the flat-panel display are fixed at 90° on opposite
sides of the mirror by a rigid mount. The video
signal from the sonographic scanner is trans-
mitted to a desktop computer (AMD Athlon,
1.2 GHz; AMD, Sunnyvale, CA), which performs
the rotation, scale, and translation necessary to
display the sonographic image at its correct size
and position on the flat-panel display. Cali-
bration of the Sonic Flashlight was achieved by
aligning a water-filled balloon with its sono-
graphic image through visual inspection.

The cadaver was a female of unrevealed age
and cause of death. Simulated retrobulbar injec-
tion was performed via insertion of a 40-mm
25-gauge needle (Fig. 2). An ophthalmologist
with no prior experience using the Sonic
Flashlight performed 2 procedures. In the first
procedure, the needle was passed tangentially to
the globe and directed toward the orbital floor,
simulating a retrobulbar injection. In the second
procedure, the globe was intentionally perforated

Figure 2. Using the handheld RTTR device. The operator looks
through the half-silvered mirror to guide a retrobulbar injection.

J Ultrasound Med 21:1131-1135, 2002

by aiming toward its center. In each procedure,
the entry point was in the inferotemporal quad-
rant, one third of the way in from the lateral
canthus. The Sonic Flashlight sonographic
transducer was placed on the eyelid with the
sonographic slice intersecting the globe and
the needle.

Results

With the use of the Sonic Flashlight, the globe,
optic nerve, and retrobulbar space were visual-
ized at their expected physical locations relative
to the external anatomy (Fig. 3). The needle was
inserted in the plane of the RTTR sonographic
slice, allowing the needle tip to be followed
throughout its entire path (Fig. 4). The needle
was clearly seen passing inferior to the globe and
into the retrobulbar space while easily avoiding
surrounding structures. With the same tech-
nique, the needle puncturing the globe was also
clearly visualized (Fig. 5). The operator found the
device intuitive to use, although some hand
fatigue was reported after 10 to 15 minutes. The
system seemed to work best when the same per-
son operated both the Sonic Flashlight and the
needle.

Figure 3. Photograph taken from the viewpoint of the opera-
tor showing a sonogram of the orbit and the internal anatomic
features. The globe, optic nerve, and retrobulbar space labeled
above are easily identified.

Chang et al

1133



Retrobulbar Injection With Real-time Tomographic Reflection

Discussion

Previously we showed that RTTR could integrate
human vision and sonographic images without
any operator or instrument tracking but had not
tested it on the human body. In this study we
used RTTR to visualize the insertion of an inva-
sive instrument into the human body. Our results
are preliminary but quite promising. Unlike cur-
rent sonographic guidance techniques in which
natural hand-eye coordination is displaced,
RTTR integrates the sonographic image into the

operator’s view of the patient, allowing the oper-
ator to use innate hand-eye coordination.
Furthermore, whereas conventional sonograph-
ic guidance uses a fixed in-plane guide to estab-
lish geometric relationships, RTTR allows the
user to operate in or out of the plane of the sono-
graphic slice. Real-time tomographic reflection
provides the viewer with a three-dimensional
sense of the sonographic slice’s physical location,
thereby imparting an understanding of the inter-
nal anatomy relative to the external anatomy as
well as to the needle tip location.

Figure 4. Simulated retrobulbar injection guided by RTTR. A and B, Initial insertion of the needle. The arrow denotes the location of the needle tip.
C-E, The needle is shown at its actual physical location as it is advanced into the retrobulbar space.

1134

J Ultrasound Med 21:1131-1135, 2002



. o
¢

Figure 5. Perforation of the globe with a needle visualized by
RTTR. The arrow denotes the location of the needle tip.

Our application to retrobulbar injection was
motivated by the ease of performing this proce-
dure on a cadaver. Although preventing compli-
cations from such procedures would make an
enormous difference in individual cases, the fre-
quency of such complications is relatively low.
Beyond its application to the eye, we envision
RTTR being used more commonly for outpa-
tient and bedside procedures, including vascu-
lar access and biopsy, as well as more critical
procedures such as thoracentesis and paracen-
tesis.

We are currently planning the next version of
our handheld prototype using a smaller, thin-
ner, less reflective mirror as well as a smaller
transducer. These changes will reduce the
weight and associated hand strain. It should be
noted that the external computer in our current
prototype will not be necessary once RTTR is
incorporated into a commercial sonography
machine. In the future, a collapsible version of
the Sonic Flashlight could be small enough to
fit into the clinician’s pocket, much as a stetho-
scope does today.
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