Taylor & Francis
Taylor & Francis Group
International Journal of

Hyperthermia International Journal of Hyperthermia

ISSN: 0265-6736 (Print) 1464-5157 (Online) Journal homepage: http://www.tandfonline.com/loi/ihyt20

Percutaneous microwave ablation of thyroid
nodules: effects on thyroid function and
antibodies

Kristina Heck, Christian Happel, Frank Griinwald & Huedayi Korkusuz

To cite this article: Kristina Heck, Christian Happel, Frank Grinwald & Huedayi Korkusuz
(2015) Percutaneous microwave ablation of thyroid nodules: effects on thyroid

function and antibodies, International Journal of Hyperthermia, 31:5, 560-567, DOI:
10.3109/02656736.2015.1032371

To link to this article: http://dx.doi.org/10.3109/02656736.2015.1032371

ﬁ Published online: 29 Apr 2015.

\J
CJ/ Submit your article to this journal &

||I| Article views: 31

A
& View related articles &'

@ View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=ihyt20

CDownIoad by: [Universite Laval] Date: 21 October 2015, At: 17:08 )



http://www.tandfonline.com/action/journalInformation?journalCode=ihyt20
http://www.tandfonline.com/loi/ihyt20
http://www.tandfonline.com/action/showCitFormats?doi=10.3109/02656736.2015.1032371
http://dx.doi.org/10.3109/02656736.2015.1032371
http://www.tandfonline.com/action/authorSubmission?journalCode=ihyt20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ihyt20&page=instructions
http://www.tandfonline.com/doi/mlt/10.3109/02656736.2015.1032371
http://www.tandfonline.com/doi/mlt/10.3109/02656736.2015.1032371
http://crossmark.crossref.org/dialog/?doi=10.3109/02656736.2015.1032371&domain=pdf&date_stamp=2015-04-29
http://crossmark.crossref.org/dialog/?doi=10.3109/02656736.2015.1032371&domain=pdf&date_stamp=2015-04-29

Downloaded by [Universite Laval] at 17:08 21 October 2015

http://informahealthcare.com/hth

International Journal Of ISSN: 0265-6736 (print), 1464-5157 (electronic)

Hyperthermia

Int J Hyperthermia, 2015; 31(5): 560-567

© 2015 Informa UK Ltd. DOI: 10.3109/02656736.2015.1032371

informa

healthcare

RESEARCH ARTICLE
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function and antibodies
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Department of Nuclear Medicine, University Hospital, Frankfurt am Main, and German Centre for Thermoablation of Thyroid Nodules, Frankfurt

am Main, Germany

Abstract

Purpose: Microwave ablation (MWA) is a new minimally invasive method for thermal ablation of
benign thyroid nodules with promising results. The aim of this study was to investigate
whether MWA has an impact on thyroid function. Materials and methods: Thirty patients with a
total of 34 benign thyroid nodules underwent MWA between January 2013 and July 2014.
Serum levels of triiodothyronine (T3), thyroxine (T4), thyrotropin (TSH), thyroglobuline (Tg) and
additionally antibodies against Tg (anti-Tg), thyrotropin receptors (TRAb) and thyroid
peroxidase (anti-TPO) were measured at enrolment, 24h after MWA, as well as at the
3-month and 6-month follow-up. Moreover, the nodule volume was evaluated to determine
effectiveness. Results: Serum TSH, T4, T3 and Tg levels did not change significantly at the
3-month or 6-month follow-up (p > 0.05); thyroid function was not affected by MWA. Antibody
levels did not change significantly either; however, two patients developed antibodies after
treatment. A volume reduction of 51.4% or 7.85 mL could be demonstrated after 3 months and
a reduction of 55.8% or 14.0 mL after 6 months. Slight complications such as mild pain during
the ablation or superficial haematomas emerged. The development of Graves' disease and mild
Horner's syndrome were observed as more severe side effects. Conclusions: The data suggest
MWA as an alternative for the treatment of benign thyroid nodules. While first results for
preservation of thyroid function are positive, further measurements of laboratory data and
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especially antibodies are necessary.

Introduction

Thyroid nodules are frequently detected in patients in about
30% of the German population [1]. Fortunately, most nodules
are benign; only 0.1% of all malignant degenerations are
thyroid carcinomas [1]. Yet even benign nodules can cause
problems, such as cosmetic issues, and subjective symptoms
as well as the patient’s fear of malignant transformation [2].

Surgery and radioiodine therapy (RIT) are still the standard
therapy options, but especially in recent years novel treatment
options for thyroid nodules have been developed. The field of
minimally invasive thermal ablation has expanded over recent
years and promising results have been achieved for radio-
frequency ablation (RFA), laser ablation (LA), high -intensity
focused ultrasound (HIFU) [3,4] and ethanol ablation (EA)
[2,5-7].

Microwave ablation (MWA) is a new approach for thermal
ablation of thyroid nodules, yet has already been used
successfully to treat malignancies in liver, lung and kidneys
[8,9]. This technique has been proven effective for volume
reduction in benign thyroid nodules in various studies [10-12]

Correspondence: Kristina Heck, Department of Nuclear Medicine,
German Centre of Thermoablation of Thyroid Nodules, Theodor-Stern-
Kai 7, D-60590 Frankfurt am Main, Germany. Tel: +4969/6301-4330.
Fax: +4969/6301-3858. E-mail: s1657317 @stud.uni-frankfurt.de

and has been successfully tested for thyroid cancer [13].
There have been few reports of transient hyperthyroidism
after RFA [2,14], hypothyroidism has been reported in two
studies [7,15]. Regarding EA, hypothyroidism was provoked
more often, all cases happening after treatment of autono-
mous functioning nodules [16—19]. In terms of HIFU, thyroid
function is not affected by the treatment [4].

Regarding MWA, there is currently only one study, by
Feng et al. [12], evaluating the impact on thyroid function
marginally. As far as we know, antibodies have not been
measured in any study. The aim of this study was to examine
possible effects of MWA on thyroid function and antibodies
for the first time. For this purpose, pre- and post-ablative
thyroid hormone status were compared and analysed.

Materials and methods
Patients

Thirty patients with 34 nodules overall (15 men, 15 women,
mean age 54.0 years, range 32-79 years) were treated with
MWA between January 2013 and July 2014. Inclusion criteria
were (1) symptomatic thyroid nodules, (2) cosmetic concerns,
and (3) refusal of or contraindications for surgery. Exclusion
criteria were: (1) retrosternal growth, (2) histological evi-
dence for malignancy, and (3) conspicuous calcitonin
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Table 1. Clinical data collected prior to MWA.
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Hormonal status

Nodule
Patient volume TSH TRAb  Anti-Tg  Anti-TPO
no. Age (mL) T3 (nmol/L) T4 (nmol/L) (mIU/L) Tg(ng/L) (AU/L) (kIU/L) (kIU/L)
1 59 25 1.3 73 0.68 12.2 0.21 8 7
2 53 3.75 1.5 78 0.59 21.7 0.09 14 10
3 74 3.45 1.8 87 1.52 3.06 0.07 109 2190
4 39 15 2.3 122 0.62 391 0 272 8
5 64 7.2 2 95 1.03 187 0.007 9 10
6 45 20.7 1.7 97 0.69 13.8 0.2 9 11
7 65 16.1/11.1 1.9 64 0.45 111 0.1 12 6
8 68 20.1/23.7 1.9 66 0.7 689 0 7 13
9 54 84 2.1 90 2.93 51.5 0.2 8 15
10 52 82 3 56 0.02 14.9 0.3 6 5
11 61 28.7 2 82 0.8 78.2 0 9 6
12 32 7.1 2 68 1.31 834 0.21 7 13
13 49 2.1 1.2 75 0.16 20.3 4.4 190 1860
14 75 5.4 1.1 68 0.86 39.5 0.75 8 11
15 57 180 1.6 79 0.08 484 0.1 9 241
16 40 14.2 1.9 124 0.5 198 0 8 12
17 68 154 1.9 87 1.2 203 0 2 4
18 55 22.1/2.59 1.7 55 0.16 521 0.5 5 11
19 53 70.9 1.9 99 0.44 132 0.5 3 12
20 53 11.5/7.8 1.9 83 1.06 149 0 6 14
21 79 9.3 1.8 89 0.38 61.7 0.2 13 9
22 47 10.4 1.5 98 0.64 40 0 23 693
23 62 143 1.1 73 2.69 157 0.3 7 11
24 61 46 1.7 81 0.68 609 0.51 8 9
25 38 20.2 1.9 95 0.8 16.1 0 8 14
26 50 2.6 1.1 72 0.97 5.48 0.18 3 5
27 53 30.0 0.9 79 0.44 5914 0 4 10
28 47 100 1.9 104 0.97 468 0 9 8
29 52 7.2 2 98 0.86 58 0 4 8
30 74 25.7 14 106 0.44 7.2 0.84 9 7

Normal ranges of hormones and antibodies are: T3, 1.0-3.3 nmol/L; T4, 55-170 nmol/L; TSH, 0.3-4.0 mIU/L; Tg, < 1
after thyroidectomy; TRAb, <1.51U/L; anti-Tg, <50kIU/L; anti-TPO, <50kIU/L. Nodule volume is given as total

volume of all nodules per patient.

measurement. There was no minimum size for admission. All
patients signed an informed consent form. The study was
approved by the local ethics committee (No. 243/13).

Pre-ablative assessment

All patients underwent a pre-ablative assessment using
laboratory test, ultrasound, scintigraphic imaging and fine
needle aspiration biopsy (FNAB). A B-mode ultrasound
(Sonix Touch Ultrasound system, Ultrasonix Medical
Corporation, Richmond, BC, Canada) was used to evaluate
the volume, size, number and composition of the nodules.

Serum levels were determined with commercially available
immunoradiometric assay (IRMA) and radioimmunoassay
(RIA) kits. Laboratory tests included a complete thyroid
hormone status with triiodothyronine (T3, normal range
1.0-3.3nmol/L) determined by RIA (T3['*I] RIA Kit,
Izotop, Budapest, Hungary), thyroxine (T4, normal range
55-170nmol/L) determined by RIA (T4['*I] RIA Kit,
Izotop), thyrotropin (TSH, normal range 0.3—4.0mIU/L)
determined by IRMA (SELco® TSH rapid, Medipan,
Dahlewitz, Germany) and thyroglobulin (Tg, normal range
2-70pg/L) determined by IRMA (Riason® Tg c.t., Iason,
Graz-Seiersberg, Austria).

Moreover, calcitonin levels, blood count and coagulation
diagnostic were measured and the presence of antibodies was

checked. The following antibodies were measured: antibodies
against thyroid peroxidase (anti-TPO, positive >50kIU/L)
determined by RIA(anti-TPO magnum, Medipan), thyro-
globulin (anti-Tg, positive >50kIU/L) determined by RIA
(anti-Tg magnum, Medipan) and thyrotropin receptor (TRADb,
positive >1.5TU/L) determined by RIA (TRAK Human RIA,
Brahms, Henningsdorf, Germany).

All patients received °° ™Tc-pertechnetate scans; scinti-
graphic images were taken 20 min after administration of
75 MBq *° ™Tc-pertechnetate and recorded with a scintillation
camera (Mediso Nucline® TH/22, Budapest). Patients
with ‘cold” nodules were re-evaluated with a °°™Tc-
methoxy-isobutyl-isonitrile (MIBI) scan to exclude malig-
nancy. Scintigraphic images were taken 10 and 60 min after
administration of 500 MBq *° ™Tc-MIBI.

To exclude malignancy, FNAB and calcitonin measure-
ment took place. No evidence for malignant transformation
has been found. Pre-ablative data are summarised in Table 1.

MWA treatment procedure and equipment

MWA treatment was performed as an outpatient procedure.
Patients were placed in a supine position with hyperextended
neck. The complete intervention took place in aseptic
conditions. Local infiltration anaesthesia (Scandicain 1%) of
the puncture site was performed. In cases where cystic
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Figure 1. Serum levels of (a) T3, (b) T4, (c) TSH and (d) Tg prior to microwave ablation (MWA), 24 h after MWA and at 3-month and 6-month follow-

up. Tg values were logarithmised for better illustration.

components have been detected in pre-ablation ultrasound
assessment, fluid was aspirated before ablation. The skin was
incised 1-2mm and the ablation antenna was positioned
under sonographic monitoring. A trans-isthmic access was
chosen in order to keep the heat impact on vital structures as
low as possible [20]. When this access could not be
conducted, a cranio-caudal access was chosen. The procedure
was conducted in the ‘moving-shot technique’ [2]. If several
nodules were found in one patient, the nodules were ablated
successively during the same ablation procedure.

During the whole procedure real-time ultrasound was
utilised to assure the correct position of the microwave
antenna. The microwave system used in this study worked
with frequencies of 902-928 MHz and maximum tempera-
tures of approximately 140 °C. Heat is produced by utilisation
of the dipole moment of water molecules; microwaves lead to
oscillation and thereby heat.

Eventually, antennas with an uncooled tip (14 gauge) were
used in agreement with individual aspects of every patient.
The target temperature was 60-80°C; temperatures were
monitored to avoid excessive heating. The output varied
between 24 and 28 W.

Efficacy evaluation and follow-up

Laboratory tests and scintigraphic imaging were re-assessed
24h after microwave ablation. Additionally, B-mode ultra-
sound was performed to exclude focal complications.

After 3 and 6 months, a follow-up examination of both
nodule volume and laboratory values took place in which the

volume reduction was calculated by the following equation:
volume reduction ratio (%)= ((median initial volume —
median final volume) x 100)/median initial volume.

Statistical analysis

All statistical analyses were performed with dedicated
software (Bias®, Windows, version 10.04, epsilon verlag,
1989-2013). Due to non-parametric distribution, pre-, post-
ablative and follow-up variables were compared by use of
Wilcoxon’s signed rank test and Friedman test. Spearman’s
correlation test was used to analyse a possible correlation
between the difference in thyroglobulin parameters and
volume reduction.

All laboratory parameters, volume parameters and volume
reduction are given as median. The significance level was
defined as p <0.05.

Results

The results demonstrated that in all 30 sessions the complete
volume of the 34 nodules could be ablated. The treatment was
well tolerated by all patients, an interruption was not
necessary. A total of 21 complex nodules (neither cystic nor
solid) and 13 solid nodules were treated. The mean time of
ablation was 674 +336 s (range 300—1500 s), the mean output
292 +438W (range 24-40W), the temperature was
80.2+1.6°C (range 75-85°C). At the 3-month follow-up
30 patients were assessed, and 11 patients at the 6-month
follow-up.
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Table 2. Parameters of thyroid function at different dates of examination.

Parameter Enrolment 24 h after MWA 3-month follow-up 6-month follow-up

T3 (nmol/L) 1.85 (1.1-5.0) 1.7 (0.9-3.3) 1.7 (1.1-2.3) 1.6 (1.1-2.4)

T4 (nmol/L) 85 (55-124) 86.5 (55-131) 86.5 (62-126) 83 (67-135)

TSH (mlIU/L) 0.7 (0.02-2.94) 0.65 (0.007-2.02) 0.97 (0.05-2.34) 0.87 (0.45-2.25)

Tg (ng/L) 59.9 (3.06-7536) 891 (17.3-32051) 53.2 (2.32-7345) 32.04 (0.09-363)

TRAD (IU/L) 0.14 (0-4.4) 0.19 (0-3.6) 0.17 (0-17.9) 0 (0-6.2)

Anti-Tg (kIU/L) 8 (1.4-272) 6.5 (2-135) 8 (1-427) 4 (2-2106)

Anti-TPO (kIU/L) 10.5 (4-2190) 10 (4-1619) 10 (2-7036) 9 (5-5723)

Data are presented as median and range.
Table 3. Patients with pathological findings in antibody measurement.

TRAD (IU/L) Anti-Tg (kIU/L) Anti-TPO (kIU/L)

Patient Initial 24h 3 months 6 months Initial 24h 3 months 6 months Initial 24h 3 months 6 months
1 0.07 0.31 0 - 109 56 70 - 2190 1619 1653 -
2 0 0.3 0 0 272 13 12 3 8 11 7 5
3 4.4 3.6 17.9 0.09 190 135 364 2106 1860 1561 7036 5723
4 0.1 0.83 0.2 - 9 9 11 - 241 296 263 -
5 0.2 0.6 4.2 0.78 13 9 9 3 9 8 18 17
6 0 0 0.15 - 23 14 427 - 693 921 556 -

TRab were considered positive at >1.5IU/L, anti-Tg were positive at >50kIU/L and anti-TPO were positive at >50 kIU/L.

Pathological findings in antibody measurement are in bold type.

Laboratory tests

Laboratory parameters did not change significantly at the
3-month or 6 month follow-up (p>0.05). T4 and T3 levels
remained within normal limits in all patients (Figure 1). Five
patients had suppressed TSH levels before and/or after
treatment, regarding all other patients TSH levels remained
in normal limits as well. All of these five patients had a thyroid
autonomy in addition to the nodules that were treated with
MWA. In four patients TSH levels normalised by 3-month
follow-up. Thyroglobulin levels increased significantly within
24 h after ablation, but decreased significantly again by the
3-month follow-up (p <0.05) (Figure 1). In 21 of 30 patients
thyroglobulin levels fell below initial values at 3-month follow-
up; however, altogether the difference between initial values
and values at the 3-month follow-up was not significant
according to Wilcoxon’s signed rank test. No significant
difference between thyroglobulin levels at 3 months and 6
months as well as between initial values and 6 months could be
observed. In 7 of 11 patients thyroglobulin levels decreased
again by the last follow-up. Serum levels before and 24 h after
the treatment as well as at 3-month and 6-month follow-up are
summarised in Table 2. A correlation between the changes in
Tg level and volume reduction could not be allocated.

Antibody measurement

One patient presented with elevated anti-TPO and anti-Tg
levels before and after MWA, while another patient showed
constantly positive anti-TPO levels before and after MWA.
These patients did not show any symptoms of Hashimoto’s
thyroiditis or Graves’ disease before or after treatment. One
patient showed increased anti-Tg levels before MWA; after
treatment anti-Tg levels were negative. Another patient
presented with increased TRAb, anti-Tg and anti-TPO levels
before and after treatment, Graves’ disease was formerly
known. This patient was treated with a combination of MWA,

for a cold nodule, as well as radioiodine therapy for Graves’
disease.

One patient with formerly known Hashimoto’s thyroiditis
had repeatedly elevated anti-TPO levels. Furthermore anti-Tg
antibodies developed at 3-month follow-up. Another patient
showed positive TRAb levels at the 3-month follow-up,
Graves’ disease was diagnosed, yet at the last follow-up,
TRAD levels had normalized. This patient was also treated
with a combination therapy, MWA was applied for treatment
of a cold thyroid nodule, and radioiodine therapy was
administered directly after MWA for treatment of goitre.
Pathological antibody levels are shown in Table 3. None of
the other patients were found to develop thyroid antibodies
during the follow-up period. Antibody measurement at
different dates of examination is summarised in Table 2.

Volume reduction

Ultrasound examination showed a significant decrease of
nodule volume in all patients (Figure 2). The overall pre-
ablative volume was 18.15mL; post-ablative volume was
8.8 mL after 3 months and 6.2 mL after 6 months. The median
volume reduction was 7.85 mL (range 1.5-62.2mL) or 51.4%
(range 14.6-88.4%) at the 3-month follow-up (p<0.05) and
14.0mL (range 1.5-64 mL) or 55.8% (41.6-84%) at 6-month
follow-up (p <0.05).

Safety and treatment tolerance

The procedure was tolerated well by all patients, despite some
side effects. Light sensations of pressure and mild pain were
reported during all ablation sessions, though, none of the
patients asked to stop the session. Two patients developed
first-degree burns alongside the puncture channel, which did
not require any therapy. Mild superficial haematomas
appeared in almost every patient due to the pressure of the
ultrasound probe, yet faded within the next few days.
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Figure 2. Ultrasound imaging before
microwave ablation (MWA) (a, b), whilst
MWA (c) and after 3 months (d, e). Nodule
volume prior to MWA was 14.22 mL

(43 x 28 x 23 mm) and 5.0 mL

(27 x 19 x 19 mm) afterwards.

Sonographic controls assured that the haematomas did not
reach deeper tissue layers.

One patient developed a cervical haematoma (approxi-
mately 47 x 22mm) and subsequently Doppler ultrasonog-
raphy was performed to expulse active bleeding.
Haemoglobin parameters were steady. No further treatment
was necessary, the haematoma reabsorbed itself.

One patient developed mild Horner’s syndrome with ptosis
and miosis. The symptoms disappeared in the further
observation period without any treatment; pathologies were
no longer noticed at last follow-up. One patient developed
TRADb antibodies at 3-month follow up, Graves’ disease was
diagnosed. After 6 months, antibodies had normalised without
any treatment.

There were no serious complications such as infection,
nodule rupture, secondary haemorrhage, hypoparathyroidism
or voice change. In the post-therapeutic observation period no
other complications were observed.

Discussion

In Germany the prevalence for thyroid nodules is relatively
high [21,22]. Thyroidectomy and RIT are still the current
standard treatment approaches for thyroid nodules. However,
they involve drawbacks and complications such as nerval

Int J Hyperthermia, 2015; 31(5): 560-567

lesions or scar formation [12,23]. Moreover, both methods
have an incontrovertible effect on thyroid function. As far as
surgery is concerned, permanent hypothyroidism is mostly
inevitable, especially with total thyroidectomy. With this
treatment option normal thyroid function cannot be preserved,;
a lifelong substitution of thyroid hormones is necessary.

RIT can cause hypothyroidism as well. Hypothyroidism
develops quite frequently after RIT of autonomous nodules;
this contributes to the inevitable impact of RIT on the whole
thyroid gland. Spiezia et al. [24] reports that 14% of patients
with toxic goitre developed hypothyroidism within 5 years of
treatment.

In the past decade, minimal-invasive alternatives to
surgery and RIT have been developed, particularly RFA,
EA and LA. Regarding the impact of these techniques on
thyroid function, few cases of post-ablative hypothyroidism
have been described. There are two cases each described for
RFA [7,15] and LA [25]. All of the four patients showed a
persistent increase of thyroid antibodies before and after RFA.
In terms of EA, hypothyroidism has been reported more often,
the majority being found after treatment of autonomously
functioning nodules [16,17,19]. Transient hyperthyroidism
after RFA has been reported in a few patients [2,14]. Ha et al.
investigated the possible impact of RFA on thyroid function in
patients with previous lobectomy. No effect on thyroid
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function could be discovered; all serum levels remained
within normal limits at the last follow-up, and none of the
patients developed new antibodies [26].

Within the group of thermo-ablative techniques, MWA is a
new approach to treat benign thyroid nodules; its effectiveness
has been proven in several studies [11,12]. Regarding effects
on thyroid function, there have not been any other studies
evaluating the impact of MWA on the different thyroid
hormones and antibodies yet.

The present study demonstrates that MWA does not affect
thyroid function in patients with benign thyroid nodules. All
hormones and antibodies, except for one patient developing
Graves’ disease, remained within normal levels directly after
ablation and at the follow-up examinations.

Overall, effects on thyroid function due to minimally
invasive ablation methods are rarely discovered. This can
surely be attributed to the fact that the impact on normal
thyroid tissue can be minimised with these ablation tech-
niques; only the targeted nodules are affected. Findings in
post-ablative scintigraphic imaging support this statement; the
9 mTe_pertechnetate uptake only decreased in the ablation
area; surrounding tissue was not affected [27]. As 99 m e,
pertechnetate uptake depends on the sodium iodide symporter
in thyroid tissue [28], the regular uptake in surrounding tissue
indicates that molecular changes only occurred in the ablation
zone. General thyroid function was not affected.

MWA is assumed to affect tissue through so-called thermal
effects with temperatures higher than 60 °C, and non-thermal
effects. Thermal effects on tissue are coagulation necrosis and
protein denaturisation caused by heat [29]; non-thermal
effects, for instance electroporation [30], ion acceleration
and collision, and also dipole rotation [31] also generate
changes in protein structure. In this study thyroid hormones
and antibodies as protein structures are not influenced by
MWA other than the protein structure in the ablation zone
itself. This suggests that MWA does only affect the ablation
zone itself, preserving all other remaining thyroid tissue as
well as hormones and antibodies.

In the study presented, one patient had increased TRAb
levels before and after MWA. It is very unlikely that the
MWA treatment influenced the constantly elevated TRAb
level in this particular situation. Another patient from this
study showed elevated TRADb levels at 3-month follow-up,
Graves’ disease was diagnosed. To our knowledge, there is no
description of a correlation between MWA and Graves’
disease so far. Concerning RIT of functional autonomy,
autoimmune thyroiditis can be found in approximately 1% of
all cases; higher incidences are possible with pre-existing
TPO antibodies [32]. Nygaard et al. [33] states that the
presence of TPO-antibodies before RIT is also a marker for
elevated risk of hypothyroidism. This patient showed no
elevated anti-TPO levels before treatment, the possible
mechanism of antibody development can only be assumed.
Carracio et al. [34] found positive antibody levels after
treatment of cold nodules with EA, ‘sensitization after
massive release of partially denatured thyroid substances
along with a rise in serum interleukin-6 concentration’ (p.
702) [34] are supposed to be potential causes. Although very
rare, Graves’ disease can also appear after thyroidectomy. Yu
et al. [35] ascribe 11 cases to pre-existing antibodies.

Microwave ablation: impact on thyroid function 565

In fact, pre-existing thyroid antibodies seem to be a major
factor for development of post-ablative thyroid dysfunction.
Most patients with a dysfunction had antibodies before
treatment [7,15,19], some developed thyroid antibodies after
treatment [6,17].

Yu et al. state three different hypotheses for the develop-
ment of TRAb after thyroidectomy: (1) with demolition of
thyroid cells TSH receptors, thyroglobulin antigens and
microsomal antigens are secreted from the thyroid, leading
to stimulation of helper T cells which generate autoantibodies,
(2) the development is caused by an abnormality of antigen
presenting cells, and (3) the stress from general anaesthesia
and surgery lead to neuroendocrine fluctuations and immuno-
logical homeostasis [35].

The first hypothesis for development of autoimmune
thyroiditis after ablation is supported by Carracio et al. [34]
as mentioned above, as well as Monzani et al., who suggest that
EA leads to massive release of partially denatured thyroglobu-
lin, which could be the reason for immunisation [17].

Thyroglobulin represents a tumour marker and is used for
measurement of thyroid mass or thyroid injury [25]. In this
study Tg was significantly elevated 24h after MWA and
decreased significantly again until the 3-month follow-up. In
21 of 30 patients the levels fell below initial values; still, the
difference was not significant. The elevation directly after
MWA can most likely be attributed to the release of Tg due to
thyroid injury, as mentioned above. As levels decrease
respectively in the follow-up period this could be interpreted
as a sign of recovery and reduction of the nodule volume.
Unfortunately, a correlation between the overall reduction of
Tg and the volume reduction could not be found. Presumably,
the non-significant change of Tg at 3 months can be attributed
to the short follow-up period as there was not enough
time for the Tg level to recover completely. Valcavi et al. [25]
discovered similar findings after LA of benign thyroid
nodules; the marked evaluation of Tg was attributed to
release from intraglandular stores.

In this study, a few complications emerged, but none
required any treatment; all vanished within the observation
period. The development of Horner’s syndrome was the most
serious complication emerging in this study. Most likely, the
cause was thermal injury to the medial type of the middle
sympathetic ganglion which is located on the longus colli
muscle on the C6 vertebra level [36]. Injuries to nerval
structures due to thermal ablation have been described before;
damage happened to the recurrent laryngeal nerve or the
brachial plexus [12,14,37]. In all cases the impact of heat was
suspected to be the cause; Feng et al. [12] presumed
compression caused by perinodular oedema as another
possible source. To avoid damage to nerval structures in
further studies, pre-ablative ultrasound examinations should be
advanced with regard to vital structures such as sympathetic
ganglia [36]. Moreover, arrangements to keep the thermal
impact on nerves as low as possible should be made: injection
of fluid between the nodule and critical structures [20],
temperature monitoring of surrounding tissue or even incom-
plete ablation for nodules too close to nerves [12]. Further
studies are necessary to evaluate the safety of MWA technique.

Regarding effectiveness, a volume reduction of 51.4% at
3-month follow-up and 55.8% at 6-month follow-up
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confirmed the results of previous studies. Feng et al. [12]
evidenced a volume reduction of 45.99 +29.9% in 11 patients
after 6 months; Yue et al. [11] also showed a decrease of
65 + 65% in 222 patients after 6 months.

Scintigraphic findings confirmed these results [10,38].

The present study has several limitations, such as a small
number of patients and nodules and a short-term follow-up
period. The actual incidence of pathological thyroid function
and antibody development after MWA in the present patient
population might not represent the final outcome at a later
stage. A larger follow-up study with longer follow-up duration
would address these issues.

The fact that five patients who presented with elevated
antibody levels before treatment were included in the study
constitutes another limitation. Therefore, additional tests
concerning thyroid function and antibodies are necessary to
confirm the findings of this study.

Conclusion

The data assembled in this study suggest that MWA is an
alternative for the treatment of benign thyroid nodules. Due to
small sample size, the findings of this study need to be
verified by larger studies. Laboratory parameters and espe-
cially antibodies need to be monitored in additional follow-up
periods.
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