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The effects of lauromacrogol on thyroid tissue in rabbits. Is this a safe option for the treatment of nodular
thyroid disease?

A: The effects of lauromacrogol as a sclerosing agent were evaluated on rabbit thyroid tissue.

MATERIAL AND METHODS: Twelve rabbits were divided into two equal groups. Intra-thyroid injections of 0.1 ml lauro-
macrogol were administered in the study group and 0.1 ml physiologic serum in the control group. The blood levels of
free 13, free T4, TSH, postoperative adhesions and histopathologic differences of the thyroid tissues were evaluated.
Resurrs: The values of serum ﬁee 13, free: 14 and TSH levels did not differ significantly (p>0.05), but the free 13
levels were significantly different in the inter-group analysis (p=0.020). Postoperative macroscopic adhesion scores did not
differ significantly (p>0.05). In the histopathologic evaluation, the inflammation and fibrosis scores were significantly
higher in the study group (p=0.003).

DISCUSSION: [n our study, we found two important outcomes. Firstly, tests of thyroid function were not significantly dif-
ferent between the control and study grouwps. This important finding suggests lauromacrogol can be safely used without
the risk of hypothyroidism or hyperthyroidism. Secondly, the Erlich-Hunt Model histopathologic evaluation results revealed
that inflammation and fibrosis were significantly increased in the study group. This finding shows lauromacrogol can be
effectively used to treat thyroid nodules by means of fibrosis.

CONCLUSIONS:  Lauromacrogol causes fibrosis in thyroid tissue without significant perithyroidal adhbesion formation and
Sfunctional differences. Treatment of nodular thyroid disease with lauromacrogol may be safe.
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Introduction marily performed for thyroid nodules. The estimated
prevalence of palpable thyroid nodules ranges from 3%
Thyroid diseases are the most frequent endocrine disor- to 7% 2. During the past two decades, the widespread
der, and the thyroidectomy is the most frequent use of ultrasonography for evaluation of thyroid and non
endocrine surgical procedure !. Thyroid surgery is pri- thyroid neck disease has resulted in a dramatic increase
in the prevalence of clinically unapparent thyroid nod-
ules, estimated at 20% to 76% in the general popula-
tion 4.
Most thyroid nodules are benign, but some require treat-
ment for the risk of malignant transformation, cosmet-
Pervenuto in Redazione Otobre 2015. Accettato per la pubblicazione - reasons or subjective symptoms 5. Surgery is used to
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ethanol injection, laser, microwave and radiofrequency
ablation 5.

Lauromacrogol (polidocanol) is a local anesthetic agent.
It has a high affinity for vessel endothelium, reacting
with endothelium and causing inflammation and sclero-
sis 112, Lauromacrogol is used to treat some patholog-
ic processes, including thyroid nodules. There is some
literature regarding the use of lauromacrogol for the treat-
ment of thyroid nodules '8, However, the physiologic
and histopathologic effects of lauromacrogol on the thy-
roid tissue have not been previously evaluated. In this
study, we evaluate the effects of lauromacrogol on rab-
bit thyroid tissue.

Materials and Methods

This study was performed at the Experimental Animal
Production and Research Laboratory of Bezmialem
Vakif University and was approved by the local Animals
Ethics Committee. All protocols were in accordance
with the regulations governing the care and use of lab-
oratory animals in the declaration of Helsinki.
According to power analysis with 0.05 accuracy and
0.95 power, the number of rabbits were determined to
be six in each of the groups. Twelve female New
Zealand white rabbits (mean weight 312075 g; mean
age 5.5 months; outbred) were divided into two equal
groups. The rabbits were housed singly in standard
cages with stainless steel tops and bottoms and woven
wire sides. The cage floors were covered with wood
shavings that were changed daily. The rabbits were kept
at room temperature with adequate ventilation. Water
and feeding containers were. made of standard plastic
with side entrances. The animals were fed pellets
designed for small laboratory animals.

The rabbits were starved overnight and anesthetized
with Ketamine (Ketalard, Parke Davis and Co. Inc;
40 mg/kg body weight) and xylazine (Rompuni Bayer
Co.; 5 mg/kg body weight).

Before the surgical procedure, blood samples were tak-
en from the ear veins of all subjects and sent to the
biochemistry laboratory for free T3, free T4 and TSH
levels. The anterior neck was shaved and disinfected
with povidone iodine. A 5 c¢cm longitudinal mid-line
incision was made. The pretracheal muscles were divid-
ed laterally and reached to the thyroid region.
Thyroidal lobes were uncovered from para-thyroidal tis-
sues and exposed clearly.

In the study group (n= 6), 0.1 ml lauromacrogol per
lobe  (acthoxysklerold  0.1%, Kreussler Pharma,
Germany) was injected intrathyroidally. In the control
group (n= 6), the same procedure was performed with
0.1 ml 0.9% physiologic serum (% 0.9 Serum
Fizyolojiké, Eczacibasi Co, Turkey).

After the procedure, the muscles and skin were stitched
separately with 3-0 polypropylene sutures (Prolene®,

TaBLE | - Adbesion grading according to the Evans Model.

Grade Definition

0 No adhesions

1 Spontaneously separating adhesions
2 Adhesions separating by traction

3 Adhesions separating by dissection

TaBLE II - The Erlich-Hunt Model

Grade Definition

Grade-0  None

Grade-1 Low density and separated
Grade-2 Low density and in all places
Grade-3 High density but separated
Grade-4 ~ High density and in all places

Kurtsan Co, Turkey). After examination at 3 hours
postoperatively, the rabbits were allowed their usual
teed. On postoperative days 5, 10, 20 and 30, blood
samples were received from all subjects for re-evalua-
tion of free T3, free T4 and TSH levels. The animals
were sacrificed on postoperative day 30 by intraperi-
toneal injection of 200 mg/kg sodium pentothal. The
same neck incision was used for re-exploration after
widening it superiorly and inferiorly. Postoperative
adhesions were evaluated according to the Evans Model
(19) (Table I), and thyroid tissue with tracheal seg-
ments were resected for histopathologic examination.
The specimens were fixed in 10% formal, dehydrated,
and embedded in paraffin wax. Sections were cut at a
thickness of 5 mm and stained with hematoxylin and
eosin. The tissue was evaluated in terms of the quan-
tity of inflammatory cells, fibroblasts, neovasculariza-
tion level, and collagen content according to the
Ehrlich-Hunt model ?° (Table II).

The primary evaluation parameters were histopatho-
logic evaluation and differences of secretory function
of thyroid tissue, and the secondary parameter was the
postoperative adhesion formation grades of the groups.

Statistical Analysis

The statistical analyses were performed using IBM SPSS
Ver. 19.0. In addition to descriptive statistical methods
(mean, standard deviation, and median), we used the
Friedman test and post hoc Dunn test for in-group vari-
ables comparisons and the Mann Whitney U test for
comparisons of inter-group variables.
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Results

The values of serum free T3, free T4 and TSH levels
of the groups are shown in Table III, IV, and V No sta-
tistically significant differences were observed in the in-
group analysis (p>0.05), and only the free T3 levels dif-
fered significantly in the inter-group analysis (p=0.020).

TasLe III - The serum free T3 levels of the groups

When we evaluated the postoperative adhesions, the
macroscopic adhesion scores did not differ significantly
(p>0.05). In the histopathologic evaluation according to
the four parameters, inflammation and fibrosis were sig-
nificantly different (p=0.003) between the two groups
(Table VI).

Control Group

Study Group Mann Whitney U

Serum T3 Mean Standard Median Mean Standard Median z p
Levels (pg/ml) Deviation Deviation
Preop 5.6167 1.6916 5.0500 5.4333 0.5354 5.5500 -0.401 0.688
Postop Day 5 6.2667 1.2127 6.4000 6.8167 1.6546 6.6000 -0.401 0.688
Postop Day 10 6.3000 2.2018 6.1000 6.6667 0.7448 6.7000 -.0160 0.873
Postop Day 20 6.8333 1.5642 6.7000 7.6500 0.8758 7.8500 -1.129 0.259
Postop Day 30 6.2000 1.6186 6.1000 7.9833 1.2336 8.3500 -1.684 0.092
Friedman chi-square 3.467 11.661
P 0.483 0.020
TaBLE IV - The serum free T4 levels of the groups

Control Group Study Group Mann Whitney U
Serum T4 Mean Standard Median Mean Standard Median z p
Levels (pg/ml) Deviation Deviation
Preop 17.9833 3.0993 18.1000 20.0000 3.8766 21.1500 -1.123 0.261
Postop Day 5 17.3000 3.2472 18.2000 18.1500 3.5444 18.9000 -0.480 0.631
Postop Day 10 17.9000 2.3461 17.6500 18.9333 2.8549 19.7500 -0.643 0.520
Postop Day 20 16.3000 4.3308 14.5000 15.3333 3.8702 14.5500 -0.321 0.748
Postop Day 30 17.3667 3.7120 16.5000 16.0500 2.2722 17.1500 -0.642 0.521
Friedman chi-square 0.840 9.176
P 0.933 0.057
TaBLE V - The serum TSH levels of the groups

Control Group Study Group Mann Whitney U

‘Whitney U Mean Standard Median Mean Standard Median z p
Serum TSH Levels (nIU/mL) Deviation Deviation
Preop 0.0012 0.0004 0.0010 0.0017 0.0005 0.0020 -1.682 0.093
Postop Day 5 0.0015 0.0005 0.0015 0.0018 0.0010 0.0015 -0.524 0.600
Postop Day 10 0.0018 0.0008 0.0020 0.0022 0.0008 0.0020 -0.782 0.434
Postop Day 20 0.0018 0.0004 0.0020 0.0023 0.0012 0.0025 -0.777 0.437
Postop Day 30 0.0015 0.0008 0.0010 0.0017 0.0005 0.0020 -0.713 0.476
Friedman chi-square 5.483 3.362
P 0.241 0.499
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TaBLE VI - The histopathologic evaluation and macroscopic adhesion score results of the groups.

Control Group

Study Group Mann Whitney U

Mean Standard Deviation Median Mean Standard Deviation Median z p

Inflammation 0.5000 0.5477 0.5000 3.3333 0.5164 3.0000 -2.983 0.003
Fibrosis 0.5000 0.5477 0.5000 2.3333 0.5164 2.0000 -2.983 0.003
Neovasc. 0.5000 0.5477 0.5000 0.6667 0.5164 1.0000 -0.561 0.575
Collagen
Deposition 0.8333 0.7528 1.0000 0.8333 0.7528 1.0000 0.000 1.000
Macroscopic

Adhesion Score 1.8333 0.7528 2.0000 2.5000 0.5477 2.5000 -1.573 0.116

Discussion

Knowing that the majority of thyroid nodules are benign,
alternates to surgical treatment have been proposed.
Ethanol injection, laser, microwave and radiofrequency
ablation are the most popular methods ¢!7. The ethanol
injection is very effective when used to treat cystic thy-
roid nodules 12, Ethanol works as a sclerosing agent via
cellular dehydration and protein denaturation that leads
to coagulation necrosis and fibrosis. Yasuda et al. report-
ed the cystic nodule volume decreased more than half
in 72% of the patients treated with ethanol sclerother-
apy ?!. Cho et al. reported 68% of the patients had
more than a 50% decrease in thyroid nodule volume
after ethanol injection ?2. Others suggest ethanol can be
a safe and effective treatment for cystic nodules that are
proven to be benign and cause cosmetic or local dis-
comfort.

Tetracycline-based sclerotherapy is one of the sclerosing
treatment methods proven effective for cystic lesions.
Treece et al. 22 and Goldfarb et al. 2* used. tetracycline
for the treatment of cystic nodules and suggested the
mechanism of actioni might be the result of tetracycline’s
low pH.

Ultrasonography guided interstitial laser  photocoagula-
tion (ILP) is a non-invasive method of local tissue abla-
tion that was first described to treat advanced cancers.
Use of the laser causes a coagulation necrosis by ther-
mal effect, and the necrotic area, which is induced by
laser can be controlled unlike with ethanol administra-
tion. Studies indicated a need for controlled trials to
establish the role of ILP in routine practice 1315
Radiofrequency ablation (RFA) is an effective treatment
for various malignant tumors such as those of the liver.
Recently, RFA was used to treat thyroid nodules and
recurrent thyroid cancers. Lee et al. reported the initial
experience of RFA for treatment of thyroid nodules. The
volume reduction rate in their study was 84%. The
major side effect was recurrent laryngeal nerve injury,
which occurred in 3.3 % of patients .

Lauromacrogol (Polidocanol®, Aethoxysklerol®) is an
effective sclerosing agent consisting of 95% hydroxy-

polyethoxydodecane and 5% ethyl alcohol. It has a high
affinity for vessel ~endothelium, reacting with the
endothelium and causing inflammation and sclerosis.
Conrad et al. investigated the efficacy and safety of lau-
romacrogol on leg varices, noting a low risk of systemic
and local complications . Lauromacrogol is used for the
treatment of some pathologic processes. Guglielmi et al.
used lauromacrogol to treat gastroduodenal ulcer and
esophageal variceal bleeding 2¢, Lopes et al. used it to
treat recurrent tracheoesophageal fistulas 27, Ormeci et
al. used it for sclerosing liver and spleen cyst hydatic
disease 8%, and Angelini et al. used it for palliative
treatment of unresectable esophageal tumors 3. Kaneko
et al. compared different agents for portal vein emboliza-
tion and found lauromacrogol was the most effective at
inducing hypertrophy and was the most suitable agent
for portal vein embolization 3!.

Although there are many studies in other areas, there is
limited literature regarding the use of lauromacrogol for
the treatment of thyroid nodules. Kuznetsov et al. stud-
ied 37 patients with nodular thyroid disease and found
lauromacrogol can be used for hot nodules .
Lauromacrogol is known to be an effective and safe scle-
rosing agent and can be easily used in routine clinical
practice. The functional and histopathologic effects of
lauromacrogol on thyroid tissue have not been previously
evaluated.

In our study, we found two important outcomes. Firstly,
tests of thyroid function were not significantly different
between the control and study groups. This important
finding suggests lauromacrogol can be safely used with-
out the risk of hypothyroidism or hyperthyroidism.
Secondly, the Erlich-Hunt Model histopathologic evalu-
ation results revealed that inflammation and fibrosis were
significantly increased in the study group. This finding
shows lauromacrogol can be effectively used to treat thy-
roid nodules by means of fibrosis. More adhesion for-
mation was found in the study group, but the result was
not statistically significant. It is not surprising to see
excess adhesions after sclerosing agent induction, but we
did not see any adhesion related complications in the
observation period.
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Conclusions

In summary, we revealed lauromacrogol causes fibrosis
in thyroid tissue without significant perithyroidal adhe-
sion formation and functional differences. Treatment of
nodular thyroid disease with lauromacrogol may be safe.

Riassunto

Lo studio ¢ finalizzato al rilevamento degli effetti del
lauromacroglo, un agente sclerosante, sul tessuto tiroideo
del coniglio, utilizzando 12 conigli divisi in due gruppi
di sei ciascuno. Nel gruppo di studio ¢ stato iniettato
nel tessuto tiorideo 0,1 ml di lauromacrogolo, ed in quel-
lo di controllo lo stesso volume di soluzione fisiologica.
Al controllo postoperatorio sono stati valutati il tasso di
FT3, FT4, TSH, la presenza di aderenze e le differen-
ze istopatologiche dei tessuti tiroidei.

Non sono risultate differenza significative nel livelli di
FT3, FT4, TSH (p>0,05) ma i livelli di , la presenza
di aderenze e le differenze istopatologiche dei tessuti tiroi-
dei.

Ai controlli i valori di FT3, FT4 ed TSH non sono
risultati significativamente differenti (p>0,05), mentre i
livelli di FT3 sono stati significativamente differenti
allinterno dei due gruppi (p=0,20). Non seno state
riscontrate differenze macroscopicamente significative del-
le aderenze postoperatorie (p>0,05), ma flogosi e fibro-
si sono risultate istologicamente pil elevate nel gruppo
di studio (p=0,003).

Due sono i risultati importanti dello studio: la differen-
za non signifcativa dei test di funzione tiroidea tra 1 due
gruppi, suggerendo che il lauromacrogol pud essere usa-
to con sicurezza senza rischi di ipo- o ipertiroidismo; la
valutazione istopatologica su modello Eilich-Hunt ha
dimostrato che flogosi e fibrosi sono significativamente
accresciute nel gruppo di studio, indicando che il lau-
romacrogol piti essere usato efficacemente e con sicurez-
za per il trattamento dei noduli tiroidei per provocare
fibrosi, senza significative aderenze peritiroidee e diffe-
renze della funzione.
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