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ORIGINAL ARTICLE

Computer-assisted surgery and
computer-assisted telesurgery in
otorhinolaryngology

Ivica Klapan, MD, PhD; Zeljko Vranjes, MD, PhD ; Ranko Risavi,' MD, PhD;
Ljubimko Simicic, BSEE ; Drago Prgomet , MD, PhD ; Branko Glusac, MD

Abstract
Surgical preparation is enhanced by the ava ilability of
computer-generated three-dim ensional models that allow
surgeons to exp lore the surgical field in various projec
tions prior to an actual operation. In fa ct, with adequa te
computed tomography images, an entire ope ration can be
simulated beforehand so that surgeons can plan the safest
and most effective approach and be prepared to avoid or
overcome obstacles during the actual procedure. Also,
computer technology allows surgeons to conduct remote
consultations and to even perform telesurg ery-i-that is, to
operate on a patient fro m a great distan ce. In this article,
we describe our expe rience with computer-ass isted local
and remote endos copic sinus surgery in Croatia.

Introduction
In 1992, a rhinosurgical research team was organized in
the Department of Otorhinolaryngology-Head and Neck
Surgery at the Zagreb University School of Medicine and the
Zagreb University Hospital Centre in Croa tia.The members
of this team developed a novel approac h to head and neck
surgery: three-dimensional computer-assisted functional

t Deceased.
From the Division of Plastic and Reconstructive Head and Neck Surgery

and Rhinosinusology. Department of Otor hino laryngology-Head
and Neck Surgery, Zagreb University School of Medici ne and
Zagreb University Hospital Centre, Zag reb, Croa tia (Dr. Klapan,
Dr. Risavi, and Dr. Prgomet): the Reference Centre for Computer
Aided Surgery and Telesurgery, Ministry of Health, Zagreb (Dr.
Klapan, Dr. Vranjes, Dr. Risavi, and Dr. Glusac); the Department
ofOtorhinolaryngology-Head and Neck Surgery, Osijek University
Schoolof Medicine and Osijek University Hospital, Osijek, Croatia
(Dr. Vranjes); the Department of Physics, University of Zagreb
(Dr. Simicic); and the Division of Otorhinolaryngo!ogy, Makarska
Medical Ce ntre, Makarska. Croatia (Dr. Glusac).

Reprint requests: Professor Ivica Klapan, MD , Department of Otorhin o
laryngology-Head and Neck Surgery, Zagreb University School of
Medicine. Salata 4, HR- I0000 Zagreb, Croa tia. Phone: 385-1-492
0038; fax: 385-1-492-0632; e-mail: telm ed @mef.hr

This work was supported in part by an unrestricted grant (No. 0 I08543)
to Dr. Klapan from the Ministry of Science, Educatio n, and Sport ,
Republic of Croatia.

318

endosco pic sinus [micro]surgery (3D-C-FESS). On May
12, 1994, the first 3D-C-FESS in Croatia was carried out
in the Department of Otorh inolaryngology-Head and Neck
Surgery at the Clinical Medical Centre in Zagreb. The
patient was a 12-year-old boy who had been blind ed in
the left eye by a gunshot wound. The bullet had damaged
the left orbit, lower eye lid, and conjunctiva and caused
profuse retinal, preret inal, and subretinal hemorrh age.
The vitreous body was diffusely tinged with blood. The
surgery was successful, and 6 years later the boy's left eye
and vision were completely normal.

On May 15, 1996, a rhinosurgical research team at
Zagreb University conduc ted the first remote radiologic
surgical teleconsultation as part of the 3D-C-FESS project.
Th e preoperative teleconsultation took place in Zagreb
between physician s at Clini cal Medical Centre Salata and
physicians at Merkur University Hospital.

On October 22, 1998, the rhinosurgical research team
conducted the world 's first remote 3D-C-FESS. 1.2 Since
then, we have taken part in severa l other telesurgeries. In
this article, we describe what we have learn ed dur ing this
experience.

Rationale for computer-assisted surgery
Although computed tomography (CT) is a very effec tive
aid in plann ing and performing endos copic surgery in
the head and neck,' .• it does have some limit ations. For
example, sometimes it is not possible to precisely local
ize the tip of an instrument in the operative field relative
to the target site shown on the CT image. In such cases ,
surgeo ns must rely on their experience and perhaps even
intuiti on to complete an operation. An alterna tive to CT is
computer-ass isted three-dimensional visualization, which
offers surgeons a considerably better view of the operative
field in real time (figure 1).5

DICOM standards
The main requisite for a computer-ass isted visualization
system is a high-qu ality image.The development ofsystems
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Figure 1. Compute r-assisted visualization is a good alternative to CT.

for data exc hange betwee n mult iple diagnostic instru 
ments and computer networks led to the establishment of
DICOM standards, which codify the forms and modes of
data exchange . DICOM is an acronym for Digital Imaging
and Communications in Medicine"

Before DICOM standards became widely accepted,
image recordings were stored on film. But even under
idea l conditions, film could record only 16 differe nt image
levels at most.Also, the process of transferring film images
onto computer storage disks resu lted in the loss of some
anatomic information and the probable introdu ction of
unwanted artifac t. Moreover, the level setting and window
width of the images could not be change d.

Because video images seen on diagnostic device moni
tors are considerably better than film images, they are used
for storage in com puter media. These video images are
capable of containing as many as 256 image levels, and
it is possible to subsequently modify the level setting and
window width once they have been stored in the computer
system.

When images are transferred to computer systems in
accordance with DICOM protoco ls, they are stored in the
same for m that was generated by the diagnostic device
without data loss. This is particularly importa nt when im
ages are retrieved for use during complex exa minations
and durin g preoperative preparation, as a precise demarca
tion is needed to distinguish diseased from healthy tissue.
DICOM images can be visualized from different aspects
and used to develop three-d imensional models.
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Computer-assisted preoperative preparation
Surgical preparation is enhanced by the ava ilability of
three-dimensional models that allow surgeons to explore the
surgical field in various projections and to simultaneous ly
view multiple model sections (figure 2). With programs
such as Virtual Endosco py and Virtual Surgery, an entire
ope ration can be simulated prior to the actual surgery

Figure 2. A three-dimensional model shows the cranial anat 
omy.
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Figure 3. With programs such as Virtual Endoscopy, entire
operations can be planned and simulated prior to the actual
surgery.

(figure 3).7.8As a result , surgeo ns can plan the safes t and
most effec tive approach and be prepared to avoid or over
come obstacles durin g the actual procedure . Also, these
models can be entered into a variety of softwa re programs
and transm itted to distant radio logic and surgical sites for
preoperat ive consultation (Tele-Virtual Endoscopyj.!"

The development of our 3D-C-FESS system involved
the use of a variety of computer programs and systems.
The initial modeling was done with VolVis, VolPacki
vpre nder, and GL Ware programs on a DECstation 3 100
computer. As programs were upgraded and refined, we
subsequently used 3D Viewnix V 1.0 and V 1.1 software,
the AnalyzeAVW system, the T-Vox system, and the
Omn iPro 2 sys tem on Silicon Graphics 0 2, Origin200,
and Origin2000 computers.

Computer-assisted surgery
The use of a com puter durin g surge ry/telesurgery requires
highly reliable, stable, and fast computer systems.Computer
work stations with UNIX-comp atibl e operating systems
are most commonly used. Because a surgeo n's hand s are
engage d in performi ng surgery, he or she cannot opera te
the computer, and the presence of a computer system
expert in the opera ting theater is necessary. However, a
surgeo n can opera te some computer systems by voice.
Mode l movements on the monitor and vario us projections
and sections can be viewe d by issuing simple, short voice
instructions during surgery.

During our initial computer-assisted procedures, spatial
orientation within the operative field of a three-dimensional
computer model and transfer of a particular point to the
real opera tive field within the patient were performed by
arbitrary approxi mation of the know n reference points of
the operative field anatomy.10 In this way, the give n enti-
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Figure 4. The major problem with computer-ass isted surgery is
transmission of the actual operative-field coordinate system to
the coordinate system of the three-dimensiona l spatial model.

ties were simultaneously recognized on the model and in
the real operative field. II This method fac ilitated access
to the opera tive field, but it could not guara ntee absolute
safety at critical points.

The use of a three-dimensional spatial model of the
opera tive field dur ing surgery has pointed to the need for
simulating the posit ion of the tip of the instrument (e.g.,
endoscope and forceps) within the com puter model. The
major problem is transmission of the actual operative
field coo rdinate system to the coordinate sys tem of the
three-dimensional spatial model that has been previously
designed from a series of CT images dur ing preoperative
preparation (figure 4). 10.1 2

Several modes of instrum ent localization within the
operative field are used-electromagnet ic, optic, and
mechanical:

• The elect romag netic method is very sensitive to en
vironmental electromag netic fields (e.g ., those generated
by electrical devices) and to large amounts of metal (e.g.,
cabinets, tables, and instrum ents). Therefore, the basic
default prec ision of localization within the field is in
adequate for surgery.

• Optic locators have proved to be suitable, but they
are relatively ex pensive and less precise than mechanical
locators.
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Figure 5. Computer-assisted telesurgcry can be perfonn ed at a
distance with the assistance ofvideo and audio transmission and
sophisticated endoscopic cameras.

• The primary shortcoming of mechanical locators is
their inability to reach deep areas within the operati ve field .
Thi s problem might be solved by redesignin g instrument s
so that the tips are thinner and longer.

Teleconsultation and telesurgery
Computer-assisted consultation and surgery can be per
formed at a distance with the assistance of video and
audio tran smi ssion and sophisticated endoscopic ca m
eras (figure 5). Preoperativ ely, a consulting surgeon can
receive CT images from a remote location , exa mine the
images, develop a three-dimensional spatial model , and
transfer all this information back to the remote location ."
Intraoperati vely, staff and co nsultants both near to and
far from the actual operating table can view the operation
"live" via the endoscopic camera images, and they can
follow the progress of the surgery on the three-dimension al
computer mod els.' ? In most cases , a netw ork can be set
up so that intraoperative con sultations can be obtained
from multiple location s. The und erly ing principle behind
telesurgery is that it is often better to move the data than
to move the patient.

Postoperative analysis
All relevant pre- and intraoperati ve data (e.g., CT images,
test result s, three-dimensional model s, and video of the
surgery) can be stored on a CD-ROM disk and reviewed
for postope rati ve analysis.' An analysis and critique of a
computer-assisted surgical procedure may identify short
comings and areas that need improvement. Thi s may be
especially valuable when rev iewing the particularly criti cal
points of an operation. Such a record is also useful as a
teaching tool and as perm anent documentation in case a
medicolegal issue arises.

Volume 85, Number 5

Computer networks
Once a local DICOM-compliant computer-a ssisted sur
gery system is established, the next step is to create an
interactive network of such program s among appropriate
institutions. With such a network, physicians at participat
ing institutions can consult almos t instantaneously with
each other and tran smit textual , image , and other data. Of
course, the con sult ation itself can be record ed and stored
for furth er use.
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