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We in te grated elec tro car dio gram (ECG) leads onto the face of a car diac ul tra sound trans ducer and the
ex te rior chas sis of a sim u lated small, por ta ble scan ner to min i mize the num ber of de vices needed to col -
lect car diac in for ma tion. Since the ECG leads were not placed on their stan dard lo ca tions, a precordial
ECG was re corded.
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I. IN TRO DUC TION

There is a trend to ward smaller, more por ta ble ul tra sound scan ners. While Terason (Echo
t3000, Burlington, MA), GE (LOGIQ Book XP, Mil wau kee, WI) and Sonosite (Micromaxx,
Bothell, WA) all have por ta ble de vices the size of a lap top com puter, pro to type de vices the
size of a Per sonal Dig i tal As sis tant (PDA) have also been de scribed.1 A goal of these min ia -
ture de vices is to mimic the feel of a stetho scope which can hang around the neck of the phy -
si cian Thus, it would be cum ber some to have a full set of ECG leads dan gling from the small, 
hand-held scan ner.

A com plete ECG con sists of nine leads, which pro duce a to tal of 12 sep a rate sig nals. Six of 
these sig nals are formed by the place ment of six precordial leads on the chest wall.2  Com -
mer cial car diac ul tra sound scan ners of ten in cor po rate a set of three ECG leads in clud ing  the
right arm (RA), right leg (RL), and left arm (LA) elec trodes.  The sig nif i cant fea tures of an
ECG are the P, Q, R, S and T waves. The P wave is the re sult of atrial de po lar iza tion, the QRS 
com plex is due to ven tric u lar de po lar iza tion and ven tric u lar repolarization pro duces the T
wave.2 Thus, in or der for an ECG to be cor rectly in ter preted by a phy si cian, it should con tain
these ma jor fea tures. 

In this pa per, we con sider a de sign wherein one of three ECG leads is in te grated onto the
face of the trans ducer of the ul tra sound scan ner while the other two leads would be in te -
grated into the chas sis of a hand-held scan ner, ide ally the size of a PDA (Fig. 1).

II. PRO CE DURE

We used the Volu met rics, Inc. Model V360 (Dur ham, NC) real-time 3D ul tra sound im ag -
ing sys tem to ob tain our ul tra sound im ages.  This sys tem also in cludes a three-lead ECG de -
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tec tor.  We ob tained a con ven tional ECG by plac ing the leads on the right arm, the left arm
and the left leg of a nor mal sub ject. This ECG was used as our con trol (Fig. 2). 

In our new de sign, a sin gle ECG elec trode was bonded to the trans ducer face to pro duce a
precordial lead (Fig. 3). Two other elec trodes were bonded to the bot tom of a lap top com -
puter to sim u late the at tach ment of these elec trodes to the chas sis of a por ta ble ul tra sound
scan ner. When the lap top was placed on the right side of the sub ject’s chest, the ad he sive
ECG elec trodes were con nected to the sub jects torso. 
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FIG. 1 Pro posed ul tra sound and ECG de vice.
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FIG. 2 Con trol ECG.

 FIG. 3 Ul tra sound trans ducer with one in te grated ECG lead.



We im aged the heart (Fig. 4) and pro duced a si mul ta neous ECG (Fig. 5) in good agree -
ment with the con trol. 

III. DIS CUS SION

We tested the fea si bil ity of a de sign of a por ta ble ul tra sound-ECG de vice with one ECG
lead at tached to the trans ducer face with two ECG elec trodes in te grated into the scan ner
chas sis on three sub jects.  In each case, we were able to pro duce suc cess ful re sults. Com par -
ing the con trol ECG (Fig. 2) with the ex per i men tal ECG (Fig. 5), we see good sim i lar ity be -
tween the two. The two sig nals are from the same vol un teer.  We see the P wave, QRS com plex 
and T wave in both sig nals.  We note am pli fier sat u ra tion in the T wave in the ex per i men tal. 

The place ment of the ECG leads is im por tant. We also placed all three leads on the trans -
ducer but no sig nal was re corded. This may have been due to the lim ited dis tance of the three
vec tors cen tral to the re cord ing of an elec tric sig nal in the heart.  How ever, we were able to
ob tain an ECG read ing when two leads were at tached to the trans ducer, though the ECG was
un con ven tional.  Lead place ment on the trans ducer and the lo ca tion of the trans ducer while
im ag ing will also af fect the ob served ECG sig nal as var i ous acous tic win dows rep re sent dif fer -
ent precordial lead lo ca tions.

In ad di tion to in te grat ing ECG leads into the trans ducer face, a small mi cro phone could
also be in cor po rated into the trans ducer to ob tain a phonocardiogram.  Also, the leads on the
base of the handheld de vice could be made to ex tend away from the de vice and re tract back
into it to add flex i bil ity for pa tients with ir reg u lar body shapes and to guar an tee ad e quate
sep a ra tion of the leads.
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 FIG. 4 B-scan ul tra sound im age  The im age shows an oblique long axis view of the heart with the left ven tri cle
(LV) and mi tral valve (MV).
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FIG. 5 ECG ob tained with one ECG lead at tached to the face of the trans ducer.  Two other leads were at tached
to the right chest wall.
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