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CHAPTER 1

INTRODUCTION
AND OVERVIEW OF THE THESIS






INTRODUCTION

Our present knowledge about bedside physical examination is rooted in ancient medicine.
Pharaonic and later Greek doctors examined patients by inspection and palpation and applied
their ear to the patient’s chest, listening to the sounds and movements of the heart. This was
known as “direct auscultation”. It was not before 1819 when the French physician Théophile
René Hyacinthe Laennec introduced the stethoscope for “indirect ausculatation”(1}. The word
stethoscope was derived from the Greek words szethos meaning “chest” and skopein meaning
“seemg” and in fact is a misnomer.

Siace then, many advances in cardiac diagnosis and more particularly in imaging have
occurred, X-rays were discovered by Rontgen at the end of the 19th century. The concept of
cardiac imaging as part of the physical bedside examination was introduced in 1904 by W.
Rollins who combined a fluorescent screen and a stethoscope, the so-called “Sechear™
instrument (2). Probably, the most important advance was the use of reflected ultrasound-
echocardiography and was developed by Edler I and Hertz H in the 1950s (3).

In 1978, the first small hand-held ultrasound device was constructed by Ligtvoet et al (4)
and introduced as part of the physical examination by Roelandt et al in Rotierdam (5,6).
However, the concept was ahead of its time and in combination with poor image quality,
practical limitations and reimbursement issues its further development was discontinued.

Today, advances in microcomputer fechnology have led to the construction of
sophisticated small hand-held ultrasound devices with high imaging quality and low cost.

These devices are referred to in the literature with various names: hand-held ultrasound or

hand-carried cardiac ultrasound devices, personal ultrasound imagers (PUI), small personal
ultrasound devices (SPUD), point-of-care echocardiography, ultrasound cardioscopes or
ultrasound stethoscopes and band-held scanners.
In this thesis we report the many evaluation studies with the hand-held ultrasound device in
the assessment of different cardiac pathologies and in different clinical settings. The reason
for using the term “ultrasound stethoscopy™ is that these devices are augmenting our physical
examination by allowing to visualise the heart and hence extend our physical sense of
“seeing”. Since stethoscopy stands for “seeing the heart” as previously mentioned, the term
ultrasound stethoscope seems 1o be the most appropriate term describing these instruments.

One could argue that the introduction of echocardiography at the bedside could weaken the
importance of auscultation and the physical examination in particular. However, 1t was

echocardiography that brought out the limitations of physical examination in many cardiac
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conditions and also exposed human auditory limitations (7-10). Although auscultation entered
a modern era with the introduction of electronic stethoscopes (11), physicians rely on more
sophisticated technology. Inadequate training and time pressure due to increasing work foad
of patients in combination with the availability of advanced technologies are the reasons of
poor auscultatory proficiency seen in recently trained physicians particularly in developed
countries (12}, Nevertheless, we have to admit that direct observation such as seeing is more
accurate for cardiac diagnosis than indirect observation such as hearing. “Seeing” enables the
preclinical detection of pathologies and especially pathologies that are beyond physical signs,
e.g. small mass lesions.

The first reactions from experienced echocardiographers to the ultrasound stethoscope

were related to its capabilities/limitations and the training required for physicians who use it
(13). The last 2 years refinements in the technology of the ultrasound stethoscopes and
addition of modalities like spectral Doppler and M-Mode have improved the diagnostic
potentials of these devices.
No doubt that training is required to use an imaging device. Recently the American Society of
Cardiology (14) published guidelines regarding the use of ultrasound stethoscopes
recommending Level I of training {15} as an absolute minimal level required. However, recent
studies have shown that it is possible to train physicians and students for the detection of
significant pathologies in a short period (16,17).

We have to accept that the idea of a “personal” ultrasound stethoscope is appealing and in
combination with its low cost it 1s clear that in future larger number of physicians and not
only cardiologists will have access to this technology. The use of these devices by general
practitioners can lead to early diagnosis and management of patients and hospitals will benefit
from the lower rate of inappropriate referrals. Moreover, introducing the ultrasound
stethoscope into the medical school curriculum like the stethoscope will result in physicians

capable of using these devices as an extension to physical examination.

Having worked with ultrasound stethoscopy the last 2 years | can say that such devices are
friendly to use and make both feel comfortable, physician and patient.

For the first time we have direct imaging of the heart at the bedside examination wherever
the physical examination is needed.
Characteristically, performing echo examinations with the ultrasound stethoscope at the

outpatient cardiology clinic blinded to the physical examination of colleagues, I could
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appreciate the superiority of direct bedside imaging since most of the times the request for an
echocardiographic study could have been avoided.

The enthusiasm with which colleagues accepted the ulirasound stethoscope and
incorporated it into their physical examination was a proof of recognition of the ability of this
technology to increase the diagnostic accuracy at the bedside.

To my biggest surprise, during my presentations about ultrasound stethoscopy at
international congresses and following highly scientific sophisticated topics like shear stress
and strain rate fissue imaging, it was the ultrasound stethoscopy session that caught the
attention of the audience. Being afterwards approached not only by cardiologists but also
physicians of other specialities, [ realised that we have entered a new era in daily clinical

practice.

Ultrasound stethoscopy is a fast developing field in cardiology. Physicians should embrace
this innovation and add it to their physical examination. This will result in better patient’s care
and cost savings since a definitive diagnosis 1s made in the majority of patients leading to

their instant management.
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Outline of thesis

OUTLINE OF THE THESIS

The first chapter gives an introduction to the thesis. Methodelogy and an outline of the thesis

are thoroughly presented.

This thesis consists of three parts.

PartI:

Part I {chapter 2-3) presents the ultrasound stethoscope as a diagnostic tool.

Chapter 2 introduces ultrasound stethoscopy as a new imaging tool in daily clinical practice.
Clinical and scientific background and an overview of the potential applications of ultrasound
stethoscopy are brought to attention.

Chapter 3 describes our first experience of the utility of such a prototype device in the
diagnosis of cardiac pathomorphology and global and regional left ventricular function in 114
consecutive outpatients. The results of a standard echocardiographic system were used as a

reference.

Part IT:

Part II (chapter 4-8) discusses the evaluation of an ultrasound stethoscope as a potential
screening tool for specific cardiac pathologies.

In chapter 4, 100 patients at risk for abdominal aortic ancurysm were screened for this
disorder with an ultrasound stethoscope. The results of a standard echocardiographic system
were used as a reference. An abdominal acrtic aneurysm was defined as a focal transverse
enlargement of the aorta >30mm with the standard echo system. This study is presented also
as a short report {pilot study) in the same chapter.

The enhanced diagnostic accuracy by combining new imaging modalities like ultrasound
stethoscopy, intravascular ultrascund and spiral computed tomography can be appreciated in
chapter 5.

Next, we screened 100 consecutive hypertensive patients, who visited the hyperiensive
outpatient clinic for left ventricular hypertrophy (chapter 6). Measurements of the thickness of
the anterior septum and posterior wall and of the end-diastalic dimension of the left ventricle
using the parasternal 2D-long axis view were performed with both imaging devices. Left
ventricular hypertrophy was defined as an increase in left ventricular mass >134 g/m’ for men

and 2110 g/m’ for women, when indexed for body surface area and 2143 g/m for men and
g Y g
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2102 g/m for women, when indexed for height. Again, the results of a standard

echocardiographic system were used as a reference.

Chapter 7 describes the diagnostic potential of an ultrasound stethoscope in screening for left
ventricular dysfunction. In 88 consecutive patients with suspected left ventricular dysfunction,
visual estimation of left ventricular ejection fraction made with the ultrasound stethoscope
was compared to a quantitative assessment of left ventricular ejection fraction on the standard
echo system, using the Simpson’s biplane discs method and to BNP measurements. The
inferior vena cava collapse was also assessed with both devices as a potential screening
parameter for left ventricular dysfunction.

In chapter 8, we proceeded further to evaluate the effect of myocardial contractile reserve,
assessed with dobutamine stress echocardiography, on plasma BNP levels in patients with
reduced left ventricular systolic function. Sixty-one consecutive patients referred tfo
dobutamine stress echocardiography for the evaluation of known or suspected coronary artery

disease were evaluated.

Part T

This part is evaluating the cost-effectiveness of ultrasound stethoscopy in clinical practice
{chapter 9-11).

Chapter 9 presents the utility and cost-effectiveness of ultrasound stethoscopy during cardiac
consultation rounds in 107 consecutive patients from non-cardiac departments with suspected
cardiac disease. The consultant cardiologist performed after the physical examination an
echocardiographic study with the ultrasound stethoscope and noted whether the findings of
the ultrasound stethoscope were adequate for final diagnosis. All patients subsequently
underwent a study with a standard echocardiographic device. The total cost when full
echocardiography was employed was compared to the cost when the ultrasound stethoscope
was used.

An example of instant definitive diagnosis during consultation rounds is presented in chapter
10. The diagnosis of an endocarditis of the tricuspid valve in a 20-year-old patient was
established with an ultrasound stethoscope. This was verified with a transesophageal study

with a standard echocardiographic device.

In chapter 11, our cbjective was to assess the diagnostic utility and practicality of ultrasound

stethoscopy in an outpatient cardiology clinic evaluating 300 new patients. Echocardiographic

16
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examination was performed blinded to the physical examunation. The number of patients in
which the ultrasound stethoscope was able to confirm or reject the referral diagnosis and the
number of unexpected findings were assessed. These data were compared to the diagnosis and

request for 2 standard echocardiographic study by the cardiologist.

Finally, chapter 12 provides conclusions and swmmarizes all the above studies giving an
insight and thoughts to our findings. Limitations and future perspectives of ultrasound

stethoscopy are discussed.

17
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o Chapter 2

ABSTRACT

Small personal ultrasound imagers allow to see the heart and its pathology during the physical
examination. Seeing the invisible pathology strengthens its diagnostic accuracy and provides
vaiuable quantitative information for patient management. These devices will be useful m the
emergency room and critical care environment where the diagnosis or exclusion of some life
threatening conditions will shorten delays in therapy. Better indications and more targeted
referral for expensive imaging technologies will lead to significant cost savings. “Focussed”
or goal-oriented echocardiographic examinations wiih these devices allow to answer specific
questions, to follow-up common conditions and to test the effect of therapy at the bedside or

in office practice.



Ultrasound stethoscopy

Echocardiography is currently the most widely used and cost-effective diagnostic imaging
teol in cardiology. Since it is often the best or even the only applicable method, it has largely
supplanted other imaging modalities in a wide variety of health care enviromments.
Miniaturisation and digital techniques recently resulted in the development of high reselution
battery-powered personal ultrasound imaging devices with excellent grey-scale and colour
blood flow imaging capabilities. These personal imagers are appropriately named “ultrascund
stethoscopes™ since they allow to look into the chest (stethos=chest and skopein=see) and see
the heart and its pathology during the physical examination. They can be used anytime
anywhere just like a conventional E‘.tethoscopez.i

We will discuss the potential of these small ultrasound imaging devices in different clinical

scenarios and how they may extend the physical examination and the practice of cardiology.

ULTRASOUND STETHOSCOPES

Two small hand-held ultrasound imagers have recently been introduced {SonoHeart™,
SonoSite, Tne. Bothell, WA, USA and OptiGo'™, Agilent Technologies, Andover, MA,
U.S.A) (figure 1). They are based on miniaturised digital technology and make use of phased
array transducers providing high-resolution two-dimensional dynamic grey-scale tissue
imaging combined with colour Doppler flow imaging (directional for the SonoHeartTM). The
upgraded SonoHeart Plus™ device features second harmonic imaging and has integrated M-

mode and pulsed-wave Doppler capabilities as well as an electrocardiographic reference lead.

The devices operate on a rechargeable battery or AC cuwrrent and have measurement packages
including linear measurement callipers. The internal memory of the ScnoHeart™ allows
storage up to 120 images, which can be downloaded into a PC and there is a video output,
which can be connected to a monitor or to a VCR for permanent recording. The OptiGo™

allows images to be documented on a CompactFlash card.

Other companies are also developing wumaturised ultrasound imaging systems, The
Terason™ device (Teratech Corp, Burlington, MA, USA) has the micro-miniaturised
ultrascund system incorporated in the transducer and connecis to a notebook PC {figure 1}
The small ultrascund devices should not be confused with the portable desktop systems which
are full featured systems.

The examination procedure with these devices s the same as with standard echocardicgraphy

and all precordial windows can be used for structure and blood flow imaging. Our experience
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with the SonoHeart™ and OptiGo™ device indicates that morphologic data obtained in
standard cardiac views and basic linear measurements of structures and cavities adequately

compare with those documented with standard equipment.”

CLINICAL USES

The physical examination remains the comerstone of the initial evaluation of a patient with
suspected cardiovascular disease. However, notable shorfcomings in examination skills and
more particularty in auscultation have been documented even afier training with innovative
instructional methods.” In addition, over the years, echo/Doppler studies have brought out
the limitations of the physical examination in many cardiac conditions, particularly in the
early stages of disease and no quantitative information is obtained.” “Visualising the heart”
with the ultrasound stethoscope as part of the physical examination provides additional
information beyond what we can perceive with palpation and auscultation and allows 1o
rapidly confirm a cardiac abnormality (valve disease, shunt (figure 2), cavity dilatation,
hypertrophy. pericardial effusion, wall motion abnormality) and often to make a specific

diagnosis in any clinical setting {(table 1 and figure 3).

TABLE 1
THE ULTRASOUND STETHOSCOPE

Rapid clinical diagnosis

Source of murmurs

Dilated heart
Pericardial effusion, emergent tamponade
Pulmonary embolus
Valvular disease

Mass lesion
Wall function

Dilatation abdominal acrta/aneurysm

Incidental findings are also regularly recognised.” The routine physical cardiac examination
can be extended by imaging and by obtaining limited quantitative measurements of the
inferior vena cava, liver, spleen and abdominal aorta. The loss of inspiration narrowing of the
inferior vena cava is a reliable and sensitive marker of elevated central venous pressure and

right heart faiture (figure 4)."® The major strength of a limited echo/Doppler examination is its

22
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specificity that allows to exclude a cardiac abnormality with great certainty after limited
training. However, it is crucial to have sensitive colour flow imaging capabilities.

Standard echocardiography involves a comprehensive examination with complex equipment
by an operator with considerable training and experience. However, the diagnosis and follow-
up of many cardiac conditions requires only a fraction of the potential of these expensive
facilities and a specific clinical question can often be answered within litile time and with
little examination protocols.” '™ The ultrasound stethoscope is very suitable for such a
“focussed” or “goal-oriented” examination. The resolution of a pericardial effusion after a
pericardiccentesis (figure 5), cardiac dimensions and left ventricular (1.V) function both of
which are important parameters in the follow-up of many patients are rapidly assessed at the
bedside (agreement for semi-quantitative LV size assessment between standard
echocardiography and SonoHeart™ in 111 consecutive patients was 99%; kappa value 0.970
and for ejection fraction 93%; kappa value 0.871)." Patients with hypertension and LV
hypertrophy have an increased risk of a cardiovascular event and the success or failure of their

antihypertensive treatment can be assessed by wall thickness measurements (figure 6). 21

“Goal-oriented” echocardiography will undoubtedly become part of the mitial physical
examination by primary care physicians to identify or exclude & cardiac condition who will

use telecommunication technology for consultation in the future.'

The ultrasound stethoscope can effectively assist in the initial evaluation and rapid diagnosis
of potentiaily life threatening conditions in the inrensive care environment or in situations
where quick-decision making is essential. In many such sifuations standard echocardiography
is not rapidly available. The ulirasound stethoscope carried by the attending cardiologist
provides data inaccessible by clinical examination and allows to immediately diagnose or
exclude an emergent tamponade, a dilated heart and valvular pathology (e.g. calcific aortic
stencsis in low output state) (figures 7 and §).

Pericardiocentesis can be guided and the effects of acute interventions (e.g. fluid challenge in
hemodynamically compromised patients, mnotropic drugs) monitored through estimation of
cavity dimensions, ¢jection fraction and wall dynamics (figure 9).

In a recent study by Goodkin et al'®, the potential of a hand-held device to rapidly obtain
important clinical information during the physical examination in critically ill patients was
demonstrated. However, proper management of these patients often requires hemodynamic

data which are obtained with standard equipment. Immediate echocardiographic assessment

23
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in the emergency room has been reported to considerably shorten the time to diagnosis of

. L : - .20
penetrating cardiac injury and to improve the chances of survival.?

Right ventricular
involvement in acute myocardial infarction and the mechanical complications of a myocardial
infarction are readily diagnosed in the corenary care wwit. BEchocardiography of the right
heart is of great value in patients with acute pulmonary embelism.”! The demonstration of
right ventricular dilatation and paradoxical septal motion in peatients clinically suspected
raises the level of suspicion significantly while their absence does not exclude pulmonary
embolism. On the other end, many conditions that clinically mimic pulmonary embolism are
rapidly identified.” Regional wall function abnormalities are reliably detected (90%
agreement in 204 segments of 34 patients), a potential which can be utilised in chest pain
clinics for rapid screening the context of acute chest pain and a non-diagnostic
electrocardiogram in chest pain clinics.’

The ulirasound stethoscope could be used for screening and identifying unexpected cardiac
disorders with a low prevalence in a specific population. However, the sensitivity of these
devices for identifying certain conditions is still to be defined and the competence and
training level of the examiner is an important aspect to consider. The feasibility of community
screening for asymptomatic LV dysfunction has been demonstrated *

The ultrasound stethoscope allows rapid screening for an cccult aortic abnominal aneurysm in
patient groups “at 1isk” (patients with coronary artery disease, hypertension, elderly) {(figure
10).*% Physical examination is notably insensitive in moderately enlarged aneurysmata and
obese patients. Aortic diameter measurements compared well to those obtained with standard
equipment (agreement 97% in 100 consecutive patients; kappa value 6.810) and are obtained
in a few minutes during a routine physical examination,

Limited echocardiography allows to screen for left ventricular hyperirophy (agreement with
standard echocardiography in 100 consecutive patients 92%, kappa value 0.730) and to follow
the effect of treatment 1n office practice.'2

Mitral valve prolapse is often suspected in otherwise asymptomatic individuals. This disorder
can be excluded or confirmed in a limited number of standard views (figure 11).%

Potentially dangerous conditions can be identified in preparticipation screening of athletes.
Hypertrephic cardiemyopathy, a dilated ascending aorta (Marfan) (figure 12) and valvular
abnormalities (bicuspid valve, mitral valve prolapse) are the most common disorders and are
reliably detected by experienced examiners>*® However, screening for cardiac disorders in

young athletes and asymptomatic individuals involves a high risk of a false positive diagnosis.
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DISCUSSION

In 1904, W. Rollins described the “Sechear”, a device combining a fluoroscope with a
standard stethoscope extending the clinical perception of the auscultation with seeing.
Clearly, ultrasound offers obvious advantages over x-rays. We developed and used an
ultrasound stethoscope (MinivisorTM, Organon Teknica) as early as 1978.%% and in 1988, a
hand-held sector scanmer (ScanMate'™, Damon Corp) was introduced by the Rochester
group***! However limited imaging performance and reimbursement issues did not stir the
enthusiasm of cardiologists who were confronted in those days with the rapidly expanding
capabilities and applications of the high-end ultrasound systems. Now, technology allows to
construct small personal imaging systems with excellent structure and blood flow 1imaging.
Expanding our routine physical examination with a small persenal imager will significantly

strengthen our diagnostic capabilities (table 2)

TABLE 2
THE ULTRASQOUND STETHOSCOPE

Seeing the invisible during the physical examination provides:
Higher diagnostic specificity and sensitivity
Farly {preclinical} diagnosis
Functicnal assessment
Blood flow information
Inferior vena cava collapse
Quantitative information

Abdominal aorta measurement

Cn the basis of normal structure and functional findings in the absence of bloed flow
turbulence, all of which can be tested in a limited number of imaging views, a cardiac
disorder can be excluded with 2 high degree of certainty. This high negative predictive value
15 ideal for rapid screening to avoid referral of normals and for a more cost-efTective use of
our expensive diagnostic imaging facilities. Personal imagers will therefore have an impact
not only on the physicel examination but also on the use of echocardiography and other
imaging modalities by targeted referral. A major application will become its use n a cntical
care environment. Direct diagnosis or exclusion of some life threatening conditions will

shorten delays m proper management and therapy and lead to important cost-savings, These

I
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devices are exiremely suited for a limited “focussed” ultrasound examination to follow the
course of a disease or to test the effect of therapy in the outpatient clinic in office practice.
Obviously, a small ultrasound imager must be used as an adjunct of the physical examination
and cannot substitute for the high-end ultrasound systems.' Therefore, its use involves some
compromises which will be learned when applications are expanding. Training of non-
echocardiographers may become an important issue and should focus on criteria of normaley
and identifying both major and acute cardiac disorders. In fact, the device should be used in a
way comparable to auscultation; whenever there is doubt, further echo/Doppler is
examination is indicated. Training prograins and continuing medical education including
performance testing can be organised with modemn electronic means. In the future, advances
in communications and software will allow for diagnostic support from experienced
laboratories or intensive care units.

1t should be remembered that the real value of any imaging technology is intimately
dependent on our intellectual contribution: how, when and what clinical scenario it will have

its optimal clinical impact.
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Figure 1
Photographs of the (A) Minivisor ™ developed in 1978.7* and currently available hand-held
ultrasound devices (B) OptiGo™, (C) SonoHeart ™ and (D) Terason' .
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Figure 2

Apical four chamber view of a patient with an atrial septum defect of the secundum type.
Both atria are dilated and the left-to-right shunting blood flow through the defect is visualised
(OptiGo™).

Figure 3
Apical four chamber view of a 23-years-old-female with systemic¢ lupus erythematosus and

shortness of breath. The referral diagnosis was: pericarditis? The patient has regurgitant jets

of aortic regurgitant (A) and mitral regurgitation (B), but no pericarditis {OptiGo™)
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Figure 4
Imaging of the inferior vena cava (IVC) through the liver during expiration (A} and
inspiration (B). The caliper function ailows measurement of the IVC dimension during

expiration (2.6 cm) and during inspiration (1.9 cm). A collapse of less than 50% indicates an

elevated right-sided filling pressure® (OptiGo™).

Figure 5

Long-axis views of patients with pericardial effusion (PE). (A) A small PE postoperatively

and (B} a large PE of a patient with clinical signs of tamponade (SonoHeal“fTM).
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Figure 6
Measurement of septal thickness in a 49-years-old man with hypertension using the integrated

calliper function. Thickness is 1.3 em (normal < 1.2 cm) (SonoHeart™).

Figure 7

Long-axis view of a 72-years-old man with no history of cardiac disease and progressive
dyspnea. His referral diagnosis was: cardiomyopathy?

A calcific aortic valve is seen with turbulent flow in the aorta in systole and a regurgitant jet
in the outflow tract in diastole. The left ventricular end-diastolic dimension is 60 mm. The

patient has degenerative calcific aortic stenosis and regurgitation (Opti(}om).
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Figure 8
Apical four chamber view of a 45-years-old male with dilated cardiomyopathy. (A) A mitral

regurgitant jet is visualised (SonoHeart' ). The imaging quality of the hand-held device can

be appreciated against that of a standard echocardiographic system (HP, Sonos 5000™),

Figure 9
Principle of estimating of left ventricular efection function in the parasternal long axis view.
A calliper function allows to measure the left ventricular dimensiens in end-diastole (5.26 cm)

and end-systole {2.99 cin) — the fractional shortening is 45% (SonoHear‘aTM).
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Figure 18

Imaging of the abdominal acrta. (A) Normal abdominal aorta - dimension 2.1 em (OptGo ™)

and (B) aneurysim of the abdominal aorta (dimension 5.0 ¢m) (SonoHeart TM),

Figure 11
Apical four chamber view of a 65-years-old female with prolapse of the posterior mitral
leaflet and eccentric jet towards the interatrial septum. The patient was referred for the

evaluation of palpitations and was known to have a systolic murmur (OptiGo™™).
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Figure 12

Long-axis view of a 74-years-old male with lung infection. The patient was referred for pre-

operative cardiac evaluation. A dilatation of the ascending aorta measuring 4.4 cm is seen
(OptiGo ™).
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Experience with an Ultrascund Stethoscope
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Background: To rest the diagnostic potential of the
SoncoHeart, a battery-powered hand-held ultrasound
imaging device, in an ouwtpatient clinic setting.

Methods: & total of 114 patients with a variety of
cardiac diseases were examined by 2 independent
cardiologists with the hand-held device using the
standard echocardiographic system (SE} xs a refer-
ence. Global right ventricular {(RV) and left ventric-
ular (I¥) function (scored as normal, mildly to
moderately, or severely reduced) and internal cavity
dimensions were assessed. Regional wall motion of

G segments using a 2-point score (1 # normal wail

Curcliuc ultrascund has become an impoertant and
effective noninvasive diagnostic imaging ool over
the years, and better imaging performance has been
realized with more expensive and complicated sys
tems. To broaden the availability of ultrasound imag-
ing and to increase its versatility in application,
smmall, easy-to-use, and low-cost echocardiographic
devices have recently been developed. These devices
act like an uiltrasound stethoscope (from the Greek
words stethos = chest and skopein = see), being
ultraportable and providing information beyond
physical examination at the bedside.

The aim of this study was to evaluate the potential
and diagnostic accuracy of a prototype hand-held
ultrasound system (SonoHeart System, SonoSite, Inc.
Bothell, Wash) for the assessment of cardiac patho-
morphology and global and regional function in an
unselected cutpatient population, using the results
of high-end 2-dimensional (2D) echocardiographic
equipment for performance comparison.
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motion, 2 = abnormal wall motion) was evaluated in
34 patients on-line.

Resudes: There was a good agreement between the 2
imaging devices for evalvation of global LV (93%)
and RY function {99%), regional wall motion (90%),
dimensions of the IV (99%) and the RV {99%), and
the left (96%) and right atria (99%). Furthermore,
SonoHeart identified hrypertrophic cardiomyopatiry,
pericardial effusion, and abnormalities of valves.
Conclusion: The SonoHeart device allows rapid and
accurate diagmosis, whenever needed in the out-
patient climic. (J Am Soc Echocardiogr 2002;15:80-3

STUDY PATIENTS AND METHQODS

The Ultrasound Stethoscope

The SonoHeart (Sonodite Inc) hand-held ultrasound sys-
tem (Figure 1) is 4 small hand-held ultrsound device mea-
suring 33.8 % 19.3 % 6.1 cm and weighing 2.4 kg, It is
equipped with a small (15 mm) 2 to 4 MHz phasedarmay
broadband transducer and opcerates on a rechargeable
lithium ion battery or alternating current. The 21D conrtrol
sertings comparable with a standard echocardiographic
device and a color power Doppler flow mapping are inte-
grated to the unit. Quantitative assessment of the heart is
possible with inclusive callipers (Figure 2). SenoHeart has
a storage memory of 50 images and cin be connected toa
video recorder, a printer, or an external monitor.

Seudy Population

We studied 114 unselected patients (72 men) with a mean
age of 32 + 17 years, referred to our ourpatient clinic for
left ventricular (IV) function assessment (1 = GOY, follow-

up of known congenital heart disease (n = 13), follow-up

of known valvular disease (n = 13), evaluation of LV hyper-
trophy (LYH) {0 = 15), and c¢valuation of pericardial effu-
sion {n = 11)

Study Design

All patients vndenwent 2 consecutive echocardiographic
exaninations by 2 different investigators: one examination
by meaas of a standard echocardiographic system (SE),
Hewler-Packard (Sonos 5300, Andover, Mass) or Vingmed
(System ¥, Horren, Norway), and the other by means of the



Table 1 Accuracy of left atrial size assessment (111
patients)

Ulirasound sictloscope

20 standard ccho Normal  EBnlarged  Severely enlarged
<4 cm 87 ] 4]
4-6 o 1 21 0
=6 cm 0 ] 2

Kappa, 0974
20, Two-dimensional.

Table 2 Accuracy of left venmricular size assessment {111
patients)

Ultrzseund siethoscope

213 standard echo Normal Enhurged  Severcly enlarped
<5.5 ¢m 91 1 I}
5.5-7 em a 19 o
>7 am 0 o] {

Kappa, 0969
283, Two-dimensional

SonoHeart device. Each investigator was blinded to the
results of the other investigator. The time spent for the bed-
side examination with SonoHeart was always less than 3
minuces.

The patients were evaluated on-line for the following
paramerters: presence of pericardial effusion, Ieft atrial (LAY
enlargement (internal diameter >40 mm in the parasternal
long axis view), LV enlargement (end-diastolic diameter >35
o in the parasternal long axis view), LVH (defined as 2 sep-
tl thickness =12 mm), right atrial (RA) enfurgement (inter-
nal tmnsverse drameter >33 mm in the 4-chamber view),
and right ventricufar (RV) enlargement (end-diustolic rans-
verse dizmeter >43 mm in the 4chamber view). Also. gross
morphologic assessment of the vilves was performed.

In all patients the global RV function and the LV ejection
fraction (EF). and in 34 patients, who where referred for
stress echocardiography, the regional wall motion were
cstimated. With both imaging techitiques, the scoring was
performed ondline during the examination procedure.
Global LY function was defined as normal when the esti-
mated EF was greater than 53%, mildly to moderately
reduced when the estimated EF was 35% to 33%, and
severely reduced when the estimated EF was less than
35%.The scoring of the regional wall motion for testing the
etficacy and feasibitity of the SonoHeart was simplified, by
dividing the LV into 6 segments (anterior, inferior, septal
posterior, septal anterior, lateral, and posterior wall) and by
using 2 2-point score: 1 for normal wall motion, including
mild hiypokinesia, and 2 for abnormal wall motion, includ-
ing severe hypokinesia, akinesia, and dyskinesia.
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Figure I Photograph of SonoHeart devier, hand-held
ultrasound imager, used in this stady.

Statistical Analysis

The agreement for segmental and global wall motion was
assessed from 2 X 2 and 3 X 3 wbles with weighted kappa
statistics. Kappa values 0.4, berween 0.4 and 0.73,and .75
or greater were considered to represent poer, Rirto-good,
and excellent agreement respectively, based on Fleiss's
clussification !

RESTLTS

Visualization

Three patients had poor echo windows with both
imaging techniques and were excluded from the
stucly, leaving 111 patients for analysis,

Agreement

The results for detection of LA and LV enlargement
with both examination techniques are sumunarized
inTables 1 and 2.

The agreement for RV and RA size was 99%. A
thrombus in the RA was identified with both imag-
ing rechniques in 1 patient.

Pericardial effusion was correctly assessed with
SonoHeart in 11 patients and LVH (Figure 3) in 7 of
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alic (A} and systolic (B)
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lett ventricular long-a
ce. Measurements of diamerer of lefe venric ¢ at end-diastole (A and end-systole (B) are

views of normal subject obined with

shown. LA = Left acriumy LV = left venuicle; A = sartay RV = dght venmicle; IVS = Interventricular

SepTun.

Figure 3 Long-axis vicw of patient with hypertrophic car-
diemyopathy obtained with SoneHeart device (abbrevia
tions as in Figure 2). The arrpw indicares the inereased
septal thickness.

8, resulting jn an agreement of 100% and 87 5%,
respectively. In 1 patent pericardiocentesis was per-
formed under SonoHeart guidance (Figure 4).

In 20 patients, the morphologic abnormalitics of
the aortic {calcitication, Figure 5) and the mitral
valve (calcification, prolapse) were identified with
the SonoHeart device and confirmed by the SE.
Furthermore, the diagnosis of a chordal rupture of
the mitral valve was made by SonoHeart and verified
by the SE in a patient presenting with acute dyspnen
in the outpatient clinic.

Finally, the SonoHeart identified the morphologic
characteristics of surgically corrected congenital car-
diac abnormalities in 13 foliow-up parients, inchuding
atrial septum defect (ASD) (Figure 6), ventricular
seprum defect, tetralogy of Fallot, Ebstein anomaly,
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transpasition of the grest arterics, and sabvalvular
20rlic membrane.

Evaluation of Global and Regional Left and
Right Ventricular Systolic Function

The agreement between both imaging technigues
for all 111 patients was 93% for global and §9% for
regional IV systolic function (Tables 3 and 4).

The agreement for global BV systolic function was

O9U%..
Interobserver Variability

There was a good correlation of the 2 independent
observers” evaluations of regional wall motion
herween the ST (81%) and the SonoHeart device
(F6%).

DISCUSSION

i the late 19705, Roelandt et al®i introduced the
first portable battery-powered 2D echocardiographic
instrument 1o be vsed a5 part of the clinical exami-
nation, Today, this vision of the past has become a
reality as a resubt of miniaturization and digital tech-
nology.

The SonoHeart deviee s easy to vse, is ultruportable
with excellent imaging quadity. and gives in addition
quantitative information about dimensions within the
heart. OQur study demonstrates the wiility of such a
device for assessing pathemorphology and funcrion of
the heart, and the results are comparable with those
obtained by SE We included in our study 2 group of
patients with corrected congenital heart disease to test
the clinical potential of the SonoHeart device in iden-
tifving the complex disease seen in these patients. It
has proven to be as reliable as the SE for the rapid
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Figure 4 Parasrernal Joag

axis view of patent with pericardial effusion before {A) and after pericardio-

centesis obtained with SonoHeart deviee (B) (abbreviadons as in Figure 25 PE = pericardial ctfusion).

Figure 5 Par:
SonoHeart device (abbreviations as in Figure 2).

detection or exclusion of 2 morphologic abnormality.
This does not indicate though that it can be sabstitut-
e for the SE because most cardiac congenital diseases
require extensive 2D and Doppler anc

We proved that SoncHeart can beconie an exten-
sion of physical examination enhancing our clinical
senses and inereasing the accuracy and sensitivity of
dingnosis. The ultraportability and ease of use sug-
eest that similar data and results can be obtained in
other clinical scenarios, which are indicated in Table
5. It can be used as a screening tool for cardiac
abpormalities such as hypertrophic cardiomyopathy,
LV, ASD, abdominal aoria aneurysm,? mitral valve
prolapse (MVF), or enlargement of the heart. Prior
studics that used limited imaging protocols for most
of these discases (hypertrophic cardiomyopathy,®
LVH,™ MVP!'%) have provided evidence that a Hmit-
ed imaging study is feasible.

The SenoHeart device can be used as a rapid diag-
nosiic toel in emergency scenarios where rapid deci-
sions are essential. Thus, giving immediate answers

sternal (A) and apical (B) long-axis views of patient with caleified aortic valve stenosis with

abour EF and regional wall motion sboormalities,
presence of pericardial fluid or tamponade, or the
cause of a new murmur in vnstable paticnrs, Sono-
Heart can play a decision-making role.

Taking into account that most of the patients are
referred for echocardiography ro answer a single
clinical question (fike follow-up of EF or pericardial
effusion after pericardiocentesis or search for the
source of embolism), a new strategy of limiting ¢cho
services starts to emerge in daily clinical practice.!!
Thus, a focused imaging protecel could be used to
screen for the referral disorder and to proceed to a
full study only in the discovery of any abnormality.
Such a limited echo strategy could be most effec-
tvely applied with the use of o hand-held ulirasound
device such as SonoHeart. Recently, Bruce et al®
demonstrated the efficacy and high accuracy of that
device in screening patients at risk for abdominal
40Ortic aneurysms.

The implementation of a limited echo or screen-
ing policy will lead to cost savings in terms of bene-
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Figure 6 A, Foreshorrened apical 4
{arrow) obrained with SoneHearr dey
obrained with §

yatem (Hewlerr-Packard).

Table 3 Agrcement berween left ventricular ¢jection frac-
ton cstimated by the SonoHearr device and a standard
cehocardiographic system

Sonokeart estimation of EF

PSS BSWRSSH 233
Seandard echo catimacion of EF
=55% 61 1 1]
3 5 31 ]
<33% o 2 11

cement, 92%.

NMumbwr of patients: 111- The numhers inside the sable express the num-
ber of pativirs,

Table 4 Agreement of regional wall metion analysis
berween the SonoHeart and a standard echocardiographic
SYsTemt

Senolrt
Normal Abeermal
Standard echa
Noemal 22 5
Abaoomal 15 oz

Agreemenc, W%,

Kappa, 080,

Number of patienss: 34.

Numbur uf scgments: 204. The aumbers inside the table cxpress the num-
her of segments,

fit to all subjects, reducing the time spent imaging
healthy patients.
Limitations

For the evaluation of regional wall motion. the LV
was divided into 6 scgments and not into 16 seg-

Experience With an Ultrasound Stethoscope
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amibwer view of patient with atrial septum defeet of secundum type
¢ (abbreviations &s in Figure 2; RA = right atrium). B, Same view

Table 3 Clinical utility of the hand-hefd wtrasound device

Emergency department, CCU, and 1CU
Hospital ward rounds

Qutpaticnt clinic

Surgical theater

Cardiac catheter laboracory

Private office practice

ments, which is proposed by the American Society of
Echocardicgeaphy, Because this was an on-line
assessment and we had no recording facilities, we
limited the analysis in 6 myccardial segments. The
same segments were independently scored later
from the SE and compared with the data of the hand-
held device. The hand-held device cannot substitute
for the SE. but our purpose was to demonstrate the
feasibility and efficacy of the SonoHeart device as 2
screening device in recogrizing and distinguishing
normzl from abnormal wall motion. Within this con-
cept.the study proved that such small devices poten-
tially could be used in acute coronary syndromes to
excludefidentify regional wall motion abnormalities.
Furthermore, because of the small number of
patients who were included, this study should be
considered as a pilot study for later wall motion
studies.

Another limitation js related to the fact that we
focused on 2D evaluation of anatomy and function of
the heart, witheut including the color flow modality.
Refinements in the technology of color power
Doppler flow mapping in the device since beginning
this study have made this now rebable, however.

In Europe, most of the studies are being per-
formed by cardiologists. The SonoHeart instrument
should not be used by sonographers but by a trained
cardiologist. This study was performed by a junior



staff member who had experience in echocardiogra-
phy. Training and licensing for noncardiologists to
use these devices will become an important issue in
tie future.

Conclusion

The hand-held ultrasound device, performing as a
“real” stethoscope, makes ultrasound imaging an
excellent tool immediately available for the diagnosis
and assessment of cardiac patients whenever cardiac
physical examination is indicated, improving the
health care service.

We are prateful to Wim B, Vietter and jackie McGhie for
their expert technical assistance and to Eric Boersma, PhD,
for stutistical advice.
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Chapter 4

ABSTRACT

Aim: To assess the diagnostic potential of a hand-held battery powered ultrasound imaging
device (SonoHeart™) in screening of patients for abdominal aortic aneurysm (AAA) using a
standard echocardiographic system (SE) as a reference.

Methods and resalts: 100 hypertensive patients were envolled. Twe independent investigators
performed focussed echocardiography of the abdominal aorta with both devices. An AAA
was defined as a focal transverse enlargement of the aorta >30mm with the SE.

Results: We studied 65 men and 35 women (aged 60x11 years; mean duration of
hypertension: 13£11 years; mean blood pressure: systolic 150+20 mmHg and diastolic 89%11
mmHg). The abdominal aorta was visualised in all patients and the time required for
screening was <5 minutes with both imaging devices. SE showed an AAA in 9 (9%) patients.
The agreement between both imaging methods was 98%, kappa 0,88. Using SE as the gold
standard, the sensitivity and specificity of the hand-held device for screening of the presence
of an AAA were 88% and 98% respectively.

Conclusions: Such small hand-held ultrasound devices can achieve efficient and low cost
screening of AAA in a high-risk population, minimising the mortality rate from ruptured

AAA. Furthermore, they can permit regular follow-up of known small AAAs.

Key Words: Abdominal Aortic Aneurysm, Cardiac Ultrasound, Ultrasceund Stethoscope,

SonoHeart™
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Abdominal Aortic Anevrysm Screening

INTRODUCTION

Rupture of an abdominal aortic aneurysm is a devastating event with a perioperative mortality
rate of 50% that is if patients reach the hospital in time !'%. In contrast, patients undergoing
elective aortic surgery experience a perioperative mortality of only 2-3% B8 1t is therefore
recommended that patients at risk are screened by ultrasound and underge prophylactic
surgery if the diameter exceeds 60 mm 7, The proposed screening method 1s ultrasound.
Compared to physical examination it is more accurate and in contrast to computerised
tomography it is much less expensive, widely available and has comparable diagnostic
accuracy (%L

The aim of the present study was to evaluate the poteniial and diagnostic accuracy of a
recently developed portable hand-held ultrasound system for screening of AAAs in patients at

risk using a standard two-dimensional echographic examination as a reference.

STUDY PATIENTS AND METHODS.

Study population.
One hundred consecutive hypertensive patients visiting the cutpatient clinic (65 men, mean
age 60 + 11 years) were enrolled in the study. The investigators performed no physical

examination. Patient characteristics are presented in Table 1.

Echographic examination.

The SonoHeart™ (SonoSite Inc, Bothell, Washington, USA) ultrasound system (Fig. 1) is a
small portable hand-held ultrasound device (weight 2,4 kg). It is equipped with a 2-4 MHz
phased array broadband transducer and operates on a rechargeable lithium ion battery or
alternating cwrrent. The two-dimensional contrel settings are comparable to a standard
echocardiographic device and a colour power Doppler flow mapping is integrated to the unit.

Quantitative assessment of the heart is possible with inclusive linear measurement callipers.

Study design,
All patients underwent two consecutive echocardiographic examinations by two different
Investigators: one examination by means of a standard echocardiographic system, Hewlett

Packard (Sonos 5500;Andover, Mass) or Vingmed (Systermn V; Horten, Norway), and the
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other by means of the SonoHeart™

device. Each mvestigator was blinded to the results of the
other investigator. Information about a known or suspected AAA was withheld from the
investigators at the time of the examination with both imaging methods. If an AAA (diameter
>30 mm) was detected the referring physician was notified.

The scanning of the abdeminal aorta was performed from the subcostal position in the
midline, approximately 2 cm below the xyphoid with the transducer angled toward the
patient’s left side. The abdominal aorta was identified as a pulsatile vascular structure. In case
of doubt, colour Doppler was used to demonstrate blood flow away from the heart.
Measurements were done in the 2D transverse (anteroposterior) plane with both imaging
devices. The maximum diameter of the aorta was measured by positioning the callipers from
leading edge to leading edge. The inter- and intraobserver variability were 96% and 98%

respectively.

Statistical analysis.

Descriptive statistics were reported as mean 5D or by frequency percentages. The
differences between the measurements of the two devices are presented with the Bland-
Altman plot graphic ', The agreement for the measurements between the two examination
techniques was assessed from 2x2 tables using weighted kappa statistics. Kappa values 0.4,
between 0,4 and 0,75, and >0.75 were considered to represent poor, fair to good and excellent

agreement respectively, based on Fleiss’s classification '),

Table 1 Patients characteristics

Age (vears) 60£11
Male, n (%) 65 (65%)
Years of HT 13£11
Heart rate {bpm) 71+11
SBP (mmHg) 15020
DBP (mmHg) 89+11
BMI (kg/m?) 2744

HT=hypertension; SBP=systolic blood pressure;
DBP=diastolic blood pressure;
bpm=beats per minutes; BMI=Body Mass Index.
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RESULTS

Echographic examination and agreement.

Visualisation of the abdominal aorta was feasible in all patients with both devices. The
average diameter of the abdominal aorta was 23,5+7,7 mm (14,4 range to 67mm) for the SE
and 23,1=7,3 mm (13 range to 62,1 mm) for the hand-held device. The SE identified an AAA
in 9 (9%) patients. One of these AAAs is shown in Figure 2. The agreement between the two
methods in detecting an AAA was 98%, kappa 0,88 (Fig. 3 A).

There was disagreement in two patients. One patient had an aortic dimension of 32,4 mm
(AAA) by SE and 27,8 mm (normal) by the hand-held device. Conversely, in one patient the
diameter of the abdominal aorta was 31,1 mim (AAA) with the hand-held device versus 27,6
mm (normal) by SE. The Bland-Altman plot confirms the high correlation between the two
devices in identifying an AAA (Fig. 3 B). In four out of the nine patients with an AAA CT
scan confirmed the diagnoses. In the remaining five patients no further examination was
performed due to the small size of the AAA (mean transverse diameter: 35 mm). The time
spent to visualise the abdorninal aorta was always fess than 5 minutes with both examination
techniques. Using SE as the gold standard for the detection, the sensitivity and specificity of
the hand-held device for screening of the presence of an AAA were 88% and 98%

respectively.
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Figure 1.

TM

Photograph of the SonoHeart ™ device, a hand-held ultrasound imager, used in this study.

Figure 2.
A focal transverse entargement of an abdominal aorta at a short-axis image detected by the
hand-held ultrasound device. The maximum diameter measured was 62 mm versus 67mm

measured by the standard echocardiographic system.
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Figure 3.
A. Agreement of dimensions of the abdominal aorta measured by the hand-held device and the standard echocardiographic system. Number of

patients:100. The numbers inside the table express the absolute number of patients. Abnormal = patient with an aneurysm of the abdominal aorta.

B. Bland-Altman plot, demonstrating the magnitude of the difference between the measurements of the abdominal aorta with the two techniques

{differences plotted against their mean average). 2 SD = 2 standard deviations of the mean difference in the measurements of the two devices.

A B
Standard Echo g 0Py O vrrere s +28D
g o
0.5 o] c
z o 398 ©
k-7
= Q5
" abnormal normal & 025 008 "o o
o = Qo
= o} e}
o = g BB O . Mean
= ! 1 0000 difference
s abnormal 8 1 j O@g@g ‘g o
@ [ ey
= = -0,25 4 om ©
'g E o @, o
& - =
s normal 1 90 = 0.5 1 o] o
R -28D
@ 55
wo0rs , ; : . .
) 0 1 2 3 4 5 6 7

Apreement =98%, k= 0,88



Chapter 4

DISCUSSION

This study demonstrates both the feasibility and diagnostic accuracy of a hand-held
ultrasound device in screening for AAA in the outpatient clinic, The agreement between the
hand-held device and the standard echo device was excellent. In only 2 out of the 100 patients
there was a disagreement in the diagnosis of an AAA.

Early AAA detection can prevent the occurrence of ruptured AAA. The cost-effectiveness of
random population screening for AAA has been questioned in the past ' However, several
studies have shown that screening saves lives [, The perioperative mortality associated with
gIMErgency aneurysin surgery can be as high as 50%, compared o 2-3% for an elective
procedure. Mass screening is probably not cost-effective, but selective screening of high-risk
patients (male gender, smoking, elderly age (>65 years), hypertension, coronary artery disease
and family history) is recommended ',

Physical examination is unreliable in patients with a small AAA (30-3% mm) since the
sensitivity in these patients is only 29%. Albeit the sensitivity of physical examination
increases with an increase of the diameter of the AAA it is only 76% in patients with a
diameter of more than 50 mm ™. Computed tomography and magnetic resonance imaging are
highly accurate in detecting aneurysms and quantifying their severity. However, they are
inappropriate for screening programmes since they are expensive, time consuming and not
widely available '), Uftrasound on the other hand, because of its low cost and availability has
been proven to be safe and efficient for surveillance of small AAAs 'l and seems to be the
most appropriate screening teol [ A small hand-held device could increase the utility of
ultrasound in this field since it is easy to use and ultra-portable. Moreover, such a device
could become a practical tool to screen patients at risk in the general practice. This may form
the basis for a study to evaluate the cost-effectiveness of selective screening and elective
surgery in a population at risk.

The 9% prevalence of AAA in our study group was relatively high. Scott et al 8] defining an
AAA by a diameter of >30 mm, evaluated a group of elderly men and women aged 65-80
vears and found an overall prevalence of 4,0% in women and 7,6% in men. The high
prevalence in elderly men was confirmed by the study of Twomey et al U7 They screened
elderly hypertensive men attending hospital or general practitioner clinics and recorded a
prevalence of 11,3% and 6,6% respectively. In a recent study published by Bruce et al L8]
who screened hypertensive patients for AAA with a similar with our study device, a

prevalence of 8% was found.
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Limitations

Using the subcostal position we gvaluated only an average length of 14 cm of the proximal
abdominal aorta. However, the majority of AAAs are located infra-renally and may also
extend into the iliac arteries °!. Our aim was to test the accuracy and utility of a newly
developed hand-held ultrasound device in detecting AAA compared with complicated, state-
of the-art, echocardiographic equipment. Within this concept the study proved that such small

devices are as accurate in identifying an AAA as standard echocardiographic systems.

Conclusion

The implementation of a selective screening policy can prevent rupture of AAA and thus
reduce the mortality rate. Ultrasound seems to be the most appropriate imaging method
considering the accuracy, availability and cost. The hand-held ultrasound device, being ultra-
portable and inexpensive could become part of the clinical examination in high-risk patient

groups performing like an excellent screening tool.
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Abdominal dortic Aneurysm Screening-Pilot Study

ABSTRACT

This study shows the usefulness of a small, portable hand-held ultrasound device for the

screening for abdominal aortic aneurysms.

Key Words: Abdominal Aortic Aneurysm, Hand-held Ultrasound Device

INTRODUCTION

The perioperative mortality associated with emergency abdominal aortic aneurysm surgery
can be as high as 50% [1] whereas it is 5-10% for an elective procedure [2]. It is therefore
recommended that patients undergo prophylactic surgery if the diameter exceeds 55 mm [3].

The aim of the present study was to evaluate the potential and diagnostic accuracy of a
recently developed portable hand-held ultrasound system for screening for AAAs in patients

at risk. A standard two-dimensional echographic system was used as a reference (SE).

REPORT

One hundred consecutive hypertensive patients visiting the outpatient clinic were enrolled in
the study (Table 1). An AAA was defined as a focal transverse enlargement of the aorta >30
mm with the SE.

All patients underwent two consecutive echographic examinations by two different
investigators blinded to each others results. One by SonoHeartTM (SonoSite Inc, Bothell,
Washington, USA) (Fig. 1) and one by a standard echocardiographic system [Hewlett Packard
(Sonos 5500) or Vingmed (System V)]

Measurements of the abdominal aorta were performed from the subcostal position in the 2D
transverse plane with both imaging devices.

The inter —and intracbserver variability were 96% and 98% respectively showing a very good

reproducibility.

Descriptive statistics were reported as mean ISD or by frequency percentages. The
agreements between the measurements of the two devices are determined by Bland-Altman

analysis and 2x2 tables using weighted kappa statistics.
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Visualisation of the abdominal aorta was feasible in all patients with both devices. The SE
identified an AAA in 9 (9%) patients. The agreement between the two methods in detecting
an AAA was 98%, kappa 0.88 (Fig. 2A). The Bland-Altman plot shows a high correlation
between the two devices in identifying an AAA (Fig. 2 B).

Table 1 Patients characteristics

Age (years) 60+11
Male, n (%) 65 (65%)
Years of HT 13+11
Heart rate (bpim) 71£11
SBP (mmHg) 150420
DBP (mmHg) 89+11
BMI (kg/m®) 27+4

HT=hypertension; SBP=systolic blood pressure;
DBP=diastolic blood pressure;
bpm=beats per minutes; BMI=Body Mass Index.
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Figare 1.
Photograph of the SonoHeart™ device, a hand-held uitrasound imager, used in this study.
It is battery powered and has two-dimensional control settings comparable to a standard

echocardiographic device. A calliper is integrated in the unit for dimension measurements.
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Figure 2.

A. Agreement of dimensions of the abdominal zorta measured by the hand-held device and the standard echocardiographic system. Number of

patients:100. The numbers inside the table express the absolute number of patients. Abnormal = patient with an ancurysm of the abdominal aorta.

B. Bland-Altman plot, demonstrating the magnitude of the difference between the measurements of the abdominal aorta with the two techniques

{differences plotted against their mean average). 2 SD = 2 standard deviations of the mean difference in the measurements of the two devices.

Using SE as the gold standard the sensitivity and specificity of the hand-held device for screening of the presence of an AAA were calculated as

well as the positive predictive value (PPV), negative predictive value (NPV), accuracy and likelihood ratie of a positive or a negative test.
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DISCUSSION

This study demonstrates both the feasibility and diagnostic accuracy of a hand-held
ulirasound device in screening for AAA in the outpatient clinic. The prevalence of AAA
mn our study group was in concordance to the results of Bruce et al [4] who screened
hypertensive patients with a similar with our study device.

Physical examination is unreliable in detecting AAA since the sensitivity for small
AAA (30-39 mm) is 29% and increases to only 76% for aneurysms of more than 50 mm
[5]. Computed tomography and magnetic resonance imaging play a significant role
whenever details of the aneurysm are required for further management decision.
Ultrasound is recommended for the surveillance of small AAAs [3] and seems to be the
most appropriate screening tool. A small hand-held device could increase the utility of
ultrasound in terms of the implementation of screening programmes. [t is easy to use
and gives an instant yes or no regarding the presence of an aneurysm of the abdominal
aorta at the bedside. Its cost is about the 1/10th of the price of a high-end SE.

Study limitation: This study was performed by a cardiologist with experience in
echocardiography. Training and licensing for using these devices for non-cardiologists

will become an important issue in the future.

Conclusion
Small hand-held ultrasound devices couid become part of the clinical examination in

patients at risk for abdominal aortic aneurysm performing like an excellent screening

tool.
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Aneurysm of the

Abdominal Aorta
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A"’ﬁ-_\*em'-otd man was admitted 10 the intgnsive care unit
with wnstable angina pectoris of Braunwald class 1B,
fle was known to have hyperiension. which was poorly
controlled with medication. Physical examination revealed a
pulsating mass in the lower abdomen thal was suggestive ol
an aorlic ancurysm. An echocardiographic study with a smaik.
hand-held ultrasound deviee {(SonolMear. SonoSiic Inc)
shawed an abdominal aostic anearysm conaining thrambotic
material (Figure 1. His woponin T leve! was elevated, and he
underwent coronary arteriography, which showed o high-
made stenosis at the bifurcation of left anterior descending
artery and the first diagonal branch, The Jesion was dilaled
during the sume sion. with direct stenting of both
branches.

Afier the intracoronary intervenlion. intravascufar ulira-
sound imaping of the abdominal aneurysm was performed
{motorized pullback with speed of 0.5 mms) with a 9 MHz.
mechanically rotated imaping transducer {Figurc 2. The

Jos R.T.C. Roelandt, MD

transducer was rotding in a 9 French., close-end. rounded-tip
catheter that was 110 om in length {(Ultra ICE. Boston
Sciontific).

A nwltislice spiral compuled {omography scan (Somatom
plus 4 VolumeZoom. Siemens AG) was also performed
(Figure 3). By simultancous acquisition of Four |-mm shces
at a pitch of 3 (3 mm Z-translation per 0.5-s gantry retation).
images of the entire area of the abdominal aona were
acguired within 32 seconds. Conwast berween the vessel
lumen and surrounding tissucs was realized by an intravenous
injection of 100 mL of lomeprol (Bracco-Byk Gulden} at an
injection rate of 2.5 mL/s. From the data set. a large stack of
axiul slices was reconstructed and processed with dedicated
volume-rendering software (VoxelView. Vital Images) an a
separale sraphic worksiation.

One menth later, the padent underwent surgical re

cclion
of the ancurysm. He was asvmptomatic at the 6-month
fallow-up.

Figure 1. Transverse image of the aneurysm of the abdominal
aorta (86 mm in diameter), which contains a jarge thrombus
(TR}. The smalt. hend-held ultrasound device is shown in the
ingert. Dotted line repressants the calipers used for measurement
of the diameter of the ansurysm.
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Figure 2. A longitudinal image (L} of the abdominal acrtie aneurysm containfng thrombus (TR), reconstructsd from the sequentiatly rec-
orded cross-sectional Images. The reconstruction was performed on a workstation designed far 30 reconstruction of echocardiograp
ic images (Echoscan, Tomtec), Cross-sectional irmages corresponding to the proximal (), middle (M), and distal (D} section of the an-
gurysm are shown, In the middle section, the gradual decrease in echogenicity foward the outer walt sorelates with the arganization
and age of the thrombotic material. The dark. less echoganic layer (1) adfacent to the outer wall represents chrenle organized thromial
whereas the more echogenic layers closer ta the lumen indicate more racent thrombosis, The extensive calcifications of the outer wa
of the aneurysm are recognizad as a kighly echogenic rim with acoustic shadowing {arrows). The spontanecus scho-contrast sifect
within the lumen suggests prothrombistic slow flow and is better recognized from dynamic images, which can be found at

http:/Aww. circulationaha.org

o

Figure 3. Multislics, computed tomography, 30D valume-rendered images from an anterior (8} and a right lateral (B) perspective in which
the large thrombus (TR} is visuzlized betwsen the contrast-enhanced aortic lumen and the calsifications in the cuter wall of the aneu-
rysm. Involverment of the renal arteries {arrovrs) was excluded (A, C). The thrombus had mainly daveloped at the anterior side (D}, and
the dfameters measured at the site of maximum ditatation wers 84382 mm. A Tongitudinal cross-settion of the aneurysm, which has
been curved along the trajectory of the abdominal aorta and proximal right commen iliac artery, is shown in E. ANT indicates anterior
PQST. posterior: R, zight; and L, left.
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Left ventricular hypertrophy screening using a
hand-held ultrasound device

E. C. Vourvouri, D, Poldermans, A, F. L. Schinkel, L. Y. Koroleva, F. B, Sozzi,
(. E. Parharidis, J. J. Bax and J. R. T. C. Roelandt

Deparnment of Cardinlogy, Thoraxcentre, Erasmus Medical Centre Rotterdam, Rotterdam, The Netherlonds

Aims To test the diagnostic potental of a hand-held
ultrasound device for screening for left ventricular hyper-
trophy In a hypertensive population using a standard
echocardiographic system as a reference.

Methods One hundred consecutive hypertensive paticnts
were enrolled. An experienced investigator performed
measurements of the thickness of the anterior septum and
posterior wall using the parasternal 2D-long axis view and
the end-diastolic dimension of the left ventricle with both
imaging devices. Left ventricular hypertrophy was defined
as an increase in left ventricular mass =134 g.m™? for
men and >110 g. m ™2 for women, when indexed for body
surface arezand »143g.m ™ 'formenand 2102g.m !
for women, when indexed for height.

Results Sixty-five men and 35 women were studied {age
60+ 11 years); mean duration of hypertension: 13+11
years; mean blood pressures: systolic 130 £ 20 mmHg and
diastolic 89 & 11 mmHg. The anterior septum and posterior
wall were visualized in all patients with both imaging
devices. The standard echecardiographic system identified

left ventricular hypertrophy by body surface area in 18
{18%) patients and by height in 26 (26%) paticnts.
The agreement between the standard echocardiographic
systemn and the hand-held device for the assessment of left
ventricular hypertrophy was 93%, kappa: 0-77 (left ven-
tricular mass/body surface area) and 90%, kappa: ¢-76 (left
ventricular massfheight).

Conclusions We conclude that hand-held devices can
be effectively applied for screening for left ventricular
hyperrrophy in hypertensive patients.

(Eor Heart J, 2002; 23: 15161521, doi:10.1053/enhj.2002.
3162)

© 2002 Published by Elsevier Science Ltd on behalf of
The European Society of Cardiology.

Key Words: Left ventricular hypertrophy, left veatricular
mass, hand-held uitrasound device.

See doi: 10,1053 enhj.2002.3292 for the Editorial comment
on this article

introduction

Left ventricle hypertrophy which expresses end-organ
damage from hypertension, is an independent potent
marker of cardiovascular risk in arterial hyperten-
sion!'™. It is considered as an asymptomatic pre-clinical
stage of the cardiovascular disease, that may lead to
cardiac eventst’. Also, reversal of left ventricular hyper-
trophy can improve the patient’s outcome'™. Early iden-
tification of left ventricular hypertrophy and treatment

Revision submitted 31 December 2001, and accepted 2 January
2002.

Correspondence: Don Poldermans, MD, PhD, Thoraxcentre,
Room Ba 300, Erasmus Medical Centre Rotterdam, Dr,
Molewaterplein 40, 3015 GD Rotterdam, The Netherlands.
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is therefore the cornerstone of appropriate management.
The electrocardiogram (ECG), although commonly
available and inexpensive has proven insensitive in
detecting the presence of left ventricular hyper-
trophyt®¥. Echocardiography is a sensitive means for
measurement of left ventricular thickness and has com-
parable accuracy to the magnetic resonance imaging
(MRI} especially In patients with normal left ventricular
geometry® "L New and small echocardicgraphic de-
vices are now becoming available which could be used as
screening tools for various pathomorphologies of the
heart.

The aim of the present study was to evaluate the
potential and dizgnostic accurasy of a recently
developed portable hand-held uitrasound system for
screening for left ventricular hypertrophy in hyper-
tensive patients using a standard two-dimensional
echocardiographic system as a reference.



Table 1 Patients characteristics

Ape (years) 60 =11
Male. n (%) 63 (63%)
Years of HT 13=11
Heart rate (beats . min ™ ') 111
SBP (mmHg) 150 %20
DRP (mmHg) 89+ 11
BMI (kg.m %) 27 %4

HT =hypertension; SBP=systolic blood pressure; DBP=diastolic
blood pressure; BMI=Body Mass Index.

Study patienis and methods
Study population

One hundred consecutive hypertensive patients visiting
the cutpatient clinic (65 men, mean age 60 + 11 years)
were enrolled in the study. Patient characteristics are
presented in Table 1.

Study design

The study protocol consisted of an echocardiographic
examination by means of a standard echocardiographic
system, Hewlett Packard (Sonos 5500; Andover, Mass,
U.8.A)) or Vingmed (System V; Horten, Norway), and an
echocardiographic examination by means of a hand-held
device. Both studies were performed within 10 days
{range 2-7 days) by the same investigator with experience
in echocardiography. The order of the second visit was
arranged by a study coordinator unaware of the results.

For the evaluation of the intra-observer variability the
same observer performed the same test in 30 patients
within a week after the last examination, provided they
had unchanged characteristics, For the evaluation of
inter-observer variability, a second observer, who was
blinded to the results of the other investigator, performed
the echo study with the hand-held device in 30 patients.

All patients had a baseline electrocardiogram per-
formed. The ECGs were examined for evidence of left
ventricular hypertrophy using the Sokolew—Lyon {the
sum of the amplitudes of the $ wave in V, and the R
wave in Vs or V4, 35mm) and the sex-specific Cornell
criteria {the sum of the amplitudes of the 5 wave in V5
and the R wave in aVL, »20 mm in women and >24 mm
in men)''.

All patients were known hypertensives. Blood press-
ure was measured in the supine position. For the study,
we took the average of 12 measurements over 60 min
with a 5min interval using a semi-zutomatic device
{Accuter 2, Datascope, Datascope Corp. CAL ULS.A).

Echocardiographic methods

Linear measurements of the thickness of the anterior
septum and posterior wall and the left ventricular
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end-diastolic dimension were obtained at the para-
sternal, two dimensional long axis view with both
devices on-line, according to American Society of
Echocardiography recommendations!'®. The measure-
ments reported are the mean of five cycles.

Left ventricular mass was calculated from the
Devereux-modified American Society of Echocardiogra-
phy (ASE)-cube equation!®: 080 (304 [{IVST+
PWT+LVED) — LVED'|+0-6g. The Ieft ventricular
mass index {g. m ™) was caleulated by dividing the left
ventricular mass by body surface area, Since this index
can fail in identifying left ventricular hypertrophy in
obese individuals!'™” a second index was calculated by
dividing the left ventricular mass by height (g.m™%),
Body surface area (m®) was derived from the Du
Bois formulal': 0-007184 x (weight [kg] "* " (height
[em])®™*. Body mass index (kg . m®) was derived from
the average weight and height.

Left ventricular hypertrophy was defined as an in-
crease in the left veniricular mass index =134g.m ™ *
for men and =110g.m ™2 for women, when indexed
for body surface area'> 7, or 2143 g. m™! for men
and =>102g.m"' for women, when indexed for
height!'*78),

The inter- and intra-observer variability was 96% and
98%, respectively.

The ultrasound stethoscope

The SonoHeart® (SonoSite Inc., Bothell, Washington,
U.5.A.) hand-held ultrasound system (weight 2.4 kg,
Fig. 1) was used in this study. It is equipped with 2 small
2-4 MHz phased array broadband transducer and oper-
ates on a rechargeable lithivm ion battery or AC power.
The two-dimensional control settings are comparable
to a standard echocardiographic device and a caliper
is integrated in the unit for linear measurements.
SonoHeart® has a storage memory of 5¢ images and can
be connected to a video-recorder, 4 printer or an exter-
nal monitor. Colour power Doppler low mapping is
also integrated into the system.

Statistics

Descriptive statistics were reported as mean + SD or by
lrequency percentages. The difference between the
measurements of the left ventricular mass indexed for
body surface area and the height of these two devices
can be appreciated from Fig. 2 (a) and {b) with the
Bland-Altman"® plot graphic.

The agreement for the measurements between the two
examination technigues was assessed from 2 X 2 tables
using weighted kappa statistics, Kappa values <0-4,
between (-4 and 0-735, and >0-75 ware considersd to
represent poor. fair to good and excellent agreement,
respectively, based on Fleiss's classification’”.
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Figure I Photograph of the SonoHeart® device, a hand-
held uhttrasound imager, used in this study.

Results

Clinical characteristics

The mean systolic blood pressure was 15¢ & 20 mmHg
and the diastolic blood pressure 8%+ 11 mmHg. The

mean heart rate was 71 11 beats . min L.

Electrocardiography

Four patients were found to have left ventricular hyper-
trophy according io the Sokolov-Lyon criteria and 13
according to the Cornell criteria. The sensitivity of the
ECG for the detection of left ventricular hypertrophy
was, respectively, 5% and 16% and the specificity was,
respectively, 96% and 87%.

Measurements and agreement
Visualization was feasible in all patients with beth

imaging devices. The results of the measurements of
the thickness of the anterior septum and the posterior
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wall and the dimension of the left ventricle with both
examination techniques are summarized in Table 2.

The mean left veniricular mass indexed by body
surface area was 9623 36g.m™ 2 with the standard
echocardiographic system and 103 £33 g. m ~? with the
hand-held device. Using the threshold of =134 g. m™?
for men and =110g.m™? for women the standard
echocardiographic system identified left ventricular
hypertrophy in 18 (18%) patients (nine women and nine
men), The agreement between the two methods was
93%, kappa C-77 (Fig. 3(a)).

The mean left ventricular mass indexed by height was
1115243 g. m~ ' with the standard echocardiographic
system and 120 £ 40 g. m ™" with the hand-held device.
Using the threshold of z143g.m™' for men and
2102g.m™" for women the standard echocardio-
graphic system identified left ventricular hypertrophy in
26 patients (13 women and 3 men). The agreement
between the two methods was 90%, kappa—=0-76 {Fig.
3(b)).

Discussion

The presence of lefl ventricular kypertrophy, calculated
as an absolute left ventricular mass has an independent
prognostic value on top of age and blood press-
urel®#*1 Recent studies have reported good reliability
for echocardiographic measurements of left veatricular
mass?333

Our study showed that this new, hand-held device
could be effectively used for screening for left ventricular
hypertrophy in office practice. Recently, we demon-
strated in a previous study the efficacy and high accuracy
of this small imaging device in assessing the patho-
morphology and function of the heart enhancing and
extending the physical examination to allow geal-
oriented examination, such as screening!™.

Although echocardiography can assess left ventricular
hypertrophy accurately compared to the ‘gold standard’
MRI, the World Health Organisation-International
Society of Hypertension (WHO-ISHY® and the Joint
National Committee on prevention, detection, evalu-
ation and treatment of high blood pressure™ do not
recommend routine echocardiography in all hyperten-
sive patients. Thus, in patients categorized as high risk
patients {having cardiovascular risk factors or an end-
organ damage), treatment is already indicated and
echocardiography results will not change their manage-
ment!*’. However, echocardiography is recommended
in patients with concomitant heart disease”*! and in
palients with ‘stage one’ hypertension (patients with
high-normal blood pressure whe do not have clinical
cardiovascular disease, target organ damage or other
risk factors). This is recommended in order to avoid
misclassification as ‘mild’ hypertension in patients that
have an end-organ damage as left ventricolar hyperiro-
phyl*325282%1 Rorh Black and ShepsP™ Y support this
view introducing limited echocardiographic protocels.
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Sensitivity = 83% (95% CI: 076
Specificity = 95% (95% CI: 0-91
PPV «79% ($6% CL 0-T1 to 0-87
NPV = 96% (95% Cl: 0-93 to 1-0
Accuracy = 93% {95% CI: 0-88 to

to 0-01}

Difference in mass/TSA index
{standard echo—handheld device}

50 100 200

150
Average mass/BSA index

Left Ventricular Hypertrophy Screening

(k)

Sensitivity = 96% (95% CL: 0-92 to 1-00)
Specificity = 88% (95% CL: 0-81 to 0-84} !
PPV =74% (85% CI: 0-63 to 0-32)

NPV = 98% (93% Cl: 0-96 to 1-00)

Accuracy = 90% (35% CL 0-84 to 0-96)

50 100 150
Average mass/height index

Figure 2 Bland-Altman plot, demonstrating the magnitude of the difference between the measurements with the two
technigques (differcnces plotted against their mean average) of (a) left ventricular mass indexed for body surface area
(BSA) and (b) left ventricular mass indexed for height. SI3=2 standard deviations of the mean difference in the
measurcments of the two devices. Using standard echocardiographic systein as the gold standard, the sensitivity and
specificity of the kand-held device for screening of the presence of left ventricular hypertrophy were catculated as was
the positive predictive vaiue (PPV), negative predictive value {NPV) and accuracy.

Table 2 Measurements (in em) of the anterior septum (AS), the posteviov wall
(PW} and the Icft ventricular end-diastolic dimension (LVED )} with both imaging

devices
. Mg Rapge ol

Type ol Mean s measurements
examination

AS PW  LVED AS PW LVED AS PW LVED
Standard ccho 1-18 092 485 029 020 071 03522 0413 3468
Hand-held device 1-21 14 4-8 26 016 066 07T 23 06 14 35 646
SE-hand-held - 003 — Ok 0-05 003 304 005

SD=standard deviation: Number of patients: 100,

However, the indication of echocardiography in
hypertensive patienis may be broadened. as this new and
inexpensive (~ 1/10th of the price of a standard echo-
cardiographic system) hand-held olirasound  device
becomes widely available. In our view, such small hand-
held imaging devices, reducing the cost and being uitra-
portabie and easy to use. will allow routinely echocar-
diographic examination in all hypertensive patients,
Performing as an extension (o physical examination they
will provide the clinician with immediate. valuable infor-
malion about prognosis and risk classification, assisting
him in his decision of therapy. Of course. the initlation
of aggressive therapy is dependent on nel only ke
presence of left veniricular hypertrophy but also on
other parameters such as cardiovascular risk factors and
end-organ damage. Furthermore, it is becoming increas-
ingly clear that we should aim for aggressive treatment
in most hypertensive patients.

The efficacy of the selected therapy couid be followed
with the hand-held device by serial estimation of left
ventricular mass with every visit at the outpatient climic.
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However, the reliability of lefl ventricular mass measure-
ments depends on many factors, sieh as the experience
of the operator. the age of the patient. the body habitus
or the presence of an abnormal left ventricular geometry
or emphysema. Furthermore the amount of regression
with therapy also plays a significant role in the
likelihood of true changes®,

By analysing the left ventricular geometric patiern,
risl stratification can be carried out: patients with
normal left veniricular architecture have the best prog-
nosis, those with concentric remodelling or eccentric
hypertrophy have interimediate, and those with concen-
tric left ventricular hypertrophy have the worst prog-
nosist2%21 Furthermore. echocardiography provides
us not only with left ventricular mass determination.
but with additional valuable information such as left
ventricular systolic function or valvular abunormalities.

The method used moest Teguently for the diagnosis of
left ventricular hypertrophy is still standard electrocar-
diography. Although the ECG has low sensitivity and
specificity in recognising left ventricular hypertrophy. it
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Agreement = 93%, k = 0-77

Number of patients: 100.
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LVM/height (g.m™)
Standard echo
Abnormal Normal
Abnormal 25 9
Normal 1 65

Agreement = 90%, k = 0-7¢

The pumbers inside the table express the absolute number of patients

Abnormal = left ventricular hypertrophy
Figmre 3 Agreement of the left ventricular mass (LVM)

indexed by body surface area (BSA) (a) and by

height (b), measured by the hand-held device and the standard echocardiographic system.

should not be abandoned in patients with known
or suspected coronary artery disease as it pro-
vides additional information on ischaemia, previous
myocardial infarction and rhythm abnormalities.

Left ventricular mass determination, especially with
the M-mode based methodology, can be unreliable in an
asymmetric heart. In the presence of such an anatomy,
the 3D echocardiogram and the ECG-gated magnetic
resonance imaging have a higher accuracy and reliabil-
ity. However, albeit they are superior compared (o
conventional echocardiographic methods, they have a
higher cost and a varled availability!®,

The study was performed by a cardiologist with
experience in echocardiography. We believe that phys-
icians can be trained to use this hand-held device and to
recognize and distinguish normal from abnormal find-
ings. In case of an abnormal finding or in case of doubt
an echocardiographic study with a standard echocardio-
graphic system performed by an experienced investi-
gator should follow. However, training and licensing for
use of these devices by non-cardiologists will become an
important issae in the Future.

Recently, Goodkin et all® studied the use of the
hand-held device at the point-of-care and compared it to
the physical examination. They reported that the use of
this device by cardiologists improved the detection of
important cardiovascular findings. However, they
pointed out that such a hand-held device cannot be a
substitute for the final diagnosis, in case of abnormal
findings. This iz in concordance with the study per-
formed by Spencer et afl® in critically ill patients.
Moreover, Schiller™ comments that further evaluation
of these devices will improve their practical use.

Limitations

En this study. we calculated the left veniricular mass by
the Devereux medified (ASE)-cube equation. Due to the

absence of the M-mode feature of the hand-held device
the measurements were performed with the use of cal-
lipers on the two-dimensional parasternal long axis view
according to the American Society of Echocardiography
recommendations'®. The same measuring technigue
was used for both devices for performance comparison.

The hand-held device used in this study had colour
power Doppler flow mapping instead of the traditional
colour Doppler. Furthermore, it had no Doppler
modalities with which to obtain haesmodynamic data. By
now, spectral Doppler and colour Doppler are inte-
grated in the new generation of personal ultrasound
imagers.

Conclusion

The hand-held ultrasound device, being ultra-portable,
and inexpensive could become part of the clinical exami-
nation in high-risk patient groups, performing like an
excellent screening tool.

We are gratefisl to Eric Boersma, PhD, for expert statistical
advise.
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ABSTRACT

Background: A hand-carried cardiac uitrasound (HCU) device is a recently introduced
imaging device which may be potential useful in the primary care setting.

Air; To test the screening potential of a HCU for the detection of LV dysfunction by
evaluating LV ejection fraction (LVEF) and inferior vena cava {IVC) collapse. A standard
echocardiographic system (SE) and plasma brain natriuretic peptide (BNP) measurements
were used as a reference.

Methods: Eighty-eight (88) consecutive patients (56 male, age 59+12 years) with suspected
LV dysfunction were enrolled in the study. The HCU-LVEF was visually estimated and the
SE-LVEF derived by the Simpson's biplane method. A LVEF <33% represented LV
dysfunction. An IVC collapse of <50% and BNP levels = 15 pmol/L were considered
abnormal. The correlation of the HCU-LVEF, the HCU-IVC and BNP to the SE-LVEF and
SE-IVC were analysed independently using twoxtwo tables.

Results: Six patients were excluded because of poor echo images. 17/82 patients had LV
dysfunction. Both, the HCU and BNP could identify 16 out of these 17 patients. The
agreement for LVEF and IVC collapse between SE and HCU was 98% and 96% respectively.
The sensitivity of IVC coilapse, HCU-LVEF and BNP in identifying patients with LV
dysfunction were respectively 30%, 94% and 94%.

Conclusion: A HCU device can reliably be used as a screening tool for LV dysfunction.

Key words: Left Ventricular Dystanction, Hand-Carried Ultrasound Device, Ultrasound

stethoscope, Brain Natriuretic Peptide, Inferior Vena Cava Collapse,
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INTRODUCTION

Congestive heart failure is a disease associated with high morbidity, mortality and cost [1-4].
One of the main precursor forms of heart failure is left ventricular (LV) dysfunction, which at
early stages is asymptomatic. Appropriate and early treatment can delay if not prevent the
development of chronic heart failure [5-7] which makes screening for this disorder
worthwhile [8]. However, clinical diagnosis of LV dysfunction with the existing conventional
criteria is often difficult and inaccurate [9-11].

Brain natriuretic peptide (BNP) is a cardiac neurohormone secreted in the ventricles as a
respense to volume and pressure overioad [12,13] and may be elevated in patients with LV
dysfunction [14,15]. Studies have suggested measurements of plasma BNP levels as a
potential new screening method for the diagnosis of patients with impaired LV dysfunction
[14-17].

Echocardiography on the other hand, is known to be the screening method of choice for
LV dysfunction assessment [3,18-197 but is considered to be unpractical and costly
[15,16,20]. Furthermore, the inspiratory changes in diameter of the IVC collapse as an
indicator of right-sided filling pressure can be measured by echocardiography [21-22].
However, the utility of this parameter as a screening parameter for LY dysfunction has not
been studied yet.
Hand-carried cardiac ulirasound (HCU) devices aim to bring echocardiography into the
community seiting aflowing screening programmes for various cardiac pathologies [23-25],

The purpose of the current study was to test the diagnostic potential of a HCU device
(SonoHeart™, SonoSite Inc and OptiGo™, Philips Medical Systems) in screening for LV
dysfunction by evaluating LV ejection fraction (LVEF) and the IVC collapse. A standard
echocardiographic system (SE) evaluating LV function and [VC collapse and BNP

concentration measurements were used as a reference.

The HCU device
Two HCU devices were used: the OptiGo™ (Philips Medical Systerns) and the SonoHeart™
Plus (SonoSite Inc) (Figure 1).

Both devices operate on a rechargeable battery or AC current and allow quantitative
assessment of the heart with inclusive linear callipers. SonoHeart™ has a storage memory of
50 images which can be downloaded into a PC and has also connection to a VCR, a printer or

an external monitor. The OptiGo™ " uses a CompactFlash card to archive images which also
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can be downloaded intc a PC, Colour flow Power Doppler and Colour flow Doppler is
integrated to the SonoHeart™ and OptiGo™ respectively. SonoHeart'™ Plus has in addition

M-Mode and pulsed Doppler,

METHODS

Study patients
The study was approved by the Institutional Medical Ethical Committee and informed consent
for the study was obtained from all patients.

Eighty-cight (88} consecutive patients referred from the outpatient cardiology clinic to
the echo lab with suspected 1.V dysfunction were included in the study. All patients were
clinically stable and cardiac medication was unchanged during the study period.

Patients characteristics are listed in table 1.

Study protocol

Echocardiographic data

The study protocol consisted of two consecutive echocardiographic examinations: one
examination by means of a standard echocardiographic system (Senos 5500, Andover, Mass)
and the other by means of a HCU device (SonoHeart™, SonoSite Inc or OptiGo™™, Philips
Medical Systems). All images were stored in the memory of the portable devices and as
digital loops onto optical discs for the SE. Both studies were performed on the same day by
two independent cardiologists blinded to each other’s results and to medical history or clinical

status of the patient.

LVEF evaluation using SE

Images were acquired with the SE at standard cardiac views. We used LVEF, derived with the
previously validated modified Simpson’s biplane discs method [26], as our gold standard for
classification of L'V function. The analysis was performed on a computerised off-line station
by an independent third observer blinded to the HCU device and BNP results. The cinematic
frames corresponding to end-diastole and end-systole were selected from 2-chamber and 4-

chamber views.
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LYEF evaluation using a HCU device

Global LV systolic function was estimated visually from the same with the SE cardiac views
1n all patients. Normal LV systolic function was defined by normal LV end-diastelic (£ 5.5
cm) and end-systolic (£3.5 c¢m) dimensions and no major wall motion abnormalities [27]

whereas EF<35% was considered to represent a severely reduced LV function.

IVC measurements

The expiratory and inspiratory IVC diameter and percent collapse were measured with SE and
HCU devices from the subcostal view with the patient in supine position. The diameter was
measured within 2 cm of the right airium origin of IVC. In case of quiet respiration and
minimal IVC variation the patient was asked to suddenly inhale (“sniff”) and the subsequent
IVC was measured (Figure 2). The collapse index (IVC-CI) was calculated by taking the
difference of the two dimensions and dividing it by end-expiratory IVC dimensions. An [VC-
C1 < 50% represented an elevated right atrium (RA) pressure (>10 mmHg) [22].

Measurement of plasma BNP

Before the echocardiographic assessments, blood samples were obtained from the antecubital
vein of all patients after they had rested for at least 15 minutes. Blood was collected into
chiiled tubes containing edetic acid (EDTA) and aprotinin (1.9 mg and 100 kIU/ml blood,
respectively). Plasma samples were centrifuged promptly {1111g for 13 minutes} and stored at
-§0°C until final analysis. BNP was measured using a standard commercially available
immunoradiometric assay kit (Shionoria BNP kit, Shionogi, Osaka, Japan). Results of BNP
concentration were received within 1 month from the echocardiographic examination. A BNP
level of = 15 pmol/L was considered to represent severe L'V dysfunction and derived from a

large study population of more than one thousand patients in our centre.

Invasive hemodynamic data

Right-sided heart catheterisation was performed in a subgroup of 20 patients to compare
invasively obtained RA pressure measurements to the RA  pressure estimated
echocardiographically by the IVC collapse. The hemodynamic data were acquired with fluid-
filled Swan-Ganz catheters (Baxter Healthcare Corp., Edwards Critical Care Division, Irvine,
California) immediately after the echocardiographic study with the HCU device and before

any Invasive interventions. Normal RA pressure was considersd £ 10mmHg, Medication
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remained unchanged during the study period. Blood samples for BNP were obtained from all

the patients prior to invasive interventions and results were compared to invasive data.

Statistical analysis

Descriptive statistics were reported as mean + SD for continuous variables and as percentages
for categorical variables. The agreement for the two examination techniques in evaluating
LVEF and IVC-CI measurements were assessed from 2X2 tables using weighted kappa
statistics. The same statistical method was used for the agreement between BNP
measurements versus LVEF and between RA pressure measured invasively versus the
echocardiographically estimated RA pressure. Kappa values <04, between 0.4 and 0.73, and
>0.75 were considered to represent poor, fair to good and excellent agreement respectively,
based on Fleiss’s classification **. Differences between proportions were compared using the
Chi-square test. The Student’s t test was used to compare continuous variables. A value of

p<0.05 was considered statistically significant.

RESULTS

Patients characteristics

Eighty-eight (88) patients (52 male, age 59+12) referred for echocardiography with suspected
LV dysfunction were included in the study. Out of the initial 88 patients, 6 were excluded
from the study due to poor visualisation of the LV (2 patients), and IVC (4 patients) lzaving
82 patients for analysis. Sixty-four out of 82 patients were classified according to the New
York Heart Association functional class I or II, 14 were class III and 4 patients were class IV.
The classification was performed by an investigator blinded to the results of the

echocardiographic examinations.

Echocardiographic data
Out of the 82 patients to analyse, 17 had an EF <35% as assessed by the SE Simpson’s
biplane discs method. The HCU examination detected 16/17 patients showing a sensitivity of
94% and specificity of 100% in the diagnosis of LV dysfunction {table 2A).

The agreement between the two imaging techniques for the IVC-CI was very good (96%,
kappa=0,87) (table 3A). However, there was no correlation between IVC-CI and LVEF
assessed by SE (agreement:76% kappa=0.19) (table 3B).
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BNP data

Resuits of BNP were available for all 82 patients, BNP levels were elevated in 16 out of the
17 patients with LV dysfunction. However, in 8 patients with normal LVEF the BNP levels
were also elevated resulting in a sensitivity of BNP in diagnosing patients with LV

dysfunction of 94% and a specificity of 88% (table 2B).

Subgroup analysis

20 patients underwent a right-sided heart catheterisation as part of diagnostic procedure. The
characteristic data of the patients are listed in table 4. The mean RA pressure measured
invasively was 8+%9 mmHg. The agreement for the measurement of the RA pressure between
the two techniques was 95%, kappa 0.9 (tabie 5). The correlation between BNP and

invasively measured RA pressure was poor (60%, kappa=0.29).

Table 1. Baseline characteristics of the 88 patients with suspected LV dysfunction

N (%)

Age (years) 52x12

Male, n 57 (59%)
History of M1 34 (39%)
HT, known 15 (17%)
DM, treated 9 (10%)
No history of cardiovascular disease 32 (36%)
Beta-blockers 36 (41%)
Nitrates 15 (17%)
Calcium-antagonists 15 {17%)
Diuretics 12 (14%)
Aspirinfanticoagulants 40 (45%)
Lipid-lowering agents 37 (42%)

CAD=coronary artery disease; MI=myoccardial infarction;
HT= hypertension; DM=diabetes mellitus.
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Table 2 Agreement between (A) a HCU device and (B} BNP mcasurements and a standard eche in the assessment of LVEF,

A. B.
LVEF (SE)
abnormal normal

abnorrmal 16 0
¢ 5 =
5c :

4w

=~ onmal 1 65

Agreement =99%, lkappa =0.96.
Sensitivity=94% (95%CI:0.77-0.77)
Specificity=100% (95%C1:0.95-0.95)
PPY=100% (95°4CI:0.82-0.82)
NPV=98% (95%C10.94-0.94)

No of patients: 82,

abnormal

normal

LVEF (SE)
abnormal normal
16 8
1 57

Agreement =89%, kappa =0.71.
Sensitivity=54% (95%CI:0.73-0.99)
Specificity=87% ($5%CL:0.82-0.89)
PPV=67% (35%CI:0.51-0.70)
NPV=98% (95%C1:0.92-1.0)

The numbers inside the tables express lhe absolute number of patients,

Abnormal LVEF: €35%;

Abnormal BNP: 215 pmol/L,




Table 3. (A) Agreement between a HCU device and a standard echo in the assessment of IVC collapse and (B) correlation between IVC

collapse and LVEF

IVC(SE) LVEF (SE)
abnormal normal abnormal normat
abnormal 12 1 pt . abnormal 5 8
- G5
3g &0
W <o
> T z
= ™" pormal normal
2 67 12 57
Agreement =96%, kappa =0.87. Agreement =76%, kappa =0.19.
Sensitivity=86% (95%CT:0.64-0.92) Sensitivily=30% {35%C1:0,12-0.49)
Specificity=98% (95%CL0.94-1.0% Specificity=88% {95%C1:0.83-0.93)
PPV=92% {95%C1.0.68-1.0) PPV=38% (95%CI:0.16-0.64}
NPV=83% (95%C1:0,78-0.87}

NPV=97% (95%C1:0.93-0.98)

No of patients: 82.
The numbers inside the lables express the absolule number of patients.
LYEl=lefl ventricular ¢jection fraction.
TVC-Cl=inferior vena cava collapsce index
Abunormal LVEF: €35%;
Abaomal IVC-CT: < 50%.
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Table 4.

Baseline characteristics of 20 patients that underwent right-sided heart catheterisation

N
Age (years) 605
Male 13
Hypertension 6
DM 3
Known or suspected CAD 19
Dilated cardiomyopathy 1

CAD=coronary artery disease; DM=diabetes mellitus.

Table 5.
Agreement between echocardiographically versus invasively assessed right atrium pressure
(RAP)
(RAP) Invasive measurements
abnormal nermal

]

A

z abnormat 7 0

=

-

é normal ! 12

No of patients: 20.

Agreement =95%, kappa =0.89.
Sensitivity=87% (95%C10.57-0.57)
Specificity=100% (95%CIL:0.79-0.79)
PPV=100% (95%CI:0.65-0.63)
NPV=62% (95%CI[:0.74-0.74)

The numbers inside the tables express the
absolute number of patients.

Abnermal RAP: > 10 mmHg.

An [VC collapse <50% with the HCU device was
considered to represent abnormal RAP.
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Figure 1.
Photograph of the two ultrasound stethoscopes used in this study. (A) The OptiGOTM and (B)
the SonoHeart™ pius.

Figure 2.
Imaging of the inferior vena cava during expiration (A) and inspiration (B). A collapse of less
than 50% is present, indicating and elevated right-sided filling pressure (OptiGo'™).
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DISCUSSION

Heart failure and LV systolic dysfunction occur frequently, especially in the elderly
population and are related to poor prognosis and considerable health-care cost [3]. Eaily
recognition and initiation of appropriate treatment can improve survival [6]. However,
dragnosis of LV dysfunction, especially in asymptomatic patients, may be difficult to assess
by physical examination only, even when routine lab values, electrocardiograms and chest X-
rays are added [29].

BNP is a 32 amino acid pelypeptide containing a 17 amino acid ring structure common to all
natriuretic peptides. The source of BNP is the cardiac veniricles and its release is directly
proportional to ventricular volume expansion and pressure overload [12,13]. BNP levels are
clevated in patients with heart failure and LV dysfunction. Also the effect of treatment in
these patients can be monitored with repeated BNP measurements, as suggested by Troughton
et al [30]. Furthermore BNP levels seem to be an independent predictor of long-term survival
after myocardial infarction [31] and all cause mortality for patients with LV dysfunction {32,
33]. BNP measurements have therefore been proposed as a new simple and inexpensive
screening tool for LV dysfunction [14-17, 34,35]. Furthermore the European Society of
Cardiology has recently incorporated the BNP measurements into the diagnosis of heart
failure {18]. BNP levels are useful in "ruling out” this disorder due to very high negative
predictive values, especially in untreated patients. In accordance with previous studies we
demeonstrated that BNP measurements show high sensitivity in detecting patients with LV
dysfunction.

However, we have to take into account that BNP, as an indicator of raised intracardiac
pressure, can be elevated in various forms of heart disease besides LV systolic dysfunction
including atrial fibrillation, LV diastolic dysfunction, LV hypertrophy and significant valve

disease [36-37]. This may explain our results regarding BNP measurements.

Echocardiogaphy as a screening tool for LV dysfunction

According to the guidelines of the European Society of Cardiology, objective evidence of LV
dysfunction must be added to clinical symptoms to establish the diagnosis of heart failure.
Echocardiography has been proposed to be the screening method of choice to demonstrate
cardiac dysfunction [18,19].

However, echocardiography is considered not cost-effective as a screening tool, especially for

patients with low probability of cardiac dysfunction, and its availability is often limited in the
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different clinical settings. Newly developed HCU devices offer high image quality, ultra-
portability and significantly lower capital cost (1/10th of the cost of a SE}. The value of such
devices for screening for varicus cardiac pathologies has been shown in previous studies [23-
25, 27, 38-39]. The main finding of the current study was that a HCU device, estimating
LVEF, is a sensitive tool for screening for LV dysfunction as assessed by SE.

We tested furthermore the hypothesis of diagnosing LV dysfunction by assessing the
percentage collapse of IVC. However, this parameter appeared to be of low sensitivity (30%)
and positive predictive value {38%) for the detection of LV dysfunction with both devices, SE
and HCU echocardiography. To our knowledge, this is the first study that evaluated the
parameter of the percentage collapse of IVC as a potential screening parameter for LV
dysfunction. In the contrary and as previously shown [22], the correlation of the
echocardiogaphically estimated RA pressure, assessed by the IVC collapse, compared to the
invasively assessed RA pressure (agreement 95%).

Echocardiography, can provide non-invasively, additional valuable informnation about other
significant abnormalifies beyond LV function. Thus, LV hypertrophy, valvular abnormalities
or mass lesions can be diagnosed insiantly with echocardiography but could be missed by
physical examination or a blood test. Furthermore, the addition of the Doppler feature in some

of these devices enables the differentiation between systolic and diastolic dysfunction.

Use of ultrasound stethoscopes
The American Society of Cardiclogy recommends Level T of training as an absoiute minimal
level required for the use of HCU devices [40]. Studies have shown that minimal echo

training may enable physicians to use HCU for interpreting simple abnormalities with high

efficacy and accuracy [41-42].

Limitations

The HCU devices used in this study were SonoHeart plus™ and OptiGo™. Although the
former has two additional modalities (pulsed Doppler and the M-Maode), we used only the 2D
feature for the LVEF and the IVC collapse evaluation to avoid bias between the two devices.
There are therefore no data about the diastolic LV function of the heart or flow data.
Furthermore no additional data about other cardiac abnormalities were reported since the

purpose of the study was to test the potential of a HCU device as a screening tool for LV

dysfunction.
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CONCLUSION

Echocardiography is a most practical tool to demonstrate cardiac dysfunction. The HCU
devices lead to incorporation of echocardiography into the physical examination and can
broaden the availability of echocardiography allowing screening programmes for the

identification of patients with LV dysfunction.,
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ABSTRACT

Lefi ventricular (LV) dysfunction is correlated with elevated natriuretic peptides, however the
presence of myocardial contractile reserve may inversely influence natriuretic peptide levels
in patients with reduced LV function.

Plasma atrial natriuretic peptide {ANP) and brain natriuretic peptide (BNP) were
determined in 66 consecutive patients referred to debutamine stress echocardiography for the
evaluation of myocardial viability. ANP and BNP were measured using immunoradiometric
assays. Left ventricular ejection fraction (LVEF} was assessed by echocardiography at rest.
Echocardiograms were analyzed using a 16-segment 5-point model. Contractile reserve was
defined as an improvement of segmental wall motion score by =1 grade following infusion of
low-dose dobutamine {10 lg/kg/min) in 22 severely dyssynergic segments.

ANP and BNP plasma concentrations were higher in patients with a LVEF<35% compared
to patients with a LVEF>35% (ANP: 11.1 + 9.7 versus 34.4 £ 37.0, p<0.0003, BNP: 624 +
79.0 versus 11.6 + 14.0 pmol/L, p<0.0003, respectively). The presence of contractile reserve
influenced the ANP and BNP levels in patients with wall motion abnormatities. Patients with
a preserved myocardial coniractile reserve had lower ANP and BNP levels than patients
without contractile reserve (ANP: 15.7 + 8.0 versus 44.8 = 41.9, p<0.05, BNP: 17.9 £ 12.0
versus 78.3 * 89.4 pmol/L, p<(0.05, respectively). Cardiovascular medical therapy, including
beta-blockers and ACE-inhibitors, was comparable between the patient groups.

Plasma natriuretic peptide levels are elevated in patients with LV dysfunction. However, in
the presence of preserved myocardial contractile reserve, relatively low ANP and BNP levels

are present.

Key words: natriuretic peptides, contractile reserve, left veniricular dysfunction, heart failure
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INTRODUCTION

Ischemic left ventricular (LV) dysfunction is the principal cause of congestive heart failure,
which is associated with a poor prognosis [1-3]. The management of these patients is
challenging, whereas the prevalence of congestive heart failure is increasing over the last
decade [2]. Substantial reductions of morbidity and mortality can be achieved with medical
therapy, additionally coronary revascularization may improve outcome in patients with severe
ischemic L'V dysfunction with a preserved myocardial contractile reserve [4-6].

Recently, atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) have been
proposed for the detection and management of patients with LV dysfunction [7-11]. ANP is a
cardiac hormone that is synthesized and secreted primarily in atrium, whereas BNP is
produced in the ventricles in response to changes in wall siretch. Plasma natriuretic peptide
concentrations may be elevated in patients with L'V dysfunction, and elevated ANP and BNP
levels are related to an adverse outcome [7-11]. Previous studies demonstrated that a
preserved myocardial confractile reserve is related to a favorable outcome in patients with LY
dysfunction. Currently, the relation between the presence of myocardial contractile reserve
and plasma natriuretic peptides is not clear. In this study, we investigated the effect of
myocardial contractile reserve on plasma ANP and BNP levels m patients referred io

dobutamine stress echocardiography with a varying degree of heart failure.

METHODS

Patient population, study pretocol

The study population consisted of 66 consecutive patients referred to dobutamine stress
echocardiography for the evaluation of known or suspected coronary artery disease. Patients
with primary cardiomyopathy, concomitant significant valvular disease, or left veniricular
hypertrophy were not included. Plasma ANP and BNP concentrations were determined using
immunoradiometric assays. All patients underwent resting echocardiography to assess the LV
gjection fraction (LVEF) and to identify dysfunctional myocardial tissue. Left ventricular
myocardial contractile reserve was assessed during low-dose dobutamine stress
echocardiography. The local medical ethics committee approved the study protocol and all

patients gave informed consent.
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Cardiac peptide measurements

Before stress echocardiography a blood sample was drawn from a peripheral vein, after the
patient had rested for at least 30 minutes in a supine position. The blood sample was drawn
into a pre-chilled tube containing edetic acid (EDTA, 1.9 mg/ml) and the protease inhibitor
aprotonin {Trasylol, 100 kIU/ml) to prevent breakdown of the cardiac peptides. The sample
was placed on ice and promptly centrifuged at 3000 rpm (4°C) for 10 minutes. The plasma
was separated and stored at -80°C. Plasma concentrations of ANP and BNP were determined
using standard commercially available immunoradiometric assay kits {Shionoria ANP and

BNP kits, Shionogi, Osaka, Japan).

Echocardiography

A commercially available imaging system (Hewlett Packard Sonos 5500, Andover, Mass.)
and a 1.8 MHz transducer using second harmonic imaging to optimize endocardial border
visualization were used. Two-dimensicnal imaging was performed with the patient in the left
lateral position; standard views were recorded on optical disk (cine Joops).

After the venous blood samples were drawn, dobutamine stress echocardiography was
performed to assess the contractile reserve in dysfunctional myoecardinm. Following the
resting echocardiographic study, dobutamine was administered intravenously, starting at a
dose of 5 ug/kg body weight per minute for 5 minutes, followed by a 10 nug/kg/min dose for 5
minutes {low-dose). Incremental doses of 10 pg/kg/min dobutamine were given at 3-minute
intervals wp to a dose of 40 pg/kg/min, and atropine was added if target heart rate was not

achieved.

Global LV function, assessment of LVEF

The LVEF was determined off-fine by the 2-dimensional biplane disk method using the
modified Simpson's rule [13]. The endocardial borders of the 2- and 4-chamber apical views
were digitally traced at end-diastole and end-systole. Subsequently, the LV end-diastolic and
end-systolic volumes gjection fraction were measured and the LVEF was calculated. A LVEF

<33% was considered abnormal.
Regional LV function, segmental analysis

Two experienced observers, wnaware of the clinical data, scored the digitized

echocardiograms offline. In case of disagreement, a majority decision was achieved by a third
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observer. The left ventricle was divided into 16 segments according to the American Society
of Echocardiography [12]. Regional wall motion and systolic wall thickening were scored
using a 5-point grading scale: I=normal, 2=mildly hypokinetic, 3=severely hypokinetic,
d=gkinetic, 5=dyskinetic. Segments with severe hypokinesia, akinesia or dyskinesia were
considered abnormal. The wall motion score index (WMSI) was calculated as the sum of the
segmental scores divided by the number of analyzed segments. Confractile reserve was
defined as an improvement of segmental wall motion score by 21 grade following infusion of
low-dose dobutamine {10 png/kg/min) in 22 severely dyssynergic segments. Ischemia was
defined as new or worsened wall motion abnonmalities during high-dose dobutamine stress

indicated by a deterioration of segmental wal}l motion score by =1 grade.

Statistical analysis

Values are expressed as mean + S, when appropriate, percentages are rounded. Continuous
variables were compared using the Student t-test for unpaired samples. Differences between
proportions were compared using the Chi-square test. A value of p<0.05 was considered

statistically significant.

RESULTS

Patient characteristics
The clinical characteristics of the 66 patients are presented in Table 1. A total of 44 patients

were in New York Heart Association (NYHA) functional class I/11, 22 in class III/IV.

Glebal function, LVEF
The LVEF at rest was on average 47+£15%, 21 patients had a LVEF<35%. Dobutamine-stress
echocardiography was performed in all patients without side effects. The hemodynamic

changes in response to low-dose dobutamine infusion are presented in Table 2.

Wall motion analysis
Segmental wall metion abnormalities were present in 27 patients. Of these pafients, 13
patients had a preserved myocardial contractile reserve, the remaining 14 patients had no

contractile reserve. The clinical characteristics were comparable in pafients with and in
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patients without contractile reserve (see Table 3). Patients with a preserved contractile reserve
fess often had a history of myocardial infarction compared with patients without contractile

reserve,

Natriuretic peptide concentrations versus LVEF

The plasma levels of each natriuretic peptide were significantly elevated in patients with an
abnormal LV function. Figure 1 demonstrates that the plasma ANP concentrations were
significantly higher in the patients with a LVEF£35% compared to patients with a
LVEF>35% (34.4 £ 37.0 versus 11.1 £ 9.7 versus, p<0.0003). In line with this, plasma BNP
concentrations were higher in patients with a LVEF<35% than in those with an LVEF>35%
(62.4 £ 79.0 versus 11.6 £ 14.0 pmol/L, p<0.0005, sce Figure 2).

Natriuretic peptide concentrations versus contractile reserve

The presence of contractile reserve influenced the natriuretic peptide concentrations in
patients with wall motion abnormalities. The patients with a preserved myocardial contractile
reserve had a lower ANP concentration than the patients without contractile reserve (15.7 &
8.0 versus 44,8 + 41.9, p<0.03, see Figure 3). Also, plasma BNP levels were lower in patients
with a preserved myocardial contractile reserve than in patients without contractile reserve

(17.9 4 12.0 versus 78.3 + 8§9.4 pmol/L, p<0.03, respectively, Figure 4).
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Table 1. Baseline characteristics

Natriuretic Peptides and Contractile Reserve

Men / Women
Age (vears)
NYHA functional class
LVEF (%)
Ischemia
Diabetes metlitus
Hypercholesterolemia
Smoeking
History
Myocardial infarction
Coronary angioplasty
Coronary bypass surgery
Medical therapy
Beta-blockers
Calcium channel blockers
Nitrates
ACE-inhibitors
Diuretics
Digoxin
Aspirin

Cholesterol lowering drugs

41 (62) /25 (38)
63+ 13
1.8+1.0
47£15

18 (27)

2(3)

20 (30)

8¢12)

19 29
35
10 (15)

20 (30}
10 (15)
3(12)
13 (20)
8 (12)
5(8)

26 (39)
20 (30)

Data are presented as number (%).
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Table 2. Hemodynamic data during dobutamine infusien

Baseline 5 pgrkg/min 10 pg/kg/min
Heart rate (bpm) 74+ 15 81 £22% 90 +26* T
Systolic BP (mmHg) 131 £22 132 £ 25 131 £23
Diastolic BP (mmHg) 76+ 12 75413 72411
Rate pressure product 9595 + 2446 10554 + 3039 11693 £ 3862 1

Data presented are mean value = SD. * p<0.05 versus baseline. T p<0.03 versus 5 pgfkg/min

dobutamine infusion stage. BP = blood pressure.
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Table 3. Clinical characteristics in patients with and witheut contractile reserve.

CR+ CR- P-value
Men / Women 10(77)/3(23) 9(64)/5 (36) NS
Age (years) 63+ 13 66+ 12 NS
NYHA functional class 22+08 2.8+08 NS
LVEF (%) 39x8 33+14 NS
Ischemia 7(54) 7 (50) NS
Diabetes mellitus 0(0) 1{7) NS
Hypercholesterolemia 2(1%) 429} NS
Smoking ()] 2 (14} NS
History
Myocardial infarction 4(31) 11(8%) <0.05
Coronary angioplasty 0 (0) 1 (7 NS
Coronary bypass surgery 2 (15) 6 (43) NS
Medical therapy
Beta-blockers 3(23) 8(57) NS
Calcium channel blockers 2 (15) 4(29) NS
Nitrates 1{8}) 32D NS
ACE-inhibitors 2(15 7 (50 NS
Dauretics 2{15) 5(36) NS
Digoxin 1{8) 429 NS
Aspirin 4 (31) 1071 NS
Cholesterol lowering drugs 1 (8) 32 NS

Data are presented as number (%).
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Figure 1
Plasma ANP concentrations in patients with a LVEF>335% and in patients with a LVEF£35%.
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Figure 2
Plasma BNP concentrations in patients with a LVEF>35% and in patients with a LVEF<35%.
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Figure 3
Plasma ANP concentrations in patients with wall motion abnormalities with and without a
preserved left ventricular myocardiai contractile reserve.
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Figure 4
Plasma BNP concentrations in patients with wall motion abnormalities with and without a
preserved left ventricular myocardial contractile reserve.
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DESCUSSION

Previous smidies have demonstrated that plasma natriuretic peptide concenirations are
elevated in patients with congestive heart failure [7-11]. Although the number of patient with
congestive heart failure due to ischemic heart disease is increasing rapidly 2], there are no
data available on the relation between myocardial contractile reserve and plasma natriuretic
peptide concentrations. In this study, ANP and BNP levels were determined in a patient
cohort with known or suspected coronary artery disease and a varying degree of heart failure.
The main finding from the present study is that the presence of myocardial contractile reserve
during low-dose dobutamine stress echocardiography influences plasma levels of both
natriuretic peptides in patients with an impaired L'V function. Plasma ANP and BNP levels
were markedly elevated m patients without contractile reserve, compared to patients with a
preserved contractile reserve. Cardiovascular medical therapy, including beta-blockers and

ACE inhibitors, was comparable between the patient groups.

Pathephysiological role of ANP and BNP

The natriuretic peptides have a major role in the protection of the heart from volume overload
[14]. The cardiac hormones ANP and BNP are produced in the atria and ventricles,
respectively, in response to an increase in wall stretch, or pressure. Elevated plasma ANP and
BNP concentrations have a natriuretic and diuretic effect. In addition, high plasma BNP levels
canse a fluid-shift from the capillary bed to the interstitium, decreasing preload and blood
pressure. Hence, ANP and BNP are functional counterparts of the renin-angiotensin
aldosterone system. Therefore there may be a fiture for these natriuretic peptides in screening
and guiding management in patients with L'V dysfunction. In the present study, the ANP and
BNP plasma concentrations were significantly elevated in the patients with LV dysfunction,
whereas the patients with a normal function had normal natriuretic peptide levels. These
findings indicate that an increased wall tension or stretch in abnormaily contracting
myocardial tissue may lead to elevated plasma natriuretic peptide levels, and confirm the
“volume overload™ hypothesis for the production and secretion of these peptides. This is in
line with the study of Sumida et al. [15] showing that the secretion of natriuretic peptides

increases in proportion to the severity of LV dysfunction, and is elevated in infarct regions.
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Contractile reserve in patients with LV dysfunction

Since the introduction of the concepts of myocardial viability, hibernation, and stunning, it
has become clear that ischemic LV dysfunction is not an irreversible process [16,17]. In more
than 50% of the patients with ischemic cardiomyopathy and heart failure, a clinically
significant amount of viable myocardium is present and coronary revascularization may be
considered [18]. The evaluation of myocardial contractile reserve may have important clinical
implications in patients with ischemic LV dysfunction. Recently, Chaudry et al. [19]
evaluated contractile reserve during low-dose dobutamine stress echocardiography in 80
patients with 1schemic LV dysfunction. Contractile reserve was a significant predictor of
survival in these patients, Moreover, the presence of contractile reserve is related to the extent
of interstitial fibrosis and predicts the recovery of systolic function after coronary
revascularization [20]. Several studies have reporied that plasma natriuretic peptides are
predictive of long-term survival after myocardial infarction, although the mechanism for this
is not clear [21,22]. In the current study myocardial contractile reserve influenced plasma
natriuretic peptide levels. Plasma ANP and BNP levels were high in patients without
contractile reserve, and relatively low in patients with a preserved contractile reserve. Hence,
natriuretic peptides are correlated with myocardial viability in dysfunctional myocardium.
This may partially explain why natriuretic peptides predict survival in patients who had a

myocardial infarction. Further research is needed to fully etucidate this issue.

CONCLUSIONS

The presence of myocardial contractile reserve influences the plasma natriuretic peptide
concentrations in patients with L'V dysfunction. Plasima ANP and BNP levels were markedly
elevated in patients with LV dysfunction without contractile reserve, compared with patients
with a preserved conitractile reserve. These findings may give further insights into the role of

these natriuretic peptides in patients with LV dysfunction.
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ABSTRACT

Aim: To assess the clinical utility and cost-effectiveness of a personal ultrasound imager
(PUT) (SonoHeart™, SonoSite, Inc) during consultation rounds for cardiac evalvation of
patients with suspected cardiac disease.

Methods: One hundred seven (107} unselected patients from non-cardiac departments (55%
male) were enrolied in the study. The consultant cardiclogist (CC) performed after the
physical examination an echocardiographic study with a PUI Final report was given instantly
to the referring physician. All patients subsequently underwent a study with a standard
echocardiographic device (SE). The CC noted for each patient whether the findings of the
PUT were adequate for final diagnosis. The total cost when full echocardiography was
emnployed was compared to the cost when the PUI was used. The time interval from request to
diagnosis was also compared.

Results: Tn 78.5% of patients no further examination with a SE was regarded as necessary.
Twenty-three patients (21.5%) required a further detailed examination with the SE because of
the need of hemodynamic information. There was an excellent agreement for the detection of
abnormalities between the two devices (96%). The total cost was €132 /per patient when the
SE and €75 /per patient when the PUI was employed. According to cur study, the use of the
PUT could lead to a 33.4% reduction of total cost. The mean time from request to diagnosis at
our institution was four days for the SE and instantly for the PUIL which potentially could
save additional costs.

Conclusions: Immediate echocardiographic assessment during consultation rounds can lead

to significant cost savings and to shortening of the time to diagnosis.

Key Words; Cost-Effectiveness, Personal Ultrasound Imager, Hand-held Ultrasound Device,

Clinical Usefulness.

116



Ultrasound Stethoscopy During Consultation Rounds

INTRODUCTION

During consultation rounds in non-cardiology departments the comnsulting cardiologist is
confronted with specific clinical questions {(i.e. presence of pericardial effusion, left
ventricular function, source of embolism or inferior vena cava collapse). It has been proven
that echocardiography is superior to physical examination in diagnosis of cardiac disorders,
especially in their early stages of disease.' However, the transportation of SE during ward
rounds is unpractical and therefore limited. Recently, small hand-held ultrasound imagers
have been developed. Being ultra-portable, of high accuracy and at low cost, they can
revolutionise the daily clinical practice.

The aim of the present study was to evaluate the clinical utitity and cost-efTectiveness of a
small personal ultrasound imager (PUTD) (SonoHeart™ System, SonoSite, Inc) during
consultation rounds for evaluation of unselected patients with suspected cardiac disease. The
results of high-end standard echocardiographic equipment (SE) were used for performance

comparison and verification.

MATERIALS AND METHODS

Study population,
We studied 107 consecutive unselected patients with suspected cardiac disease (55% men)

with a mean age of 53 & 17 years, for whom a consultation by the cardiologist was requested.

Study design

The main inclusion criterion to this study was the request of a physician from a non-cardiac
department for cardiac evaluation of a patient. In addition to the physical examination an
echocardiographic study was performed with the PUI by the consulting cardiologist at the
patient’s bedside. The final cardiac report was given instantly to the referring physician for
management decision. The necessity of an echocardiographic study with the SE was noted by
the consultant cardiologist after the clinical examination of the patient and the PUI study. As a
part of the study, all the patients underwent also an echocardiogram by means of a SE,
Hewlett Packard (Sonos 5500;Andover, MA) or Vingmed (Systemn V;Horten, Norway). These

results were reported by a second investigator blinded to the results of the PUT exarmination.
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Routine logistic procedures of the echocardiographic examinations of the echolaboratory were
not changed in this study. Echocardiographic data were obtained in standard cardiac views
and basic linear measurements of structures and cavities.!*”

The average cost of the normal procedure when a patient is referred to full echocardiography,
was calculated and compared to the cost when the PUI was used.

Furthermore, the time interval between the request for echocardiographic examination and the
final cardiac report for both the PUI and the SE were compared.

The study was approved by our Institutiona! Medical Ethical Committee and writter: informed

consent for the study was obtained from all patients.

The Personal Ultrasound Imager.

The SonoHeart™ (SonoSite Inc., Bothell, Washington, USA) hand-held ultrasound system
(figure 1} Is a small hand-held ultrascund device equipped with a 2-4 MHz phased array
broadband transducer and operating on a rechargeable lithium ion battery or AC power. 2D
control settings comparable to a standard echocardiographic device and a colour power
Doppler flow mapping are integrated to the unit. Distance measurements are possible with
inclusive callipers. SonoHeart™ has a storage memory of 50 images and can be connected to

a video-recorder, a printer or an external monitor.

Statistical analysis.

Descriptive statistics were reported as mean x SD or by frequency percentages. The
agreement for detection of abnormalitics was assessed from 2X2 tables using weighted kappa
statistics. Kappa values 0.4, between 0,4 and 0,75, and >0,75 were considered to represent
poor, fair to good and excellent agreement respectively, based on Fleiss’s classification .,

In addition, specificity, sensitivity, positive and negative predictive value of the PUI in

detecting abnormalities were calculated.

RESULTS

Cardiac visualisation by PUL

In all of patients, adequate visualisation in order to answer the request was achieved.
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Agreement.

The most common referral questions for which a cardiac evaluation was requested are listed
in Table 1. The “gold standard” SE examination detected 71 clinically significant findings
(Table 2). The agreement in identifying abnormalities between the PUI and the SE was 96%,
k=0.93 and is shown in Table 3.

The PUL provided to the cardiologist sufficient information in 78.5% of the patients seen
during consultation rounds. In 23/107 patients (21.5%) a further detailed examination with the
SE was considered as necessary despite the echocardiographic examination with the PUL In
18 out of these 23 patients the Doppler study was required for the severity evaluation of
regurgitant or stenotic lesions (16 patients) and the diagnosis of pulmeonary hypertension {2
patients). In 2/23 patients a SE examination was requested for the verification of severe wall
motion abnermalities and in 1/23 patient for a further investigation of a dilated ascending
aorta. In 2/23 patients there was a false positive diagnosis of endocarditis. In both cases there
was the clinical suspicion of endocarditis by the referral physician. Due to an echodense
appearance of the aortic valve with the PUI the clinical suspicion was enhanced and a further
analysis with SE was reguested by the cardiologist. The SE did not add any further
information and the transoesophageal echocardiographic study that followed finally rejected
the diagnosis of endocarditis.

There were two major abnormalities missed with the PUL a moderate mitral regurgitation in a
patient with referral question of L'V function and a pulmonary hypertension in a patient with
referral question of cor pulmonale. The second was referred to SE examination by the

cardiologist.

Calculation of cost-effectiveness of the PUI

The average cost of a SE study was estimated by calculating the cardiologist’s consultation
fee (€72), and the charging cost of a full echocardiogaphic study (€60). The final cost was
€132 per patient.

The echo examination by the PUT is considered as part of the physical examination and is
therefore not charged. However we implemented in the final cost the capital investment of
such a device which is about €15.000. The five vear equipment depreciation of this amount is
£3.000 fyear which results in €3 /patient on a basis of 1000 patients seen during consultation
rounds per year, Thus the cost of a consultation visit with the use of the PUT was calculated to

be €75 per patient.
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Applying these data to our study results, the total cost for the 107 echocardiographic
examinations performed was €14.124 for standard procedure, when the SE was used.
However with the PUT it was €9.405 since only 23 patients were considered to need further
investigation with a SE. Thus, with the use of PUI a cost reduction of 33.4% could be
achieved.

In addition, the mean time interval between an echo request by the consultant cardiologist and
the final echo report was reduced substantiafly. At our institution the average time was four
days when SE was requested whereas it was instantly when the PUI was employed. In table 4
we can appreciate the logistic flowcharts of an echo study request for in-patients after a

consultation visit by the cardiologist.

Table 1.

Reasons for cardiac consultation request for the 107 patients from non-cardiac departinents

Referral question Yo
Left ventricular function 67.3
Left ventricular dimensions 224
Murmur evaluation 18.0
Pericardial effusion 14.0
Rhythm abnormalities 9.3
Left ventricular hypertrophy 8.4
Suspected endocarditis 4.6
Cardiac source of embolism 2.0
Pulmonary hypertension 1.8

85% of the patients were pre-operative patients. For some patients there
were more than one referral questions.
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Table 2.
List of abnormal findings detected with the SE in 107 patients referred for cardiac evaluation

during consultation rounds

Finding Ye
Left ventricular dysfunction 33.8
Left ventricular hypertrophy 28.0
Left ventricular dilatation 11.2
Mitral valve regurgitation 7.0
Dilated ascending aorta 7.0
Pericardial effusion 4.2
Aortic valve regurgitation 4.0
Tricuspid regurgitation 3.0
Mitral valve stenosis 1.4
Aortic vaive endocarditis 0.9

Number of total findings: 72. Some patients had more than one finding.
The regurgitationjets noted are of moderate or severe degree. Patients
with trivial or mild regurgitation jets were characterized as normal.

Table 3.
Agreement of detection of patients with abnormalities between the SonoHeart ™ and a

standard echocardiographic system

Thi

SonoHeart
normal abnormal
o Normal 5 2
[&]
L
abnormal 9 52

No of patients: 107.

Agreement =96%, kappa = 0,92,
Sensitivity=96% (95%CI: 0.89-0.99 )
Specilicity=96% (95%C1:0.89-0.99)
PPV=06%% (95%CI1:0.89-0.99)
NPV=96% (93%CI1:0.89-0.99)

The numbers inside the tables express the
absolute number of patients.
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Table 4.
Logistic flowcharts at the Erasmus MC Rotterdam, The Netherlands, of a routine echo study

request for patients from non-cardiac departments, after a consultation visit by the

cardiologist,
A. Standard echocardiography B. Personal ultrasound imager
Day I'Consultation visit by cardiologist DayI: Consuitation visit by cardiologist
Day I Echo request Day I+ Echo request
Mean waiting time: 2
days
v
Day 3:.Echo performed (by sonographers) Day I: Echo performed by cardiologist
Mean waiting time: 1-
2 days
¥
Day 4.Echo report (by cardiclogist) Day I: Echo report (by cardiologist)
In 78%:definitive decision In 22%:SE needed
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Figure 1.

Photograph of the SonoHeart"™ device, the personal ultrasound imager (weight 2.4 kg) used
in this study.

DISCUSSION

This study describes the potential utility of a small hand-held ultrasound device during
consuitation rounds in the evaluation of patients in non-cardiac departments with suspected
cardiac disease. In 84 patients (78.5%) the PUI could provide the physician with efficient
instant information indicating that a further examination with SE could have been avoided. In
patients in whom a complete echo study was considered necessary, it was mostly due to the
need of hemnodynarmic assessment by Doppler. With the addition of this feature in the next
generation PUIs the need for SE for patienis seen during consultation rounds could be reduced
even further.

Prior studies vsing limited imaging protocols have provided evidence that a limited imaging
study s feasible for both the diagnosis and evaluation of most of importani cardiac

pathologies (hypertrophic cardiomyopathy,” left ventricular hypertrophy,*' mitral valve
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prolapse,'? abdominal aortic aneurysm).">* Such limited echo strategy can be effectively
implemented with a small hand-held ultrasound device.

Today, small hand held ultrasound devices aim the coupling between the physical
exarnination and echocardiography at the point of care. By being ultra-portable and easy to
use they are practical for carrying while making consultation rounds. Recently, our group
demonstrated in a previous study the efficacy and high accuracy of this small imaging device
in assessing pathomorphology and function of the heart enhancing and extending the physical
examination allowing goal-oriented examination.' *! In the current study these results were

further confirmed.

Cost-effectiveness of PUI during consultation rounds

Like all technological breakthroughs, the PUI has to be evaluated in financial terms as well as
by clinical effectiveness in order to gain wide acceptance. The capital investment of such a
device is economic (~1/12th of the cost of a SE) and the maintenance costs are low.

In our hospital the total number of the in-patients {from non-cardiac departments referred for
an echocardiographic examination for the year 2001 was 1125, Thus, for the year 2001, the
total cost for the 1123 consultation visits that required an echocardiographic examination with
the SE was €148.500. According to our study the cost could be reduced to €98.901 (66.6% of
the initial amount) with the use of the PUL

Eighty-five percent (85%) of the patients in our study were pre-operative patients. In fact, in
our hospital the majority of the in-patients referred for cardiac consultation are pre-operative
patients. The usual question from anesthesiologists and surgeons is the systolic left ventricular
function or evaluation of a murmur that can be reliably be answered by an echocardiographic
examination. Thus, the standard approach for these patients is a request for an
echocardiographic study further to the physical examination. The instant answer to a request
can prevent potential delay in a patient who is planned for surgery and could therefore fead to
cost savings. But this is only a hypothesis that has to be investigated.

Recently, Kimura et al ‘! reported that the presence of an abnormal initial limited
echocardiographic examination at the emergency department had the consequence that the
patients had a significant hospital stay length (ie, > 2 days). Furthermore, their study have
shown that in the sefting of the emergency departiment, a limited echocardiographic
examination has better diagnostic accuracy in identifying cardiac abnormalities than physical

examination.



Ultrasound Stethoscopy During Consulfation Rounds

The present study was performed by cardiologists with experience in echocardiography.
Immediate decision making diagnosis based on the echocardiographic examination of a PUI
during consultatior: rounds requires level I or I training in echocardiography.'®! Kimura et
al ') have proven the feasibility of training health care providers in obtaining a parasternal
long-axis view and the interpretation of significant abnormalities. However, training and
licensing for using these devices for non-cardiologists will become an important issue in the

future.

Limitations te the study

The impact of the use of the PUI on hospitalisation stay has not been specifically addressed in
the current study. This may form the base for future studies.

The personal ultrasound imager that was used for this study had no Doppler modalities to
obtain hemodynamic data. By now, spectral Doppler and colour Doppler are integrated in the

new generation of personal ultrasound imagers.

Conciusion
During consultation rounds, PUT can help to make an instant diagnosis at the bedside leading

to shortening of the time to diagnosis with equal efficacy to a standard echocardiographic

device and lower cost.

125



Chapter 8

REFERENCES

1.

10.

11.

12

13.

Hu BS, Altiel F, Popp RL. Effectiveness of limited training in echocardiography for
cardiovascular diagnosis. Circulation 1996;94 (suppl}:1-253,

Mangione §, Nieman LZ. Cardiac auscuitatory skills of internal medicine and family
practice trainees. A comparison of diagnostic proficiency. JAMA 1997;278:717-22.

Popp RIL. The physical examination of the future: echocardiography as part of the
assessment. ACC Current Rev 1998;7:79-81.

Vourvouri EC, Poldermans D, De Sutter J, Sozzi FB, lzzo P, Roelandt JRTC. Experience
with an ultrasound stethoscope. J Am Soc Echocardiogr 2002;15:80-85.

Roelandt JRTC. A personal ultrasound imager (oltrasound stethoscope). A revolution in
the physical cardiac diagnosis! Eur Heart J 2002;23:523-27.

Fleiss JL. Statistical methods for rates and proportions. 2nd ed New York,
NY: Wiley,1981.

Weidenbener EF, Krauss MD, Waller BF, Taliercio CP. Incorporation of screening
echocardiography in the preparticipation exam. Clin J Sport Med 1995;5:86-9.

Shep SG, Frohlich ED. Limited echocardiography for hypertensive left ventricular
hypertrophy. Hypertension 1997;29:560-3.

Black HR, Weltin G, Jaffe CC. Limited echocardiogram: a modification of standard
echocardiography for use in the routine evaluation of patients with systemic hypertension.
Am J Cardiol 1991,;67:1027-30.

Vourvouri EC, Poldermans D, Schinkel AFL, Koroleva 1Y, Sozzi FB, Bax 1J, Roelandt
JRTC. Left ventricular hypertrophy screening using a hand-held uitrasound device. Eur
Heart J2002;23:1516-21.

Shub C, Tajik AJ, Sheps SG. Value of two-dimensional echocardiography and Doppler
examination in the assessment of hypertensive patients: a pilot study. J Am Soc
Echocardiogr 1995;8:280-4.

. Kimura BJ, Scott R, Willis CL, DeMaria AN. Accuracy and cost-effectiveness of single-

view echocardiographic screening for suspected mitral valve prolapse. Am J Medicine
2000;108:331-3.

Bruce CJ, Spittell PC, Montgomery SC, Bailey KR, Tajik AJ, Seward JB. Personal
Ultrasound Imager: Abdominal aortic aneurysm screening. J Am Soc Echocardiogr

2000;13:674-79.



14.

15.

16.

Ultrasound Stethoscopy During Consultation Rounds - —

Vourvouri EC, Poldermans D, Schinkel AFL, Sozzi FB, Bax JI, van Urk H, Roelandt
JRTC. Abdominal aortic aneurysm screening using a hand-held ultrasound device. A pilot
study. Eur J Vase Endovasc Surg 2001;22:352-4,

Kimura BJ, Bocchicchio M, Willis CL, DeMaria AN. Screening cardiac ultrasonographic
examination in patients with suspected cardiac disease in the emergency department. 4m
Hearr J2001;142:324-30.

Stewart WI, Aurigemma GP, Bierman FZ, Gardin JM, Kisslo JA, Pearlman AS, Seward
IB, Weyman AE. Training in Echocardiography-Task Force 4 of the American College of
Cardiology: guidelines for training in adult cardiovascular medicine -Core Cardiology
training Symposium (COCATS). J dm Coll Cardiol 1995;25:16-23.






CHAPTER 10

DIAGNOSIS OF ENDOCARDITIS OF
TRICUSPID VALVE WITH A SMALL
PERSONAL ULIRASOUND IMAGER,

EC Vourvouri, JW Deckers, €7 Ten Cate, D Poldermans,
AFL Schinkel, JRIC Roelandt.
Submitted for publication.






-Diagnosis of Endocarditis with Ultrasound Stethoscopy

A 20-year-old man with history of drug abuse was admitted to the department of Infernal
Medicine with general malaise, cough and high fever (38,4°C). The physical examination
revealed pulmornary rales compatible with pneumonia. There were no skin lesions, no
murmnurs and no clinical evidence of right heart failure. The laboratory tests showed elevated
levels of CRP (201mg/L), anaemia (haemoglobin 7.0 mmol/L} and leucocytosis (28x10°/L).
An echocardiographic study at the bedside with a personal ultrasound imager (PUT)
(OptiGo™, Philips Medical Systems) revealed a large vegetation of the tricuspid valve with a
concomitant regurgitation jet (Figure 1 A, B). Venous bleod samples for blood culture were
obtained.

A transoesophageal study with a standard echocardiographic system (Vingmed System V,
Horten, Norway} was performed immediately which verified the diagnosis of infective
endocarditis (IE} of the tricuspid valve. (Figure 2). Treatment with high doses of peniciliine G
plus gentamycine was initiated to the patient the same day. The blood cultures revealed the
presence of beta-hemolytic streptococcus, group C. The patient was discharged after 3 weeks
in good clinical condition.

Acute 1E is a highly destructive and rapidly progressive disease that requires immediate
initiation of therapy (1,2). Furthermore murmurs are commonly not audible in patients with
tricuspid valve TE and can be missed during physical examination {3,4).

Today, PUIs aim the coupling between clinical examination and echocardiography at the
point-of-care. Instant diagnosis can lead to shortening of the time to diagnosis and immediate

initiation of treatment.
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Figure 1.

A. Imaging of a vegetation on the tricuspid valve (arrows) In the apical four-chamber view.

The small, personal ultrasound imager used is shown in the insert (OptiGo™™, Philips
Medical Systems).

B. The tricuspid regurgitation of moderate severity is visualised in the same view.

Figure 2.

Four-chamber view of a multiplane transesophageal study {Vingmed System V, Horten,

Norway) demonstrating a large mass on the tricuspid valve (arrows).

132









CHAPTER 11

EVALUATION OF A HAND-CARRIED
CARDIAC VLTRASOUND DEVICE IN AN
OVIPATIENT CARDIOLOGY CLINIC

EC Vourvouri, D Poldermans, JW Deckers,
IRTC Roelandt
Submitted for publication



—— -Chapter I'1 - - -

ABSTRACT

Aim: To determine the practicality and diagnostic potential of a hand-carried cardiac
ultrasound (HCU) device (OptiGo™, Philips Medical Systems) in a cardiology outpatient
clinic. A full-featured standard ultrasound system (SE) was used as a reference.

Methods: 300 consecutive patients referred to the cardiology outpatient clinic for the first
time were studied with the HCU device by an experienced investigator prior to their visit to
the cardiologist. Thereafter, an echocardiographer blinded to the results of HCU performed a
complete study with a SE whenever the cardiologist required it. HCU and SE were
independently evaluated for major and minor cardiovascular abnormalities. Major
abnormalities were those abnormalities leading to further diagnostic evaluation, change the
therapeutic management or alter the prognosis of the patient. The investigator noted whether
HCU was able to confinn or reject the referral diagnosis, an unsuspected pathology was
detected or further SE investigation was necessary. These data were compared to the request
for a SE by the cardiologist and the SE diagnosis.

Results: The cardiologist ordered a SE study in 216 of 300 patients (72%). HCU
echocardiography was able to answer the suspected referral diagnosis in 128 of 216 patients
(59%). Of the 84/300 patients that were not referred for a SE study, 20% showed a major
abnormality with the HCU device. In 63/216 patients a further assessment with SE and in
25/216 patients a transoesophageal study was necessary. The agreement between the two
devices for the detection of major abnormalities in the 216 patients was 98%, kappa=0.96.
The HCU device missed 26% of minor and 4% of major abnormalities. Overall, 48% of the
cardiac abnormalities found by the HCU device in the 300 patients were not suspected on
clinical grounds.

Conclusion: Assessment of new patients with a HCU device at the outpatient cardiology
clinic often leads to an instant diagnosis and the detection of unexpected cardiovascular

abnormalities. These devices significantly augment the yield of the physical examination.

Keywords: Hand-carried Ultrasound Device, Ultrasound Stethoscope, Personal Ultrasound

Imager, Ouipatient Cardiology Clinic
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INTRODUCTION

The physical examination is the comerstone of the evaluation of patients referred to the
outpatient cardiology clinic but often fails to provide a conclusive diagnosis. Palpation and
auscultation are not very accurate and since the introduction of echocardiography and
Doppler, the limitations of the physical examination in specific cardiac abnormalities and
especially in their pre-clinical stage have been demonstrated (1}. In addition, the auscultation
skills of recently trained physicians have declined due to training shoricomings as a result of
the increasing patient volume and time pressure and the increasing reliance on more
sophisticated imaging methods (2-5). Consequently, echocardiography is the initial diagnostic
imaging test ordered for most of the patients.

In daily practice, most of these outpatient echocardiographic studies are performed several
days after the first patient-physician encounter, leading to a delay in final diagnosis and
sometimes in the initiation of therapy. Recently, small hand-carried cardiac ultrasound (HCU)
devices named also ultrasound stethoscopes have become available and studies have shown
their validity in the immediate diagnosis of cardiac pathelogies at the point-of-examination
(6,7).

The aim of the present study was to determine both, the practicality and diagnostic
potential of a HCU device in all patients referred to the outpatient cardiology clinic for the
first time (“new” patients). The results of a filll-featured standard ultrasound system (SE)

were used as a reference.

MATERIALS AND METHODS

Study population and design

During a five-month-period, 300 new patients referred to the outpatient clinic of the
Thoraxcenter were examined with an HCU device by a research fellow before their initial
visit to the cardiologist. The patients characteristics are listed in table 1. The duration of the
echocardiographic examination with the HCU device was maximized to 10 minutes. The
investigator had the referral diagnosis and took a brief clinical history of the patient.
Qualitative assessment and quantitative results were documented and compared to the
suspected diagnosis of the referring physician. He then noted whether or not a SE was needed.
Subsequently, the patient was seen by a cardiologist, who was unaware of the HCU

evaluation who decided whether an echocardiographic examination was necessary ot not.
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This examination was performed with a full-featured system SE, (Sonos 3300; Philips
Medical Systems) or Vingmed (System Five; Horten, Norway) by an independent operator,
who was also blinded to the HCU results. A cardiologist not involved in the study interpreted
the SE examinations. The Institutional Medical Ethical Committee approved the study and

informed consent was obtained from all patients.

Table 1.

Baseline characteristics of the 300 new patients referred to the outpatient cardiology
clinie

Age (years) 53x16

Male, n 57 {19%)

CAD documented/suspected 61 (20%)

HT, known 86 (29%)

DM, treated 11 (4%)

Valve repair, previous 4 (1%}

CAD=coronary artery disease: HT= hypertension; DM=diabetes mellitus.

The HCU device

The OptiGo™ (Philips Medical Systems) (Figure 1) HCU device was used. It is equipped
with a small 2.5 MHz phased-array broadband transducer and operates on a rechargeable
lithium 1on battery or AC power. Two callipers are integrated m the unit for linear
measurements of cavity dimensions and wall thickness. Images are documented on

CompactFlash card. Color flow Doppler imaging is also integrated in the system.

Echocardiographic diagnosis using the HCU device

Definitions

Cardiovascular abnormalities were classified into major and minor. Of major clinical
significance were considered those, which would lead to further diagnostic evaluation, change

of the therapeutic management or alter the prognosis (table 2).
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The evaluation of valvular or flow abnonmalities with the HCU device using the 2D and color
Doppler flow mode are presented in table 3 (8,9). These were evaluated with the pulsed and
continuous wave Doppler modalities of the SE and their severity was graded using standard
methods (8).

Unexpected abnermalities were considered those that were mnot suspected from the
symptoms or were not reperted by the referring physician.
Left ventricular systolic function
Normal left ventricular {LV) systolic function was defined by normal LV internal transverse
end-diastolic (< 5.5¢m) and end-systolic (£3.5 cm) dimensions (in the parasternal long-axis
view), absence of wall motion abnormalities and an estimated EF>55%. An estimated EF of
35-55% defined a mildly to moderately reduced LV function and an estimated EF<35% a
severely reduced LV function (6).
Right ventricular systolic function
Normal right ventricular systolic function was defined by normal right veniricular dimensions
{end-diastolic transverse diameter <45 mm in the 4-chamber view) and an estimated ejection
fraction >50%.
Structural abnormalities
LV hypertrophy was defined as an end-diastolic wall thickness of the septum >12mm. A
septal thickness of >14mim was considered to represent severe L'V hypertrophy.

A dilatation of the aortic root and the ascending aorta was present when the longitudinal

diameter was >35 mm for men and >30 mm for women in the parasternal long-axis view.

Statistical Analysis

Descriptive statistics were reported as mean + 8D for continuous variables and as percentages
for categorical variables. The agreement between the two examination techniques for the
detection of major abnormalities was assessed from 2X2 tables using weighted kappa
statistics. Kappa values <0.4, between 0.4 and 0.75, and >0.75 were considered to represent

noor, fair to good and excellent agreement respectively, based on Fleiss’s classification (10).
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Table 2. Major cardiovascular findings

Valvular regurgitation (moderate/severe)
Valvular stenosis

Left ventricular dysfunction

Right ventricular dysfunction

Left ventricular hypertrophy {moderate/severe)
Mitral prolapse

Ventricular septal defect

Atrial septal defect

Pericardial effusion

Mass lesions

RESULTS

General resuits

Of the 300 new patients the most common referral question/suspected diagnosis sent to the
cardiclogy outpatient clinic are presented in table 4.

The cardiologists requested an echocardiographic examination after their physical
examination in 216 of 300 patients (72%). They considered in 84 patients (28%) an echo
examination unnecessary.

In 128 of the 216 patients (59%) the HCU findings confirmed or rejected the clinical
diagnosis. In these patients the SE examination did not add any significant information to that
obtained by the HCU device and the SE examination could therefore have been avoided.

In 88/216 (41%) patients an additional test was considered necessary. In 23/216 (12%y)
patients a transoesophageal echocardiogram was requested for the evaluation of a cardiac
source of embolism. In 63/216 (29%) patients hemodynamic Doppler assessment was needed
for the evaluation of the severity of valve stenosis (18 patients); left ventricular outflow tract

obstruction {6 patients}; regurgitant lesion (36 patients) and congenital pathology (5 patients).
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However, in all of these patients the valvular or congenital lesion was detected with the HCU
device and a gross estimation of the severity of the regurgitant lesions was possible with the

use of the color Deppler flow modality.

Major and minor abnormalities detected with the HECU device and SE

The SE examination detected 158 minor and 143 major (87 patients) cardiovascular
abnormalities (some patients had more than one cardiovascular abnormality). The HCU
device examination missed 26% of the minor (table 5A) and 4% of the major abnormalities
(table 5B). The missed major abnommalities included moderate LV dysfunction, aortic
stenosis, moderate aortic regurgitation, moderate mitral regurgitation and a ventricular septumn
defect. Two of these (1 moderate aostic and and 1 moderate mitral regurgitation) were in the
same patient with a poor eche window. Overall, there were 87/216 patients (40%) with major
abnormalities. The agreement between the two devices for the detection of major

abnormalities was excellent (98%, with a kappa-value of 0.95, see table 6).

Incidental-unexpected major findings

In total, there were 78 unexpected major findings in 64/ 300 patients (21%) and are presented
in Figure 2. Importantly, out of these 78 findings 19 were present in 17 of the 84 (20%4)
patients not referred to SE. In particular these findings were: LVH (7 patients), LV
dysfunction (3 patients), valvular stenosis (3 patients), valvular regurgitation (3 patients),
dilated ascending aorta (1 patient), MVP (1 patients), PE (1 patient). These data were verified
by the SE examination that followed after the specific request of the HCU investigator.
Figures 3, 4 and 5 represent examples of major unexpected findings detected with the HCU

device and verified with the SE.
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Table 3. Evaluation of severity of valvular/flow abnormalities using the HCU device

Valve disorder

Mode of analysis

Definition of severe lesions

Mitral regurgifation

Aortic regurgitation

Tricuspid regurgifation

Pulmonary regurgitation

Mitral prolapsc

Mifral stenosis

Aortic stenosis

Pulmonary slenosis

Ventricular septum defect

Atrial septum defect

2D
Color Doppler
20

Color Doppler

2D

Color Doppler

D

2D

2D

2D
Color Doppler

2D
Color Doppler

2D/calor Doppler

2D/calor Doppler

Structural abnormalities (e.g, rheumatic valve; annulus caleitication;
Mitral valve prolapse; endocarditis) LVEDD27ein LA size25.5em.
Color tlow regurgitant jet area =40% of LA size,

Structural abnormalities (e.gr. degenerative calcitied aortic valve,
congenitally abnormal valve;diltated aortic rootendocarditis) LVEDD=Z7. 5em.
Ratio:color flow regurgitant jet width/LVOT diameterz60%;

ratio:color flow regurgitant jet arca/LVOT area 260%;diastolic flow reversal
in asecnding sorta.

Underlying causc of TR (rheumatic valve, prolapsc, carcinoid discase annular
dilatation; Ebstein anomaly;right ventricular infarct); inadequate cusp coaptation;
dilatation of annulis(zdem).

Color-flow jet areaz30% of the RA area.

Regurgitation jet extending more than 2em, reaching the body of RV cavity.
Mild regurgitation was considered physiologic.

Systolic displacement of onc or both mitral valve leaflcts into the LA, below the
planc of the mitral annulus.

Structural abnomalitics (c.g. theumatic discase, degencrative caleification);
thickencd, caleified valve leaflets and subvalvuir apparatus; “hockey-stiel’™
appearance of auterior mitral leaflet in diastele;  fish-mouth” orifice in short-axis;
increase of LA size.

Structural abnonmalilies (c.g. degeneralive valvular caleification;bicuspid valve).
Turbulent Now above the vaive in the aortic Toot.

Lesions (e.g. congentital heart discase, carcinoid disease, vegelation, mass).
Turbulent colour How in the pulmonary outllow Izacl,

Visualisation of the defect /Turbulent lefl-to-right shunl across the ventricuiar seplum,

Visualisation of the detect/Turbulent lefi-to-right shunt across (he atrial septum; dilatation

of the RV, abnormal {paradoxical) veniricular septaim motion,

LVEDD—left ventricular cnd-diastolic dimension; LY OT=left ventricular outflow tract; RA=right atrivm;RV=right ventricle;LA=left atrivin; TR=tricuspid valve regurgitation.
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Table 4,

Reasons for referral to the cutpatient cardiology clinic

Possible Diagnosis/Question Yo
Left ventricular dysfunction 31

Pre-operative cardiac evaluation 15

Rhythm abnormalities 14

Cardiac source of embolism 9.6
Cardiac checking due to family history 7.3
Left ventricular hypertrophy 53
Murmur evaluation 4.6
Dyspnea/fatigue/dizziness 4.3
Congenital abnormality 3.6
Misceilaneous 5.5

The pre-operative patient group had either symptoms or a history of cardiac disease.
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Table 5.

A. Comparison between the SE system and the HCU device in the detection of minor
cardiovascular findings

Finding SE-

finding detected HCU device-

finding missed

Acrtic regurgitation 34 7
Mitra] regurgitation 73 14
Tricuspid regurgitation 51 20

TOTAL 158 41

Some patients had more than one cardiovascular abnormality.

B. Comparison between the SE system and the HCU device in the detection ¢f major
cardiovascular findings

SE- BCU device
Finding finding detected finding missed
Aortic stenosis 14 2
Aortic regurgitation 10 1
Mitral stenosis 3 0
Mitra] regurgitation 18 1
Tricuspid regurgitation 0
Pulmonary stenosis 1 0
£V systolic dysfunction, 35 1
RV systolic dysfunction 1 0
LV hypertrophy 38 0
Mitral prolapse 3 0
Ventricular septal defect 4 1
Atrial septal defect 3 0
Pericardial effusion 3 0
TOTAL 143 [

Some patients had more than one cardiovascular abnonmality. The 143 major findings were
present in 87 patients; LV=left venticular; RV=right ventricular.
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Table 6.
Agreement of detection of patients with major abnormalities between the OptiGo™™ and

a standard echocardiographic system

Standard Echo
abnormal normal
E@
& abnormal 83 0
=3
= Normal
5 129

No of patients: 216.

Agreement =95%, kappa = 0,95,
Sensitivity=94% (95%C1:0.90-0.90))
Specificity=100% (95%CIL:0.97-0.97)
PPV=100% (95%CI:0.96-0.96)
NPV=96% (95%CI:0.94-0.94)

The mumbers inside the tables express the

absolute number of patients.
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Figure 1.

™M

Photograph of the OptiGo™™ device, the HCU device used in the current study.

Figure 2.
The total additional-unexpected findings detected in the 300 patients are presented in the pie-

type graphic. In total there were 78 such findings. The numbers inside the figure express the

absolute number of findings,

LVH=left wveniricular hypertrophy; LVD=left wventricular dysfunction; VS=valve

stenosis; VR=valve regurgitation.
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Figure 3.

Parasternal long-axis view of a 54-years-old patient with a calcified aortic valve and turbulent

flow above the valve in the aortic root in systole. The patient had no history of cardiac disease

and was referred for progressive dyspnea to the outpatient cardiology clinic.

Figure 4.
Parasternal long-axis view of a 46-years-old woman with a history of cancer. She was

referred for pre-operative evaluation. The left ventricular end-diastelic dimension is 69 mm.

The EF was visually estimated to be <35%. The patient has dilated cardiomyopathy.
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Figure 5,
Apical four-chamber view of a 45-years-old patieni with prolapse of the posterior mitral

leaflet and eccentric jet towards the interatrial septum. The patient was referred for the

evaluation of palpitations and was known to have a systolic murmur.

DISCUSSION

The first HCU device to augment the physical examination was introduced by Roelandt and
colleagues m Rotterdam in 1978 (11-13). However, combination of the poor image quafity,
technical limitations and reimbursement issues discontinued its development. Advances in
microprocessor technology have led to new hand-carried echocardiographic systems with
excellent image quality and significantly lower cost. Recently, several studies have shown the
efficacy and accuracy of these small imaging devices in the diagnosis and evaluation of major
pathologies at the point-of-care (6-7,14-16).

The current study shows that in 59% of patients with a request for a full-featured SE
examination by the cardiologist, the HCU device provided instant information, which was
potentially sufficient to avoid a SE examination. In the other patients, hemodynamic
assessment by Doppler was the most common reason for a SE examination. With the addition
of this feature in the next generation HCU devices the need for SE for patients seen at an
outpatient clinic could be reduced even further, certainly in the hands of a cardiologist
experienced in echocardiography examination.

The HCU device missed 41/158 (26%) minor and only 6/143 (4%) of the major

abnormalities, providing a positive predictive value in diagnosing the major abnormalities
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selected in this study of 100% and a negative predictive value of 97%. In total, twenty-one
percent of the patients had unexpected major abnormalities.

Clearly, the patients referred to our outpatient clinic, which is as a tertiary referral centre,
have a high prevalence of cardiac disease, which explains the high number of requests for
echocardiographic examination. However, since outpatient echocardiographic exarninations
are often performed days after the patients first visit, the patients are obliged to return to the
hospital in order to undergo the examination. Our study shows that the use of a HCU device
as part of the clinical examination ofien leads to a definitive diagnosis avoiding an extra visit
to the hospital and rapid initiation of further management or therapy when appropriate.

Furthermore, in 84/300 (28%) patients the cardiologist’s clinical judgement by his/her
physical examination was thought to be sufficiently accurate and to decide that
echocardiographic assessment was unnecessary. However, in 17 out of these 84 patients
(20%) major findings with the HCU device were found, showing that the physical
examination 1s more accurate when extended with the HCU device.

Although we did not compare the cardiovascular physical examination to the HCU
echocardiographic examination, our results suggest that major abnormalities may be missed
with the physical examination alone. This can be explained by the majority of these findings
to be beyond physical signs (LVH, LV dysfunction, dilated ascending aorta, PE).

The role of HCU echocardiography 1s mainly in augmenting our diagnostic accuracy heliping
us o differentiate normal from abnormal patients and thus leading to target referrals for
further diagnostic assessment whenever regarded as necessary.

Recently, Spencer et al {17) compared HCU echocardiography at the point-of-care to the
physical examination. They reported that the use of this device by cardiologists reduced the
number of missed major cardiovascular findings by the clinical examination. They pointed out
that that such a hand-held device cannot substitute for the final diagnosis in case of abnornmal
findings. Goodkgin et al (18), comparing the results of a HCU device to SE in critically-ill
patients, report that although the HCU device provided important anatomic information i
missed clinical finding in half of the patient. The main reason was the lack of sensitivity of
the color power Doppler feature, the lack of spectral Doppler and image-quality problems. It
is obvious that improvemenis in HCU devices can overcome these technical problems.

The current study with the HCU device was performed by a cardiologist with expertise in
both echocardiography and HCU devices. The American Society of Cardiology (19) has

recently published guidelines regarding the use of such devices recommending Tevel I of
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training as an absolute minimal level required (20). However, recent studies have suggested
that it is possible to train physicians and students for the detection of significant cardiac
patholegies in a short period of time (21-23).

The implementation of ultrasound in physical examination by primary care physicians has
proven to be feasible and to enhance the accuracy and sensitivity of clinical diagnosis (24,
25). Furthermore, open access echocardiography service used by general practitioners have
shown to lead to rapid diagnosis and management of patients without causing an increase of
inappropriate referrals to the hospital (26).

HCU devices are about to bring echocardiography into the community setting for the first
time. Based on the current results, it seems that the combination of the clinical examination
and HCU echocardiography will add important and accurate information for diagnostic and
therapeutic purposes in the vast majority of patients at their first visit. In case of doubt or
when hemodynamic and quantitative information is needed for further management, an
examination with a fully featured SE should follow. As in the past phonocardiography was
performed whenever documentation was needed after auscultation, today it is the HCU

echocardiography that can play this role.

LIMITATIONS

The HCU device that was used for this study had no spectral Doppler modality to obtain
hemodynamic data. The valvular abnormalities were evaluated qualitatively using the 2D and
the color flow Doppler feature. However, continuous-wave and pulsed-wave Doppler echo is
necessary for an accurate assessment of a valvular regurgitation or stenosis. Furthermoere,
examination of the transmitral flow gives information about the diastolic function and filling
pressures. HCU devices with spectral flow Doppler may further broaden the use of such

nstruments.

CONCLUSION

A HCU device allows augmented physical examination of patients at their first visit at the
cutpatient cardiology clinic often leading to a definitive diagnosis and targeted referral for
further assessment. Unexpected major findings are regularly detected. This results to

improved patient care/throughput and cost savings.
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SUMMARY AND CONCLUSIONS

The studies presented in this thesis demonstrate that the ultrasound stethoscope offer
an imaging tool for the assessment of morphology and function of the heart allowing
instant diagnosis and management decisions of patients in different clinical scenarios,
Furthermore, it s also cost-effective in terms of low capital investment and cost

savings.

In our first study (chapter 3) the presence of pericardial effusion, chamber
abnormalities and global left ventricular function (LV) were evaluated with a
prototype device in an unselected cardiology outpatient cohort. Regional wall motion
was assessed in a subgroup of patients. The potential of the ultrasound stethoscope
was also evaluated in a small group of patients with known corrected congenital
abnormality. A standard echocardiographic system was used as a reference to validate

our findings.

We showed that an ulfrasound stethoscope is able to provide quantitative and
qualitative information of specific cardiac conditions as reliable as the high-end

standard echocardiographic system.

Patients with abdominal aortic aneurysm ruphure experience high perioperative
mortality rate (50%) in contrast to patients undergoing elective aortic surgery (2-3%)
(1-4). It is therefore recommended that patients at risk are screened by ultrasound and
underge prophylactic surgery if the diameter exceeds 63 mm (3}, Male gender,
smoking, elderly age {(>65 years), hypertension, coronary artery disease and family
history are high-risk parameters. Mass screening is probably not cost-effective but
screening of high-risk patients is recommended {6).

In our study (chapter 4) we assessed the screening potential of an ultrasound
stethoscope for abdominal aortic aneurysm in high-risk patients. The resuits of a
standard echocardiographic system were used as a reference. This study is presented
also as a short report in the same chapter.

Furthermore, a case is reported {chapter 5} about the incidental finding of an
abdominal aortic aneurysm containing thrombus, with the ultrasound stethoscope as

part of the screening program in our clinic. The patient was admitted to the coronary
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care unit with unstable angina and the aneurysm was further verified by intravascular

ultrasound imaging and spiral computed tomography.

The study showed that ultrasound stethoscopy allows diagnoses of abdominal aortic
aneurysm with high sensitivity and specificity. By being ultra-portable and at low cost
ultrasound stethoscopes could become part of the clinical examination in high-visk
patient groups and furthermore allow mass screening programmes for this disorder.

In this study, the wltrasound stethoscope identified an abdominal aortic aneurysm in
9% of patients with an excellent agreement with the standard echocardiographic

system (98%) that served as the reference of our findings.

LV hypertrophy expresses end-organ damage in hypertensive patients and is
associated with cardiovascular events (7-9). Early identification and appropriate
treatment can improve outcome (10} and is therefore the optimal management of these
patients. Echocardiography, calculating the left ventricular mass, can assess LV
hypertrophy accurately (11) but is not recommended routinely in all hypertensive
patients by the World Health Organisation-International Society of Hypertension
{WHO-ISH) (12).

Ultrasound stethoscopy, as an extension to physical examination, may broaden the nse
of echocardiography in all hypertensive patients.

Therefore, we screened with an ultrasound stethoscope hypertensive patients for LV
hypertrophy calculating the LV mass indexed for height and weight. Again, a standard

echocardiographic device was the reference of our findings (chapter 6}.

We demonsirated that ultrasound stethoscopy could be used as a screening fool for LV
hypertrophy in hypertensive patients, providing valuable information about prognosis
and risk classification and thus assisting the physician in his deciston of therapy.

In this study, the ultrasound sthethoscope identified LV hypertrophy in 19 (19%)
patients (for LV mass indexed for weight) and in 34 (34%) patients (for LV mass
indexed for height) with an excellent agreement with the standard echocardiographic

system (93% and 90% respectively).

Ischemic LV dysfunction is the main cause of congestive heart failure, which is

associated with high morbidity and mortality and high health care costs (13-14).
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Appropriate management of these patients can delay if not prevent the development of
chronic heart failure (15-16). However, diagnosis of LV dysfunction, especially i
asyruptomatic patients, may be difficult to establish by the existing conventional
criteria {17-19).

Recently, brain natriuretic peptide (BNP) has been proposed as a new screening tool
for the early detection of LV dysfunction (20-22). BNP is a cardiac honmone secreted
in the ventricles as a response to volume and pressure overload (20} and may be
elevated in patients with left ventricular dysfunction.

Echocardiography on the other hand, is known to be the screening method of choice
for LV dysfunction assessiment {14,23-24) but is considered to be unpractical and
costly (25).

We assessed the screening potential of ultrasound stethoscopy for LV dysfunction by
estimating visually LV ejection fraction and the inferior vena cava collapse (chapter
7).

A standard echocardiographic system evaluating 1.V function and IVC collapse and
BNP measurements were used as a reference. LV ejection fraction, derived with
Simpson’s biplane discs method (26) served as our gold standard for classification of

LV function.

The wltrasound stethoscopy seem to be a sensitive screening tool for the identification
of LV dysfunction while the inferior vena cava collapse is an insensitive parameter in
detecting this disorder. Taking into account that echocardiography has the advantage
to provide us with additional valuable information like valvilar abnormalities we
think that ultrasound stethoscopy is the optimal screening tool for LV dysfunction in

the furure, bringing echocardiography for the first time into the community setting.

Furthermore, we evaluated the relation between the presence of myocardial contractile
reserve and plasma BNP in patients with reduced L'V function (chapter 8). Contractile
reserve was assessed with dobutamine stress echo. Regional wall motion was analyzed
visually using the 16-segment model and contractile reserve was assessed as an
improved contraction of dysfunctional segments at low-dose dobutamine compared to
rest. L'V gjection fraction derived by quantitative analysis using the Simpson’s biplane

method.
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We found that plasma BNP is markedly elevated in patients without contractile reserve
compared with patients with a preserved contractile reserve. Hence, BNP is correlated

with myocardial viability in dysfunctional myocardium.

During consultation rounds the cardiologist is confronted with specific clinical
questions like assessment of L'V function or presence of pericardial effusion that can
accurately be answered by echocardiography. However, the transportation of a
standard echocardiographic system is unpractical and therefore limited.

Ultragound stethoscopes can overcome these problems and integrate to the physical
examination. Moreover they can lead to cost savings since the use of ultrasound
stethoscopy is considered part of the physical examination and is therefore not
charged.

We studied the feasibility and cost-effectiveness of ultrasound stethoscopy when used
by cardiologisis during consultation rounds in non-cardiac departments of the hospital

and in patients with suspected cardiac disease (chapter 9).

We demonstrated that ultrasound stethoscopy leads to definitive diagnosis in the
majority of the patients reducing the nummbers of refervals to the echo lab, This results
in immediale management of patienis and cost savings. In 78.3% of the paftients the
use of ulirasound stethoscopy provided the physician with efficient information
indicating that a further examination with a standard echo system could have been

avoided. The use of ultrasound stethoscopy led to a 33.4% reduction of total cost.

Furthermore, the diagnosis of a tricuspid valve endocarditis made with an ultrasound
stethoscope during consultation rounds is presented (chapter 10). A 2(-years-old
patient with a history of drug abuse was admitted with general malaise at the internal
department. Interestingly there were no clinical signs of endocarditis. A standard
echocardiographic examination would probably not have been performed on the same
day. The additien of ultrasound stethoscopy into the physical examination resulted to

instant management of the patient.

Echocardiography is the initial diagnostic imaging test ordered for most patients who
visit the outpatient cardiology clinic for the first time. Physical examination alone

often fails to provide conclusive answers (27). However, the outpatient
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echocardiographic examinations are often performed days even weeks after the first patient-
physician encounter. The implementation of an ultrasound stethoscope in the physical
examination could result in immediate diagnosis and management of the patient at their first
Visit,

As a result, we determined the utility and practicality of ultrasound stethoscopy at the
outpatient cardiology clinic in all new patients (chapter 11). We studied the number of patients
in which the ultrasound stethoscope was able to confirm or reject the referral diagnosis. These
data were compared to the diagnosis and request for a standard echocardiographic study by the
cardiologist, who was unaware of the results of the ulirasound stethoscope. Furthermore, the

number of patients with unexpected findings was assessed.

Ultrasound stethoscopy allows "“ultrasound-extended” physical examination of new patients at
the ouwipatient cavdiology clinic, leading to differentiation between normal and abnormal
subjects and to target referrals for further diagnostic assessment. Furthermore, incidental,
wnexpected major finding can be detected.

In our study, in 39% of patients an echo lab referral could have been avoided with the use of
the ultrasound stethoscope. Furthermore, in 20% of patienis not referred to an
echocardiographic examination, major unexpecied findings with the ultrasound stethoscope
were found, showing that the physical examination is more sensitive when extended with the

ultrasound stethoscope.

As we step into the 21™ century, ultrasound stethoscopy is a reality. Providing direct imaging
of the heart during physical examination, ultrasound stethoscopy has come to enhance our
clinical senses and to bring echocardiography at the point-of-care,

Like all scientific innovations the first reaction of experienced echocardiographers to
ultrasound stethoscopy was reluctance and related to its limitations and training requirements.
Thus, not all the ultrasound stethoscopes have spectral Doppler for hemodynamic data
acquisition or second harmonic imaging. Furthermore the capacity of storage of images or the
recording facilities may be linzited.

Another issue is the training required in order to apply ultrasound stethoscopy. Recently, a
first step towards standardization of the use of such devices was done by the American Society
of Cardiology (28) publishing guidelines regarding the use of ultrasound stethoscopes and

recommending Level T of training, as an absolute minimal level required.
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However, recent studies have suggested that minimal echo training may enable physicians to
use ultrasound stethoscopy for interpreting simple abnormalities with high efficacy and
accuracy (29-31). It seems that for answering simple guestions, simple training may be

efficient,

We are undoubtedly entering an era of changes in our daily clinical practice of which
ultrasound stethoscopy is just the beginning.

Ultrasound stethoscopes in pocket size are already being developed. One can envision that in
future the evolution of clinical practice in which the physician plays the major role wil} be
revolutionary: evaluation of myocardial perfusion with ultrasound stethoscopes, three-
dimensional imaging capability in ultrasound stethoscopes or wireless transfer of ultrasound

bedside data for consultation to remote expert centers will soon become a reality.
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Samenvating en Conclusies

De studies die gepresenteerd worden in  dit proefschrift geven aan dat de
ultrageluidsstethoscoop ¢en instrument is dat vele mogelijkheden biedt bi het
beoordelen/vaststellen van de morfologie en het functioneren van het hart. Het geeft een
directe diagnose bij de becordeling en behandeling van patiénten in verschiliende klinische
situaties. Verder is het kosteneffectief gebleken door de kleine investering en financigle

besparingen.

Dit proefschrift bestaat uit 3 delen:

Het cerste gedeelte (hoofdstuk 2-3) presenteert de ultrageluidsstethoscoop als een
diagnostisch mstrument. Hoofdstuk 2 introduceert de ultrageluidsstethoscoop als een nieuw
onderzoeksinstrument in de dagelijks (klinische) praktijk. Verder worden de klinische en
wetenschappelijke achtergronden, en een overzicht van het gebrulk wvan een
ultrageluidsstethoscoop belicht.
In hoofdstuk 3 beschrijven wij onze eerste ervaringen en de bruikbaarheid/nuttigheid van zo'n
mstrument voor het diagnosticeren van cardiale pathologie en globale en regionale functie van
de linker kamer van het hart, in een niet geselecteerde groep patiénten. Een standaard
echocardiografie systeem werd gebruikt als referentie om onze bevindingen te bevestigen.

We hebben bewezen dat een ultrageluid stethoscoop het mogelijk maakt om kwalitatieve
en kwantitatieve informatie over belangrijke hartaandoeningen te verkrijgen die net zo

hetrouwbaar is als informatie verkregen met een standaard echocardiografie systeemn.

Het tweede gedeeite van het proefschrift (hoofdstuk 4 —8) bespreekt de evaluatie van een
nltrageluidsstethoscoop als een mogelijk onderzoeksinstrument voor enkele specificke
hartaandoeningen.

Pati#nten met een geruptureerd aneurysma van de abdominale aorta hebben een hoog
sterftepercentage (50%) in tegenstelling tot patiénten die een electieve aorta operatie ( 2 —
3%) ondergaan. Het is daarom aanbevolen om bi; patiénten met een verhoogd risico een
ultrageluidsonderzoek te doen, waarbij een profylactische operatie is aangewezen als blijkt
dat de doorsnede van het aneurysma >60 mm is. In hoofdstuk 4 stellen we de mogelijkheid
van screening met de ultrageluidsstethoscoop vast voor het detecteren van abdominale aorta
aneurysmata bij patiénten met een verhoogd risico. Het resultaat van een standaard
echocardiografie systeem is gebruikt als referentie. De studie is ook als een korte

samenvatting weergegeven in hetzelfde hoofdstuk.
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We hebben bewezen dat een uitrageluidsstethoscoop een aneurysma van de aorta abdorminalis
kan diagnostiseren met een hoge sensitiviteit en specificiteit. De ultrageluidsstethoscoop
identificeerde een aneurysma van de abdominale acrta bij 9% van de patiénten, dit kwam zeer
goed overeen met de bevindingen van een standaard echocardiografie systeem (28%).

Verder words er in hoofdstuk 5 een casus beschreven van een patiént waarbij bij toeval een
trombose in een aneurysma van de abdominale aorta werd ontdekt met de
ultrageluidsstethoscoop, tijdens het screeningsprogramma op onze polikliniek.

Vervolgens hebben we 100 opeenvolgende patinten gescreend op hypertrofie van de
spierwand van de linker hart kamer, waarbij de LV massa geindexeerd werd voor lengte en
gewicht {hoofdstuk 6). Echocardiografie is een accuraat diagnostisch instrument voor LV
hypertrofie, maar word niet routinematig aanbevolen bij alle patiénten met hypertensie door
de Wereld Gezondheids Organisatie-Internationale Society of Hypertension (WHO-ISH).

De ultrageluidsstethoscoop, is een verlengde van het lichamelijk onderzoek, en kan breed

gebruikt worden bij alle patiénten met hypertensie. In deze studie, identificeerde de
ulirageluidsstethoscoop 19 (19%) patiénten met LV hypertrofie (I.V massa geindexeerd voor
het gewicht) en 34 (34%) patiénten met LV hypertrofie (LV massa geindexeerd voor lengie)
met een uitstekende overeenkomst met het standaard echocardiografie systeem (93% en 90%
respectievelyk).
Ischemische LV dysfunctie is de hoofdoorzaak van hartfalen, gepaard gaande met een hoge
morbiditeii, mortaliteit en een hoge ziektekosten. Een vroege ontdekking van LV dysfunctie
kan het ontstaan van hartfalen vertragen of voorkomen, maar de diagnose is moeilijk met de
bestaande conventionele criteria. Hoofdstuk 7 beschrijft de diagnostische mogelijkheden van
de ultrageluidsstethoscoop bij het screenen op LV dysfunctie, door het visueel beoordelen van
de LV ejectie fractie en de collaps van de vena cava inferior. Een standaard echocardiografie
systeemn en BNP metingen werden gebruikt als referentie voor het vaststellen van de LV
functie en de vena cava inferior collaps. De LV ejectie fractie werd bepaald met de Simpson
tweevlaks schijf methode en werd gebruikt als referentie methode voor het classificeren van
de LV dysfunctie.

We hebben ontdekt dat de ultrageluidsstethoscoop een gevoelig onderzoeksinstrument is
voor het identificeren van LV dysfunctie, terwijl de collaps van de vena cava inferior een
minder gevoelige maat is voor het opsporen van deze aandoening. Omdat echocardiografie
het voordeel heeft additionele waardevolle informatie te verschaffen over bijvoorbeeld
klepaandoeningen, denken we dat de ultrageluidssiethoscoop het  optimale

screeningsinstriment voor LV dysfunctie is.
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In hoofdstuk 8 hebben we het effect van myocardiale contractiele reserve, bepaald met
debutamine stress echocardiografie, op het plasma BNP gehalte bij patiénten met beperkte
linker ventrikel functie vastgesteld.

In deze studie was het plasma BNP opvallend hoog bij patiénten zonder contractile reserve
in vergelijking tot een patiénten met een behouden contractiele reserve. Derhalve is, volgens

onze studie, BNP gecorreleerd aan myocard vitaliteit in dysfunctioneel hartspierweefsel,

Het derde gedeelte van dit proefschrift is het evalueren van de kosteneffectiviteit van de
ultrageluids stethoscoop in de klinische praktijk (Hoofdstuk 9 — 11).

Tijdens de consultatie rondes van de cardioloog wordt deze geconfronteerd met specifieke
klinische vragen, zoals het vaststellen van de LV functie of de aanwezigheid van pericard
effusie, die accuraat beantwoord kunnen worden met behulp van echocardiografie. Echter, het
transport van een standaard echocardiografie systeem is niet praktisch en daarom beperkt. De
ultrageluidsstethoscoop overwint deze problemen en maakt deel uit van het lichamelijk
onderzoek. We hebben de uitvoerbaarheid en de kosteneffectiviteit van het onderzoek met de
ultrageluidsstethoscoop bepaald, terwijl deze in gebruik was bij de cardioloog gedurende de
consultatiebezoeken op de niet-cardiclogische afdelingen van het ziekenhuis, bij patiénten
waarbij een hartaandoening werd vermoed (hoofdstuk 9).

Bij 78.5% van de patiénten verschafte het gebruik van de ultrageluidsstethoscoop de arts
nuttige informatie, zodat onderzoek met een standaard echo systeem zou kunnen worden
vermeden. Het gebruik van een ultrageluidsstethoscoop leidde tot een vermindering van de
totale kosten van 33.4%.

Een voorbeeld van een directe en definitieve diagnose tijdens de consultatie bezoeken wordt
gepresenteerd in hoofdstuk 10. De diagnose van een endocarditis van de tricuspidaalklep bij
een 20 jaar oude patiént werd vastgesteld met de ultrageluidsstethoscoop. Dit werd bevestigd
met een fransoesofageale studie met een standaard echocardiografie apparaat.

Echocardiografie is vaak het eerste beeldvormende onderzoek dat wordt aangevraagd bij
patiénten die de polikliniek cardiologie voor de eerste keer bezoeken. Lichamelijk onderzoek
alleen is wvaak nilet voldoende om conclusies trekken. Echter, de poliklinische
echocardiografische onderzoeken worden vazk pas uitgevoerd na enkele dagen en soms zelfs
weken na het eerste bezoek van de patignt. Het integreren van een ultrageluidsstethoscoop in
het lichamelijk onderzoek kan resulteren in een directe diagnose tijdens het eerste bezoek van
de patignt. Ons doel in hoofdstuk 11 was het vaststellen van de diagnostische en praktische

bruikbaarheid van de ultrageluidsstethoscoop op de polikliniek cardiologie, bij patiénten die
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Samenvating en Conclusies

voor de eerste keer waren verwezen naar de polikliniek. Echocardiografie werd uitgevoerd
onafhankelijk wvan het lichamelijk onderzoek. Het aantal patignten waarbii de
ultrageluidsstethoscoop het mogelijk maakte de reden van de verwijzing te bevestigen of af te
wijzen, en het aantal onverwachte ontdekkingen werd vastgesteld. Deze gegevens werden
vergeleken met de diagnose en de aanvragen voor een standaard echocardiografisch
onderzoek door de cardicloog,

We ontdekten dat bij 59% van de patiénten een verwijzingen naar de echo-afdeling
voorkomen had kunnen worden met het gebruik van de ultrageluidsstethoscoop. Bovendien
werd bij 20% van de patiénten die niet werden verwezen naar de echo-afdeling, een
belangrijke, onverwachte ontdekking gedaan met de ultrageluidsstethoscoop. Dit wijst erop
dat het lichamelijk onderzock gevoeliger is wanneer het wordt uitgebreid met de

ultrageluidsstethoscoop.
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