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INTRODUCTION

	 The prevalence of thyroid nodules is on the rise; 
while less than 5% of thyroid nodules are detectable 
by cervical palpation, autopsies indicate that thyroid 
nodules with normal function are present in up to 
50% of the normal population.1 As ultrasonographic 
studies result in diagnosis of a larger amount of 
non-palpable thyroid nodules,2 endocrinologists 
are benefitting more of this instrument in their 
screening tests resulting in a higher diagnosis rate 
of thyroid nodules.3 When a thyroid nodule is 
detected, in addition to the patient preoccupation, 
a major concern for the physician is to choose 
the appropriate treatment. Other than surgical 
intervention, which is necessary in just a few cases, 
a large variety of treatment options are in prospect 
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ABSTRACT
Objective: Percutaneous Ethanol Injection (PEI) is a simple effective procedure especially in 
the treatment of autonomous and cystic thyroid nodules. In this study, we investigated the 
effect of PEI in volume reduction of nonfunctioning benign solid thyroid nodules.
Methodology: In a prospective study, 62 euthyroid patients with benign thyroid nodules were 
selected consecutively by endocrinologist from those being visited at endocrinology clinics of 
Tabriz University of Medical Sciences, Iran during January 2007 to January 2008. The injection 
volume was set as two third of the nodule total size in cm3 according to the ultrasonographic 
measurements with an upper limit volume of 10cc. The patients were followed up one week 
after injection for possible complications, and then 3 and 6 months later for evaluation of 
efficacy of intervention by ultrasound. Student t and Chi-square tests were used for statistical 
analysis and a P-value <0.05 was considered as statistically significant 
Results: The data of 57 patients was used in the final analysis among which 5(8.8%) were male 
and 52(91.2%) were female. After six months of follow-up, the reduction in nodule size was 
<30% in 15(26.3%) patients, between 31% and 50% in 14(24.6%) patients, and more than 50% in 
28(49.1%) patients which was statistically significant (P = 0.001). Local pain in first week after 
injection  was the main complication. 
Conclusion: Percutaneous Ethanol Injection (PEI) therapy can be a safe and effective method 
in the treatment of benign solid nonfunctioning thyroid nodules.
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which include: monitoring without intervention; 
levothyroxine suppression therapy; ablation by 
laser, radiofrequency or 131 I and percutaneous 
ethanol injection.   
	 Percutaneous ethanol injection (PEI) is a simple 
effective procedure especially in the treatment of 
autonomous and cystic thyroid nodules, which has 
recently attracted more attention.1,4-7 The ethanol 
induced tissue damage results in coagulation 
necrosis, vascular thrombosis and hemorrhagic 
infarction which is finally replaced by granulation 
tissue ending in a progressive regression of the 
nodule and the resultant tissue scar.8 Besides needing 
several injections, this method is accompanied by 
some complications; however, a successful PEI 
prevents aggressive interventions and provides 
fertile ground for less invasive procedures such as 
endoscopic surgery.9 PEI has been studied in the 
treatment of various thyroid nodules including 
normal function nodules; however, its safety 
and effectiveness remains controversial.1,4-8 Even 
though, PEI has been recommended in some 
studies as a safe effective therapeutic alternative in 
the treatment of non-functional thyroid nodules.1,10

	 The primary goal in the treatment of autonomous 
thyroid nodules is clinical improvement of the thy-
rotoxicosis; however, the nodule size is of greater 
importance in the non-functioning nodules. In this 
study, we investigated the effect of injecting 96% 
ethanol in non-functioning benign solid thyroid 
nodules on the nodule size, as a marker of healing.

METHODOLOGY

	 After the study protocol being approved by the 
Research Ethics Committee of Tabriz University of 
Medical Sciences, 62 euthyroid patients with benign 
thyroid nodules were evaluated in a prospective 
study. Subjects with clinically solitary thyroid 
nodule that they had normal thyroid function 
tests, grater than 75% solitary component by 
ultrasonography, the largest diameter >1and < 6cm, 
and benign cytology were included. Subjects with 
<15 and >75 year old, history of hypersensitivity 
to ethanol, bleeding tendency, advanced renal or 
hepatic failure, unwillingness to seek treatment 
and give written consent were excluded. The 
patients were selected from the patients visiting 
at endocrinology clinics of Imam Reza Hospital, 
Tabriz University, and the authors’ private clinics 
during January 2007 to January 2008. The study 
protocol follows the Helsinki declaration for 
human research and informed written consent was 
obtained.

	 After the patients being fully informed of the 
study process and objectives, demographic infor-
mation including age, sex, time since nodule forma-
tion and drug history was obtained. A fine needle 
biopsy (FNA) was performed to confirm the benign 
nature of the nodules; all the patients were previ-
ously evaluated for normal function of the nodules 
using thyroid function tests. Size of the nodules was 
measured in a ultrasonographic evaluation at Imam 
Reza Hospital Radiology Department. At the same 
session of sonography, 96% ethylic alcohol was in-
jected into the nodule by means of a 10 cc syringe 
with a 23 Gauge needle. The injection volume was 
set as two third of the nodule total size in cm3 ac-
cording to the ultrasonographic measurements 
with an upper limit volume of 10 cc. The patients 
were visited within one week for possible complica-
tions, and then 3 and 6 months later; an ultrasono-
graphic evaluation of the nodule size was made by 
a sonographer and physical examination was per-
formed by an endocrinologist during the two last 
follow-up visits. The reduction in nodule size was 
defined as < 30% (no response), between 31% and 
50% (moderate response), and more than 50% (de-
sirable response).  

	 SPSS software version 16 (SPSS Inc., Chicago, IL) 
was used for statistical analysis. Student t-test and 
Chi-square test were used and the results are pre-
sented as mean ± standard deviation or in numbers 
(percent) as appropriate. The significance level was 
set as < 0.05. 

RESULTS

	 A total of five patients lost to follow-up; hence, the 
data of 57 patients were used in the final analysis. 
The demographic information of the study popula-
tion is presented in Table-I. A higher percentage of 
the study population consisted of females (91.2%). 
Among the patients, 42 individuals (73.7%) had a 
history of levothyroxine consumption prior to the 
study.
	 After 96% ethylic alcohol was injected, the changes 
were recorded as presented in Table-II. During the 
follow-up examinations, 54 patients (94.7%) did not 
show any complications; two patients suffered from 
regional pain on the nodule during the first week 
after injection and one patient showed ulceration 
on the injection site in the first week followed by 
a scar. After three months, the reduction in nodule 
size was < 30% in 21 (36.8%) patients (no response), 
between 31% and 50% in 9 (15.8%) patients 
(moderate response), and more than 50% in 27 
(47.4%) patients (desirable response); this response 



708   Pak J Med Sci   2012   Vol. 28   No. 4      www.pjms.com.pk

rate was statistically significant (P = 0.002). After 
six months of follow-up, the reduction in nodule 
size was < 30% in 15 (26.3%) patients, between 
31% and 50% in 14 (24.6%) patients, and more 
than 50% in 28 (49.1%) patients; this response rate 
was also statistically significant (P = 0.001). When 
dividing the patients according to sex and history 
of levothyroxine use, there was no statistically 
significant difference among the patients (P = 0.31 
and P = 0.82, respectively). Besides, there was no 
correlation either between the initial nodule size 
at the first visit or vascular resistance index and 
the reduction in their size (P = 0.81 and P = 0.16, 
respectively).

DISCUSSION

	 In the present study we evaluated the effect of 
percutaneous ethanol injection (PEI) in the treat-
ment of non-functioning benign solid thyroid nod-
ules in which reduction in nodule volume was 
considered as the response to the treatment. After 
3 months, about 63.2% (36 individuals) of patients 
showed a reduction of >30% among which 47.4% 
(27) had a reduction of >50%; approximately 73.3% 
(42) of patients experienced a reduction of >30% 
after 6 months while 49.1% showed a reduction of 
>50% which all were statistically significant.
	 Several studies have confirmed the effect of PEI 
in the treatment of thyroid cystic nodules;8,9,11,12 
however its efficacy in thyroid solid nodules is not 
clear. Some of the studies have reported PEI as a 
safe effective method in the treatment of thyroid 

solid nodules9 while some others comparing the 
therapeutic efficacy of PEI in cystic and solid 
nodules have indicated it as a less effective 
treatment for solid nodules.1,13 The probable 
explanation for this difference is that solid nodules 
compared with cystic ones are more resistant to 
be distributed; furthermore, the vascularization 
of solid nodules leads to faster ethanol drainage 
from the nodule. These two reasons can influence 
on the therapeutic efficacy of the procedure in solid 
nodules13; however, in the present study there was 
no significant relation between the reduction in the 
nodule size and the vascular resistance index. In 
a study by Lee et al9 in which about 88.9% of the 
patients achieved a nodule reduction of >50% by a 
single PEI, the results strongly indicated that PEI 
could be an effective treatment for benign solid 
thyroid nodules; our study showed a similar result 
but a fewer patients (49.1%) experienced such a 
reduction. Contrarily, in a study by Filetti et al1 it 
was suggested that PEI could be considered as the 
first-line treatment just for recurrent symptomatic 
cystic nodules while for other types of nodules 
only when both surgery and radioactive iodine 
were contraindicated or unsuccessful, PEI should 
be considered by assessing the advantages and 
disadvantages of the procedure for the patient.
	 In the study evaluating the effectiveness of PEI 
in benign nodular and cystic thyroid diseases, it 
was reported that there was a significant relation 
between the initial and final volumes of the nodule 
and also between the initial volume and the volume 
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Table-I: Demographic characteristics of the study population.
Sex (N, %)	 Male	 Female
	 5 (8.8%)	 52 (91.2%)
Age (Years)		  Mean ± SD (range)
		  38.5 ± 10.9 (20-75)
Age groups (Years)	     ≤ 40	 40 to 49	 50 to 59	 60 to 69	 ≥ 70
  	 37 (64.9%)	     14	      4	      0	 2 (3.5%)
Time since nodule		  Mean ± SD (range)
  formation (months)		  53 ± 52.4 (6-240)
Number of nodules (N, %)	 Single	 Multiple
	 42 (73.7%)	 15 (26.3%)
Nodule size before ethylic	 Mean ± SD (range)
  alcohol injection (cm3)	 11.8 ± 9.9 (1.3-50)

Table-II: The volume of injected ethylic alcohol and the changes in the nodule 
size after injection of 96% ethylic alcohol.

Volume of injected ethylic alcohol (cm3)	 Mean ± SD (range)
	    6.1 ± 3.1 (1-10)
Nodule size after ethylic alcohol injection (cm3)	 After 3 months	 After 6 months
	 Mean ± SD (range)	 Mean ± SD (range)
	 6.9 ± 6.6 (0.8-36)	 6.4 ± 6.3 (0.8-36)
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reduction of the nodule in which the nodules with 
a volume of  > 10mL significantly showed a greater 
volume reduction9; however, in the present study 
there was no significant association between the 
initial volume and the volume reduction of the 
nodule. The complications of PEI include damage 
to recurrent laryngeal nerve, local pain, temporary 
dysphagia and burning sensation.14,15 Lee et al 
reported no serious or permanent complication, 
however transient local pain, as the most common 
complication of the study, and transient unilateral 
paralysis of vocal cord were observed in 7.9% and 
0.7% of the patients, respectively.9 In our study, 
following PEI, 3.5% and 1.8% of the patients 
respectively experienced pain and a small ulcer 
which were not present after 3 and 6 months; 
however, a small scar at the site of PEI was observed 
in 1.8% of patients after 3 and 6 months.
	 In a study by Kim et al tit was reported that 
since solid components were more resistant to be 
distributed, in order to achieve a volume reduction 
similar to cystic nodules, it would be necessary 
to perform PEI in several sites of the nodule and 
inject more ethanol in the nodule which would be 
accompanied with a greater suffer for the patient 
and a more complications of the procedure.13 
Besides, in a study evaluating the efficacy of 
repeating PEI in the treatment of thyroid nodules, 
it was shown that the efficacy decreased by 
repeating PEI.11 Furthermore, Jeong et al reported 
a higher volume reduction in the cystic thyroid 
nodules following PEI at the one month follow-
up while at the 6-month follow-up there was no 
significant difference between the different types 
of the nodule regarding volume reduction.16 As a 
result, in the present study, we performed a single 
PEI for the nodule following the patients for six 
months. Moreover, the volume of ethanol injection 
in our study was based on the initial volume of the 
nodules; therefore larger nodules received a greater 
ethanol volume and it was no possible to assess the 
association between the volume of ethanol injection 
and the volume reduction of the nodule.

CONCLUSION

	 PEI therapy can be a safe effective method in the 
treatment of benign solid thyroid nodules as it is 
an inexpensive procedure which does not need 
hospitalization and is performed using available 
ultrasonic methods. However, it is necessary to 
conduct more studies with larger sample sizes to 
compare PEI with other methods which are known 
as the gold standard treatment for non-functioning 
benign solid thyroid nodules.

ACKNOWLEDGMENTS

	 This study was financially supported by research 
Vice Chancellor of Tabriz University of Medical 
Sciences. Tabriz, Islamic Republic of Iran.

REFERENCES
1.	 Filetti S, Durante C, Torlontano M. Nonsurgical approaches 

to the management of thyroid nodules. Nat Clin Pract 
Endocrinol Metab 2006;2(7):384-394.

2.	 Tan GH, Gharib H. Thyroid incidentalomas: management 
approaches to nonpalpable nodules discovered incidentally 
on thyroid imaging. Ann Intern Med 1997;126(3):226-231.

3.	 Bonnema SJ, Bennedbaek FN, Ladenson PW, Hegedus 
L. Management of the nontoxic multinodular goiter: 
a North American survey. J Clin Endocrinol Metab 
2002;87(1):112-117.

4.	 Meskhi I, Sikharulidze E, Lomidze N, Mizandari M, 
Natmeladze K. Effectiveness of percutaneous ethanol 
injection therapy in benign nodular and cystic thyroid 
diseases: 12-month follow-up experience. Georgian Med 
News 2006;140:7-10.

5.	 Sung JY, Kim YS, Choi H, Lee JH, Baek JH. Optimum first-
line treatment technique for benign cystic thyroid nodules: 
ethanol ablation or radiofrequency ablation? AJR Am J 
Roentgenol 2011;196(2):W210-214.

6.	 Lim CY, Yun JS, Lee J, Nam KH, Chung WY, Park CS. 
Percutaneous ethanol injection therapy for locally recurrent 
papillary thyroid carcinoma. Thyroid 2007;17(4):347-350.

7.	 Tarantino L, Francica G, Sordelli I, Sperlongano P, 
Parmeggiani D, Ripa C, et al. Percutaneous ethanol injection 
of hyperfunctioning thyroid nodules: long-term follow-up 
in 125 patients. AJR Am J Roentgenol 2008;190(3):800-808.

8.	 Guglielmi R, Pacella CM, Bianchini A, Bizzarri G, Rinaldi 
R, Graziano FM, et al. Percutaneous ethanol injection 
treatment in benign thyroid lesions: role and efficacy. 
Thyroid 2004;14(2):125-131.

9.	 Lee SJ, Ahn IM. Effectiveness of percutaneous ethanol 
injection therapy in benign nodular and cystic thyroid 
diseases: long-term follow-up experience. Endocr J 
2005;52(4):455-462.

10.	 Ross DS. Nonpalpable thyroid nodules--managing an 
epidemic. J Clin Endocrinol Metab 2002;87(5):1938-1940.

11.	 Bennedbaek FN, Hegedus L. Treatment of recurrent thyroid 
cysts with ethanol: a randomized double-blind controlled 
trial. J Clin Endocrinol Metab 2003;88(12):5773-5777.

12.	 Del Prete S, Caraglia M, Russo D, Vitale G, Giuberti G, 
Marra M, et al. Percutaneous ethanol injection efficacy in the 
treatment of large symptomatic thyroid cystic nodules: ten-
year follow-up of a large series. Thyroid. 2002;12(9):815-821.

13.	 Kim JH, Lee HK, Lee JH, Ahn IM, Choi CG. Efficacy of 
sonographically guided percutaneous ethanol injection for 
treatment of thyroid cysts versus solid thyroid nodules. 
AJR Am J Roentgenol 2003;180(6):1723-1726.

14.	 Martino E, Murtas ML, Loviselli A, Piga M, Petrini L, Miccoli 
P, et al. Percutaneous intranodular ethanol injection for 
treatment of autonomously functioning thyroid nodules. 
Surgery 1992;112(6):1161-1164; discussion 4-5.

15.	 Ozdemir H, Ilgit ET, Yucel C, Atilla S, Isik S, Cakir N, et 
al. Treatment of autonomous thyroid nodules: safety and 
efficacy of sonographically guided percutaneous injection 
of ethanol. AJR Am J Roentgenol 1994;163(4):929-932.

16.	 Jeong WK, Baek JH, Rhim H, Kim YS, Kwak MS, Jeong HJ, 
et al. Radiofrequency ablation of benign thyroid nodules: 
safety and imaging follow-up in 236 patients. Eur Radiol 
2008;18(6):1244-1250.

PEI in non-functioning thyroid nodules


