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Background: Venous ischemia is a major cause of failure after free tissue transfers
and replantations. The combination of general and epidural anesthesia leads to
vasodilatation and improves tissue perfusion. Postoperative pain relief and sympa-
thetic blockage are additional benefits of epidural anesthesia. The purpose of this
study was to determine whether epidural anesthesia has benefits on microcircula-
tion and neutrophil functions in muscle flaps subjected to venous ischemia.
Method: Thirty Sprague-Dawley rats were divided into three groups: group I, gen-
eral anesthesia; group II, spinal anesthesia; and group III, epidural anesthesia.
Cremaster flaps were prepared, postcapillary venules were selected under intravital
videomicroscopy, and flaps were subjected to venous ischemia. Images were re-
corded from preselected postcapillary venules before venous ischemia (baseline)
and following reperfusion. Neutrophil rolling and adhesion, functional capillary
density, and diameters of postcapillary venules were evaluated.

Results: The increase in rolling neutrophils in group III was significantly lower than
in groups I and IT at 60 and 120 minutes. Change of adherent neutrophils in group
IIT was significantly lower than in groups I and II at 15, 60 and 120 minutes. There
was significantly more reduction in inner diameter of postcapillary venules in
groups I and II compared with group III. Functional capillary density in groups I
and II was significantly lower than in group III.

Conclusion: Epidural anesthesia regulated neutrophil functions, salvaged func-
tional capillaries, and prevented vasoconstriction of postcapillary venules in cre-
master muscle flaps subjected to venous ischemia. Spinal and general anesthesia,
however, were found to be ineffective in improving microcirculation of muscle flaps
subjected to venous ischemia. (Plast. Reconstr. Surg. 125: 89, 2010.)

icrosurgical methods are used for a variety
Mof purposes. Although advancements in

microsurgical techniques have improved
the success of microsurgical tissue transfer, reper-
fusion injury following ischemia is still a major
cause of morbidity, prolonged hospitalization,
and higher costs.
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Tissues are more tolerant to primary ischemia
than venous ischemia.! Secondary ischemia asso-
ciated with venous dysfunction is observed more
frequently and causes more serious damage than
arterial or global ischemia.? Venous ischemia usu-
ally occurs due to errors in microvascular surgical
methods. Venous obstruction causes venous pool-
ing, cessation of arterial flow, extravasation of
both erythrocytes and neutrophils, deposition of
fibrin, and thrombus formation. The tissue dam-
age is progressive and tissue necrosis may develop
even after restoration of the venous flow (no-re-
flow phenomenon).*5 Although the mechanism
of this tissue damage is not completely under-
stood, it was shown in various studies that lipid
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peroxidation,®’ prostanoid mechanisms,® and free
radicals have important roles in its pathophysiol-
ogy. The course of the necrosis is different from
the all-ornone phenomenon observed in global
or arterial ischemia.

There is a debate on selection of the best an-
esthesia technique and anesthetic drugs in micro-
vascular surgery.”!! When used concurrently with
general anesthesia, epidural anesthesia may lead
to vasodilatation that increases perfusion and reg-
ulates microcirculation, and provides effective
pain control in the postoperative period. How-
ever, with regard to regional anesthesia being an
ideal method for anesthesia in microsurgery,
there is ongoing debate, and controversial data
exist in the literature.”!%!*71® The objective of this
study was to determine whether the positive effects
of epidural anesthesia on microcirculation would
improve circulation in flaps with venous ischemia.

MATERIALS AND METHODS

Thirty male Sprague-Dawley rats, weighing
175 = 36.3 g, were divided into three groups:
general anesthesia in group I (n = 10), spinal
anesthesia in group II (n = 10), and epidural
anesthesia in group III (n = 10). All experiments
were performed according to protocols approved
by the Institutional Animal Care and Use Com-
mittee and complied with the Guide for the Care and
Use of Laboratory Animals.

Placement of epidural and spinal catheters was
done as described by Bahar et al.'” 50 pul and 25 ul
of lidocaine 2% (Jetokain; Adeka Ltd., Samsun,
Turkey) were administered via a catheter for epi-
dural (group III) and spinal anesthesia (group II),
respectively. Lidocaine injection at a rate of 10
ul/minute was continued until the rat was not
carrying its own weight and lied down with its belly
and chest on the ground. General anesthesia was
achieved with intramuscular ketamine 6 mg/kg
(Ketalar; Pfizer, New York, N.Y.) and xylazine 0.4
mg/kg (Rompun; Bayer, Leverkusen, Germany).

The rat cremaster muscle island flap was pre-
pared as described by Grant et al.'®! The vascular
pedicle was completely skeletonized during the
dissection, rendering the flap microvasculature
completely denervated. In group I, all flaps were
elevated under general anesthesia. In groups II
and III, spinal and epidural catheters were first
placed under general anesthesia. In these groups,
the flap elevation procedure was delayed for 24
hours to exclude the rats that developed neuro-
logic deficits and to be sure that the rats totally
recovered from general anesthesia. Cremaster
flaps were then harvested under spinal and epi-
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dural anesthesia.'®*” Rats were placed on a fixed
stage under the microscope. The muscle flap was
secured on an upside down Petri dish by 5-0 nylon
sutures (Fig. 1). The cremaster muscle flap was
covered with a stretch film and kept in distilled
water for 24 hours to avoid drying. The muscle was
kept moist with lactated Ringer’s solution.

To evaluate tissue response to secondary ve-
nous ischemia, microcirculation of cremaster
muscles was assessed by using intravital videomi-
croscopy. The optic apparatus of the intravital
videomicroscopy consisted of an Olympus light
microscope, CX41 (4X, 10X, 40X, 100X),
equipped with a custom-made adaptor to ensure
the connection with the ocular region of the dig-
ital video camera (Sony TRV 120E; Sony, Tokyo,
Japan). The magnification was 1800X for the 40X
objective of the light microscope.

After flap elevation and a 30-minute waiting
period, a vascular map of each flap was prepared
under 10X magnification. The postcapillary
venules were determined for each flap for the
measurement of experimental parameters, and
were marked on the vascular map to relocate the
same postcapillary venules for the subsequent
reperfusion recordings. The baseline images were
recorded from those veins for 45 seconds under
40X magnification. Afterward, 30 minutes of ve-
nous ischemia was created with a microvascular
approximator clamp (vessel approximator clamp
0.4 g/mm? S&T Marketing Ltd., Neuhausen, Swit-
zerland) applied to the pudic-epigastric vein. After
the release of the vascular clamp, recordings were
made from the preselected postcapillary venules
at 15, 60, and 120 minutes of reperfusion. The
images were recorded on the videotapes for future

Fig. 1. The cremaster muscle flap was secured on an upside
down Petri dish by 5-0 nylon sutures. The muscle was kept moist
with lactated Ringer’s solution.
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slow-motion evaluation by a blinded investigator
for the following analyses:

Neutrophil rolling: Neutrophils making the charac-
teristic rolling movement in the postcapillary
venules were counted for 30 seconds.

Neutrophil adhesion: Neutrophils which already ad-
hered, or were becoming adhered, to the en-
dothelium within a certain area (100 um) of
the postcapillary venules were counted for 30
seconds (Fig. 2).

Functional capillary density: Under 1800X magnifi-
cation, nine areas from the distal, nine areas
from the middle, and nine areas from the prox-
imal part of each flap were evaluated for 15 sec-
onds each. Twenty-seven areas from every flap
were thus examined, with each area measuring
approximately 340 X 420 wm? Functional capil-
laries with flow were recorded to estimate the
functional capillary density for each flap.?!

Postcapillary venule inner diameter change: Static im-
ages captured from the video images were an-
alyzed by an image processing software (Image
Tool version 2.0) to calculate the inner and
outer diameter of postcapillary venules.

Statistical Evaluation

For the comparisons between the groups, mea-
surements taken at minute 15, first (minute 60),
and second (minute 120) hours were standardized
according to the baseline values (Delta-A values)
of the same groups in the same postcapillary

adherent neutrophils (black arrows) to the postcapillary venules.
Bar represents 20 um.

venules. No correction was made for multiple test-
ing. Statistical analysis of the data were done using
SPSS version 11.5 for Windows (SPSS, Inc., Chi-
cago, Ill.). Comparisons within the groups were
made by the ¢ test. Comparisons between the
groups were performed with the analysis of vari-
ance test. The cut-off for significance was p < 0.05.

RESULTS
Neutrophil Behavior

Neutrophil Rolling

Rolling neutrophil counts before venous isch-
emia and 15, 60, and 120 minutes after reperfu-
sion are shown in Figure 3. In the epidural anes-
thesia group, there was no statistically significant
increase in neutrophil rolling during reperfusion
except at 15 minutes. Significant statistical differ-
ences were detected at 60 minutes and 120 min-
utes for the spinal and 60 and 120 minutes for the
general anesthesia groups.

Intergroup evaluation revealed no significant
differences between any of the groups at 15 min-
utes. No significant differences between the gen-
eral and spinal anesthesia groups were detected at
60 minutes and at 120 minutes. Statistically signif-
icant differences between epidural anesthesia and
general and spinal anesthesia groups at 60 and 120
minutes were detected (Fig. 4).

Neutrophil Adhesion

The number and course of the adherent neu-
trophils from the general, spinal, and epidural an-
esthesia groups recorded before venous ischemia
(baseline) and at 15, 60, and 120 minutes of reper-
fusion are shown in Figure 5. In the epidural anes-
thesia group, no statistically significant differences
were detected. In the general anesthesia group, the
numbers of adherent neutrophils at 15, 60, and 120
minutes were significantly increased compared
with the baseline levels. In the spinal anesthesia
group, the numbers of neutrophils adherent to the
endothelium significantly increased at 15, 60, and
120 minutes compared with the baseline levels.

Intergroup evaluation disclosed that there was
no difference between the general and spinal an-
esthesia groups (p > 0.05). However, differences
between epidural and general anesthesia were sig-
nificant at 15, 60, and 120 minutes. The differ-
ences between epidural and spinal anesthesia
groups were statistically significant at 15, 60, and
120 minutes (Fig. 6).

Inner Diameter of Postcapillary Venules

The changes in the postcapillary venule inner
diameters compared with baseline diameters at
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Fig. 3. Rolling neutrophil counts before venous ischemia and after reperfusion. Analysis
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spinal anesthesia groups had significant differences compared with baseline at 60 and
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Fig.4. Changes of rolling movements of the neutrophils compared with baseline
(A-rolling) in three groups were analyzed. No significant difference was detected at
15 minutes, but the epidural anesthesia group had significant differences com-
pared with both general and spinal anesthesia at 60 and 120 minutes. Units for the
numbers are number of neutrophils per 30 seconds; = values represent SEM (anal-
ysis of variance multiple comparison test; *p < 0.05 significant).
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multiple comparison test; *p < 0.05 significant).
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15, 60, and 120 minutes of reperfusion are illus-
trated in Figure 7.

A statistically significant diameter change in
the postcapillary venules compared with baseline
diameter was detected at 15 minutes between the
epidural and spinal anesthesia groups, and be-
tween the spinal and general anesthesia groups,
but not between the epidural and general anes-
thesia groups.

Statistically significant change in postcapillary
venules was detected when the epidural anesthesia
group was compared with both general and spinal
anesthesia groups at 60 minutes and at 120 min-
utes. Postcapillary venule inner diameter change
was not statistically significant between the general
and spinal anesthesia groups either at 60 minutes
or at 120 minutes (Fig. 7).

Functional Capillary Density
In the epidural anesthesia group, statistically
significant reductions in functional capillary den-
sity at 15 and 60 minutes and a more significant
reduction at 120 minutes were detected (Fig. 8).
In the spinal anesthesia group, statistically sig-
nificant reductions of functional capillary density
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with respect to the baseline value were detected at
15, 60, and 120 minutes of reperfusion. In the
general anesthesia group, statistically significant
reductions in functional capillary density at 15, 60,
and 120 minutes were detected (Fig. 8).

The intergroup comparisons change in func-
tional capillary density, calculated by the func-
tional capillary counts at 15, 60, and 120 minutes
of venous ischemia subtracted from baseline value
for all groups are shown in Figure 9. At 15 minutes,
spinal anesthesia had a statistically significant dif-
ference from the epidural and general anesthesia
groups. Change in functional capillary density of
the epidural anesthesia groups were statistically
significant compared with other groups at 60 and
120 minutes.

DISCUSSION

Venous ischemia usually results from an error
in microsurgical technique. Secondary ischemia
associated with venous dysfunction appears more
frequently and causes more damage than arterial
or total ischemia. In one study, irreversible dam-
age occurred very rapidly in muscle following ve-
nous ischemia, and necrosis developed in 75 per-
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Fig. 7. The change of the postcapillary venule inner diameters compared with base-
line diameters (APCV) at 15, 60, and 120 minutes of reperfusion. Analysis of APCV
between groups revealed a statistically significant difference when epidural anesthe-
sia was compared with general and spinal anesthesia groups at 60 and 120 minutes of
reperfusion. Units for the numbers are micrometers; = values represent SEM (analysis
of variance multiple comparison test; *p < 0.05 significant).
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cent of the muscle tissue studied after 60 minutes
of venous ischemia, making the early detection of
venous occlusion critical to the correction of this
complication.?* The critical venous ischemia du-
ration for muscle flaps is shorter than that for skin
flaps. High metabolic activity and rigid fascial
structure makes muscle tissue more vulnerable to
the pressure necrosis resulting from edema and
hemorrhage following venous occlusion.?? In ve-
nous occlusion, arterial blood flow continues and
causes hemorrhaging from microvessels into the
extravascular space.??* This leads to an increase in
the external pressure on vessels and collapse in
capillaries. The edema formed in the interstitial
space after venous ischemia is not beneficial for flap
survival because it prevents oxygen diffusion.?%
This explains the transition of flaps to an anaerobic
state with continued arterial blood flow following
venous ischemia.

Venous ischemia almost always requires mi-
crosurgical revision of the venous anastomosis.
Poor outcomes after microsurgical revision of the
failed venous anastomosis attracted researchers’
attention toward finding measures to decrease the
progressive tissue damage following this microsur-
gical catastrophe. Angel et al. used deferoxamine,
a free oxygen radical scavenger, in venous isch-
emia flaps and reported an intermediate benefit.
This study reported an improvement in flap sur-
vival in the deferoxamine-treated group, and sug-
gested free radical involvement in the mechanism
of ischemia-reperfusion injury in secondary ve-
nous ischemia.® Yucel et al. used cyclosporine A in
a rat inferior epigastric artery skin flap subjected
to secondary venous ischemia, aiming to reduce
lipid peroxidation. This study reported decreased
malondialdehyde content, lower myeloperoxi-
dase activity and improved flap survival in the
treatment group, suggesting improved flap sur-
vival after secondary venous ischemia by reducing
lipid peroxidation by cyclosporine A treatment.?’

We investigated the contribution of different
anesthesia techniques to the microcirculation of
muscle flaps subjected to venous ischemia. As
freely transferred tissues are completely dener-
vated and already sympathectomized, it has been
questioned whether a sympathetic block induced
by epidural anesthesia may actually decrease free
flap perfusion by diverting the blood flow to the
healthy vessels with lower vascular resistance.'*
Other authors have suggested reduction of free
flap blood flow because of a decrease in mean
arterial blood pressure and cardiac output.'**

The use of general anesthesia combined with
epidural anesthesia is controversial, although
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there is data recommending the use of this com-
bined anesthesia.'®?=*! Scott et al. compared the
efficacy of epidural and general anesthesia to gen-
eral anesthesia alone in patients undergoing free
tissue transfers to the lower extremity. There was
a significantly lower number of major microvas-
cular complications and a better flap survival in
the combined epidural and general anesthesia
group.'® Neurogenic vasoconstriction, which may
result in marked reduction of blood flow through
injured or revascularized tissues, is mediated
through sympathetic pathways which may be
blocked by long-acting local anesthetics resulting
in optimal intravascular pressures and elevated
flow. Phelps and colleagues showed that distal sym-
pathetic blockade using bupivacaine protects the
digital circulation against vasospasm elicited by a
strong stimulus for a minimum of 7 to 8 hours.?

Because free tissue transfers are lengthy inter-
ventions, general anesthesia is preferred.”!*12-16:52
Use of a combined epidural anesthesia is recom-
mended in addition to this in suitable cases.!*1*16.3
Although the benefits of an epidural anesthesia are
clinically known due to pain control and prevention
of vasoconstriction (sympatholytic activity), there is
controversy about the beneficial effect of epidural
anesthesia on flap microcirculation.'*'** Epidural
anesthesia has beneficial effects on lower extremity
venous hemodynamics.* Delis et al. quantified the
venous hemodynamic changes in the lower limb
during and immediately after abdominal surgery
performed under epidural anesthesia and general
anesthesia combined, versus under general anes-
thesia alone. Researchers investigated mean ve-
locity, peak velocity, and volume flow measured at
the level of the popliteal vein using duplex ultra-
sonography. Epidural anesthesia administered as
part of general anesthesia was associated with a
significant enhancement of mean volume and vol-
ume flow, improving lower extremity venous
hemodynamics.**

In our study, microcirculation of the venous isch-
emic flaps was improved by epidural anesthesia. The
beneficial effect was observed as decreased numbers
of rolling and adherent leukocytes, decreased vaso-
constriction in the postcapillary venules, and in-
creased numbers of perfused capillaries in the epi-
dural anesthesia group.

The activation of the neutrophils and eventual
endothelial cell interaction consists of three steps:
rolling, adhesion, and migration.”® The interac-
tion between neutrophils and endothelial cells is
mediated by a well-orchestrated sequence of in-
teractions between adhesion molecules on both
endothelium and neutrophils. The neutrophils
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are recruited to the reperfused muscle by chemo-
tactic factors, and begin to interact with the en-
dothelium through a process called “rolling.”36:57
This initial loose adherence is an obligatory step
that is necessary for later firm adherence leading
to transendothelial migration into muscle paren-
chyma and the physiologic sequelae, including the
no-reflow phenomenon and tissue necrosis.”~*
Pronounced statistically significant differences in
neutrophil functions and functional capillary den-
sity were detected, particularly at minute 120 of
reperfusion, between epidural and other groups
in the late reperfusion period, rendering the re-
sults more meaningful.

We found that epidural anesthesia played a
protective role in the functional capillary count
following venous ischemia, whereas there was a
distinct reduction in the functional capillary count
in the spinal and general anesthesia groups. This
effect became more pronounced in the late pe-
riod of reperfusion. Our study revealed decreased
vasoconstriction in postcapillary venules to a sta-
tistically significant extent with epidural anesthe-
sia following venous ischemia, compared with spi-
nal and general anesthesia.

We have found no studies in the literature
investigating the effects of spinal anesthesia on the
circulation of free flaps, and we could not find any
benefits of spinal anesthesia on muscle flap mi-
crocirculation. Our current experiment was de-
signed to assess the outcomes but not the mech-
anisms of different anesthesia types on flap
microcirculation. The reason for the detrimental
effect of spinal anesthesia cannot be explained
with certainty. Possible mechanisms include he-
modynamic changes and the pronounced sympa-
thectomy effect of spinal anesthesia, causing the
vascular steal phenomenon which may result in a
reduction of free flap blood flow. To further study
these possible mechanisms, additional experi-
ments are required.

CONCLUSIONS

In conclusion, we found that epidural anes-
thesia improves microcirculation and flap perfu-
sion in the cremaster muscle island flap subjected
to venous ischemia by enabling dilation of the
postcapillary venules and regulating neutrophil
functions. Epidural anesthesia, when adminis-
tered as part of the anesthesia regimen in micro-
surgery, may therefore generate a marked venous
flow enhancement, thus aiding in the prevention
of peri-operative and postoperative venous stasis,
and in cases of venous insufficiency, it may protect
against venous ischemic tissue damage.
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