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Ultrasound-quided percutaneous ethanol injection of small
and medium-sized thyroid cysts with relatively small amounts of ethanol

Milan Halenka, David Karasek, Zdenek Frysak

Background. Ultrasound-guided percutaneous ethanol injection (US-guided PEI) is used in patients with recurring
symptomatic thyroid cysts in whom simple drainage was not successful. It is an alternative non-surgical approach in
patients refusing or at risk during surgery.

Methods and Results. US-guided PEIl was performed in 33 patients, with a success rate of 100% and significantly de-
creased cyst volume after 1, 3 and 6 months after the last PEl compared with the initial volume. The mean number of
PEIl procedures was 1.5+0.7 with a mean 96% ethanol volume of 2.4+1.2 mL. In the entire group, the initial cyst volume
was significantly reduced to the final volume at 6 months after PEI (10.82+5.03 mL vs. 0.78+0.84 mL; P<0.001). Also in
all patients, mean volume reduction rates were significantly increased (P<0.001) at check-ups at 1 month (83.1+£8.1%),
3 months (89.946.3%) and 6 months (92.6+6.4%). In case of medium-sized cysts, more PEl procedures were needed than
in small cysts (1.1£0.4 vs. 2.0+£0.5). The total amount of 96% ethanol was equal to 22.7+7.9% of the initial cyst volume.
Conclusion. Our experiences confirm that small and medium-sized cysts may be successfully treated with relatively
small amounts of ethanol. In case of medium-sized cysts, more PEl procedures were needed. Final reduction of complex
cysts was achieved later. Apart from temporary localized pain, no serious complications were observed in most cases.
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INTRODUCTION

The current common availability of ultrasonography
has led to an “epidemic” of thyroid nodules with a preva-
lence of 19-67%, with palpable nodules occurring in 4%
to 7% of the population'. Complex thyroid nodules are
due to hemorrhage or degenerative changes, and present
in 18-35% of surgical biopsy specimens?. The prevalence
of ultrasound detected complex nodules, both palpable
and impalpable, is up to 50% (ref.?). Complex cysts are
defined as cystically degenerated nodules with the cystic
component accounting for more than 60% of the nodule
volume*. Primary cysts account for approximately 1% of
nodules®*.

Thyroid cysts with a volume of 5 mL or more may
cause mechanical problems and especially cosmetic de-
fects. Simple drainage is usually not successful in either
small or medium-sized cysts, with recurrence rates be-
tween 58% and 80%, depending on the size, volume and
number of previous aspirations’®. Large complex cysts
recur rather commonly’.

The basic treatment approach is surgery - partial
or total thyroidectomy. However, patients refusing or at
risk during surgery may be offered an alternative ethanol
sclerotherapy, ultrasound-guided percutaneous ethanol
injection (US-guided PEI). This minimally invasive non-
surgical procedure may be indicated in patients with large,
solitary or dominant cysts. The mechanism of action of
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ethanol is based on coagulative necrosis, reactive fibrosis
and small vessel thrombosis. Therapeutically successful is
a reduction in cyst volume of more than 50% or complete
disappearance of the fluid component and no recurrence
of the cyst>3.

Presented here is our experience with US-guided PEI
treatment of small and medium-sized cysts using relatively
small amounts of 96% ethanol.

METHODS

In 2004-2012, US-guided PEI was performed in 33 pa-
tients with thyroid cysts (26 females, 7 males; mean age
54.2+14.8 years; age range 21-79 years). Therapeutic suc-
cess was defined as disappearance of the fluid compo-
nent and no recurrence of the cyst after 1-year follow-up.
During regular check-ups, the decrease in cyst volume was
measured using the volume reduction rate (VRR) calcu-
lated as follows: initial cyst volume - final cyst volume
/ initial cyst volume x 100 = result % (ref.!°). The VRR
was calculated at 1, 3 and 6 months after the last PEI. A
check-up at 12 months was performed to confirm that the
cyst did not recur.

The cysts selected for PEI had to be recurrent, symp-
tomatic solitary or dominant (i.e. another small nodule
or several other nodules present in the thyroid), with a
US-detected volume of 5 mL or more and the fluid por-
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Table 1. Results of the entire group and individual subgroups.

Cyst / number All/ 33 Small / 18 Medium / 15 Pure / 11 Complex / 22
(Number, sex) (26F | TM) (14F | 4M) (12F / 3M) (9F | 2M) (17 F/ 5M)
Age (y) 542+ 14.8 52.1+12.3 56.9 £ 17.4 45.6 +15.2 58.6 £ 12.8
Initial cyst volume (mL) 10.8 £5.0 6.8+1.2 15.6 £3.3 10.7+£5.0 10.9+5.2
VRR at 1 mo. (%) 83.1 £8.1 81.3+6.3 85.3+84 89.4+8.0 79.9£5.2
VRR at 3 mo. (%) 89.9 £ 6.3* 89.6 £ 4.6* 90.3 £ 7.7* 94.3 £4.2*% 87.7 £5.9*
VRR at 6 mo. (%) 92.6 + 6.4* 93.3+4.7*% 91.8 £ 7.6 96.6 +2.9% 90.6 + 6.5%*
Final cyst volume (mL) 0.8 £0.8¢ 0.5+0.3¢ 1.2 + 1.0¢ 0.3+0.2¢ 1.1 £0.98
PEI x 1.5+0.7 1.1£0.4 2.0 £0.5% 1.3£0.5 1.6 £ 0.7
Ethanol (mL) 24+1.2 1.6 £ 0.6 33£1.1 2.0+ 1.0 25+1.2
Ethanol vs. Initial cyst volume (%) 227179 241+9.1 21.0+54 189 +4.5 245+84

Cysts: Small (less than 10 mL), Medium-sized (more than 10 mL), Pure, Complex, VRR - volume reduction rate, PEI x - number of PEI procedures;
Significant difference P < 0.05 at least: * VVR at 3 mo. or VVR at 6 mo. vs. VVR at 1 mo.;
*VVR at 6 mo. vs. VVR at 3 mo.; ¥ Final cyst volume vs. Initial cyst volume, ¢ Medium-sized vs. Small.

tion accounting for at least 70% of the cyst. They caused
mechanical or cosmetic difficulties and recurred after
repeated aspirations (complete drainage carried out on
at least two occasions previously). In all cases, cytology
results were repeatedly benign. The patients, who either
refused surgery (mostly younger females) or were at high
medical risk during potential surgery, gave informed
consent to PEI, the protocol of which was approved by
Palacky University Olomouc Ethics Committee.

The initial cyst volume ranged from 5mL to 24 mL,
with a mean volume of 10.8 mL. Based on both the vol-
ume and proportion of the fluid component, the group
was subdivided into two pairs of groups to be compared.
Eighteen patients had small cysts of up to 10 mL (S;
range, 5-10 mL) and 15 patients had medium-sized cysts
of more than 10 mL (M; range, 10-24 mL). Large cysts
(more than 40 mL) were not included'. Eleven patients
had pure (P) cysts, with ultrasound scans showing a
cystic component of more than 90%, anechoic content
and smooth internal wall; the drained fluid was viscous,
clear or pale yellow. Twenty-two patients had complex
(C) cysts, with ultrasound scans showing a fluid compo-
nent of 70-90% of the volume, anechoic or flocculated
contents, roughened wall and septa in some cysts; the
aspirated fluid was viscous, dark yellow or brown with
detritus (Table 1).

US examinations were carried out using the Philips
Sonos 5500 and, from 2011, Philips iU-22 systems and a
10-MHz linear probe. During the procedure, patients were
lying in the supine position, with the head slightly tilted
back. For cyst aspiration and subsequent PEI, a 20-gauge
needle was used. In all cases, the instilled ethanol was not
aspirated. First, the cyst was nearly completely drained
with only a small amount of the colloid being left to allow
visualization of the needle tip. With the needle remaining
in the cystic cavity, the aspiration syringe was replaced

by a syringe containing 96% ethanol which was slowly
instilled into the collapsed cyst. During a single applica-
tion, 1-3 mL of ethanol were instilled, an amount equal to
approximately 20-30% of the initial cyst volume. In one
case of a medium-sized, rather viscous cyst, only repeat-
ed partial drainage could be performed and an 18-gauge
needle was used to successfully carry out two-step ethanol
ablation'?. Even in this case, relatively little ethanol was
sufficient.

After 1 month, the patients were checked. If US scan
revealed fluid formation in the cystic cavity, it was drained
and second PEI was performed. If the first PEI was suc-
cessful, with the cysts not being filled again and only solid,
slightly hyperechoic content being observed, US check-ups
followed after 3, 6 and 12 months and then once a year
(based on the patient’s interest). If the second or third
PEI had to be carried out, the first check-up was after
one month and then the same follow-up pattern was used.

Statistical analysis

Individual data in the set were not normally distrib-
uted. Therefore, to compare changes in the initial cyst
volume and VRRs at 1, 3 and 6 months after the last PEI,
the Wilcoxon test for paired samples with the Bonferroni
correction of significance levels for multiple comparisons
were used. To determine possible differences in numbers
of PEI procedures in the simple and complex subgroups
and in small and medium-sized cysts, Fischer’s exact test
was used. Spearman’s correlation analysis was used to de-
termine relationships between the amount of ethanol used
and VRRs in the entire group and in individual subgroups.
The level of statistical significance was set at P<0.05.
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RESULTS

In all 33 patients, US-guided PEI with 96% ethanol
was successful and the desired effect was achieved, that
is, shrinkage of the cystic cavity and no recurrence during
the 6-month follow-up (Fig. 1a,b, 2a,b). The subsequent
long-term follow-up, at 1-year intervals, ranged from more
than 1 year to 8 years in all patients, with no recurrence of
sclerotized cysts in any of them. PEI was performed once
in 17 patients (52%), twice in 14 patients (42%) and 3
times in 2 patients (6%). The mean number of PEI proce-
dures was 1.5+0,7 with a mean ethanol volume of 2.4+1.2
mL. The total amount of instilled ethanol ranged from 1
mL to 5 mL, accounting for 13-50% (mean, 22.7+7.9%)
of the initial cyst volume (Table 1).

The entire group had a significant reduction in the
initial cyst volume compared with the final volume
at 6 months after completion of PEI (10.82+5.03 mL
vs. 0.78+0.84 mL, P<0.001; Fig. 1a,b, 2a,b). In the en-
tire group (Table 1), there was a significant increase
in VRR (P<0.001) at 1 month (range, 70.8-97.1%;
mean, 83.1£8.1%), at 3 months (range, 75-98.7%; mean
89.9+6.3%), and at 6 months after the last PEI (range,

Fig. 1a. Pure cyst 5 mL, before PEI

75-98.8%; mean, 92.6£6.4%). Moreover, the complex cyst
subgroup showed a statistically significant (P<0.001)
decrease in cyst volume, or increased VRR even at 6
months as compared with VRR at 3 months (volume at
3 months 1.32+0.9 mL vs. volume at 6 months 1.04+0.91
mL; VRR at 3 months 87.7+5.98% vs. VRR at 6 months
90.6+6.55%). This was not noted in pure cysts. There
was no significant difference in the number of PEI pro-
cedures between pure and complex cysts. Significantly
more PEI procedures (P<0.001) had to be performed in
medium-sized cysts as compared with small cysts (2+0.52
vs. 1.06+0.4).

Spearman’s correlation analysis of the entire group did
not show a significant correlation between the amount of
instilled ethanol and VRRs at 1, 3 and 6 months. Only
in small cysts with the intial volume of less than 10 mL,
there was a significant relationship between the amount
of ethanol and VRR at 1 month (r = 0.700; P<0.05).

Apart from temporary mild localized pain following
application of ethanol, reported by about 30% of patients
and lasting for 8 h to 24 h (often as negligible, never as
strong), no serious complications were observed. Local
anesthesia was not administered.

Fig. 1b. Solid residue 0.2 mL, 6 months after one PEI proce-
dure (US transverse).

Fig. 2a. Complex cyst 10 mL, before PEI.

Fig. 2b. Solid residue 0.4mL, 6 months after two PEI proce-
dures (US transverse).
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DISCUSSION

Although US-guided PEI is not a method commonly
used to treat symptomatic thyroid cysts, it has proven to
be a suitable and effective alternative to surgery. A 2013
review by Gharib et al. showed that in large centers with
experienced hands, these minimally invasive approaches
appear effective and safe and PEI therapy is recommend-
ed for recurrent benign thyroid cysts®.

In the reported group of small and medium-sized
cysts, the success rate was 100%. This may be explained by
the selection, with the fluid component being dominant,
accounting for more than 70% of the volume. Complex
septated cysts contained only sporadic fine septa; only
one cyst had a highly viscous content.

The method is used in two basic modifications. More
frequently, a non-aspiration approach is used, that is, the
instilled ethanol is left in the cyst. Some authors recom-
mend aspiration of ethanol shortly (2-10 min) after its
administration. This procedure is more demanding and
usually two injections are required during a session.
When comparing the therapeutic success rates in both
techniques, the results in the non-aspiration and aspira-
tion groups were similar - 96% and 93%, respectively™.
In our group, the non-aspiration approach was used more
frequently, both because less ethanol was applied and be-
cause the procedure was shorter and another injection
was not needed to aspirate ethanol. The reported success
rates range from 68% in a study by Cho et al. to 100% in
a study by Sung et al>". In our group, the success rates
were identical for both small and medium-sized cysts. In
the latter group, however, more PEI procedures had to
be carried out.

When comparing pure and complex cysts in our group
of patients, the therapeutic goal was achieved in both sub-
groups. In the pure cyst subgroup, however, final reduc-
tion was achieved earlier; in complex cysts, there was a
statistically significant increase in VRR at 6 months as
compared with VRR at 3 months after PEI. The numbers
of PEI procedures were not different in both subgroups.
Cho et al. reported no difference in VRRs between pure
and complex cysts’. For cysts containing thick, viscous
fluid, two-step ethanol ablation may be used. First, a small
amount of ethanol is injected. This is followed by drain-
age and PEI procedure 2-4 weeks later'>!'°. This approach
was successfully used in one case of a 19-mL cyst in our
study. In the management of highly viscous cysts, Sung
et al. used one-step ablation, removing the colloid with a
catheter connected to a suction pump and then adminis-
tering ethanol .

The same dosage of ethanol was used for both small
and medium-sized cysts in our patients. A significant cor-
relation between the amount of administered ethanol and
VRR at 1 month was only found in small cysts with an
initial volume of less than 10 mL. Yasuda et al. reported
no correlation between the amount of ethanol and VRR,
but a lower recurrence rate in such small cysts’. Cho et
al. found higher VRR in cysts larger than 10 mL (ref.’).

From the very beginning, it was our decision to use
smaller amounts of ethanol, equal to 22.7+7.9% of the
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initial cyst volume. The reasons were multiple. After
nearly complete drainage, the cyst wall collapses, with
even smaller amounts of injected ethanol being sufficient
to provide its contact with the wall. Little colloid left in
the cavity does not dilute the instilled ethanol. Moreover,
when using the less frequent ethanol aspiration approach,
the ethanol is left in the cavity for 2 to 10 min®"'7. The
amounts of ethanol administered during PEI procedures
ranged from 36% to 100% of the initial cyst volume in vari-
ous studies, such as those by Bennedbaek and Hegediis
36%, Kim YJ et al., Sung et al., Jayesh et al. both 50%,
Valcavi et al. 50-70%, Cho et al. 40-100% or Kim DW et
al. 50-100% (ref.>814151820) " Although most authors do not
recommend to administer a single dose of more than 10
mL of ethanol, Kim DW et al. injected amounts equal to
100% of the volume of cysts smaller than 20 mL, that is,
up to 20 mL of absolute ethanol and, in one case of an
extremely large 135-mL cyst, even as much as 30 mL of
ethanol™.

The complications and adverse effects of PEI proce-
dures are caused by ethanol leakage into the surround-
ing tissues. Most patients report mild, temporary pain
at the site of injection, radiating into the neck, chin and
ears, due to leakage of a little ethanol into the subcutane-
ous tissues. In different studies, the pain was reported in
2.5% to 30% or, in large cysts, even 70% of patients'*!82,
Occasionally, temporary vocal fold paralysis and dyspho-
nia or, rarely, transient thyrotoxicosis may occur?. In the
largest set of 432 complex cysts, Lee and Ahn reported
transient localized pain in 32 (7.9%) and temporary vo-
cal fold paralysis in only 3 (0.7%) patients'®. Apart from
short-term localized pain, no other complications were
noted in our study.

In 2010 Medical Guidelines for Clinical Practice
for the Diagnosis and Management of Thyroid Nodules
were prepared as a collaborative effort between the
American Association of Clinical Endocrinologists
(AACE), Associazione Medici Endocrinologi (AME),
and European Thyroid Association (ETA). Percutaneous,
ultrasound-guided, minimally invasive therapeutic proce-
dures (PEI and percutaneous laser ablation [PLA]) have
been proposed for the nonsurgical management of thyroid
nodules in selected cases. For cysts and complex nodules
with a dominant fluid component PEI is indicated. In
other cases, PEI is not indicated for hyperfunctioning
nodules or nodular goiters because of a high recurrence
rate and the availability of effective alternative treatment
options. In solid thyroid nodules that are cold on scin-
tigraphy, clinically significant decreases in nodule size
after PEI are reported. The response, howeyver, is less im-
pressive than in cysts, more treatments are needed, and
adverse effects are more frequent?.

CONCLUSION

US-guided PEI is an effective alternative to surgery
in the treatment of symptomatic and recurring thyroid
cysts. Our experiences confirm that small and medium-
sized cysts may be successfully treated with relatively
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small amounts of 96% ethanol equal to 22.7+7.9% of the
initial cyst volume. In case of medium-sized cysts, more
PEI procedures were needed. Final reduction of complex
cysts was achieved later. The method is beneficial in that
it has a minimum of complications and is performed as
an inpatient procedure. The treatment is advised to be
carried out in centers with experience in PEL
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