
V[trasound 

Stethoscopy 



ISBN 90-9016165-1 

Cover illustrations: 
Front cover: The upper left panel shows the MinivisorTM' the ultrasound stethoscope 
developed in 1979 at the Thoraxcenter. The upper right panel illustrates the OptiGorM, the 
lower left presents the SonoHeartnvr and the lower right, the TerasonTM. In the middle of all is 
SonoSite iLooeM, the latest developed ultrasound stethoscope. In the background, a mitral 
regurgitation obtained with OptiGoTM is visualised. 
Back cover: Erasmusbrug (-bridge) Rotterdam. 

Print: Optima Grafische Communicatie, Rotterdam 

All rights reserved. No part of this thesis may be reproduced, stored in a retrieval system of 
any nature, or transmitted in any form by any means, electronic, mechanical, photocopying, 
recording or otherwise, included a complete or partial transcription without the pennission of 
the author. 

© Eleni Vourvouri, 2002 



VDT~(]!ELV FD S'fiE'fJfOSCOPE 

(['(f{O'E/F S CJ{<Rj P'I' 

ter verftrijging van de graad van doctor 
aan de 'Erasmus Vniversiteit IRJ!tterdam 

op gezag van de Cf\§ctor 'Magnificus 

Prof dr. ir. ].J{ van V3emmd 
en vo(gens 6es[uit van fiet Co[[ege voor Promoties 

([)e open6are verdediging za[ p[aatsvinden op 
woensdag 27 novem6er 2002 om 11.45 uur 

door 

'E[eni Vourvouri 

ge6oren te ([)ortmund, ([)uits[and 



Promotor 

Overige {etfen 

Copromotor 

Promotiecommissie 

:Profar. J.~ 'T.C. {j\pefanat 

:Profar. ir. :N. 0om 
: Prof ar. }l. J{ojman 
: Prof ar. C.Jl. Visser 

:([)r. ([). Po[aermans 

'Financia[ support 6y tlie 'Net!ier[antfs J{eart 'Founaation (JI(J{'Fj for t!ie 

pu6fication of t!iis t!iesis is grateju[[y ack,now[etfged. 



(})edicatea to my parents ana my sister (})ora 

'For (jeorgios 



Chapter 1 Introduction and overview of the thesis 

Parti: V{trasouna Stetlioscopy as a cfiagnostic too{ 

Chapter 2 Ultrasound stethoscopy. 

The Thoraxcenter Journal 2001;13:95-99. 

Chapter 3 Experience with an ultrasound stethoscope. 

JAm Soc Echocardiogr 2002; 15:80-5. 

Part!!: Vftrasouna Stetlioscopy as a screening too{ 

Chapter 4 Abdominal aortic aneurysm screening using a hand-held 

ultrasound device. 

The Thoraxcenter Journal 2002; 14:40-42. 

Abdominal aortic aneurysm screening using a hand-held 

ultrasound device. "A Pilot Study". 

Eur J Vase Endovasc Surg 200{·22:352-4. 

Chapter 5 Aneurysm of the abdominal aorta. 

Circulation 2001: 104:e10-e11. 

Chapter 6 Left ventricular hypertrophy screening using a hand-held 

ultrasound device. 

Eur Heart J 2002, ;23:1516-21. 

11 

20 

39 

46 

59 

67 

73 

Chapter 7 Screening for left ventricular dysfunction using a hand-carried 80 

cardiac ultrasound device. 

Submitted for publication. 

6 



Chapter 8 The influence of left ventricular myocardial contractile 

reserve during dobutamine stress echocardiography on 

atrial natriuretic peptide and brain natriuretic peptide. 

Submitted for publication. 

Part HI: Cost-effectiveness ojVftrasouncf Stethoscopy 

100 

Chapter 9 Clinical utility and cost-effectiveness of a personal ultrasound 116 

imager for cardiac evaluation during consultation rounds in 

patients with suspected cardiac disease. 

Heart 2002: in press. 

Chapter 10 Diagnosis of endocarditis of tricuspid valve with a small personal 131 

ultrasound imager. 

Submitted for publication. 

Chapter 11 Evaluation of a hand-carried cardiac ultrasound device 

in an outpatient cardiology clinic. 

Submitted for publication. 

Chapter 12 Summary and Conclusions 

Samenvatting en Conclusie 

Acknowledgements 

Curriculum Vitae 

7 

136 

155 

166 

171 

180 





I:JflCJ(O(])VCTl ON 

}I:Jif(]) OVECJ(VPEW OP TJ-{1£: CJ'J{I£SIS 





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 Theophile 

Rene Hyacinthe Laennec introduced the stethoscope for "indirect ausculatation"(l). The word 

stethoscope was derived from the Greek words sterhos meaning "chest" and skopein meaning 

"seeing" and in fact is a misnomer. 

Since 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 "Seehear" 

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 Rotterdam (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 technology 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 hand-held scanners. 

In this thesis we repmi 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 tetm "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 tenn 

ultrasound stethoscope seems to 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, it was 

echocardiography that brought out the limitations of physical examination in many cardiac 

11 



------~·--···--~----Introduction-··---------··--·--·-

conditions and also exposed human auditory limitations (7-10). Although auscultation entered 

a modem era with the introduction of electronic stethoscopes (11 ), physicians rely on more 

sophisticated technology. Inadequate training and time pressure due to increasing work load 

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 is 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 I 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 

12 



--------------~-~Chapter 1------------

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 ultrasound 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 tissue imaging, it was the ultrasound stethoscopy session that caught the 

attention of the audience. Being aftenvards approached not only by cardiologists but also 

physicians of other specialities, I 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 is made in the majority of patients leading to 

their instant management. 
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OUTLINE OF THE THESIS 

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

are thoroughly presented. 

This thesis consists of three parts. 

Part 1: 

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 II: 

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 aneurysm were screened for this 

disorder with an ultrasound stethoscope. The results of a standard echocardiographic system 

were used as a reference. An abdominal aortic 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 ultrasound and spiral computed tomography can be appreciated in 

chapter 5. 

Next, we screened 100 consecutive hypertensive patients, who visited the hypertensive 

outpatient clinic for left ventricular hypertrophy (chapter 6). Measurements of the thickness of 

the anterior septum and posterior wall and of the end-diastolic dimension of the left ventricle 

using the parasternal 2D-long axis view were performed with both imaging devices. Left 

ventricular hype1irophy was defined as an increase in left ventricular mass ~134 g/m2 for men 

and ~110 g/m2 for women, when indexed for body surface area and ~143 g/m for men and 
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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 to 

dobutamine stress echocardiography for the evaluation of known or suspected coronary artery 

disease were evaluated. 

Part III: 

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 objective was to assess the diagnostic utility and practicality of ultrasound 

stethoscopy in an outpatient cardiology clinic evaluating 300 new patients. Echocardiographic 
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examination was perfonned blinded to the physical examination. The number of patients in 

which the ultrasound stethoscope was able to confinn or reject the referral diagnosis and the 

number of unexpected findings were assessed. These data were compared to the diagnosis and 

request for a standard echocardiographic study by the cardiologist. 

Finally, chapter 12 provides conclusions and summarizes all the above studies giving an 

insight and thoughts to our findings. Limitations and future perspectives of ultrasound 

stethoscopy are discussed. 
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-Chapter 2 

ABSTRACT 

Small personal ultrasound imagers allow to see the heati and its pathology during the physical 

examination. Seeing the invisible pathology strengthens its diagnostic accuracy and provides 

valuable quantitative infonnation for patient management These devices will be useful in 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 with 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. 
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... .. ~Ultrasound stethoscopy----

Echocardiography is currently the most widely used and cost-effective diagnostic imaging 

tool 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 environments. 

Miniaturisation and digital techniques recently resulted in the development of high resolution 

batte1y-powered personal ultrasound imaging devices with excellent grey-scale and colour 

blood flow imaging capabilities. These personal imagers are appropriately named "ultrasound 

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 

anyvvhere just like a conventional stethoscope. 1 

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 (SonoHeartTivl, 

SonoSite, Inc. Bothell, WA, USA and OptiGoTM, 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 SonoHeart™). The 

upgraded SonoHeart PlusTM device features second hannonic 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 cmTent and have measurement packages 

including linear measurement callipers. The intemal mem01y of the SonoHeartTM 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 pennanent recording. The OptiGo TM 

allows images to be documented on a CompactFlash card. 

Other companies are also developing miniah1rised ultrasound in1.aging systems. The 

TerasonTM device (Tera1ech Corp. Burlington. MA, USA) has the micro-minian1rised 

ultrasound system incorporated in the transducer and connects to a notebook PC {figure l). 

The small ultrasound devices should not be confused \Vith the portable desktop systems which 

are full featured systems. 

The examination procedme '-Vith these devices is the same as with standard echocardiography 

and ali precordial windmvs can be used for structure and blood flow imaging. Our experience 
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with the SonoHeart™ and OptiGoTM 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 cornerstone of the initial evaluation of a patient with 

suspected cardiovascular disease. However, notable shortcomings in examination skills and 

more particularly in auscultation have been documented even after training with innovative 

instructional methods. 3"
6 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 infonnation is obtained.7 "Visualising the heart" 

with the ultrasound stethoscope as pmi of the physical examination provides additional 

information beyond what we can perceive with palpation and auscultation and allows to 

rapidly confinn a cardiac abnormality (valve disease, shunt (figure 2), cavity dilatation, 

hypertrophy, pericardia! effusion, wall motion abnonnality) and often to make a specific 

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

TABLE 1 

THE ULTRASOU:'>ID STETHOSCOPE 

Rapid clinical diagnosis 

Source of munnurs 

Dilated heart 

Pericardia! effusion, emergent tamponade 

Pulmonary embolus 

Valvular disease 

Mass lesion 

Wall function 

Dilatation abdominal aorta/anem)'sm 

Incidental findings are also regularly recognised.8
'
9 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 failure (figure 4). 10 The major strength of a limited echo/Doppler examination is its 
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specificity that allows to exclude a cardiac abnonnality 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 little time and with 

little examination protocols.9
J 

1
'

13 The ultrasound stethoscope is very suitable for such a 

''focussed" or ''goal-oriented" examination. The resolution of a pericardia} effusion after a 

pericardiocentesis (figure 5), cardiac dimensions and left ventricular (LV) 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 stze 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). 1 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). 9
·
12

·
14 

"Goal-oriented" echocardiography will undoubtedly become part of the initial physical 

examination by primary care physicians to identify or exclude a cardiac condition who will 

use telecommunication technology for consultation in the future. 15 

The ultrasound stethoscope can effectively assist in the initial evaluation and rapid diagnosis 

of potentially life threatening conditions in the intensive care environment or in situations 

where quick-decision making is essentiaL In many such situations standard echocardiography 

is not rapidly available. The ultrasound 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 

stenosis in low output state) (figures 7 and 8). 

Pericardiocentesis can be guided and the effects of acute interventions (e.g. fluid challenge in 

hemodynamically compromised patients, inotropic drugs) monitored through estimation of 

cavity dimensions, ejection fraction and wall dynamics (figure 9). 

In a recent study by Goodkin et al16
, 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 
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in the emergency room has been reported to considerably shorten the time to diagnosis of 

penetrating cardiac injury and to improve the chances of survival. 17
-
20 Right ventricular 

involvement in acute myocardial infarction and the mechanical complications of a myocardial 

infarction are readily diagnosed in the coronary care unit. Echocardiography of the right 

heart is of great value in patients with acute pulmonary embolism. 21 The demonstration of 

right ventricular dilatation and paradoxical septal motion in patients 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.22 Regional wall function abnonnalities 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.3 

The ultrasound 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 impmiant aspect to consider. The feasibility of community 

screening for asymptomatic LV dysfunction has been demonstrated.23 

The ultrasound stethoscope allows rapid screening for an occult aortic abnominal aneurysm in 

patient groups "at risk" (patients with coronary atiery disease, hype1iension, elderly) (figure 

10).:z4~26 Physical examination is notably insensitive in moderately enlarged aneurysmata and 

obese patients. Amiic diameter measurements compared well to those obtained with standard 

equipment (agreement 97% in 100 consecutive patients; kappa value 0.810) and are obtained 

in a few minutes during a routine physical examination. 

Limited echocardiography allows to screen for left ventricular hypertrophy (agreement with 

standard echocardiography in 100 consecutive patients 92%, kappa value 0.730) and to follow 

the effect of treatment in office practice. 12 

Mitral valve prolapse is often suspected in otherwise asymptomatic individuals. This disorder 

can be excluded or confinned in a limited number of standard vievvs (figure 11 ). 27 

Potentially dangerous conditions can be identified in pteparticipatlon screening of athletes. 

Hype1irophic cardiomyopathy, a dilated ascending amia (Marfan) (figure l2) and valvular 

abnormalities (bicuspid valve, mitral valve prolapse) are the most common disorders and are 

reliably detected by experienced examiners.24-n However, screening for cardiac disorders in 

young athletes and asymptomatic individuals involves a high risk of a false positive diagnosis. 
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DISCUSSIO:"' 

In 1904, W. Rollins described the "Seehear", a device combining a fluoroscope with a 

standard stethoscope extending the clinical perception of the auscultation with seemg. 

Clearly, ultrasound offers obvious advantages over x-rays. We developed and used an 

ultrasound stethoscope (MinivisorTM' Organon Teknica) as early as 1978.29-32 and in 1988, a 

hand-held sector scanner (ScanMateTM' Damon Corp) was introduced by the Rochester 

group. 3031 However limited imaging petfommnce 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 

constmct small personal imaging systems with excellent structure and blood How imaging. 

Expanding our routine physical examination with a small personal imager will significantly 

strengthen our diagnostic capabilities (table 2) 

TABLE2 

THE ULTRASOUND STETHOSCOPE 

Seeing the invisible during the physical examination provides: 

Higher diagnostic specificity and sensitivity 

Early (preclinical) diagnosis 

Functional assessment 

Blood flow infonnation 

Inferior vena cava collapse 

Quantitative infom1ation 

Abdominal amia measurement 

On the basis of normal structure and functional findings in the absence of blood flow 

turbulence, all of v.,rhich can be tested in a limited number of imaging views, a cardiac 

disorder can be excluded Vl'ith a high degree of certainty. This high negative predictive value 

is ideal for rapid screening to avoid refe1Tal of nonnals and for a more cost-effective use of 

our expensive diagnostic in1aglng facilities. Personat imagers will therefore have an impact 

not only on the physical examination but also on the llSe of ecbocardiography and other 

imaging modalities by targeted referral. A major application will become its use in a critical 

care environment. Direct diagnosis or exclusion of some life threatening conditions will 

sbOiien delays in proper management and therapy and lead to important cost-savings. These 
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devices are extremely 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. 15 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 normalcy 

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 programs and continuing medical education including 

perfonnance testing can be organised with modern electronic means. In the future, advances 

in communications and software will allow for diagnostic support from experienced 

laboratories or intensive care units. 

lt 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) MinivisorTM developed in 1978.32-34 and currently available hand-held 

ultrasound devices (B) OptiGoT", (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 TM). 

Figure 3 

Apical four chamber view of a 25-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 TM)_ 
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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 allows measurement of the IVC dimension during 

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

elevated right-sided filling pressure37 (OptiGo™). 

Figure 5 

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

and (B) a large PE of a patient with clinical signs of tamponade (SonoHeartTM). 
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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 J em (normal< 1.2 em) (SonoHeaii™). 

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 a01iic stenosis and reg-mgitation (OptiGo™). 
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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 T:vt). 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 ejection function in the parasternal long axis view. 

A calliper function allows to measure the left ventricular dimensions in end-diastole (5.26 em) 

and end-systole (2.99 em)- the fractional shortening is 45% (SonoHeart™). 
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Figure 10. 

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

and (B) aneurysm of the abdominal aorta (dimension 5.0 em) (SonoHeart ™). 

Figure H 

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 (OptiGon'\ 
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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 em is seen 

(OptiGo TM), 
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Experience with an Ultrasound Stethoscope 

Ekni C. Vounomi, MD, Dun Poldcrnum, J'>ID. Juhan De Sun<::r, i\tlD. Fabiola B. Sozzi, MD, 
Paolo Jzzo, MD, Jnd Jos R.T.C. Ro~Lmdt, MD, R.ottcrd1lm, T!Jt: ,\'rtl!crlimd.'· 

BncllflrOtmd: To test the diagnostic potential of the 

Sonolleart, a battery-powered hand-held ultrasound 

imaging device, in an outpatient clinic setting. 
Jlictbods: A total of 114 patients with a variety of 

cardiac diseases '\vere examined by 2 independent 
cardiologists with the hand-held device using the 
standard e<:hocardiographic system (SE) as a refer­
ence. Global right ventricular (RV) and left ventric­

ular (I.V) function (scored as normal, mildly to 

moderately. or severely reduced) and internal cavity 

dimensions '1-vere assessed. Regional wall motion of 

6 segments using a 2-point score (1 "' normal wall 

Cardiac ultrasmmd has become an important and 
effective noninvasive diagnostic imaging tool over 
the years, and better imaging performance has bt:t:n 
realized with more expensive and complicated sys­
tems. To broaden tbe availability of ultrasmmd imag­
ing and to increase its versatility in application, 
small, easy-to-use_ and 10\'>'-cost echocardiographic 
devices have recently been developed.These devices 
act like an ultrasound stethoscope (from the G-n:ek 
'.vords 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 
umelected outpatit:nr population. using the results 
of high-em\ 2-dimensional (20) echocarcliographic 
equipment for performanct: comparison. 

From th~ D~p~nmcnt ol· C"rdiolot:l', "J"hor~xc~nt~r, 1-'.r.l.<mu' 
-"kdicol c~m~r Rott.or<hm, Th.o 0/cthcrbmh. 

Rqwint rcclllC<b: Prof Dr j .R.T.C. Rocbndt, MD. Dcpartm~nt of 
Co,·dioloe',\", ThOl"oxccntLl". E•·~snll\S J\-·!cdic.ll Ccmr~, Dr . .\"\ok· 
w.\r~rpki;, 40. 3015 GD Roncrdom, The: 1\cthc:rbnck (l·>moil: 
rridrwdt@mrd.nz>:lil) 

Cop)" right© 2002 by th~ ;\mcrican Soci~t)' oi"Echocordiography. 

OH94-7317 j2002j$35.00 + 0 27/4/115268 

doi: !0.1067 jmj~-2002.11526H 

39 

motion, 2 = abnormal wall motion) was evaluated in 

34 patients on-line. 
Results: There was a good agreement between the 2 

imaging devices for evaluation of global LV (93%) 

and RV function (99%), regional wall motion (90'\'o). 

dimensions of the I.V (99%) and the RV (99%), and 
the left (96%) and right atria (99%). Furthermore, 
SonoHeart identified hypertrophic cardiomyopathy, 
pericardia! effusion, and abnormalities of valves. 
Conclusion: The Sonoi-Ieart device allows rapid and 
accurate diagno!i>is, whenever needed in the out­

patient clinic. (JAm Soc Echoc.crdiogr 2002;15:80-5.) 

SflTOY PATIENTS Al\"D METHODS 

The Ultrasound Stethoscope 

Th<.: SonoH<.:otn (SonoSite Inc) hand-held ultra~ound ~rs­

tern (figur<.: I) is a small l1:md-hdd ultr.l~ound dtvict nJ(;a­

suring ;'\3.8 x 19.3 x 6.1 em and wdghing 2.1 kg. It i~ 

equipped with a small (1 '5 mm) 1 to ,:j MHz pha~elklrray 

broadband tr.\nsducer and operates on a rtchar~cahle 

lithium ion batt<.:~!" or alt<.:rnating current.Th<.: 2D control 

settin~s comparable with a standard echocardiographic 

d<..-vicc <ll1d a color power Doppler flow mapping arc inte­

gr.\ted to th<.: unit. Quantitative- ass<.:ssm<.:nt of the htart is 

possible \Vith indu~in: callip<.:r~ (Figun.: 2). SonoHean: has 

a ~tor.1ge memory of '50 image~ and cotn be connectcd to ;I 

video rccordcr. a printcr. or an external monitor. 

Study Population 

\Vc studied 114 unsdect<.:d patients (72 men) with a mean 

age of 52± 17 years. rcf<.:rrcd to our outpatient clinic for 

left ventricular (IV) function assessment (n = 60). follow­

up of known congenital heart disease (n = 13). folluw-up 

of known valvular disease (n = 15), evaluation of LV hyper­

trophy (LVH) (n = 15). and evaluation of pericardia] <.:ffu­

sion (n = 11). 

Study Design 

All patients underwent 2 consecutive echocarcliographic 

examination~ by 2 different investigawrs:onc examination 

by means of a standard echocarcliographic system (Sl::l 

Hewlett-Packard (Sonos '5'500.Andover, ~lass) or Vingmcd 

(Syscem \~ Honcn, :\'orway), and the other by means of the 
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Table 1 Accuracy of left atrial si;-;c aoscssmcm ( lll 
patients) 

20 standard echo 

<4 em 
4-6 ~Ill 
o-6 em 

K.'l'l'~. 0.474 
]/}. Tl'o-Jimel1>1<!11cl 

Ultra_~oond stethoscope 

Nonn~l llnbrgcd Severely cnbrgcd 

87 
1 

0 
21 

0 
0 
2 

Table 2 Accuracy oF ldt ventricular size asscssnH.:nt ( l l I 
ratknts) 

20 standard echo 

<5.5 ~m 
5.5-7 Cll1 

1'-:!rpo, o_96Y 
]/), l''lo-dimcn>1n11.11 

Ultrasound sktho;copc 

Normal Enlarged Severely cnbrgcd 

91 I 0 
19 0 

SonoHcan device_ Each investigator was blilldcd to the 

rcsulls of the other investigator.The time spent for the bed­

side examination with SonoHcart was always less than 5 

minutes 

The patients were evaluated on-line for the following 

pat~tmeters: prest:nce of p.:rkardial effusion, left atrial (LA) 

enlargement (intcrn;li diameter yj() mm in the parasternal 

long mds vi<.:w),LV enlargement (end-diastolic diameter >'SS 

mm in rhe parasternal long axis vicw),LVl-1 (defined a~ asqr 

tal thickness > 12 mm), right atrial (RA) enlargement (inter­

nal u-d!lSW:rse diameter >)') mm in the 4-chambcr view). 

and right ventricular (RV) enlargement (end-diastolic rr.J.ns­

vcrsc diameter >43 mm in the 4-chamber view). Also. gros~ 

morphologic assessment of the v;tlves was performed. 

In all patients the global RV function and the LV ejection 

fraction (EF). and in 34 patients, \Vho where referred for 

stress echocardiography, the regional wall motion were 

estimated. With both imaging techniques, the scoring was 

performed on-line during the examination procedure. 

Global LV function was defined as normal when the esti­

mated Ef was gre;tter than 55%, mildly to moderately 

reduced when the estimated EF was 35% to 55%. and 

severely reduced when the estimated EF was less than 

35%.Thc scoring of the regional v.•all motion for testing the 

efficacy and feasibility ot' the SonoHeart was simplified. by 

dividing the LV into 6 segments (anterior_ inferior. septal 

posterior, septal anterior. lateral, and posterior wall) and by 

using ;t 2-point score: I for normal wall motion. including 

mild hypokinesia, and 2 for abnormal -..vall motion, includ­

ing severe hypokinesia, akinesia, and dyskinesia. 

Figure I Photog1·aph of SonoHcart device, hand· held 
ultra;ound imager. used in tl1is smdy 

Statistical Analysis 

The agreement for segmental and global wall motion was 

asses~ed from 2 x 2 ;md 3 x 3 tables with weighted kappa 

statistics. Kappa values 0.-1, between 0.1 and 0. 75, and 0.7'; 

or greater were considered to represent poor, fair-to-good_ 

and excellent agreement respectively, based on Flciss·s 

classification. 1 

RESLLTS 

Visualization 

Three patients had poor echo windows with both 
imaging techniques and were excluded from the 

study, leaving 111 patients for analysis. 

Agreement 

The results for detection of LA and LV enlargement 
\Vith both examination techniques are summarized 
in Tables I and 2. 

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

Pericardia! effusion was correctly assessed with 
SonoHeart in 11 patients anc\ LVI-I (Figure 3) in 7 of 
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Fige.>re 2 Di,\m)hc (A) ~nd syswlic (B) kft \'Cntricubr lons-a"i' '·kws of" normal >t1bj~ct obtained \\'ith 
SonoHcart dcvic~. !vkosurcmcnt; of diJmctcr ot'kFt vcntricl c :>t end-diastole (A) ond cnd-sy>tok (B) ~n: 
ohm\ n. !.A~ Ld't atrium; LV~ kti \·cnrrick; A()~ oona; RV ~ right n:ntrick; IVS ~ inrcrn:ntrklihr 
>cpnun. 

Fip1rc 3 Long-a.'..~>,-'""- ofpodcnr \\'ith hyp~rtmphic car­
diomyopathy obuincd with SonoHcart dc,·icc (abbrevia­
tions .l~ in Figure 2). The aiTOIJI indicates the increased 
~cptal thickr1css 

8, resulting in an agn::nm:nt of 100% and 87.5%. 
respectively. In 1 patient pericarcliocentesis was per­
formed under SonoHeart guid:mce (Figure 4). 

In 20 patients, the morphologic abnormalitk~ of 
the aortic (calcification, Egure 'i) ;md the mitral 
valve (calcificmion. prolapse) were identified with 
the SonoHeart device and confirmed by the SE. 
FurthtTmore, the diagno~is of a chordal rupture of 
the mitral valve Wi!S made by SonoHe:lrt and verified 
by the SE in a patient presenting with acute dyspnea 
in the outpatient clinic. 

Finally, the SonoHean identified the morphologic 
chamcterbtics of surgically corrected congenital car· 
diac abnormalities in 13 follow-up patients. including 
atrial septum defect (ASD) (Figure 6). ventricular 
septum defect- tetralogy of Fallot, Ebstein anomaly, 
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tnmsposition of the great arteries. and sutw:tlvular 
;!Qrtic membrane 

Evaluation of Global and Regional Left and 
Right Ventricular Systolic Function 

Tl1c agreement between both imaging techniques 
for all lll patients wa:. 93% for global and 89% for 
regional LV systolic function (l'ibks 3 and 4). 

The agretment for global RV systolic function was 
99%. 

hlterobserver Variability 

llterc 'W:<S a good corrdation of the 2 inckpendn1t 
observers· evah1ations of regional wall motion 
between theSE (Sl%) and the SonoHeart device 
(16%). 

DISCUSSION 

In the late 19/0s, Rod:<ndt et aP·'j introduced the 
first portable battery.po~vered 20 echocardiographic 
instrument to be used as part of the clinical c.-xami· 
nation. Today, this vision of the past h:ts become a 
rcalitr as :< result of miniaturiz:<tion and digital tech· 
nolOf,')'. 

Tl1c SonoHeart device i~ easy to tlse, is ultraportahle 
with excellent imaging quality. and gives in :tddition 
quantitative information about dimensions within the 
heart. Our study demonstrates the utility of such a 
device for assessing pathomorphology and iimction of 
the he-art_ and tht results arc comparable with those 
obtained by SE. We included in our study a group of 
patients with corrected congenital heart disease to test 
the clinical potential of the SonoHeart device in iden· 
tifying the complex disease seen in these patients. It 
has proven to be as reliable a~ the SE for tl1e rapid 
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Figure 4 Par.lsrcrnJ.llong-.n:is view ofp.uicnt with pc1icardial cffu~ion bcfon: {Aj Jnd after pcricardio­
ccnt<:si; obuincd with SonoHcart d..:,·icc (B) (~bbrcviations as in Figure 2; PE ~ pcricardi,tl dlusion). 

Figure 5 Pat·ClstcrnJ.I (A) and apical (B) long-axi> \'icws of" patknt \\'ith Gtkiflcd ;:cortic valve ;tmo,is \\·ith 
SonoHcart device (abbreviations as in Figmc 2). 

detection or exclusion of a morphologic abnormality. 
This does not indicate though that it can be substitut­
ed for the SE b<:c;tusc most cardiac congtnital dbt:'dSes 
require extensive 20 ;md Doppler ;tnalyses. 

'W'e proved that SonoHeart can become an exten­
sion of physical examination enhancing our clinical 
senses and increasing the accuracy and sensitivity of 
diagnosis. The ultraportability and ease of use sug­
gest that similar data :md results can be obtained in 
other clinical scenarios, which are indicated in Table 
5. It can be used as a screening roo! for cardiac 
abnormalities such as hypertrophic cardiomyopathy, 
LVlLASD. abdominal aorL:I aneurysm.s mitral Yalve 
prolapse (.\fVP). or enlargement of the heart. Prior 
studies that used limited imaging protocols for most 
of these diseases (hypertrophic cardiomyopathy,6 
LVH.7·9 MVPlo) have provided evidence that a limit­
ed imaging smdy is feasible. 

The SonoHeart device can be used as a rapid diag· 
nosric tool in emergency scenarios where n1pid deci­
sions are essential. Thus. giving immediatt an~>vers 

about EF and regional wall motion abnormalities, 
presence of pericardia! fluid or tamponade, or the 
cause of a new murmur in unstable patients. Sono-
1-leart can play a decision-making role. 

Taking into account that most of the patients are 
referred for cclwcarcliography ro answer a single 
clinical question (like follow-up of EF or pericardia! 
effusion after pericardiocemesis or search for the 
source of embolism), a new strategy of limiting echo 
services starts to emerge in daily clinical pr'J.Ctice. 1 l 
Thus, a focused imaging protocol could be used to 
screen for the referrJ.I disorder and to proceed to a 
full study only in the discovery of any abnormality. 
Such a limited echo stmtegy could be most effec­
tively applied with the use of a hand-hdd ult<J.SOund 
device such as SonoHeart. Recently, Bruce ct al' 
demonstrated the efficacy and high accuracy of that 
device in screening patiems at risk for abdominal 
aortic aneurysms. 

The implementation of a limited echo or screen· 
ing poliq· will leJ.d to cost saYings in terms of bene· 
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Figure 6 A, For~,]wncned ~pic:\1 4-ch~mbcr ,.;,w of' p~tlcnt with ~tri~l sqotum dckcr of secundum type 
(!!iTOll') obt.linni with SonoHcan device (c>bbrc\'i:nions '''in Fi;;ur~ 2; Kll ~right ~trium). B, S,1n1c "'"" 

obtclir1c:d "'ith SE system (Hcwktt·PJ.cbrd). 

Table 3 i\grcLtl1Lnt lxtwcc:n kfr wntricnbr cjc~lion tf.K­
tiorl c;tim,lt<:d by the SonoHc.1rt dnicc and" 'tJ.nchrd 
cd:tocardiographic 'Y'tcm 

St.ll1C1Md cc·ho "'""'"""' o~-EF 
>55·::, 
35·::.-05'), 

S<>noHc~rl estirnotion ofEF 

Table 4 Agreement of n:gional W,lllmotion an,llysi$ 
bct\\·ccn the SonoHcart ami a st.cndard cchocardiogr:tphic 
0\'MCnl 

S<oJtd.lrd cdw 
1\urm-11 
Abnumd 

Sonolfc'"'rt 

Abnormol 

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

Limitations 

For the evaluation of regional wall motion. the LV 
W;lS divided imo 6 segments and not into 16 seg-
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Table 5 Clinic~] utility of the hand-hdd ultr~sound dc,·icc 

Emergency deportment, CCLI, and lCU 
llmpil~l "ord mund' 
Outpoticnr clinic 
SLJrgic.>lthc'ltcr 
Cordiac c>thctcr bbor.""" 
l'ri,otc ofticc pra<:ticc 

mems, which is proposed by the American Socidy of 
Echocardiography. Becaust" this W;lS an on-line 
assessment and we had no recording facilities, we 
limited the analysis in 6 myocardial segments. The 
same segments were independently scored later 
from the SE and compan~d with the data of the hand­
held devicc.lllc hand-hdd device cannot substitute 
for the SE. bm our purpose "\Vas to demonstrJ.te the 
feasibility and efficacy of the SonoHt<Irt device as a 
screening device in recognizing and distinguishing 
normal from abnormal wall motion. \'V'ithin this con­
cept. the study proved that such small devices poten­
tially could be used in acute coronary ~l'ndromes to 

exclude/identify regional wall motion abnormalities. 
Furthermore, because of the small number of 
paticnt.s who were included, this study should be 
considered as a pilot study for later v;..-alJ motion 
studies 

Another limitation is related to the fact that we 
focused on 20 evaluation of anatomy and function of 
the heart. without including the color flow modality. 
Refinements in the technology of color power 
Doppkr flow mapping in the device since beginning 
this study have made this now reliable. however. 

In Europe. most of the studies are being per· 
formed by cardiologists. Tile SonoH(.-J.ft instrument 
should not be used by sonographers but by a trained 
cardiologist. This study was performed by a junior 
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~taff member who had experience in echocardiogra­
phy. Training and lict~nsing for noncardiologists to 
use these devices will become an important issue in 
the future. 

Conclusion 

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

\Ve are gratd\J! to \Vim B. \•letter and Jackie .'VlcGhic for 

thdr expcrl technical assistance and to Eric Bocr~ma, PhD, 

for statistical advice. 
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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 results: 100 hypertensive patients were enrolled. Two independent investigators 

perfonned focussed echocardiography of the abdominal aorta with both devices. An AAA 

was defined as a focal transverse enlargement of the aorta >30mm with theSE. 

Results: We studied 65 men and 35 women (aged 60±11 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 pennit regular follow-up of known small AAAs. 

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

SonoHeart TM 
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INTRODUCTION 

Rupture of an abdominal aortic aneurysm is a devastating event with a peri operative mortality 

rate of 50% that is if patients reach the hospital in time [l-
31

. Jn contrast, patients undergoing 

elective aortic surgery experience a perioperative mortality of only 2-3% [4-61 . It is therefore 

recommended that patients at tisk are screened by ultrasound and undergo prophylactic 

surgery if the diameter exceeds 60 mm [?J. The proposed screening method is 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 f8·91 . 

The aim of the present study was to evaluate the potential and diagnostic accuracy of a 

recently developed pmiable 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 outpatient clinic (65 men, mean 

age 60 ± 11 years) were enrolled in the study. The investigators perfonned no physical 

examination. Patient characteristics are presented in Table l. 

Echographic examination. 

The SonoHeartTM (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 

altemating current. The two-dimensional control 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 t\vo different 

investigators: one examination by means of a standard echocardiographic system, Hewlett 

Packard (Sonos 5500;Andover, Mass) or Vingmed (System V; Horten. Norway), and the 
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other by means of the SonoHeartTM device. Each investigator was blinded to the results of the 

other investigator. Infonnation 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 abdominal aorta was performed from the subcostal position in the 

midline, approximately 2 em below the xyphoid with the transducer angled toward the 

patient's left side. The abdominal aorta was identified as a pulsatile vascular stmcture. 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 ±SD or by frequency percentages. The 

differences between the measurements of the t\vo devices are presented with the Bland­

Altman plot graphic 1101. The agreement for the measurements bet\veen the two examination 

techniques was assessed from 2x2 tables using weighted kappa statistics. Kappa values 0,4, 

bet\veen 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 1111 . 

Table 1 Patients characteristics 

Age (years) 60±11 

Male, n (%) 65 (65%) 

Years ofHT 

Heart rate (bpm) 

SBP (mmHg) 

DBP (mmHg) 

BMI (kg/m2
) 

13±11 

71±11 

150±20 

89±11 

27±4 

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 mrn (14,4 range to 67mm) for theSE 

and 23,1±7,3 mm (13 range to 62,1 mm) for the hand-held device. TheSE identified an AAA 

in 9 (9%) patients. One of these AAAs is shown in Figure 2. The agreement betvveen 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 (nonnal) by the hand-held device. Conversely, in one patient the 

diameter of the abdominal aorta was 31,1 mm (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 abdominal aorta was always less 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. 

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

Figure 2. 

A focal transverse enlargement 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 amta 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. Abnonnal =patient with an anemysrn 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 SO = 2 standard deviations of the mean difference in the measurements ofthe two devices. 
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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 [121 . However, several 

studies have shown that screening saves lives [l~6J. The perioperative mortality associated with 

emergency aneurysm surgery can be as high as 50%, compared to 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 113l. 

Physical examination is unreliable in patients with a small AAA (30-39 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 [Sl. 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 114
]. Ultrasound on the other hand, because of its low cost and availability has 

been proven to be safe and efficient for surveillance of small AAAs [7J and seems to be the 

most appropriate screening tool [lSJ. 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 116l, defining an 

AAA by a diameter of > 30 mm, evaluated a group of elderly men and women aged 65-80 

years and found an overall prevalence of 4,0% in women and 7,6% in men. The high 

prevalence in elderly men was confinned by the study of Twomey et al 117
]. 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 [!SJ 

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 evaluated only an average length of 14 em of the proximal 

abdominal aorta. However, the majority of AAAs are located infra-renally and may also 

extend into the iliac arteries [191 . 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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ABSTRACT 

This study shows the usefit!ness 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-l 0% 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 t\vo-dimensional echo graphic 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 intraobserver variability were 96% and 98% respectively showing a very good 

reproducibility. 

Descriptive statistics were reported as mean ±SD 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±ll 

Male, n (%) 65 (65%) 

Years ofHT 

Heart rate (bpm) 

SBP (mmHg) 

DBP (mmHg) 

BMl (kg/m2
) 

13±11 

7l±ll 

150±20 

89±ll 

27±4 

HT=hypertension; SBP=systolic blood pressure; 

DBP=diastolic blood pressure; 

bpm=beats per minutes; BMI=Body Mass Index. 

60 



----------Abdominal Aortic Aneurysm Screening-Pilot Study 

Figure 1. 

Photograph of the SonoHeart™ device, a hand-held ultrasound 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 amta measured by the hand-held device and the standard cchocardiographic system. Number of 

patients:lOO. 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. 

Using SEas 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 like I ihood ratio 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 

ultrasound device in screening for AAA in the outpatient clinic. The prevalence of AAA 

in 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 rnm) 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. It 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 Ill Oth of the price of a high-end SE. 

Study limitation: This study was performed by a cardiologist with experience m 

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 could become part of the clinical examination in 

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

tool. 
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Aneurysm of the Abdominal Aorta 
Georgios Sianos. l'dD; Eleni Vourvouri, MD: Koen 1'\icman, MD; 

Jurg~n M.R. Ligthart BSc; Attila Thuri, MD; Pim J. de Feyter. MD; 
Patrick W. Serruys. MD: Jos R.T.C. Roelandt, ivlD 

A
7fl-v~ar-old man ''as admined to 1h~ intenoiw cor~ unit 
>~·ith unstable angtna p~cton;; ot Braun\.\· aid class I !lB. 

II~ 1\<JS known to haw hyp~rtcnsion. '".'htch -cvo; poorly 
contmlkd \\·ith m~dic;uion. Phy>tcal ~-~aminotion r~v.:okU a 
pul'>ating mas.<. in the ],)"er abdomen Unl was sugge,ti'e ot' 

011 aotiic aneurysm. An cchocardic)graphic ,;tudy with a small. 

hand-held ultrasound device {Sonol-kat1. SonoSitc Inc) 
show~d an abth)minal annie ilneury<,m containing thrombOtic 

malaialtFigurc l ). His tmponin T lc\ el \\fts ckvat<cd. ond he 

undcnvcnt co!Ttnar:_<' arteriography. which showed a high­

grad~ stenosis at the bifurcation of kft anterior desc~ndmg 

arkiJ' and th.o lirst di~gonal branch. The kown was Jilakd 

during th~ >umc '"'''iOn. with direct stcnting ol" both 
branch~, 

Af1~r the intr:JC(>ron:Jry intervention. imrJ\Uocubr ultm­

,:ounJ imaging of the ahdomin:JI ancury~m \'a.< performed 
(nwtorizcd pullback with speed of0.5 mm/s) with a 9 t-;1Hz. 

m~chanically mwtcJ imaging transducer (Figure 2). The 

1ran-:duc~r wa;; rotating in a 9 French. closc-cnd. round~d-t1p 
catheter that 1\'J> 110 em in length (Ultra ICE. Bo>lOn 

Scientillc}. 

_,\ mulli.slicc ~piral computed tomography scan (Somatom 

plu,; -'1- Volum~Zoom. Siemem; AG) wa> also performed 
(Figure 3). By simultancous acquisition or four 1-mm >lice:, 

at a pitch of 5 (5 mm Z-translation per 0.5-; g~ntry rol;>tlon), 

imagco~ or thc entire area of the ~bdnminal anna wcr~ 
aequi~d within 32 seconds. Comrast between the vcs.;~l 

lum~n and >urrounding tissues was rcalizcJ by an imravenous 
injection of 100 ml of lomeprol (Br;Kco-Byk Gulden) at iln 

inJection rate of 2.5 n1Li:.. From the d;tt~L >Cl. a l~rg~ st:Jck of 

a7\ial .;lice~ was r~comtruckd ~nd proccs::J~d with dcdicatcd 

vohmte-rcnd~ring ::Joliwan: (VoxclVicw. Vit~l Images) on a 
sep~rak gr~phic \\·orkstation. 

One month later, the pmicnt untkrwcnt surgical resection 

of the anCUIJ'Slll. He was asymptomatic m th~ 6-moml1 

follow-up. 

Figure 1. Transverse image ol the aneurysm of the abdominal 
aorta (56 mm in diameteri. wh1ch conta1ns a iarge thrombus 
(TR)_ The small. hand-held ultrasound device is shown in the 
insert. Dotted line represents the calipers used for measurement 
ol the diameter of the aneurysm 
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Figure 2. A longitudinal 1mage (L) of the abdom1t1al aortic nneurysm containing thrombus (TR). reconstructed from the sequentially rec­
orded cross-sectional images. The reconstruction was performed on a workstallon designed for 30 reconstruction of echocardiograp 
ic images (Echoscan, Tomtec). Cross-sectional images corresponding to the proximai(Pj. middle (M), and d'1stal (D) sect'1ort of th" an· 
eurysm are sho>Jm. In the middle section, 1he gradual decrease in echogenicity toward the outer wall correlates with the organization 
and age of the thrambolic materi"l. The dark. less echogen1c layer C) adjacent to the outer wall represer1ts chronic organized thrombi 
whereas the more echogenic layfrrs closer to the lumen indicate more recent thrombosis. The extensive calcifications of the outer wa 
of the aneurysm are recognized as s highly echogenic nm with acoustic shadowing {arrows). The spontaneous echo-contrast eilect 
wilh1n the lumen suggests prothrombotic slow flow and is betier recognized from dynamic images, \•ohich can be found at 
http:/ /wwvo .circulationaha.org 

Figure 3. Multislice, computed tomography, 3D volume-rendered images from an anterior {A) and a right lateral {B) perspective in ~1h1ch 
the !arge thrombus (TR) is visualized between the contrast"enhanced aortic lumen ar1d the calcifications in the outer wnll of the aneu­
rysm Involvement of the renal arteri10s (armws) was excluded (A. C). The thrombus had mainly developed at the ar1terior s1de {D), and 
the diometers mensur<ed at the site of maximum dilatation were 54><62 mm. A lang,tudinal cross-section of tile aneurysm. which hns 
been cur;ed along the trajectory of the abdominol norta and proxim~l nght common iliac artery, 1s shown in E. ANT indicates antenor 
POST. posterior: R, right and L. left. 

68 







£1£, rpJ' '()EJV'T(]\J CV L)I CJ(J{'YCJXE CJ(CJ'CJ(OPJf'Y 

SCCJ(P,P,JV"J:Nq VSI:NC) )I J{)IJf([)-J{P,£([) 

VLCJ'CR}LSOVJf([) ([)P,VICP,. 

'EC 1/ourvoun;!.]) PoMermans, ;zLPL Scliin~( 
L'Y'}(oro[eva, P(]3 Sozzi, JJ (]3a:x:, J!J{'I'C CRgdanat. 

'EurJ{eartJ 2002, 23:1516-21. 





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, 
G. E. Parharidis, J. J. Bax and J. R. T. C. Roelandt 

Department of Cardiology, Thorax centre, Erasmus Medical Centre Rotterdam, Rotterdam, The Netherlands 

Aims To test the diagnostic potential 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 patients 
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- 2 for 
men and ?.: 110 g. m- 2 for women, when indexed for body 
surface area and?.: 143 g. m -l for men and?.: 102 g. m -l 
for women, when indexed for height. 

Results Sixty-five men and 35 women were studied (age 
60± 11 years); mean duration of hypertension: 13± II 
years; mean blood pressures: systolic 150 ± 20 mmHg and 
diastolic 89 ± 11 mmHg. The anterior septum and posterior 
wall were visualized in all patients with both imaging 
devices. The standard echocardiographic system identified 

Introduction 

Left ventricle hypertrophy which expresses end-organ 
damage from hypertension, is an independent potent 
marker of cardiovascular risk in arterial hyperten­
sion[l--'l.It is considered as an asymptomatic pre-clinical 
stage of the cardiovascular disease, that may lead to 
cardiac eventsl4 l. Also, reversal of left ventricular hyper­
trophy can improve the patient's outcomel5l. 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. 
Molcwatcrplcin 40, 3015 GD Rotterdam. The >Jclherlands. 

left ventricular hypertrophy by body surface area in 18 
(18%) patients and by height in 26 (26%) patients. 
The agreement between the standard echocardiographic 
system 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: 0·76 (left 
ventricular mass/height). 

Conclusions We conclude that hand-held devices can 
be effectively applied for screening for left ventricular 
hypertrophy in hypertensive patients. 
(Eur Heart J, 2002; 23: 1516--1521, doi:IO.I0531euhj.2002. 
3162) 
© 2002 Published by Elsevier Science Ltd on behalf of 
The European Society of Cardiology. 

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

See doi: 10.t053/euhj.2002.3292 for the Editorial comment 
on this article 

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
trophyl6-8l. 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 
geometryl9

-ll
1l. New and small echocardiographic 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 diagnostic accuracy of a recently 
developed portable hand-held ultrasound system for 
screening for left ventricular hypertrophy in hyper­
tensive patients using a standard two-dimensional 
echocardiographic system as a reference. 
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Table 1 Patients chamcteristics 

Age (years) 
Male, n ('Y<>) 
Years or HT 
Heart rare (beats. min 1) 

SBP (mmHg) 
DBP (mmHg) 
BMI(kg.m- 2) 

60 :':: ll 
65 (65'Yo) 

13 ± 11 
71 ± 11 

150 ± 20 
89 ± 11 
27±4 

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

Study patients and methods 

Study population 

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

Study design 

The study protocol consisted of an echocardiographic 
examination by means of a standard echocardiographic 
system, Hewlett Packard (Sonos 5500; Andover, Mass, 
U.S.A.) or Vingmed (System V; Harten, 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 Sokolow-Lyon (the 
sum of the amplitudes of the S wave in V1 and the R 
wave in V 5 or V6 , 35 mm) and the sex-specific Cornell 
criteria (the sum of the amplitudes of the S wave in V3 

and the R wave in aVL, >20 mmin women and >24 mm 
in men)[ 11l. 

All patients were known hypertensives. Blood press­
ure was measured in the supine position. For the study, 
we took the avcra~e of 12 measurements over 60 min 
with a 5 min inte;;,al using a semi-automatic device 
(Accutor 2. Datascope, Datascope Corp. CA. U.S.A.). 

Echocardiographic methods 

Linear measurements of the thickness of the anterior 
septum and posterior wall and the left ventricular 

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 recommendationsP 2l. 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 equationr10l: 0·80 (1·04 [(IVST+ 
PWT+LVED)3 -LVE0·1]+0·6g. The left ventricular 
mass index (g . m- 2

) was calculated by dividing the left 
ventricular mass by body surface area. Since this index 
can fail in identifying left ventricular hypertrophy in 
obese individuals[!JJ a second index was calculated by 
dividing the left ventricular mass by height (g. m- 1

). 

Body surface area (m2
) was derived from the Du 

Bois formula[ 14
l: 0·007184 x (weight [kg] 0

"
425 x (height 

[cm])0
·
725

. Body mass index (kg. m2) was derived from 
the averal!:e weight and height. 

Left ve~ntricular hypertrophy was defined as an in­
crease in the left ventricular mass index ;:;-: 134 g. m -z 
for men and :2:110 g. m -z for women, when indexed 
for body surface area[lS-!71, or ;:;:J43g_m- 1 for men 
and ~ 102 g. m- 1 for women, when indexed for 
heio-ht[ 13·161 

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

The ultrasound stethoscope 

The SonoHeart® (SonoSite Inc., Bothell, Washington. 
U.S.A.) hand-held ultrasound system (weight 2'4kg. 
Fig. l) was used in this study. It is equipped with a small 
2-4 MHz phased array broadband transducer and oper­
ates on a rechargeable lithium 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 50 images and can 
be connected to a video-recorder, a printer or an exter­
nal monitor. Colour power Doppler flow mapping is 
also integrated into the system. 

Statistics 

Descriptive statistics were reported as mean± SD or by 
frequency percentages. The difference between the 
measurements of the left ventricular mass indexed for 
body surface area and the height of those two devices 
can be appreciated from Fig. 2 (a) and (b) with the 
Bland-Altmanr18l plot graphic. 

The agreement for the measurements between the two 
examination techniques was assessed from 2 x 2 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 classification1191. 
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Figure 1 Photograph of the SonoHeart6 deYice, a hand­
held ultrasound imager, used in this study. 

Results 

Clinical characteristics 

The mean systolic blood pressure was !50± 20 mmHg 
and the diastolic blood pressure 89 ± II mmHg. The 
mean heart rate was 71 ± ll beats . min--- 1• 

Electrocardiography 

Four patients were found to have left ventricular hyper­
trophy according to 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 both 
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 ventricular mass indexed by body 
surface area was 96·2:i;;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- 2 

for men and ~ 110 g. m- 4 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 0·77 (Fig. 3(a)). 

The mean left ventricular mass indexed by height was 
111·5 ± 43 g. m- 1 with the standard echocardiographic 
system and 120 ± 40 g . m- 1 with the hand-held device. 
Using the threshold of ;:::-: 143 g. m- 1 for men and 
;:::-: 102 g. m- 1 for women the standard echocardio­
graphic system identified left ventricular hypertrophy in 
26 patients (13 women and 13 men). The agreement 
between the two methods was 90%, kappa=0·76 (Fig. 
J(b)). 

Discussion 

The presence of left ventricular hypertrophy. calculated 
as an absolute left ventricular mass has an independent 
prognostic value on top of age and blood press­
ureP·2021l. Recent studies have reported good reliability 
for echocardiographic measurements of left ventricular 
massrn.23l. 

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 goal­
oriented examination, such as screeningr24l. 

Although echocardiography can assess left ventricular 
hypertrophy accurately compared to the 'gold standard· 
MRI, the World Health Organisation-International 
Society of Hypertension (VIHO-JSH)l25l and the Joint 
National Committee on prevention, detection, evalu­
ation and treatment of high blood pressure126l 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
mentr27l. However, echocardiography is recommended 
in patients with concomitant heart diseaseP728l and in 
patients with 'stage one' hypertension (patients with 
high-normal blood pressure who 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 ventricular hypertro­
phyl25·26.28.19l. Both, Black and Shepsi3031l support this 
view introducing limited echocardiographic protocols. 
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Figure 2 Bland-Aitman plot, demonstrating the magnitude of the difference between the measurements with thl' two 
techniques (differences plotted against their mean average) of (a) left ventricular mass indexed for bodv surface area 
(BSA) and (b) left ventricular mass indexed for height. SD=2 standard de\'iations of the mean difference in the 
measurements of the two devices. Lsing standard echocardiographic s:ystem as the gold standard, the sensitivit)' and 
specificity of the hand-held device for screening of the presence of left venl'ricular hlpertrophy were calculated as was 
the positive predictive value (PPV), negative predictive value (NPV) and accuracy. 

Tuhle 2 !W.eusutements (iu em) of the allferio1· .\'eptum (AS), the posterior wall 
(PW) a!Ul the left l'CIItl'icular eml-Jiastolic dimeusiou (LVED) with both imaging 
de1•ice.\' 

Typ~ or :Vkan SD 

~xam1nation 
AS PW LVED AS P\V LVED 

Standurtl echo I·IS 0·92 4-g5 0·29 0-20 0·71 
Hand-held device 1·21 10 4·5 1}·26 0-16 0·66 
SE-hnnd-hdd 0·1}3 - 0·08 0-1}5 \}·03 0-04 0·05 

SD=>tandard d~vintion: :-.lumb~r of p•ltienl$:101} 

However. the indication of echocardiography in 
hyptrtensivc: patients may be broadened. as this new and 
inexpensive ( ..._ 1/lOth of the price of a standard echo­
cardiographic system) hand-held ultrasound device 
becomes widely available. In our view, such small hand­
held imaging devices. reducing the cost and being ultra­
portable and easy to use, will allow routinely cchocar­
diographic examination in all hypertensive patients. 
Performing as an extension to physical examination they 
will provide the clinician with immediate. valuable infor­
mation about prognosis and risk classification, assisting 
him in his decision of therapy. Of course. the initiation 
of aggressive therapy is dependent on not only the 
presence of left ventricular hypertrophy but also on 
other parameters such as cardiovascular risk t"actors and 
end-organ damage. Furthermore. it is becoming increas­
ingly clear that we shmlid aim for aggressive treatment 
in most hypertensive patients. 

The efficacy of the selected therapy could be followed 
with the hand-held device by serial estimation of left 
ventricular mass with every visit at the outpatient clinic. 

76 

Rang~ ol" 
measurements 

AS P\V LVED 

0·5 2-2 0·4 1·3 3·4 68 
0·7 2-3 06 1·4 3·5 6·6 

However. the reliability of k:fl ventricular mass measure­
ments depends on many factors. such as the experience 
of the opcnttor. 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 changesl2-'l_ 

By analysing the left ventricular geometric pattern. 
risk stratification can be carried out: patients with 
normal left ventricular architecture have the best prog­
nosis. those with concentric remodelling or eccentric 
hypertrophy have intermediate, and those with concen­
tric left ventricular hypertrophy have the worst prog­
nosis[3·2"·-'2l. Furthermore, echocardiography provides 
us not only with left ventricular mass determination. 
but with additional valuable information such as !eft 
ventricular systolic function or valvular abnormalities. 

The method used most frequently for the diagnosis of 
left ventricular hypertrophy is still standard electrocar­
diography. Although the ECG has low sensitivity and 
specificity in recognising left ventricular hypenrophy. it 
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65 
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The numbers inside the table express the absolute number of patients 
Abnormal =left ventricular hypertrophy 

Figure 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 
theM-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 to 
conventional echocardiographic methods, they have a 
higher cost and a varied availabilityl' 3l. 

The study was perfonned 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 perfonned by an experienced investi­
gator should follow. However, training and licensing for 
use of these devices by non-cardiologists will become an 
important issue in the future. 

Recently, Goodkin et alP4J 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 is in concordance w:ith the study per­
fanned by Spencer et al.[.lSJ in critically ill patients. 
Moreover, SchillerP6l comments that further evaluation 
of these devices will improve their practical use. 

Limitations 

In this study, we calculated the left ventricular mass by 
the Devereux modified (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 
recommendationsll 21. The same measuring technique 
was used for both devices for perfonnance comparison. 

The hand-held device used in this study had colour 
power Doppler flow mapping instead of the traditional 
colour Doppler. Furthennore, it had no Doppler 
modalities with which to obtain haemodynamic data. By 
now, spectral Doppler and colour Doppler are inte­
grated in the new generalion 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 grateful to Eric Boersma, PhD, for expert stati:;tical 
advise. 
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ABSTRACT 

Background: A hand-carried cardiac ultrasound (HCU) device is a recently introduced 

imaging device which may be potential useful in the primary care setting. 

Aim: To test the screening potential of a HCU for the detection of LV dysfunction by 

evaluating LV ejection fraction (L VEF) and inferior vena cava (IV C) 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-L VEF was visually estimated and the 

SE-L VEF derived by the Simpson's biplane method. A LVEF :035% represented LV 

dysfunction. An IVC collapse of <50% and BNP levels ~ 15 pmol/L were considered 

abnonnal. The correlation of the HCU-L VEF, the HCU-IVC and BNP to the SE-L VEF 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 L VEF and IVC collapse between SE and HCU was 98% and 96% respectively. 

The sensitivity of IVC collapse, HCU-L VEF 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 Dysfunction, Hand-Canied 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 fonns 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 

response to volume and pressure overload [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 [3,18-19] but is considered to be unpractical and costly 

[15,16,20). Furthennore, 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 LV dysfunction has not 

been studied yet. 

Hand-carried cardiac ultrasound (HCU) devices aim to bring echocardiography into the 

community setting allowing 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 IVC collapse and BNP 

concentration measurements were used as a reference. 

The HCU device 

Two HCU devices were used: the OptiGoTM (Philips Medical Systems) and the SonoHeartTM 

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 extemal monitor. The OptiGo ™ uses a CompactFlash card to archive images which also 
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can be downloaded into a PC. Colour flow Power Doppler and Colour flow Doppler is 

integrated to the SonoHeartTM 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 infon11ed consent 

for the study was obtained from all patients. 

Eighty-eight (88) consecutive patients referred from the outpatient cardiology clinic to 

the echo lab with suspected LV 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 (Sonos 5500, Andover, Mass) 

and the other by means of a HCU device (SonoHeart™, SonoSite Inc or OptiGoT\1, 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 perfonned on the same day by 

two independent cardiologists blinded to each other's results and to medical history or clinical 

status of the patient. 

L VEF evaluation using SE 

Images were acquired with theSE 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 LV function. The analysis was perfonned 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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LVEF evaluation using a HCU device 

Global LV systolic function was estimated visually from the same with the SE cardiac views 

in all patients. Normal LV systolic function was defined by normal LV end-diastolic (::; 5.5 

ern) and end-systolic (::;3.5 em) dimensions and no major wall motion abnonnalities [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 em of the right atrium 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 IV C­

CI <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 

chilled tubes containing edetic acid (EDTA) and aprotinin (1.9 mg and 100 klU/ml blood, 

respectively). Plasma samples were centrifuged promptly (111lg for 10 minutes) and stored at 

-80"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 LV 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 perfonned 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 considered ::; lOmmHg. 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 t\vo 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 L VEF and between RA pressure measured invasively versus the 

echocardiographically estimated RA pressure. 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 [lSJ. Differences betvveen 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) leaving 

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 perfonned 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 IV C-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~O.l9) (table 3B). 
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BNP data 

Results 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 L VEF the BNP levels 

were also elevated resulting in a sensitivity of BNP in diagnosing patients with LV 

dysfunction of94% and a specificity of88% (table 2B). 

Subgroup analysis 

20 patients underwent a right-sided heart cathete1isation 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 (table 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) 

Male, n 

History ofMI 

HT,known 

DM, treated 

No hist01y of cardiovascular disease 

Beta-blockers 

Nitrates 

Calcium-antagonists 

Diuretics 

Aspirin/anticoagulants 

Lipid-lowering agents 

52±12 

57 (59%) 

34 (39%) 

15 (17%) 

9 (10%) 

32 (36%) 

36(41%) 

15 (17%) 

15 (17%) 

12 (14%) 

40 (45%) 

37 (42%) 

CAD=coronary artery disease; MI=myocardial infarction: 
HT= hypertension; DM=diabetes mellitus. 
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Table 2 Agreement between (A) a I-ICU device and (B) BNP measurements and a standard echo in the assessment of LVEF. 

'~ 
""::> 
~u 
;;.II: 
""'~ 

A. 

abnonnal 

nonnal 

LVEF (SE) 

abnormal normal 

16 0 

I 65 

Agreement =99%, kappa =0.96. 
Sensitivity=94% (95%CI:0.77-0.77) 
Specificity= l OO'Yo (95%Cl:0.95-0.95) 
PPV=IOO% (95'Y.,CI:0.82-0.82) 
NPV=9S% (95%C!:0.94-0.94) 

0.. z 
r:<l 

No of patients: 82. 

B. 

abnormal 

normal 

LVEF (SE) 

abnormal normal 

16 8 

57 

Agreement =89%, kappa o-cQ.71. 
Scnsitivity=94% (95%CI:0.73-0.99) 
Specificity=S7% (95%CJ:0.82-0.89) 
PPV=67% (95'YoCI:0.51-0.70) 
NPV=98% (95%Cl:0.92-1.0) 

The numbers inside the tables express the absolute number of patients. 
Abnonnal LVEF: 95%; 

Abnonnal BNP: 2':15 pmoi/L 



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

-u~ ,;;;, 
uu 
;;.II: 
-~ 

abnonnal 

normal 

IVC(SE) 

abn01mal normal 

12 

2 67 

Agreement =96%, kappa =0.87. 
Sensitivity=86'Yo (95%CI:0.64-0.92) 
Speeifteity=-98% (95%Cl:0.94-l.O) 
PPV=92% (95'YoCI :0.68-1.0) 
NPV=97% (95%CI:0.93-0.98) 

collapse and LVE!i' 

-uS uu 
;;.:I: 
-~ 

No of patients: 82. 

abnormal 

normal 

LVEF (SE) 

nbnormal l10l1Wl.} 

5 8 

12 57 

-

Agreement =76%, kappa =0.19. 
Sensitivity=JO% (95%CJ:O. 12-0.49) 
Specifieity=88% (95%CI:0.83-0.93) 
PPV=38'Yo (95%CI:O.l6-0Ji4) 
NPV=83% (95%Cl:0.78-0.87) 

The numbers inside the tables express the absolute number of patients. 
L VEI'=Icfi ventricular ejection fraction. 

IVC-Cl=inferior vena cava collapse index 
Abnon11al LVEF: :::;35%; 

Abnornal IVC-CT: <50%. 
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Table 4. 

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

Table 5. 

Age (years) 

Male 

Hypertension 

DM 

K11own or suspected CAD 

Dilated cardiomyopathy 

CAD=coronary artery disease; DM=diabetes mellitus. 

N 

60±5 

13 

6 

3 

19 

Agreement between echocardiographically versus invasively assessed right atrium pressure 

(RAP) 

" .;,: 
abnormal ~ ... 

0.. " 

~~ 
~u 

normal = 

(RAP) Invasive measurements 

abnonnal nonnal 

7 0 

l 12 

No of patients: 20. 
Agreement =95%, kappa =0.89. 
Sensitivity=87% (95%CI:0.57-0.57) 
Specificity= tOO% (95%CI:0.79-0.79) 
PPV=lOO% (95%CI:0.65-0.65) 
NPV=92% (95%CI:0.74-0.74) 
The numbers inside the tables express the 
absolute number of patients. 
Abnormal RAP:> 10 mmHg. 
An IVC collapse <50% with the HCU device was 
considered to represent abnonnal RAP. 
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Figure 1. 
Photograph of the two ultrasound stethoscopes used in this study. (A) The OptiGoTM and (B) 
the SonoHeart™ plus. 

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 T:vr). 
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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]. Early 

recognition and initiation of appropriate treatment can improve survival [ 6]. However, 

diagnosis of LV dysflmction, 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 polypeptide containing a 17 amino acid ring structure common to all 

natriuretic peptides. The source of BNP is the cardiac ventricles and its release is directly 

proportional to ventricular volume expansion and pressure overload [12,13]. BNP levels are 

elevated 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]. Furthennore BNP levels seem to be an independent predictor oflong-tenn 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 

demonstrated 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 too/for LV dysfimction 

According to the guidelines of the European Society of Cardiology, objective evidence of LV 

dysflmction 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 (1/1 Oth of the cost of a SE). The value of such 

devices for screening for various 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 furthennore the hypothesis of diagnosing LV dysfunction by assessing the 

percentage collapse of IV C. 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 conelation 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 infonnation about other 

significant abnonnalities beyond LV function. Thus, LV hypertrophy, valvular abnonnalities 

or mass lesions can be diagnosed instantly with echocardiography but could be missed by 

physical examination or a blood test. Furthennore, 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 Cardiology recommends Level I of training as an absolute 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 abnonnalities with high 

efficacy and accuracy [41-42]. 

Limitations 

The HCU devices used in this study were SonoHeart plus™ and OptiGo™. Although the 

fonner has two additional modalities (pulsed Doppler and theM-Mode), we used only the 2D 

feature for the L VEF 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 

Left 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 

detennined in 66 consecutive patients referred to dobutamine stress echocardiography for the 

evaluation of myocardial viability. ANP and BNP were measured using immunoradiometric 

assays. Left ventricular ejection fraction (L VEF) 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 flg/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<0.0005, BNP: 62.4 ± 

79.0 versus 11.6 ± 14.0 pmol/L, p<0.0005, respectively). The presence of contractile reserve 

influenced the ANP and BNP levels in patients with wall motion abnormalities. Patients with 

a preserved myocardial contractile 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 pep tides, contractile reserve, left ventricular dysfunction, heart failure 

100 



------Natriuretic Pep tides and Contractile Reserve ------

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 LV 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 stretch. Plasma natriuretic peptide 

concentrations may be elevated in patients with LV dysfunction, and elevated ANP and BNP 

levels are related to an adverse outcome [7-11]. Previous studies demonstrated that a 

preserved myocardial contractile reserve is related to a favorable outcome in patients with LV 

dysfunction. Currently, the relation betvveen 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 in patients referred to 

dobutamine stress echocardiography with a varying degree of heart failure. 

METHODS 

Patient population, study protocol 

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 ventricular 

hypertrophy were not included. Plasma ANP and BNP concentrations were determined using 

immunoradiometric assays. All patients underwent resting echocardiography to assess the LV 

ejection fraction (L VEF) 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 k!U/ml) to prevent breakdown of the cardiac peptides. The sample 

was placed on ice and promptly centrintged 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-dimensional imaging was performed with the patient in the left 

lateral position; standard views were recorded on optical disk (cine loops). 

After the venous blood samples were drawn, dobutamine stress echocardiography was 

performed to assess the contractile reserve in dysfunctional myocardium. Foil owing the 

resting echocardiographic study, dobutamine was administered intravenously, starting at a 

dose of 5 ~g/kg body weight per minute for 5 minutes, followed by a I 0 ~g/kg/min dose for 5 

minutes (low-dose). Incremental doses of 10 ).lg/kg/min dobutamine were given at 3-minute 

intervals up to a dose of 40 ).lg/kg/min, and atropine was added if target heart rate was not 

achieved. 

Global LV function, assessment of L VEF 

The L VEF was determined off-line 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 ejection fraction were measured and the LVEF was calculated. A LVEF 

::;;35% was considered abnormaL 

Regional LV function, segmental analysis 

Two experienced observers, unaware 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: 1 =nonnal, 2=mildly hypokinetic, 3=severely hypokinetic, 

4=akinetic, 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. Contractile reserve was 

defined as an improvement of segmental wall motion score by ::=::1 grade following infusion of 

low-dose dobutamine (1 0 ~g/kg/min) in 2::2 severely dyssynergic segments. Ischemia was 

defined as new or worsened wall motion abnonnalities during high-dose dobutamine stress 

indicated by a deterioration of segmental wall motion score by 2:1 grade. 

Statistical analysis 

Values are expressed as mean ± SD, 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/II, 22 in class III/IV. 

Global function, L VEF 

The L VEF at rest was on average 4 7±15%, 21 patients had a L VEF:::;35%. Dobutamine-stress 

echocardiography was perfonned 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 motion abnormalities were present in 27 patients. Of these patients, 13 

patients had a preserved myocardial contractile reserve, the remaining 14 patients had no 

contractile reserve. The clinical characteristics were comparable in patients with and in 
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patients without contractile reserve (see Table 3). Patients with a preserved contractile reserve 

less 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% (34A ± 37_0 versus 1 Ll ± 9_7 versus, p<O_OOOS)_ In line with this, plasma BNP 

concentrations were higher in patients with a LVEF$35% than in those with an LVEF>35% 

(62A ± 79_0 versus 11 _6 ± 14_0 pmol!L, p<O_OOOS, see 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<0.05, 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 ± 12_0 versus 783 ± 89A pmol/L, p<0-05, respectively, Figure 4)_ 
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Table 1. Baseline characteristics 

Men/Women 

Age (years) 

NYHA functional class 

LVEF (%) 

Ischemia 

Diabetes mellitus 

Hypercholesterolemia 

Smoking 

History 

Myocardial infarction 

Coronary angioplasty 

Coronary bypass surgery 

Medical therapy 

Beta-blockers 

Calcium channel blockers 

Nitrates 

ACE-inhibitors 

Diuretics 

Digoxin 

Aspirin 

Cholesterol lowering drugs 

Data are presented as number(%). 

41 (62) /25 (38) 

63 ± 13 

1.8 ± 1.0 

47 ± 15 

18 (27) 

2 (3) 

20 (30) 

8 (12) 

19 (29) 

3 (5) 

10 (15) 

20 (30) 

10 (15) 

8 (12) 

13 (20) 

8 (12) 

5 (8) 

26 (39) 

20 (30) 
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Table 2. Hemodynamic data during dobutamine infusion 

Baseline 5 Jig/kg/min 10 j.iglkglmin 

Heart rate (bpm) 74 ± 15 81 ± 22* 90 ± 26* t 

Systolic BP (mmHg) 131 ± 22 132 ± 25 131 ± 23 

Diastolic BP (mmHg) 76 ± 12 75 ± 13 72± 11* 

Rate pressure product 9595 ± 2446 10554 ± 3039 11693 ± 3862 j· 

Data presented are mean value ± SD. * p<0.05 versus baseline. t p<0.05 versus 5 j.lg/kg/min 

dobutamine infusion stage. BP =blood pressure. 
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Table 3. Clinical characteristics in patients with and without contractile reserve. 

CR+ CR- P-value 

Men/Women 10 (77) I 3 (23) 9 (64) I 5 (36) NS 

Age (years) 63 ± 13 66 ± 12 NS 

NYHA functional class 2.2 ± 0.8 2.8 ± 0.8 NS 

LVEF (%) 39 ± 8 33 ± 14 NS 

Ischemia 7 (54) 7 (50) NS 

Diabetes mellitus 0 (0) 1 (7) NS 

Hypercholesterolemia 2 (15) 4 (29) NS 

Smoking 0 (0) 2 (14) NS 

History 

Myocardial infarction 4 (31) 11 (85) <0.05 

Coronary angioplasty 0 (0) 1 (7) NS 

Coronmy 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) 3 (21) NS 

ACE-inhibitors 2 (15) 7 (50) NS 

Diuretics 2 (15) 5 (36) NS 

Digoxin 1 (8) 4 (29) NS 

Aspirin 4 (31) 10 (71) NS 

Cholesterol lowering drugs 1 (8) 3 (21) NS 

Data are presented as number(%). 
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Figure 1 
Plasma ANP concentrations in patients with a LVEF>35% 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:s;35%. 
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Figure 3 
Plasma ANP concentrations in patients with wall motion abnormalities with and without a 
preserved left ventricular myocardial contractile reserve. 
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Figure 4 
Plasma BNP concentrations in patients with wall motion abnonnalities with and without a 
preserved left ventricular myocardial contractile reserve. 
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DISCUSSION 

Previous studies have demonstrated that plasma natriuretic peptide concentrations 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 behveen myocardial contractile reserve and plasma natriuretic 

peptide concentrations. In this study, ANP and BNP levels were detennined 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 LV function. Plasma ANP and BNP levels 

were markedly elevated in 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. 

Pathophysiological role of ANP and BNP 

The natriuretic peptides have a major role in the protection of the heart from volume overload 

[14]. The cardiac honnones 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 

cause 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 future for these natriuretic peptides in screening 

and guiding management in patients with LV 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 nonnal natriuretic peptide levels. These 

findings indicate that an increased wall tension or stretch in abnonnally contracting 

myocardial tissue may lead to elevated plasma natriuretic peptide levels, and confinn 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, hibemation, 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 ischemic 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 reported 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 cunent 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. Fmiher research is needed to fully elucidate this issue. 

CONCLUSIONS 

The presence of myocardial contractile reserve influences the plasma natriuretic peptide 

concentrations in patients with LV dysfunction. Plasma ANP and BNP levels were markedly 

elevated in patients with LV dysfunction without contractile reserve, compared with patients 

with a preserved contractile 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 

(PUI) (SonoHeartTM, SonoSite, Inc) during consultation rounds for cardiac evaluation of 

patients with suspected cardiac disease. 

Methods: One hundred seven (107) unselected patients from non-cardiac departments (55% 

male) were emolled in the study_ The consultant cardiologist (CC) perfonned 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 

PUI were adequate for final diagnosis. The total cost when full echocardiography was 

employed was compared to the cost when the PUI was used. The time interval from request to 

diagnosis was also compared. 

Results: In 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 theSE because of 

the need of hemodynamic information. There was an excellent agreement for the detection of 

abnom1alities between the t\vo devices (96%). The total cost was €132 /per patient when the 

SE and €75 /per patient when the PUI was employed. According to our study, the use of the 

PUI 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 PUI, 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. 
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INTRODUCTION 

During consultation rounds in non-cardiology departments the consulting cardiologist is 

confronted with specific clinical questions (i.e. presence of pericardia} 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 diseaseP-31 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 utility and cost-effectiveness of a 

small personal ultrasound imager (PUT) (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 

cchocardiographic 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 PUT 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 (System V;Horten, Norway). These 

results were reported by a second investigator blinded to the results of the PUI examination. 
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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.[4
.SJ 

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. 

Furthennore, 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 Institutional Medical Ethical Committee and written infonned 

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 ultrasound 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. SonoHeartTM has a storage memory of 50 images and can be cmmected to 

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

Statistical analysis. 

Descriptive statistics were reported as mean ± SD or by frequency percentages. The 

agreement for detection of abnonnalities 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[6J. 

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

detecting abnormalities were calculated. 

RESULTS 

Cardiac visualisation by PUI. 

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 abnonnalities between the PUI and the SE was 96%, 

k~0.93 and is shown in Table 3. 

The PUI provided to the cardiologist sufficient infonnation 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 PUI. 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 pulmonary hypertension (2 

patients). In 2/23 patients a SE examination was requested for the verification of severe wall 

motion abnormalities 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 fmiher 

analysis with SE was requested by the cardiologist. The SE did not add any further 

infonnation and the transoesophageal echocardiographic study that followed finally rejected 

the diagnosis of endocarditis. 

There were t\vo major abnonnalities missed with the PUI: a moderate mitral regurgitation in a 

patient with referral question of LV 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 PUI 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 year equipment depreciation of this amount is 

€3.000 /year 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 PUI 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 PUI 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 betvveen an echo request by the consultant cardiologist and 

the final echo report was reduced substantially. 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 I. 

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

Referral question % 

Left ventricular function 67.3 

Left ventricular dimensions 22.4 

Munnur evaluation 18.0 

Pericardia} effusion 14.0 

Rhythm abnonnalities 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 refe1nl questions. 
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Table 2. 

List of abnonnal findings detected with the SE in 107 patients referred for cardiac evaluation 

during consultation rounds 

Finding % 

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 

Pericardia! effusion 4.2 

Aortic valve regurgitation 4.0 

Tricuspid regurgitation 3.0 

Mitral valve stenosis 1.4 

Aortic valve endocarditis 0.9 

Number of total findings: 72. Some patients had more than one finding. 
The regurgitation jets noted are of moderate or severe degree. Patients 
\Vith trivial or mild regurgitation jets \Vere characterized as nonnal. 

Table 3. 

Agreement of detection of patients with abnonnalities between the SonoHeartTM and a 

standard cchocardiographic system 

0 

"' 
Normal 

u 
w 

abnormal 

SonoHeartn1 

nonnal abnonnal 

51 2 

2 52 

No of patients: 107. 
Agreement =96%, kappa= 0,92. 
Sensitivity=96% (95%CI: 0.89-0.99) 
Specificity=96% (95%CI:0.89-0.99) 
PPV=96% (95%CJ:0.89-0.99) 
NPV=96% (95%CI: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 

Day ]:Consultation visit by cardiologist 

~ 
Day I: Echo request 

1 
Mean waiting time: 2 
days 

Day J:Echo perfom1ed (by sonographers) 

1 
Mean waiting time: 1-
2 days 

Day 4:Echo report (by cardiologist) 

B. Personal ultrasound imager 

Day 1: Consultation visit by cardiologist 

.j. 
Day I: Echo request 

1 
Day I: Echo performed by cardiologist 

1 
Day 1: Echo report (by cardiologist) 

/~ 
In 78%:definitive decision In 22%:SE needed 
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Figure 1. 

Photograph of the SonoHeartTM 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 

consultation 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 hemodynamic assessment by Doppler. With the addition of this feature in the next 

generation PUis the need for SE for patients seen during consultation rounds could be reduced 

even further. 

Prior studies using limited imaging protocols have provided evidence that a limited imaging 

study is feasible for both the diagnosis and evaluation of most of important cardiac 

pathologies (hypertrophic cardiomyopathy,f7l left ventricular hypertrophy,lS-lll mitral valve 
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prolapse,l 12l abdominal aortic aneurysm).[13
J

4J 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 

examination 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.[4
• SJ In the current study these results were 

further confinned. 

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 (~l/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 1125 consultation visits that required an echocardiographic examination with 

theSE 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 PUI. 

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 lead to 

cost savings. But this is only a hypothesis that has to be investigated. 

Recently, Kimura et al [!
5

] 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). Furthennore, their study have 

shown that in the setting of the emergency department, a limited echocardiographic 

examination has better diagnostic accuracy in identifying cardiac abnormalities than physical 

examination. 
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The present study was performed by cardiologists with experience in echocardiography. 

Immediate decision making diagnosis based on the echocardiographic examination of a PUI 

during consultation rounds requires level II or III training in echocardiography.[161 Kimura et 

al [lSJ 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 to the study 

The impact of the use of the PUI on hospitalisation stay has not been specifically addressed in 

the current study. This may fonn 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. 

Conclusion 

During consultation rounds, PUI 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. 
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--··-~-------.Diagnosis of Endocarditis with Ultrasound Stethoscopy---------

A 20-year-old man with history of drug abuse was admitted to the department of Intemal 

Medicine with general malaise, cough and high fever (38,4°C). The physical examination 

revealed pulmonary rales compatible with pneumonia. There were no skin lesions, no 

murmurs and no clinical evidence of right heart failure. The laboratory tests showed elevated 

levels of CRP (20lmg/L), anaemia (haemoglobin 7,0 mmol/L) and leucocytosis (28x109/L). 

An echocardiographic study at the bedside with a personal ultrasound imager (PUI) 

(OptiGo™, Philips Medical Systems) revealed a large vegetation of the tricuspid valve with a 

concomitant regurgitation jet (Figure 1 A, B). Venous blood samples for blood culture were 

obtained. 

A transoesophageal study with a standard echocardiographic system (Vingmed System V, 

Harten, Norway) was perfonned immediately which verified the diagnosis of infective 

endocarditis (IE) of the tricuspid valve. (Figure 2). Treatment with high doses ofpenicilline 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 IE is a highly destructive and rapidly progressive disease that requires immediate 

initiation of therapy (1 ,2). Furthennore murmurs are commonly not audible in patients with 

tricuspid valve IE 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, Harten, 

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

Aim: To determine the practicality and diagnostic potential of a hand-carried cardiac 

ultrasound (HCU) device (OptiGoTM, 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 confirm 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 benveen the t\vo 

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, Outpatient Cardiology Clinic 
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INTRODUCTION 

The physical examination is the cornerstone 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 shortcomings 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 pathologies at the point-of-examination 

(6,7). 

The aim of the present study was to detennine 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 full-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 I. 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 or not. 
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This examination was perfonned with a full-featured system SE, (Sonos 5500; Philips 

Medical Systems) or Vingmed (System Five; Harten, 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 I. 

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

clinic 

Age (years) 

Male, n 

CAD documented/suspected 

HT, known 

DM, treated 

Valve repair, previous 

53±16 

57 (19%) 

61 (20%) 

86 (29%) 

11 (4%) 

4 (!%) 

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

The HCU device 

The OptiGo™ (Philips Medical Systems) (Figure I) HCU device was used. It is equipped 

with a small 2.5 MHz phased-anay broadband transducer and operates on a rechargeable 

lithium ion battery or AC power. Two callipers are integrated in 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 abnonnalities 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 abnormalities were considered those that were not suspected from the 

symptoms or were not reported by the referring physician. 

Left ventricular systolic function 

Normal left ventricular (LV) systolic function was defined by normal LV internal transverse 

end-diastolic (:5" 5.5cm) and end-systolic (:£3.5 em) dimensions (in the parasternal long-axis 

view), absence of wall motion abnonnalities 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 ventricular 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> 14mm was considered to represent severe LV 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 ± SD for continuous variables and as percentages 

for categorical variables. The agreement between the two examination techniques for the 

detection of major abnonnalities 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 ( 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 

Pericardia} effusion 

Mass lesions 

RESULTS 

General results 

Of the 300 new patients the most common referral question/suspected diagnosis sent to the 

cardiology 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 25/216 (12%) 

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 Doppler flow modality. 

Major and minor abnormalities detected with the HCU device and SE 

The SE examination detected 158 minor and 143 major (87 patients) cardiovascular 

abnonnalities (some patients had more than one cardiovascular abnormality). The HCU 

device examination missed 26% of the minor (table SA) and 4% of the major abnonnalities 

(table 5B). The missed major abnonnalities included moderate LV dysfunction, aortic 

stenosis, moderate aortic regurgitation, moderate mitral regurgitation and a ventricular septum 

defect. Two of these (1 moderate aortic and and 1 moderate mitral regurgitation) were in the 

same patient with a poor echo 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%) 

patients not referred to SE. In particular these findings were: L VH (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/How abnormalities using the HCU device 

Valve disorder 
Mitral regurgitation 

Aortic regurgitation 

Tricuspid regurgitation 

Pulmonmy regurgitation 

Mitral prolapse 

Mitral stenosis 

Aortic stenosis 

Pulmonary stenosis 

Ventricular septum defect 

Atrial septum defect 

Mode of analysis 
20 

Color Doppler 

2D 

Color Doppler 

2D 

Color Doppler 

2D 

2D 

20 

20 
Color Doppler 

20 
Color Doppler 

2D/color Doppler 

2D/color Doppler 

Definition of severe lesions 
Stmctural abnormalities (e.g. rheumatic valve; annulus calcitlcation; 
Mitral valve prolapse~ cmlucmdilis) L VEDD~7em;LA size~5.5cm. 
Color tlow regurgitant jet area ~40% of LA size. 

Stmctural abnormalities (e.g. degenerative calcitied aortic valve, 
congenitally abnormal valvc;dilatcd amtic root; endocarditis) L VEDD~7.5cm. 
Ratio:color tlow regurgitant jet width/L VOT diameter~60%; 
ratio: color flow regurgitant jet arca/L VOT area ~60%;diastolic flow reversal 
in ascending amia. 

Underlying cause ofTR (rheumatic valve, prolapse, carcinoid disease annular 
dilatation;Ebstein anomaly;right ventricular infarct); inadequate cusp coaptation; 
dilatation ofo:mnulus(;:;o:4cm). 
Color-flow jet arca~30%, of the RA area. 

Regurgitation jet extending more than 2cm, reaching the body ofRV cavity. 
Mild regurgitation was considered physiologic. 

Systolic displacement of one or both mitral valve leaflets into the LA, below the 
plane of the mitral annulus. 

Structural abnonnalitics (e.g. rheumatic disease, degenerative calcification); 
thickened, calcified valve leaflets and subvalvulr apparatus; "hockey-stick" 
appearam:c of anterior mitral leaflet in diastolc;"fish-mouth" orifice in short-axis; 
increase of LA size. 

Struetunli abnom1alities (e.g. degenerative valvular cakificalion;bicuspid valve). 
Turbulent flow Hbove the valve in the aortic rout. 
Lesions (e.g. eongentital heart disease, cHrcinoid disease, vegelHlion, m;;ss). 
Turbulent colour flow in the pulmonary outflow tract. 

Visualisation of the derect /Turbulent letl-to-right shunt across the ventricular septum. 

Visualisation of the defect!Turbulentletl-to-right shunt across the atrial septum; dilatation 
of the RV; abnonnal (parndoxical) ventricular septum motion. 

L VEDD~left ventricular end-diastolic dimcnsion;L VOT-Ieft ventricular outtlow tract;RA=right atrium;RV~right ventricle;LA=left atrium;TR=tricuspid valve regurgitation. 
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Table 4. 

Reasons for referral to the outpatient cardiology clinic 

Possible Diagnosis/Question % 

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 hype1irophy 5.3 

Murmur evaluation 4.6 

Dyspnea/fatigue/dizziness 4.3 

Congenital abnormality 3.6 

Miscellaneous 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-
HCU device-finding detected 
finding missed 

Aortic reourgitation 34 7 
Mitral regurcritation 73 14 
Tricuspid regurgitation 51 20 

TOTAL 158 41 

Some patients had more than one cardiovascular abnonnality. 

B. Comparison between theSE system and the HCU device in the detection of major 
cardiovascular findings 

SE- HCU device 
Finding finding detected finding missed 
Aortic stenosis 14 2 
Aortic regurgitation 10 1 
Mitral stenosis 3 0 
Mitral regur<Yitation 18 1 
Tricuspid r~@~gitation 8 0 
Pulmonary stenosis 1 0 
LV systolic dysfunction 35 1 
RV systolic dysfunction 1 0 
LV hypertrophy 38 0 
Mitral prolapse 5 0 
Ventricular septal defect 4 1 
Atrial septal defect 3 0 
Pericardia! effusion 3 0 
TOTAL 143 6 

Some patients had more than one cardiovascular abnonnality. 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 OptiGo1
M and 

a standard echocardiographic system 

Standard Echo 

No of patients: 216. 

Agreement =98%, kappa= 0,95. 

Sensitivity~94% (95%CI:0.90-0.90)) 

Specificity~ 100% (95%CI:0.97-0.97) 

PPV~ 100% (95%CI:0.96-0.96) 

NPV~96% (95%CI:0.94-0.94) 

The numbers inside the tables express the 

absolute number of patients. 

145 



~~~~~~~~~~~~-Chapter 11 ~-···· 

Figure I. 

Photograph of the OptiGoTM 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. 

L VH=left ventricular hypertrophy; L VD=left ventricular 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-diastolic 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 patient 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 in Rotterdam in 1978 (11-13). However, combination of the poor image quality, 

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 411!58 (26%) minor and only 6/143 (4%) of the major 

abnormalities, providing a positive predictive value in diagnosing the major abnonnalities 
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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 examinations 

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 often 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, m 17 out of these 84 patients 

(20%) major findings with the HCU device were found, showing that the physical 

examination is 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 (L VH, LV dysfunction, dilated ascending aorta, PE). 

The role of HCU echocardiography is mainly in augmenting our diagnostic accuracy helping 

us to 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 abnormal 

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 it 

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 improvements in HCU devices can overcome these technical problems. 

The current study with the HCU device was perfonned 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 Level 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 

pathologies 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). Furthennore, 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 infonnation is needed for further management, an 

examination with a fully featured SE should follow. As in the past phonocardiography was 

perfonned 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. Furthennore, 

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 

instnnnents. 

CONCLUSION 

A HCU device allows augmented physical examination of patients at their first visit at the 

outpatient 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 is also cost-effective in terms of low capital investment and cost 

savings. 

In our first study (chapter 3) the presence of pericardia} 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 ultrasound 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 rupture 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 

undergo prophylactic surgery if the diameter exceeds 60 mm (5). 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 results 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 

!55 



-----~~~---Chapter 12 ----~---~---~~~---

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-risk 

patient groups and furthermore allow mass screening programmes for this disorder. 

In this study, the ultrasound stethoscope identffied an abdominal aortic anewysm 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 ( 1 0) 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 use 

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 demonstrated that ultrasound stethoscopy could be used as a screening tool for LV 

hypertrophy in hypertensive patients, providing valuable infOrmation about prognosis 

and risk classtfication and thus assisting the physician in his decision 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 in 

asymptomatic 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 honnone 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 assessment (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 LV 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 ultrasound stethoscopy seem to be a sensitive screening tool for the identtftcation 

ofL V 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 valvular abnormalities we 

think that ultrasound stethoscopy is the optimal screening tool for LV dysfunction in 

the future, 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 LV 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. LV ejection 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 dysjirnctional myocardium. 

During consultation rounds the cardiologist is confronted with specific clinical 

questions like assessment of LV function or presence of pericardia} effusion that can 

accurately be answered by echocardiography. However, the transportation of a 

standard echocardiographic system is unpractical and therefore limited. 

Ultrasound 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 cardiologists 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 numbers of referrals to the echo lab. This results 

in immediate management of patients and cost savings. In 78.5% ~~the patients the 

use of ultrasound stethoscopy provided the physician with efficient information 

indicating that a jitrther examination with a standard echo system could have been 

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

Furthennore, the diagnosis of a tricuspid valve endocarditis made with an ultrasound 

stethoscope during consultation rounds is presented (chapter 10). A 20-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 addition 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 perfonned 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 1 1). We studied the number of patients 

in which the ultrasound stethoscope was able to confim1 or reject the refenal 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 ultrasound stethoscope. Fmiherrnore, the 

number of patients with unexpected findings was assessed. 

Ultrasound stethoscopy allows "ultrasound-extended" physical examination of ne1v patients at 

the outpatient cardiology clinic, leading to d{fferentiation between normal and abnormal 

subjects and to target referrals for fiwther diagnostic assessment. Furthermore, incidental, 

unexpected majorfinding can be detected 

In our study, in 59% of patients an echo lab referral could have been avoided with the use of 

the ultrasound stethoscope. Furthermore, in 20% of patients not referred to an 

echocardiographic examination, mqjor unexpected findings with the ultrasound stethoscope 

1vere found, showing that the physical examination is more sensWve when extended vvith the 

ultrasound stethoscope. 

As we step into the 21st 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 hannonic imaging. Furthennore the capacity of storage of images or the 

recording facilities may be limited. 

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 questions, 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 will 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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De studies die gepresenteerd worden 111 dit proefschrift geven aan dat de 

ultrageluidsstethoscoop een instrument rs dat vele mogelijkheden biedt bij bet 

beoordelenlvaststellen van de morfologie en het functioneren van bet hart. Het geeft een 

directe diagnose bij de beoordeling en behandeling van patienten in verschillende klinische 

situaties. Verder rs bet kosteneffectief gebleken door de kleine investering en financiele 

besparingen. 

Dit proefschrift bestaat uit 3 delen: 

Het eerste gedeelte (hoofdstuk 2-3) presenteert de ultrageluidsstethoscoop als een 

diagnostisch instrument. 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 gebruik van een 

ultrageluidsstethoscoop belicht. 

In hoofdstuk 3 beschrijven wij onze eerste ervaringen en de bruikbaarheid!nuttigheid van zo'n 

instnnnent voor het diagnosticeren van cardiale pathologic en globale en regionale functie van 

de linker kamer van het hart, in een niet geselecteerde groep patienten. 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 infom1atie over belangrijke hartaandoeningen te verkrijgen die net zo 

betrouwbaar is als informatie verkregen met een standaard echocardiografie systeem. 

Het tweede gedeelte van het proefschrift (hoofdstuk 4 -8) bespreekt de evaluatie van een 

ultrageluidsstethoscoop als een mogelijk onderzoeksinstrument voor enkele specifieke 

hmiaandoeningen. 

Patienten met een geruptureerd aneurysma van de abdominale aorta hebben een hoog 

sterftepercentage (50%) in tegenstelling tot patienten die een electieve aorta operatic ( 2 -

3%) ondergaan. Het is daarom aanbevolen om bij patienten 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 patienten met een verhoogd risico. Het resultaat van een standaard 

echocardiografie systeem is gebruikt als referentie. De studie is oak als een korte 

samenvatting weergegeven in hetzelfde hoofdstuk. 
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We hebben bewezen dat een ultrageluidsstethoscoop een aneurysma van de aorta abdominalis 

kan diagnostiseren met een hoge sensitiviteit en specificiteit. De ultrageluidsstethoscoop 

identificeerde een aneurysma van de abdominale aorta bij 9% van de patienten, dit kwam zeer 

goed overeen met de bevindingen van een standaard echocardiografie systeem (98%). 

Verder wordt er in hoofdstuk 5 een casus beschreven van een patient waarbij bij toeval een 

trombose m een aneurysma van de abdominale aorta werd ontdekt met de 

ultrageluidsstethoscoop, tijdens het screeningsprogramma op onze polikliniek. 

Vervolgens hebben we 100 opeenvolgende patienten gescreend op hypertrofie van de 

spierwand van de linker hmi kamer, waarbij de LV massa gerndexeerd werd voor lengte en 

gewicht (hoofdstuk 6). Echocardiografie is een accuraat diagnostisch instmment voor LV 

hypertrofie, maar word niet routinematig aanbevolen bij alle patienten met hypertensie door 

de Wereld Gezondheids Organisatie-Intemationale Society of Hypertension (WHO-ISH). 

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

gebmikt worden bij alle patienten met hypertensie. In deze studie, identificeerde de 

ultrageluidsstethoscoop 19 (19%) patienten met LV hypertrofie (LV massa gerndexeerd voor 

het gewicbt) en 34 (34%) patienten met LV hypertrofie (LV massa geYndexeerd voor lengte) 

met een uitstekende overeenkomst met het standaard echocardiografie systeem (93% en 90% 

respectievelijk). 

Ischemische LV dysfunctie is de hoofdoorzaak van bmifalen, gepaard gaande met een hoge 

morbiditeit, motialiteit en een hoge ziektekosten. Een vroege ontdekking van LV dysfunctie 

kan het ontstaan van hartfalen ve1iragen of voorkomen, maar de diagnose is moeilijk met de 

bestaande conventionele criteria. Hoofdstuk 7 beschrijft de diagnostische mogelijkheden van 

de ultrageluidsstethoscoop bij het screen en op LV dysfunctie, door het visueel beoordelen van 

de LV ejectie fl·actie en de collaps van de vena cava inferior. Een standaard ecbocardiografie 

systeem en BNP metingen werden gebmikt 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 gebmikt als referentie methode voor het classificeren van 

de LV dysfunctie. 

\Ve hebben ontdekt dat de ultrageluidsstetboscoop een gevoelig onderzoeksinstmment is 

voor het identificeren van LV dysfunctie, terurijl de collaps van de vena cava inferior een 

minder gevoelige maat is voor bet opsporcn van deze aandoening. Omdat echocardiografie 

het voordeel heeft additionele waardevolle informatie te verschaffen over bijvoorbeeld 

klepaandoeningen, denken we dat de ultrageluidsstethoscoop bet optimale 

screeningsinstmment voor LV dysfunctie is. 
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In hoofdstuk 8 hebben we bet effect van myocardiale contractiele reserve, bepaald met 

dobutamine stress echocardiografie, op bet plasma BNP gehalte bij patii::':nten met beperkte 

linker ventrikel functie vastgesteld. 

In deze studie was bet plasma BNP opvallend hoog bij patienten zonder contractile reserve 

in vergelijking tot een patienten 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 peri card 

effusie, die accuraat beantwoord kmmen 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-cardiologische afdelingen van het ziekenhuis, bij patienten 

waarbij een hartaandoening werd vermoed (hoofdstuk 9). 

Bij 78.5% van de patienten verschafte het gebruik van de ultrageluidsstethoscoop de arts 

nuttige informatie, zodat onderzoek met een standaard echo systeem zou kunnen worden 

verrneden. 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 I 0. De diagnose van een endocarditis van de tricuspidaalklep bij 

een 20 jaar oude patient werd vastgesteld met de ultrageluidsstethoscoop. Dit werd bevestigd 

met een transoesofageale studie met een standaard echocardiografie apparaat. 

Echocardiografie is vaak het eerste beeldvonnende onderzoek dat wordt aangevraagd bij 

patienten die de polikliniek cardiologie voor de eerste keer bezoeken. Lichamelijk onderzoek 

aileen is vaak niet voldoende om conclusies trekken. Echter, de poliklinische 

echocardiografische onderzoeken worden vaak pas uitgevoerd na enkele dagen en soms zelfs 

weken na het eerste bezoek van de patient. Ret integreren van een ultrageluidsstethoscoop in 

het lichamelijk onderzoek kan resulteren in een directe diagnose tijdens het eerste bezoek van 

de patient. Ons doel in hoofdstuk 11 was het vaststellen van de diagnostische en praktische 

bruikbaarheid van de ultrageluidsstethoscoop op de polikliniek cardiologie, bij patienten die 
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voor de eerste keer waren venvezen naar de polikliniek. Echocardiografie werd uitgevoerd 

onafhankelijk van bet lichamelijk onderzoek. Het aantal patienten waarbij de 

ultrageluidsstethoscoop het mogelijk maakte de reden van de verwijzing te bevestigen of af te 

wijzen, en bet aantal onverwachte ontdekkingen werd vastgesteld. Deze gegevens werden 

vergeleken met de diagnose en de aanvragen voor een standaard echocardiografisch 

onderzoek door de cardioloog. 

We ontdekten dat bij 59% van de patienten een verwijzingen naar de echo-afdeling 

voorkomen had kunnen worden met bet gebruik van de ultrageluidsstethoscoop. Bovendien 

werd bij 20% van de patienten die niet werden verwezen naar de echo-afdeling, een 

belangrijke, onverwachte ontdekking gedaan met de ultrageluidsstethoscoop. Dit wijst erop 

dat het lichamelijk onderzoek gevoeliger is wanneer bet wordt uitgebreid met de 

ultrageluidsstethoscoop. 
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