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SYSTEM FOR REMOTE GUIDANCE BY 
EXPERT FOR IMAGING DEVICE 

RELATED APPLICATION 

This application claims the bene?t of US. provisional 
application No. 60/893,245 ?led Mar. 6, 2007 and is a con 
tinuation-in-part ofU.S. application Ser. No. 10/126,453 ?led 
Apr. 19, 2002 (now US. Pat. No. 7,559,895, issued Jul. 14, 
2009), Which is a continuation-in-part of US. application Ser. 
No. 09/686,677 ?led Oct. 11, 2000 (now US. Pat. No. 6,599, 
247, issued Jul. 29, 2003). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to image display 

devices and methods of using the same. More particularly, the 
present invention relates to methods and devices for combin 
ing a re?ection of a tomographic image With human vision 
during subcutaneous medical procedures in Which a user may 
remotely interact With and provide guidance for the medical 
procedure being performed. 

2. Description of the Background 
Because human vision depends at least partially on the 

detection of re?ected visible light, humans cannot “see” into 
objects through Which light does not pass. In other Words, 
humans cannot see into the interior sections of a non-trans 

parent, solid object. Quite often, and in many different tech 
nology areas, this sight limitation may impede or hinder the 
effective completion of a particular task. Various partial solu 
tions to this problem have been utilized in the past (miniature 
cameras, x-ray methodologies, etc.). HoWever, there is a con 
tinued need for improvement to the methods by Which the 
interior of an object is displayed, especially using a real-time 
imaging modality. 

Perhaps in no other ?eld is this sight limitation more of a 
hindrance than in the medical ?eld. Clinical medicine often 
calls for invasive procedures that commence at the patient’s 
skin and proceed inWard to signi?cant depths Within the body. 
For example, biopsy needles introduced through the abdomi 
nal Wall to take samples of liver tissue for diagnosis of cancer 
must pass through many centimeters of intervening tissue. 
One potential problem With such procedures is the lack of 
real-time visual feedback in the vicinity of critical structures 
such as the hepatic arteries. 

Standard imaging modalities such as ComputeriZed 
Tomography (CT) and Magnetic Resonance Imaging (MRI) 
can provide data for stereotactic registration of biopsy 
needles Within targets in the liver, lungs, or elseWhere, but 
these methods are typically characteriZed by the physical 
displacement of the patient betWeen the time of image acqui 
sition and the invasive procedure. Real-time imaging modali 
ties offer more immediate feedback. Among such real-time 
modalities, ultrasound may be Well-suited for guidance of 
needles because it preferably is relatively portable, is inex 
pensive, produces no ioniZing radiation, and displays a tomo 
graphical slice, as opposed to angiography, Which displays a 
projection. Compared With angiography, ultrasound may 
offer the additional advantage that clinicians are not rushed 
through procedures by a desire to keep exposure times to a 
minimum. 

Conventional tWo dimensional (2D) ultrasound is routinely 
used to guide liver biopsies, With the needle held in a “guide” 
attached to a transducer. The guide keeps the biopsy needle in 
the plane of the image While the tip of the needle is directed to 
targets Within that same plane. This system typically requires 
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2 
a clinician to look aWay from his hands at a video monitor, 
resulting in a loss of direct hand-eye coordination. Although 
the clinician can learn this less direct form of coordination, 
the natural instinct and experience of seeing one’s hands 
before one’s eyes is preferred. 
As a further disadvantage, the needle-guide system con 

strains the biopsy needle to lie in the image plane, Whereas the 
clinician may prefer the needle to intersect the image plane 
during some invasive procedures. For example, When insert 
ing an intravenous (IV) catheter into an artery, the optimal 
con?guration may be to use the ultrasound image to visualiZe 
the artery in cross-section While inserting the needle roughly 
perpendicular to the image into the lumen of the artery. The 
prior art system just described may not be capable of accom 
plishing this task. 
A related visualiZation technology has been developed 

Where three dimensional (3D) graphical renderings of previ 
ously obtained CT data are merged With an observer’s vieW of 
the patient using a partial or semi-transparent mirror, also 
knoWn as a “half-silvered” mirror. A partial mirror is charac 
teriZed by a surface that is capable of both re?ecting some 
incident light as Well as alloWing some light to pass through 
the mirror. Through the use of a partial mirror (or other 
partially re?ective surface) a vieWer may see an object behind 
the partial mirror at the same time that the vieWer sees the 
image of a second object re?ected on the surface of the mirror. 
The partial mirror-based CT “Image Overlay” system 

requires independent determination of location for both 
patient and observer using external 6-degree-of-freedom 
tracking devices, so as to alloW appropriate images to be 
rendered from pre-acquired CT data. 

Another recently developed imaging technology merges 
ultrasound images and human vision by means of a Head 
Mounted Display (HMD) Worn by the human operator. The 
location and orientation of the HMD is continuously deter 
mined relative to an ultrasound transducer, using 6-degree 
of-freedom tracking devices, and appropriate perspectives of 
the ultrasound images generated for the HMD using a graph 
ics computer. 

These prior art systems may not be appropriate foruse With 
a practical real -time imaging device. Controlling the multiple 
degrees of freedom can be dif?cult, and the systems may have 
too many complex parts to be useful. As such, there is recog 
niZed a need in the art to provide a device capable of merging 
a human’ s normal vision of an object With an “internal” image 
of the object that emphasiZes freedom of operator movement 
and/or simplicity of design. 
Numerous circumstances arise Where the expertise of a 

trained specialist may be advantageous or required for the 
performance of a procedure. For example, a medic in the ?eld 
of battle may be required to access the femoral vein of a 
Wounded soldier. While the medic may take advantage of 
local tomographic imaging devices, the expertise of a medical 
professional Would prove invaluable in performing the pro 
cedure. HoWever, it may be physically impossible for the 
medical professional to be present in suf?cient time to save 
the life of the solider. There has been a long-standing need in 
the medical imaging community for systems and methods 
that alloW a remotely located expert to take advantage of 
locally generated tomographic images to aid in performing a 
task. The present invention addresses that need. 

SUMMARY OF THE INVENTION 

The present invention contemplates, in at least one pre 
ferred embodiment, a device and method for merging human 
vision of the outside of a target object and a re?ected tomo 
























