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Fig. 17. An in vivo laparoscopic cholecystectomy experiment usix.lg the FAce MOUSe éystelxl.

and easy and intuitive camera guidance (for Step 2 of Fig. 4), iment. The operating surgeon, however, did make the negative
from the surgeons who performed or looked in during the exper-  comment that after the gxperiment he felt a little fatigue in his
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;neck from a lot of rolling face motions. In fact, he made rolling
gestures 187 times (= 97 + 90), that is, 4.2 times/min during
‘the operation.

,\ V. COMPARATIVE STUDY WITH A SOLO SURGERY SIMULATOR

To test the advantage of the proposed system compared to
[other existing human—machine interfaces, a comparative exper-
1ment was conducted using a laparoscopic solo surgery simu-
‘lator. The reason for using the simulator, not the real system, is
‘because we wanted reproducibility and objectivity in our com-
‘parative evaluation.

A Solo Surgery Simulator

Qur solo surgery simulator consists primarily of a main
.computer (CPU: AMD Athlon 1.4 GHz, OS: Windows 98) and

‘a commercially available instrument simulation device, VLI

.(Immersion Corporation, San Jose, CA, USA), which tracks
“the 3-D motion of a pair of laparoscopic surgical instruments.
. The computer simulates a laparoscope, patient body and body
“tissue, a camera-holding robot manipulator, and two surgical
instruments, and generates virtual laparoscopic images using
the Open GL graphics library. This simulator has several
standard communication capabilities, such as RS232 serial
“ports so that a “real” human—machine interface such as FAce
{ MOUSe can be directly connected with the simulator instead of
“real” laparoscope manipulator. The details of our simulator
can be found in [20] and [21].

B. Woice Control Interface

We developed a voice-activated system as an alternative
laparoscope control interface [21]. Our voice control system
has two modes of movement (continuous and discontinuous),
similar to that of the commercial voice-activated laparo-
scope-holding robot, AESOP [4]. Continuous movement is
activated with a single Japanese word direction: “HIDARI”
(“left”), “MIGI"(“right”), “UE” (“up”), “SHITA” (“down”),
“KAKUDAI” (“magnification”), “SHUKUSYOU” (“reduc-
tion”). The robot would move the laparoscope in the desired
direction until the command “MARU” [“period” (full stop)] is
voiced. The discontinuous mode uses the same commands as
before, preceded by the adverb “SUKOSHI” (“a little”), and
the robot would move the camera toward the corresponding
. direction by a predetermined short distance.

C. Assessment Task

The assessment task was designed to simulate the process of
a “dissection of the gallbladder from the liver,” which is one
of the basic and frequent operations in a laparoscopic chole-
cystectomy. During this process,.the surgeon applies a cutting
-tool to the dissection location in the gallbladder bed (and repeats
- this same action until the dissection is complete). Fig. 18 shows
'the comparison between a real laparoscopic i image taken during
;the actual process of the dissection of the gallbladder from the
iliver, and the corresponding image generated by our simulator.
%The large sphere and three small spheres correspond to the gall-
bladder and three dissection locations on the gallbladder sur-
sface, respectively. The basic graphical model and instrument

B
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Fig. 18. Screenshots of “dissection of gallbladder from liver.” (a) A real
laparoscopic image taken during an actual cholecystectomy operatnon (b) A
virtual laparoscopic image generated by our simulator.

operation portion of the assessment task were inspired by those
of the commeicially available, computer-based surgical trainer,
MIST VR [16]. Because the camera movement process was not
included in the MIST VR tasks, we worked out a camera-control
induction mechanism for this assessment of laparoscope control
interfaces. :

' Camera-control induction mechanism: Let dscope be the dis-
tance between the tip of the laparoscope and the center of gravity
of the target sphere. Also, let f5cope be the angle between the
direction of the longitudinal axis of the laparoscope and the di-
rection from the tip of the scope to the centroid of the target. In

«our simulator, the target under consideration can be touched or

grasped if, arid only if, it is captured with the appropriate magni-
fication in the video center, that is, dscope < Tg and Oscope < T,
where Ty and T} indicate predetermined thresholds. This in-
evitably produces regular camerawork without exception.

The state of the target sphere is represented by its color, which
serves as feedback mfmmatmn for the operator. For example,
the operator can tell whether the above condition concerning
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Fig. 19. Results of comparison between face and voice control interfaces. (a) Task completion time. (b) Camera moving distance. {c) The number of commands.

(d) Instrument moving distance.

dscope aNd facope i8 satisfied by confirming the color of the target
(e.g., light blue indicates the target has been appropnately cap-
tured).

D. Experimental Setup

To validate the advantage of using a continuous face position
to guide the scope, the FAce MOUSe interface was compared
to the voice control interface using the solo surgery simulator.
For this experiment, the environment of Fig. 13 was conscien-
tiously simulated on the computer and the assessment task de-
scribed above was applied. This experiment involved three sub-
jects. During the task execution, the coordinates of the tip point
of the laparoscope, the coordinates of the tip point of the sur-
gical tool, and the type of camera control commands were se-
quentially logged in a text file. After completion, the task be-
ginning time and termination time were also logged in the file.
Then, the number of camera control commands, camera moving
distance, instrument moving distance, and task completion time
were analyzed from the log file. In the experiment, the radius
of the gallbladder sphere was 15 mm and that of the dissection
sphere was 7.5 mm. The parameters for task management were
as follows: Ty = 125 mm and Tp = 5°.

E. Results and Discussion

Experimental results are illustrated in Fig. 19(a)—(d). In this
figure, the white bar indicates data for the face tracking-based
system while the black bar indicates the result by voice control.

« For all subjects, both the task completion time and the la-
paroscope moving distance were shorter for the face mo-
tion-based interface compared to the voice control inter-
face [Fig. 19(a) and (b)]. This is probably because the
FAce MOUSe system allows the operator, while guiding
the scope, to make continuous fine adjustments of not only
the direction of scope motion but also its motion velocity;
using the continuous face motions, the operator can guide
the laparoscope more efficiently and quickly, and thus
the scope can take the shorter route to the target. Conse-
quently, the time to complete the task can also be reduced.

* For all subjects, the number of camera guidance com-
mands using the face control was smaller than the number
using the voice control interface [Fig. 19(c)]. In the dissec-
tion task, the operator needs to position the laparoscope -
with high aCCiJra'cy to remove the small target spheres.
In this expenment all the subjects had to give the same
voice command | many times over for fine adjustment of
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the scope position. To the contrary, they all could keep the
command losses to almost a minimum when using FAce
MOUSe. Please note that there is little difference among
the individuals in the face command number. A

« For all subjects, the instrument moving distance was
longer for the face interface compared with the voice
interface [Fig. 19(d)]. The differences between them
seems mainly due to the result of the accumulation of
slight instrument movements accompanying quick face
motions, such as rolling gestures.

The results of Fig. 19(a)-(c) demonstrate the effectiveness
of our novel approach, as well as the main advantage of con-
tmuous nonverbal human-machine interactions. On the other
hand, another result [Fig. 19(d)] suggests that the face motion
‘may have had a negative influence on precise surgical actions.
Nevertheless, the task completion time with the face interface
was shorter, and the in vivo laparoscopic experiment was suc-
cessfully and safely performed on a pig with our system, as de-
scribed above. Thus, the influence of face motion on instrument
'operation may not be a serious problem in the more simple ma-
nipulations performed during a laparoscopic cholecystectomy,
but it may lead to major restrictions for the surgeon in opera-
itions where more complex surgical techniques are required. A
‘more detailed analysis and investigation of the influence of fa-
‘cial motions will be one of our.future studies.

VI. CONCLUSION

We have developed a new robotic laparoscope positioning
system for solo surgery based on a real-time, face-tracking
technique. In both ex vive and in vivo experiments, our system
succeeded in freeing the surgeon’s hands and feet from the
Iaparoscope guiding task while achieving safety, rapid reaction,
‘and high positioning accuracy. Ina comparative experiment using
:a solo surgery simulator, the face control interface was more
efficient in laparoscopic camera functions than voice control,
even under the stress of controlling the instruments. The major
advantages of our approach are summarized as follows: 1) easy
it0 use: the system allows complete hands-off and feet-off laparo—
f‘scope operations, which makes the surgeon more comfortable; 2)
:rapid reaction: nonverbal instructions by face gesture cornmands
are more intuitive and faster than verbal instructions (typically
voice commands). In practice, eur system can make a frame-rate
‘(30 Hz) response to the surgeon’s face commands by realizing

‘proposed system does not require the surgeon to put on a micro-
‘phone or use head-mounted (body-contact) sensing devices. It is
natural and generally nonstressful for the surgeon; and 4) precise
'operation: the face motion can represent not only the direction of
scope motion but also the degree of motion, such as velocity, so
that the laparoscope positioning accuracy can be improved.
.« Now we are studying an improved method for guiding the
laparoscope based on the visual tracking of both the surgeon’s
face and the surgical instruments [19], with the goal of reducing
inot only mental stress but also physical stress, such as neck
Hatigue. A more exhaustive comparative study between our
isystem and other human—machine interfaces is also important

%E(}nd on-going [20], [21].
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Summary

Intraoperative Complications and Their Pre-
vention in Laparoscopic Surgery

Mitsugu Sekimoto*, Masayuki Ohue*,
Hirofumi Yamamoto*, Masataka lkeda*,
Masakazu Ikenaga*, Shuji Takiguchi®
and Morito Monden*

Among the many problems associated with laparos-
copic surgery, complications associated with trocar
insertion, and troubles with intraoperative hemostasis
are common in various laparoscopic procedures, and
frequently result in severe morbidity. Injuries to
intraabdominal organs and major blood vessels
through establishment of pneumoperitoneum, or inser-
tion of the trocar are rare, but when they occur, many
are fatal. Many types of trouble with various instru-
ments used for laparoscopic hemostasis, are reported
in the literature. In this paper, we described their
incidence, diagnosis, and prevention.

Key words : laparoscopic surgery, trocar, injuries to
organ, bleeding, complication
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Laparoscopy assisted low anterior resection of the rectum for rectal cancer
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