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THERAPEUTIC

BACKGROUND: There are numerous clinical and experimental studies
reporting unfavourable effects of cigarette smoke on skin flaps.
OBJECTIVE: To investigate whether unfavourable effects of cigarette
smoke on flap survival could be reduced by botulinum toxin type A.
METHODS: Twenty-eight male Wistar albino rats (15 months of age,
mean weight 210 g [range 180 g to 230 g]) were included. They were
divided into four groups of seven animals each. The control group under-
went the surgical procedure alone. Surgical procedure was performed after
administration of botulinum toxin type A in the botulinum toxin (BTX)
group, after exposure to cigarette smoke in the cigarette smoke (CS) group,
and after BTX type A administration and exposure to CS in the CS+BTX
(CS+BTX) group. Random pattern cutaneous flaps (3 cm X 9 cm) were
elevated from the dorsum of all rats. Necrosis area was calculated in per-
centages (%) using Image ] computer software. Tissue samples were exam-
ined histopathologically.

RESULTS: The mean necrotic area in the control group (26%) and in the
BTX group (21%) were similar (P=0.497), whereas administration of BTX
type A significantly decreased flap necrosis area in the rats exposed to CS
(the mean necrosis areas were 41.5% in the CS group, and 26% in the
CS+BTX group; P<0.001). Histopathological examination findings cor-
roborated the unfavourable effects of CS and preventive effects of BTX
type A.

CONCLUSION: Preoperative administration of BTX significantly
enhanced flap viability in the rats exposed to CS. Further human studies are
warranted to verify whether BTX type A could be used as an agent to reduce
the risk of flap necrosis in patients who smoke.
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La prévention des effets défavorables de la fumée
de cigarette sur la viabilité de lambeaux aléatoires
au moyen de la toxine botulique : une étude
expérimentale

HISTORIQUE : De nombreuses études cliniques et expérimentales font
état des effets défavorables de la fumée de cigarette (FC) sur les lambeaux
cutanés.

OBJECTIF : Examiner s'il est possible de réduire les effets défavorables de la
FC sur la survie des lambeaux grace 2 la toxine botulique (TXB) de type A.

METHODOLOGIE : Vingt-huit rats albinos Wistar (15 mois, poids
moyen de 210 g [plage de 180 g a 230 g]) ont participé a I'étude. Ils ont été
répartis en quatre groupes de sept animaux. Le groupe témoin a subi seule-
ment l'intervention chirurgicale. Apres l'intervention, le groupe TXB a
recu de la TXB de type A, le groupe FC a été exposé a la FC et le groupe
FC+TXB s’est fait administrer de la TXB de type A et a été exposé a la FC.
Les chercheurs ont prélevé des lambeaux cutanés prélevés de maniere aléa-
toire (3 cm x 9 cm) sur le dos de tous les rats. Ils ont calculé les zones
nécrotiques en pourcentages (%) au moyen du logiciel Image] et fait
I’examen histopathologique des échantillons de tissu.

RESULTATS : Les zones nécrotiques moyennes étaient similaires dans le
groupe témoin (26 %) et le groupe TXB (21 %) (P=0,497), mais
I'administration de TXB de type A réduisait considérablement les zones
nécrotiques des lambeaux chez les rats exposés a la FC (zones nécrotiques
moyennes de 41,5 % dans le groupe FC et de 26 % dans le groupe
FC+TXB; P<0,001). Les résultats de 'examen histopathologique corrobo-
raient les effets défavorables de la FC et les effets préventifs de la TXB de
type A.

CONCLUSION : Padministration préopératoire de TXB améliore consi-
dérablement la viabilité des lambeaux chez les rats exposés a la FC. Il fau-
dra réaliser d’autres études sur des humains pour vérifier si la TXB de type A
peut étre utilisée pour réduire le risque de nécrose des lambeaux chez les
patients fumeurs.

lap surgery is a common procedure in plastic surgery practice. Flaps

are used for various purposes including covering poorly vascularized
areas in donor fields, reconstructing full-thickness defects of the eye-
lids, lips, nose and cheek, repairing congenital and acquired defects,
and providing contour for protruding body areas (1).

Various alterations, primarily in vascular balance, occur after flap
elevation. Vascular support should be provided and postischemic
effects should be minimized for flap viability. While blood flow at the
proximal base of the flap is preserved after elevation, blood flow in the
distal aspect of flap is reduced to 20% of normal values after approxi-
mately 6 h to 12 h. The entire flap circulation reaches 75% of normal
values within one to two weeks, and returns to normal levels in three
to four weeks (2,3). Flap necrosis occurs secondary to systemic factors
(hypotension, smoking, vasoconstrictors) influencing microcircula-
tion or secondary to physical compression of the flap (dressings,
positioning, hematoma).

Partial or complete flap loss has plastic surgeons seeking interven-
tions that may decrease the amount of distal flap ischemia and subse-
quent flap necrosis. Chemical or surgical delay procedures are among
the most common interventions (4,5). Many agents that enhance or
reduce flap viability have been reported in the literature. Investigated
agents improving flap viability include agents suppressing free radical
production (6,7), nitric oxide (8,9), sildenafil (10,11), vascular endo-
thelial growth factor (12) and vasonatrin peptide (13).

Unfavourable effects of smoking on wound healing and flap necro-
sis are well known. Many studies in the literature have demonstrated
that cigarettes and nicotine enhance the rate of necrosis in random
pattern flaps (14-22). Possible reasons for smoking to cause necrosis in
skin flaps are both multifunctional and complex. Carbon monoxide
binds to the hemoglobin molecule where oxygen is supposed to bind
and, thus, displaces oxygen. Moreover, affinity of carbon monoxide to
hemoglobin is 250 times greater than that of oxygen (23). Blood of
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Figure 2) A Serum container that covers 50% of the pipe (arrow). B Finger
from a glove is spread over the pipe and cut in the form of a valve (arrow)
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smokers coagulates more easily compared with that of nonsmokers
(24-26). Nicotine in cigarettes is a strong vasoconstrictor and, thereby,
reduces skin blood flow by 30% to 40% (27,28). In addition, nicotine
alters the prostacyclin/thromboxane balance. Accordingly, thrombo-
cyte activation and aggregation are enhanced, which is considered to
be responsible for many complications associated with cigarettes and
nicotine (29,30). Nicotine also has unfavourable effects on blood flow
by increasing hematocrit and blood viscosity, decreasing the deforma-
tion ability of erythrocytes and increasing fibrinogen (30-32).

In recent years, botulinum toxin (BTX) has been used in different
areas of medicine for medical and cosmetic purposes. Medically , BTX
is used for the treatment of many diseases including blepharospasm,
spasmodic torticollis, extremity dystonia and hemifacial spasm. In
addition, it is used for the treatment of palmar and axillary hyperhid-
rosis caused by autonomous nervous system hyperactivity (33-36).
Physiologically, BTX irreversibly binds to presynaptic neurons at the
neuromuscular junction and inhibits the release of acetylcholine that
causes muscle relaxation (37). It has been shown that BTX inhibits
the release of neurotransmitters and neuropeptides other than acetyl-
choline , including norepinephrine (NE), which causes vasodilation
by sympatholysis (38,39). The significant vasodilator effect of BTX
has also been shown by Clemens et al (40). Vasoconstriction is pro-
posed to be one of the most important effects of cigarette smoking
jeopardizing flap viability, and is shown to be reversed by vasodilator
administration (41). BTX prevents vasoconstriction, and its sym-
patholytic activity leads to an increase in skin microcirculation (42).
The present study was designed to investigate whether pretreatment of
a flap pedicle with BTX neutralizes the unfavourable effects of ciga-
rette smoking on flap viability by its vasodilator and sympatholytic
activity. Overall, BTX could be an advantageous pharmacological
agent to prevent many unfavourable effects of cigarettes owing to its
high local activity and low systemic effects.
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METHODS

Experimental animals

The present study included 28 male Wistar albino rats (15 months of
age, mean weight 210 g [range 180 g to 230 g]). The study was
approved by the Animal Experiments Ethics Committee of Ankara
Training and Research Hospital (Ankara, Turkey). Experimental ani-
mals were housed at a room temperature of 18°C to 20°C. Because the
effects of estrogen on flap circulation are known (43,44), female rats
were not included.

Experimental animals were divided into four groups of seven rats.
Standard McFarland flaps were elevated on the dorsum of each rat.
The control group consisted of rats undergoing surgery alone. The
BTX group consisted of rats undergoing surgery after BTX administra-
tion. In this group, impact of BTX on flap survival was investigated.
The cigarette smoking (CS) group consisted of rats undergoing surgery
after exposure to cigarette smoke. In this group, the effect of smoking
on flap necrosis rate was investigated. The BTX+CS group consisted
of rats undergoing surgery after BTX administration and exposure to
cigarette smoke. In this group, the effects of BTX administration on
flaps exposed to preoperative smoking was investigated.

BTX and CS

A Botox (Allergan, Ireland) flacon contains sterile lyophilized 100 U
clostridium BTX type A-hemagglutinin complex, 0.5 mg human albu-
min and 0.9 mg sodium chloride. A 2 U/0.1 mL Botox was prepared by
adding 5 mL preservative-free sterile normal saline (0.9% sodium
chloride for injection).Two units of BTX was administered into the
centre of the proximal one-third of the McFarlane flap, one week
before elevation of the flap.

In the present study, 2R1 cigarettes were used based on the
Kentucky University Tobacco criteria (45,46). A device designed to
mimic human physiology was used (Figure 1) and experimental ani-
mals were exposed to smoke. The space between the external surface
of the balloon and the internal part of container represented pleural
space (Figure 1A). The balloon was inflated via an aspirator by creat-
ing negative pressure outside the balloon, which was filled with
smoke from a burning cigarette (mimicking inspiration) (Figure 1B).
When the aspirator was off, the smoke in the balloon was released
through the other end of the device (the expiration pipe) into the
outer environment (Figure 1C).

The tube releasing the smoke into the outer environment was
designed to represent the last point (mouth and nose) of the human
respiratory system. The difficulty in designing the device was providing
a single direction for the cigarette smoke; ie, smokers inhale smoke into
their lungs through oral route and expel this inhaled smoke via oral and
nasal routes. For this purpose, two one-way valves that mimicked the
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Figure 3) Mean necrosis areas in the study groups. BTX Botulinum toxin;
CS Cigarette smoke

nose and mouth were designed. While the balloon was being inflated,
it inhaled the smoke by means of the one-way valve and released the
smoke by means of the second one-way valve during expiration. To
create a valve, 50% of the pipe was covered by a serum container. The
finger part of a glove was cut and spread over the container. The area
on the finger glove marked as ‘D’ was cut (Figure 2).

The air in the pipe was easily expelled by pushing the glove, but
the glove adhered to the serum container and prevented the air from
reentering. One valve was located in the expiration pipe and the other
in the inspiration pipe, to carry the smoke in a single direction.

In the groups that were exposed to smoke, application was per-
formed for 10 min twice a day, for 14 days. While lighting cigarettes,
the device was turned on and the expiration pipe was placed in the
cage. The cage was covered with inflammable fabric, and aluminum
foil was placed on the base of the cages so that the cigarette ash would
not harm the animals.

To assess the efficacy of the smoking simulator, carboxyhemoglobin
levels were measured by adding 0.25 mL venous blood into a 1 mL hep-
arinized arterial blood gas tube. Smoking was considered to be effective
when carboxyhemoglobin levels were between 15% and 20% (46).

Surgical method
The rats were anesthetized via an intramuscular injection of ketamine
hydrochloride (30 mg/kg) and placed prone on the operating table; all
four extremities were secured. Depth of anesthesia was assessed based on
chin and skeletal muscle tonus. The dorsal hair of the rats were shaved
and the surgical field was appropriately cleaned using polyvinylpyrroli-
done iodine (1000 mL Batticon Sol, Adeka, Turkey). A standard
McFarlane 3 cm x 9 cm flap was drawn with a distal pedicle.
Subsequently, the caudally based flap, which was modified according to
Khouri et al (47), was incised using a number 15 surgical blade. The flap
included all skin layers and the panniculus carnosus, and was elevated by
blunt dissection. After hemostasis, the flap was sutured to its original
position by continuous suture using 4/0 silk. All procedures were per-
formed in accordance with the rules of asepsis. In the event that the rats
urinated or defecated in the course of surgery, maintenance of anesthesia
was provided by readministering one-third of the original dose of the
anesthetic agent.

The animals were awoken and placed in separate cages to avoid
damaging one another’s flap.

Clinical and histopathological evaluation

For clinical evaluation, the ratio of the necrotic area (area with colour
change, dry scar formation and lack of bleeding) to viable tissue within
the 3 cm X 9 cm flap area was determined. For this purpose, flaps were
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TABLE 1
Mean necrosis areas of the groups

Necrosis area, %,

Group mean * SD 95% CI

Control 26.29+5.47 21.23-31.34
Botulimum toxin 21.57+4.12 17.77-25.38
Cigarette smoke 41.57+8.46 33.74-49.40
Cigarette smoke + botulimum toxin 26.00+5.92 20.53-31.47

monitored on daily basis. Colour change and coldness were detected in
the distal parts of the flaps on the postoperative day 2 in all groups. On
postoperative day 5, necrosis and a demarcation line became more
remarkable in the distal parts of the flaps with decreased circulation.
Flap areas of questionable viability were considered to be necrotic.
The rats were euthanized on postoperative day 7; images were obtained
using digital camera with the assistance of a tripod from equal distan-
ces using a ruler placed near the flap. Live and dead flap areas were
determined (in pixels) using Image ] computer program. Necrosis
areas were calculated in percentages (%). Areas of epidermolysis in
the flaps were considered to be viable skin areas because they healed
with epithelialization.

All flaps were harvested on postoperative day 7 and sectioned
into three pieces; each piece was vertically divided into five pieces,
placed in cassettes and stored in 10% formaldehyde solution. These
tissue samples were embedded into paraffin blocks after being fixed
in formalin, and then 4 p sections were obtained using a microtome.
They were stained with hematoxylin and eosin and examined under
a light microscope. For histopathological examination, six param-
eters including capillary vascular proliferation, capillary collapse,
artery and venule diameters, and extensiveness and localization of
necrosis were investigated.

Statistical analysis

Multigroup comparison of numerical variables was performed using
ANOVA test. Subgroup comparisons were performed using Tukey’s
honestly significant difference test; P<0.05 was considered to be
statistically significant.

RESULTS
The mean necrosis area was 26% (range 16% to 31%) in the control
group, 21% (range 17% to 29%) in the BTX group, 41.5% (range 35%
to 58%) in the CS group and 26% (range 15% to 34%) in the
CS+BTX group (Figure 3).

There was a significant difference among the groups with regard
to mean necrosis area (P<0.001). Paired comparison revealed that
the mean necrosis area of the CS group was significantly higher than
those of the control (P=0.001), BTX (P<0.001) and CS+BTX
(P<0.001) groups. The mean necrosis areas of the BTX group
(P=0.497) and CS+BTX group (P=1.000) were found to be similar to
that of the control group. No significant difference was observed
between the BTX and CS+BTX groups in terms of the mean necrosis
area (P=0.549). The mean necrosis areas of the groups are presented
in Table 1.

On histopathological examination, normal capillary proliferation
was detected in the control group. In the proximal part of the flap in
the BTX group, elongation was detected in the arterioles and ven-
ules, an increase was detected in the diameters of small capillaries,
and there was fibroblastic activity and capillary proliferation. No
vascular collapse was observed. Vascular collapse was observed in the
CS group and fibroblastic proliferation was higher; moreover, macro-
phage and mast cell infiltration areas were detected. Histopathological
findings confirmed full-thickness damage. In the CS+BTX group, no
vascular collapse was observed even in the very distal part of the flap.
Figure 4D illustrates a dilated vessel in the distal part of the flap.
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Figure 4) Histopathological views of the samples. A Normal findings in the
control group (hematoxylin and eosin stain, original magnification x40);
B Histopathological view in the botulinum toxin (BTX) group (hematoxylin
and eosin stain, original magnification x60); C Histopathological view in
the cigarette smoking (CS) group (hematoxylin and eosin stain, original
magnification x100); D Histopathological view in the CS+BTX group
(dilated wvessels filled with erythrocytes) (hematoxylin and eosin stain,
original magnification x100)

Epithelial damage was more superficial in this group. Samples from
histopathological examination of the groups are shown in Figure 4.

DISCUSSION

Various agents have been tried to prevent unfavourable effects of nico-
tine on flaps in smokers. Aker et al (48) conducted a study involving
rats using pentoxifylline, a hemorheological agent, and demonstrated
that intraperitoneal administration of pentoxifylline decreased flap
necrosis in rats that received nicotine. Karien and Maisel (49) applied
nicotine to rats and demonstrated that oral tazocin, an alpha-1 block-
ing agent, enhanced flap survival. Eskitascioglu and Gunay (50) con-
ducted a study that demonstrated the benefit of vasodilatory effects
and thromboxane A2 synthesis-reducing effects of prostaglandins.
They found that topical prostacyclin and prostaglandin E; enhanced
flap survival in rats exposed to nicotine. Rinker et al (46) demon-
strated that unfavourable effects of smoking in rats exposed to ciga-
rette smoke could be reduced secondary to the vasodilatory effects of
calcium channel blockers.

There are studies investigating the effects and mechanism of
action of BTX on flap healing. Effects of BTX on autonomous nerve
system and vascular smooth muscles are known. Thus, BTX has been
used to treat cases of sympathetic vasoconstriction. Sycha et al (51)
used a BTX type A preparation in patients with Raynaud’s phenom-
enon. Sympathectomy enhances cutaneous blood flow; moreover, it
enhances microcirculation in the muscular flaps (52-54). It has been
hypothesized that BTX acts as surgical sympathectomy, thus enhan-
cing flap survival. Clemens et al (40) demonstrated that BTX caused
significant vasodilation; thus, it might be used to prevent anas-
tomotic thrombosis. Fathi et al (55) demonstrated that pretreatment
with BTX type A was associated with a lower rate of arterial and
venous thrombosis in a rabbit model of microanastomosis. Kim et al
(42) reported that BTX type A used in random cutaneous flaps in
rats enhanced the survival rates by means of selective suppression of
sympathetic neurons of the cutaneous microcirculatory system. Not
only NE but also a number of cotransmitters are concomitantly
secreted from adrenergic nerve endings. Neuropeptide Y (NPY) and
ATP are two of the important cotransmitters (56-58). In general, NE
is synthesized in the small vesicles in neurons when low-frequency

180

stimulations are applied to the sympathetic neurons. However, NE
and NPY are synthesized together in large vesicles during high-
frequency stimulations (59). ATP is released from both small and
large vesicles (60). Soluble N-ethylmaleimide-sensitive factor acti-
vating protein receptor (SNARE) proteins are the major regulators
of these cotransmitters (61,62). It is known that BTX acts on the
same proteins at the synaptic membrane level. Morris et al (39)
conducted a study involving guinea pigs and detected a 25 kDa
immune-reactive synaptosomal-associated protein (SNAP-25) in the
inferior vena cava. Vascular stimulation by the sympathetic system
initially led to vasodilation due to the effect of NE on B1 receptors,
but vasoconstriction was later observed along with the activation of
alpha 2 receptors; NPY release was enhanced but BTX- and
NE-originated vasoconstriction was decreased in the event of con-
tinuation of the current stimulation. They attributed this condition
to SNARE proteins not having a role in the exocytosis in large ves-
icles, and to small and large vesicles, which were found in presynap-
tic membrane, having different regulation mechanisms for exocytosis.
As is known, sympathetic vasoconstriction arises from alpha recep-
tors. Phospholipase D activity plays an important role in signal
conduction of alpha 2 receptors. BTX is known to decrease phos-
pholipase D activity (63). Calcitonin-associated peptide is a potent
vasodilator and also plays a role in wound healing. Studies have
reported that BTX leads to an increase in the amount of calcitonin-
related peptide (64). While lower blood flow is generally expected
in paralyzed muscle compared with active muscle, Matic et al (65)
demonstrated increased blood flow, blood volume and surface per-
meability in the masseter muscle paralyzed by toxin compared with
the control group. The Matic et al study suggested that BTX may be
beneficial in enhancing flap survival and in reducing unfavourable
effects of smoking.

In the present study, we administered BTX in random pattern flaps
to benefit from its vasodilator activity. Despite a decrease in necrosis
area in the group that received BTX compared with the control group,
the difference was not statistically significant (21% and 26%, respect-
ively [P=0.497]). In their experimental study, Kim et al (66) elevated
3 cm x 10 cm distal-based flaps from the dorsum of rats and found the
ratio of intact/total flap area to be 53% in the control group and 94%
in the group that received BTX. They applied a total of 20 U of BTX
into the distal, proximal and median aspects of the flap. In the present
study, we applied only 2 U of BTX into the proximal aspect of the flap.
Differences between the doses and application sites may have led to
the differences between the results of the present study and those of
the above-mentioned study.

The effect of cigarette smoking on random flaps is irreversible even
if smoking is discontinued (67). This leads to complications in smok-
ers in clinical practice. Many problems, such as high rates of distal flap
necrosis, problems in wound healing, requirement for a second surgery
and higher costs, are associated with smoking. In the present study, the
rate of flap necrosis was significantly higher in rats exposed to cigarette
smoke than in those in the control group (41% versus 26%; P=0.001).
The rate of necrosis in the group exposed to cigarette smoke and
receiving BTX one week before the surgery was similar (26%) to that
of the control group. This result suggested that the unfavourable
effects of smoking on flap viability may be reduced by BTX.

CONCLUSION
The results of the present study indicate that BTX applied one week
before flap elevation in smokers may reduce flap necrosis rates.
However, further clinical studies investigating this subject are needed
in clinical practice situations.
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