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Conventional M-mode echocardiography has become established as a diagnostic tool 
for noninvasive evaluation of cardiovascular diseases. Now the advent of two-dimensional 
real-time echocardiography has opened a new era of investigation. This paper describes 
in detail the technique of a complete two-dimensional ultrasonic examination of the 
heart and great vessels. Four transducer locations were commonly utilized-namely, 
parasternal , apical , subxiphoid, and suprasternal notch positions. The tomographic 
sections of the heart obtained along the long and short axes of the heart and great vessels 
by utilizing the above positions were validated by detailed anatomic and contrast echo
cardiographic techniques. 

Du ring the past decade, M-mode echocard iography has ga ined increasi ng 
popularity , and thi s technique is current ly regarded as an essential diag
nosti c tool for the practice of cardiology. Thi s popularity is due to the 
fact th at ultrasonic examination is entirely noninvasive, can be readily 
performed at the bedside, and prov ides accurate and reproducible infor
mation at no known ri sk to the patient. M-mode echocardiography 
provides a one-dimensional (" ice pi ck") v iew of the heart , and this 
represents the major limitation of the technique. It displays the cardiac 
structures in an unfami li ar format that bears no resemblance to the ca rdi ac 
anatomy. Moreover, M-mode echocardiography is limited in its ability 
to prov ide information regarding the spati al ori entation of cardiac struc
tures. To overcome these di sadvantages, two-dimensional ultrasonic 
imaging of the heart has been perfected over the past few years. 

The initi al work in two-dimensional imaging appeared in the late 1960s 
and earl y 1970s. 1

•6 However, onl y in the past few years has there been 
accelerated development in the clini ca l app li cat ion of two-d imensional 
echocardiography.1•28 At present, there are three different approaches 
to two-dim ensional rea l-time ultrasoni c imag ing. These inc lude (1) 
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mechanical sector scanner, (2) multi-element linear 
array (multiscan), and (3) electronic sector scanner 
or phased-array system . The mechani ca l sca nner 
consists of a single crystal transducer that is made 
to oscillate rapidly by means of an electric motor 
through a 30° to 60° arc. This system is relatively 
inexpensive and provid es good-quality images. 
However, its disadvantages are a narrow angle, noise, 
and a vibrating sensation that is occasionally irritating 
to the patient . More recently , wide-angle (80° to 90°) 
mechanica l sector scanners utilizing multiple rotating 
crystals have been developed which may overcome 
most of th ese limitations. 

In the original model of the multi-element linear
array system (multiscan), the transducer co mprised 
20 separate crystal s that were arranged linearly . The 
resultant head of the transd ucer was relatively large, 
measuring approx imately 8 cm in length . Each 
crystal was pul sed sequenti all y and the image was 
displayed as a seri es of single-line reflecti ons. The 
large transducer size, low line density, and wide beam 
size resulted in overall poor resolution and discon
tinuity of images from the underl y ing ribs. 

Electroni c stee rin g of the ultrasoni c bea m by 
phased element exc itation has been the most recent 
development in the rea l-tim e two-dim ensional 
imaging of the heart. Instan taneous and continuous 
pictures of the beating heart ca n be obtained w ith 
the station ary transd ucer by the use of high-speed 
electroni c sector scanning as has been utilized in 
radar techno logy . The commerc ial model utilized in 
this study is manufactured by Varian and Assoc iates 
(Vari an 3000). The transducer, w ith a frequency of 
2.25 MHz, measures 12 by 13 mm . The ex ternal 
diameter of the transducer measures 24 mm at the 
skin co ntact. There are 32 pi ez oel ectri c crystals 
arranged in linear array. An ex ternal acoustic lens 
is utili zed for focus ing the ultrasound beam. A groove 
on the handle of the transducer (Fig. 1) indi ca tes the 
direction of the sector beam (long axis of groove is 
parall el to sca nning beam). The ultrasound beam is 
steered through an arc of 80° by excitation of the 
c rysta ls almos t simultaneously but slightly out of 
phase so that the crystal on one end of th e transducer 
is exc ited slightl y before the nex t one, and so on. 
In this way, the resultant beam is transmitted at an 
angle to the face of the transducer, and th e angle can 
be changed by introducing var iab le delays in the 
exc itation sequence. 

The 80° sector scan of the hea rt is ob tained at a 
scan rate of 30 frames per second. The number of 
lines per frame varies, depending on the depth sca le 
utilized. At a depth range of 21 cm, th ere are 85 lines 
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Fig. 1. Transducer w ith schematic draw ing of beam fan. 
Note groove on handle of transd ucer, long ax is of w hich is 
para ll el to direction of beam. 

per frame and 120 lines at the 15-cm range. Images 
are represented in rea l time and the sector images 
or fram es (30 per second) are record ed on a 1-inch 
v ideo tape at 30 frames or 60 fi elds per second . 
Hard copy is obtained by electroca rdiogram-gated 
or still-frame photography utiliz ing a Po laroid or 90-
mm x-ray ca mera att achment. Sti ll frames of the 
sector sca ns pub li shed in this arti c le, however, were 
all made by mea ns of a 35-mm camera assembl y . 
The des ired single frame image was d isp layed on 
th e osci ll oscope in stop-frame mode and photo
graphed direc tl y. An enl argement of 8 by 10 inches 
was obtained, stru ctures were labeled, and th en the 
pi cture was rephotographed. Since each videotape 
frame consists of two fields and the stop-frame mode 
co nsists on ly of a single field (ha lf of the information), 
significa nt degradati on of image qua lity in th e stop
frame mode results. Furthermore, th e still frame 
presentation also res ults in loss of the visual appre
c iation of mo ti o n which accompa ni es real-t ime 
recordings and playback. This sector scanner also 
has the capab ility of recording a simu ltaneous M
mode echogram along any se lec ted line in the sector 
arc (Fig. 2). In most of the exam inations, a simul 
taneous electrocardiogram was also recorded. 

Patients were examined supine or turn ed into a 
partial left lateral decubitus position. Demographic 
data (pa ti ent and operator identifica tio n, date, and 
time of examina tion) were entered before each study , 
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Fig. 2. Apex-to-base M-mode scan obtained w hi le long-axi s sec tor scan of left ven tricle was being recorded: Left, Depth sca le 
of 21 cm. Righi, Depth scal e of 15 cm. On left of figure, left ventricu lar cavity at chordae tend ineae level is recorded. As cu rsor 
line was moved graduall y from left to right , cont inuous scan from body of left ventricle to base of heart was recorded , as shown in 
thi s figure. PW = posterior wall ; RV = right ventric le; RVO = right ventri cular outflow tract; VS = ventricular septum; MV = mitral 
valve ; LV = left ventric le; AV = aortic valve; LA = left atrium. 

and this information appears on each videoframe 
that was recorded. The brightness was adjusted so 
that the sector sca n was only dimly visible on the 
osc illoscope. The contras t (b lack-white sca le) was 
appropr iately adj usted so that the resultant images 
were pleasing to the eye of the operator. For the 
majority of th e exa min ati ons, we utili zed high
transm it and low-reject settings. The ga in control s 
were ad justed individually for each pati ent in order 
to record the best poss ible image. A water-soluble 
ge l was utilized as an interface to provide an airless 
contact between the transducer and the skin. The 
instan taneous cross-sectional views (tomograms) of 
the heart were obtained by pl ac ing the transducer 
in different positions and utilizing various transducer 
angul ations. In practi ce, four positions were com
monly utilized-parasternal , apical, subxiphoid, and 
suprastern al notch (Fig. 3). Tomographi c sections of 
the hea rt relative to its long and short axes can be 
ob tain ed from each of th e fir st three transd ucer 
positions and those of the great vesse ls (aorta, pul 
monary artery, and superior vena cava) , from the 
suprastern'al notch position (Table 1 ). 

With the advent of two-dimensional imaging of the 
heart, and especiall y with the various tomographic 
sections obtained from d ifferent posit ions along the 
long and short axes of the heart and grea t arter ies, 
it has become necessary to validate the anatomy of 
these unique views. The cardiac images obtained 
from various planes are not readily comprehended 
by phys icians, for the majority of these views bear 
littl e simil arit y to routine angiographic images or 
co mmonly uti l ized pathologi c sections. For the 
purpose of identifica tion of structures and validation , 

we employed two methods . First, pressure-perfusion
fi xed cadaver hea rt s were sectioned in the presumed 
pl anes of the ultrasound tomographi c sections. The 
section s were photographed with the same orientation 
as the ultrasound images. For purposes of label ing, 
drawings of these sa me representative sections of the 
heart ti ssue were made by our medica l art department. 
Secondl y, with the use of contrast echocardiography 
at the time of scheduled ca rdia c cath eterization , 
se lective inj ections of echo-producing agents (indo
cyanine green and sa line) into various cardiac cham
bers aided in the identification and confirmation of 
th e ultrasoni c anatomy. 29 

The purpose of this paper, therefore, was (1) to 
describe the technique of complete two-dimensional 
imaging of the heart and great vessels based on the 
authors' experience of more than 500 such exam ina
tions, (2) to describe the image orientation of various 
tomographic sections, and (3) to provide detai led 
validation of sector images by utilizing anatomic and 
two-dimensional contrast echocardiographic tech
niques. 

PARASTERNAL POSITION 
Exam ination is begun by placing the transducer in 
th e left parasternal region , usua lly in the third or 
fourth left intercostal space. From th is posit ion, a 
sector image of the heart along its long and short 
axes can be obtained. 

LONG-AXIS VIEWS 
Long-Axis View of Left Ventricle (F igure 4, Section 

1 ).-The long-axis view of the left ventricl e is recorded 
with the transducer groove facing toward the patient's 
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Fig. 3. Technique of examination utilizing the four stand ard transducer position s. Upper Left , Parasternal. Location is usuall y 
in third or fourth left intercostal space. Upper Right, Apica l. Patient is turned in left semi lateral decubitu s pos ition and transducer 
is pl aced d irec tly over or in close proximity to point of max imum impulse and is tilted towa rd patient 's ri ght scapul a. 

Lower Left , Subxiphoid . Tra nsducer is pl aced in subxiphoid region and is tilted super iorl y toward patient' s left -suprac lavicular 
fossa to obtain cross-sectional view of heart. Lower Right, Suprasternal notch. Transducer is placed direc tly in suprasternal 
notch and pointed inferiorl y and somewhat posteriorl y to record great vessels in thei r long and short axes. 
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Table 1.- Transducer Positions and Corresponding Cardiac Tomographic Sections 

Position V iew Tomographi c sec tion 

Left ven tricle 

Long ax is 
Right ventricular in flow 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Right ventricu lar ou tflow 

Para~terna 
Left ven tricul ar apex 

Papi llary musc les 

h 
M itra ! leaflets 

S ort ax is◄~~===== Left ven tricu lar ou tflow 

Great arteri es 

Pulmonary trun k bifurcation 10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

-
-=======:==:==::=:=:=====Four-chamber v iew 

Apical Fou r-chamber and aortic va lve 

Right anterior ob lique equiva lent 

Infer ior vena cava and hepatic vein 

'- €=== Right ventricul ar and left ventr icu lar in flow 
Subxiphoid- =======---

Left ventric le-aorta 

Right ven tr icular ou tflow 

-============Long ax is aorta, short ax is right pulmonary artery 

Suprasternal notch--=-==--======--------Short ax is aorta, long ax is ri ght pulmonary artery 

Long ax is aorta and super ior vena cava 

right fl ank and the transducer so positioned in the 
third or fourth left interspace th at the ultrasound beam 
is parallel to a l ine jo ining the ri ght shoulder to the 
left fl ank (Fig. 4, section 1 ). Th e image thus obtained 
re presents a section through the long ax is of the left 
ventr ic le. Th e image is ori ented so that the aorta is 
d ispl ayed on the right , cardi ac apex to the left , chest 
wa ll and ri ght ventri c le ant eri o rl y, and posterior 
structures (left ventri cle and left atri al posterior wa lls) 
posteri or ly on the image (Fig. 5). Therefore, the long
axis v iew of th e left ventri cle is di spl ayed as a sag ittal 
sect ion of th e hea rt viewed from th e left side of 
the sup ine pa ti ent. 9 Figure 6 left represents an ana
tom ic section through the long ax is of the left ventricl e 
in the plane of the ultrasonic secti on 1. The stru ctures 
traversed are i ll ustrated in the accompany ing sche
matic draw ing (Fig. 6 right). Figure 7 is a still frame 
of the long-ax is v iew of the left ventri cle, w ith inj ecti on 
of con tras t med ium into the left ventri cle. Note that 
the contras t med ium fill s and opacifies the left ven
tri cle and outlines the boundaries. 

The long-axis v iew of th e left ventricl e allows 
v isuali zat ion of th e aorti c root and aorti c valve 
leafl ets. The aorti c va lve lea fl ets appear thin and they 
coapt du ring di as to le in the midline of th e aorti c 
root. W ith th e onset of systole, th e lea flets open 
abruptl y and come to lie nearl y parall el to the aorti c 
wa ll s. The right ventri cul ar outflow tract is anterior 

to the aorti c root. The chamber behind the aortic 
root is the left atrial cavity. Immediately posterior 
to the lower part of the left atrium, the left inferior 
pulmonary ve in , appearing as a round structure, can 
also usuall y be seen. The long-ax is view allows good 
vi suali za ti on of the anterior and posterior leaflets 
of th e mitral valve along with their chordal and 
papill ary musc le att achments. The anterior leaflet 
appears longer and larger than the posterior leafl et. 
Both are thin and usuall y produce uniform echoes. 
With the on set of di asto le, the distal third of the 
anterior mitral lea fl et approximates the left ventri cul ar 
septal surface, moves posteriorl y to lie in a mid-open 
pos iti on during mid di astole, and reopens with atri al 
systole. The posteri or lea flet demonstrates a similar 
although oppos itely directed (mirror image) motion 
and has a much small er excursion compared with 
the anteri or lea fl et. 

During systole, the mitral valve lea flets coapt at 
a point inferior (toward the left ventri cular apex) to 
the left atrioventri cular groove. _The coronary sinus, 
appearing as a small , c ircul ar echo-free structure, 
can usually be record ed in the region of the posterior 
atrioventri cular groove. The left ventri cul ar outflow 
tract , bounded by the ventri cul ar septum anteriorly 
and the anterior leaflet of the mitral valve posteriorly, 
is well seen and is normally widely patent during 
systol e. The ventricular septum ca n usually be 

l , 
I 
I 

I 
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Fig. 4. Drawing of heart demonstrates the four ultrasonic 
tomographic pl anes utilized for obtaining long-ax is views of 
heart. Section 1: Beam is parallel to a line joining patient's 
right shoulder to left fl ank and records long axis of left 
ventricle. Section 2: Transducer is rotated slightl y c lockw ise 
and is tilted inferomed ially so that long-ax is view of right 
ven tricular inflow.tract is recorded. Sect ion 3: Beam is almost 
parallel to true sagittal plane and transducer is tilted some
what superiorly so that beam transects right ventr icu lar out
flow tract in its long ax is and left ven tricle in ob lique section. 
Section 4: This sect ion is best recorded usually from fourth 
left intercostal space. Transducer is rotated further clockwise 
and tilted somewhat su per ior ly so that beam passes through 
both ventricles and atri a and records a foreshortened four
chamber view in which inflow tracts of both ventric les can 
be clearly identified. 

visua lized in its entirety, and its motion character
isti cs at different levels ca n read ily be appreciated. 
In normal s, the septum moves posteriorly during 
systole. The normal anatomic relationships of septal
aortic and mitral -aorti c continuity are best eva luated 
in this view. This view also allows good visualization 
of the left ventricu lar cavity in the long axis throughout 
various phases of the cardiac cycle. 

Usefu lness of Long-Axis View of Left Ventricle 
(Sect ion 1 ).-1. Eva luating aortic root pathology 
(en largement, dissection) 

2. Evaluating aort ic va lvular pathology (ca lcifica
tion, stenosis, vegetations, bicuspid valve) 

3. Evaluati ng subvalvular left ven tricular outflow 
obstruct ion (m uscu lar or membranous stenosis) 
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4. Evaluating left ventricular chamber dimensions 
and performance 

5. Determinin g ventricular septal and posterior 
wal l motion, excursion, thi ckness, and function 

6. Visua l izing ventricular septal defect and septal 
aneurysm 

7. Evaluating ventricular septal-to-aort ic cont inuity 
or discontinuity 

8. Determining mitral-to-aorti c fibrous cont inuity 
9. Evaluating stru ctural and motion abnormalities 

of mitral va lve and of its supporting structures (chordae 
and papillary mu sc les), such as stenosis; subva lvu lar, 
va lvular , or annulus ca lc ifica tion ; pro lapse; flail 
leaflets; vegetations; diastolic flutt er; and systo li c 
anter ior motion 

10. Evaluating enl argement of coron ary sinus as 
seen in patients with anomalous systemic venous or 
pulmonary venous connection to coron ary sinus 

11 . Evaluating left atrial dimension and detecting 
intra-atrial masses (thrombus, myxoma) or membrane 
(car triatriatum) 

Long-Axis View of Right Ventricular In flow (Figure 
4, Section 2).-With th e transducer in the same 
interspace (third or fourth) and with inferomed ial 

Fig. 5. Long-axis view of left ventri cle of normal subject. 
Aorta is to right and apex of left ventric le is to left of image. 
Right ventricle is anterior and left atr ium is posterior. Anterior 
(a/) and posterior (pl) lea flets of mitral va lve and posteromedial 
papillary muscle (PM) are seen. A and P = anterior and 
posterior, I and 5 = infer ior and superior; AV = aortic valve; 
other abbreviations as before. 
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VENTRICULAR SEPTUM 

POSTEROMEDIAL PAPILLARY 
MUSCLE 

RIGHT VENTRICLE 

SINUS 

RIGHT CORONARY 
CUSP 

LEFT VENTRICULAR 
OUTFLOW TRACT 

ANTERIOR MITRAL 
LEAFLET 

LEFT ATRIUM 

POSTERIOR MITRAL 
LEAFLET 

Fig. 6. Left , Anatom ic sec tion of hea rt obta ined in presumed plane of long ax is of left ventricle as shown in Figure 4, section 1. 
Right , Drawing of this sec tion w ith identification of structures. 

tilt and slight clockwise rotation of the transducer, 
a long-ax is view of the ri ght ventricle and ri ght atrium 
is obtained, as shown in Figure 8. The image orienta
tion of this view is such th at th e ches t wall is anterior, 
th e right atrium is on th e ri ght and posterior, and the 
right ventricul ar apex is anteri or and to the left of the 
image. Figure 9 is a schemati c drawing of a presumed 
secti on obtained in th e ultrasound direction as shown 
in sec ti on 2. These v iews allow visualization 
of the right atri al cav ity, the tricu spid valve, and the 
right ventricul ar inflow up to the apex of the ri ght 
ventricle. The positi on and motion of the tri cuspid 
leaflets are usually well demonstrated in this view. 
As wi th the anteri or lea flet of th e mitral valve, the 
anteri or leaflet of th e tricuspid valve is a relatively 
larger and longer structure w hen compared with the 
posterior and septal com ponents of this valve. The 

excursion of the anterior lea fl et is large during diastole, 
whereas th ere is co mparatively less excursion of the 
posterior and sept al lea fl ets. 

Long-Axis View o f Right Ventricular Outflow 
Tract (Figure 4, Sec tion 3).-The long axis of the right 
ventricular outflow tra ct ca n be recorded with the 
transducer in the sa me parasternal location but with 
further clockwi se rotation and slight superior tilting 
of th e transducer (notch facing right midchest) so 
that the beam is now nearl y parall el to the true sagittal 
pl ane. The tomographi c sect ion of the heart thus 
obtained is shown in Figure 10. The image orientation 
of this view is similar to th at of section 1 in that the 
ri ght ventricl e is anterior and the left ventr icle is 
posterior. In thi s section , th e pulmonary valve is 
recorded to th e right of the image, with the right 
ventricular outflow tra ct anteriorly and an oblique 

Fig. 7. Left , Long-ax is v iew of left ventricle. A and P = anterior and posterior, I and 5 = inferior and superior. Right , After inj ection 
of indocyanine green and sa line in left ventricle, echoes fill left ventricular cav ity and outline its boundaries. Contrast medium 
is also seen to fill aort ic root (Ao). Left atrium and right ventric le remain echo free. Endocard ial surface of left ventricular pos terior 
wa ll is clearl y outlined by dye in left ventricle. Abbreviations as before. 
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Fig. 8. Sector scan of normal subject obta ined in plane of 
tomographic section 2. This outlines right atrium (RA) and 
right ventricle and defines right ventri cular inflow trac t. 
Tricuspid va lve (TV) along with its tensor appara tus is well 
seen. 

section of the left ventricle posteriorly. Figure 11 
left is an anatomic section made in the plane of 
section 3, and Figure 11 right represents a drawing of 
the same section. This section allows good visualiza
tion of the entire right ventricular outflow region and 

ANTERIOR 
PAPILLARY 
MUSCLE 

POSTERIOR 
PAPILLARY 
MUSCLE 

TRICUSPID 
LEAFLET 

INFERIOR 
VENA CAVA 

RIGHT ATRIAL 
APPENDAGE BASE 

RIGHT ATRIUM 

~ 
2 

Fig. 9. Schematic drawing of a sect ion made along pre
sumed pl ane of tomographic sec tion 2. Note that sect ion is 
through right atrium and right ventric le and all ows good 
v isualizat ion of right ventricul ar infl ow trac t. 
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of i1ie pulmonary valve and th e proximal main 
pulmonary artery. 

Usefulness of Long-Axi s Views of Right Ventricular 
Inflow and Outflow Tracts (Section s 2 and 3).-1. 
Evaluating right atrial and right ventricular enl arge
ment 

2. Detecting mass les ions in the ri ght atrium and 
ventricl e 

3. Evaluating ri ght ventricular outflow tract 
4. Evaluating tri cuspid valvular ab no rm aliti es 

(prolapse, ruptured chord ae, stenosi s, vegetations) 
5. Evaluating tricuspid atres ia 
6. Diagnosing Ebstein's anomaly 
7. Evaluating pulmonary valvular pathology 

Long-Axis View of Right and Left Ventricular In flow 
Tra cts (F igure 4, Section 4).-This v iew is best re
corded with the transd ucer usuall y in th e fourt h 
interspa ce in the parastern al region and often slightl y 
more laterally placed. The groove on tne transducer 
is pointed down, and th e transducer is tilted slightl y 
superiorly . Thi s view records the four chambers of 
th e hea rt (both atri a and both ventricles). Both 
ventricles appear sli ghtl y foreshortened, but the 
inflow tra cts of both ventricles are read il y seen . The 
image thu s obtained is shown in Figu re 12 , and 
Figure 13 is a drawing of the sa me section. The image 
is oriented so that the atri a are displayed on the right 
and posteri or, and the ventricles are on the left and 
slightly anterior. The ri ght atrium and ri ght ventricl e 
are anterior, closer to th e transducer, whereas the 
left atrium and left ventricle are posterior. In this view, 
th e comparative dimensions of both atri al chambers 
ca n usuall y be easi ly delineated. The long ax is of the 
atri al septum ca n be visualized, wi th occasional 
dropout or thinning in the reg ion of the fossa ova li s. 

The motion character isti cs of the atri al septum can 
also be eva luated. Normally, the atri al septum bulges 
toward th e right atrium during ventri cu lar systo le. 
In patients with tricu spid regurgitation, a reversal of 
th e atrial septa! motion ca n be seen-th at is, with 
ventricular systol e, the atri al septum bu lges toward 
th e left atrium . The anatom ic interrelationships of 
the an ter ior lea fl et of the mitral va lve and the septa! 
lea flet s of the tricuspid va lve can be well out l ined 
in thi s view. Details of thi s relationship and th e 
usefuln ess of thi s view will be discussed under the 
apical view. Figure 14 is a four-chamber view 
obtained in the manner described above in a patient 
with a large atrial septa! defect. An injection of 
contrast medium was made in the left atrium which 
resulted in opacification of th e left atrium as well as 
of the right atrium and indi ca ted a large left-to-right 
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Fig. 10. Sti ll frame of sector scan obta ined w ith transducer 
nearly pa rall el to true sagittal plane (tomographi c sec tion 3). 
Long-axis view of ri ght ven tricular ou tflow tract is recorded, 
along w ith pu lmonic va lve (PV). Posterior ly, left ven tricular 
outflow tract (LVO), mitral lea flets (MV), and left atriu m are 
recorded. Abb rev iations as before. 

shun t. W ith subsequent ventri cul ar di asto le, the ri ght 
and left ventri cles became opac ified and the dye 
outlined the boundari es of all four cardiac chambers 
visuali zed in this v iew. 

SHORT-AXIS VIEWS 
Short-Axis Views (Figure 15, Sections 5 Through 10). 
-With the transducer pl aced in the parasternal 
posi ti on (third or fourth left intercostal space), the 
short-axis view of the hea rt is obtained by rotating 
th e transducer cl ockwise so that the pl ane of 
the ultrasound beam is approx imately perpendicular 
to the pl ane of the long ax is of the left ventricl e. The 
groove on th e transducer is pointed superiorly facing 
the ri ght supracl av icul ar fossa, and th e bea m is 
roughl y parall el to a line joining the left shoulder 
to the ri ght fl ank. With the tran sducer pointed directly 
posteriorl y, a cross section of the left ventricl e at the 
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level of th e mitral lea fl ets is obtained (section 7). 
From thi s pos ition, th e transducer is tilted inferiorly 
toward the left ventri cul ar apex so that a transverse 
secti on of th e ventri cul ar apex is obtained. The 
images are displ ayed as if being v iewed from below 
(looking from th e apex of the heart up toward the 
base). 9 In thi s format, the cross-section al view of the 
left ventricl e is displ ayed posteri orl y and to the ri ght 
of th e image and the ri ght ventricl e is displayed 
anteriorl y and to the left. 

Figure 16 represents a sector scan of the ventri cular 
apex along th e pl ane of tomographi c section 5 
obtained from a normal volunteer. Note the small 
ventri cul ar cav ity, w hi ch diminishes further in size 
during systole. Fi gure 1 7 left represents an anatomic 
secti on through the apex of the heart , and Figure 17 
right is a drawing of the same secti on. A cross 
secti on of the cardiac apex ca n also be obtained by 
pl acing the transducer directl y over the point of 
max imum (api ca l) impul se. As th e ultrasound beam 
is tilted superiorl y from secti on 5, the cross secti on at 
the level of the papill ary muscl es (secti on 6) is ob
tained (Fi g. 18 and 19). The papill ary musc les, 
namely, anterolateral and posteromedial , project in 
th e left ventri cul ar cav ity at approx imately the 3 and 
8 o'c lock pos itions, respectively. In thi s and the sub
sequent secti on (7), the left ventricl e appears circul ar 
and its cavit y dimension, wall thi ckness, and motion 
during various phases of the cardiac cycle can be 
cl earl y delineated. With furth er superior tilting of the 
transducer so that it is nearl y perpendicul ar to the 
chest wa ll , the ultrasound beam transects the body of 
th e left ventricle at the level of the mitral leafl ets. 
In this view, the mitral anterior and posterior lea f
lets are transected in cross section and appear 
like a fi sh mouth during di astole (Fig. 20). Por
tions of th e ri ght ventri cle, tri cuspid valvul ar 
apparatus, ventricul ar septum , and left ventricul ar 
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Fig. 11 . Left , Anatomic sec tion of heart in plane parall el to true sagittal plane at level of right ventricular outflow tract. Right , 
Drawing of this sec tion with identification of structures. 
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Fig. 12. Sector scan obtained w ith transducer in fou rth left 
intercostal space in para sterna l region and w ith transducer 
tilted up so that bea m tran sec ts four chambers of heart. The 
left ventricle and left atrium are displayed to left of image 
(groove facing down). All four chambers of heart are well 
outlined in thi s sec tion , including the cru x of heart, which 
represents junction point of the two septa and of right and 
left at rioventri cul ar anuli. AS = atr ial septum; other abbrev i
ations as before. 

outflow tract are visualized anterior and to the left 
of the image. The tr icuspid valve orifice, when 
transected in full, has a round-edged tri angular 
shape during diastole. The moderator band and the 
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anterior papi ll ary muscle become readily recognized, 
especially if the ri ght ventricle is hypertrophied and 
enlarged. Figure 21 demonstrates the corresponding 
anatomic section and a schemati c drawing, respec
tive ly, at this level. Delinea tion of the right ventricular 
chamber and of the ri ght side of the ventricular 
septum by contrast study is demonstrated in Figure 22. 

By further superior and slightly med ial tilting of 
the transducer, a section at the level of the left ven
tricu lar outflow tract (section 8) is obtained (Fig. 23). 
This section allows visualization of the anterior mitral 
leaflet and of the outflow tracts of both ventricles. 
The boundari es of the left ventricular outflow tract
namely , ventricular septum, anterolateral wall, and 
anterior mitral lea flet-are clearly visualized. On th e 
left of the image are seen the ri ght atrium and the 
ri ght ventricle with a porti on of th e anterior tri 
cuspid lea fl et. Interposed between the two atrio
ventricular valves is part of th e ventricular septum ; 
posteriorly , th e junction of the ventricular and atrial 
septa is visualized. Th e left atrium is seen directly 
posteriorly. An anatomi c sect ion obtained at thi s 
level and the drawing of the sa me sect ion w ith 
id entifi ca tion of structures can be seen in Figure 24. 

In secti on 9, obtained by furth er superi or tilting of 
the transd ucer, the grea t arter ies are secti oned trans
versely, as shown in Figures 25 and 26. In normals 
at thi s level, th e aorta appears as a circl e wi th a tri
lea flet aorti c valve that has the appea rance of the 
letter Y during diastole. The ri ght ventricular outflow 
tract crosses anterior to the aort a from the left to the 
ri ght of the image, wrapping around the aorta, and 
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Fig. 13. Drawing of presumed section along pl ane of tomographic section 4. 
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Fig. 14. Seri es of still frames from sector scan of patient with large atrial septa I defect. Upper Left, Four-chamber view recorded 
at t ime of card iac catheteri za tion. Note that a ca theter (c) is across defect in atrial septum. Edges of defect are shown by black 
arrows. Upper Right , After injection of indocyanine green and sa line in left atrium, there is immed iate opac ificat ion of left atrium 
and also of right atrium, indicating large left-to-ri ght shunt. White arrow on lower part of figure is po inting to bolus of unopacified 
blood enter ing left atrium from pulmonary ve ins. In this frame, slight amount of dye has trickl ed into left ventricle; otherwise, 
ventricles are essentially free of contrast medium. Lower Left , With onset of ventricular diastole, contrast medium in atria enters 
throu gh their respective atrioventricular valves into right and left ventricular cavities. Note that bolu s of dye (white arrows) enters 
right ventricle slightly ahead of left ventricle; this indica tes that tri cuspid valve opened before mitral valve. Lower Right , Contrast 
material has cleared compl etely from atrial chambers and is present only in ventric les, where it outlines cavities. c = catheter; 
arrows indica te defect through which ca theter passed. This contrast echoangiographic study helps to define and confirm two
dimensional ultrasonic anatomy, delineates boundaries of atrial and ventricular chambers, and defines ventricular and atrial 
septa and relationship of atrioventricular va lves. Abbreviations as before. 
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10 

5 

Fig. 15. Six tomographic pl anes utilized for obtaining var ious 
short-ax is v iews of heart and great arter ies. 

in cross section it forms a sa usage-like appearance 
anterior to the c ircular aorta. 10 The pulmonary valve 
is observed anterior to and to the right of the aortic 
valve. Th e other structures recorded in thi s section 
inc lude the left atrium (posterior to the aorta), left 
atrial appendage (to the ri ght ), and ri ght atrium (to 
the left of the image). Th e atri al septum is interposed 
between the left and right atri al chambers. Th e origins 
of the ri ght and left main coronary art eri es ca n be 
seen in thi s view also. Th e anterior lea fl et of the 
tri cuspid va lve ca n be seen on the left of th e image. 
Occasionally, the inferior vena cava and the coronary 
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Fig. 16. Sector scan obtained with transducer beam directed 
in a pl ane as shown in tomographic sec tion 5. Note that 
this tran sects left ventricle near apex, and th erefo re left 
ventricular cav ity appears sma ll ; in rea l time, cons iderable 
reduction in cav ity size can be seen during ventr icular 
sys tol e. R = right ; L = left. 

sinus can also be seen. Figure 27 shows a cross
sectional view at thi s leve l, and th e inj ec tion of 
contrast medium is made in the inferior vena cava , 
with resultin g dense opacification sequentiall y of 
the right atrium, right ventricular outflow tract, and 
pulmonary art ery. From thi s position-which records 
section 9-if the transdu cer is rotated slightl y clock
wise (groove facing suprastern al notch) and tilted 
superiorly beyond the pulmonary valve, the main 
pulmonary artery and its bifurcation into the right 
and left pulmonary arteries ca n be identified , as shown 
in section 10 and Figure 28. Figure 29 represents a 
schematic drawing of a section at this level. 

Usefulness of Short-Ax is Views (Sections 5 Through 
10).-1. Determining right and left ventricu lar 
chamber dimensions 

2. Evaluating global and reg ional left ventricular 
performance 

RIGHT VENTRICULAR 
APEX 

~ sO 

VENTRICULAR 
SEPTUM 

PORTION OF 
PAPILLARY MUSCLE 

LEFT VENTRICULAR 
APEX 

Fig. 17. Left , Anatomic section of heart obtained nea r apex in presumed plane of section 5. Right , Drawing of this anatomic 
section with identification of st ructures. 
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Fig. 18. Sector scan of normal subjec t recorded with ultra
sound beam di rec ted along plane of tomographic sec tion 6, 
which tran sects left ventricle at level of papillary muscles. 
Note that papillary musc les (p) proj ect into left ventricu lar 
cav it y at approximately 3 and 8 o'clock position s. Left 
ventricle appears circular in thi s cross section . Portion of 
ri ght ventricle is also seen anterior and to left. Abbreviations 
as before. 

3. Estimating mitral and tricuspid valve orifice 
4 . Locating and determining the number of papil

lary muscles in the left ventricle 
5. Evaluating atrial dimensions and detecting intra-

atrial masses 
6. Evaluating atria l septum for motion and defects 
7. Determining spatial orientation of great arteries 
8 . Evaluating abnorma liti es of aortic, pulmonic, 

mitral , and tricuspid valves 
9. Visualizing right and left main coronary arteries 
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Fig. 20. Stil l frame of sector scan obtained from normal 
subj ec t, with transducer pointing posteriorly and beam 
transecting heart in plane shown in Figure 15, section 7. 
In this figure, ri ght ventric le is anter ior and to left; left ven
tricle appears c ircular and is located posteriorly. Anterior 
and post erior leaflets of mitral valv e have fish-mouth 
appearance during diastole. Portions of tricuspid valvular 
apparatus can also be seen in this sect ion . Septum, free wall , 
and posterior wall of left ventr icular cavity are clearl y 
delineated. Abbreviations as before. 

10. Evaluating aortic root pathology 
11. Evaluating main pulmonary artery and proxi

mal ri ght and left branches for size and presence of 
clots 

12. Evaluating enlargement and drainage of 
coronary sinus 

SEPTUM 

ANTEAOLATERAL 

FREE WALL 

POSTEAOMEOIAL PAPILLARY 

MUSCLE 

LEFT VENTRICLE 

POSTEAOLATERAL 
WALL 

Fig. 19. Left , Anatomic section of heart made along plane of ultrasound tomographic section 6. Right , Drawing of same section 
with identification of structures. 
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MODERATOR BAND I~ 
ANTERIOR b tJ 
PAPILLARY ·-
MUSCLE ------------- ~: ==-~ -:-------.... • 7 

LEFT VENTRICULAR 

RIGH- - •---- -- •- _ OUTFLOW TRACT 

TRICUSPID 
ORIFICE 

Fig. 21. Left, This anatom ic sec tion of heart has been 
obtained along a plane corresponding to ultrasonic tomo
graphic section 7. Right, Drawing of sa me section wit h 
iden tifica tion of structures. 

APICAL POSITION (Figure 30, Sections 11 
Through 13) 
This view is obtained wit h the patient turned in the 
left sem i latera l decub itus pos ition . The apical impu lse 
is loca lized and the transducer is placed at, or in the 
immediate vicinity of, the point of maximum impul se. 
Wit h the ap ica l transducer position , a four-chamber 
view of the heart or a right anterior obi ique equivalent 
view of the left ventricle is usuall y recorded.21

,26 The 
notch on the transducer is placed pointing up or down, 
depending on whether one wishes to di splay the left 
ventricle on the right or on the left of the image, 
respectively. Since with the apical transducer posi-
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lion the views obtained (sections 11 through 13) 
represent long-axis views of the heart , in particular 
of the left ventricle, we believed it would be desirable 
that the image orientation of these views be similar 
to that of tomographi c section 1, which represents 
the long-axis view of the left ventricle. For this reason 
we have chosen to display the apica l vi ews with the 
left ventricle on the left and the right ventricle on the 
ri ght of the image. 

For the four-chamber view, the ultrasound beam 
is directed superiorly and med ially toward the pa
tient 's ri ght scapul a (section 11 ). In thi s position , the 
beam tran sects the heart from the apex to the base, 

Fig. 22 . Left, Still frame of sec tor scan of pa tient wi th pulmonary hypertension. Short-axis v iew of left ventric le and of right 
ventric le at level of mitral or ifice is recorded. Note prom inent moderator band in ri ght ventricle. Right , After injection of 
indocyanine green and sa line in superior vena cava, dense echoes opac ify ri ght ventricular chamber and outline its dimen
sions and right septal surface. Left ventricular cavity remains echo free. Abbreviat ions as before. 
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Fig. 23 . Sti ll frame of sector scan of normal subjec t. Trans
ducer is tilted superiorl y and slightl y medially, and beam 
is directed in plane of tomographic sec tion 8. In thi s plane, 
transverse ,ect ion of heart across left ventricular out fl ow 
tract region is recorded. Basa l portion of an teri or mitral 
lea flet (am/) is transected, and boundary of left ventricular 
outflow tract is well delineated. Posterior to mitra l lea flet 
is left atrium and anterior is left ven tricu lar outflow trac t. 
On left of figure (posterior to anter ior), right atrium, portion 
of anterior leaflet of tricu spid va lve, and ri ght ven tricu lar 
outflow tract are recorded. In thi, plane, junction of ven
tricular and ,11rial ,epla is also noted. Abbreviation , as before. 

as shown in Figure 3 1. Thi s view displays all four 
chambers of the heart , th e ven tri cu lar and atri al sept a, 
and the crux of the heart. Wh il e recording the ap ical 
four-chamber view (sect ion 11 ), we usuall y tilt the 
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beam in a sl ightl y anteri or (11 a) and a posterior (11 b) 
direction in o rd er to scan a grea ter portion of the 
atri al sep tum . The image ori entation is such that th e 
apex is on th e top and the atri a are on the bottom. 
The ri ght atrium and right ventri c le are on th e ri ght , 
and the left atr ium and left ven tri c le are on the left of 
th e image, w ith the groove down. Figure 32 upper left 
and upper right shows anatomic sec tions ob tained in 
th e plane of tomographic sec tion 11 (11 a and 11 b, re
spectively) , and Figure 32 lower is a draw ing of the 
same sect ion w ith identifi ca tion of structures . Thi s 
ap ica l four-chamber v iew all ows eva lu at ion of the 
interrelati onships of the ventri cul ar and atri al septa 
and of both atrioventricu lar va lves. In normals, 
with thi s projection th e ventr icular and atri al 
septa do not appear to jo in each other in a straight 
apex-to-base line. Instead, the atrial septum appears 
d isp laced sl ight ly to the left of th e ventri cular 
septum . The co ntinu ati o n of the ec hoes of th e 
ve ntri cu lar and atri al septa is by means of a mem
branous co nnect ion. The left (m itral) atri oventri cular 
groove is norma ll y sli ghtl y hi gher th an th e ri ght 
(tri cusp id) atri oventri cular groove. The anterior leafl et 
of the mitral valve in sert s in the left atrioventricular 
sul cus and near the cephali c end of the membranous 
septum , whereas the septa l lea fl et of the tri cuspid 
va lve inserts near the midportion of th e membranous 
septum . Therefore, the in serti on of the septal leafl et 
of the tri cuspid valve is somewhat (5 to 10 mm in the 
hearts of o lder chil dren and adu lt s) infer ior to the 
insert ion of the anter ior mitral lea fl et. This is an 
important anatomic dis tinction because it can be 
usefu l in iden tify ing ventr icular chambers. 
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Fig. 24. Lc•ft , Anatom ic sec tion obtained in plane of ultrasonic tomographic sec tion 8. Right , Drawing of sa me sec tion with 
identifica tion of st ruct ures. 
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Fig. 25. Still frame of sec tor sca n obt ained w ith further 
superior and slight medial tilt of tran sducer so that ultrasound 
bea m transec ts heart roughly pa rall el to pl ane as shown in 
Figure 15, sec tion 9. Thi s sec tion transec ts heart at level 
of great arteri es. Aorta appears as c ircul ar stru cture. Aort ic 
va lve lea flets in closed position are well seen (l eft L, ri ght 
R, noncoronary N). Left atri al cav ity is d irec tl y posterior to 
aorti c root, and left atr ial appendage (LAA) is towa rd ri ght 
of figure. Right atr ium and tri cuspid va lve are on left of 
figure and ri ght ventr icular outflow trac t is anterior. Right 
ventr icular ou tflow trac t curves arou nd circul ar aort a. A lso 
well recorded is atrial septu m. Abb rev iations as befo re. 

In th is v iew , th e atri al septum ca n usuall y be seen 
in its enti rety with out any thinning or d ro pout if the 
ul trasound beam is d irected slightl y anteri or ly (sec
ti on 11 a, Fig. 32 upper left). However, dropout of 
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echoes does occ ur in its mid porti on, w hi ch is the 
reg ion of the fossa ova li s, if the ultrasound bea m is 
d irected fur th er posteri orl y (section 11 b, Fig. 32 
upper righl) . Th is fac t needs to be remembered 
w hen thi s v iew alon e is used in the eva luati on fo r 
atrial septa! defects, for there ex ists potenti al fo r both 
false-pos itive (sect ion 11 b, Fig. 3 1 and 32 upper 
right) and fa lse-negative (secti on 11 a, Fig. 32 upper 
left) diagnoses of atria l septa! defect. M o tion of th e 
atri al septum ca n also be w ell evaluated, and the 
atr ial septum ca n be seen to bul ge toward th e ri ght 
atrium dur ing ventricul ar systo le. Thi s v iew also 
all ow s vi sual iza tio n of the r ight and left inferi o r 
pulmon ary veins empty ing into th e left atrium (Fig. 
31 ). 

Fig. 26. Upper , An atom ic section of heart obtained along pre
, umecl ultrason ic tomographic plane 9. Lower , Drawing of 
;ame section wi th identi fication of structure,. 
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Fig. 27. Upper Left , Still frame of sec tor scan representing 
tomographic sec tion 9. Structures recorded inc lude aortic 
root w ith aorti c valve, left atrium, atrial septum, right atrium, 
tri cuspid va lve, right ventricular outflow tract, and pul
monary va lve. Upper Right , With inj ection of indocyanine 
green and sa line into superior vena cava, dense echoes 
appear in right atrium and outline this chamber and right 
side of atrial septum. With subsequent ventricular diastole, 
contrast medium enters right ventric le and opaci fies right 
ventricular outflow tract (M iddle Left and Righi) , and with 
subsequent ventricular systole, dye opacifies proximal 
pulmonary artery (Lower) . Throughout this sequence, left 
atrial chamber and aortic root remain echo free as contrast 
medium traverses and outlines right-sided chambers . 
Abbreviations as before. 
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With the same apical transducer position , in order 
to obtain tomographic section 12, the tran sducer is 
tilted further anteriorl y to record the aorti c root and 
va lve in addition to the four chambers (Fig. 33). The 
aortic root occupies the region where the crux of the 
heart was recorded in the previous section . Figure 34 
upper is an anatomic section obtained in th e tomo
graphic pl ane of section 12, and Figure 34 lower is a 
draw ing of the sa me section with id entifi ca tion of 
structures . 

Right Anterior Oblique View of Left Ventricle.
This view is obtained with the transducer placed at 
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Fig. 28. Upper Left , Still frame of sec tor scan obtained 
with ultrasound beam direc ted in pl ane shown in Figure 
15, tomographic section 10. In thi s sec tion, beam transects 
main pulmonary artery (MPA) throu gh its point of bifurca
tion into proximal ri ght (RPA) and left (LPA) pulmonary 
arteri es. Thi s sec tion also passes through aorti c root in 
immedia te suprava lvular reg io n. Upper Right , Aft er 
inj ect ion of indocyanine green and sa line into left ventricle, 
ec hoes densely opacify aortic root. Lower , After similar 
inj ec tion into right ventr icle, contrast medium opac ifies 
pulmonary trunk and its branches. These con trast studies 
aided in confirming ultrasonic anatomy. Abbreviations as 
before . 

the apex and with the groove pointing toward the 
patient's left. The beam is directed in a plane near ly 
parallel to the ventricular septum (section 13). In this 
view, the apex of the left ventri c le is d isplayed at the 
top right of the projected image, the aorta is at the 
bottom left, and the left atrium li es directl y posterior 
(Fig. 35). In thi s view th e ant erolateral and inferior 
wa ll s of the left ventricle are im aged, and si nce thi s 
view bears a close resemblance to the left ventricular 
angiogram obtained in a right anteri or ob li que 
position, it has been referred to as the right anteri or 
oblique equivalent view of the left ventri c le. 26 A 



M ayo Clin Proc, May 1978, Vol 53 

RIGHT 
ATRIUM 

RIGHT VE NTRICULAR 
OUTFLOW TR ACT 

LEFT PULMONARY 

ARTERY 

-,,----RIGHT PU L MONARY 

ARTE RY 

Fig. 29. Drawing of a presumed ,ection obtained along 
ultrasonic tomographic sec tion 10. 

m irror-image ri ght anteri or oblique v iew can be 
recorded by rotati ng the transd ucer head 180° (groove 
po int ing to patient 's ri ght) . In practi ce, w e prefer to 
obtain th is laller view, primaril y fo r consistency of 
orienta ti on and th erefore ease of comprehension, 
because it bears a close resemblance to the long-ax is 
view of the left ventri cle. 

Usefulness of Ap ica l Views (Sections 11 Through 
13).-1. Eva luating ven tr icul ar and atr ia l d imensions 

2. Detectin g and loca li z ing intraca rd iac masses 
3. Eva luating septal defects (a tri al and ventricul ar) 
4 . Detect ing ma lalignment of atri al and ventri cular 

septa 
5. Detectin g d isp lacemen t of atri oventri cul ar 

va lve leaflets and ori f ice as in Ebs tein 's anomaly and 
straddl ing valve 

6. Detecti ng structural abnorm ality of the atrio
ventricular va lves and of their tensor apparatus 

7. Eva luat ing left ventri cu lar functi on 
8. Eva luati ng left ventri cu lar apex and detecting 

left ventricu lar aneurys m 
9. Determining aorti c override of th e ventri cul ar 

septum 
10. Visua li zing the right and left infer ior pul monary 

veins dra in ing into the left atrium 

SUBXIPHOID POSITION (Figure 36, 
Sections 14 Through 17) 
In certain pat ient s, espec iall y those w ith chro ni c 
obstructi ve lu ng d isease and emphysema, the usual 
precord ial ultrasoni c window may beco me oblit
erated because of hyperinflated lungs . Thi s situati on 
necess itated a search for other loca tions for imag ing 
the heart and led to the discovery of the subxiphoid 
reg ion as a good ultrasonic window in such pati ents. 
The technique and usefulness of M-mode subxiphoid 
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Fig. 30. Drawing of heart demonstrating the th ree tome
graphic pl anes (sec ti ons 11 thr ough 13) obtained with 
transducer placed at apex of heart. 

echocardiography have been previously desc ribed.30 

With the two-dimensional ultrasound system, we 
have observed that the subxiphoid pos ition provides 
good imaging of the heart not onl y in emphysematous 
pa_ti ents but also in th e majority of norm al (non
emphysematous) adult s, chil dren, and in fa nt s. In 
deed, the views recorded from the subxipho id pos ition 
are unique, fo r they allow belier definition of cert ain 
structures from thi s loca tion than can be obtained 
from the precord ial pos iti ons. Subx iphoid examina
ti on is oft en fac ilit ated if perfo rmed w ith held inspira
tion. 

We begin the subxipho id examination by pl ac ing 
the transducer in the mid line or sli ghtl y to the patiE11t's 
ri ght , and the transducer groove is pointed down 
toward the patient 's spine. The transducer head is 
tilt ed inferi orly and sli ghtl y toward th e pati ent 's 
ri ght , and w ith thi s pos iti on the liver parenchyma, 
hepati c vessels, and short-ax is v iew of th e inferior 
vena cava are obtained. With slight superior tilt of 
the transducer, the drain age of the hepatic ve ins into 
the inferi or vena cava can be identified (Fig. 37 upper 
left) . To record the inferior vena cava along its long 
ax is, the transducer is rot ated so that the groove points 
toward the patient' s ri ght flank. Th e hepatic veins 
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Fig. 31. Still frame of sec tor scan of normal subjec t, obtained 
by pl ac ing transducer at apex of heart and recording api ca l 
four-chamber view. See tex t fo r detail s. Blac k arrows 
mark po ints of attachment of anter ior lea flet of mitral va lve 
d11d of sept al lea flet of tri cuspid va lve. Note th at latter is 
normall y situated inferior to mitral va lve. Also note some 
dropout of echoes in the region of the fossa ova li s. Abbre
v iations as before. 

again can be recognized by the fact that they drain 
into the inferior vena cava, as shown in Figure 37 
upper right. Figure 3 7 low er demon strat es how 
injection of contrast medium into the inferior vena 
cava densely opacifies thi s structure. The inferior 
vena cava-to-right atrium communication is al so best 
assessed in this vi ew (tomographic section 14). With 
the transducer in the epigastri c region, other intra
abdominal structures, such as the abdominal aorta 
and its branches, portal ve in , ga llbl adder, pancreas, 
and kidn eys, can be visualized. How ever, these will 
not be di scussed any further here. 

For tomographi c section 15, the transducer (groove 
pointing tow ard the patient 's spine) is tilted further 
superi orl y so th at it point s roughl y between th e 
patient's suprastern al notch and the left supracl av icu
lar fossa. A tomographi c vi ew of the heart is thu s 
obtained whi ch is nearly simil ar to th e four-chamber 
view obtained from the parastern al position, section 
4, except that in thi s view the api ces of the two ven
tricles can be visualized by tilting the transducer head 
slightly tow ard th e pati ent 's left. In thi s section, the 
two atria and espec iall y the atri al septum are best 
visualized. Whereas dropout of echoes of the atrial 
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septum in the reg ion of the fossa oval is may be noted 
from parastern al and api ca l tran sduce r posi t ions 
(sections 4, 9, and 11 ), the atri al septum ca n be seen 
in its entirety from the subxiphoid pos ition and it 
appears intact in almost every examinati on w ithout 
any persistent dropout. Atri al septa! motion ca n aga in 
be w ell evalu ated in thi s v iew . For image ori entation 
of thi s vi ew , w e have foll ow ed the sa me fo rmat as 
th at for the simil ar vi ew from the parastern al pos ition 
(tomographic section 4), so th at the atri a are d isp layed 
to the ri ght and the cardi ac apex is seen to the left 
of the image. Th e ri ght atrium and ri ght ventri cle are 
di spl ayed as anteri or chambers cl oser to the tra ns
ducer, and th e left atrium and _left ventri cle are dis
played posteriorl y (Fig. 38). A porti on of the hepa tic 
parenchyma is interposed between the transd ucer 
and the ca rdi ac silhouette. Fi gure 39 represents an 
anatomic secti on and a drawing of the ca rdi ac sect ion 
obtained in the tomographi c secti on of pl ane 15. In 
Figure 40 left , a subx iphoid vi ew of th e atri a and of the 
atri al septum is demonstrated . In Figure 40 right , 
contrast medium has been injected into the superior 
vena cava and the dye is seen to fill the ri ght atri al 
cavit y densely and outline it s boundari es, incl ud ing 
the atri al septum . Th e left atri al cav ity remains echo 
free. 

From thi s position, the transducer is rotated clock
wi se and tilt ed sli ghtl y superiorl y to v isuali ze the 
posterior great art ery (aort a) and it s relationship to the 
mitral valve and left ventricle (Fi g. 41 ). In thi s tomo
graphi c section, number 16, a fo reshort ened view of 
the left ventri cul ar long ax is is recorded. Both lea fl ets 
of the mitral valve and the aorti c lea fl ets, as well as 
the left ventri cular outflow tract, ca n usuall y be well 
vi sualized. Th e tri cuspid va lve can usually be seen 
directl y anterior in thi s v iew . Since thi s v iew bears 
a close resembl ance to tomographic section 1, w e 
have fo llowed th e sa me fo rma t for image or ienta ti on
namely, aorta to the ri ght , card iac apex to the left , 
ri ght ventri c le anteriorl y, and left ven tr icl e poster iorl y. 

Tomographi c sect ion 17 is obta ined by fur ther 
clockwi se rotati on and superi or ti lt ing of the trans
ducer w hich result s in a cardiac cross sect ion as 
shown in Fi gure 42 . In thi s view, the left ventri c le 
is v isualized in the short ax is w ith port ions of the mitral 
va lve in its cavity. More importantl y, this vi ew is 
utili zed to show th e long ax is of the entire ri ght ven
tri cul ar outflow tr act. Th e tr icusp id va lve orifice 
usually appears direc tl y end on. O n the v ideo moni
tor, the heart appears upside down, w ith the right 
ventricular inflow and outflow tracts along the right 
of the image, the cross sec tion of the left ventricl e to 



Mayo Clin Proc, May 1978, Vol 53 

POSTEROMEDIAL 

ANTERIOR 

POSTERIOR 

CORONARY SINUS 

VEINS 

VENTRICULAR SEPTUM 

FOSSA OVALIS 

TWO-DIMENSIONAL ULTRASON IC IMAGING 

RIGHT VENTRICLE 

ANTERIOR 
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Fig. 32. Upper Left , 
Anatomic sec tion 
along presumed plane 
of ultrasonic tomo
graphi c sec ti on 11. 
Upper Right, Section 
along sa me plane but 
slightl y more posterior. 
Lower, Drawing of 
same sec lion with 
identifica tion of struc
tures. Note insertion 
of anterior leaflet of 
mitral valve and its 
relationship lo septal 
leaflet of tricuspid 
valve. Also, ii is im
portant lo note that 
atrial se ptal dropout 
may occur (in region of 
fossa ovalis) when 
beam is slightly more 
posteriorly directed, as 
evident in Upper Right 
and in Figure 31. 
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Fig. 33. Sti ll frame of sec tor scan obtained wi th trans
ducer at apex of heart w ith beam tilted sli ghtly superiorly 
from recording plane of sec tion 11 . In thi s sec tion, number 
12 , therefore, in addition to demonstrating four chambers of 
heart, beam now transects left ventricular outflow tract and 
aortic root and valve. Aorta (Ao) appears to occupy region 
prev iously occupied by crux of hea rt , as noted in Figure 31. 
Abbrev iations as before. 

the left, hepatic ti ssue anterior, and pulmonary va lve 
inferior (posterior) . Fi gure 43 left is an anatom ic 
section obtained in the plane of the ultrasonic tomo
graphic section 17, and Fi gure 43 right is a drawing 
of thi s section with identifi cation of structures . 
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Usefuln ess of Subxiphoid Views (Secti ons 14 
Through 17).-1. Evaluating hepatic veins and detect
ing d il atat ion or obstruction of the inferior vena cava 

2. Determining inferior vena cava-to-atrium con
nection s 

3. Determining visceral and atrial situs 
4 . Evaluating atrial dimensions and detecting atrial 

masses 
5. Evaluating atri al septa! motion 
6. Detecting and locat ing atr ial septa! defects 

Fig. 34. Anatomic sec tion (Upper) and drawing (Lower) of 
sec tor scan along presumed plane of tomographic sec tion 12 . 
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Fig. 35. Left, Still frame of sector scan recorded w ith tran sd ucer at apex of heart (tomographic section 13); beam is parallel to 
plane of ven tricular septu m and therefore right anterior obi ique equivalent view of left ventric le is recorded. Right , Mirror-image 
of right anterior oblique view. APX = apex. 

7. Detecting ri ght and left atrioventri cul ar valve 
abnorma lities 

8. Detecting pulmonary valvular abnorma lities 
9. Determining right ventricular wa ll thi ckness 
10. Eva I uating ri ght ventricular apex and outflow 

tract 
11. Determining number, origin, and spa ti al 

relation sh ip of the great arteri es 
12 . Evaluating left ventricular size, shape, per

formance, and wal I dynamics 
13. Eva luating ve ntri cu lar septum for thickness, 

dynamics, and defects 

SUPRASTERNAL NOTCH POSITION (Figure 44, 
Sections 18 Through 20) 
With the M-mode transd ucer pl aced in the supra
sternal notch, echoes of the aortic arch, right pul
monary art ery, and left atrium have been recorded.3 1

•
32 

We th erefore utilized th e phased-array sca nner to 
descr ibe the cross-sec ti onal anatomy of th e great 
vesse ls as visua li zed from the suprasternal notch 
posi ti on. For visualization of the left aortic arch in 
the long ax is (tomographi c section 18), the transdu cer 
head is positioned in the suprastern al notch, with the 
long axis of the transducer to the left and parallel 
to the trachea and the groove directed toward the 
ri ght suprac lav icular region . With this transducer 

posItIon , the ascending aorta , aortic arch, origin of 
the brachiocephalic vessels, and descending thoracic 
aorta are visualized (Fig. 45) . O ccas ionally, leafl ets 
of the aorti c valve can also be seen in the aortic r0ot. 
The orientation of the image of thi s view is simi lar 
to that seen with a lateral view of an angiogram; thus, 
the ascending aorta is on the left of the figure and the 
descending aorta is along the right. Posterior to the 
ascending aort a and beneath the aorti c arch , the 

Fig. 36. Drawing of hea rt demonstrating two of the four 
tomographic planes (sect ions 15 M',.i 17 ) vota 1ned with 
transducer in subxipho id positivn. For purposes of simpli
ficatio ~, : .:c.t ions 14 and 16 have been omi tted. 
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Fig. 37 . Upper Left , With ultrasound beam in hor izonta l 
plane, tran sverse sec tion of infer ior vena cava (IVC) is 
recorded, an terior to wh ich is hepatic tissue w ith hepatic 
ve ins (HV) tha t can be ident ifi ed as drain ing into inferior 
vena cava. By changing beam di rec tion by 90°, long-ax is 
view of infer ior vena cava can be readi ly recorded (Upper 
Right). Again , hepatic parenchyma is recorded anteriorl y 
and hepatic vein can be seen draining into upper portion 
of infer ior vena cava . Lower , Inj ec tion of indocyanine 
green and sal ine into inferior vena cava resulted in dense 
echoes that fi ll ed and opac ified th is vessel and confirmed 
ultrason ic anatomy. 

ri ght pulmonary artery is v isualized in its short ax is. 
Inferior to the right pulmonary artery, the left atr ium 
ca n be recorded. For v isualiza tion of the long axi s 
of the aort a in the presence of a ri ght aortic arch, the 
transd ucer is rotated counterc lockw ise, w ith th e 
groove directed toward the right breast. 

Th e short ax is of the aorti c arch (tomographic 
section 19) is obtained by rotating the transducer 
clockwi se so th at the groove is fac ing posteri orl y 
toward the patient 's trachea . Th e image ori entati on 
is similar to that obtained w hen visualiz ing an antero
posterior (frontal) v iew of an angiogram. In thi s v iew 
the cro ss sect ion of the ascending aort a appears 
superior and tire ri3'1t pulmonary artery in its long 
ax is appears inferior, as shown in Figure 46. Occa-
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siona lly, the first b ifurcation of the ri ght pulmonary 
artery ca n be visua lized to the left of the image. With 
slight clockwise rotation of the transducer and by 
til t ing it toward th e patient 's left and sl ightl y anteri orl y, 
the di stal ma in pu lmonary artery can be visuali zed. 
From thi s pos iti on , with tilting of the transducer 
posteriorl y and to the left , the left pulmonary art ery 
may occasionally be seen. 

Inferi or to the pu lmonary artery , the left atri al 
cav ity is seen. Immed iately beneath th e distal part 
of th e ri ght pu lmonary art ery , the ri ght superi or 
pulmonary ve in connecting to the left atrium ca n be 
seen. Furthermore, in th is view the superior vena cava 
can also be recorded, 2ppeari ng as an echo-free space 
al ongside the aorta on the left of the i!"llage. The left 

~':.:'.! :..:..;; ...,...-·-..i..,. 
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Fig. 38 . Still frame of sector scan obta ined with transd ucer 
positioned in subxiphoid region. Ultrasound beam transects 
smal l portions of both ven tric les in this patient; however, 
major portion of bodies of both atria is transected along with 
atrial septum. Abbreviations as before. 

innom inate vein can also be visualized traversing 
super ior to the aorta to it s junction with the superior 
vena cava. The right innom inate vein can be equa ll y 
well visual ized join ing the super ior vena cava. 
With slight counterclockwi se ro tat ion and anter ior 
tilt of the transd ucer, th e long axis of the super ior 
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vena cava can be recorded alongs ide the long 
ax is of th e ascending aorta (tomographi c sect ion 
20). In thi s view th e superior vena cava ca n be 
sca nned to its junction with the right atrium (Fig . 47). 
This same v iew of the super ior vena cava ca n occa
sional ly also be obtai ned with the transd ucer placed 
along the upper right stern al border. 

Usefulness of Suprasternal Notch Position (Sections 
18 Through 20).-1. Determining the dimensions of 
vari ous parts of the aorta and detecting dissection of 
the aorta 

2. Evaluating arch abnorma lities 
3. Detect ing and loca li z ing coarctation of the aorta 

Fig. 39. Upper, Anatomic sec tion of heart along presumed 
plane of tomographic section 15. Lower , Drawing of same 
ana tomic sec tion with identifica tion of structures. 
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Fig. 40 . left , Sector scan obtained from subxipho id region, demonstrating structures as shown in Figure 38. Right , After super ior 
vena caval inj ect ion of indocyan ine green and sal ine, dense echoes opac ified right atrial chamber, right side of atrial septum, 
and inflow of right ventric le. Thi s further confirmed ultrasonic anatomy. Abbreviations as before. 

Fig. 41 . Still frame of sector scan obtained from a pat ien t 
with congestive hea rt failure along pl ane of tomographic 
section 16. Left ventricle is transec ted obl iquely. Aorta and 
aor ti c valve are recorded inferiorly. Tri cuspid va lve, 
an teriorly, and right ventr icu lar outflow tract , along right 
of image, are also recorded. Abbrevia tions as before. 

Fig. 42 . Sti ll frame of sec tor scan obtain ed with transducer 
in subxiphoid posit ion and ultrasound beam directed a, in 
sec tion 17. Heart image appears upside down. Right 
ventr icular outflow tract ca n be seen in it, entirety along 
right side of image; left ventricle appear, in cro,, ,ection 
with portions of mitral valve in it, middle. Abbreviation, 
as before. 
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Fig. 43. Anatom ic sec tion (Left) and drawing (R ight) of sec tion obtained in plane of ultrasonic tomographic sec tion 17. 
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Fig. 44 . Drawing of heart and grea t vessels demonstrat ing 
the three tomographi c p lanes (sec t ions 18 throu gh 20) 
obtained w ith transducer in suprasterna l notch posit ion. 

4 . Determ ining the size of the right , ma in, and, 
occas iona ll y, left pul mon ary arteri es 

5. Eva luating superi or vena cava l abnormalities 
6. Eva luating the Wa terston (ascending aorta to 

ri ght pu lmonary artery) and Glenn (superior vena 
cava to ri ght pu lmonary artery) anastomoses 

COMMENT 
Real-t ime, w ide-angle, two-dimensional echocard i
ography is an exc iting development and has opened 
a new era in noninvasive cardiolog ic investigation. 
Th e detail ed anatomic and functi onal info rmation 
prov ided by thi s technique has hitherto been un
ava il able either w ith standard M -mode echocardi 
ography or w ith invas ive angiographi c techniques. 
In thi s paper, we have provided detailed info rmation 
regarding the technique of obtaining vari ous tomo
graphi c sections of the heart by mean s of an 80° 
phased-array sector scanner and their validation by 
anatomic sections and by se lecti ve contrast echo
ca rdiographi c studies. Furthermore, we have pre
sented a simple but unifi ed concept of image ori enta
tion so that all long-ax is and short-ax is views of the 
heart and grea t vessels, irrespective of the transducer 
position from w hich they are recorded, are ori ented 
with simil ar ri ght-left, anterior-posterior, and superior
inferior orientation (Fig. 48 and 49). 

It should be noted that because of the different 
ches t w all configurati ons and variabilit y of size, 
shape, and pos ition of the heart in the chest, the 
above-descri bed transducer positions and angulations 
may have to be modified accord ingly in order to 
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RIGHT 
PULMONARY 
ARTERY 

Fig. 45. Left , Still frame of sec tor scan obtained wi th tran ;,ducer in suprasternal notch position and directed infer ior ly and sli ghtly 
posteriorl y. Ascending aorta is on left and descending aorta is on right. Origin s of brachiocephalic ve,se l, can a,so be seen. 
Inferior to aortic arch, ri ght pulmonary artery in short-ax is cross sec tion is seen. IN = innominale ar tery; LC = left common 
carotid art ery; LS = left , ubc lav ian ,lfl ery; A'>C = ,1sccncling aorta; DES = clcsc ending ,1or ta ; other abbreviations as before>. 
Right, Drawing of sec lion alon g tomographic plane 18. 

obtain the desired sec tions in an individual patien t. 
It should also be remembered that all 20 tomographi c 
sections are not obtainable in every patient. However, 
it is important to obtain as many tomographic sections 
as possible in every pat ient bec·ause on ly then ca n 
one get comple te ins ight into an anatomic and func
t iona l derangement. Furthermore, by obtain ing many 
different tomographi c sections from different posi
tions, one of the disadvantages of the phased-array 
system, name ly limited view of the objects nearer 
the transducer, can be overcome. It is expected that 
wit h w idespread use of this technique, further tomo
graphic sec tions of the heart and great vesse ls w il l 
be developed. See Editorial, p 339 . 
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SUGGESTED READING 

Readers interested in study ing the heart in various 
anatom ic sections in add it ion to those shown here in 
are refer red to the comprehens ive atlas by McA lpine 
(M cA lpine W A: Hear t and Coronary Arteri es: An 

Anatomi ca l Atlas for Radiologi ca l Diagnosis and Sur
gica l Trea tment. New York , Spr inger-Verlag, 1975). 
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Fig. 46. Upper Left, Still frame of sec tor scan obtained w ith transducer in suprasternal notch position and ultrasound beam 
d irected inferoposteriorl y parall el to frontal plane (tomograph ic sec tion 19). Aortic arch is transec ted and appears as round 
ec ho-free structure; long axis of right pul monary artery is recorded in feriorl y and upper porti on of superior vena cava (SVC) 
on left of image. Left innominate ve in (l n V) ca n be seen to jo in superior vena cava coursing superior to transected portion of 
arch. Right innom inate ve in (arrow) is also clearl y seen. Left atrium is recorded infer ior to right pul monary artery. Upper Right 
(from a d ifferent pa tient), In addition to above structures, ri ght upper pulmonary ve in (RU- PV) entering left atrium can 
be clear ly seen. Lower Left, Anatomic sec tion along tomograph ic pl ane 19. Lower Right, Drawing of sa me sec tion w ith 
iden tifica tion of structures. Abb rev iations as before. 
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Fig. 47. Upper Left , Still frame of sector scan obtained wi th 
transducer in suprasterna l notch pos ition and tilted anteriorly 
and slightl y toward patient 's ri ght (tomographic sec tion 20). 
Ascending aorta, aorti c va lve, and long-ax is v iew of superi or 
vena cava and of right atr ium are recorded . Upper Right , 
After inj ec tion of indocyanine green and sa line into super ior 
vena cava, dense echoes opacify this structure and are seen 
to enter right atriu m and confirm ultrasonic anatomy. 
Abbreviation s as before. Lower, Draw ing of sec tion along 
tomographic plane 20. 
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