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introDuction

Thyroid nodules are common discreet lesions in the 
parenchyma of  thyroid gland which can either be palpated 
or made out during imaging like ultrasonography (USG).[1] 
Clinically palpable thyroid nodules have a prevalence of  

4-7% in the general population.[2] However, the prevalence 
increases to 20-76% when USG is used for detection.[3] 
Prevalence of  clinical palpable goiter is higher in eastern 
India ranging from 9-33% from different studies done 
in the past decade[4-6] as compared to 9-15% in rest of  
the country.[7,8] The combination of  high prevalence of  
goiter along with normal urine iodine excretion observed 
in eastern India[4-6] is an indication of  transition from 
iodine deficient to an iodine‑sufficient state, a result 
of  more than 2 decades of  universal salt iodinization. 
Goiter and the associated thyroid nodules result in 
anxiety, cosmetic disfigurement, and rarely compressive 
symptoms necessitating surgical removal, a procedure 
inherently associated with risks and complications.
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A B S T R A C T

Aims: Percutaneous aspiration and ethanol injection (PEI) is effective in managing predominantly cystic (>50% cystic) thyroid nodules with 
efficacy ranging from 38-85%. We aimed to evaluate efficacy, safety, and factors determining outcomes of PEI in managing simple cystic 
(purely cystic) vs. complex cystic (having both cystic and solid components) thyroid nodules. Materials and Methods: Predominantly 
cystic thyroid nodules, without any ultrasonography and/or fine needle aspiration, evidence of malignancy were aspirated ultrasonography 
guided. Sterile 100% ethanol (50-100% volume aspirated) was injected and reviewed monthly for 3 months and thereafter 3 monthly. 
Responders were defined as ≥ 50% reduction in nodule volume. Results: Sixty-five patients out of 152 considered underwent PEI. 
Sixty patients [simple cystic (42) and complex cystic (18)] with mean follow-up of 12.3 ± 2.88 months were analyzed. Response rate of 
PEI was 78.33% [simple cystic (92.86%) and complex cystic (44.44%) nodules; P < 0.001]. Also, 31.67% patients achieved remission 
at 1st month. And, 46.67% patients achieved remission between 1-6-months follow-up. Kaplan Meier analysis showed significantly 
improved outcomes in patients with simple cystic nodules (P < 0.001). Cox-regression revealed type of nodule (simple cystic vs. 
complex cystic) to be predictive of outcome (P = 0.034). Complex cystic nodules were 67.6% less likely to go into remission, compared 
to simple cystic nodules. Baseline nodule size, aspirate, or volume of ethanol injected did not predict outcome. Conclusions: PEI is 
safe and should be treatment of choice for simple cystic thyroid nodules. PEI for complex cystic thyroid nodules are associated with 
lower response, increased recurrence, and need for repeated PEI.
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Percutaneous sclerotherapy has been suggested to be 
an effective alternative, especially in patients with cystic 
nodules. Simple cystic (purely cystic) and complex 
cystic (having both cystic and solid components) constitutes 
6‑28% of  all thyroid nodules, are usually benign, filled with 
cellular debris or blood, and are a result of  degeneration 
or hemorrhage into a hyperplastic nodule or adenoma.[9] 
Among the various compounds (sodium tetradocyl sulfate, 
hydroxypolyethoxydodecan, tetracycline, and ethanol) 
tried for sclerosis of  cystic thyroid nodules, outcomes 
are best and most studied with ethanol.[10] However, data 
on outcomes of  percutaneous aspiration and ethanol 
injection (PEI) in resolution of  thyroid nodules is highly 
variable in different studies (success rate: 38-85%), which 
may be due to different populations studied and the 
heterogeneous nature of  thyroid nodules evaluated, ranging 
from purely cystic to purely solid nodules.[11-15]

Data of  PEI in managing cystic thyroid nodules is not 
available from eastern India. Hence, the aim of  this study 
was to evaluate the efficacy and safety of  PEI in managing 
predominantly cystic benign thyroid nodules in euthyroid 
individuals, with special reference to simple cystic nodules 
as compared to complex cystic nodules (having both cystic 
and solid components). Study outcomes were assessed in 
terms of  responders and non-responders. Responders and 
non‑responders were defined as ≥50% and <50% reduction 
in nodule volume, respectively, on USG during follow-up. 
We also planned to evaluate whether the final outcomes are 
affected by the baseline nodule size, amount of  fluid aspirated, 
nature of  fluid aspirated (serous/turbid), and the volume of  
ethanol injected. This would help us in delineating the cohort 
of  patients who are most likely to respond to PEI, thus 
reducing failure rates and need for recurrent sittings of  PEI.

materialS anD methoDS

The study was conducted as collaboration between the 
department of  radiodiagnosis and department of  
endocrinology and metabolism. The study period was from 
August 2011 till February 2014. Consecutive patients who 
had presented to the endocrinology clinic with complaints 
of  goiter were considered. Thyroid function was evaluated, 
and assessment of  goiter for thyroid nodules was done 
using USG. Nodules having one or more high risk features 
of  malignancy on USG (irregular margins, hypoechoic 
nodules, nodules taller than broader, loss of  peripheral halo, 
microcalcifications, increased central vascularity)[16] underwent 
USG‑guided fine needle aspiration (FNA) and cytology 
evaluation. Clinically and biochemically euthyroid patients 
who on clinical examination and neck USG had thyroid 
nodules which were predominantly cystic (≥50% cystic) with 
at least 2 ml cystic component on USG were included in the 

study. Patients were excluded if  they had 2 or more high risk 
feature of  malignancy on thyroid USG[16] or FNA suggestive 
of  malignancy, suspicious, or indeterminate cytology. The 
study was approved by the institutional ethics committee. The 
study protocol was explained to all the patients and only those 
who gave informed written consent were included. The study 
protocol has been elaborated in Figure 1.

USG neck and thyroid was performed using Toshiba 
Xario-XG machine (Model number: SSA-680A, Japan) 
with high frequency transducer of  7.5-12 MHz. Thyroid 
nodules were classified as simple cystic nodules which 
were purely cystic without any solid component, or 
complex cystic nodules, which had both solid and cystic 
components [Supplementary Figures 1 and 2]. The volume 
of  the simple cystic nodule or the cystic component of  the 
complex cystic nodule was calculated using the formula 
0.52 × length × breadth × height.[17] The cysts were 
aspirated USG guided under aseptic conditions using a  
22 G (25 mm) needle with a 20 ml syringe in supine position 
with neck extended. Aspiration of  maximal amount of  
fluid possible was attempted in each patient. In patients 
with thick fluid not draining with the 22 G needle, a second 
re-aspiration was attempted using a 20 G or 18 G needle. 
Sterile 100% ethanol specially manufactured by Bengal 
Chemicals (Calcutta, India) of  around 50-100% volume of  
fluid aspirated was injected into the cyst by changing the 
syringe with the needle in situ [Supplementary Figures 3 and 4]. 
The alcohol was left inside the cyst without re-aspiration. The 
patients were reviewed clinically and ultrasonographically 
monthly for the first 3 months and thereafter 3 monthly. 
Patients with reduction of  nodule volume by ≥50% of  
baseline were defined as responders, and the rest were defined 
as non-responders. Among non-responders at 1 month, 
those with <20% reduction in cyst volume underwent a 
second aspiration followed by ethanol injection using the 
same procedure as mentioned above.

Statistical analysis
All data were elaborated as mean ± standard deviation. 
Continuous variables were analyzed using t-tests and 
discrete variables were analyzed using Chi-square test. 
P < 0.05 was considered statistically significant. Follow‑up 
outcomes (responders) of  aspiration and ethanol injection 
were plotted using Kaplan-Meir analysis. Cox-regression 
was done with all baseline parameters to evaluate their role 
in predicting responders. Statistical Package for the Social 
Sciences (SPSS)  version 16 was used for statistical analysis.

reSultS

Sixty‑five out of  the initially considered 152 patients who 
fulfilled all inclusion and exclusion criteria underwent 
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PEI [Figure 1]. Nineteen patients were responders and  
43 non-responders at 1-month follow-up. Ten patients 
with <20% reduction in nodule volume underwent second 
PEI [Figure 1]. Twenty‑five of  the remaining 33 non‑responders 
attained remission by 9 months of  follow-up [Figure 1]. All the 
19 responders at 1 month were simple cystic nodules, remained 
in remission at the end of  study, and had >80% reduction in 
nodule volume from baseline [Figure 1]. Response rate of  
PEI at the end of  study was78.33% (47/60 patients) with 
a mean follow-up duration of  12.3 ± 2.88 months. Among 
non-responders, at the end of  the study, the majority of  
them (12/13) had 20‑50% reduction in nodule volume from 
baseline. Only one patient had <20% reduction in nodule 
volume as compared to baseline.

Baseline nodule volume was comparable in responders 
as compared to non-responders [Table 1]. Volume of  

fluid aspirated and amount of  ethanol injected was higher 
in responders as compared to non-responders, which 
approached statistical significance (P = 0.05 and 0.06, 
respectively). Responders were more likely to have simple 
cystic nodules [P < 0.001; Table 1]. Residual nodule volumes 
were significantly lower in responders as compared to 
non-responders during follow-up [Table 1].

Comparing simple cystic nodules (n = 42) to complex 
cystic nodules (n = 18), there was no difference in the 
baseline nodule volume and nature of  fluid aspirated. 
However, the volume of  fluid aspirated and the amount 
of  ethanol injected was significantly higher in simple cystic 
nodules as compared to complex cystic nodules [Table 2]. 
Post‑sclerotherapy residual volumes were significantly 
lower in simple cystic nodules during follow-up [Table 2]. 
Simple cystic nodules had significantly higher response 

Figure 1: Study protocol
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rates at 1, 3, 6, and 9 months follow-up [Table 2]. 
Sclerotherapy response rate in simple cystic nodules 
at the end of  study was 92.86% (39/42 patients) as 
compared to 44.44% (8/18 patients) for complex cystic 
nodules [P < 0.001) [Table 2]. Kaplan‑Meir analysis showed 
significantly improved PEI outcomes in patients with 
simple cystic nodules [P < 0.001; Figure 2]. Cox‑regression 
revealed that among all the baseline parameters, only the 
type of  nodule (simple cystic vs. complex cystic) was 
predictive of  response to PEI [P = 0.034; Table 3]. Patients 
with complex cystic nodules were 67.6% less likely to 
go into remission as compared to simple cystic nodule 
following PEI [Table 3].

Most common side effect noted was transient burning during 
PEI followed by transient dizziness which was comparable 
in both simple cystic and complex cystic [Table 2]. Major 
complications like intra-cyst hemorrhage, peri-thyroidal 
ethanol leakage, local compressive effects, fever/infection 
was not observed. Severe pain during PEI was more common 
in patients with complex cystic nodules [P = 0.006; Table 2]. 
Need for double puncture during PEI was comparable in 
both the groups [Table 2]. Increase in cyst size after PEI 

was noted in only one patient of  complex cystic nodule 
which spontaneously reduced at 1-month follow-up.

Table 1: Clinical and thyroid cyst characteristics 
of responders as compared to non‑responders to 
percutanous aspiration and ethanol sclerotherapy at 
9 months
Parameter Responders 

(n=47)
Non‑ 

responders 
(n=13)

P value

Age (years) 29.78±8.76 30.15±10.68 0.899
Sex (Male: Female) 8:39 0:13 0.255
TSH (µU/ml) (0.4–4.2) 2.11±1.12 2.56±0.78 0.173
Nodule type (simple 
cystic: Complex cystic)

39:8 3:10 <0.001

Baseline cyst volume (ml) 8.87±5.79 7.21±4.93 0.350
Volume of fluid 
aspirated (ml)

6.64±4.47 4.03±2.61 0.050

Type of aspirate 
(serous: Turbid)

47:0 11:2 0.062

Amount of ethanol 
injected (ml)

3.35±2.48 2.11±1.12 0.088

Post sclerotherapy % of 
baseline cyst volume

1 month 58.59±13.60 84.60±29.85 <0.001
3 month 40.71±18.10 77.45±24.74 <0.001
6 month 24.76±14.72 69.5±9.41 <0.001
9 months 24.80±15.94 67.42±8.55 <0.001

Responders
1 month 19 0 0.026
3 month 33 3 0.005
6 month 47 0 ‑

Duration of  
follow‑up (months)

11.21±2.18 16.23±1.09 <0.001

All values have been expressed as mean±standard deviation; P<0.05 considered 
statistically significant; *: P value calculated by Chi‑square test; #: Ten patients 
had achieved complete remission/responders at 1 month, but only eight 
were taken for analysis as two were lost to follow‑up (Figure 1). TSH: Thyroid 
stimulating hormone; NS: Not significant

Table 2: Percutanous aspiration and ethanol injection 
outcomes of simple cystic vs. complex cystic thyroid 
nodules
Parameter Simple 

cystic 
nodule 
(n=42)

Complex 
cystic 
nodule 
(n=18)

P value

Age (years) 30.38±8.68 28.66±10.23 0.509
Sex (Male: Female) 6:36 2:16 0.736
TSH (µU/ml) (0.4‑4.2) 2.22±1.12 2.16±0.97 0.854
Baseline cyst volume (ml) 8.75±5.66 7.97±5.64 0.623
Volume of fluid aspirated (ml) 6.83±4.47 4.31±3.15 0.034
Type of aspirate (serous: Turbid) 42:0 16:2 0.158
Amount of ethanol injected (ml) 3.54±2.51 2±1.25 0.016
Post sclerotherapy % of 
baseline cyst volume (%)

1 month 54.59±10.03 85.92±23.44 <0.001
3 month 39.41±18.9 68.54±23.30 <0.001
6 month 26.55±20.66 56.35±15.10 <0.001
9 months 25.44±20.47 53.34±14.59 <0.001

Responders
1 month 19 0 0.002
3month 31 3 <0.001
6 month 39 8 <0.001
9 months 39 8 <0.001

Duration of follow‑up (months) 11.31±2.55 14.61±2.25 <0.001
Side effects

Severe pain 7 10 0.006
Transient burning† 38 11 0.019
Dizziness 3 4 0.219
Increase in nodule size 0 1 0.659

All values have been expressed as mean±standard deviation; P<0.05 considered 
statistically significant; *; P value calculated by Chi‑square test; #: Ten patients 
had achieved complete remission/responders at 1 month, but only eight were 
taken for analysis as two were lost to follow‑up (see Figure 1); †: During ethanol 
injection. TSH: Thyroid stimulating hormone; NS: Not significant

Figure 2: Kaplan Meir analysis of complete response outcomes of simple 
cystic nodules (Group-1) vs. complex cystic nodules (Group-2) which 
underwent percutanous aspiration and ethanol sclerotherapy Outcome was 
defined as complete response, i.e., ≥ 50% reduction in cyst volume from 
baseline. Y-axis indicates percentage of patients in each group attaining 
complete response. X-axis indicates follow-up duration of follow-up in 
months; P < 0.001 [Log Rank test (Mantel-Cox)]
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DiScuSSion

Use of  simple aspiration in the management of  cystic 
thyroid nodules is limited by a high recurrence rate of  up 
to 80%, which lead to the development of  sclerotherapy 
of  thyroid nodules.[18] The use of  USG-guided PEI as an 
alternative to surgery in managing thyroid nodules was first 
proposed by Livraghi et al., for autonomously functioning 
thyroid nodules, which were later extended to management 
of  benign cystic thyroid nodules.[18] PEI has been reported 
to have success rate of  82-85% (volume reduction >85% 
from baseline) after an average of  two session in the 
management of  thyroid cysts.[11,12] Ethanol causes reduction 
in volume of  cystic thyroid nodules by causing cellular 
dehydration, protein denaturation, coagulation necrosis, 
small vessel thrombosis, leading to reactive fibrosis.[18] 
Efficacy of  PEI in the management of  predominantly 
cystic hyperfunctioning nodules is lower with a success rate 
of  64‑95% (volume reduction ≈ 66%), a higher recurrence 
rate, and need for more sittings of  PEI (≈4 per patient).[13,14] 
Outcomes have been reported to be worst in solid thyroid 
nodules (success rate ≈ 38%) believed to be due to poor 
diffusion of  ethanol in the solid tissue along with early 
wash out of  ethanol due to the increased vascularity of  a 
solid nodule as compared to a thyroid cyst.[15]

The overall response rate of  PEI in our study was 78.33% 
which is comparable to previous reported data from 

across the globe [Table 4],[12,19-23] and India. PEI resulted 
in >50% reduction in 13 out of  15 patients (86.67%) 
with predominantly cystic thyroid nodules (>2/3rd cystic 
component) in a study from Tamil Nadu.[24] The largest 
study till date reported an impressive response rate of  
87.9% for solid nodules and 79.4% of  cystic nodules.[22] 
In that study, 41%, 23%, 20% patients with solid nodules 
underwent PEI 2, 3, and 4 times, respectively. Four patients 
underwent six episodes of  PEI.[22] Similarly in patients 
with cystic nodules 47%, 25%, and 8% patients underwent 
PEI 2, 3, and 4 times, respectively.[22] PEI 3 and 2 patients 
underwent PEI 6 and 7 times, respectively.[22] Hence, 
multiple episodes of  PEI over a long period of  3 years 
may explain the excellent outcomes.

Our study showed that baseline cyst volume, amount of  
fluid aspirated, nature of  fluid aspirated (serous/turbid), 
or volume of  ethanol injected did not predict the final 
outcome [Table 1].This is similar to most of  the studies 
which have not observed any correlation between the 
amounts of  ethanol injected to the final response rates.[20-22] 
However, some studies have observed better response rates 
in patients with larger baseline cysts.[22] Alcohol was not 
re-aspirated from the nodules as studies have shown that 
outcomes and complication rates were not improved in 
patients in whom alcohol was re-aspirated, but the entire 
procedure took double the normal time.[20] The single most 
important factor which predicted the final outcome was 
the type of  nodule aspirated, viz. simple cystic nodule vs. 
complex cystic nodule, which is consistent with previous 
reports.[12,20-23]

An important observation from our study was that only 
19/60 patients (31.67%) achieved remission at the 1st month. 
A significant number of  patients (28/60; 46.67%) achieved 
remission between 1 and 6 months of  follow up. Hence, 
it may be worthwhile to wait beyond 1 month to allow for 
spontaneous remission following PEI. Another important 
observation in our study was that there was no further 
change in response rate beyond 6 months of  follow-up. Ten 

Table 3: Cox‑regression analysis of baseline parameters 
of cystic thyroid nodules which can predict response rate
Variable β Exp (B) P value
Age −0.003 0.997 0.891
Thyroid stimulating hormone 0.055 1.056 0.790
Type of nodule (simple cystic nodule 
vs. complex cystic nodule)

−1.126 0.324 0.034

Baseline cyst volume −0.097 0.908 0.499
Volume of fluid aspirated from nodule 0.193 1.213 0.452
Volume of ethanol injected into nodule −0.070 0.820 0.932

Simple cystic nodules were considered as the reference group; Exp (B) is 
exponentiation of β coefficient, change in odds ratio with 1 unit change in 
predictor variable

Table 4: Outcomes of percutaneous aspiration and ethanol injection for managing thyroid nodules in literature
Study Year Type of nodules evaluated Number of patients Volume reduction from baseline (%) Responders* (%)
del Prete et al.[23] 2002 Cystic 98 93 ‑
Valcavi et al.[12] 2004 Cystic 143 88.8 (simple cysts)

65.5 complex cysts) ‑
Lee et al.[22] 2005 Solid

Cystic
Autonomous#

138
432
24

75
73
71

87.9
79.4
4.1

Kanotra et al.[19] 2008 Cystic 40 52 85
Kim et al.[20] 2012 Solid 30 ‑ 60
Kim et al.[21] 2012 Cystic 217 81 90
Current study 2014 Cystic 60 74.56 (simple cysts)

46.67 (complex cysts)
78.33

*>50% reduction in nodule size were considered responders; #: Autonomous, toxic autonomous nodules confirmed on radionucleotide thyroid scan
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patients in our study with < 20% reduction in cyst volume 
at 1 month had a second sitting of  PEI. Additional sitting 
of  PEI in extremely poor responders resulted in only a 
30% response rate (3/10). Hence, repeated PEI in extremely 
poor responders may not improve the outcomes greatly.

PEI was found to be safe in our study without any major 
complications. This is similar to previous reports which have 
also suggested PEI to be safe with the common adverse 
effects being local pain, dizziness, flushing, dysphonia, and 
very rarely recurrent laryngeal nerve damage.[9,12] Severe 
pain was more common in patients with complex cystic 
nodules. Local pain is believed to be due to leakage of  
ethanol into the subcutaneous tissue.[19]

Our study demonstrated that PEI is ideal for managing 
patients with goiter due to simple cystic nodules as response 
rates are excellent with low rates of  recurrence. Presence of  
solid tissue significantly worsens the outcomes. Limitations 

of  this study include the relatively small number of  patients 
evaluated and the duration of  follow-up.

In spite of  these limitations, our study clearly demonstrated 
that PEI should be the treatment of  choice in patients 
with simple cystic thyroid nodules. PEI in patients with 
complex cystic thyroid nodules are associated with a 
lower rate of  remission, increased recurrence, and need 
for repeated PEI.
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