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ABSTRACT

Vasospasm is one of the important causes of morbidity in free flap and replantation surgery. In secondary
Raynaud’s phenomenon, nearly half of the patients experience digital ulceration, pain and loss of function
at least once in their lifetime. The aim of this study is to investigate the vasodilation effect of ethanol-
mediated chemical denervation on peripheral vessels by topical administration. In this study, 27 Wistar
albino male rats weighing 250-300 grams were used. The rats were randomly divided into three groups:
saline (group S, n=38), lidocaine (group L, n=9) and 96% ethanol (group E, n=9). According to group,
0.1 mL saline, 0.1 mL lidocaine and 0.1mL ethanol were applied around the rat femoral neurovascular
bundle. After the application, on the Oth day and 3th weeks, femoral artery and vein diameters were
measured. After 3. weeks, histopathological samples from femoral artery, vein and nerve were evaluated.
On the Oth day, the mean diameter of the femoral artery and vein was similar in group E and L and
higher than group S. After three weeks, the vasodilatation effect of ethanol was increased in group E. In
Group L and S, the vasodilatation effect was lost. Histopathological examination showed that ethanol sig-
nificantly caused perivascular inflammation and nerve degeneration compared to other agents and did
not cause endothelial damage. Vasodilatation obtained by ethanol is a rapid onset and long-lasting effect.
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It is also inexpensive and effective for peripheral vasodilatation.

Introduction

Vasospasm, one of the body's defense system, is affected by
many factors and is caused by smooth muscle contraction in the
tunica media. latrogenic or traumatic intimal injury leads to
smooth muscle activation by local mediators such as endothelin-1
and thromboxane A2 secreted from the endothelium [1]. Vascular
preparation, handling and anastomosis tension trigger myogenic
response as a result of smooth muscle depolarization and cause
vasoconstriction [2]. The sympathetic system mediates vasocon-
striction caused by cold exposure both in digital ischemia in
Raynaud’s phenomenon (RF) and in reconstructive microsurgery.
Increased sympathetic activity as a result of systemic cold expos-
ure is mediated by norepinephrine, and local cold exposure
causes vasoconstriction by directly stimulating alpha 2 adrenergic
receptors [3]. Systemic hormones include the renin-angiotensin-
aldosterone system triggered by hypovolemia. Angiotensin 2
(AT-2) causes contractions by stimulating AT-2 receptor type 1 on
vascular smooth muscle [4].

Due to these factors, vasospasm may occur by reducing local
blood flow and in case of prolonged stasis and thrombus, causing
tissue loss. In RF associated with Systemic Sclerosis, nearly half of
patients experience digital ulceration, pain and loss of function at
least once in their lifetime [5]. Vasospasm, which affects between
5 and 10% of free flap and replantation surgery, is one of the
most important reasons for morbidity [6].

Vasospasm therapy is focused on relaxation of vascular smooth
muscles. However, the ideal treatment model is still unclear.
Pharmacological agents include many agents such as local

anesthetics, sympatholytic agents, calcium channel blockers, botu-
linum toxin-a, phosphodiesterase and prostaglandin E inhibitor.
Surgical treatment is based on the elimination of sympathetic
innervation. Options include cervical sympathectomy, lumbar sym-
pathectomy and peripheral sympathectomy.

In vitro vascular relaxation of ethanol and alcohol has been
demonstrated in studies of aortic ring and mesenteric vascular
bed [7,8]. In addition, ethanol performs vasodilation in peripheral
vessels by affecting central vasomotor control mechanisms with
oral intake [9]. Ethanol metabolized in vascular smooth muscle
and endothelial cells as well as liver, activates endothelial nitric
oxide synthase (eNOS) by metabolizing to free oxygen radicals.
Thus, NO release, which is a strong vasodilator, is increase and
peripheral vasodilation effect occurs [8]. Ethanol, which is cyto-
toxic at high doses and concentrations, leads to protein denatur-
ation and Wallerian degeneration in nerve cells.

Ethanol with the approval of United States Food and Drug
Administration for the purpose of therapeutic neurolysis is used
in the treatment of chronic pain syndromes [10]. It is also used
for spasticity, hyperhidrosis, Morton’s neuroma and trigeminal
neuralgia [11-14]. It can be preferred as a sclerosing agent up to
1ml/kg dose in vascular malformations, causing endothelial dam-
age and fibrosis in intravascular applications [15]. In recent years,
ethanol has been used in the treatment of renal hypertension
with the effect of chemical neurolysis on periarterial sympathetic
fibers. The aim of this study is to investigate the vasodilation
effect of ethanol-mediated chemical denervation on peripheral
vessels. In recent years, ethanol has been used in the treatment
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of renal hypertension with the effect of chemical neurolysis on
periarterial sympathetic fibers. The aim of this study is to investi-
gate the vasodilation effect of ethanol-mediated chemical denerv-
ation on peripheral vessels by topical administration.

Materials and methods

The study was conducted after approval from the Animal
Experiments Local Ethics Committee (ethical approval number:
2019/03). 27 Wistar male albino rats weighing 250-300 grams
were used in the study. Rats were kept in separate containers in a
temperature-controlled room of 22-24°C for 12h light and 12h
dark cycle. They were access to ad libitum standard rodent food
and water. The rats were randomly divided into three groups:
saline (group S, n=9), lidocaine (group L, n=9) and ethanol
(group E, n=9). One rat from the saline group died on the
second day of the experiment and eight rats were continued.

All surgical procedures were performed by the same surgeon
under general anesthesia, in the supine position and on a tem-
perature-controlled table. The surgical procedure was performed
and photographed under the microscope (S100/OPMI pico; Carl
Zeiss Meditec AG, Jena, Germany). In anesthesia, 50 mg/kg
Ketamine (Ketalar; Pfizer, New York, NY) and 5mg/kg Xylazine
(Rompun 2%; Bayer, Leverkusen, Germany) were used intraperito-
neally. The skin was cleaned with povidone-iodine after the one-
sided inguinal regions were shaved. After longitudinal skin
incision, the inguinal fad pad was removed, and femoral neuro-
vascular bundle was exposed. The femoral artery and vein were
meticulous dissected, and the adventitial layer remained intact.
Vasospasm was provoked with surgical manipulation. According
to groups 0.1ml saline, 0.1 ml lidocaine hydrochloride (Aritmal®
2%, 100mg/5ml Osel drugs, industry and trade AS., Beykoz,
Istanbul, Turkey) and 0.1 ml of ethanol (99.6%, Merck, Darmstadt,
Germany) were topical administered around  vessels.
Administration of ethanol, the perivascular region became non-
translucent white. No discoloration was observed in the applica-
tion of other agents. After the administered of agents, photos
were taken with millimeter sizers and then the skin was primary
sutured with 5/0 polyprolene. Three weeks later, the same experi-
mental procedures were repeated by entering the same incision
and the femoral neurovascular bundle was resected for histo-
pathological evaluation. After the procedure, the animals were
euthanized with high dose anesthesia. Ethanol-induced systemic
effects were not observed in the rats for three weeks.

In order to determine the acute effect, the femoral artery and
vein diameters were measured for five minutes after the applica-
tion. Photographs were taken from microscope camera with milli-
meter sized. Three weeks later, femoral artery and vein were
dissected again, and vessel diameters were photographed to
determine the long-term effect. Digital photos were measured by
Image J software (U. S. National Institutes of Health, Bethesda,

Table 1. Grading of histopathological findings.
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MD, USA) program and their vessel diameters were measured in
millimeters (mm).

The surgical specimen was fixed in 10% buffered formalde-
hyde. Sample tissues were embedded in paraffin blocks after
processing. 4-micron thick sections were taken from these tissues
in paraffin blocks. Tissue sections were prepared as routine hema-
toxylin and eosin (H&E) and immunohistochemically S100 stained
preparations for examination. Immunohistochemical study was
performed in Leica Bond Max Fully Automatic immunohistochem-
istry device. Immunostaining was performed with rabbit poly-
clonal antibody against the S100 protein using a commercial kit
(Leica, S100P-L-CE, RTU,1/200 diluted). Sections were deparaffi-
nized and rehydrated through a series of xylene and ethanol
washes. Endogenous peroxidase activity was blocked with hydro-
gen peroxide. After a 25-min incubation with protease, the diluted
antibodies were applied to the slides. Expression was detected
with a polymer detection kit (Leica DS9800 Bond Polymer Refine
Detection Automated), and the color was developed with diami-
nobenzidine as the chromogen. Mayer’s hematoxylin was used for
counterstaining. The preparations were re-hydrated by 95% and
100% alcohols. After cleaning with xylene, it was covered with
mounting medium and was ready for examination under a light
microscope. S100 positive nerve tissue was detected, which was
determined to be light-dark brown with chromogen. The prepara-
tions were blindly evaluated by two experienced pathologists
under light microscopy. Endothelial proliferation, perivascular
nerve injury and inflammation were evaluated. Endothelial prolif-
eration, periarterial inflammation and nerve degeneration were
scored from one to three; normal, mild and severe (Table 1). In
addition, tunica media damage and inflammatory cell involvement
were evaluated.

SPSS 15.0 for Windows program was used for statistical ana-
lysis. Descriptive statistics; number and percentage for categorical
variables, mean and standard deviation for numerical variables.
When the numerical variables provided the normal distribution
condition in the groups, more than two independent group com-
parisons were made by one-way ANOVA test and when the nor-
mal distribution condition did not meet, Kruskal Wallis test was
used. Subgroup analyzes were performed by Mann-Whitney U
test in nonparametric test and interpreted by Bonferroni correc-
tion. Dependent paired group analyzes were performed by paired
t-test when the normal distribution condition was satisfied and
Wilcoxon test when the normal distribution condition was not sat-
isfied. Statistical significance level was accepted as p < 0.05.

Results

The mean diameter of femoral artery on day 0 was similar in
group E (1.04+0.05mm) and L (1.01+0.06 mm) was higher than
group S (0.56+0.04 mm) (p < 0.001). After three weeks, the vaso-
dilatation effect of ethanol was increased in group E (mean

Grade Nerve degeneration Endothelial proliferation Perivascular inflammation
1. Normal No pathological findings on the nerve No pathological findings on No pathological findings on the
the vessels perivascular tissue
2. Mild Thickening of the perineurium, no Intimal fibrin deposition with no Minimal increase of lymphocyte and
endoneural fibrosis, partial endothelial proliferation plasmocyte in perivascular tissue
vacuolization and neovascularization
3. Severe Endoneural fibrosis with extensive Endotelial proliferation with thickening Severe increase of lymphocyte and

vacuolization and nuclear
hypercromasia (ghost cells resulting
in hyalinosis, clear cytoplasm,
apoptosis in nerve cells)

of the media

plasmocyte in perivascular tissue
and neovascularization
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diameter; 1.11£0.06 mm), in group L the vasodilatation effect was
disappeared (mean diameter; 0.54 + 0.04 mm) and artery diameters
in group S was similar to the day O (mean diameter;
0.55+0.02 mm). (p < 0.001). Ethanol’s vasodilatation effect contin-
ued to increase with respect to day 0 (p <0.001), the vasodilata-
tion effect of lidocaine was decreased (p <0.001) and the saline
was not changed (p =0.155) (Figures 1 and 2).

The vasodilatation effect of the agents on the veins was similar
to the arteries. The mean diameter of femoral vein on day 0 in
group E (1.24+0.07mm) and L (1.21+£0.08 mm) was higher than
group S (0.88+£0.09 mm) (p < 0.001). After three weeks, the mean
diameter of femoral veins in group E (1.29+0.07 mm) was higher
than group L (0.87+0.09mm) and S (0.86+0.08 mm) (p < 0.001)
(Figure 3).

Figure 1. Photos of the femoral artery and veins. 5min after the application of
the agents, (A) saline; (B) lidocaine; (C) ethanol. Images after three weeks after
application of agents, (C) saline; (D) lidocaine; (E) ethanol.
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The histopathological results and scores of the agents are
shown in Figure 4. There was no statistically significant difference
between the effects of all three agents on endothelial prolifer-
ation (artery, p=0.628; vein, p=0.980), but their effects on peri-
vascular inflammation (p=0.004) and nerve degeneration
(p<0.001) were statistically different. Perivascular inflammation
was higher in group E and group L than group S. Nerve degener-
ation was detected only in group E.

Detailed histopathological analysis and sections are presented
in Figure 5. Endothelial proliferations detected in all groups were
evaluated as non-specific regardless of the agents. In group E,
severe endothelial proliferation was detected in only one artery
and mild endothelial proliferation in one vein. In Group L, mild
endothelial proliferation was detected in an artery and a vein. In
Group S, endothelial proliferation was detected in only one vein.
In addition, thrombus formation was not detected in any vessels.
Perivascular inflammation was evaluated histopathologically
according to lymphocyte and plasmocyte infiltration and neovas-
cularization. In group E, severe perivascular inflammation was
detected in five specimens and moderate inflammation was
detected in four specimens. In group L, severe inflammation
was detected in two specimens, moderate in five specimens and
normal inflammation in two specimens. In group S, severe peri-
vascular inflammation was detected in one specimen. Histological
signs of nerve degeneration (vacuolization and nuclear hypercro-
masia), severe in six nerves and mild in two nerves, was detected
only in group E. Ethanol was found to cause perivascular inflam-
mation and nerve degeneration significantly compared to other
agents but not to endothelial damage.

Discussion

The sympathetic denervation effect of low-dose and high-concen-
tration ethanol on the vessel was first reported by Streitparth
et al. it has been used as an alternative to radiofrequency-
mediated renal denervation [16]. In pigs, 0.3ml and 0.6 ml renal
periarterial 95% ethanol caused degeneration of sympathetic
fibers, decreased renal norepinephrine levels and decreased sys-
tolic blood pressure levels. In the same study, it has been shown
histologically that ethanol does not enter the intravascular space
and does not cause tunica media and intima damage, renal artery
stenosis and aneurysm in perivascular applications [17]. In this

GrupE(m=9) GrupL(n=9) GrupS(n=8) P
0. day, mm 1.04+0.05 1.01+0.06 0.56+0.04  <0.001
(Mean + SD)
3. week, mm 1.11+0.06 0.54+0.04 0.55+0.02  <0.001
(Mean + SD)
P <0.001 <0.001 0.155
*Arterial diameters and statistical results of groups.
EvsL(p EvsS(p) LvsS(p)
0. day 0.269 0.001 0.001
3. weeks <0.001 0.001 0.961

*Statistical results of arterial diameters between two groups.

Figure 2. Average arterial diameters and statistical relationship between groups at 0days and 3th week.
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Vein diamaters

GrupE(n=9) Grup L (n=9) Grup S(n=8) p

0. day, mm 1.24+0.07 1.21+0.08 0.88+0.09  <0.001
1.2 (Mean = SD)

3. week, mm 1.29+0.07 0.87+0.09 0.86+0.08  <0.001
1 (Mean = SD)

<0.001 <0.001 0.155

0 *Vein diameters and statistical results of groups.
0.
0. EvwsL(p) EvsS(p) LvsS(p)

0. day 0.894 0.001 0.001
0.2 3. weeks <0.001 0.001 0.963

0. day 3. week *Statistical results of vein diameters between two groups.
EGroup E mGroup L mGroup S

=

-]

(=}

-

Figure 3. Average vein diameters and statistical relationship between groups at 0 days and 3th week.

Histopathological score results
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Endothelial prolif. Endothelial prolif. Perivascular Nerve degeneration
(arteries) (veins) inflammation

m Ethanol ®™Lidocain ™ Saline

Ethanol  Lidocain Saline P
Endotelial proliferation A 1.2240.66 1.11+0.33 1+0 0.628
(Mean + SD) V1114033 1113033  1.25+0.70  0.980
Perivascular inflamation 2.5610.52 240.70  1.25+0.70 0.004
(Mean = SD)
Nerve degeneration 2.78+0.97 1+0 1+0 <0.001
(Mean + SD)

*Statistical results of histopathological score. A, artery; V, vein.

Figure 4. Histopathological scoring results and statistical relationship between groups. Endothelial proliferation, periarterial inflammation and nerve degeneration
were scored from one to three; normal, mild and severe. Statistical analysis was made according to the ordinal data obtained by scoring.

study, although significant perivascular inflammation and nerve Nasiri et al. [18], they were measured one week later by apply-
degeneration due to % 99.6 ethanol was detected, there was no ing 2ml of 10% ethanol subcutaneously around the posterior cen-
inflammation or injury in tunica media. In addition to, endothelial tral artery and marginal vein in rabbit ear. They showed the effect
proliferation detected in vessels is thought to be nonspecific and of ethanol on vascular dilatation in arteries and veins [18]. In this
secondary to traumatic vascular manipulation. study, the vasodilatation effect of ethanol on arteries and veins
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Histopathological results
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Figure 5. Endothelial proliferation, perivascular inflammation and nerve degeneration results in groups. Histopathological sections of the ethanol (A-F), lidocaine (G-L)
and saline (M-0) groups. A-D, G-K, M, N H&E stain, E, F, L, O, S100 stain. Blue arrow, femoral vein; red arrow, femoral artery; yellow arrow, femoral nerve. (A) Mild
perivascular inflammation (black rectangles, lymphocyte and plasmocyte infiltration); severe nerve degeneration (extensive vacuolization and nuclear hypercromasia);
normal artery and vein. (B) Severe nerve degeneration with extensive vacuolization and nuclear hypercromasia; little red arrow, vacuolization; little black arrow, nuclear
hypercromasia. (C) Mild nerve regeneration, partial vacuolization; blue rectangle, vacuolization and nuclear hypercromasia area; red rectangle, normal nerve area. (D)
Severe perivascular inflammation (black rectangles, severe lymphocyte and plasmocyte infiltration); severe nerve degeneration (blue rectangle, extensive vacuolization
and nuclear hypercromasia area), normal endothelial proliferation (little red arrow), severe endothelial proliferation (little black arrow, tunica media thickening with
fibrin depositions). (E) Severe nerve degeneration with extensive vacuolization; ghost cell, little black arrow. (F) Mild nerve regeneration, partial vacuolization; red rect-
angle, normal nerve area; blue rectangle, vacuolization area. (G) Normal perivascular tissue, nerve and vessels. (H) Mild perivascular inflammation; black rectangles,
mild lymphocyte and plasmocyte infiltration; little red arrows, neovascularization. (l) Severe perivascular inflammation; black rectangles, severe lymphocyte and plas-
mocyte infiltration; little red arrows, neovascularization. (J) Normal nerve. (K) Normal nerve (L) Normal nerve. (M) Normal perivascular tissue, nerve and vessels. (N)
Normal perivascular tissue and vessels. (O) Normal nerve.

has been shown to begin within five minutes after administration
and the effect continues to increase after three weeks. This rapid
effect suggests that the onset time depends on the chemical
denervation effect as well as the pharmacological effect on the
endothelial and vascular smooth muscle.

Vasodilatation effect of 2% lidocaine in single application starts
in the first five minutes and is frequently used in microsurgery.
The duration of action is 15-30 min for lidocaine [19]. Ethanol has
been shown to perform more vasodilatation at the fifth minute

than lidocaine. Although there is no algorithm for postoperative
vasospasm in microsurgery, many surgeons prefer topical vaso-
dilatation and adventitial stripping effective in reexploration [20].
Ethanol mimics topical vasodilators with its rapid effect and
adventitial stripping with chemical denervation effect. For this rea-
son, ethanol may be an alternative agent in postopera-
tive vasospasm.

Because of local sympathetic denervation effect, Botulinum
Toxin (BTX) is used in selected cases for digital sympathectomy in



RF [21]. In addition, it has been demonstrated experimentally that
BTX-A and B pretreatment models increase resting vessel diame-
ters. The maximum vasodilatation effect in perivascular BTX-A
administration has been demonstrated in rats on the 14th day
and on the 28th day the effect is reduced [22]. BTX-B, which has
a faster onset of action than BTX-A, has been reported to have
anti-vasospastic activity in rats on day 3 [23]. In ethanol, which is
relatively inexpensive compared to BTX preparations, the effect
starts within five minutes after application. BTX provides tempor-
ary and partial denervation by preventing the release of acetyl-
choline and norepinephrine from presynaptic nerve endings
[24,25]. Ethanol causes protein denaturation and nerve degener-
ation. Therefore, the duration of action is considered to be longer.

Adventitial stripping can be applied in secondary RF in order
to reduce distal ulceration and pain [26]. With adventitial strip-
ping, both sympathetic tonus and periarterial fibrosis is removed.
Application of ethanol in secondary RF, treats the vasoconstrictive
component of the disease, but an increase in perivascular inflam-
mation will accelerate the fibrotic process. Therefore, it is unlikely
to be in terms of an alternative agent in secondary RF both BTX
application and adventitial stripping.

The effect of ethanol at different doses and concentrations on
nerve degeneration has been previously studied. The effect at low
concentration ethanol has been reported to be reversible [27,28].
In this study, low dose and high concentration of ethanol was
used for peripheral vessels. To the best of our knowledge, the
acute effect of different concentration ethanol on perivascular tis-
sue was not found in the literature. We think the effective dose
that causes less inflammation and vasodilation should be eval-
uated, and this study will be preliminary for other studies.

This study has some limitations. Although, ethanol is cytotoxic
for endothelium, intravascular permeability of the anastomosis
line should be studied, and possible thrombosis risks should be
evaluated for use in peroperative. The study was performed on
rats and human studies are needed for its use in perivascular
administrations.

Conclusions

In this study, it has been shown that high concentration and low
dose ethanol do not cause to thrombosis by topically administra-
tion to the perivascular area. This is the first study to evaluate
in vivo acute vasodilation effect of ethanol on peripheral vessels
by topical administration. Vasodilatation obtained by ethanol is
rapid onset and long-lasting effect. It is also inexpensive and
effective for peripheral vasodilatation. Ethanol may be an alterna-
tive agent in the treatment of vasospasm if supported by more
studies in terms of anastomosis line permeability in microsurgery.
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