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Abstroct Bachground:

Microvascular condition is the main factor in successful free-tissue transfer, which has

gained increasing popularity during the past 20 years. Detection of carly failure is of paramopunt importance
for salvaging ischemic flap. Color is more frequently used as a clinical indicator in detecting flap ischemia,
However, expertise is needed in detection the subtle change of color. By using digital camera, pictures taken
serially can be analvzed by personal computer Lo compare the degree of color changes, With this hypothesis,
we experimentally created an ischemic stale in volunteers and correlated the differences of color with the
disturbances of blonod supply in digital camera picturces.

Objectives: To detect early change in color of lissue ischemic state by using digital caumcera,
Materials and Methads: A pneumatic tourniquet was applicd to the Ieftarm of 5 healihy colleagues with
250 mmilg pressure for 15 minutes, Twa different digital cameras (Kodak DC 260 and Olympus Camedia C-
2000) were used together simultancously, in order 10 compare (wo studies at the same time, The photograph
was taken serially every 3 minutes since the pressure was applied. The pictores were analyzed by Adohe
Photoshop soltware to measure the skin color over their forcarms in RGB and CMYK modes. Stata statistic
program was used for data analysis, The values of the colors were platied corresponding to the time intervals,
The difference of color magnitude was calenlated and analyzed.

Results: The preliminary study showed the differences in magnitude of colar change ar different time
intervals., But statistic significance conld notbe measured due to the limited number of the samples. However,
Thereis atrend that digital cameras can possihly detect subtle change of color imischemic state though invisible
Lo the human eyes,

Conclusion:  Digital camneras may aid in predicting ischemic state. However, further studies in clinical

trial arc necded 1o conclude the results, Therefore, the method of measuring changes of colors with a digital

camera will be applied 10 patients in Songklanagarind Hospital soon.

Microvascular coudition is the mam factor i
successful free-tissue transter, which has gamed
increasing poprdarity during the past 20 vears, ' Early
detection of failure is of paramount importance in
salvaging the ischemic flap, especially during the first
36 hours post-operative.” Currenty die most velinhle
detection method is intravascular oxvgen tension:
however, this takes time and well-urained technicians,
and isalso very expensive. ™ Many methods have been
proposed and wtied, but so far no reliable and casy

alternative has been {ound.''" Once ischemia has

“Fresentad af the 25th Annual Scientiic Meeting of the Royal
Coflege of Surgeons of Thalfand, July 2001, Pattaya. Thaland.

begunitis casily derectable by the color changesin the
blood; however, considerable expertise is r(-quire(l to
deteet early changes, and the sharpness of hunman
cvesight is different in each individuals, ™

New advances in photogrpahy and computers
may be applicable to this problem.

MAaTERIALS AxD METHODS®

A pnewmatic ourniquet was applicd to the left

artns of b volunteers, with 250 minlly pressure tor 5

* Asthiy study pnaodoed human experimeitation, apfrovalwas oblained
from the Hospital Ethics Commties,
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minutes, in orcder to minnice the ischemic state of free
Two dilferent cameras (Kodak  DC 260 and

Olympus ™ Camedia C-200) were used simultanecously

fTap.

i order o compare the results. Photographs were
taken serially of the lell forearm everv 5 minutes

heginning [rom the application of the tourniguet,

Lighting wasstandard operating room brighiness, ancl

=
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the photographs were taken using the fixed {ocal
length of cach cianera, 26 cm for Olvimpus and 30om
forKodak - which give the best pertormance formacyo-
moce tor cach camera (Figure 1), Photogrpahis were
taken at 4, 3, 10, and 15 minuces, at which tme the
Tourmguets were released,

The photographswerethenanalyzed hythe Adobe
Phowshop  computer program 1o measure skin color
and luminosity over the subjects” forearms in RGB and
CMYK modes ar beginning of our experiment,
However, we subscequentlvlcarned that the RGD mode
Color

intensity was measurec i lumimositv-acdjusted and

was most suitable for our studies (Figure 2),

unadjusted modes, to allow for possible efleets from
cvitormental hight and validate the colour.

The Stata v7 statistical program was used for data
analvsis by crosssectional time-serics, logistic regres
sion, Al data was compared within and between

subjects,

REstiTs

A dilference in color magnitude is evident,

-4l
FaTOr o] BT & ]

Wraws as v

Fig. 2 Adcbe Photoshop Color Measuring Program
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Table 1 Luminosity-adjusted color values.

Adjusated Red Green Blue
value t=0 1=5 1=10 1=15 t=0 t=5 t=10 i=15 1=0 t=5 t=10 t=15
Subject A
Site | 16545 170.35 168.81 166.82 14269 144.17 14268 138,51 12553 118.09 118.75 111.97
Site | 157.06 156.76 153.42 154.00 133.29 128.94 12545 12415 11839 106.51 10365 101.06
Site 1l 144.75 15042 14697 14415 11950 121.84 11823 113.11 107.80 10112 98186 92.67
Subject B
Site | 160.20 153.82 155,16 15549 136.55 133.90 131.10 131.17 120.33 10654 11565 116.44
Site Il 164.42 15835 158.06 160.39 141.28 138.97 13435 136.66 124.06 11047 118.16 120.69
Site I 14522 14093 13858 139.37 11979 11947 11253 113.13 10740 9535 101.26 102.45
Subject C
Site | 205.46 20042 20028 20235 17941 170.87 17653 171.83 15269 14521 14880 143.21
Site |l 20541 203.36 20228 20491 179.36 17379 17852 174.37 15265 147.65 15046 14533
Site 1l 187.54 193.02 18596 186.25 161.64 163.53 162.34 15587 137.84 139.08 13693 129.86
Subject D
Site | 176.39 160.62 158.68 169.48 14223 133.02 130.66 136.66 115.03 110.97 110.54 11147
Site Il 169.86 15975 151.38 161.61 13577 13215 12345 12889 10910 11018 103.92 104.34
Site I 136.28 12211 11532 126.20 102.61 9498 87YB3 93.91 7865 76.04 7121 V222
Subject E
Site | 158.73 150,26 152.35 133.83 12436 116.64 11814 10525 9485 5261 96.53 B84.82
Site |l 151.22 144.04 141.83 14364 11794 111.33 108.2¢ 11363 90.06 8865 8971 91.06
Site Nl 136.51 110.57 106.37 10468 10538 B2.73 7886 B0.35 8070 6734 67.26 66.27
[, time al beginning af tourniquel apphcalion 1, = time at 10 minules aller lournique! applicalion
I, = time at 5 minues after tourniquet application 1., hmeal 15 minutes alter lourmiquet apphicalion
13053 1 that are undetectable 1o the human eve ar the stage,
: The probabiliwvof flapischemigended tosaryinversely
133.49 717 with color fintensity, which will assist in determining
@ whether the falp was progressively becoming ischemie
TE ornot (Table3). Analysisof other colovsalso indicated
2 that different channels mav be available for carly
= ]’ detection (Figures 4, 5).
I i T The hase skin color of cach participating indivi-
10124 Wj' dual was different, b i did ot effect tissuc-color
' — ‘ ' montoring.  In subject D skin mottling appearance
before 5-min 10-min 15-min : N . L . . .
Timing was observed m1oa brict period alter tourniguet

Fig. 3 Changing color values at ischemia sile as detected by
computer anaiysis of digital images.

although the munber of sample is too small 1o detect
staristicad significance. Color intensities over time in
cach individual are shown i Tabic 1. Color data were
plotred against ime (Figure 3). Difference it color
magnitude s shown in Table 20 The trend observed
indicates that the digital camera can detect subtle

color changeswhich mdicate apotentialischere sre

anphcaton, This eflectwas notseen in other subjects,
However, analvsis of Red Tuminosin-adjusted color
value in subject 1Y also showed a discordan pattern.
The significance of this discordantobservation was ot
apparent in this mited study. Alsol intra-individnal
analysis ol color change did not reveat any difterence

in the color-clnge trend.

DiscussioN

Although microvasenlar surgery has heen
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Table 2 Accumulative chages in ¢olor values.

Red Green Blue
Lty Lty Lt tty Loty Lty sty Lot Lsty
Subject A
Site | 4.902 3.335 1.365 1.480 -0.007 -4.183 -7.441 -8.784  -13.559
Site 11 -0.304 -3.638 -3.063 -4.352 -7.840 9142 -11.874 -14.738 -17.328
Site 1l 5.672 2.224 -0.602 2.342 -1.273 -6.386 -6.785 9.747  -15,233
Subject B
Site | -6.379 -5.031 -4.702 -2.648 -5.450 -5.376 -13.857 -4.747 -3.95¢6
Site |l -6.076 -6.357 -4.029 -2.308 -6.936 -4.623  -13.594 -5.898 -3.372
Site 1l -4.295 -6.642 -5.849 -0.314 -7.254 -6.660 -12.048 -6.145 -4.951
Subject C
Site | -5.033 -5.179 -3.110 -8.538 -2.880 -7.581 -7.480 -3.6896 -0.485
Site |l -2.041 -3.127 -0.497 -5.572 -0.845 -4.989 -4.999 -2.185 -7.318
Site 1l 5.484 -1.575 -1.293 1.820 0.694 -5.779 1.239 -0.900 -7.978
Subject D
Sie | 15770 -17.713 -6.913 -9.210 -11.569 -5.569 -4.051 -4.487 -3.553
Site Il -10.109 18.477 -8.247 3619 -12.324 -6.886 1.083 -5.180 -4.763
Site Il -14.171 -20.691 -10.080 -7.631 14,777 -8.696 -2.602 -7.433 -6.425
Subject E
Site | -8.469 -6.388  -24.905 -7.716 -6.218  -19.113 -2.240 1.682 -10.031
Site ll 7174 -9.586 -7.577 -6.609 -8.950 -4.311 -1.416 -0.353 0.998
Site Il -25.946  -30.146  -31.828 22645 -26.512 -25.026 -13.364  -13.439  -14.437
Table 3 Statislical representation of cbserved and measured color value changes.
Conditional Fixed-effects logic
Prediction of Group variable: subject Odds Ratio P-value
ischemic state No. of No. of {95% confidence interval)
subjects Observations LR x12
Red 5 60 3.44 0.9549 0.100
{p=0.0635) {0.9037-1.0089)
Green 5 60 3.32 0.9547 0.101
{p=0.0686) (0.9033 - 1.0091})
Blue 5 60 4.48 0.9370 0.063
(p=0.0341) (0.8749-1.0034)

LR »12 Logislic Regressicn of 12 samples.

progressively developed, the most impoytant factor accurately tssue viability and vetmore convendentanc

thatuflectoutcome is post-operative monitoring. Laser  less expensive. In our hypothesis, we did not intend 1o

Doppler plethvsimography is accepted as the most
accuarate nedasarement inomonitoring Ussue blood

supplhy following surgeny.

cvervday use in every hospital where microvascular

The best

solution is to search for newer method that can predict

strgery is being frequently performed,

But it is not practical for

create new wechnique w replace the already known
“gold standard™ but rather to find another way to
accomplish the same outcome with ease of clinical
applicaton.

The visual color appearances are usually used in

clinical practice to observe viability of the free Gssue
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Fig. 4 Correlation of color change with probability of tissue

failure.
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Fig. 5 Correlation of color change with prebability of tissue
tailure.

wransfor. Digital camera has highercapabilitviorecord
and assess color appearances than visual observation.
Thus, it could be a good device method to assist m
predicting free tssuc ransferviabilityinclimeal sewing,
We found no prior reportol thisapplication wechiigue,
sowe lve o develop the technigue of our own. From
the Gact that ambicnt light might have effect upon
color pereepiion, we hegan o experinwent by raking
photograph in ditferent Tight source of dilferent
ntensite, We found no interference from the ambient
light on color recording by digital camera, Thus, the
use of digital camerafor our purpose would require no
crvironmental conwol.

L our experiment, the volunieer’s arm was nsed

torepresent the vascularized lap, Afterthe toumiquet
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was applicd, ischemic process began, Scrial photo-
araphs were taken 1o compare color inrensite in each
subject. The resultswere considered both individually
and grouped. The differentcolor channels were used
toadjustand confirm the hvpothesis that Red and Blue
color can reflect the status of tissue perfusion, We
started our measurement in RGD (Red, Green, Blue)
and CMYK (Cyvan, Magenta, Yellow, and Rerr) mode:
CMYK mode isusuallvused in printing and multimedia
work,  But we finally found that RGB is the most
suitable mode o use in our experniment,

The Red channel was used it order to detect
arterial Blood flow in the Gssue, T owr hypothesis is
correct, the Red coloy intensity shouled be dimimishing
as the tourniquet was being applied.

In the same way, the result should bhe inothe
reverse with Blue chiannel, We found onlv one
discordantresultinsubject DD onthe Red elunnel, The
significance of this observation should be determined
i futare stacies, Bu the resulis i other channels
wore normal as expected. We think this might be
caused by some ver unknown factor in photographing
and/or analysis,

From the group analvsis, we found no sigificaan
ditference in color intensin serally obtained.  Bui
there was an observable potendal trend in predicting
the possibility of ischemic process i tissue of cach
individual. We believe owr method may be able 10
predice the free-llap ischemia correctly on clinical
application setting if we can improve the method ol
coloranalvsis. Theve isan ongoing experimental siady
noour institnte in revascudarized tissue viabiloy
mounitoring, and we hope 1o report the results of this

experiment in the near furre.
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