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SUMMARY 

We assessed whether an inexpensive, three-dimen
sional (3D) ultrasound (US) imaging system could 
produce clinically useful 3D images, without causing 
patient discomfort. Five patients were examined. The 
3D US system consisted of a transducer holder 
containing a mechanical motor, and a microcomputer. 
During data acquisition the transducer was mechani
cally rotated for 22 seconds, while 200 two-dimensional 
(2D) US images were collected and formed into a 3D 
image by the computer. The 3D image was viewed on 
the computer monitor. The 3D images correlated with 
the clinical and radiological findings. The new perspec
tives were helpful in diagnosing eye abnormalities and 
no patient discomfort occurred. The device was easy to 
use. It is concluded that, as good-quality 3D and 2D US 
images were produced quickly, with no patient dis
comfort, and the device is inexpensive, uncomplicated, 
and easily attached to existing ultrasound machines, it 
will probably be useful in clinical practice. 

Conventional ophthalmic ultrasonography is an 
established diagnostic technique that is essential for 
the clinical practice of ophthalmology.1 Both bright
ness mode (B-mode) imaging, which gives informa
tion about the topographic nature of ocular and 
orbital lesions, and amplitude mode (A-mode) 
imaging, which gives information about the size and 
nature of lesions, are widely used? Increasingly, 
colour Doppler imaging is being utilised to assess 
blood flow in the blood vessels of the eye and 
orbit?-S Although it is generally agreed that ultra-
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sound imaging is cost-effective,6 we believe technical 
improvements are needed before its full diagnostic 
potential is realised. 

Though orbital anatomy and pathology are three
dimensional (3D), the B-mode ultrasound data are 
presented to the examiner in a two-dimensional (2D) 
format. This is regardless of whether the information 
is viewed directly from the ultrasound monitor, from 
videotape, or from photographic film or paper. To 
interpret the data, the diagnostician mentally inte
grates multiple 2D images into a 3D impression of 
the anatomy and pathology being examined? While 
experienced examiners are often extremely skilful at 
developing this mental 3D representation of the 
anatomy, the process itself is inefficient and requires 
considerable learning on behalf of the operator. No 
matter how assiduously one performs the ultrasound 
examination, or how well trained one is, it is 
probable that at least some of the available 
diagnostic information is lost during this process. 
For example, when the scan is performed by a 
technician and only a few 2D ultrasound photo
graphic images are later reviewed by the clinician, 
inaccuracies may occur because out-of-plane features 
have not been recorded. In addition, it is often 
difficult to localise the exact plane in which any 2D 
ophthalmic image was obtained. This makes locating 
the exact position of an anomaly difficult. To 
reproduce a particular image plane at a later time, 
or to follow up some orbital pathologies with 2D US 
is complex, especially if the abnormalities have 
tapered or indistinct margins.8 

Standard 2D images are usually obtained in an 
antero-posterior direction, either in a transverse, 
axial or longitudinal plane, or in a plane parallel or 
slightly oblique to, one of these planes? Some ocular 
pathologies may be more appropriately viewed from 
a mediolateral orientation or a more oblique 
orientation, and these perspectives may not be 
adequately achieved using conventional 2D US. 
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Many authors have concluded that a 3D display of 
the ultrasound information would correct some of 
these weaknesses and improve diagnostic ability. 
Many attempts have been made to develop 3D 
systems suitable for use in different parts of the 
body.9-12 Some endeavours have been reported in 
the ophthalmology literature,13-17 though none, as 
yet, have been widely implemented. These systems 
were generally unsuccessful either because the 3D 
imaging devices were too slow due to immature 
technology, or because they required complex 
instrumentation. Previously, 3D ultrasound images 
were acquired slowly and the structures that were 
clinically reviewed were generated manually by 
tracing the contour of the organ on each 2D image. 
These images were stacked on top of each other to 
create a 'wire frame' representation. These wire 
frames were then assembled by computer into a 3D 
image and shaded to produce a surface-rendered 
representation.13.15 This technique is labour-inten
sive and excludes important ultrasound information 
about the interior of the organ. The images appear 
artificial, making interpretation difficult. 

Recently it has become possible to purchase fast, 
powerful and inexpensive microcomputers, and we 
believe that now is an appropriate time to re
evaluate methods of 3D ultrasound information 
display. The following were considered important 
criteria in the design of this new system. All 
diagnostically relevant ultrasound information from 
the original 2D images should be preserved in the 
reconstructed 3D image. It should also be possible to 
view and manipulate the 3D volume interactively in 
distinct 2D planes, orientated in any direction. The 
2D 'slices' obtained from the 3D image should be 
similar to those obtained in a standard 20 examina
tion. 'Slicing' of the 3D image should occur rapidly, 
data acquisition and reconstruction times should be 
short, and the system should be relatively inexpen
SIve. 

On the basis of this approach we constructed a 
prototype 3D US imaging system. The purposes of 
this preliminary study were twofold: (1) to evaluate 
whether this new system could produce accurate 
images in vivo, and (2) to ensure that the technique 
would be acceptable to patients. 

MATERIALS AND METHODS 

Five patients with different ocular pathologies - a 
choroidal melanoma, a post-traumatic vitreous haem
orrhage and retinal detachment, a simple retinal 
detachment, a treated retinal detachment and a retro
orbital tumour - were evaluated with the 3D 
ultrasound imaging system. All gave informed con
sent and the study received approval from the 
university human ethics committee. The prototype 
3D US system consisted of a standard, commercially 
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available, end-firing, sector type mechanical transdu
cer (Ophthascan Mini B 10 MHz transducer, Bio
physic Medical, Clermont-Ferrand, France), coupled 
with a Macintosh Quadra 840A microcomputer 
(Apple, Cupertino, CA). To obtain a 3D image, the 
ultrasound transducer was inserted into a specially 
designed motorised transducer holder (Fig. 1). The 
holder was held by the examiner in a manner that 
allowed the transducer tip to be closely coupled with 
the closed eyelid of the supine patient.u; Copious 
amounts of ultrasound coupling gel facilitated good 
visualisation of structures in the orbit (Figs. 3, 4). The 
20 B-mode ultrasound image was optimised by 
altering the time-gain curve, field-of-view and overall 
gain settings. When a focal abnormality in the eye 
was being viewed (e.g. melanoma) the lesion was 
positioned in the centre of the field of view of the 2D 
image. This ensured that the ultrasound beam was 
perpendicular to the object being examined, allowing 
optimum measurements to be made. 

The patient kept eye and body still, and the 
examiner held the transducer holder as steadily as 
possible (Figs. 3, 4). The motor was activated for 22 
seconds, causing the transducer to rotate about its 
own axis through 2000 (Fig. 2, top). After each l' 
angular movement, the resulting ultrasound B-mode 
video image was captured by a frame grabber 
(Precision Digital Images, Redmond, WA) and 
stored in the microcomputer (Fig. 2, bottom left). 
Care was taken to ensure that the cable from the 
ultrasound transducer never became twisted, and 
that it remained clear of the patient's face at all 
times. 

Immediately after the scan, the 200 B-mode 
images were reviewed on the microcomputer moni
tor sequentially, and evaluated to ensure that each 
had been accurately recorded and that no patient or 
examiner motion had occurred during the examina
tion. If any motion was evident, another data 
acquisition was obtained and the original one was 
discarded. Two satisfactory 3D data sets were 
obtained on each patient. 

The acquired images were reconstructed into a 3D 
image (Fig. 2, bottom right) using a computer 
program developed in our laboratory. Data recon
struction time was 140 seconds. 

The viewing software, also developed in our 
laboratory, allows the data to be viewed in different 
ways. The simplest involves presenting the acquired 
200 B-mode 2D US images to the examiner on the 
computer screen. This is the easiest method for most 
beginners to interpret, as the data are exactly the 
same as they would see in a standard examination, 
except that there are many more 2D images 
presented for review. The 3D display software allows 
the examiner to rotate the 3D image in any direction, 
and 'slice' it interactively to obtain the desired 
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Fig. 1. Motorised transducer holder. The white ultrasound 
transducer has been coupled with the black motorised 
holder. 

perspective. Viewing is also possible with other 
commercially available 3D viewing software. The 
microcomputer monitor (Figs. 5, 6) has two display 
windows: the 3D volume image window and a 
labelled cartoon of the eye. The 3D volume image 
is a cube containing all the diagnostic ultrasound 
information from the eye. With a computer mouse, 
this image can be easily rotated in any direction and 
then 'sliced' away to reveal the desired anatomy 
(Figs. 5, 6). After 'slicing' a certain distance into the 
3D image, one can activate another face of the 3D 
image and 'slice' into that face in exactly the same 
manner. In addition, a facility is available to 'slice' 
obliquely in any plane (Fig. 5c). 

The 'slice' displayed on the monitor changes 
almost instantaneously with movements of the 

2-D Images 

2·0 Images Storage / 

3-D Reconstruction 

3-D Volume Image 

Fig. 2. Diagrammatic representation of 3D image forma
tion. The transducer rotates about its own axis (top); 3 of the 
200 different 2D B-mode images obtained during a standard 
scan are shown. The images are stored in order (bottom left) 
and then reassembled in a cylinder (bottom right) ready for 
viewing at the workstation. 
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Fig. 3. 3D patient scanning. The coupled holder and 
transducer are applied to the closed eyelid llsing ultrasound 
coupling gel. 

mouse, so the impression the evaluator gets is very 
similar to that obtained while scanning a patient in 
real time. The orientation of the cartoon corresponds 
with the orientation of the 3D image, and the 'slice' 
of the 3D image being shown is also graphically 
marked on the cartoon (Figs. 5, 6). This ensures that 
one can always tell the location and orientation of 
any given 'slice'. The response time of the cartoon 
graphic is virtually instantaneous. 

Measurement of area is achieved by having the 
user outline a structure in a given 'slice' by dragging 
the mouse (Fig. 5c), and once the desired structure 
has been outlined the computer determines its area. 
By moving to adjacent 'slices' known distances away 
(e.g. 1 mm) and repeating the outlining process, the 
volume of the structure is obtained by summing the 
area in each 'slice' and multiplying that by the 
distance between 'slices'. The 3D images, as well as 
selected 'slices' and views from the volume, can be 
archived onto an optical disk which is interfaced to 
the microcomputer. Other image output devices may 
be attached to the microcomputer for other forms of 
archive: for example, an image printer, video tape 
recorder or slide maker. The images shown in this 

Fig. 4. 3D examination acqulSltlOn. The operator is 
holding the coupled holder/transducer in position on the 
eyelid while the transducer rotates about its own axis. The 
B-mode ultrasound images are being simultaneously 
displayed on both the ultrasound monitor and the computer 
screen. 
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article were printed directly from a Sony printer 
attached to the microcomputer. 

For this preliminary study, the images of five 
patients were evaluated by an ophthalmologist and a 
radiologist. All patients were asked to grade the 
level of discomfort during the examination as 
mild, moderate or severe. 

RESULTS 

Two 3D images were obtained in each case. In two 
cases, two 3D data sets were successfully obtained on 
the first attempt. In two more cases, a single extra 3D 
image was required, and in the fifth case two 

(a) 

(c) 

D. B. DOWNEY ET AL. 

additional 3D image acquisitions were required. 
The reasons for the extra images were patient 
motion (three examinations) and examiner motion 
(one examination) during the patient scanning phase 
of the examination. All examinations, including 
patient set-up, scanning review, reconstruction and 
3D image examination, were completed within 7 
minutes. No discomfort was reported upon direct 
questioning of each patient. 

Regardless of the viewing perspective chosen, the 
3D image conformed as expected with the pathology 
in each case. The transverse and longitudinal 
perspectives of the 3D image were the same as had 

(b) 

Fig. 5. Choroidal melanoma. (a) Side view. A melanoma 
(M) is shown in one plane and the optic nerve (ON) is 
shown superiorly in a plane at 90° to the original plane. The 
cartoon in the upper right corner shows the orientation of 
the globe. The different surfaces of the cartoon are labelled: 
S, superior; N, nasal; I, inferior. (b) Different planes and 
orientation. The same melanoma (M) is shown in a different 
orientation with the iris lying superiorly. Two faces of the 
tumour are shown in different planes. The cartoon shows 
orientation of both the globe and the planes being displayed: 
S, superior; N, nasal; T, temporal; I, inferior. (c) 3D 
measurement. In a given plane the outline has been mapped 
out by the operator and the computer has calculated the 
outlined area. (ON, optic nerve). To measure the tumour 
volume accurately in 3D, the operator moves to a plane 
parallel to the current plane but I mm away and repeats the 
measurement and the computer automatically computes the 
volume. This process continues until the entire tumour is 
measured. S, superior; N, nasal; I, inferior. 
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Fig. 6. Vitreous haemorrhage and retinal detachlllellf. In 
this 3D image, the iris is located superiorly and tlie optic 
nerve (ON) is inferior. A large vitreous haelllorrhage (VII) 
and an underlying retillal detachmellt (R D) ar(' shown in 
two planes. The cartoon shows th(' orientation and locilfion 
of [he image plane: T, temporal; I, illferior. 

been seen on the standard ultrasound. The newer 
viewing planes also appeared accurate with no 
obvious artefacts. 

In each 3D examination, the optic nerve was 
clearly shown (Figs. 5 and 6) in all cases, and its 
relationship to the different pathologies was clearly 
demonstrated (Fig. 5c). The contour of the globe was 
well preserved. No artefacts thought likely to distort 
the accurate clinical interpretation of the image were 
appreciated. 

In all five cases, the 3D ultrasound images 
correlated with the standard 2D ultrasound exam
inations, both clinically and surgically. There were no 
positive conventional ultrasound findings that were 
not appreciated on 3D ultrasound. In one patient 
with a post-traumatic vitreous haemorrhage (Fig. 6). 
the location and extent of a retinal detachment were 
reported to be shown better on 3D than on standard 
2D ultrasound by both the ophthalmologist and 
radiologist. Both reported it easier to obtain the 
maximum tumour length measurement on 3�. One 
examiner preferred to view the eye with the sclera on 
the left of the screen (Fig. Sa) while the other 
preferred the sclera at the top of the screen (Fig. 5b). 
Both perspectives were available. and both evalua
tors were pleased with the variety of perspectives 
available to them. 

Two illustrative cases are described below. 

Case 1. Choroidal Melanoma 

A 66-year-old man has been followed fori year with 
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a choroidal melanoma in his right eye. 3D ultrasound 
shows the lesion well (Fig. 5). including its relation
ship to the optic nerve (Fig. Sa). In addition, the 3D 
image allowed us to measure the volume of the 
tumour (Fig. 5c). Note how the tumour can be 
viewed in different orientations (Fig. Sa-c). 

Case 2. Post-trallmatic Vitreolls Haemorrhage and 
Retinal Detachment 

A 44-year-old man sustained multiple injuries in a 
motor-cycle accident. He had an extensive scleral 
laceration and vitreous haemorrhage that prevented 
direct visualisation of the retina. 3D ultrasound 
images showed the vitreous haemorrhage; also the 
posterior retinal detachment (Fig. 6). This was 
confirmed by both standard 20 ultrasound and 
surgery. As the viewing plane in the 3D image 
could be tilted in any direction, the evaluators 
believed this perspective to be superior to the 2D 
examination. 

DISCUSSION 

It has been two decades since ophthalmic ultrasound 
was at the forefront of ultrasound technology when 
the first array scanner was built for ophthalmic use.I'} 
Since then. its premier position has been gradually 
eroded with the newer ultrasound advances being 
directed to other body parts. Now that 3D ultrasound 
is being evaluated in viewing other areas,lJ-12 we 
believe it is important to assess its use in the eye. The 
eye is well known as an excellent acoustic medium, 
with no air or calcification in it. It is relatively 
immobile. with a high fluid content and significant 
differences in the acoustic impedances of its various 
components?''! The eye also has advantages that 
make it ideal for the use of 3D imaging technology: it 
is reasonably smalL which means the 3D US images 
require only moderate amounts of random access 
memory (RAM). and since there is no cardiac or 
respiratory motion. the scan acquisition requires no 
special gating and is completed in 22 seconds. 

Clearly. there is a need for a better method of 
displaying ultrasound information. At present, the 
best US diagnostic results are achieved by diagnos
ticians scanning the eye in different planes using 20 
technology and building up a 3D image in their 
minds? Usually. the longer one scans and the more 
imaging planes one utilises. the better one under
stands the pathology. Unfortunately. there is a limit 
to the length of time one can spend scanning. as some 
patients become restless. With this device. the total 
patient examination time is short: all our examina
tions took less than 7 minutes and data acquisition 
time was 22 seconds. We would expect to halve the 
total examination time with increased experience. 
The patient with post-traumatic changes reported 
significantly more discomfort during the conven-
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tional 2D scan than during the 3D scan. If this 
feature is confirmed in larger studies, it is likely to 
speed up patient examination and throughput times 
in busy clinics. 

With this new system, the time available for review 
is increased indefinitely, and the clinician can spend 
as much time as needed reviewing the images. In this 
study, both examiners spent more time than they 
would normally have done with a conventional 2D 
examination, evaluating details of the eye on the 3D 
scan. They believed that having the patient out of the 
room facilitated them in being more thorough in 
their assessments. Image evaluation can be done at 
any time, and cases may be discussed with colleagues 
long after the patient has left the facility. Fishman et 

al.20 considered 3D images to be an excellent focus 
for clinicians to discuss patient diseases. Indeed, as 
the images are digital and can be transferred by the 
usual methods of digital data transfer (for example, 
diskettes, telephone lines and computer networks), 
remote consultations and discussions are possible. 

The display software is easy to learn, with all 
activity being controlled by a computer mouse. The 
fact that it allows multiple 2D 'slices' to be viewed 
individually means that 'beginners' can relate to the 
images almost immediately. This is contrary to some 
previous 3D US systems whose surface-rendered 
images were very unfamiliar even to ophthalmolo
gists. 

Coleman et a1Y,17 have argued that 3D rendering 
of ophthalmic pathology is especially valuable in the 
globe because it clearly shows the relationship of 
orbital structures to each other, thus greatly helping 
the ophthalmologist to plan surgery. In the case of 
the orbital melanoma, the tumour location was 
clearly shown relative to other structures in the eye 
(Fig. 5). The display module allows the information 
to be displayed in novel planes, some of which may 
prove more useful than the conventional planes 
currently used. 

3D imaging allows tumours and intraocular haem
orrhages to be accurately measured, which is 
essential for evaluating the prognosis and making 
appropriate decisions in managing some intraocular 
tumours?l In evaluating these patients over time 
there is a need for ultrasound measurements to 
become more standardised, accurate and repeatable, 
particularly for the evaluation of lesions with 
tapering or ill-defined edges.s With conventional 
2D ultrasound, reproducing the exact planes on 
which the original measurements were done may be 
very difficult. If the entire lesion is preserved in a 3D 
image, a more precise measurement is likely. A 
disadvantage of the system is an inability to visualise 
the entire globe with a single acquisition, so that 
abnormalities especially in the anterior aspects of the 
eye may be incompletely visualised or missed 
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completely. To perform a thorough examination of 
all parts of the globe, we believe that at least three 
and possibly more data acquisitions in different 
orientations need to be obtained. 

Dynamic information, which is often very helpful 
in diagnosing such conditions as retinal detachments 
and vitreous floaters, is not available with the 3D 
scan. In addition, contact problems between the 
ultrasound transducer and eyelid are much more 
likely than with standard ultrasound examinations. 
During standard examinations subtle changes are 
made by the examiner to ensure optimal transducer 
contact. Such minor movements are not possible with 
the 3D system as they would interfere with the 
geometry of the final image. 

In conclusion, this inexpensive and uncomplicated 
prototype 3D ultrasound imaging device, which can 
be coupled to any standard ultrasound machine, 
produced high-quality images quickly and without 
causing significant patient discomfort. It allows 
immediate and convenient access to hundreds of 
2D US image planes, in addition to providing 3D 
perspectives. 
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