the IVCT. Since
the AUDICOR system does not mea-
sure PEP it avoids the necessity of
obtaining carotid pulse tracings, which
allows for AUDICOR’s rapid bed-
side use with minimal training. The
AUDICOR system also calculates the
%EMAT and %LVST, which describe
each interval as a percentage of the
entire cardiac cycle (R-R interval).

Prevalence and
Normal Ranges
Using previously collected data from a
cross-sectional sample, Collins et al.'®
determined the prevalence of the S,
(Figure 2). Using these same record-

ings, the normal ranges of STls using
the AUDICOR system were calculated.
The study sample comprised 1194 indi-
viduals (age, 57.8+20.3 years; range,
18-94 years; 732 [61.3%] womien) who
were all asymptomatic from a cardiac
standpoint. Figure 2 shows the preva-
lence of the S, by decade of age. There
is a high prevalence of physiologic S, in
individuals up to the age of 30 years,
after which thete is a rapid decline,
with <10% prevalence in asymptom-
atic older subjects. The Table lists the

" mean STIs per decade. The EMAT,

LVST, and EMATAVST all increase
slightly with age.

Hemodynamic Correlates

Third Heart Sound. The S, has
diagnostic and prognostic value in a
vatiety of conditions; including LV
dysfunction, 2! valvular heart dis-
ease, %8 acute myocardial infarction,?
and in the perioperative period.”
Phonocardiography has traditionally
been the gold standard for detection
of the S,, a findirig that was thought
to be highly sensitive and specific
for LV dysfunction. Physiologically, it
is thought that an abrupt limitation
of LV inflow during early diastole
causes vibration of the entire cardio-
hemic system, resulting in the S, #3628
An increase in mitral inflow in early
diastole, followed by a rapid cessa-
tion of that inflow, appears to be the

ideal setting in which the pathologic
S, becomes audible.” These hemody-
namic conditions increase the decel-
eration rate of early mitral inflow, a
finding that has been associated with
the §,. %

Using the AUDICOR system, we
sought to better understand the test
characteristics and physiology of the
phonocardiographic S, in a cohort
of 90 patients undergoing cardiac
catheterization. All patients under-
went computerized phonocardio-
graphic heart sound analysis with the
AUDICOR system, B-type natriuretic
peptide (BNP) testing, echocardiogra-
phy, andinvasive LV pressure measure-
ment within a 4-hour period. Mean
LV end-diastolic pressure and BNP
were higher, and LV ejection fractiBn
(LVEF) was lower, in those with an
S, The sensitivities of the S, to detect
abnormalities in LV function were
only 30%-50%. However, specificity
for detecting elevated LV end-diastolic
pressure, elevated BNE and decreased
LVEF were high, at 92%, 87%, and
92%, respectively. Therefore, although
it has limited sensitivity, the S, detect-
ed by the AUDICOR 'system is highly
specific in detecting LV dysfunction.”

In the same cohort of 90 patients,
we hypothesized that tissue Doppler
imaging would provide insight into
the physiology of the pathologic S,
Tissue Doppler imaging determines the
velocity of myocardium, and the ratio
of early mitral inflow to early diastolic
velocity of the mitral annulus (E/E')
has been shown to correlate with LV
filling pressures. B Since E/E takes
into account the volume and pressure
of mitral inflow (E) as well as stiffness
of the myocardium (E'), we- hypoth-
esized that the E/E’' ratio would be
independently ‘associated with the S,.

In this study, we found that subjects
with an S, had higher BNP (p=0.0008),
higher LV early- and mid-diastolic fill-
ing pressures (p<0.0001), and high--
er LV end-diastolic filling pressures
(6=0.009). On echocardiography, we
found that those with an S, had lower
LVEE (p=0.0006), and higher E veloc-~
ity (p=0.002), E deceleration time
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{(p=0.003), and E/E' (p<0.0001). On
multivariate analysis, we found that of
the echocardiographic parameters, only
E/E' was independently associated with
the §; (p=0.009)." In addition, E/E' was
mdependently associated with S; when
commmng for LV filling pressures at
anypok\tdurmg diastole (p<0.02 for all
points in diastole). This is an important
finding, because it shows that elevated
filling pressure alone does not account
for the association between S, and E/E'.
Based on these findings, the pathologic
S, seems to be due to abrupt decelera-
tion of high-pressure mitral inflow acting
in concert with decreased velocity of the
mitral annulus.

Systolic Time Intervals. The STIs
were the first quantitative, nonin-
vasive method for determining LV
function. Realizing that the timing of
events in the cardiac cycle was previ-
ously neglected in the study of LV
performance, Weissler and colleagues®?
studied and popularized the use of STIs
in detecting LV dysfunction. Although
they found that the PEP increases and
LVET decreases with LV dysﬁmctlon,
these parameters varied with heart
rate, necessitating a cotrection fac-
tor. ‘In addition, since PEP. increases
with both increased QRS duration and:
“increased IVCT (due to diminished
rate of pressure rise during isovolumic
contraction), prolongation of the PEP
may not be an indicator of LV dysfunc-
tion in patients with intraventricular
conduction delay.”® The ratio of PEP/
LVET, which has been shown to be less
sensitive to heart rate and changes in
QRS duration, is therefore best suited
to diagnose LV dysfunction.
Abnormal STIs have been shown
to predict decreased cardiac out-
put, stroke volume, and LVEE and
increased LV end-diastolic. volume.*
103637 T the past, STIs were used for
evaluation of LV performance in car-
diomyopathy, coronary disease, hyper-
tension, valvular heart disease, and in
the study of clinical pharmacology. 34
More recent studies have shown an
association between N-terminal pro-
BNP and abnormal ST1s.#

-
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3. Scatterplot of traditional systohc time intervals (STIs) (pre'e;ectlon penod
ﬁb ft ventricular ejection time [LVET]) and AUDICOR (Inovise Medlcal,
Inc., Portland, OR) STIs {(electromechanical activation time [BMAT]/left ventricu-

stolic time [LVST]).The; AUDICOR and traditional STI ratios are signifi-
can y correlated (p=0,037), but the correlation is modest (r=0.44). Patient-level
data extracted from Circulation. 1968;37:149-159,° using Q-5, and Q-8, measure-

ments to derive the EMAT/LVST ratio.

As stated earlier, the AUDICOR
system measures and calculates the
EMAT/LVST, and not the PEP/LVET
ratio. Using subject-level data from a
previously published study® we found
that the EMAT/LVST ratio is mod-
estly but significantly correlated to the
PEP/LVET (r=0.44; p=0.037) .(Figure
3). However, since only a modest cor-
relation between the two ratios was
found, we sought to verify that the
AUDICOR-derived STls, and particu-
larly the EMAT/LVST, continue to be
useful in diagnosing LV dysfunction.

In a study of 81 patients undergo-
ing cardiac.catheterization and echo-
cardiography, we used the AUDICOR
system to study the relationship
between STls and parameters of
LV dysfunction. EMAT (r=-0.51;
p<0.0001), EMAT/LVST (r=-041;
p=0.0001), and Q-S, (r=-0.39;
p=0.0003), correlated with LVEF,
but .not LV filling pressure. Since
STls, as measured by the AUDICOR
system, appear to be more closely
related to LVEE, and the S, appears
to be more closely related to elevated
LV filling pressures, we developed
an LV dysfunction index using the

AUDICOR-derived data. We found
that this index had an area under the
receiver operator characteristic curve
{c-statistic) of 0.89 (95% confidence
interval, 0.81-0.98) for the detection
of LV dysfunction (defined as LVEF
<50% and LV end-diastolic pressure
>15 mm Hg). Test characteristics of
the AUDICOR-derived index (which
combined-S; and STIs) was superior
to S, EMAT, LVST, or EMATAVST
alone in detecting LV dysfunction.

Future Directions

The AUDICOR system has the poten-
tial to provide further assistance in
determining underlying cardiac
pathophysiology and in the  diagno-
sis and management of patients with
heart failure. Recently, Chen et al.#
described a noninvasive method. for
determining LV end-systolic . elas-
tance, a measurement that has tradi-
tionally required cumbersome inva-
sive measurement with a conductance
catheter and occlusion of the inferior
vena cava. The noninvasive measure-
ment described by Chen and col-
leagues requires echocardiographic,
sphygmomanometric, and ST1 data,

S, and systolic time interval hemodynamics

july - august 2006 - supplement 1




the latter of which could be measured
with the AUDICOR system. Thus,
the AUDICOR system may be able
to play a role in determining LV end-
systolic elastance, a load-independent
measure of LV stiffness, which may be
useful in future studies of ventricu-
[ar—vascular coupling.

The addition of AUDICOR-derived
data such as the S, and abnormal
STlIs to BNP testing. may also assist
in the diagnosis of LV dysfunction.
Preliminary data from a study of 90
patients undergoing cardiac catheter-
ization, echocardiography, BNP and
AUDICOR testing show that in the
range of 100-500 pg/mL, BNP has
poor discriminatory value in the diag.
nosis of LV dysfunction. However, the
addition of AUDICOR data to BNP
significantly improves the positive and
negative likelihood ratios for ruling

in and ruling out LV dysfunction,
especially in the gray zone of BNP
levels of 100-500 pg/mL.* Thus, the
AUDICOR system could potentially
be used to. improve the emergency
diagnosis of heart failure.

\
Finally, AUDICOR analysis of heart

sounds and STIs may have yet another
role in the field of cardiac resynchro-
nization therapy (CRT). Although a
number.of studies have shown clinical
improvement and mortality benefit
with CRT,** optimization of CRT is
an area of active investigation, because
refining patient selection, increasing
response rates, and controlling costs
are of prime importance.” Baker and
colleagues®™ recently reported their
findings of altered STIs in a study of
patients pre- and post-treatment with
CRT. Therefore, monitoring STIs pre-
and post-CRT and using this data to

help optimize CRT is another poten-
tial use of the system.

Conclusions V
Bedside diagnosis remains a vital tool
in the diagnosis and treatment of
heart failure. The AUDICOR system-
provides a simple, inexpensive, and
quantitative method to determine the
presence of the S, and abnormal STls.
This technology has provided insight
into the physiology of the S, and the
correlation of S; and STIs with abnor-
mal cardiac hemodynamics. Since the
S, appears to be highly specific for
elevated LV end-diastolic pressure,
and abnormal EMAT/LVST appears
to be specific for low LVEE, the com-
bination of the two in the AUDICOR
system may be particularly helpfil in
improving the bedside diagnosis and
management of heart failure patients.
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Systolic Dysfunction: Correlation of Acoustic Cardiography
With Doppler Echocardiography

For detection of left ventricular (LV) systolic dysfunction in the oulpatient seiting, simultaneous electrocardiographic and heart
sound data have been shown to be helpful. In 181 patients with suspected or known cardiac disease, echocardiography
and acoustic cardiography were performed. Acoustic cardiographic parameters correlated to echocardiography included:
presence or absence of S, electromechanical activation time (EMAT], LV systolic fime (LVST], and EMAT/LVST. IV ejection
fraction was 250% in 82 patients (S, present in 9.8%) and <50%.in 79 patients (S, present in 30.4%; the <50% group also
had a greater EMAT, EMAT/IVST, and lower mean LVST [p<0.05]). Patients with an S, had a lower ejection fraction, larger
mean left afrial and 1V dimensions, and an increased proportion of diastolic dysﬁmchon Acoustic cardiography allows reli
able defectian of the S,, which correlates with echocardiographic evidence of impaired LV functian, and the EMAT/IVST ratio
reflects reduced ejection fraction, providing an affordable, accessible means to.assess LV.dysfunction in the outpatiegt sefting.

{CHF. 2006;12{4 suppl 1):14-18} ©2006 Ls Jacq

The ability to detect left ventricu-
lar systolic dysfunction (LVSD) is
important because it frequently pro-
vides the pathophysiologic substrate
for heart failure, a major cause of
disability and death. Although echo-
cardiographic and radionuclide studies
are noninvasive tests used to measure
left ventricular (LV) function, these
tests are expensive and are not always
readily available.! Consequently, a reli-
able, convenient, and cost-effective
method to detect impaired LV func-
tion is desirable. To address this prob-
lem, physicians have widely adopted
other tests for heart failure, such as
the measurement of B-type natriuretic
peptide (BNP). However, the inverse
relationship between sensitivity and
specificity for heart failure across the
commonly encountered range val-
ues of BNP has limited the diagnos-
tic value of this test? To provide
a more suitable diagnostic method,
Inovise Medical, Inc. (Portland, OR)

v

has developed the AUDICOR sys-
tem. This is a system that records,
stores, displays, and algorithmically
interpréts simultaneous digital electro-
cardiographic (ECG) and sound (i.e.,
acoustic cardiographic) data, includ-
ing the S,, by using proprietary, dual-
purpose sensars placed in the V, and
V, positions. Previous work has shown
that the S, identified algotjthmically
by AUDICOR has high specificity for
detecting hemodynamic evidence of
heart failure and is diagnostically supe-
tior to auscultation.’ Since the system
records acoustic cardiographic data
throughout the entire cardiac cycle,
it permits the measurement of systolic
time intervals (STIs) as diagnostic

parameters in addition to the S,.

The purpose of this study was to
investigate the relationships of acous-
tic cardiographic findings to Doppler
echocardiographic evidence of LVSD

in’ patients with known or suspected

heart disease.

Methods

Subjects. We enrolled 171 ambulatory
patierits who had been referred to a
cardiology clinic for Doppler echo-
cardiographic evaluation of known or
suspected cardiac disease. Of these,
we excluded 10 patients for the follow-
ing reasons: three were missing acous-
tic cardiograms, two lacked sufficient
echocardiographic data to evaluate LV
function, three were missing BNP data,
and two had acoustic cardiograms that
were not analyzable due to poor qual-
ity. The analyses were performed on
the remaining 161 patients.

All patients gave written informed
consent before enrollment in the study,
which was approved by the local medi-
cal ethics committees of Aargau and
Zurich, Switzerland.

Within 1 hour of the Doppler echo-
cardiographic study, each patient had
acoustic cardiographic data record-
ed and BNP (Biosite Triage, Biosite,
Incorporated, San Diego, CA) and
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serum creatinine (Roche Diagnostics
Reflotron, Hoffman-La Roche, Basel,
Switzerland) measured.

Echocardiographic Data. Following
the guidelines of the American Society
of Echocardiography, each patient
had a complete two-dimensional and
Doppler echocardiographic examina-
tion. The investigators who interpreted
the. Doppler echocardiographic find-
ings were blinded to other clinical and
acoustic cardiographic data. We defined
LVSD as-LV ‘ejection fraction (LVEF)

of <50%: LV diastolic function was

evaluated using the diastolic filling pat-
tern and tissué Doppler examination
of the lateral mitral annulus (for E')
to determine the E/A ratio, E/E’ ratio,
the deceleration time of the E wave,
and the pulmonary venous flow pat-
tern. Diastolic function was graded as
normal, delayed relaxation, pseudonor-
mal, or restrictive. It can be difficult to
categorize patients into a diastolic fill-
ing graup due to inconsistent Doppler
data. and length of atrial reversal in
some patients—for example, those with
mitral insufficiency. The presence of
elevated LV filling pressure was deter-

.mined using the method described by

Ommen and Nishimura.*

Acoustic Cardiogram Data. A 10-
second AUDICOR recording was
obtained from each patient and ana-
lyzed by the computerized algorithm
using measurements generated for the
S, and for various systolic param-
eters. The system evaluates the pos-
sible presence of an S; by measuring
the intensity and persistence of the
energy of sounds that have the appro-
priate frequency and timing for an S,.
It expresses the resultant value in the
range of 1-10 and declares S, to be
present in a patient if the value equals
or.. exceeds five. Electromechanical
activation time (EMAT) is measured
by the algorithm as the time from
the onset of the Q wave to the mitral
component of the S,. The value of
EMAT in milliseconds reflects the
time required for the left ventricle to
generate sufficient force to close the

Table ) Comporison of Findings in Patients With Left Ventricular (LV} Ejection Fraction

250% vs. <50% .
LV Esecion FracnoN
_ 250% {N=82) <50% {N=79)

v ejection fraction {%) 62:7 34:10*
Age lyr) ' 66413 63£12
Heart rate (bpm) 63110 67413*
Left bundle-branch block (%) 1.2 21.5*

1 GRS duration {ms) 101£17 129:31*
Biype natriuretic peplide (pg/ml} 110:176 214:249*
E/A 0.96:0.48 1.01:0.74
E/E 7.0:3.4 9.9:4.5*
‘Decaleration time (ms) 214:55.0 201:63.5
Diastolic filling pattern (%)

Normal _ 20.0 14.9
Delayed relaxation 69.3 64.2
Pseudonormal 9.3 14.9
Resirictive 1.3 6.0
S, present (%) 9.8 30.4*
Electromechanical activation time (EMAT) {ms) 84113 100£20*
LV systolic fime {LVST} (ms) 36133 345235*
EMAT/IVST 0.23:0.04 0.3:0.07*

Dota are mean ¢ SD except as noted. *Significant at p<0.01

Table 1. Comporison of Doppler Echocardiographic Findings in Patients Without vs.

or rasirictive) {%)

With an Electronically Detected S,
S, ABSENT S, PRESENT

_ (N=129) h=32)
Left ventriculor ejection fraction {%) 51117 A0+14*
Left atrial dimension {mm) 225 2518
Leht ventricular end-diastolic dimension (mm) 5349 60:10*
E/A 0.8:0.4 1.6¢1.0*
E/E' 7.8:4.1 10.0+4.4**
Deceleration time {ma} 213156 18068
Elevated left venricular end-diastolic pressure {%) 16.9 63.6*
Abnormal diastolic filling pattern (pseudonormal 7 52*

Data are mean + SD except as noted. *Significant at p<0.01; * *significant at p<0.05

mitral valve. LV systolic time (LVST)
is measured. as the time from the
mitral component of -the S, to the
aortic component of the S,. The ratio
EMAT/LVST was computed as the
simple ratio of these two components.

Statistical Analyses. Continuous data
are reported as mean i SD: Categoric
data are presented as percentages of
their respective subgroups. We tested
the null hypothesis for the continuous
variables using the Student ¢ test and
for the dichotomous variables using
chi-square analysis.

Resvlts
The mean age was 64.4+12.8 years (range,
19-88 years), and 109 (68%) were male.
Mean BNP was 1612221 pg/ml (range,
4-1270 pg/mL). Eighteen patients (11%)
had left bundle-branch block, and 25%
had a QRS duration 2130 milliseconds
(mean, 115:29 milliseconds; range, 80~
221 milliseconds). An LVEF of <50%
was present in 79 patients; the mean was
49%, ranging from 10% to 82%. The
remainder of the findings are shown in
the tables and figures.

Table I shows that among the 161
study patients, 82 had LVEF 250%
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Figure 2. Temporal relationship between the S, and a prominent E wave

(group A) and 79 had LVEF <50%
(eroup B). Although we did not per-
form the study in an acute setting,
the patients in group B had higher
mean heart rates and levels of BNP In
addition, the patients in group B had
greater mean QRS durations, with
a higher prevalence of left bundle-
branch block. Although the mean E/A
ratios were similar, group B had a high-
er mean E/E'. The patients in group B
had significantly higher proportions
of pseudonormal and restrictive fill-
ing patterns. Regarding the acoustic
cardiogram parameters, the patients
in group B had a higher prevalence
of electronically detected S,, a greater
mean EMAT and EMAT/LVST, and a
lower mean LVST.

Table I compares the echocardio-
graphic findings in all the patients in
which an electronically detected S, was
absent vs. those in which it was pres-
ent. [t shows that the patients with an
S, have a lower mean LVEF and higher
LV diastolic dimensions. Regarding
parameters of LV filling, the patients
with an S, have greater mean E/A and
E/E' ratios and a higher proportion of
abnormal diastolic filling patterns.

Table III shows the differences in -
the findings in Group B for each of
the four types of filling patterns, In
general, the patients with abnormal
diastolic filling tend to be older, have
wider QRS complexes, a higher preva-
lence of left bundle branch block,
higher mean values of BNE a lower
mean LVEE a higher mean E/E' ratio,
a higher prevalence of elevated left
ventricular end-diastolic pressure, and
a higher prevalence of S,. Especially
noteworthy is the finding that the
prevalence of the S, is by far the low-
est in the patients with the pattern of
delayed relaxation and the highest in
the patients with a pseudonormal and
restrictive filling patterns.

Figure 1 graphically demonstrates
these relationships. It shows that
only four patients with delayed LV
relaxation had sufficient S, strength
to exceed the detection threshold.
Conversely, of all the patients with

‘pseudonormal or restrictive filling

acoustic cardiography vs. echocardiography
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Table Il Comparisons of Findings Among the Four Duosiolic Filling Pohems in Ponents Wlh l.eﬁ Venmculur (lVl Ejection Fmdlon <50%
s +: FalNG PATIERN
Normau Dewavep REAUTON  PSEUDONORMAL ‘RestaicTve
{N=10) (N-43) {N=10) {n=d]
Age {yr) o 5381152 165.749.1* 652¢10.0 66.3114.2
Heart rae (bpm} 63.1:17.8 67.6410.2 65.4:14.8 7231168
Left bundle branch block {%) 100 17233 : 30,0 . 250 -
QRS duration (ms) 117225 . 13033 138433 132428
Biype nafrivrefic peptide (pg/ml) o 1478133 . 171s214 . 4862238* 348:217*
V ejection froction (%) 42,6257  3335109% - 28.1:6.7* £ 30.8:8.1*
E/A 1.2:04. i 0 no 2* 502 1 e 30aler
£/E U 7847 934 14 4ia0¢ 12 1:16"
Elevated LV end-diasiolic pressure {%) . Hd 176 : S00% 100*
S, present (%) T 40 937 80 . 100.0*
Electromechianical adlivation fime {EMAT) {ms} 96126 i 10019 98113 114124
IV sysiolic fime (LVST) {ms) . 351435 % 348436 34335 326122 .
EMAT/LVST 50.28:009: - 0.29:0.06 © 0.29:0.05 0.35+0.07
Data gre mean-1 SD except as noted. *Significant at p<0.05 oompored with the normal filling group

patterns, conditions characterized by
vigorous early passive diastolic filling
patterns, only two_patients failed to
exceed this detection threshold.

Flgure 2 also demonstrates the
relationship between vigorous early
diastolic filling, i.e., a prominent E
wave, and the S,. It represents an
example of simultaneous acoustic
cardiogram and Doppler echocardio-
graphic recordings in a patient with
an atrioventricular sequential pace-
maker. The . figure shows that the
S, occurs immediately following the
peak of a prominent E wave.

Figure 3 demonstrates the ability of
a systolic acoustic cardiogram param-
eter to discriminate between patients
with vs. without LVSD. It shows that
values of LVST/EMAT ratio >0.35
are highly specific for LVEF <50%.

Discussion

Despite recent advances, such as pro-
BNP assays and cardiac resynchroniza-
tion therapy, diagnosis and, treatment
of systolic dysfunction with clinical
heart failure and its underlying abnor-
malities remain challenging. There is
a continued need for simple, low-cost
tests that aid in initial heart fail-
ure diagnosis and monitoring patient
progress. Qur data show that such
tests should include the detection of
abnormal diastolic sounds and the

ol

EMATAVST

Figure ical act
(]‘.VST) 8, left venmcular ejecnon fraction (LVEF) (%

measurement of STis Although no Generanon and Occurrence of the

longer: as" wit ed’: ( . Our findings are consistent with
been in the past, STIs have recentl the observanons of others that the S,
been: v‘lldated as an :

belleved t0s occur dunng
zation - therapy Abnormal diastolic the rapid, passive phase of ventricular
heart sounds, especially the S, have filling early in diastole. The kinetic

long been associated with hemody-
namic abnormalities that underlie
heart failure>57

energy of the incoming blood is trans-
duced into the acoustical energy asso-
ciated with an S;. While it is tempting

acoustic cardiography vs. echocardiography
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to dichotomize “systolic” and “dia-

stolic” heart failure, the data shown
in Table IIf and in Figure 1 show that
many patients with LVSD also have
delayed diastolic relaxation. In this
group, only 9.3% of the patients with
LVSD had an S,, compared with 80%
and 100%, respectively, of the patients
with Doppler echocardiographic evi-
dence of vigorous passive early inflow.
Figure 2 illustrates the close temporal
relationship between the peak of this
early inflow and an S,. Therefore,
padents with impaired early diastolic
filling, even in the presence of LVSD,
would not be expected to have an S,

Systolic Time Intervals. Consequently, it
would be desirable to have parameters
for detecting ventricular dysfunction
in addition to the S;. A possible set of
diagnostic parameters that can fulfill
this role are STIs. Traditionally, STls
required the recordings of the ECG,
phonocardiogram, and the carotid
pulse tracing. The resultant diagnostic
parameters included electromechani-
cal systole (QQ onset to S,), LV ejection
time (LVET), and pre-ejection period
(PEE, the time from {Q onset to begin-
ning of ejection from the left ventri-
cle). PEP consists of both the EMAT
and the isovolumetric contraction
time (IVCT). Since the measurement
of these intervals required manual
measurements of analog recordings,
the process was time-consuming and
labor intensive.

Due to the influence of heart rate
on LVET and PEP researchers devel-
oped regression formulas to study
indexed values.®® However, the ratio of
PEP/LVET has been shown to be less
sensitive to heart rate. Normal ranges
have been established for the STIs,
and values outside the normal range
have been correlated with LV dysfunc-
tion -{cardiac - output, stroke volume,
LV end-diastolic pressure).'*'? LVEF
was shown to be highly correlated
with PEP/LVET and useful in diag-
nosing heart failure.®!" As a result of
LVSD, the LVET shortens and the
PEP lengthens, primarily due to a
diminished rate of LV pressure rise
during isovolumetric contraction.®

The parameters of systolic function
that the AUDICOR system provides
are similar to the traditional STIs.
The difference is that PEP contains
IVCT, whereas EMAT does not. The
AUDICOR LVST contains IVCT,
whereas LVET does not. Since the
AUDICOR system generates both
EMAT and LVST, it does not matter
in which of these two parameters the
IVCT is included. Furthermore, the
AUDICOR system is advantageous
because its recordings can be obtained
as easily as a standard ECG, and
a computerized algorithm makes the
measuremenits on the digital data that
generate these recordings.

The data in Table 1 show that
not only the electronically recorded
S, but also the systolic parameters

EMAT, LVST, and EMAT/VST, dis-
criminate between patients with vs.
without LVSD., Thus, the array of
systolic and diastolic parameters that
acoustic cardiogram parameters pro-
vide increases the likelihood of detec-
tion of LVSD.

Limitations of the Study. The number
of patients in this study is ‘relatively
small, particularly when separate analy-
ses are performed for the patients in
groups A and B. Therefore, our findings
should be corroborated on a larger set
of data. The diagnosis of heart failure is
of great clinical interest, and ventricu-
lar dysfunction and heart failure are not
synonymous. However, the detection of
LVSD in the appropriate clinical-con-.
text is very important in the process of
diagnosing heart failure.

Conclusions
We conclude that acoustic cardiogra-
phy allows reliable detection of the S,
and the ratio EMAT/LVST, and these
parameters correlate with echocardio-
graphic evidence of LV dysfunction.
This could be a helpful, affordable, and
easily accessible means to assess patients
with dyspnea in the outpatient setting.
We also conclude that in patients
with LVSD, a filling pattémn of impaired
relaxation is common and diminishes
the prevalence of the S;. Thérefore,
the use of parameters of systolic func-
tion is a useful adjunct to the evalua-
tion of these patients.
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Acoustic Cardiographic Parameters and Their Relationship to
Invasive Hemodynamic Measurements in Patients With Left
Ventricular Systolic Dysfunction

Data obtained-at cardiac catheferization were used to evaluate the utility of acoustic cardiographic data in assessing the
hemodynamic abnormalities associated with left ventricular systolic dysfunction (LYSD). Thirty-seven patients {mean age, 62.6
years) underwent catheterization, and hemodynamic data-were recorded.-Acoustic cardiographic recordings were obtained
using a system that records.and algorithmically interprets diastolic-heart sounds and parameters analogous to fraditional sys-
tolic fime intervals. Seventeen patients had IVSD (defined as ejection fraction <50%). The 17 patients with lVSD composed the
cohort for analysis. There were strong associations between acoustic cardiographic porameters and left ventriculor end-dia-
stolic pressure, ejection fraction, and maximum contractility. Heart rate lended to influence the strength of these correlations.

The authors conclude that acoustic cardiographic dota can be used in the evaluation of patients with known or suspected

LVSD, and specifically in the selection of patients for cardiac resynchronization therapy and the optimization of the seffings
of implanted resynchronization. devices. [CHF. 2006;12(4 suppl 1):19-24) ©2006 Le Jacq

De‘spite recent advances in its man-
agement, the prevalence of heart
failure is increasing as the population
ages, and heart failure remains a major
cause of disability and death. The
optimal management of heart failure
requires not only its accurate diagno-
sis, but reliable methods to determine
with specificity the hemodynamic
abnormalities in individual patients.
These determinations will permit the
most effective treatment to be select-
ed for each patient. Similarly, it is
important to be able to measure the
effectiveniess of such treatment and to
determine whether it should modified
in any way. To benefit as many patients
as possible, the methods of evaluation
of hemodynamic function should be
safe, reliable, widely available, and
cost-effective.

Although left ventricular systolic
dysfunction (LVSD) is not synony-

mous with the clinical entity of heart
failure, the demonstration of LVSD in
the appropriate clinical context, e.g., a
patient with acute or chronic dyspnea,
is strong prima facie evidence that
systolic heart failure is responsible for
the patient’s symptoms. A technology
that could facilitate the detection of
LVSD is the AUDICOR test (Inovise
Medical, Inc., Portland, OR). The
AUDICOR system records, stores, dis-
plays and algorithmically .interprets
simultaneous digital electrocardiogra-
phy (ECG) and sound (ie., acoustic
cardiographic) data by using-propri-
etary dual-purpose sensors placed in
the V; and V, positions. The acous-
tic cardiographic data include: the S,
recorded during diastole and vari-
ous other parameters that are closely
related to the traditional systolic time
intervals. These are established meth-
ods for evaluating cardiac function.!

In the present study, we tested the
hypothiesis that acoustic cardiographic

parameters are quantitatively related .

to invasive measurements of left ven-
tricular (LV) cardiac function.

Methods

Subjects. We enrolled 37 patients

(33 men) with a mean age of 62.6

years (range, 42-79 years), who had
been referred to the Kantonsspital
Luzern, Lucerne, Switzerland. All car-
diac catheterizations were performed
in the postabsorptive state and under
mild sedatian. The hemodynamic
measurements obtained included
measurements of LV ejection frac-
tion (LVEF), LV end-diastolic pressure
(LVEDP), pulmonary capillary wedge
pressure, and LV. contractility (dP/dt)
and maximum contractility (dP/dt__ ),
using manometer-tipped catheters in
22 patients and fluid-filled catheters
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Table. Demographic, Hemodynamic, and Acoustic Cardiographic Characteristics
of the Patients With Left Ventnculut (v} Systolic Dysfunchon (n=17}
Age fyr) 60:10
Heoart rate (bpm) 81120
teft bundle branch block {%) 59
QRS duration (ms) 130:40
LY ejection fraction (%) 32111
LV end-diastolic pressure {mm Hg) 1718
v dP/dt__ {mm Hg/sec) 13481468
S, present [%} 4).2.
Eleciromechanical activation time (EMAT) {ms)- 93125
LV systolic time {LVST) (ms},. : 329:31
EMAT/LVST 0.28:0.07
Data are presentad as mean +-SD except where indicated otherwise.
dP/di_ =maximum contractility

Normal Systolic Heart Failure
O
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Figure 1. Relationship of traditional srstollc time mtervals to zcousttc cardlographnc
ol

systolic parameters {normal vs. syst

vided here for convenience of reference ai
Medical, Inc.; Portland, OR] data). ECG=electrocardi
atrium; LV =left ventricle; PEP-—pre-ejectxon period; L
tion time; IVCT =isovolumic contraction time; IVRT =isovolumic

ic heart failure) (pressure wayeforms are pro-
nd are not patt of the AUDICOR [Hiovise

m; Ao=aorta; LA=left
=left ventricular ejec-
tion time;

EMAT =eléctromechanical activation time; LVST=left ventricular systolic time

in 15 patients. Acoustic cardiographic
recordings were also obtained from
all patienits, and each recording was
judged technically adequate for analy-
sis. All parameters except the LVEF
were measured both before and imme-
diately after the left ventriculogram.

We defined LVSD as an LVEF <50%.
We confined the analysis of the data to
the patients who ‘met this criterion.

Acoustic Cardiographic Data. A
10-second AUDICOR recording was
obtained from each patient and ana-

lyzed by the computerized AUDICOR
algorithm using measurements gener-
ated for the S, and for various systolic
paramaetets. The system evaluates the
possible presence of an S, by measur-
ing the intensity and persistence of the
energy of sounds that have the appro-
priate frequency and timing for an S,.

It expresses the resultant value in the
range of 1-10 and declares an S, to be
present in a patient if the value el]uals
or exceeds five. Electromechanical
activation time (EMAT) is ‘measured
by the algorithm as the time from
the onset of the Q wave to the mitral
component of the S,. The value of
EMAT (in milliseconds) reflects the
time required for the left ventricle to
generate sufficient force to close the
mitral valve. LV systolic time (LVST)
is measured as the time from the
mitral component of the S, to the aor-
tic component of the S,. The param-

“eter EMAT/LVST is computed as the

simple ratio of these two components.
Percent EMAT (%EMAT) and per-
cent LVST (%LVST) are computed
as the EMAT or LVST divided by the
dominant R-R interval. The %EMAT
and %LVST are used in recognition
of the heart rate dependency of these
variables. Figure 1 illustrates these
parameters and their relationships to
the traditional systolic time intervals
in a normal ventricle and in LVSD.

Statistical Analyses. Pearson corre-
fation coefficients and two-tailed p
values were calculated to demonstrate
the strength of associations between
pairs of acoustic cardiographic and
independent hemodynamic variables.

Results
Seventeen patients had LVSD as defined.
The Table shows the demographic, hemo-
dynamic, and acoustic cardiographic
characteristics of these patients. )
Figure 2 shows data from the
pre-left ventriculogram " tracings: and
reveals that in patients with LVSD and
in whom the %LVST is <45%, there
is a strong linear relationship between
LVEDP and S, strength. However, in
the patients whose %LVST is >45%,

acoustic cardiography and 1V dysfunction
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the relationship between S, strength
and LVEDP is much weaker.

Figure 3 shows the stability of the
relationship between LVEDP and S,
strength. It displays data from the
pre- and post-left ventriculogram trac-
ings In patients with LVSD and LVST
<45%. The effects of the left ven-
triculogram had a negligible influence
on the relationship between LVEDP
and S, strength,

Figure 4 shows that in patients with
LVSD, values of EMAT >100. mil-
liseconds are associated with LV dP/
dt_, <1000 mm Hg/sec. It therefore

demonstrates the relationship between

an additional acoustic cardiographic
parameter and another fundamental
measure of LV function.

Figure 5 reveals that in patients
with LVSD, LVST increases as LVEF
increases.. However, if the heart rate
exceeds 75 bpm, the LVST is generally
shorter.at any value of LVEF than it is
at slower heart rates.

Figure 6 shows that the quantita-
tive relationship between LV diastolic
time (IVDT) and heart rate differs
in patients with vs. without LVSD.
In each group of patients, LVDT falls
as the heart rate increases. However,
especially at heart rates 270 bpm, the
LVDT at each heart rate tends to
be shorter in patients with LVSD vs.
without LVSD.

Figure 7 demonstrates that in con-
trast to LVST (Figure 5), the values
of %LVST decrease as LVEF increases.
This is because of the higher heart
rates that often prevail in patients with
low LVEE More specifically, Figure 7
also shows that patients with LVSD
have higher values of %LVST at each
increment of ejection fraction if their
heart rates exceed 75 bpm than do
patients with slower heart rates.

Discussion

Our data show that acoustic cardio-
graphic parameters are quantitatively
related to invasive measurements of
ventricular function. In patients with
LVSD, there is a positive linear rela-
tionship between S, strength and
LVEDP (Figure 2). In addition, Figure

[} 5 10 15

26 25 » 35 40
LVEDP

Figure 2. S, strength vs. &left ventricular end-diastolic pressure (LVEDP) in the

patients. with left ventricular systolic dysfunction; pre-ventri

culogram recordings.

Filled circles=left ventricular systolic time (LVST) <45% of R-R interval (R=0.982;
p<0.0001); empty circles=LVST >45% of R-R interval (R=_—0.07 1; p=0.881)

) s 10 B 20
LVEDP

is N 3% 40 a5

Figure 3. S, strength vs. left ventricular end-diastolic
dl left ventricular systolic dysfunction and left ventricular systolic time

patients wi

essure (LVEDP) in the

<45% of R-R interval. Filled circles=pre-ventriculogram . (R=0.982; p<0.0001);
empty circles = post-ventriculogram (R=0.956; p<0.025)

3 reveals that despite. the perturbations
imposed by a rapid injection of angio-
graphic dye into the left ventricle, the
linear relationship between S, strength
and LVEDP persists. This relationship

illustrates the value of expressing evi-

dence of an S, as a continuous variable.
This is more robust than treating it as a
dichotomous variable, as is the case for
S, detectioni by auscultation.

As also shown in Figure 2, how-
ever, the linear relationship between

acouslic cardiography and LY dysfunction
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‘Figure 4. Relationshlp of electromechanical activation time (EMAT) to left ven-
tricular (LV) maximum contractility (dP/dt) in the patients with left ventricular

systollc dysfunction (R=-0.961; p=0, 063)

150 4

100.

N———————

l:ngureS bﬁvmmcuhrsysmhcnnw(LVSDv&ejechon&awm(EP)hpahaf:;s;lg:
v

entricular systolic dysfunction, by heart rate subgroups.
Filled circles=heart rate 575 bpmy; empty uxcles—hcmt rate >75 bpm

subgroup.

S, strength and LVEDP disappears if
the LVST exceeds 45% of the cardiac
cycle. A likely explanation for this is
that an increase in LVST occurs at
the expense of the proportion of time
spent in diastole. A reduction in the
duration of diastole can prevent early
passive diastolic filling of the ven-
tricle from being sufficiently vigorous

to produce an S,. This is because both
the isovolumic relaxation and the
active filling periods impinge on the
time available for passive filling. This,
in turn, helps explain why, despite
its high specificity for heart failure in
the appropriate clinical setting, the

corresponding sensitivity of the S; for

systolic dysfunction is only moderate.?

Despite the presence of LVSD, many
patients may have sufficient impair-
ment of early passive diastolic filling
to prevent an S, from occutring. An
implication of these observations is
that if a patient with heart failure has
adetectable S, a goal of therapy would
be to reduce its strength. However, if
the patient does not have an S,, an
alternate goal would be to modxfy the
%LVST appropriately.

As shown in Figure 4, the decreased
force of LV contraction revealed by a
low dP/dt___is associated with a pro-
longed EMAT. Thus, EMAT is an
additional diagnostic parameter that
can discrjminate between patients
with intact vs. impaired LV systolic
function. As a measure of LV function,
dP/de__ is especially relevant bethuse
it is highly sensitive to abnormalities of
contractility? Since dP/dt_,  typically
occurs during isovolumic contraction,
it is not affected by alterations in after-
load unless especially severe LVSD is
present or if aortic diastolic pressure
is very low. Conversely, dP/de__ is
very sensitive to changes in preload,
especially if contractility is increased.?
Measuring dP/dt_, is most useful
for evaluating directional changes in
contractility during interventions in
which acute changes in preload can
be assessed.

Patients with LVSD tend to have
shorter LVSTs because ventricles with
impaired contraction require more
time to generate enough force to open
and keep open the aortic valve. As
shown in Figure 5, LVST is related to
LVEE and this relationship is affected
by the patient’s heart'rate. At higher
heart rates, the LVST is generally
shorter at each level of LVEF because
of the diminished time for diastolic
filling at these rates. Figure 6 confirms
this by demonstrating the relationship
between LVDT (the complement of
LVST) and heart rate in patients with
vs. without LVSD. Above a heart rate
of about 70, patients with LVSD gen-
erally spend less time in diastole for
each increment in heart rate than do
patients without LVSD. Compounding
this effect on the Starling mechanism,

acoustic cardiography and LV dysfunction
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as Meiler et al.* showed, such a reduc-
uon in the time for diastolic filling can

reduce subendocardial perfusion and
further impair ventricular function in
paﬁznts with heart failure. In a thera-
peutic. application of these principles,
Baker et al.¥ studied systolic and dia-
stolic_time intervals in 11 patients
before and after implantation of car-
diac rmynchromzatmn therapy (CRT)
devices. They found that appropriate
settings of the CRT devices shortened
LV systole and concormtantly length-
ened diastole.

As Figure 1 indicates, the ratio-
nales upon which the systolic acoustic
cardiographic parameters are based
are similar to that of traditional sys-
tolic time intervals. Abnormal systolic
time intervals have been correlated
with. measures of LV dysfunction such
as low eatdiac output, stroke volume,
and LV énd-diastolic volume. The
relation between the pre-ejection peri-
od and LV ejection time was shown to
be highly correlated with LVEF and to
be useful in diagnosing heart failure.>*
As a result of LV failure, the LV ejec-
tion time shortens and the pre-ejec-
tion period lengthens, primarily due
to a diminished rate of LV pressure
rise during isovolumic contraction.!
These changes are respectively analo-
gous to a shortening of LVST and
prolongation of EMAT. Determination
of the traditional systolic time inter-
vals required labor-intensive mea-
surements by experts who examined
analog tracings of the simultaneously
recorded ECG, phonocardiogram, and
carotid pulse. In contrast, the aconstic
cardiographic parameters are obtained
through automated measurements of
digital data and require no more time
or effort to record than does a stan-
dard ECG.

As suggested above, one of the appli-
cations for which acoustic cardiography
is particularly well-suited is CRT. CRT
devices are intended to improve the
hemodynamic status of patients with
systolic heart failure by permitting the
adjustment of the atrioventricular and/
or ventriculoventricular intervals -of
implanted pacemakers. If properly per-

Figure 6. Left ventricular diastolic time vs. heart rate in patients without vs. with left
ventricular systolic: dysfuncuon, defined as eJecnon fractmn (EF) 50%. Black=EF
250% (R=-0.95 0001); whité=EF:<50 1)

30 40 50 60

EF

gure 7. Relatmnslnp between left ventricular systollc time as a percentage of the

R—R mterval (%LVST) and ejection fraction

in patients with left ventricular

systolic dysfunction, by heart rate subgroups. Filled circles=heart rate <75 bpm;

empty circles=heart rate >75 bpm

formed, these adjustments can improve
cardiac efficiency by optimizing the tim-
ing and sequence of cardiac activation.
However, before selecting a patient for
CRT, it is first necessary to determine
that LVSD is a plausible explanation of
the symptoms. Not only can pulmonary

disease mimic the symptoms of heart
failure, but not all cases of heart failure
are associated with LVSD. Therefore,
when they are available, echocardio-
graphic, radionuclide, and angiographic
tests of LVEF are often used. Although
tests such as the echocardiogram and
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radionuclide studies can be used to
confirm the presence of LVSD, their
high cost and limited availability make
them unsuitable Yor widespread use as
screening tests.!! Also, although the
echocardiogram has been used to help
optimize pacemaker settings following
implantation of the CRT device, its use
in this' context is cumbersome, time-
consuming, and. highly dependent on
the skill of the operator, As shown by
their ease of use and their quantitative

relationships to well-accepted invasive
measures of LV function, acoustic car-
diographic parameters could be ideal for
CRT optimization.

Limitations of the Study. The number
of patients in this study is small, and the
findings must be corroborated using a
larger set of data. A larger set of data will
also be required to determine appropri-
ate heart rate corrections for the various
acoustic cardiographic parameters.

Conclusions

We conclude that easily obtained
acoustic cardiographic data may be
used to detect and assess the sever-
ity of LVSD, as shown by the rela-
tionship of acoustic cardiographic
data to invasive measurements of
LV function. Acoustic cardiography
can also be applied in the selection
of patients for CRT and the optimi-
zation of the settings of implanted
CRT devices.

REFERENCES
1 Shoh SJ, Michaels AD.
of the third heart sound and :ystolic ﬁme mbwols
Congast Heart Fail, 2006;12{4 supp! 1):8-13.
2 marmu GM, Gerbetbdwull. ph’gncocokmnd' Btha'
Associalion n rdiographic
third and fourth heort sounds and og
of left ventricular funciion. .IAMA
2005;293: 2238—2244
3 L WC. The left veatriclar dP/dt__end-
diastolic volume refation in closed-chest dogs.
Circ Res. 1985;56:808-815.
4 Mailer SE, Boudoulas H, Unverferth DV, e ol.
Diastolic fime in congestive heart failure. Am

Heart ). 1987;114:1192-1198,

§ Baker C, love CJ, Moeschberger ML, ot al.
Time infervals of cardiac resynchronization
therapy in heart failwes. Am J- Cardiol.

. 2004;94:1192-1194,

6 Welssler AM, Hanis WS, Schoenfeld CD.

Jachnics for the evaluation. of ven
tricolar funclion in man. Am J Cardiol.
1969;23:577-583.

7 Stack #S, Sohn YH, Weissler AM. Accur
of systolic fime intervals in defecting abnorrnol
left ventricular Ince in coronary arlery
disedse. Am J Cardiol. 1981;47:603-609. "

8 Gom:rd Cl, Weissler AM, Dodge HT. The relo-
fionship of alterations in sysbhc lime intervals
-lo_ ejectioni fraction” in' potlenis with cardiac

- disease. Circulation. 1970;42:455-462.

9 lewis RF, Rittogers SE, Froester W, et al. A
criticol review of the systolic fime intervals.
Circulation. 1977:56:146-158.

10 Weissler AM, Harris HS, Schoenfeld CD.
.?slohc’ time Intervols in heart fallure iauman.
irculation. 1968;37:149-159.
11 .American Hear! Association. Heart Disease
and Stroke Statistics—2005 Update. Dallas,
TX: American Heart Associalion; 2005.

acoustic cardiography and LV dysfunction

july - august 2006 - supplement 1



1D:5770

(R www.lejacqg.com

ORriGINAL PaAPER

~ Optimization of Cardiac Resynchronization Devices Using
Acoustic Cardiography: A Comparison to Echocardiography

Optimization of pacemaker seftings for cardiac resynchronization therapy (CRT) remains challenging and problematic.
Several noninvasive methods are offered. to customize the programmed parometers for individual patients, but so far only
echocardiographic imaging has established itself as an accepted method. The authors axamined the valve of acoustic car-
diography as a fast and more costefficient allernative o established echocardiographic imaging techniques for the optimi- -
zation of CRT devices. The afrioventricular delay in 22 subjects with implanted CRT devices was independently optimized
using echocardiography (Doppler iransmitral flow) as well as acoustic cardiography, and the recommended seltings from
each method were later compared. Doppler-echocardiography and acoustic cardiography recommendations matched within
a mean valve ¢ SD of 17216 milliseconds ond gave ‘o correlation coefficient of 1=0.90 p<0.001). In 17 of the 22 cases
{77.3%), the difference betwsen echocardiographic and acoustic cardiogram CRT optimization results was s20 milliseconds.
Furthermore, the echocardiographic transmitral low pattern was not significantly different for the setting independently chosen
by the echocardiographic expert and the acoustic cardiographer for the cases with o difference of >20 milliseconds {22.7%).
In addition, it took less time for the acoustic cardiogrom to collect sufficient information to make a recommendation, and it

was found that the acoustic cardiogram data Irend is easier to interpret. (CHF. 2006;12{4 suppl 1):25-31) 2006 le Jacq

To maximize the benefits of cardiac
resynchronization therapy (CRT),
a fast and cost-effective method of
atrioventricular (AV) delay optimi-
zation that also fits into the stan-
dard pacemaker follow-up workflow is
desirable. Despite the clinical accep-
tance of echocardiography in CRT
optimization, practical aspects such as
availability, time, cost, and the need
for a well-trained echocardiographer
limit the application of AV optimiza-
tion to only a small percentage of
CRT patients. This, in turn, may limit
the effectiveness of CRT, since key
outcome studies demonstrating the
benefits of CRT routinely utilized such
techniques of AV optimization.”

A promising, fast, and inexpensive
method for device optimization in CRT

is acoustic cardiography. One approach
to acoustic cardiography (AUDICOR,
Inovise Medical, Inc., Portland, OR)
records, stores, displays, and algorithmi-
cally interprets simultaneous electrocar-
diographic (ECG) and acoustic data.
These data are collected using propri-
etary ECG/sound sensors placed in the
standard precordial V; and V, positions,
i.e., near the left ventricular (LV) apex.
The assessment of cardiac function is
achieved by the detection and automat-
ed analysis of systolic and diastolic heart
sounds and their temporal relationships
to the ECG. The primary acoustic cardi-
ography parameters of relevance for the
management of systolic heart failure are
(see also Figure 1):
* S, strength: a measurement of the
overall acoustic energy of the S,

in a 10-second time interval. This
parameter exhibits values in a range
of 0-10 units.

* Electromechanical activation time
(EMAT): the interval in millisec-
onds measured from the onset of the
QRS complex to the mitral com-
ponent of the S,. This parameter
reflects the time required for the left
ventricle to generate sufficient force
to close the mitral valve and shows
an increased value in patients with
systolic heart failure.

* LV systolic time (LVST): the inter-
val in milliseconds measured from
S, to S,. This interval is reduced in
patients with LV dysfunction.
Previous studies have shown that

acoustic cardiography accurately

detects clinical heart failure and specific
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Normal Systofic Heart Fallure

ECG

Pressure

Sound

Figure 1. Relaﬁmshlpofua(ﬁﬂonalsystohcthlemwvalsmmﬁcmdmgmphc

systalic parametets (normal vs. systolic heart failure). (Pressure waveforms are pro-
vided here for convenience of reference and are not part of the AUDICOR (Inovise
Medical, Inc., Portland, OR] data.) ECG= 3 Ao=aorta; LA=left

atrium; LV=left ventricle; PEP=pre-ejection period; L <left ventricular ejec-
tion time; IVCT=isovolumic contraction time; IVRT =isovolumic relaxation time;
EMAT =electromechanical activation time; LVST=left ventricular systolic time

Revtev} Trend

S, Strength versus AV Delay

S, Strength
>50 for any AV
delay?

NO YES

Optimize for maximum LVST . %
. & Optimize for minimal S,
Confirm that corresponding Strength
S, Strength Is low & ;
4 & g Confiin that EMAT Is =
Confirm. that commesponding reasonably lowered
EMAT is lowered : R .
- & Confirm presence of bi-
« Confirm presence of bi- - ventricular pacing
ventricular pacing

Figure 2. Flow chart used to determine the best atrioventricular (AV) delay dur-
ing cardiac resynchronization therapv optimization using -acoustic cardlograp 3
LVST =left ventricular systolic time; EMAT =electromechanical activation time

hemodynamic abnormalities known to
be associated with heart failure* In
particular, the comparison of -acoustic
cardiography parameters with relevant
hemodynamic - parameters obtained
during left heart catheterization studies
have shown that: 1) S, strength corre-
lates well with the absolute value of the
LV end-diastolic pressure (LVEDP); 2)
a prolonged EMAT is associated with
reduced LV maximum contractility;
and 3) reduced LVST values correlate
to reduced LV ejection fraction (LVEF)
in patients with systolic dysfunction.®

We tested the “hypothesis that
acoustic cardiography provides a fast,
easy-to-use, and, therefore, cost-effec-
tive method to optimize CRT settings,
and that acoustic cardiogram param-
eters produce very similar recommen-
dations for the best AV delay settings
in CRT devices compared with estab-
lished echocardiographically-guided
optimization methods.

Methods -

Patient Population. Twenty-two sub-
jects (14 men; mean age, 72 years;
range, 62-87 years), mean preimplan-
tation LVEF of 25% (range, 10%-
40%), mean current LVEF of 37%
(range, 15%-68%) with implanted
CRT devices scheduled for an echo-
cardiographically guided AV optimiza-
tion were included in the study.

Exclusion criteria for participation
in the study were the presence of
atrial fibrillation or any other pace-
maker-related issue at the time of pre-
sentation that would have prevented
a successful AV delay optimization
using echocardiography. -

All subjects fulfilled the classic cri-
tetia for receiving CRT at the time of
implantation. All patients had a CRT
device implanted for at least 3 months
and had undergone at least one echo-
cardiographically guided AV optimiza-
tion before enrollment in this study.

. Study Design. After written patient con-

sent was obtained, all subjects underwent
a regular follow-up of their ‘pacemak-
er/implantable cardioverter-defibrillator
before optimization of their AV delay.

acoustic cardiography in cardiac resynchronization
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Doppler Echocardiography. The echo-

cardiographic studies were performed -

with a Hewlett Packard (Palo Alto,
CA) 4500 Ultrasound system in Doppler
 transmitral flow mode. For the echocar-
diographically guided AV optimization,
patients were placed in the left lateral
position. The selection of the appropri-
ate AV delays to test, as well as the total
range and separation between the tem-
porarily programmed AV delays, were
determined by the clinician based on
clinical judgment. For each temporarily
programmed AV delay, an echocardio-
graphic image of the Doppler transmitral
flow patten was recorded on video-
tape, then analyzed and recorded in the
patient chart. At the end of the record-
ing, .the  clinician determined the best
AV delay for the patient based on the
review of all echocardiographic images
and noted the optimal settings. in:the
patient chart.
Acoustic Cardiography, After com-
pletion of the echocardiographically
guided AV optimization,, the subject
was placed in the supine position and
connected to an AUDICOR TS device
to-record: and -trend acoustic. cardio-
graphic parameters. The subject’s AV
delays were temporarily changed and
programmed. to the same temporary
settings as used during the echocardio-
graphic evaluation. For each temporary
AV delay, a full:10-second AUDICOR
test was recorded, analyzed for the
S, strength, EMAT, and LVST,. and
trended against the AV delay.changes.
After taking all AUDICOR tests, the
patient’s AV delay was permanently
programmed based on the results of
the echocardiographic evaluation.
After the patient was discharged,
two. clinical specialists trained in inter-
preting acoustic cardiographic trends
were asked to independently review the
data.and produce.a recommended AV
delay. The specialists were blinded to the
patient information as well as the echo-
cardiographic data and recommended
AV setting. Based on the results of
echocardiographic and hemodynamic
studies of the relationship between
the absence of an S, with impaired

Table. Echocardiographic Echo} and Acoustic Cardiographic Optimal Atrioventricular
Delay Setting Recommendations {ms) for All Study Subjects
Sungct A {Ecvo, Acousnc CARDIOGRAPHY
No. ‘Dorner EcHo Acousnc} Consensus Exeert | Expesy It
1 130 30 160 160 160
2 60 20 80 80 " 80
3 225 0 225 225 250
|4 100 0 100 100 100
5 150 10 160 160 160
6 210 20 230 230 230
7 160 0 160 160 160
8 140 10 150 150 150
9 190 30 220 190 220
10 280 70 210 240 210
n 200 20 220 220 220
12 200 20 220 220 220
13 130 20 150 150 150
14 180 10 170 170 170
15 230 40 270 270 270
16 . 200 10 210 210 210
17 200 0 200 200 200
18 180, 30 150 150 150
19 70 10 80 80 100
20 170 0 170 170 170
21 110 20 130 130 130
22 190 10 180 180 180
Mean+SD 168153 17116 175:50 175150 177150
A=difference
300

_
g 3

AV delsy by Expert | (ms)

-
8

AV delay by Expest H (ms)

Figure 3. Relationship. of the recommended atrioventricular {AV) delays obtai.ned
through independent, blinded over-read of the AUDICOR TS (Inovise Medical,
Inc., Portland, OR) trends by two clinical experts

LVEDP in LV systolic dysfunction, and
the relationships between LVST and

relaxation in diastole (E/A <1.0), the
strength of an S, correlating well with
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and sed by the two clinical special-

ists in interpreting the acoustic cardio-
graphic trends for the various AV delays

blinded. aag mgethen

Stalistical Analyses. The recommenda-
don for a best AV delay (as obtained
through the individual review of the
acoustic cardiography trends and the
consensus recommendation) were
compared against the final AV delays
obtained through the echocardiographi-
cally guided procedure. Correlation coef-
ficients for the over-read results from the
two clinical specialists, as well as for the
comparison between acoustic cardiogra-
phy and echocardiography recommen-
dations, were calculated using standard
linear regression analysis. Significance
was determined by p<0.05.

Results

Comparison of AV Delays Recom-
mended by the Two Reviewers. The
Table contains the detailed AV delay
recommendations for all subjects based

V) delays obtained
¢ 15 overvread)

phy, ‘and. Figure 3 shows the correla'
tion between: the AV delays recom-
mended by the two reviewers. There
was: excellent agteement between the
two. reviewers (r=0.97; p<0 001). For
the settings about which both experts
initially dxsagreed, the cotresponding

‘acoustic ca 1ogram parameters did not

Comparison. of AV Delays Recom-
mended . by Acoustic Cardiography
and Echocardiography. The Table
shows the echocardiographically and
acoustic cardiographically determined
AV settings-as well as the difference
between both methods for each subject.
For the 22 subjects included in the study,

recommendations from both methods
.matched for 17 (77.3%) subjects within

20 milliseconds and for 21 (95.5%) sub-
jects within 40 milliseconds, while the
discrepancy for one patient was. 70 milli-
seconds. A review of the Doppler trans-
mitral flow images for subjects where
the discrepancy was >30- milliseconds
revealed that the differences for the AV
settings picked by one or the other opti-
mization method were marginal at best.

 Figure 4 shows the correlation of the
echocardiography and acoustic cardiog-
raphy AV delay recommendations for all

subjects. The correlation coefficient is
r=0.90 (p<0.001). The mean value for
the echocardiography-based recommen-
dation was 168+53 milliseconds, and for
the acoustic cardiography-based analysis
it was 175£50 milliseconds, which is not
significantly different. .

Discussion ;

The key focus during AV opmmzatlon'
is'to maximize preload through opti-
mal synchronization.of the atrial con-
tribution to LV filling at the onset of
LV systole.! Using the Doppler trans-
mitral flow pacttern to optimize the AV
delay, the most common approach is
to improve the passive inflow pattern
{maximize E-wave height and width, if
possible, and reduce the deceleration
time) and to increase the atrial contri-
bution to LV filling through maximiz-

_ s ing the A-wave height and width, as
- the o experts in acoustic cardiogra-

well as its timing with respect to the
mitral valve closure.! The achieved
increase in preload leads to two posi-
tive effects: 1) an increase in effective
filling pressure, with a consequent
increase in LV. end-diastolic volume
and increase in stroke volume via
the Frank-Starling mechanism; and

'2) an overall reduction in LVEDE and

thereby improvements in the LV dia-
stolic function as reflected by chang-
es in the E/A ratio and, potentially,
a reduction in diastolic dysfunction
class.? In particular, in postimplanta-
tion patients, the reduction in LVEDP
is important to support the reverse
remodeling process.®

It was shown in left heart cath-
eterization studies that acoustic car-
diographic parameters correlate well
with relevant hemodynamic param-
eters that are key in the optimization
of CRT devices in patients with sys-
tolic heart failure. As Roos et al.5 have
shown, the S, strength is correlated in
a linear fashion to LVEDE, and there-
fore can be used to optimize preload
in CRT patients. As shown in Doppler
echocardiographic and catheterization
studies on patients with systolic heart
failure, the strength of the S, can be
reduced by either severely impaired
passive filling at high heart rates or in

acoustic cardiography in cardiac resynchronization
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patients with. an abnormal relaxation
pattern; with an E/A ratio of <1.0.5
In particular, in the latter patients,:the
S, strength might not show sufficient
variation during the AV optimization,
50;; 0ne scan, obtain .additional . guid:
ance.for;the AV .optimization through
systolic time intervals, namely EMAT
and LVST. EMAT .will increase with
a reduction in. LV maximum contrac-.
dlity, while LVST decreases with a
reduction in LVEE*®

The relationship among EMAT,
LVST, and the Doppler transmitral
flow pattern in CRT patients is illus-
trated in Figure 5. For short AV.times,

the. atrial contribution to LV filling is -

often teduced due. to the. closure of
the mitral valve before the end of the
atrial systole. As a result, the peak of
the A.wave in the transmitral flow
pattem -is_ strongly reduced and, in
some cases, the A wave is truncated by
the closure.of the mitral valve. In.this

situation, EMAT is strongly prolonged

and LVST is reduced. For longer, more
optmal AV times, the peak of the A
wavein the transmitral flow pattern
is:increased to its maximum point.and
the tail:end of.the A wave is aligned
with the closure of the mitral valve. In
this-setting, EMAT will be shortened,
while LVST is lengthened.

As an example, Figure 6 shows the
Doppler transmitral flow patterns and
Figure 7 shows the acoustic cardio-
graphic trend for one of the patients
in this study. In this case, both the
echocardiographically: guided optimi-
zation as well as the acoustic cardio-
graphic evaluation yielded conclusions
that the best. setting for that subject
is an AV .delay: of 225 milliseconds.
Advanced pattern récognition skills
are needed to identify the best AV
setting through the Doppler trans-
mitral flow pattern. In this case, the
acoustic cardiogram trend offers clear
guidance to the best AV setting (per
Figure 2, low'S, strength [<5.0], so
the best setting is determined through
the maximum LVST and a low EMAT,
while making sure that the setting is
not too close to the intrinsic PR inter-
val). Note that the low S, strength

PAV250

FAVSE0

Figure 5. Ilustration of electrocardiographic, AUDICOR (Inovise Medical, Inc.,
Portland, OR) systolic time intervals-(electromechanical activation time [EMATT,

feft ventricular systolic time [LVSTI), and echo Do

fer transmitral flow pattern

in a cardiac resynchronization therapy patient for short and long atrioventricular
(AV) delays. With a shorter AV delay, there is fusion of the E and A wave, resulting
in reduced passive filling (shorter diastolic filling time). With a longer AV delay,
there is separation of the E and A waves, with atrial contraction ending with onset

of systole or QRS.

is consistent with the pattern of E/A
<1.0 in the transmitral flow patterns.

The simplicity of interpreting the
acoustic cardiographic trends is under-
scored by how closely the two clinical
specialists. who interpreted the acous-
tic cardiogram trends produced simi-
lar recommended AV delays for the
enrolled subjects.

Besides being virtually equivalent
to measuring Doppler transmitral flow

for optimization of CRT, acoustic car-"

diography has the advantages of being
less time consuming for the physician
and less burdensome for the patient.
For example, AV optimization using
acoustic cardiography took no lon-
ger than 15 minutes for any of the

patients, whereas echocardiography
required more than an hour for several
of the patients. In addition, unlike the
case for performing echocardiography,
obtaining the acoustic cardiographic
data does not require the patient to be
lying in an uncomfortable left lateral
position for a prélonged period. It is
likely that by providing greater ease
and comfort to physicians and their
patients, adopting acoustic cardiogra-
phy will lead to wider acceptance of
the optimization of CRT devices.

Limitations of the Study. This study
has certain limitations. During the
echocardiographic evaluation, only a
limited number of AV settings were

acoustic cardiography in cardiac resynchronization
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Figure 6. Echocardiographic Doppler
transmitral flow pattern for all of the
atrioventricular delays tested in study
subject number 3

tested, and therefore it cannot be
concluded that the recommended AV

EMATY (ms)

LVST (ms)

QRS Duration (me)

60 120 140 160

180 200 220 240 260

AV Delay (ms)

Figure 7. Trend showing the acoustic cardiogram values for all of the atrioven-

tricular (AV) delays tested in study

subject number 3. EMAT =electromechanical

activation time; LVST=left ventricular systolic time

setting is the only valid one for the
patient. Most of the patients had been
benefitting from the CRT implanta-
tion for over 6 months and, as a result
of successful reverse remodeling, the
variations in the mitral flow velocity
and acoustic cardiogram parameters
are less than would be expected had
optimization been performed before
any reverse remodeling occurred.

Conclusions

The comparison of independently
obtained recommendations for best
AV delays in 22 CRT patients through
echocardiography and acoustic cardi-
ography shows that both technologies
yield equivalent clinical results. The
recommended final settings matched
for all patients within a mean value of
17116 milliseconds and resulted in a
cortelation coefficient of r=0.90. The
observation that an optimal AV delay
of a value other than the “out-of
the-box” or preprogrammed setting of
around 100 milliseconds was found in

most patients underscores the need to
perform AV optimization in all patients.
Acoustic cardiography is not only a fast,
easy-to-use, and cost-effective method
to optimize CRT, but it also has clinical
utility in CRT optimization similar to
Dopplet-echocardiographic evaluations
based on the transmitral flow patterns.
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CAse RePORT

Acoustic Cardiography in the Differential Diagnosis of Dyspnea

T.e prevalence of heart failure (HF) is
increasing as the US population ages
and large numbers of patients with acute
HF present to the emergency depart-
ment (ED) each year? Despite the
array of diagnostic tests available to phy-
sicians, as many as 18% of ED patients
with acute HF are misdiagnosed.
When HF coexists with diseases such as
chronic obstructive pulmonary disease
{COPD) or pneumonia, its diagnosis is
missed in the prehospital environment
in as many as 46% of patients.” The
prompt and accurate detection of HF
is important because the early provision
of appropriate treatment significantly
reduces mortality and the duration and
cost of hospitalization N
B-type natriuretic peptide (BNP

is often used to evaluate patients with
possible HE but its lack of specificity
in commonly encountered ranges of
values has limited its diagnostic use-
fulness.® To improve the diagnosis of
acute and chronic HE Inovise Medical,
Inc. (Portland, OR) has developed the
AUDICOR test. This is a system that
records, stores, displays, and algorith-
mically interprets simultaneous digi-
tal electrocardiography (ECG) and
sound. The device records both the
cardiographic and acoustic data and
the S, with the assistance of propri-
etary dual-purpose sensors placed in
the V, and V, positions. Previous work
has shown that data from acoustic
cardiograms are highly specific for the
hemodynamic abnormalities known to
be associated with HE?

This case study illustrates how
data from an acoustic cardiogram
can improve the ability to detect HF
in the presence of multiple possible
causes of dyspnea.

Case Description

A 75-year-old obese African-American
woman with a remote and recent his-
tory of cigarette smoking, chronic atri-
al fibrillation, coronary artery disease
including previous coronary bypass
surgery, type 2 diabetes mellitus, and
systemic. and pulmonary hypertension
presented to the ED of the Cleveland
Clinic Foundation with increasing
dyspnea and chest tightness. At the
time of her presentation, the patient
had been hospitalized at a subacute
nursing care facility for management
of an exacerbation of COPD. During
this hospitalization, she was noted
to have developed hemoptysis and
increasing requirements for supple-
mental oxygen. Consequently, she
was transported to the ED for further
evaluation and possible readmission to
a general medicine service. Her medi-
cations included albuterol, atenolol,
glyburide, and prednisone.

Physical examination at the time of
her evaluation revealed that she was
afebrile, but tachycardic and tachy-
pneic (heart rate, 101 bpm; respira-
tory rate, 30 BPM; blood pressure,
130/19 mm Hg). She was in moder-
ate respiratory distress and was using
her accessory muscles of respiration.
Examination of her lungs showed

diffuse wheezes and right-sided basilar
rales. Cardiac examination revealed
a rapid, irregular heart rate and a 2/6
systolic murmur but no S; or S, by aus-
cultation. The abdominal examination
was unremarkable and the extremities
showed bilateral 2+ pitting edema.

Laboratory evaluation was remark-
able for a white blood cell count of
24.8 and hemoglobin of 6.6. Arterial
blood gases on a 40% Venturi mask
revealed a Po, of 68, an 0, saturation
of 92%, and a Pco, of 59. The BNP was
200 pg/ml. The chest x-ray showed
moderate cardiomegaly, a particularly
dense infiltrate in the right upper lobe,
and a more diffuse infiltrative pattern
possibly compatible with generalized
pulmonary edema. The 12-lead ECG
indicated atrial fibrillation, possible
prior anteroapical myocardial infarc-
tion, an indeterminate QRS axis, bor-
derline low voltage, persistent precor-
dial S waves, and nonspecific ST-T
abnormalities. An acoustic cardiogram
was obtained using the AUDICOR
device, which revealed an S,.

The patient was admitted to the
medical service and treated with broad-
spectrum antibiotics, multiple trans-
fusions, repeat doses of furosemide,
corticosteroids, and bronchodilators.
Despite the use of bilevel positive
airway pressure and high-flow oxygen,
she continued to retain o, and her
oxygenation worsened. Despite these
therapeutic efforts, the patient died in
the hospital and her family declined a
request to perform an autopsy.
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Figure. AUDICOR report showing an S,

Discussion

This patient had several possible coex-
isting causes of her worsening dyspnea,
none of which were mutually exclu-
sive. First, she had a known history of
cigarette smoking and previously diag-
nosed COPD. The use of her accessory
muscles of respiration and the pres-
ence of petipheral edema (possibly due
to cor pulmonale) and hypercapnia
also support this diagnosis.

Second, pulmonary hemorrhage, pos-
sibly secondary to carcinoma of the lung,
may have contributed to the patient’s
dyspnea. Her history of smoking and the
dense infiltrate in the upper lobe of her
right lung support the diagnaosis of lung
cancet Related to a hemorrhage, severe
anemia may also have contributed to
her shortness of breath.

Although she was afebrile, the
patient’s very high white blood cell
count, together with pulmonary infil-
trates, suggests that pneumonia may
also have been present. Alternatively,
the combination of leukocytosis and
severe anemia raises the possibility of a
blood dyscrasia such as leukemia.

HF is another prominent possibil-
ity as a cause of dyspnea. Her pedal
edema suggests that diagnosis, but
may have been due to cor pulmonale
from COPD rather than biventricu-
lar failure. The radiographic findings
of cardiomegaly and diffuse bilateral
pulmonary infiltrates are compatible
with HE but the infiltrates may have

-been caused by pneumonia or pul-

monary hemorrhage. Although her
BNP was abnormal, it was only mildly
elevated, which may have been caused
by acute ischemia as suggested by her
history of coronary disease and her
complaint of chest tightness. Also,
obesity (weight, 180 Ib) may have arti-
factually lowered her BNP. The patient
had several underlying diseases that
could have caused HE Besides having
coronary artery disease and a his-
tory of systemic hypertension, she had
a systolic murmur (possible papillary
muscle dysfunction) and atrial fibril-
Jation. The combination of hypoxemia
and severe anemia may have also
worsened her myocardial ischemia,
leading to a further decrease in left

-

ventricular function. HF could have-
been further exacerbated by atenolol
and by the multiple transfusions the
patient had received. Although an S,
was not detected by auscultation, the
AUDICOR test revealed that an S,
was present (Figure). An S, has been
shown to be highly specific for HF in _
the appropriate clinical context.®

Although this patient had a num-
ber of possible causes of dyspnea, the
presence of an electronically detect-
ed S, makes the presence of HF very
likely. For example, previous stud-
ies have shown that the electroni-
cally detected S, in the presence of
even slightly elevated BNP greatly
increases the likelihood that HF is
present (positive likelihood ratio
1.2 for BNP in the 100-500 pg/mL
range, 4.3 positive likelihood ratio
for S; and a BNP in the 100-500
pg/mL range).'"** The identification
of HF in a padent with multiple
severe illnesses is especially impor-
tant, since the appropriate treatment
of HF reduces patients’ overall clini-
cal burden.
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Peacock, Harrison, and Maisel (pages 2-7)
1. In the appropriate clinical setting, the detection of
an S, is highly specific for abnormal cardiac function.

2. The majority of cardiac resynchronization therapy
(CRT) devices implanted in clinical practice are
optimized.

Shah and Michaels (pages 8-13)
3. The S, occurs early in systole.

4. Abnormal systolic time intervals correlate with
other markers of left ventricular (LV) dysfunction.

Zuber, Kipfer, and Jost (pages 14-18)
5. The presence of an §, is specific, but not highly
sensitive for LV systolic dysfunction.
6. The presence of impaired relaxation in patients

with LV systolic dysfunction reduces the prevalence
of an §,.

Roos, Toggwelier, Zuber, et al. (pages 19-24)

7. The data in this study do not support a correlation
between acoustic cardiography and invasive hemo-
dynamic data.

8. Heart rate appears to have no effect on the ability
to detect an S, in patients with LV dysfunction.

Hasan, Abraham, Quinn-Tate, et al. (pages 25-31)

9. The current standard for optimizing atrioventricu-
lar (AV) delay is analysis of the Doppler transmitral
flow pattern by-echocardiography.

10. The study showed poor correlation between echo-
cardiography and acoustic cardiography in opti-
mizing the AV delay. -

Peacock, Harrison, and Moffa (pages 32-36)

11. The use of acoustic cardiography to assess for the
presence of an §, did not appear to aid in the di-
agnosis of acute decompensated heart failure when
combined with a clinical evaluyation and B-type na-
triuretic peptide (BNP) levels.

12. The accurate diagnosis of emergency department pa-
tients with dyspnea appears to result in cost savings.

Toggwetler, Zuber, and Erne (pages 37-40)

13. The echocardiographic parameters for interven-
tricular (VV) optimization of CRT devices are well
established and standardized.

14. Electromechanical activation time obtained by
acoustic cardiography may be useful in determin-
ing the best AV/VV settings.

Peacock (pages 41-43)

15. The misdiagnosis of emergency department pa-
tients with dyspnea rarely occurs.

16. BNP levels are both highly sensitive and specific
when used to diagnose the etiology of dyspnea.
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The Combined Utility of an S3 Heart Sound and B-Type
Natriuretic Peptide Levels in Emergency Department Patients
With Dyspnea

SEAN P. COLLINS, MD, MSc,! CHRISTOPHER J. LINDSELL, PhD,' W. FRANK PEACOCK, MD,”? VIRGINIA D. HEDGER, PhD,'

JEFF ASKEW, MD,® DANIEL C. ECKERT, MD,> AND ALAN B. STORROW, MD*

Cincinnati, Ohio; Cleveland, Ohio; Nashville, Tennessee

ABSTRACT

Background: Emergency department (ED) patients with undifferentiated dyspnea are a diagnostic di-
lemma. We hypothesized that electronic detection of an S3 would be more accurate in determining decom-
pensated heart failure than physician auscultation, and that combining electronic heart sounds with B-type
natriuretic peptide (BNP) would provide additional decision making information to the emergency physi-
cian, especially in the BNP indeterminate range (100-500 pg/mL).

Methods and Results: We collected demographic, clinical, and laboratory data in a convenience sample
of ED patients presenting with signs or symptoms of acute decompensated heart failure between Septem-
ber 2003 and June 2004. The electronic presence of an S3 or S4 was determined using the Audicor system,
a validated device that algorithmically detects S3 and S4 heart sounds. Two independent reviewers deter-
mined the presence or absence of acute decompensated heart failure (primary HF) based on chart review,
while blinded to BNP and Audicor results. Test characteristics were determined with 95% confidence in-
tervals. Of 422 enrolled patients, 343 had complete data and were included in the final analysis. Median
age was 61 years, 54% were female, and 48% were white. The sensitivity, specificity, positive and negative
predictive value, and diagnostic accuracy of an electronic S3 for primary HF were 34% (26% to 43%),
93% (89% 10 96%), 66% (57% to 74%), 7% (4% to 11%), and 70% (65% to 75%) and for physician aus-
cultation were 16% (11% to 24%), 97% (93% to 99%), 84% (76% to 89%), 3% (2% to 7%), and 66%
(61% to 71%). The addition of an Audicor S3 to intermediate BNP levels improved the positive LR
from 1.3 to 2.9; the positive predictive value from 53% to 80%.

Conclusion: An S3 is highly specific for primary HF and it is ideally suited for use in combination with

BNP to improve diagnostic accuracy in ED patients with dyspnea of unclear etiology.
Key Words: Dyspnea, Emergency department, BNP, S3.

Emergency department (ED) patients with undifferenti-
ated dyspnea present a challenging diagnostic dilemma.
Traditional means of heart failure diagnosis, including
history and physical examination, are often unreliable.! An-
cillary tests such as chest radiography, although helpful
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when demonstrating signs of congestion, are often nondiag-
nostic, especially in patients with an acute exacerbation of
chronic heart failure.>™ Recently, introduction of B-type
natriuretic peptide (BNP) has been useful for excluding
heart failure in acutely dyspneic ED patients. Although
highly sensitive below 100 pg/mL, the specificity of BNP
is poor (76%) at this level.® To be useful as a confirmatory
marker of heart failure, specificity must be high. Specificity
does not rise above 90% until BNP levels are higher than
400 to 500 pg/mL.°® This results in an indeterminate
zone (100-500 pg/mL), where BNP levels are neither suffi-
ciently sensitive to be used as a screening test nor suffi-
ciently specific to be useful in “ruling in” heart failure.
This may contribute to the misdiagnosis rate for acute de-
compensated heart failure (primary HF) of between 10
and 20%.%'° The addition of a second more specific test
to indeterminate BNP levels could affect decision making
in heart failure patients.



Combined Utility of an S3 Heart Sound and B-Type Natriutetic Peptide Levels @ Collins etal 287

Auscultated diastolic heart sounds, specifically the S3,
have been associated with elevated left ventricular end-di-
astolic pressure and decompensated heart failure.'''™**

- They are highly specific for HF, which makes them an ideal
confirmatory marker that could complement the use of
BNP. However, the auscultated S3 is notoriously insensitive
to-elevated pulmonary capillary wedge pressure and detec-
tion of primary HE.'*"> Compounding the difficulty of S3
detection by auscultation is the loud ED environment and
confounding illnesses such as chronic obstructive pulmo-
nary disorder and obesity that make detection difficult. Pre-
liminary research suggests that an electronically detected
S3 has at least moderate sensitivity while maintaining
high specificity for detection of an elevated left ventricular
end-diastolic pressure and decreased ejection fraction.'®

Electronic methods of identifying heart sounds can po-
tentially improve detection of an S3 or S4 compared with
auscultation. We have previously reported the prevalence
of an electronically detected S3 and S4 in ED patients
with suspected HF,'” but did not evaluate the diagnostic
test characteristics because of limitations of the criterion
standard for HE. The aim of this study was to use a valid
criterion standard for evaluating the diagnostic test charac-
teristics of an electronically detected S3 or S4 and an aus-
cultated S3 and S4 in ED patients with signs and symptoms
of acute decompensated HF. We further sought to determine
the combined diagnostic utility when electronically de-
tected heart sounds were added to BNP levels. We hypoth-
esized that the electronic detection of heart sounds would
improve diagnostic accuracy for decompensated HF when
compared with physician auscultation of the third and
fourth heart sound. In addition, we hypothesized that com-
bining electronic heart sounds with BNP would provide
additional decision-making information to the emergency
physician.

Methods
Study Design and Setting

This study was a prospective convenience sample of patients at
4 emergency departments who presented with signs or symptoms
of decompensated heart failure between September 2003 and June
2004, detailed methods for which have been previously reported.”
Briefly, patients were identified as potential participants if they
were older than 18 years of age, had an electrocardiogram
(ECG) ordered, had signs or symptoms of heart failure (dyspnea,
extremity edema, fatigue), and had provided written informed
consent. Patients were excluded if an ECG had been performed
and more than 1 hour had passed since they had received vasodi-
lators or diuretics for acute heart failure. Patients with pacemakers
or in atrial fibrillation were not excluded from enrollment.
Institutional review board approval was obtained at all enrolling
hospitals.

Methods of Measurement

On completion of enrollment, clinical study assistants collected
demographics, medical history, and electronic heart sound data

using the Audicor device (Audicor, Inovise Medical, Portland,
OR). The treating physician, blinded to electronic heart sound
data, documented the presence or absence of jugular venous dis-
tension, lower extremity edema, and an S3 or S4 detected by aus-
cultation before receiving laboratory and radiology results. Chest
radiography, as interpreted by radiology staff, laboratory variables,
BNP levels (all 4 centers used the Triage BNP meter, Biosite, Inc),
automated ECG results, in-hospital data, and in-hospital events
were collected by chart review. A study nurse, blinded to Audicor
results, performed the chart review using a standardized data col-
lection form with predetermined data definitions. The study assis-
tants obtained 30-day follow-up by telephone interview. The death
registry (Social Security Administration Death Master File Online
Service) and medical records were reviewed for all patients. All
clinical data were double entered into an electronic database for
subsequent analysis.

The presence of an S3 or S4 was determined using the Audicor
system, an ECG accessory device that replaces the standard V3
and V4 leads with leads for collecting both sound and electrical
data. Sound data from both leads are analyzed using a signal pro-
cessing algorithm to search for the S3 and S4. The algorithm has
been validated by comparison to blinded, consensus over read of
heart sound tracings by expert phonocardiographers, and in clini-
cal studies comparing the algorithm to hemodynamic measure-
ments obtained during left heart catheterization.'®'® For study
purposes, the Audicor was placed on subjects by a trained clinical
study assistant. Acoustical data were collected for a 10-second pe-
riod, saved to CD, and shipped to Inovise Medical for processing.
This differs fundamentally from our previous work where a 4-
minute recording was analyzed in detail using state-of-the-art sig-
nal processing techniques to best elucidate the prevalence of the
S3. Use of a stand-alone 10-second sampling period reflects the
use of the Audicor device in practice and is most appropriate
for estimating the sepsitivity and specificity of the measure.
Raw data were supplied to Inovise Medical to allow for signal pro-
cessing using the most updated algorithm. The presence or ab-
sence of an S3 ot S4 was recorded in an electronic spreadsheet
(Microsoft Excel, Microsoft Corp, Redmond, WA) and subse-
quently linked to the clinical data for analysis.

Criterion Standard for Heart Failure

On completion of all data collection, and 9 months after the fi-
nal patient follow-up was completed, the entire medical record for
each enrolled patient was copied. The records were reviewed by
study assistants to remove all heart sound data and BNP values.
Two senior cardiology fellows determined the patient’s HF status
during their acute ED presentation. Information available to the
fellows included the subject’s entire medical record from the ED
and inpatient stay including ancillary testing and laboratory re-
sults. HF status was defined as primary acute decompensated heart
failure (primary HF), secondary heart failure (secondary HF), and
non-heart failure (non-HF). Primary HF was defined as acutely
decompensated HF. Secondary HF was ‘determined to occur
when a patient presented to the ED with a condition other than
HF but had a medical history of HE. Non-HF was determined to
occur when a patient was judged not to have HF and not have
a medical history of HE. If the cardiologist’s reviews were discor-
dant, the diagnosis was adjudicated by the principal investigator
after reviewing the discrepant chart and having a formal meeting
with both reviewers.
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Primary Data Analysis

Data are described using median and range for continuous data
and frequencies and percents for categorical data. Between-group
comparisons used the Mann-Whitney U test for 2 groups, the
Kruskall-Wallis test for multiple groups, or chi-square tests, as ap-
propriate. Concordance between cardiologist reviews was assessed
using Cohen’s kappa. Measures of diagnostic accuracy (sensitiv-
ity, specificity, likelihood ratios, and predictive values) are re-
ported with 95% confidence intervals. To determine the impact
of combining an $3 and BNP for prediction of primary HF, likeli-
hood ratios were calculated from the slope of the receiver operator
characteristic curves. This methodology allows for understanding
how the presence of an S3 should impact decision making when
BNP is in the indeterminate range. Three intervals of BNP were
considered in combination with an Audicor S3: (1) negative,
BNP <100 pg/mL; (2) indeterminate, BNP 100-500 pg/mlL;
and (3) positive, BNP > 500 pg/mL. Analyses were performed us-
ing SPSS v13.0 (SPSS Inc, Chicago, IL) and Microsoft Excel
(Microsoft Corporation).

Results
Characteristics of Study Subjects

Of 439 subjects enrolled, 17 were pilot subjects on whom
the study protocol and acoustical algorithm were tested
prior to final revisions (Fig. 1). Of the remaining 422 pa-
tients, 343 were included in the primary analysis. There
were 36 patients excluded because of failures to capture, re-
cord, and submit heart sound data for analysis, and 43 with
heart sound data that could not be analyzed because of ex-
cluding conditions for the algorithm (S3: ventricular
rhythm/tachycardia, heart rate > 115, PR interval <120
ms; S4: all of the S3 excluders plus junctional rhythm, ven-
tricular pacing, and atrial fibrillation/flutter/tachycardia).
The 79 patients that were excluded were similar to those
patients included in the analysis (Table 1). Of the patients in-
cluded in this analysis, there were 133 (38.7%) patients with
primary HF, 60 (17.4%) patients with secondary HF, and 150
non-HF patients (43.6%). The reviewers agreed 86.0% of
the time on the presence of primary HF (kappa = 0.77).
In those cases in which there was a disagreement, the case
was adjudicated as primary HF in 37.5%, secondary HF in
52.1%, and non-primary HF in 10.4%. '

Median age was 61 years (range 20 to 97 years), 54%
were female, and 48% were white (Table 1). A previous di-
agnosis of HF was present in 48%. The median BNP level
in patients with primary HF was 697 pg/mL (range 5 to
5000) (P < .001 when compared with all others). Those
with secondary HF had a median BNP of 94 pg/mL (range
5 to 5000) (P = .001 when compared with primary HF and
P = .001 when compared with patients with no HF),
whereas non-HF patients had a median BNP of 48 pg/mL
(range 5 to 688). Of the 100 patients with primary HF
and a previous ejection fraction documented, 53 had an
ejection fraction of less than 40%. Twenty-three percent
of patients with Primary HF had no signs of congestion
on chest x-ray. An Audicor S3 was detected in 33.8%

439 patients
consented and enrolled

17 pilot patients
excluded
from analysis

422 patients completed
the study

43 patients excluded because
of sound data that was not
able to be analyzed by
the algorithm

36 patients excluded because
fail to capture,

record and submit heart

sound data for ananlysis

343 patients included in
the analysis (Table 1 and 2)

I l

133 patients with 60 patients with 150 patients with
primary HF secondary HF without HF

Fig. 1. Patient enrollment and data analysis.

(26.0% to 42.6%) of primary HF patients. When subjects
had heart sound recordings performed before treatment,
333% (24.0% to 44.1%) had an S3, whereas 34.9%
(21.5% to 51.0%) had an S3 present when heart sound
recordings were performed after treatment.

Diagnostic Test Characteristics of the S3

The diagnostic test characteristics of the Audicor and
physician auscultation for prediction of primary HF are
shown in Table 2. For diagnosing primary HF within the en-
tire patient population, the sensitivity, specificity, positive,

" and negative predictive value and diagnostic accuracy of

an electronic S3 for primary HF were 34% (26% to
43%), 93% (89% to 96%), 66% (57% to 74%) 7% (4%
to 11%), and 70% (65% to 75%) and for physician auscul-
tation were 16% (11% to 24%), 97% (93% to 99%), 84%
(76% to 89%), 3% (2% to 7%), and 66% (61% to 71%).
When only those patients who were sampled before admin-
istration of vasodilators or diuretics were considered (n =
275), the sensitivity, specificity, positive, and negative pre-
dictive value and diagnostic accuracy of the Audicor S3 did
not change significantly; sensitivity, specificity, positive
predictive value (PPV), and negative predictive value
(NPV) were 33% (24% to 44%), 94% (89% to 97%),
71% (55% to 84%), and 74% (68% to 77%), respectively.
Finally, the test characteristics of the Audicor S3 and the
auscultated S3 did not change significantly when the pa-
tients with secondary HF were eliminated (primary HF

* vs. non-HF only).

Diagnostic Test Characteristics of the S4

Although the S4 has not previously been considered to be
as specific for primary HF as an S3, we investigated its test
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Table 2. Diagnostic Test Characteristics of an Audicor-Detected and Auscultated S3 and S4

Auscultation Electronic detection
S3 S4 S3 ) S4
n = 335 n = 334 n = 343 n = 294

Absent Present Absent Present Absent Present Absent Present
No HF + secondary HF 200 7 200 7 196 14 167 25
Primary HF 107 21 119 8 88 45 84 18
Prevalence of HF 38.2 (33.043.7) 38.0 (32.843.5) 38.8 (33.6-44.2) 347 (29.3-40.5)
Prevalence of heart sound 84 (5.7-12.0) 45 2.6-1.5) 17.2 (13.4-21.7) 14.6 (10.9-19.3)
Accuracy 66.0 (60.6-71.0) 62.3 (56.8-67.5) 703 (65.1-75.0) 62.9 (57.1-68.4)
Sensitivity 16.4 (10.7-24.2) 6.3 (3.0-12.4) 338 (26.0-42.6) 17.6 (11.1-26.7)
Specificity 96.6 (92.9-98.5) 96.6 (92.9-98.5) 933 (88.8-96.2) 87.0 (81.2-91.2)
PPV 83.6 (75.8-89.3) 93.7 (87.6-97.0) 66.2 (57.4-74.0) 824 (73.3-88.9)
NPV 34 (1.5-7.1) 34 (1.5-7.1) 6.7 (3.8-11.2) 13.0 (8.8-18.8)
FPR 750 (54.8-88.6) 53.3 (27.4-71.7) 76.3 (63.1-86.0) 41.9 (27.4-57.8)
FNR 65.1 (59.5-70.4) 62.7 (57.1-68.0) 69.0 (63.2-74.3) 66.5 (60.3-72.3)

PPV, positive pnédictjve value; NPV, negative predictive value; FPR, false-positive rate; FNR, false-negative rate.

characteristics as well. The Audicor S4 had an overall accu-
racy of 63% (57% to 68%), 18% sensitivity (11% to 27%),
87% specificity (81% to 91%), 82% PPV (73% to 89%),
and 13% NPV (9% to 19%) for primary HF within the en-
tire patient population (Table 2). The auscultated S4 had an
overall accuracy of 62% (57% to 68%), 6% sensitivity (3%
to 12%), 97% specificity (93% to 99%), 84% PPV (76% to
89%), and 3% NPV (2% to 7%). When primary HF was
compared to only non-HF, the test characteristics of an
Audicor or auscultated S4 did not change significantly.

Audicor S3 Among Patients With a False-Negative
ED Diagnosis

The overall ED misdiagnosis rate was 14.0% (10.6% to
18.2%). Of the 48 cases, 44 of them were a failure to diag-
nose HF when it was present. Had the Audicor S3 been
used as the sole diagnostic criterion among the 44 ulti-
mately considered having primary HF, 15 (34.1%; 20.9%
to 50.0%) would have been correctly diagnosed as having
primary HF (Table 3). Two of these patients were sent
home, 12 were admitted to a non—intensive care unit set-
ting, and 1 was admitted to the intensive care unit. Simi-
larly, had the Audicor S3 been used as the sole diagnostic
criterion for primary HF, 14 of the 206 patients (6.8%;
3.9% to 11.4%) that were correctly diagnosed as non-
primary HF would have been incorrectly classified as

primary HF. Of these 14, 10 were discharged home and 4
were admitted to a non—intensive care unit setting.

Combined Diagnostic Accuracy of BNP and S3

Obtaining a BNP value was at the discretion of the treat-
ing physician; 205 patients had a BNP measurement within
2 hours of presentation. The diagnostic test characteristics
of BNP in its “indeterminate zone” (100 to =500) both
in isolation and in combination with an Audicor S3 were
calculated for prediction of Primary HF. A BNP level in
this range had an interval likelihood ratio of 1.3 and
a PPV of 54.3% (95% Cl1 42.0-66.1%) when the S3 was
not considered. When the Audicor S3 was present, the in-
terval likelihood was 2.9 and the PPV was 80.0% (95%
CI 51.4-94.7%) (Fig. 2).

Discussion

Our study is the first to quantify the diagnostic test char-
acteristics of an S3 in ED patients with acutely decompen-
sated HE. Our results suggest that the presence of an §3 is
highly specific for decompensated HF. With more than 93%
specificity, one could argue that when an 83 is detected in
an ED patient with signs and symptoms of decompensated
HF, very little further diagnostic testing is required before
treatment can be initiated. Further, our findings suggest
that the high specificity of the Audicor 83 is a useful

Table 3. ED Diagnosis Compared With Final Diagnosis Stratified by the Presence of an Audicor S3

Audicor S3

ED diagnosis Final diagnosis

Absent (n = 284, 83%)

Present (n = 59, 17%) Total (n = 343)

Nonprimary HF (n = 250, 73%) Primary HF
Nonprimary HF

Primary HF (n = 93, 27%) Primary HF
Nonprimary HF

29 (8.5%) 15 (44%) 44 (12.8%)

192 (60.0%) 14 (4.1%) 206 (60.1%)

59 (17.2%) 30 (8.7%) 89 (25.9%)
4(12%) 0 (0.0%) 4 (12%)

ED, emergency department; HF, heart failure.
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Fig. 2. Bar graph showing the positive predictive value (+95%
confidence intervals) of B-type natriuretic peptide in the range
100 to 500 pg/mL with and without consideration of the presence
of an S3.

complement to BNP. The presence of an Audicor S3 in a pa-
tient with an indeterminate BNP level (100 to 500 pg/mL)
increases the positive likelihood ratio from 1 to 3 and in-
creases the PPV from 54% to 80%.

A highly specific test such as the Audicor S3 may be
helpful to “rule in” HF. Among those without an ED diag-
nosis of primary HF, but who were subsequently found to
have presented with HF, about one third could have been
more appropriately diagnosed in the ED. This should
be balanced, however, with the approximately 7% false-
positives observed.

In our previous analyses, we found the prevalence of S3
to change significantly with treatment with vasodilators or
diuretics.'” We did not find this to be the case in this anal-

ysis (33.3% to 34.9% vs 57.6% to 28.6%). The most likely.

explanation for the different findings is that the Audicor
sampling technique was different for each analysis. In prior
reports, we used an algorithm that selected the best 10-
second sound sample from a 4-minute continuous record-
ing. In the current study, we used a 10-second sample
that was recorded at the bedside by the device as it is
used in clinical practice. It is possible the 4-minute record-
ing was more likely to detect a subtle, low-frequency S3
than the 10-second recording. Another possible explanation
is that the proportion of patients with a detectable S3 after
treatment increased with the new gold standard. As a result,
the small number of primary HF patients that did not have
an S3 when sampled after treatment were minimized by the
majority of patients that did have an S3 heart sound after
treatment. Finally, patients did not serve as their own con-
trols in this study; no subject had heart sounds sampled both
before and after treatment. Future studies will address this
issue by sampling primary HF patients both before and after
treatment to determine the effect of treatment on the persis-
tence of the S3.

Interestingly, the diagnostic accuracy of the 83 did not
change dramatically when we removed patients with

secondary HF from the analysis. These patients are often
the most difficult subgroup to diagnose accurately in the
ED. Determining whether patients with a history of HF are
acutely decompensated when presenting signs and symp-
toms could be attributed to a number of pathophysiologic
processes (eg, decompensated HF, pulmonary embolism,
chronic obstructive pulmonary disease) is often difficult.
That the diagnostic ability of the S3 was not affected by
the cohort of patients with secondary HF is encouraging;
the presence of an S3 in this cohort is likely from an acute
exacerbation of their heart failure (primary HF).

It is not surprising that the diagnostic accuracy and over-
all test characteristics of the S4 were less encouraging than
the S3. An 54 is often present in many other disease states
(hypertension, coronary artery disease) and is less specific
than an S3 for elevated left ventricular end diastolic pres-
sure.! Further, 15% to 30% of patients older than age 50
have been shown to have electronically detected S4s.'®

Limitations

This study enrolled an observational cohort of patients
with signs or symptoms of HF. We are only able to report
the test characteristics of heart sounds in patients that are
representative of our sampling. There is a possibility that,
because of selection bias, the true test characteristics of ab-
normal heart sounds in ED patients with primary HF is dif-
ferent than that which we have reported. Further, the high
prevalence of HF (and thus high pretest likelihood of pri-
mary HF) in the primary HF cohort may have diminished
the usefulness of both BNP and the S3.

The treating physician’s impression of the presence of
primary HF may have biased their interpretation of the
presence for abnormal heart sounds. They may have been
more likely to listen closely for an S3 in patients who
had other features (jugular venous distension, pulmonary
rales, and lower extremity edema) consistent with primary
HF. This bias could have resulted in an increased specificity
of auscultation.

Work-up bias could also be present; patients who were
considered low risk based on initial signs and symptoms
may have had fewer subsequent tests. This lack of testing
could have resulted in a missed diagnosis of primary HF.
Furthermore, those patients that were considered too unsta-
ble to consent and be enrolled by the treating physician may
have had different heart sounds test characteristics. How-
ever, increased severity of illness, likely because of worse
underlying HF, would have likely increased the yield of
our test characteristics because previous work has demon-
strated the high specificity for detecting elevated left
ventricular end-diastolic pressure.'®

Finally, there was a large proportion of patients that were
excluded because of poor sound tracing quality or because
heart sound data was not completely captured. This could
have led to bias in the results for heart sound test character-
istics. However, the excluded and included patients were
similar with regard to proportion of pertinent medical
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history, physical examination findings, signs of congestion
on chest x-ray, and BNP levels. If patients were unable to
have heart sounds captured because of increased severity
of their illness and inability to cooperate for heart sounds
recording, one would expect that this would bias results to
the null; those patients with increased severity of disease
would be expected to have significantly elevated left ven-
tricular end-diastolic pressure, resulting in a greater propor-
tion of S3s detected. Missing data from these patients would
likely cause a decrease in both sensitivity and specificity.

Conclusion

In summary, our findings suggest that an S3 is highly
specific (93%) for decompensated heart failure in ED pa-
tients and, when present, the treating physician should
strongly consider primary HF to be present. Furthermore,
the use of the $3 may be complementary to BNP, especially
when BNP levels are in the indeterminate zone (100-500
pg/mL).
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Abstract

Objective: We sought to assess the proportion of ED patients with an electronically detected S; or S,
determine the relation of these heart sounds to heart failure (HF), and analyze how the proportion
changes with ED treatment.

Methods: Heart sounds were assessed in ED patients ‘with suspected HF. The presence or absence of HF
and whether treatment with diuretics or vasodilators had occurred were recorded.

Results: Three hundred seventy-six patients had complete data. The proportion of patients with an S;
and an S, was significantly higher for those with HF compared with those without (P <.001). Of 59
patients with HF evaluated before treatment, 57.6% had an S; and 35.6% had an S,. For the 35 patients
with HF evaluated after treatment, the proportions of both S; and S, were lower (28.6% and 8.6%,
respectively; P <.0064). i

Conclusions: This study suggests the proportion of patients with an electronically detected S3 in HF is
more than 50%, and that its presence is affected by prior treatment with diuretics or vasodilators.

© 2006 Elsevier Inc. All rights reserved.

The poor diagnostic accuracy of history and physical
examination findings has been well documented [2,3].

1. Background

Patients with decompensated heart failure (HF) represent
an increasing proportion of ED patients with dyspnea. In
2002, there were approximately 1 million hospital dis-
charges for HF, most of which originated in the ED [l1].

* Study support provided by Inovise Medical, Inc.
* Cormresponding author. Tel.: +1 513 558 8079; fax: +1 513 558 5791.
E-mail address: sean.collins@uc.edu (S.P. Collins).

0735-6757/% — see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.ajem.2005.06.005

Although left bundle branch block and Q waves are highly
specific electrocardiographic (ECG) findings for left ven-
tricular dysfunction, their lack of sensitivity make them poor
screening tools [4,5]. Alveolar and interstitial edema on
chest radiography can be diagnostic for acute decompen-
sated HF, but up to 20% of patients with HF lack signs of
congestion [6,7]. Because of the paucity of highly accurate
ED screening tools, a definitive diagnosis of HF is often
determined after hospital admission. Reliable detection
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of abnormal diastolic heart sounds (S; or S,) may be a
useful addition to the emergency physician’s battery of
diagnostic tests.

Third and fourth heart sounds have been described in the
literature as far back as the late 1800s [8]. The third heart
sound (S,), also known as a ventricular gallop, occurs 0.12
to 0.16 seconds after the second heart sound in early diastole
[9]. The most likely explanation for this extra sound is that
excessively rapid filling of a stiff ventricle is suddenly
halted, causing vibrations audible as the third heart sound
[10]. The fourth heart sound (S,4), also known as an atrial
gallop, occurs after P-wave onset and before the first heart
sound in the cardiac cycle. It is produced in late diastole
because of atrial contraction causing vibrations of the left
ventricular muscle, mitral valve apparatus, and left ventric-
ular blood mass [11].

The detection of an S; is often considered normal in
adolescents and young adults, but its detection after the age
of 40 years is usually considered abnormal and indicative of
left ventricular dysfunction [12-14]. The reported preva-
lence of an S, in healthy individuals is variable, ranging
from 11% [14] to 75% [15-21]. Recent research suggests
that the detection of either an S; or S, is relatively
uncommon in the general population, and the occurrence
of either sound should prompt further investigation [22].

An auscultated S; is notoriously insensitive for elevated
pulmonary capillary wedge pressure and acute decompen-
sated HF [23]. Compounding the difficulty of S; or S4
detection is the loud ED environment, confounding illnesses
such as chronic obstructive pulmonary disease and obesity

. that make detection difficult, and the inability of the patient
to tolerate being placed in the ideal examining position
(recumbent) because of their orthopnea. Electronic methods
of identifying heart sounds can potentially improve detec-
tion of an S; or S,, compared with auscultation by the
examining physician. Preliminary research suggests that an
electronically detected S; has at least moderate sensitivity
(39%) and high specificity (96%) for detection of an
elevated left ventricular end-diastolic pressure [24]. The
aim of this study was to compare the proportion of

electronically detected S;’s or S;’s in ED patients with -

acute decompensated HF (Primary HF) to those without
acute decompensated HF (Non-HF). We hypothesized the
presence of an electronically detected S; or S4 would be
higher in patients with Primary HF than Non-HF. The focus
of this article is to describe the proportion of patients with
an electronically detected S; or S4, and describe the impact
of treatment on the detection of these sounds.

2. Methods
2.1, Study design and setting

This study was a prospective observational study of ED
patients who presented with signs or symptoms of decon-

pensated HF between September 2003 and June 2004.
Patients were enrolled by clinical study assistants (CSAs) at
4 urban EDs (patient volume ranging from 35000 to 85000
visits), 2 of which were academic departments with active
residency programs, and 2 of which were community centers
with ED residents rotating through the ED. Institutional
review board approval was obtained at all enrolling hospitals.

2.2, Selection of participants

The CSAs screened ED bedside charts and interviewed
ED patients to determine potential candidates for enroll-
ment. Potential candidates were discussed with the treating
physician to confirm suitability. Inclusion criteria were the
following: (1) signs or symptoms of decompensated HF
(dyspnea, lower extremity edema, fatigue, jugular venous
distension, or orthopnea); (2) an ECG ordered as part of
their ED workup; (3) willing and able to provide informed
consent; (4) age >18 years; and (5) able to be reached by
phone for follow-up. Patients were excluded if more than
1 hour had passed since they received vasodilator or diuretic
treatment. These exclusion criteria were selected to maxi-
mize capture of heart sounds before, or shortly after,
medication administration.

2.3. Methods of measurement—data collection and
processing

On completion of enrollment, CSAs prospectively
collected demographics and past medical history. The
treating physician completed a data collection form before
receiving laboratory and radiology results on which they
documented the presence or absence of jugular venous
distension, lower extremity edema, and an S; or S, detected
by auscultation. The CSAs then obtained electronic acoustic
heart sound data using the Audicor device (Audicor, Inovise
Medical, Portland, Ore). Electronic data were stored on CD
for subsequent signal processing. Physicians were blinded to
electronic acoustic data.

Chest radiography results, as interpreted by radiology
staff, laboratory variables, b-type natriuretic peptide (BNP)
levels, automated ECG results, inhospital data (previous
ejection fraction [EF] documented by echocardiogram,
nuclear medicine scan, left and right heart catheterization,
inhospital cardiac testing and therapeutics, and hospital
discharge diagnosis) and inhospital events (cardiac arrest,
death, and intubation), were collected by chart review. A
study nurse, blinded to Audicor results, performed chart
review. A standardized data collection form with predeter-
mined data definitions was used to abstract data.

Thirty-day follow-up was obtained by telephone inter-
view by the CSAs. We used our standard follow-up
procedure in which 3 attempts by phone to contact the
patient, 2 attempts to contact a patient’s alternative contact, a
medical record review, and death registry review are
conducted. The death registry (Social Security Administra-
tion Death Master File Online Service) and medical records
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were reviewed for all patients whether they are contacted so
as to obtain details of any self-reported events. In the case of
conflicting data, the data available in the medical record were
recorded on the case report form. Once forms were
completed, data were double entered into the study database.

2.4. Methods of measurement—electronic heart
sounds analysis

The presence of an S; or S; was determined using the
Audicor system during the patient’s ED stay. Electronic
heart sounds were acquired before, or just after vasodilator
or diuretic treatment. No patient had heart sounds recorded
both before and after vasodilator or diuretic treatment. The
system is designed as an accessory to standard ECG
machines and replaces V; and V, leads with dual leads
for collecting both sound and acoustical data. Sound data
from both leads are analyzed for the presence of abnormal
diastolic heart sounds using a signal processing algorithm.
In combination with an ECG algorithm, the system provides
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a diagnostic statement that reflects the combined ECG and
acoustic findings (Fig. 1).

The Audicor algorithm for detection of heart sounds has
been cleared by the FDA after submission of performance
results comparing the Audicor algorithm to a blinded,
consensus overreading of heart sound tracings by expert
phonocardiographers [25]. This algorithm has subsequently
been validated in clinical studies comparing the algorithm
detection of the S; and S4 both to (1) hemodynamic
measurements obtained during left heart catheterization
and (2) visual overreading of the sound tracing [24-27].
The S; has been found to be moderately sensitive (41%) and
highly specific (92%) for elevated left ventricular end-
diastolic pressure.

Each of the CSAs was trained before patient enrollment.
Continued training was conducted throughout to maximize
data quality and proper use of the Audicor. For study
purposes, the Audicor was placed on subjects by the CSA.
Acoustical data were collected a for a 4-minute period,
saved to CD, and shipped to Inovise Medical for signal
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Fig. 1 Printout of the Audicor ECG. In addition to the electrical information, there is visual and typed sound information displayed.
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processing. A computerized algorithm was used to select the
highest quality 10-second sample from the 4 minute
continuous recording. The selection was based on (1) the
signal-to-noise ratio of energy within the S, and S, region
compared with regions where valid heart sounds are not
present; and (2) the presence of conditions that do not allow
heart sound analysis, such as high heart rates and atrial
fibrillation (preventing S; analysis). Where a 10-second

period of data that met these criteria could not be found, the
data were classified as unanalyzable. Using the highest
quality data segment allows for computing the most
accurate heart sound detection possible.

The presence or absence of an S; or S4 was recorded in
an electronic spreadsheet (Microsoft Excel, Microsoft Corp,
Redmond, Wash), along with the ECG interpretation
generated using the Audicor algorithm. This algorithm

439 patients
consented and ervwolled
17 pilot patients exchuded
from analysis
el |
1 subjects left the €D prior
. 0 being given a diagnosis
421 patients completed
the study
45 patients excluded
because of sound

fr——e=t=-1 data that was not able

10 be analyzed by
the algorithm

376 patients

Included in

the analysis (Table 1 and 2)

94 patients with
primary HF

40 patients with
secondary HF

242 patients with
without HF

Fig. 2 Flow diagram of patient enrollment and analysis.
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incorporates advanced automated detection of prior myo-
cardial infarction, acute myocardial infarction, and left
ventricular hypertrophy [28-31]. The Audicor data were
subsequently linked to the clinical data for analysis.

3. Primary variables

The 3 variables evaluated in . this study were the
following: (1) the presence or absence of abnormal heart
sounds detected by the Audicor algorithm; (2) the patient’s
HF status; and (3) whether vasodilator or diuretic treatment
was administered before heart sounds sampling., The
presence or absence of heart sounds was determined by
the Audicor algorithm, as defined above. The presence or
absence of HF was defined as a primary discharge diagnosis
of acute decompensated HF (Primary HF), a secondary
discharge diagnosis of HF (Secondary HF), or a non-HF
discharge diagnosis (Non-HF). A secondary discharge
diagnosis of HF (Secondary HF) refers to any discharge
diagnosis of HF that is not a primary discharge diagnosis.
Physicians were allowed to use any diagnostic technique as
per their standard practice, to confirm or rule out the
diagnosis of HF. This included chest x-ray, BNP measure-
ment, and echocardiography. The gold standard for the
presence or absence of HF was based on the following: (1)
the discharge summary as provided by the emergency
physician for patients discharged home from the ED or the
observation unit and (2) the inpatient discharge summary for
patients admitted to the hospital. Prior treatment being
administered was defined as the administration of any
vasodilator or diuretic before obtaining heart sound data.
This was determined through prospective data collection
and confirmed by retrospective chart review.

4. Primary data analysis

Data are described using median and range for contin-
uous data and frequencies and percentages for categorical
data. The proportion of patients with an S; or S4 in Primary,
Secondary, and Non-HF patients was computed, with 95%
confidence intervals. The proportion of patients with

electronically detected heart sounds was compared between
patients with Primary HF and Non-HF, and between patients
who received treatment and those who did not receive
treatment before data acquisition using x* tests. Analyses
have been performed using SPSS version 12.0 (SPSS Inc,
Chicago, Ill) and Microsoft Excel (Microsoft Corporation).

5. Results
5.1. Characteristics of study subjects

Of 439 subjects enrolled, 17 were pilot subjects on whom
the study protocol and acoustic algorithm were tested before
final revisions. One subject left the ED before being given a
diagnosis. These subjects are not included in any analyses.
The remaining 421 subjects are described in Table 1,
stratified by final diagnosis.

Median age was 61 years (interquartile range {IQR] 48 to
75 years), 51.8% were women, and 48.9% were white. A
previous diagnosis of HF was present in 48.7%. Median
BNP levels in patients with Primary HF were 764 pg/mL
(IQR 459 to 1640 pg/mL). Those with Secondary HF had a
median BNP of 485 pg/mL (IQR 209 to 1000 pg/mL), and
those with Non-HF had a median BNP of 66 pg/mL (IQR
21-179 pg/mL). Of patients with Primary HF and a previous
EF documented, 60.6% had an EF of less than 40%. Twenty
percent of patients with Primary HF had no signs of _
congestion on chest x-ray.

5.2. Main results

5.2.1. Proportion of patients with an S; or S,

Of the 421 patients, 376 were included in this analysis
(Fig. 2). Forty-five patients were excluded because of sound
data that were missing or not having been analyzed. Of the
patients included in this analysis, there were 94 patients
with Primary HF, 40 patients with Secondary HF, and 242
Non-HF patients. With the exception of race, the 45 patients
who were excluded had similar demographics, past medical
history, clinical findings, diagnostic test results, and propor-
tion of Primary HF diagnoses when compared with those
patients included in the analysis (P >.142). Excluded patients
were more likely to be white than included patients ( £ =.039).
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The proportion of patients with an S; detected by
Audicor in Primary HF was 46.8% (95% CI, 36.5%-
57.3%), compared with 25.0% (95% CI, 13.2%-41.5%) in
Secondary HF and 11.2% (95% CI 7.6-16.0%) in Non-HF
(Table 2). Similarly, those patients with Primary HF were
more likely to have an Audicor-detected S4 (25.5% [95%
CI, 17.3%-35.8%]) than those patients with Secondary HF
(17.5% [95% CI, 7.9%-33.4%]) and Non-HF diagnoses
(12.4% [95% CI, 8.6%-17.4%]). Overall, the proportion of
patients with an S; and an S, were higher for Primary HF
than Non-HF patients (P <.001).

Of 59 patients with a primary HF diagnosis evaluated
before treatment with diuretics or vasodilators, 34 (57.6%
{95% CI, 44.1-70.2]) had an S; and 21 (35.6% [95% CI, 23.9-
49.2]) had an S, (Fig. 3). For the 35 patients with a primary
HF diagnosis evaluated after treatment with diuretics or
vasodilators, the proportions of both S5 (10 [28.6% {95% CI,
15.2-46.5}]) and S; (3 [8.6% {95% CI, 2.2-24.2}]) were
lower (P < .0064). For the 205 patients with a non-HF
diagnosis evaluated before treatment with diuretics or vaso-
dilators, 24 (11.7% [95% CI, 7.8-17.1]) had an S; and 22
(10.7% [95% CI, 7.0-16.0]) had an S,. For the 37 patients
with a non-HF diagnosis evaluated after treatment with
diuretics or vasodilators, 3 (8.1% [95% CI, 2.1-23.0]) had an
S3, whereas 8 (21.6% [95% CI, 10.4-38.7]) had an S,. The
proportion of non-HF patients with an S; and S, did not differ
significantly before and after treatment with diuretics or
vasodilators ( P = .522 and P = .0643, respectively).

6. Limitations

Although this observational cohort study shows the
proportion of patients with and without HF who have an
S; oran S, and how treatment affects the proportion, several
limitations remain. Hospital discharge diagnosis is often
reflective of ED presentation and reason for hospitalization,
but it may not always accurately reflect the acute ED
presentation. This can result in misclassification bias. For
example, patients may present to the ED in acute decom-

pensated HF and receive appropriate treatment, including
vasodilators and diuretics. By the time the admitting team
examines the patient, often several hours later, the patient
may be compensated, leading to a hospital discharge
diagnosis not reflective of their ED presentation. If the
same person had had an S; and/or S, present at the time of
heart sound sampling/auscultation, it would decrease the
specificity of an S; or S4 for identification of Primary HF.
The corollary could also be true; those patients who
developed HF while in the hospital may have been given
a hospital discharge diagnosis of Primary HF, although
when they presented to the ED and had heart sound
recording performed, they did not have Primary HF. This
could have decreased the sensitivity of the S; and S, for
diagnosing Primary HF.

Workup bias could also be present; patients with Primary

“HF who were considered low-risk may have had fewer tests

and no definitive diagnosis of HF because of the lack
of testing.

This study enrolled an observational cohort of patients
with signs or symptoms of HF. We are only able to report
the proportion of patients with abnormal heart sounds and
not the true prevalence. There is a possibility that, because
of selection bias, the true prevalence of abnormal heart
sounds in ED patients with Primary HF is different from the
proportion that we have reported. ’

Finally, there was likely a component of selection bias
present. Those patients who were more acutely ill were
more likely to be treated earlier and have heart sounds
sampled after treatment had begun. However, we would
expect that those that are more acutely ill (with higher end-
diastolic pressure) would be more likely to have abnormal
heart sounds present. Their lack of abnormal heart sounds
after treatment may be a greater indication of the hemody-
namic changes (decreased end-diastolic pressure) that occur
with vasodilators and diuretics.

Patients were either sampled before treatment or after
treatment, but not both. We have assumed that among
patients sampled afier treatment, the pretreatment propor-
tion with an S; would have been similar to those sampled
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Fig. 3  Affect of treatment on proportion of patients with electronically detected heart sounds.
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before treatment. It is possible this group had either a
greater or smaller proportion with a pretreatment S, de-
creasing our confidence in the finding that the S; decreases
after treatment.

7. Discussion

Our study is the first to quantify the proportion of ED
patients with Primary HF that have an electronically
detectable S; and S;. We show that more than 50% of
patients with Primary HF have an S; before treatment with
vasodilators or diuretics and that ED treatment with these
medications may decrease the prevalence of an S; and S,.
These findings make sense from a physiologic standpoint.
An S; and S; are thought to be reflective of poor
ventricular relaxation resulting in raised end-diastolic
pressure. Administration of vasodilators and diuretics
results in a decrease in preload, afterload, and intravascular
volume, all of which would lead to a decrease in end-
diastolic pressure and S;/S,4 resolution.

We found a smaller proportion of S3’s and S4’s in those
patients with Secondary HF compared with Primary HF.
This is expected; although the patients with Secondary HF
carry a history of HF, the main focus of their therapy
during hospitalization was not HF. In compensated patients
with HF, with normal or near-normal preload and after-
load, a decreased proportion of S;’s and S,’s relative to
Primary HF would be expected. The proportion of Non-HF
patients with S;’s and S,’s is consistent with previous
studies of abnormal heart sounds in asymptomatic indi-
viduals [22]. In an observational cohort of 1329 asymp-
tomatic individuals, 15% to 30% of patients older than age
50 years have been shown to have electronically detected
S4’s. It has been suggested that these findings are due to
the effects of aging and essential hypertension on
ventricular stiffness [20]. Between 20% and 35% of
asymptomatic patients younger than age 40 years may
have an S; present because of a healthy hyperdynamic left
. ventricle. This likely contributes to the number of S;’s and
S4’s in the Non-HF group.

Of note, there were 37 Non-HF patients (18.6%) that were
treated with nitrates or vasodilators. There are several
possible explanations for this. The ED misdiagnosis rate for
Primary HF has been suggested to be between 10% and 20%,
consistent with our findings in this study [7,32]. Secondly,
there may have been patients who presented with Primary HF

who were adequately treated by the emergency physician. At .

the time of evaluation by the admitting team, the patient’s
Primary HF signs and symptoms had improved, resulting in a
Non-HF hospital discharge diagnosis. Finally, several
patients may have had S;’s and S,’s because of other disease
processes. Other disease processes such as acute coronary
syndrome are also associated with an S; and S,.

Until recently, physicians have had relatively poor
screening tools for HF. Physical examination has been

traditionally unreliable {2,3]. Similarly, chest radiography
misses 20% of echocardiogram-proven cardiomegaly, and
many patients with chronic HF will have elevated wedge
pressures and acute decompensation despite a lack of
congestion on chest x-ray {6,7,33]. As a result, a definitive
diagnosis of HF is often obtained after the patient is
admitted to the hospital and has undergone echocardiogra-
phy, right heart catheterization, or both. The paucity of
screening tools most likely contributes to the 10% to 20%
ED misdiagnosis rate for Primary HF [7,32]. Our diagnostic
ability has improved with the introduction of natriuretic
peptides. Although these markers have high sensitivity at
their recommended cutoff of 100 pg/mL, they have
relatively poor specificity for Primary HF when only
modestly elevated (100-500 pg/mL) {34-36]. As a result,
natriuretic peptides are good when used to rule out HF, but
their increased number of false positives, especially at
intermediate levels, makes them poor rule-in markers.

The S; has been reported to be a highly specific marker
of raised end-diastolic pressure and Primary HF [23,24]. It
might be suggested that these 2 diagnostic tests could be
complementary—combining the high sensitivity of BNP
with the high specificity of the S;. Those patients with a
BNP below 100 pg/mL are highly unlikely to have Primary
HF. Those patients with a modestly elevated BNP (100-
500 pg/mL) and an S; present would be highly likely to
have Primary HF. However, those patients with a BNP in
the indeterminate zone and no S; present may require -
further workup. Future heart sound studies will need to
prospectively evaluate this relationship. Furthermore, pre-
vious studies suggest patients with Primary HF and an S,
may have a worse prognosis, have increased lengths of stay,
and consume more hospital resources than those patients
with Primary HF who lack an S; [37,38].

In summary, our study suggests that an S; is present in
more than 50% of patients with Primary HF before
treatment and that treatment may have a significant clinical
effect on the presence of abnormal heart sounds. Emergency
physicians need to consider the possibility of prior treat-
ment with vasodilators and diuretics when using the
presence of an S; or S4 as a diagnostic strategy in the
dyspneic ED patient.
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Prevalence of the Third and Fourth Heart Sound in
Asymptomatic Adults

The lence of abnomal diashofic heart sounds in asymptomatic adulls has bsen the subjedt of greaf debate. The authors
defermined the prevalence of an slectronically delected S, and S, in 1329 asymplomaiic aidulls behwesi the ages of 18 and 94.
The authors afso invesfigated the refalionship beiwean abnonnal diastolic heart sounds, ags, and electrocardiography. The overal
lence of S, was 10.0% {95% mnbdence intorval [CT], 8.1 %-12:2%}, S, vwas 15.6% {95% Cl, 13.2%-18.2%}, and both S,
and'S, were 3.5% [P5% CI, 2.4%-5.0%]. Using mulfinomial fogisic mgmﬂon Increasing age wus found fo decraase the odds of

an S, being heard fodds rafio, 0.96; 95% CJ, 0.95-0. %}and increase the odds of an S, being heard fodds rafio, 1.04; 95% CJ,

1. 03—1 05]. We condlude that the valanca ofan §
sugges, and that ifs defachon aven in the elde

is increasad earfier in life, that an S, is Jass common than previous studfias
- shoukd nt b ignored. (CHE 2005; 11:242-247} 92005 CH Inc.

Ex‘tra diastolic heart sounds are
produced as a result of increased
stiffness and decreased compliance
of the left ventricle (LV). The third
heart sound (S,) occurs 0.12-0.16
seconds after the second heart sound
in early diastole (Figure 1).! Of the
many proposed theotles, the most
likely explanation is that excessive
rapid filling of a stiff ventricle is sud.
denly halted, causing vibrations that
are audible-as S, The fourth heart
sound (S,) occurs after P wave onset
and before the’ flrst heart sound In
the cardiac cycle: It is produced in
late diastole as a result of atrlal con-
traction causing vibrations of the LV
muscle, mitral valve apparatus, and
LV 'blood mass.® The atrial and ven-
tricular “gallop” has been described
in the literature dating back to the
late 1800s.# The ventricular gatlop is
recognized as an S,. The atrlal gallop
is synonymous with an 8,

The detection of an S, is often con-
sidered “normal” in adolescents and
young adults, while its detecton after
the age of 40" is usually considered
abnormal and indicatve of 1V dys-
functon*? The incidence of an S, in
acute “ischemis and’ acute infarctlon
approaches 100%.?

The prevalence of these sounds,
especially the S, in bealthy individu-
als has'been a subject of great debate.
Previous phonocardiographic studies
have found a prevalence of S, from as
low as 11% to as high as 75%‘°aswdl
as many values in between.!'¢ The
vast majorlty of these studies enrolled
fewer than 300 subjects and suffered
from enrollment biss because many of
the subjects had been referred for car-
diac workup, including left-sided and
right-sided heart catheterization.

The goals of our study are two:

fold: 1) to determine the prevalence of ,

an 8, and S, in 2 large asymptomatic

population using a computerized algo-
tithm that analyzes acoustical data; and
2) to determine if there s an assocla-
tion berween abnormal diastolic heart
sounds, age, and electrocardiographic

(ECG) findings
Methods

This study was a cross-sectional obser-
vational cohort study of a convenience
sample of asympromatc persons. The
Western Insttutional Review Board,
Olympia, WA, approved the study.

Subject Earollment A total of 1511
subjects were recrujted from two col-
leges near Portland, OR; a commu-
nity center outside Portland; a hospital
outpatient dlinic (Willamette Valley
Medical Center); and several senior citi-
zen centers. Subjects were screened by a
research nursewhoobtained consent and
a brief cardisc history and determined
whether the subjects had any acute
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cardiovascular complaints, Potential
subjects were not enrolled If acute car-
diovascular complatnts were indicated
Baseline demographic information was
recorded on all subjects.

Reconding the Heart Sonnds. Blectrodes
were placed on each subject in a stan-
dard 12-lead configuration, except for
Audicor (Inovise Medical, Inc, Portland,
OR) sensars (capable of both ECG and
acoustic' signal detection), which were
placed in the V, ang V, positions (Plgure
2). The V, sensotwas podﬂmﬂl in the
fourth mtemhpaee at the midclavie-
ular lme. The V, snsor was positioned
betweer'V, and V,, the laccer of
whlch was in the fifth intercostal space
in the anterlor axillary lme Cardiac
acoustic and standard 12-lead BCG dara
were recorded simultaneously The sub-
ject was supine or in a semi-Fowler's
posttion and asked o relax, breath nor-
mally, and refrain from speaking during
a 10-180-second continuous recording
The data collection was performed with
custom data collection based on
the Hewlett-Packard XLi cardiograph
(Hewlett-Packard Company, Palo Alto,
CA) with sampling rates at etther 4000
or 1000 samples per second and digital
files stored for later processing All of
the sound and electrical data were run
through the same version of the ECG
and sound algorithms, independent of
the system on which the data was col-
lected. All recorded data was filtered and
downsampled to the seme sampling rate
(500 samples per second) and then pro-
cessed through identical datg streams.
The 12-lead BCGs were analyzed
using 2 commercial computerized
algorithm (Audicor) for the presence
of cardiac disease, spectfically the pres-
ence of LV hypertrophy, prior myocar-
dial infarcdon (MI), acute MI, and
ischemia. Patlents with multiple find-
ings on ECG were given only one diag-
nosls, according to a priority order-
ing of findings: acute MI, prior MI,
ischemia, 1V hypertrophy, abnormal,
borderline, and normal
Phonocardfographic evidence’ of
heart sounds was determined by com-
puterized algorithm. The algorithm

has been validated in prior studies
compsring the detection of S, and §, to
hemodynamis measurements obumed
atr cardlac catheterization,’ Briefly,
both channels (V, and V) are ana-
lyzed by the alsoﬂthm for the presence
of ‘aboormal” diastolic heart sounds,

using the BCG as a timing markes and
frequency content appropriate for the
gallops, and the results are combined
for the final statemencs, The results of
this analysis are then displayed on the
paper printout of the ECG,

Statistical Analysis. Data are descdbed
using median and tange for age and
frequencies -and percent: for all other
varisbles. For- computiig prevalence,
the sound dats constitute 4 multino-
mial diseribution with mutvally exclu-
sive findings of no sounds, S, oaly, 3,
only, or both 8, and S, This disatbution
erises from a funct!on of the algorith-
mic interpretation of the heart sounds
The detection of either heart sound is
oot necessarlly an independent event.
Both gallops may be identified during
a period of potental acoustie overlap.
When this occurs, since it is not possible
to algorithmically categorize the find-
ing as a discrete S, or S, tt is reported
as the combination For this reason,
exact 95% confidence intervals for mui-
tinomial proportions have been used
to estimate variance of the prevalence
estimates, Prevalence estimates of the S,
andS do not include findings of both S,
Sl' Muldnomial logistic regressicn
has been used to evaluate relationships
between predictor varlables and the
presence or absence of the various heart
sounds Analyses have been performed
using StatXact version 6 (Cytel Software
Carparation, Cambridge MA) and SPSS
version 12.0.(SPSS Inc., Chicago IL).

Results

W recarded heart sounds tn 1511 sub-
Jects: between 18 and 99 years of age
(median, 63 years). There were 182:sub-
jects excluded from the analysis because
of: dextrocardia (1 ), missingdemographic
inforraation (3), ventricular pacing (47},
other ECG abnormalities in which heart
sounds were not able to be analyzed

Sound Tracing

Figure 1. Location of heart sounds
in the candiac cycle. ECG"dectro—
cardiographic

(52) (eg, Wolff-Patkinson-White syn-
drome, secand-degree heart block), and
atrial fibrillation or flutter (79). Of the
remaining 1329 subjects included in
analyses, 35.7% (474) were ambulatory
senilors, 31.5% {418) were from the hos-
pltal outpatient clinic, 20.2% (269) wete
asymptomatic adulss, 11,4% (152) were
college students, and 1,2% (16) did not
fit into any of these categories, Women
comprised 59.1% (786} of the subjects.
Population characteristics are given in
Table I for the entire cohort and for
subjects within each group.

The overall prevalence of S, was
10.0% (95% confidence interval [CI],
8.19%~12.2%); the prevalence of S, was
15.6% (95% CJ, 13.2%-18.2%), and the
prevalence of both 5, and S, -was 3.5%
@5% CL 24%-50%) Table IT gives
point estimates of the prevalence of heart
sounds stratified by decade and subject
group. Rgure 3 shows the prevalence of
S, S, and both S, and S,, stratified by
age. In the muldnomial logistic regres-
sion model (Table IIT), increasing age was
associated with decremsed odds of an §
being detected (odds ratio [OR], 0.96;
95% CI, 0.95-0.96) but increased odds
ofanS being detected (OR, 1.04; 95%
CL 1. 03—1 05). There was noinfluence of
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and 8, (OR, 1.00; 95% CI, 0.98-1.01).
Fgure 4 shows prevalence of the heart

sounds separately for men and women

The model showed that women were less

bined Sy and S, There was no measuratle
Inﬂuence o gender on the presence of
an S, TaHe IT shows the relationship
between ECG findings and the presence

WLE JACQT
Table 1. Characterisics of Subjects in the Study
ASTMPTOMATIC :
Apurrs AMBagory SeNoRs  COLEGE STUDENTS COUPAENTS Omisr Tott
N=269 N=474 N=152 N=418 K=16 N=1329 N
Women fn [%¥]) 185 (65.8) 324 (68.4) 72 (47 4) 191 (45.7) 14 167.5) 786 (59.1)
Men {n [X]) 84 (31.2) 150 {31.6) 80 {52.8 227 154.3) 2{12.5) 543 [40.9)
A?r:gge)lgmedian 48 (30-59) 74 (60-94) 21 (18-29) 66(21-94) 27 [22-29) 63 (18-94)
Ags (] distribution
{n [%1)
<30 4{1.5) - 152 (100.0) 4(10) 16 (100) 176 (13.2)
31-40 77 (26.6) - - 13(3.1) - 90 (6.8)
41-50 72 (26.8) - - 50{12.0) - 122 9.2)
51-80 116 (43.1) 13(27) - 96 (23.4) - 227 (17.1)
61-70 - 140 (29.5) - 81(19.4) - 221(16.6)
71-80 - 221 [46.6) - 113 (27.0) - 334 25.1)
>80 - 100 21.1) - 59(14.1) - 159 (12.0) .
Table Il. Pravalence of S, and S,, Siratified by Patient Group and Decade of Age
AsNORMAL HEART SOUNDS (N [%])
Ack {m) NonE s, Bom S,
Aswirromanc Apuls
<30 3 75.0) 0 (0.0} 1 (25.0) 0(0.0)
31-40 62 (80.5) 10 13.0) 4(5.2) 1(1.3)
41-50 51 70.8) 9 (12.5) 34.2) 9 (12.5)
51-60 89 [76.7) 7 6:0) 3(2.6) 17 {14.7)
Total 205 76.2) 26 9.7} 11 {4.) 27 {10.0)
ANBULATORY SENIORS :
5160 11 (84.6) 7.7 00.0) 117.7]
61-70 109 77.9) 4029 3(2.) 24 17.1)
171-80 165 [74.7) 6R7) 9 (4.1) 4118.6)
>80 69 169.0) 440 1.0} 26 (26.0)
Total 354 (74.7) 15 (3.2) 13 (2.7) 92 (19.4)
COlIEGE STUDENTS .
<30 [lotal) 84 (55.3) 59 (36.8) 5(3.3) 4(2.6)
QuimnenTs
30 2 {50.0) 2 (50.0) 0 (0.0} 0 (0.0]
3140 12 92.3) 177 0(0.0) 01(0.0)
41-50 41 82.0) " 5(100) 2 (4.0) 2 (4.0}
51-60 67 (68.4) 505.1) 818.2) 18 (18.4)
61-70 58 [71.6) 516.2) 2 (2.5) 16 {19.8)
71-80 76 (67.3) 615.3) 3(27) 28 (24.8)
>80 , 31 (52.5) 585 3(5.0) 20 (33.9)
<301ta >80 287 (68.7) 29 6.9} 18 (4.3) 84 (20.1)
Orxer
<30 12 75.0) 4 25.0) 0(0.0) 0 (0.0)
age on the prevalence of a combined S,  likely than men to have a detectablecom:  of an S; or S,, The univadable muld-

nomial regmmlon showed no significant

relationships between ECG findings and

heart sounds. ECG findings have not been
included In the multivariable model.
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Table 1Hl. Mutinomial Logigic Regression Models Showing the Relationship Betwsen Abnormal Heart Sounds, Age, Gender, and
Eladrocardiographic [ECG) Findings :
S, Bom S,
UNNMARABE MODELS N OR 95% Q xR 95% Cl CR 95% O
Aga 0955 0.946-0.954 0996 0.%81-1.011 1.037 1.026-1.048
Women vs. men 0.757 0.525-1.090 0398 02180727 0.920 0.677-1.250
ECG findings”
Acute myocardial infarction 8 b il 3.008 0.704-12.858
Prior myocardid infarction 174 0.641  0.324-1.269 0686 0.227-2.076 1.166 0.730-1.862
Ischemia 32 0.342 0.045-2.591 3016 0822-11.072 1.367 0.536-3.487
Left vantriculor hypertrophy 46 0778 0.229-2.648 2288 0.634-8.264 1.902 0.910-3.974
Abnormal 331 0.996 0.618-1.605 1418 0.695-2.893 1.093 0.73%-1.616
Barderline 220 1.893  1.188-3.016 0752 0.273-2.076 1.057 0.667-1.675
Muttivarioble Model
Age ’ 0.955 0.946-0.965 0997 0.962-1.012 1.037 1.024-1.048
Women vs. man 0.851 0.579-1.251 0400 0219-0.732 0.677 0.641-1.200
“*nommal ECG Is the reference category in all cases; **no findings of acute myocardial ifardion amang patients with an S, or both
anS,ond S,
Discussion '
Ourresultssuggest thatan S; s common
in the asymptomatic individual young-

er than 40, with fts presance decreas.
ing in the decades of life thereafter
This undedying prevalence (approxi-
mastely 10%) has implicatons in the
msnagement of thoss patients with a
suspected acute coronary syndrome.
The American College of Cardiology/
American Heart Association guidelines
recommend that patients with unstable
angina and a concurrent auscultated
S, be classified In the group at highest
dsk for adverse outcomes and consid-
ered candidatss for an early invasive
straregy ¥ Accurate knowladge of the
true undedying frequency of the S
mey impact these recommendations
Consequently, the tmplications of our
findings require further corroboration
with clinical outcomes

The low prevalance of S, in asymp-
tomatic subjects over the age of 50
strengthens previous findings that a
detectable S in older subjects may be
highly specific for cardiac pathology,
although the age above which an S,

15 predictive of LV dysfunction may be
slightly higher than 40 years, as preVl:  po\ye 2. Schematic of the placement of the chest Jeads with acoustical leads in the
ously reported>¥ V, and V, positions

In contrast o the S, detection of
an S, was quite uncommon in sub- An S, detected by auscultation has ies have demonstrated the presence of
jects younger than 50 (under 10%), long been considered Indicative of ven- an S, during episodes of angina, in
with Increasing prevalence thereafter tricular dysfunction.®® Previous stud- padmts with coronary artery disease,
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and during tschemic stress tests!622
Several studies in the early and mid-
1970s questioned the validity of this
belief. Spodick and Quarty,? examining
250 consecutive ambulatory subjects in
the Framingham Heart Study, found a
phonocardiographic S, to be present in
73.1% of healthy padents and 74.3%
of patients with CV. disease. In a sub-
sequent study of 100 patients of whom
half were healthy and half had hyperten-
slon, these investigators found a similar
70% prevalence of S, In healthy subjects
a5 well as those with hypertension.!®
Erkssen and Rasmussen!! detected an
S, using phonocardiography in” over
50% of 1714 healthy middle-aged men.
Other studies have reported a similar
prevalence of S, in healthy individuals,
although they ate limited by a small total
enrollment and referral bias 198.4

At the center of the S, controversy
may be the difference between an
auscultated vs. a phonocardiographt-
cally detected S,. Previous studies on
diagnostic and prognostic significance
have traditonally focused on an S,
detected by auscultation.®® With the
advent of new technology being incor-
porated into the bedside ECG, it Is
necessary to determine the diagnostic

and prognostic significance of a pho-
nocardiographic S, that may not have
been evident on auscultation.
Techinology avallable in the 1970s,
when studies suggested a high preva-
lence of S, in healthy individuals, may
have maccurately detected S, The
low frequency range sound of the 3,
(10-50 Hz)® overlaps: the frequem
cles of the §; (30-150 Hz), making it
difficult to differentiate from a split S,
Qur more modern phonocardiogeaphic
technique showed a prevalence more
consistent with auscultation—Aonow
and colleagues'® found an S, to be pres-
ent at rest in 14% of healthy stibjects
(n=100) and 43% of subjects with
angina (n=100), While the studies
discussed here indicate there'may be an
S, present in a subset of asymptomatic

patlents, it 1s uncertain whether this,

is pathologie. Furure studies address-
ing the diagnostic and prognostic sig-
nificance of a phonocardiographically
detected S, are fundamental to resoly-
ing these discrepant findings.
Detection of either the S, or S, did
not seem to be related toBCGﬁnAIngs
in our subjects. Patlents with borderline
ECG results did demonstrate increased
odds of having a detecrable ,, but in the

absence of 2 relationship between defi-
nite BOG findings and heart sounds, it
might be concluded that the significant
result may be spurious. If a true resulr,
the clinleal implications are somewhat
unclear. Further, the automated inter-
pretation of the ECG may not be suf
fictently accurate to determine relation-
ships between heart sounds and ECG
findings. For example, the eight patients
with automated readings of acute Ml
were visually over-read by a board-cer-
tifled cardiclogist. Two of the ECGs
had paced rhythms that the algorithm
missed, resulting in a misclassificadon,
One patlent was in atrial flutter and the
algorithm did not apply. the confounder
adjustment, resuldng in a risclassifica-

ton as probable acute ST-segment ele-
vation. One subject had ST depression
that was confirmed: by visual over-read.
Three subjects had borderline ST seg-
ment elevarion that was confirmed visu.
ally. One subject had ST elevation that
was confirmed by visual over-read.

Our intent was to determine the
prevalence ofan S, and S in asymptom-
atic subjects. Our oohort reported no
acute complaints but did not undergo
further workup to determine the pres-
ence of occult cardiac disease. Other
medical conditions, such as hyperten-
slon, have been identified as producing
S, in otherwise asymptomatic individu-
als and there may have been hyperten-
sive subjects In our cohott, resulting In
an overestimate of the prevalence of
S, Exclusion of hypertension would
be expected to exaggerate our finding
that S, may not be as common as pre-
viously considered. The short sampling
timeframe may also limit our findings;
the majority of patients had only 10
seconds of data sampled, and measure-
ments were made only once. Repeat
measurements or longer samples may
result in an increased prevalence, as
a greater opportunity is provided to
detect a qulet or intermittent S; or S,
The automated ECG reading was algo-
rithmically generated and not based
on manual interpretation. While this
ensures consistency across readings,
subtle changes or atypical findings may
have been missed,
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Figure 4. Prevalence of heart sounds stratified by gender and age cat Subjects with a finding of 5, and S, are not inchuded in
those with findiogs of §, o §, only; Mngsmm@hndudvaﬁ@w%%cm&ﬁmehﬂ!ﬁl&
Condusions more common in the later decades in  may be less common than previous
Ourstudy suggests that the prevalence of  ife. The prevalence of an §, in younger  phonocardiographic studies suggest, and
an S, is increased earlier in life, while an  individuals is consistent with previous  its detection, even in the elderly, should
S, in asymptomatic individuals s much  studies. Howeves, the prevalence of S, perhaps not be ignored.
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By Jefirey Lindsey, PhD, EMT-P

Heart Sounds

Do you hear what | see?

remember learning about heart sounds in paramedic class 20 years
ago. Back then, I probably couldn’t tell you muchaBout their value,
" because it was one of those skills you learned but never make practical
. application of in the field. Actually, up until secing this innovative de-
" vice, the Aundicor System, 1 probably still couldn’t talk about heart

sounds with any certainty of their value in the prehospital setting. If

‘you’re nodding your head thinking the same thing, read on.

The Andicor System is an exciting techno-
logical breakthrough. Inovise Medical Inc.
mtcgmtcd a special “languagc and i interpre-
tation” of heart sounds into the system,
which was designed with fermale patients
B (who often don’t present w1tQ “nonmal”
'symptoms during cardiac events) in mind.

Audicor improves the detection of 2 acute
cardiac conditions by analyzing $3 and $4
* heart sounds. The device is a small com-
puterized unit, similar to a typical EMS
ECG monitor. The unit allows the user to
view the rhythm and also input paticnt in-
formation for record-keeping. You apply
your ECG clectrodes for a 12-fcad tracing
as you normally would, with the exception
of the V3 and V4 electrodes, which are re-
placed with a special clectrode (see photos
below) that has an audio sensing device,

To use the Auducor apply your 12-Iead electrod&e in the usual manner, replacmg
leads V3 and V4 with the system’s special sensors.
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like a microphone. The sensor detects S3
and $4 hecart sounds and transmits the
sound to, the monitor, which displays the
results.in a waveform readout.

_The comprehensive printout it provides
quxtc frankly “wowed” me (scé Figure 1,
p. 106). It resembles a 12-lead printout
but with some other great mformauon At
the bottom of the printout, the §3 and $4
heart sounds are displayed slmdarto an
ECG tracing or graph. At the top right, a
cross-section. of the bheart illustrates: the
estimated area at risk and the nzc/locanon
of the infarct. The upper left’comer has
patient information and pertinent findings
regarding the ECG and heart sounds.
When dctcctmg an $3 heart sound; the

tion. With an $4 heart sound, a provider
must consider acute ischemia and reduced
ventricular compliance. An entire article

could, be devoted to heart sounds, byt

here, I touch only on the basics.
Regarding $3 and S4 heart sounds:

"® An 83 or $4 sound on a patient
who otherwise has a normal ECG
or an ECG with non-specific ST-T
wave changes should raise a red
flag. Bring such sounds to the at-
tention of hospital staff so they’ll
know to search for a causc;

« In patients presenting with short-

ness of breath, an 83 is strongly
eft ventricular. dys-
- congestive: heart
fallurc, wlnch may or may not be
accompanied by rales;
In a patient presenting with a his-
tory of chest pain or weakncss, the
presence -of an S3 sound suggests
left .ventricular dysfunction second-
ary to coronary artery discase and
high-risk ACS;
If an 'S4 heart sound is found and
the patient has no evidence of left
ventricular hypertrophy (LVH) or
chronic, poorly controlled hyper-
tension, the finding suggests ven-
tricular “ischemia and stiffening of
the ventricular wall; and
If an $4 heart sound is found in 2
patient with ECG cvidence of LVH
or the patient has a long history of
poordy controlled hypertension, the
finding is indicative of chronic after-
load cffects on the heart.

1 was impressed by how simply this de-
vice works and ‘cven.more impressed by
the price; the unit is -approximatcly one-
third the cost of a: current EMS ECG
monitor. However, don’t get impulsive

»
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HANDS ON

and immediately trade in your cur-
rent unit for this one.

The Audicor has limitations. Its
main function is ECG monitoring
and interpretation and does not in-
clude defibrillation, pacing or other
features we've grown accustomed to.

In November 2003, the device was
cleared by the FDA. In April 2004,
Collier County (Fla.) EMS became
the first EMS system to use it in pre-
hospital care. Robert B. Tober, MD,
EMS medical director for Collier
County, notes:

® The Audicor - works _ better - :

with the ambulance stopped,
to reduce road noise, but the:
engine can remain on; |

¢ The device “funcrions better
with air-conditioning off or
on low; and

* Artifact (i.c., interference) oc-
“curs in some situations, and
engincers ‘arc working on a
second-geéncration cléctrode.

Tober sums up Collier’s experi-

ence’ by ‘saying that the ‘Audicor

The compact,
easy-to-use
Audicor System
is moving pre-
hospital care to |,
the next level.
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promises to provide a reliable heads-
up that all is sot atways well-in-a-pa-
tient with an otherwise normal ECG.
It appears to not only deliver more
sensitive interpretive algorithms in
abnormal ECGs, butr also dcliver

caly warning signs that otherwise

would be missed.

For - wdditionsl information, centect
inovise Medicol lnc. ot S77/466-8473, or visit

. 20 years’ experience in EMS, fire and res-
cue. He is also a snior partner with
International Consulting and Training
Specinkists. Contact bim via c-mail at
;:anduylﬂul.m

Visually Zero in on
Medical & WMD
Conditions

" VisualDx, a powerful software pro-
“/gram’ from Logical Images Inc. with

morc than' 8,700 medical photo-
graphs, allows emergency personnel to

*" scarch by a patient’s symptoms and
* view diagriostic images with the most
" relevance to the patient.

VisualDx covers almost all areas of

| visually diagnosable medicine, includ-

ing “illness and ifjury caused by

* ‘weapons of mass destruction, such as

i

" York City, Washington, D.C., and
duroughout the. states. of Mssmppn .

GEAR, GADGETS & GREAT IDEAS

bnotcrronsm a§ents (camgoryA, Band -
C agents ted “

the

S

The program’s photogmphs are
drawn from a collection of more than.

a million professionally photographed =+~

medical images obtained from promi-

tions throughout the world. Logical  »‘

Images updatcs the content and capa-
bilities of the software regularly.

As the saying goes, “a picture. s
worth -a thousand words,” and in a
randomized, controlled university

study, VisualDx was shown to mcm;c’

diagnostic accuracy 100% among pgl-
mary care and emergency physicians
(in comparison with using textbooks

and medical atlases) aftcr only five

minutes of training:

Because it’s just as importarit todc- -

termine if a patient’s condition is sot
caused by a terrorist agent as it is to de-

termine if it is, VisualDx serves as a

valuable assessment and diagnostic
1ool for EMS. It’s the only diagnostic
and training tool that includes terror-
ism preparedness information as part
of the differential for daily usc in diag-
nosing common conditions.

“False positive diagnoses cost the
health-care system money and cause
unnecessary public concern,” says Art
Papicr, MD, chief scientific officer of
Logical Images. “And false ncgative
diagnoses may be life-threatening.
With VisualDx, every first responder is
an alert first responder. Early detec-
tion is key.”

The VisualDx support system is
currently used by bioterrorism pre-
paredness regional resource centers,
hospital emergency departments, U.S.
Army medical command hospital fa-

throughout the United States, includ-
ing major.implementations in New

o mumauons center.

laptop computers for.usc in vchxclcs or
on scene. It can also be accessed over
the Internet.

AR0002EMS

cilities and public health departments
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CMS-1506-P-196

Submitter : Dr. Jorge Cassir Date: 09/29/2006
Organization:  AtlantiCare Regional Medical Center

Category : Radiologist

Issue Areas/Comments

OPPS: Brachytherapy

OPPS: Brachytherapy

e-Brachytherapy is a new therapy which is far safer for both patients and professional staff from the radiation safety stand point. And it should be re-imbursed, at a
minimum, at the same level as the regular radioisotopes commonly used in B/chytx.
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CMS-1506-P-197

Submitter : Dr. Craig DeWeese Date: 09/30/2006
Organization:  Norton Hospital
Category : Physician
Issue Areas/Comments
GENERAL
GENERAL
See Attachment

CMS-1506-P-197-Attach-1.DOC
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September 29, 2006

Office of the Administrator

Centers for Medicare and Medicaid Services
Department of Health and Human Services
Mail Stop C4-26-05

7500 Security Boulevard

Baltimore, MD 21244-1850

Attention: CMS-1506-P; Medicare Program; Hospital Outpatient Prospective Payment System and CY 2007 Payment
Rates

Dear Administrator:

Thank you for aliowing me the opportunity to provide comment on the Centers for Medicare and Medicaid Services
proposed rule, published in the Federal Register on August 23, 2006. This letter is written to share my concern
regarding the proposed RVU reduction for CPT19296 and CPT 19297, when performed in the hospital, and the
reassignment of these codes from the New Technology to the Clinical payment rate.

CMS implemented breast brachytherapy CPT codes 19296 and 19297 on January 1, 2005 and assigned these codes to
New Technology APCs 1524 and 1523 respectively. CMS proposes to reassign these codes from New Technology
APCs to clinical APCs in 2007. The CMS proposed APC assignment for CPT Codes 19296 and 19297 would resultin
significant decreases in 2007 payment. The table below illustrates the reductions, ranging from —22.8% to —37.0%.
Should CMS finalize the proposed APC assignments, it will limit our ability to offer this breast cancer treatment optlon to
Medicare eligible women since the cost of the device surpasses the proposed payment rate.

2007 2007 Payment

HCPCS Code 2% :go?nent Proposed | Proposed | Change 2006- | rc Shange
y APC Payment | 2007

19296 Breast interstitial 0

radiaton bostmen, delayed | 1524 | 83250 | 30 $2508.17 | ($741.83) -22.8%

19297 Breast interstitial 0

radiation trealmont, immediate | 1923 | 82750 | 28 $173269 | ($1,017.31) -37.0%

CMS should maintain 19296 and 19297 in the New Tech APCs 1524 and 1523 respectively so that it may collect claims
data through calendar year 2006 and reevaluate reassignment to a more appropriate APC for 2008. Breast
brachytherapy CPT codes 19296 and 19297 are classified as device-dependent procedures since they are reliant on the
use of a high cost device that is bundled into the procedure payment. APC 648 Breast Reconstruction with Prosthesis
includes other similar procedures to those of 19296 and 19297, The similarities not only are clinical but also in the cost
of the device. Should CMS discontinue the assignment of 19296 and 19297 in new tech APCs, an alternative request is
for both CPT codes to be reclassified to APC 648.



| recommend that breast brachytherapy codes 19296 and 19297 remain in their current New Technology APCs (1524
and 1523 respectively) for 2007 to allow the opportunity to collect additional claims data. Alternatively, | recommend that
CPT codes 19296 and 19297 be assigned to clinical APC 648 Breast Reconstruction with Prosthesis. To appropriately
capture all procedures in APC 648, it is also recommended that CMS revise the group title from Breast Reconstruction
with Prosthesis to Level IV Breast Surgery.

Sincerely,

R. (raig Dédeese. D

R. Craig DeWeese, MD
Norton Hospital
Louisvilte, KY

cc. Representative Ann Northup, Appropriations Labor-HHS Subcommittee
Carol Bazell, MD, MPH, Director, Division Qutpatient Services
Helen Pass, MD, FACS, President, American Society of Breast Surgeons
Mark A. Malangoni, MD, FACS, Chair, American College of Surgeons



CMS-1506-P-198

Submitter : Miss. Jugna Shah : Date: 10/01/2006
Organization :  Alliance of Dedicated Cancer Centers

Category : Health Care Provider/Association

Issue Areas/Comments

OPPS: Drug Administration

OPPS: Drug Administration
Please see the attached files.

CMS-1506-P-198-Attach-1.DOC
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The Alliance of Dedicated Cancer Centers:
Arthur G. James Cancer Hospital and Richard J. Solove Research Institute
City of Hope National Medical Center
Dana-Farber Cancer Institute
Fox Chase Cancer Center
H. Lee Moffitt Cancer Center and Research Institute
M.D. Anderson Cancer Center
Memorial Sloan-Kettering Cancer Center
Roswell Park Cancer Institute
Seattle Cancer Care Alliance
Sylvester Comprehensive Cancer Center

October 1, 2006

By Electronic Delivery

Centers for Medicare & Medicaid Services

Department of Health and Human Services

Room 445-G Hubert H. Humphrey Building

200 Independence Avenue, S.W.

Washington, D.C. 20201
Re: File Code CMS-1506-P: Medicare Program; Proposed Changes to the
Hospital Outpatient Prospective Payment System and Calendar Year 2007
Payment Rates; Proposed Rule

Dear CMS Administrator:

On behalf of the Alliance of Dedicated Cancer Centers (the “Centers”), an alliance of
ten nationally recognized institutions focusing exclusively on the care of cancer patients, |
am writing to comment on the Proposed Rule that would revise the Medicare prospective
payment system for hospital outpatient services, as published in the Federal Register on
August 23, 2006 (71 Fed. Reg. 49,506) (the “Proposed Rule”). The Cancer Centers,
individually listed above, appreciate the opportunity to submit our comments on the topic of

drug administration. This letter is the first of several comments that the Centers will be

submitting on the Proposed Rule.



OPPS: Drug Administration

For the past four years, the Centers have strongly supported improving drug
administration coding and payment policy under OPPS. We are pleased that CMS has proposed
a number of changes for drug administration services for 2007, including proposals to expand the
number of drug administration APC groups; moving away from per-visit payment to per-service
payment; and providing for separate payment for additional hours of infusion therapy. The
Centers anticipate continued refinements for drug administration coding, billing, and
reimbursement under OPPS. The Centers’ comments on drug administration for 2007 fall into
three main areas: coding, payment, and other issues for 2007. We address each of these

separately below.

Coding Policy -

The Centers are concerned with CMS’ proposal to continue requiring providers to
report a combination of HCPCS C-codes and CPT codes to report drug administration
services in 2007. This is how all providers report drug administration services to
Medicare. However, our other payers require the full set of 2006 drug administration
CPT codes to be reported. This has resulted in a situation where hospitals must report
one way to Medicare (HCPCS C-codes and CPT codes) and a different way to non-
Medicare payers (CPT codes), resulting in an enormous administrative and operational
burden.

Because more drug administration CPT codes exist than HCPCS C-codes, and
because providers are required to charge all payers the same, providers were forced to

learn how to code and bill all of the CPT drug administration codes this year. We trained



our charging staff, updated internal systems and processes, and revised our encounter
forms to reflect the full range of 2006 drug administration CPT codes. This was
necessary because, even though all of the CPT codes were not required for Medicare,
they were required by our other payers. The result is that the Centers and most other
providers are currently using the full set of CPT codes to charge non-Medicare payers for
drug administration services at the point of care, and converting the CPT codes into C-
codes for Medicare billing on the back-end, through edits in the billing system or by
conducting manual reviews. It is worth noting that several of the Centers created bill
edits in their bill scrubbers but found them to be unreliable and ultimately decided to
have specialized and dedicated coding staff review each record manually before
submitting claims to Medicare. Having dedicated FTEs rei/iewing records and
monitoring the coding and billing process is extremely resource intensive and
operationally burdensome. Nevertheless, we have been forced to “make it work” through
significant training and education efforts, internal edits, and manual review.

As CMS is aware, the Centers were never in favor of implementing the new 2006
drug administration CPT codes, since those fundamentally differ from the 2005 drug
administration CPT codes (which the anters strongly supported). We maintain our
earlier position: that the 2006 drug administration CPT codes are not applicable in the
hospital setting and should not be the final system of codes used to report drug
administration services under OPPS in the future. Our position is based on the fact that
the CPT codes were created by physicians, for physician use; in fact, the CPT Editorial
Panel now seems to recognize that the codes are not optimal for the hospital setting and

has indicated a willingness to revise them.



Since the Centers, like many other providers are already required to report the full
range of CPT codes to non-Medicare payers, and a partial set to CMS, a move to the full
use of drug administration CPT codes will streamline the administrative process. This
will enable providers to charge all payers in the same manner. We are prepared to use the
full set of drug administration CPT codes in 2007. However, we urge CMS to view this
as an interim solution only. It is essential that CMS address the fact that the drug
administration CPT codes need further revision for hospital use. The Centers urge CMS
to work with the AHA and the CPT Editorial Panel to make the necessary revisions so
that, by 2008, the CPT codes for drug administration will be appropriately applicable and
easy to use in the hospital setting.

The Centers are concerned about both the long-term applicability of the new CPT
codes and descriptions, as well as the narrative guidance included in the CPT book. As
noted, the codes were created for, and by, physicians for use in the private office setting
without regard to the educational, operational, and financial impact of hospital setting
implementation. The CPT Editorial Panel did not have hospital use in mind when it
made significant changes to the drug administration codes and descriptions, since
hospitals were still reporting Q-codes at that time and Medicare had not yet decided to
require CPT codes. A combination of bad timing, lack of communication, and poor
coordination between CMS and the CPT Editorial Panel has resulted in the burdensome
requirement that hospitals must report new codes for drug administration services in part
to CMS, and in full to many other payers. Nonetheless, the Centers continue to support
the use of CPT codes from 2005 and previous years instead of the old Q-codes, as CPT

coding allows for greater differentiation among infusion and injection services.



For this reason — despite opposing the current CPT codes and drug administration
descriptions — the Centers believe that CMS’ movement to the full use of CPT codes
would reduce much of our current operational burden related to charging different payers
with different code sets. It may also create the necessary impetus for CMS to work with
the AHA and the CPT Editorial Panel to revise the current CPT codes and descriptors to

ensure their applicability in the hospital setting. The Centers therefore urge CMS to

move to full implementation of CPT codes for reporting drug administration services

under OPPS for 2007. We also urge CMS to immediately begin working with the AHA

and the CPT Editorial Panel to revise the codes and descriptions for drug administration

services to ensure that they are equally applicable in both the physician and hospital

settings. The Centers would be pleased to provide CMS with recommendations on how
to revise existing CPT code descriptions to make them appropriate and usable in the

hospital setting.

APC Payment Groupings and Payment Policy

The Centers applaud CMS for using 2005 provider claims data to create six new
drug administration APCs, and for proposing to allow separate payment for each
additional hour of infusion therapy. The Centers also support CMS’ proposal to pay for
drug administration services on a per-service basis similar to other APC services (instead
of the per-visit payment which has been the case for drug administration services since
OPPS’ inception). We encourage CMS to make this proposal final for 2007. As a result
of this proposed change, we expect that the OCE/PRICER logic will be revised so that
claims are processed appropriately regardless of whether the CPT and C-code coding

methodology is retained or if full use of CPT drug administration codes is implemented.



At a minimum, this means allowing the OCE/PRICER to generate multiple APC
payments when multiple units of the same code are reported, or when multiple APCs are
generated as a result of the full use of CPT codes.

The Centers have carefully reviewed CMS’ Preamble Table 30.2 and agree with
the new APC payment structure. However, we are concerned about the placement of
several codes into APC groups.. First, the Centers agree with CMS’ proposed assignment
of C8952 into the Level III Drug Administration APC and expect that, if CMS moves to
the full use of CPT drug administration codes for 2007, the analogous CPT code, 90774
(therapeutic, prophylactic or diagnostic injection, IV push, single or initial
substance/drug), would be assigned to this same level. We question where CMS will
place CPT 90775 (therapeutic, prophylactic or diagnostic injection, each additional
sequential intravenous push of a new substance/drug), since it does not have an analogous
HCPCS C-code. The Centers believe this code should also be placed in the Level III
Drug Administration APC since the same facility resources are required whether a single
injection or multiple injections of the same or a different drug are given. If the resources
required are the same, the reimbursement should be the same as well.

Second, the Centers are concerned about the APC assignment and associated
payment rates for the following three chemotherapy administration codes:

e 96440 (Chemotherapy administration, pleural cavity requiring and including

thoracentesis);

e 96445 (Chemotherapy administration, peritoneal cavity requiring and

including peritoneocentesis);



e 96450 (Chemotherapy administration into CNS requiring and including spinal

puncture).

These chemotherapy administration services are far more invasive (e.g., they
require catheters inserted into body cavities) and require more facility resources than the
other drug administration services assigned to the same APCs. CMS proposes to place
CPT codes 96440 and 96445 in a Level IV Drug Administration APC (APC 439), with a
proposed payment rate of $97.50; and CPT code 96450 in a Level VI Drug
Administration APC (APC 441), with a proposed payment rate of $154.31.1 The
payment rates for these services are exceptionally low. For CPT codes 96440 and 96445
(drug administration plus the associated procedure as described in the code descriptors
above), the payment rate is even lower than the APC payment rate for the procedure
alone. For CPT code 96450, the payment rate is only slightly higher than the code for the
procedure itself. Table 1 below clearly shows the APCs and associated payment rates for
the three stand-alone surgical procedures and the three chemotherapy administration

services, which include the surgical procedure as part of the service.

' 71 Fed. Reg. 49,506, 49,754-49,848 (Aug. 23, 2006) (Addendum B).



TABLE 12

CPT/ APC
HCPCS | Short CPT Description | APC | Payment
32000 | Drainage of chest 0070 224.20
Puncture, peritoneal

49080 | cavity 0070 224.20
Spinal fluid tap,

62270 | diagnostic 0204 138.43
Chemotherapy,

96440 | intracavitary 0439 97.50
Chemotherapy,

96445 | intracavitary 0439 97.50

96450 | Chemotherapy, into CNS | 0441 154.31

The proposed APC payment rate for CPT codes 32000 for drainage of the chest
(thoracentesis) and for 49080 for puncture, peritoneal cavity (peritoneocentesis) is
significantly higher than the APC payment rate for the two chemotherapy administration
codes which include these prdcedures as part of the overall service. It is only logical that
the surgical procedure provided along with chemotherapy administration should result in
a higher APC payment than either service rendered alone -- yet this is not the case.
Although CPT code 96450 -- which includes both chemotherapy administration and the
lumbar puncture procedure (CPT 62270) -- has a slightly higher APC payment rate than
CPT code 62270 when provided on its own, this increase is not sufficient to cover the
extra costs associated with providing two services instead of one.

Therefore, the Centers urge CMS to move procedure codes 96440, 96445, and
96450 out of the proposed APC groups to which they are currently assigned. CMS
should either create a new APC group with a significantly higher payment rate, or simply

instruct providers to report both the surgical procedure code and the drug administration

*1d.



procedure code as separate line items. CMS will need to turn off the hospital Correct
Coding Initiative (CCI) edits related to these code pairs so the OCE/PRICER can
generate a separate APC payment for each separately billed service.

Finally, as stated above, we believe it will be easier for hospitals to report the full
set of CPT codes to all payers, including Medicare, in 2007. As such, we have provided
the following cross-walk from CPT codes to APC groupings for CMS to use in 2007. It
should be noted that our mapping is quite similar to the information that CMS provided

to the APC Advisory Panel at its March 2006 meeting.



TABLE 2

2007 | Administration

APC

Drug

APC Level

Proposed
CY 2007
APC
Median

CPT/HC

Code

Description

Notes

0436

LEVEL |

$10.71

50472

Immunization admin, each add

90473

Immune admin oral/nasal

90474

Immune admin oral/nasal addl

90779

Ther/prop/diag inj/inf proc

95115

Immunotherapy, one injection

96549

Chemotherapy, unspecified

0437

Level 11

$25.49

90772

Ther/proph/diag inj, sc/im

90471

Immunization admin

95117

Immunotherapy injections

95144

Antigen therapy services

95145

Antigen therapy services

95146

Antigen therapy services

95147

Antigen therapy services

95148

Antigen therapy services

95149

Antigen therapy services

95165

Antigen therapy services

95170

Antigen therapy services

G0008

Admin influenza virus vac

G0009

Admin pneumococcal vaccine

0438

Level 111

$48.99

90773

Ther/proph/diag inj, ia

90774

Ther/proph/diag inj, iv push, single or intial substance/drug

90775

Ther/proph/didg inj, iv push, each additional sequential intravenous push of a
new substance/drug

90761

Intravenous infusion for therapy/diagnosis; each additional hour

90766

Intravenous infusion for therapy/diagnosis/prophylaxis; each additional hour,
up to 8 hours

96401

Chemo, anti-neopl, sg/im

96402

Chemo hormon antineopl sq/im

96405

Chemo intralesional, up to 7

96406

Chemo intralesional over 7

96542

Chemotherapy injection

96411

Chemotherapy administration; intravenous push technique, each additional
substance/drug

0439

Level IV

$97.84

96409

Chemotherapy administration; intravenous push technique, single or initial
substance/drug

96420

Chemo, ia, push technique

96415

Chemotherapy administration, intravenous; infusion technique; each additional
hour up to 8 hours

96423

Chemotherapy administration, intra-arterial; infusion technique; each
additional hour up to 8 hours

90767

Intravenous infusion, for therapy/diagnosis/prophylaxis; additional sequential
infusion, up to 1 hour

96440

Chemotherapy, intracavitary

Move to new APC or allow payment
for this code + the procedure code

96445

Chemotherapy, intracavitary

Move to new APC or allow payment
for this code + the procedure code

0440

Level V

$112.94

90760

Intravenous infusion, hydration; initial up to | hour

90765

Intravenous infusion, for therapy/diagnosis/prophylaxis; initial, up to 1 hour

96417

Chemotherapy administration, intravenous; infusion technique; each additional
sequential infusion, up to | hour

96521

Refiil/maint, portable pump

96522

Refill/maint pump/resvr syst

0441

Level VI

$154.86

96413

Chemotherapy administration, intravenous infusion technique; up to | hour,
single or initial substance/drug

96416

Chemo prolong infuse w/pump

96422

Chemo ia infusion up to [ hr

96425

Chemotherapy, infusion method

96450

Chemotherapy, into CNS

Move to new APC or allow payment
for this code + the procedure code

8957

Tntravenous miusion for therapy/diagnosis, mitiation of prolonged infusion
(more than 8 hours), requiring use of portable or implantable pump

Keep as C-code

Packaged

N/A

N/A

90768

Intravenous nfusion, tor therapy/diagnosis/prophylaxis, concurrent 1nfusion
(report only once per encounter)
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Additional Drug Administration Issues

CPT codes are not intuitive for hospital use, as noted above. For this reason, the
Centers and other providers have asked the CPT Editorial Panel and the AHA for
information, examples, and clear guidance on applying concepts such as initial,
sequential, and concurrent services. Guidance has not been forthcoming to date,
however. Therefore, we urge CMS to release detailed guidance on these and other drug
administration issues that have been the subject of much debate this year.

A second issue stems from the fact ’that, for 2006, CMS recognized that it was
unnecessary to include time (hours) in the code descriptors for the add-on infusion codes
(C8951 and C8955), which allowed providers to report one line item for the first hour of
infusion and a second line item for the additional hours with no maximum unit of service
limit. However, the analogous drug administration CPT codes do have an upper limit of
“up to eight additional hours,” which means that additional line items of the add-on codes
would have to be reported for infusions greater than nine hours and 31 minutes. If CMS
moves to the full use of CPT codes for drug administration in 2007, it should allow
hospitals to “ignore” the limit of 8 additional hours in the description of the add-on
infusion codes. This will enable hospitals to report these services as they report them
today, and in a manner that does not create additional administrative burdens for hospital
billing systems.

A third issue CMS will need to address if it moves to the full use of CPT codes
for drug administration in 2007 is how providers should report the “initiation of
prolonged infusion (more than 8 hours) for therapy or diagnosis requiring the use of a
portable or implantable pump.” For 2006, CMS released a new HCPCS Level II code

(C8957) to report this service, but no equivalent CPT code currently exists. The Centers
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agree with CMS’ decision to create this code, as it allows providers to report prolonged
non-chemotherapy infusions. If CMS moves forward with the full use of CPT codes for
drug administration in 2007, we suggest that it continue to allow providers to report
C8957. We do not believe this will be problematic in reporting to other payers, since
there is no existing CPT code for this service.

Finally, if CMS does not move forward with the full use of CPT codes (choosing
to retain a combination of HCPCS C-codes and CPT codes for reporting drug
administration services), it must provide clear guidance on how hospitals should report
hydration and a therapeutic infusion when provided during the same visit (but not
concurrently). There is currently only one code (C8950) to report both services. An
example of this situation is as follows: a patient presents to the hospital and receives an
hour of medically necessary hydration, followed by an hour of an antibiotic infusion.
Both infusions are separate and distinct and both are given for an hour, yet Medicare has
only one code to report both services. Because CMS has always employed per-visit
payment for drug administration services, this has not been an issue, as Medicare has to
date only ever paid for the first hour of an infusion service. With per-service payment
proposed for drug administration services in 2007, the Centers expect to receive payment
for the actual services they provide. In the example above, the Centers would expect to
receive two APC payments: one for the first hour of hydration, and one for the first hour
of the antibiotic infusion.

CMS must clarify how it expects providers to report the above scenario. For
example, CMS might allow two units of the first hour code (C8950) to be reported

without any modifier and have the OCE generate two APC payments. Alternatively,
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CMS might require two separate line items of C8950, one with modifier -59. It should
be noted that, in the physician office setting, this scenario currently results in two
séparate payments through the use of different codes for hydration and for therapeutic
infusion. CMS should allow the same payment result in the hospital setting even if it
chooses to stay with a combination of CPT and HCPCS C-code reporting in 2007.

The Centers also urge CMS to review its policy of not allowing separate payment
for multiple IV push injections of the same drug. Prior to 2006, providers reported IV
push injections using CPT code 90784, which did not include any descriptor language
limiting reporting based on whether the same drug or a new drug was pushed. Hospitals
billed and received payment for each separately identifiable IV push reported, regardless
of the drug. This is significant, as hospitals often push the same drug multiple times
during a single patient visit and the facility resources, including nursing time, are no
different whether the same drug or a different drug is provided to the patient. When
hospitals administer an IV push injection of a packaged drug, providers lose
reimbursement for both the IV push injection service and the drug, which we believe is
grossly inappropriate. The Centers recommend that CMS revisit its policy on this issue
and allow separate payment of multiple IV pushes regardless of whether the same or

different drug is pushed.
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¥ ok ok ok

Thank you for your willingness to consider our views. We hope that CMS will
address the concerns described above and make the necessary adjustments to OPPS to
ensure equitable reimbursement for state-of-the-art cancer care. If you have any
questions or require additional information, please contact the Cancer Centers’ technical

consultant on OPPS matters, Ms. Jugna Shah, at (215) 888-6037.

Sincerely,

James S. Quirk
Executive Director
Alliance of Dedicated Cancer Centers .
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I support the position as outlined by the American Society of Diagnostic and Interventional Nephrology (ASDIN).
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September 25, 2006

Office of the Administrator

Centers for Medicare and Medicaid Services
Department of Health and Human Services
Mail Stop C4-26-05

7500 Security Boulevard

Baltimore, MD 21244-1850

Attention: CMS-1506-P; Medicare Program; Hospital Qutpatient Prospective Payment System
and CY 2007 Payment Rates;

Dear CMS Administrator:

As a board certified Radiation Oncologist on staff at the Medical University of South Carolina (MUSC), 1
am very concerned about the 2007 CMS HOPPS proposed rule # CMS-1506-P and the impact these new
rates will have on breast conservation surgery and brachytherapy irradiation treatments. My concerns lie in
the proposed re-assignment of CPT codes 19296 and 19297 to new APCs and the proposed new payment
methodology for brachytherapy sources in 2007.

| appreciate the opportunity to provide comments and truly believe CMS should continue with CPT codes
19296 and 19297 being assigned to New Technology APCs 1524 and 1523 respectively. The CMS
proposed reassignment of these codes from New Technology APCs to clinical APCs in 2007 would result in
considerable decreases in 2007 payment. The table below illustrates the reductions, ranging from —22.8%
to —37.0%.




2007 2007 Payment
HCPCS Code 2006 | 2006 Proposed Proposed Change Percent Change
APC Payment 2006-2007

APC Payment 2006-2007

19296 Breast interstitial

radiation treatment, 1524 $3,250 30 $2,508.17 ($741.83) -22.8%

delayed

19297 Breast interstitial

radiation treatment, 1523 $2,750 29 $1,732.69 ($1,017.31) -37.0%

immediate '

If CMS passes the proposed APC assignments, the cost of the device will surpass the proposed payment
rate. This will severely limit our ability to offer this breast cancer treatment option to Medicare eligible

women.

CMS should maintain 19296 and 19297 in the New Tech APCs 1524 and 1523 respectively so that it may
collect claims data through calendar year 2006 and reevaluate reassignment to a more appropriate APC for
2008. These CPT codes are device-dependent and the APC assigned, must cover the cost of the device.
Of note: the cost of the brachytherapy device is the same when implanted at time of lumpectomy or
during a separate procedure.

In relation to the proposed new payment methodology for brachytherapy sources, our hospital purchases the
radiation source that is used in breast conservation treatment and bills C1717 for the HDR Iridium 192. |
must inform you that it is very necessary for CMS to continue with the cost to charge ratio payment
methodology in order to continue providing breast conservation treatment to your Medicare patients. Our
hospital must be able to cover the costs of the radiation source; if not, we will not be able to continue to
provide this less invasive, highly-effective cancer treatment to your Medicare beneficiaries.

| recommend that breast brachytherapy codes 19296 and 19297 remain in their current New Technology
APCs (1524 and 1523 respectively) for 2007 to allow the opportunity to collect additional claims data.
And further recommend that CMS continue current payment methodology for all brachytherapy sources at
hospital charges adjusted to cost calendar years 2007 and 2008.

| respectfully request that CMS heed my recommendations. | would like to continue servicing your Medicare
beneficiaries.

Regards,

P

””‘”“ %T‘\f\,(

i i 1

. ; :
Joséph M. Jenrette, 111, MD
Professor and Chairman
Department of Radiation Oncology

[ER————

cc: Senator Mike Enzi, Chair, Senate Health, Education, Labor and Pensions Committee
Senator Dianne Feinstein, Co-Chair, Senate Cancer Committee
Senator Sam Brownback, Co-Chair, Senate Cancer Committee
Senator Thad Cochran, Chairman, Senate Appropriations Committee
Representative Michael Bilirakis, Energy and Commerce Health Subcommittee
Representative Ginny Brown-Waite, Co-Chair, Congressional Caucus for Women’s Issues
Representative Katherine Harris, Member House Cancer Caucus
Representative lleana Ros-Lehtinen, Vice Chair, Congressional Caucus for Women’s Issues
Carol M. Bazell, M.D., M.P.H., Director, Division of Outpatient Care
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James Rubenstein, MD, Chairman, American College of Radiation Oncology
Prabhakar Tripuraneni, MD, Chair, American Society of Therapeutic Radiation Oncology
W. Robert Lee, MD, President, American Brachytherapy Society





