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OZET: Mezenter iskemisine baglt barsak hastaliginda demarkasyon hattinm net olmadigt durimlarda intraoperatif barsak
canligition“degerlerdiriniesi ve sunrlarmin’ tespiti gigtiit Bu deneysel calismada, degisik imezenterik “iskenti modelleri
olusturularak barsak iskemi derecesinin intraoperatif olarak degerléndirilmesinde yardunce bir tariy yontenti olan flouressein
 flouresanstnmn yeri araghildr.: Wistar - Albino erkek ratlarda strangiilasyon, superior mezenterik arter ligasyonu ve kontrol
gruplart olustiruldu. iki soat sonra intraoperatif gozlem bulgular: ile barsaklatii canhhigi degerlendirildi. Kuyruk veninden 15
mg/kg fluoressein intravendz verildi. H-ii¢' dakika sonra karanlik odada 3600 A Wood iigr altinda flouressein flourésans
- derecesine gore barsak canliligi degerlendirildi. Biitiint gruplarda intraoperatif gozlem bulgulari ve flouressein flouresans bulgulart
karsiastmildr.. Tiint deneklerde, transmural nekroz varhigy ditsiniilen ‘veya canlt olarak kabul edilen barsak seginentlerinden
 griekler almarak histopatolojik degerlendirmie yaprlds. Flouressein flotresans yonteminin barsak iskemisini gostermede duyarliligr
%100, dzgiilliigii %92 ve dogrulik oram %96 olaruk saptandh. Klinik degerlendiriede aym dégerler sirastyla %76, %92, %83 olarak
- tespitedildi. Mezenter iskemisirie yol agan emboli, tromboz, strangiilasyon gibi barsak canliliginn gipheli oldugu vakalarda cuz
“."ve pratik - bir olan flouressein " flouresansmm kuflandmast rezeksiyon smirlarimn tayininde ve gereksiz barsak
o rczgksljfof!:ff’?uﬁ.9"."?"mes;ﬂdeﬁiydﬂ_ﬁ6Idbili;:;_ e S P TR i B
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__ AMARY : The ¢ ¢ inﬁ'gipp_crqnve intestinal viability a_m{__th_(:__defér"rﬁiﬁaﬁoh:"ﬁf ischermic borders are difficult in
. situations where the demarcation line is not clear in intestinal disense due to mesenteric ischemnia. Inf this experimental study; the " -
value of fluorescein fluorescence, which is a helpful diagnostic procedure inf the detection of the degree of damuge in ischemic

. SUMMARY - Tﬁe" assessment of

" injuries of the intestine in the infraoperative period was sought by means of forming various nitesenteric ischemia models. A

- strangulation group, o superior mesenteric artery ligation group and a control group were formed in Wistar-Albino maleé rats. Fwo

" hours later; intestinal viability was assessed via intraoperative observation findings. Fluorescein (Fluorescite Injection ampul 10%).

" was given intraverously with a dose of 15 mg/kg through the tail vein. Two-three minutes later, the intestinal viability was assessed
" ina dark room under wood light of 3600 A. In all groups, intraoperative observatiof findings and fliuorescein fluoresceice findings
were compared. Histopathologic evaluation was performed in the samples takeii froim ischiemic or orimal intestines of all of thte
subjects. The accuracy of the methods was tried to be assessed by means of perforining histopathologic evaluation. In the study, the
sensitivity of the fliorescein fluorescense method in showing intestinal ischemia veas found to be 100%, the specificity 92% and the
accuracy 96%. In the clinical assessment; the same values were foud to be 76%, 92%, 83%, respectively: I intestinal ischernic,
disorders such as embolism, thrombosis, and strangulation; if intestinal viability is questionable, fluorescein fluorescenice whicl is a

. cheap and practical method can be usefull in detérmining resection borders and preventing unwarranted intestinal vesections. -
Key words: Mesentericischemia, intestinal viability, fluorescein . LR

I intestinal ischemia cases caused by various etiologic surgical decision made as a conisequence of this prediction.
reasons, difficulties are encountered in the intraoperative It was claimed that predicting intestinal viability solely
prediction of the degree of intestinal ischemia-and inthe - based on clinical observations could lead to mistakes that
D DRI would result in unnecessary intestinal resections. (1,2). It

" Valaf Gureba Hastanesi, |. Genel Cerrahi Klinigi. .~ . -° ' wasreported that investigative methods assessing viability

. ™ Haseki Egitim ve Arastirma Hastanesi Ii. Cerrahi Klinigi- .~ such as doppler ultrasonography,. intrafuminal pH
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. P A8 ] L ATP analysis, measurement of serosal oxygen préss’uré
Haseki Egitim ve Arastirma Hastanesi I, Cerrahx_ Kiinigi o with surface oxymetry, and fluorescein injection woul_d__
yield more accurate results in the intraoperative prediction: | :
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(1,2,3,4,5,6)

accuracy {1,4,6}. .
The rate of carcimvascular diseases has risen in todays

world hecause of alterations in nufrition and the increased”
consumption of alcehol and smoking: As a consequence of
the improvement in therapy methods, those people, who

could die of their primary disease, live long enough to have
mesenteric ischemia (7). Resection for various reasons is
performed on intestines which play an imporfant role in
digestion. When the short-bowel syndrome is taken into
account, especially in recurrent resections and resections
performed for ischemic disorders, the few centimeters of
howel which is protected will be crucial in: patient
nutrition. Although. diagnostic methods such as
fluorescein fluorescense have been utilized to assess
intestinal viability Intraoperatively aside from  dlinical
findings, they have not been excercised commoniy In this
experimental study in wh:ch we formed various'ischemia
models"different’ from 'the prevmus ones, we aimed to
evaluaté the feasibility of the fltiorescein’ method and the
. results of ourstudymllghtofthehtearture G :

MATERIAL METHOD
* This' study was conducted in DETAM. Ini the’ study, 30

o . Wlstar~A]bmo malé rats welghmg 200-250 gr in average '
- were used. The subjects were seperated into'three groups:

o The control group (Groupl n: 10), the strangulatton group'

& lzgatlon group (Group 11, n: 10) Unider ether anesthesm '
- miedian laparatomy of 3 ¢iti was performed on the subjects: :

- In'the control group; s:mple llgation W]th 2/0 SIIk Was done
2cm prox1maE to'the caecum.

20 Inthe strangulanon group, volvuls was apphed to an.
* tntestinal segment of 8'¢m ‘Beginning from 2 ¢émaway from

the’ caécum’and it' was tied with'its mesentery withott

forming a tlght knot-which enstires sufficignt pressure for :
strangulation by means of 2/0 silk (as performed in a

strangulated hernia to form the hernia neck), .
In“the group undergomg superior “mesenteric’ artery

ligation (SMAL), the SMA was explored at the SIte where lt' )

Table 1. Patterns of Fluorescem FEuorescence

Degree-Pattern. ... Intensity Predlcted Outcome
1-Hyperemic:... . Increased Vtable
2-Normal . Normal Viable'
3-Fine grantltat ‘Normal to Sligthly ~~ Viable. = -
o y Decreased i w0l
4-Patchy . Decreased “ .. Nonviable - :
S';Peri.vasc'u!ar or _ Non : Nonvi'a'ble

Hypofluorescent .

The utilization . of. fluorescein: in:the
prediction of intestinal viability- is! reported:-to: beva- =
practical, fast and cheap method WIth a hlgh rate of_'__
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:: originates from the aorta and it was tied with-a knot by

means. of 3/0 siltk. The abdomen was closed as one: layer
with 3/0 atraumatic silk. Relaparotomy was performed 2
hours. later and silk knots were untied. After 15 minutes,
the \nabtlity of the intestines was noted by assessing it
according to standard clinical criteria. Fluoréscein
{Fluorescite Injection ampul 10%) was given intravenously
with a dose of 15 mg/kg through the tail vein. Two-three
minutes later, the lights were switched off and. the
intestinal viability was assessed in a dark room underwood
light of 3600 A according to table 1 which was formed by
modifying the Bulkley (1) table. Under Wood light, the
normally perfused tissues emit bright golden yellow-green
fluorescence; the fluorescence of the tissues with reduced
perfusion {ischemia) diminishes or disappears and: these
segments have a dark blue color. Tissue samples were
taken from the segments, which were thougth . to be
nonviable or viable for histopathologic investigation and
they were treated with 10/ formalin foliowmg cleansmg
with physiologicserum: -

Intestinal segments in whlch 6 necrosis was detected o’

havmg mucosal necrosis histopathologiclyy were evaluated s
e're..

as’ viable; “segments ~with" transmurai necr051
evaluated asnoriviable: SRR

Picture 1A

Picture 1B
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Table 2. The assessment of the fluorescence:of the: srmple ligation group according to clinical criteria and
histopathologic investigation. Negative resr._ll_t ( } shows v1ab1hty and posmve result (+) shows nonviability.

Subject No ‘Clinic - S Fluorescein - Fiorescence Pattern Histopathologic -
- - assessment U Assessment e - evaluation v
S S -+ Necrosis - Result
P < Hde - absent - viable
2 z gt ~-absent - viable
3o = A absent " viable
4 - A absent:~ - viable' -
50 - - : K = mucosal - viable
6 - : X g .- absent viable
7 - L : Ry absenit: - viable
8 - & - RN O - absent ‘v viable®
B B e “absent - viable”
10 . - S 2 viable :

:abs'ent"

Within the framework of 'hi.stopatnoi_og'ic_ ﬁndlngsthe
efficacy of . clinical._ assessment. and.. fluorescein

fluorescence. methods in: determining mtestlnal necrosis:
was sougth: With, that purpose; the sensrtlwty, specrt' c;ty-

and accuracy of the two methods were compared

RESULTS o
= The resu_]ts:_o .'.cimlcal assessment d.. fluores

etectlon

.The assessment of the ﬂuorescence [
mvestlgatlon

drsapperance of the dark color, and resurgence of the
penstaltrsm However, this segment was; evaiuated as
nonviable, because of existence of. patchy ﬂuorescence
(4. degree) and transmural necrosis  was. observed
hrstopathologlcally in this case. Hlpoﬂuorescence was
detected in 9 of the subjects in this group and: patchy
fluorescence was observed in one. The mtestlnes were
.-evaluated : as nonvrabie {true positive}. by: means.: of
- fluorescein assessment and these resuits commded W|th i

h;stopathoioglc ﬁndmgs (Table 3. .

< ixInsthe chnacally assessment of the SMAL group, the
mtestme was. evaiuated as viable because of the. presence-.'.'

- of pulsation in the arteries closed to the. intestinal wall
fo]Eowmg revascu]anzatlon in, three subjects however_

transmural necrosis was observed (false negatwe) In one
case, the. intestine was evaluated as nonviable; however,

only. mucosal ‘mecrosis; was. detected h;stopathologrciy,_ .
*'there: .was. no - transmural. necrosis - (false positive).

Fluorescem assessment was aiso mlstaken rn thls subject S

ed group a_csordifns.:'t't?_ﬁd_i"a'iéé'l' criteria and _.fbb?ifhﬁsl ic

:Subject No - " Florescence Pattern H:stopathologlc
- vartern "'evaluatron o
- "Necrosis: Res'u]t;;f._': o
5 + transmural " nonviablé:
5 transmural . nonviable
5 “transmural . nonviable
5 transmural - nonviable
g “transmurals honviable
5 transmural nonviable’
s ““transmural . nonviable -
5 transmural nonviable.
g transmural " nonviable . .
5 transmural

nonviable: -
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Table 4.The assessment of the ﬂuorescence of the AMLS group accordmg to clinical criteria and histopathologic

mvestlgatlon -
Su_bjecc_l\lo. T Cllnlc - Fluorescein. = Florescence Pattern .. - : Hlstopathologlc
SR _assessment. Assessment. e e .. evaluation .. L
S I ..Necrosis . _Resuit
SRS 23 .mucosal .. . viable'
Lt 3. - mucosal...~ viable'’. ..
23 5 5 - transmural -, 1_nonv:able
4 Lt T .. ...transmural . nonviable.
5 + 5. .. transmural . nonviable
@6 - .4 . transmural;. nonviable
7 +- 5 . transmural. - nonviable
& I 5 transmural. - nonviable
T - 5. transmural. .. nonviable
10, ‘s 4. . mucosal . viable -

the intestine was evaluatéd-as nonviable (false positive)
because ‘patchy ﬂuorescence (4 degree) Was detected
{Tab]e4){Pacture2A ZB) '

‘Comparing - the standard “clinical” ass’essment 'and :

fluoresceiice results of all groups (30 SLllI)_]ECtS) with ‘the
histopathologic fi ndmgs yielded the followmg outcomes
by means of clinical assessment; 12 true negative; 14'true
positive, 4 false negatzve and 1 false positive results were

obtairied. "By means - of fluorescein’assessment; '13° true'_
negatlve 16 true posmve and l Faise DOSlthE results were .

Accorctmg to these. results sensm _
accuracy rates of dlinical assessment were fotnd to bé 76%,

92%; and ESIM respectlvely By mieans “of fluorescein ¥ _
these rates were found to be 1009’ 92/6 and.j _

assesément;
96/6 respectlvely

DISCUSSION '

'determmeci accuratelly W1thm the :ntraoperatwe penod

Picture 2A

ty'speCif' caty ancl_' L

Forasuccessﬁ:l surglcal therapy in‘m se er1c lschemta o
cases, the borders of the. ischemic intestine miist ‘be

nonviable intestinal segments are resected: Intestine that
is'viable, but having an irreversible damage confined toa
portiorr of the wall may later develop ischemic colitis,
fibrosis or stricture (5,8). On the other hand; resection of
l(')'ri'g']i‘ength's of ischemic intestine which is able to strvive
may’ linnécessarily fesult - in' the short-bowel syn(lrome
(5,7). Thus, preservation of even a few extra centimeters of
small intestine may contribute to the quality of life‘of the
patients. The difficulty "of predicting intestinal v:ab;hty
intraoperatively in intestinal ischemia cases is known. This
situation: becomes riioré- complicated in the borderine
¢ases where intestinal necrosis doés riot: develop totally, o
but theré is doubt'as to the viability of the intestine(5).
Stirgéons; class:cally, intervene taking into accotnt what
the “etiology ' is. After perforining: “an operatmn for'-'
strangulation; volvulus -and’ vessel ‘occlusion (embol:sm e

- thrombos:s) which causelntestmal :schem:a theyw

intestines havirig an lschemlc appearérice via warm pad"
They assess the” intestine “after: 10- 20 mm tes of

'observat:on ln thls assessment cEass

P ture'z B
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from the edges after resection are used: This-assessment

might not always provide the accurate results. The

detection of pulsation in the mesenteric arteries following e

revascularization - of “the intestinal” 'Ségment’ doés not
necessarily mean thit no necrosis will develop: Irreversible
necrosis might have developed already {5}). In recent years,
nonodlusive mesenteric ischemia is being :ncreasmgly'
seen and costitutés approximately 20% of the disorders
that “cause mesenteric necrosis (4).  In our: study,
transmural necrosis was detected in the intestines of three",
subjects; which were- evaluated as viable because: of the
presence of pulsatile arteries. Hence, in the determination
of intestinal viability, the presence of mesenteric artery
pulsation may not be a reliable clinical criterium..
Peristaltism stops in the ischemic intestine and resurges
following revascilarisation. However, the anoxic spasms of
the nonviable intestine may sometimes be confused with
peristaitism and lead to mistakes (5). In our study, in 1 case
of the strangulation group, the intestine was evaluated as
viable because of the  presence of .the: peristaltism,
however; the. . h:stopathoioglc mvestlgatlon revealed
tr ansmurai necrosis.

Only in serious necroses (dllated mtestme thm walled
dark color), nonviability can, accurately be dlagnosed by
means: of inspection of the intestine color.. In our:study,
clinical assessment results of the strangu!a’non group in
which there was a serious. degree of ischemia were found
to. be betterthan the ones of the SMAL group... S

“As.a result of the mtraoperatlve assessment whlch was
'done by, Bulkley et al.:{1). using: clinical crltena it: was
reported that sensrcwlty was, 78%; spectf‘ city was 9]%, and
uniecessary resections: were. done’ in- 46% of. the. cases.
Because c]mxcal cnterla are: sub]ectlve and the results are
not reliable,. clinicians have needed. objectwe diagnostic
methods to: be: able: to. estahhsh .accurate:. diagnoses
mtraoperatwely in mesenteric ischemia cases.and created
‘variou metliods (1,4,5)% In. 1942, Lange ancl Boyd (9)
reported that when:a vital dye was admmistered througth
a. peripheric.vein;; the perfused tissues, gave fluorescence
under: ultraviolet ligth. and intestinal viability- could.be
accurately predicted with sodium- fluorescein
fluorescence. Studies following this one have supported
this::conclusion: (10,11;12).-:Stelar; e : Randoiph' {13)
descnbed the.:char t' ristic lmage_ fthls

'stuche conducted_ by Bu!k!ey ( 1 8) anci Marfugg: (12):

:revermble damage (mucaosai necros;s) _may be present :

January - Ocak 2000

+ viability intraoperatively comprise pH measurement ‘and

tonometry (14), photpletismography (6), measurement of
serosal oxygen pressure with surface oxymetry (15),
myoelectric analyses (16) and phosphocreatinin and ATP
dnalysis'{17). These methods are reather used for
experimental purposes (17).

In the study conducted by Gorey et al. (4), it was reported
that the rate of accuracy of fluorescein assessment was 95%
and the specificity was 96%, however in venous occlusion:
cases, false positivity was reported in 17% of the cases. This’
coninotes that there may be unwarented resections. In
Akaydin's study (3}, the sensitivity of the assessment done
by means of fluorescein was reported to be 100%,
specificity 88% and the rate of accuracy 93%.

Pearse et al. (6) found the sensitivity with fluorescein to be
88%, however reported the existence of irreversible
ischemia (necrosis) histologically in the portion that was
dyed normally with fluoressein in 2 of their cases. The
same researchers have claimed that fluorescence formed
late in these 2 cases and that the dye perfused into the
domain where there was mucosal necrosis: and hence
assessment needed to be done in 2-3 mmutes The lack of
false. negative, results in our study may be due to_the
shortness of this period..
. Carter et al. (19) advocate that lschemlc tlssue clamage
develops faster and is more severe in strangulated ‘
obstructions than isolated arterial occlusions. Hence, they
claim that the successful results obtained with flucrescein
in the prediction of ischemic damage due to: artenal
occlusion can not be extrapolated to the other: 1schemla
models. Because of this, in our study, a control group was
formed as well as a SMAL group in whlch there. was
intermediate ischemia and a strangulatton group: W1th
severe tissue damage due to ischemia. [t. was
demonstrated in both groups that the fluorescein
technique was superior to clinical assessment. i the
prediction of viability which. is cons;sted with: the other'-
studies. '

- A method that w1il predlct mtestmai \nabihty in the-
operating room should meet such basic criteria; as bemg
easily accesible, practical, cheap, harmless, reliable: and’
easy to interpret (10). In our study, the fluorescein methodi
was:demonstrated to meet this criteria as'was seen inthe

En lschemlc mtestms emittmg fine granular ﬂures en e

.-fmte "'tmal resections need tobe carrled out.
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