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ABSTRACT
Objective: Since it is unclear whether clinical parameters can independently predict the subsequent
treatment response following high intensity focused ultrasound (HIFU) ablation of benign thyroid nod-
ules, we aimed to examine clinical factors that may independently predict 12-month efficacy after
HIFU treatment.
Methods: One hundred and forty patients who had single ablation were categorized into two groups,
those with 12-month nodule shrinkage above the median (Group I, n¼ 70) and with shrinkage below
or equal to the median (Group II, n¼ 70). Baseline characteristics, treatment parameters, percentage
change in serum TSH, Free thyroxine (FT4) and thyroglobulin (Tg) from baseline to Day 4 and appear-
ance of microbubbles (hyperechoic marks (HEMs)) during treatment were compared between groups.
To determine independent factors, a multivariate analysis was done by logistic regression analysis.
Results: Baseline characteristics and treatment parameters were comparable between groups.
However, on Day-4, group I had significantly lower serum TSH (0.49mIU/L vs. 0.84mIU/L, p¼ 0.011)
and higher FT4 (22.11 pmol/L vs. 18.47 pmol/L, p¼ 0.008) than group II. The percentage change in
TSH, FT4 and Tg were significantly greater in group I (p¼ 0.002, p¼ 0.009 and p¼ 0.001 respectively).
The proportion of HEMs observed during treatment was also significantly higher in group I (42.69% vs.
31.72%, p¼ 0.030). Among the significant factors, the percentage change in FT4 was the only inde-
pendent factor for 12-month shrinkage (OR ¼ 1.018, 95%CI ¼1.003–1.032, p¼ 0.017).
Conclusions: Percentage change in serum FT4 on post-treatment Day-4 was an independent blood
parameter for the subsequent nodule shrinkage at 12months. This finding could potentially facilitate
the decision for earlier retreatment of treated nodules.

ARTICLE HISTORY
Received 13 November 2019
Revised 8 March 2020
Accepted 19 March 2020

KEYWORDS
Interventional ultrasonog-
raphy; high-intensity
focused ultrasound ablation;
nodular goiter; ultrasound
imaging;
ablation techniques

Introduction

Thyroid nodules are common. Although most are benign
and will remain relatively unchanged over time, some do
cause symptoms necessitating surgical resection [1–3].
However, surgery is not without risks and requires a general
anesthesia and hospitalization. As a result, there has been a
growing interest in developing less invasive, non-surgical
techniques in treating benign thyroid nodules [4–6]. For pre-
dominantly-solid or solid nodules, several thermal ablation
techniques such as laser, microwave and radiofrequency
ablation (RFA) have been shown to be effective [4–6].
High intensity focused ultrasound (HIFU) is one of the newer
ablation techniques that is effective in inducing significant
nodule shrinkage and in alleviating nodule-related symp-
toms [7–12].

However, it is clear that not every nodule treated by HIFU
ablation responds in the same way. In our experience, up to
20% of the treated nodules shrink less satisfactorily and may
require a second ablation 6months later [13]. At present,

there is no way of predicting whether the target nodule
would shrink satisfactorily after ablation. Although factors
such as smaller nodule volume, greater post-ablative rise in
serum thyroglobulin (Tg) and presence of microbubbles
within the target nodule during treatment (also known as
hyperechoic marks (HEMs)) do favor greater nodule shrink-
age after ablation [14–17], it is unclear whether these param-
eters are independent predictors (i.e., when other significant
factors have been considered). We hypothesized that the ini-
tial change in serum Tg and free thyroxine (FT4) in the early
treatment period may correlate with the extent of heat-
induced damage and subsequent nodule shrinkage.
Identification of factors can lead to more-timely reinterven-
tion and better treatment outcomes. To our knowledge, no
studies have examined whether any clinical and/or early
blood parameters could independently predict the subse-
quent nodule shrinkage after HIFU ablation. Therefore, the
present study aimed to identify clinical or early blood fac-
tors/parameters that may independently predict nodule
shrinkage 12months after single HIFU ablation.
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Methods

This retrospective analysis was approved by local institutional
review board. All relevant clinical and treatment data were
recorded prospectively after obtaining informed consent
from patients. Standard terminology was applied in the pre-
sent study [18]. Consecutive patients who underwent HIFU
ablation for a symptomatic, solid (�10% cystic area) or pre-
dominantly solid (<30% cystic areas) benign thyroid nodule
from January 2016 to May 2018 were analyzed. At our insti-
tution, only patients who required but refused surgery were
considered for HIFU ablation. To be eligible, first, patients
had to receive only one single application of HIFU to either a
single thyroid nodule or a dominant nodule in a multinodu-
lar goiter. Second, patients had to have at least a 12months
follow-up after treatment. Third, patients had to have a com-
plete set of blood tests including serum thyroid stimulating
hormone (TSH), FT4, Tg and serum anti-thyroid auto-antibod-
ies taken before treatment (on the day of ablation or Day-0)
and 4 days after treatment (Day-4). Fourth, patients had to
have an independent person who carefully examined the B-
mode ultrasonography screen for the appearance of HEMs
after each treatment pulse. Any patients who underwent two
or more sequential ablations within the same session or pre-
vious ablation were excluded. Also patients with follow-up of
<12months or with missing blood results or HEMs recording
were excluded.

To evaluate possible association between clinical parame-
ters and nodule shrinkage, patient and nodule characteristics,
pain scores, treatment parameters, percentage change in
serum FT4 and Tg from Day-0 to Day 4, number of HEMs
and proportion of HEMs and the extent of nodule shrinkage
(%) at 3-, 6- and 12-month were compared between those
whose nodule shrinkage (12-month VRR) were above the
median (Group I) and those whose nodule shrinkage (12-
month VRR) were equal to or below the median after abla-
tion (Group II).

Pretreatment clinical evaluation

All thyroid swellings were clinically graded according to the
World Health Organization (WHO) grading system [19] while
the severity of pressure/local symptoms were rated on a vis-
ual analog scale (VAS, 0-10cm).

HIFU treatment

All patients were asked to fast overnight and admit in the
morning. Serum thyroid function tests (FT4 and TSH levels),
Tg and anti-thyroid autoantibodies were checked. All abla-
tions were performed one person (B.H.L.) using a commer-
cially available US-guided HIFU device. Maximal power was
used according to the patient’s tolerability [20]. For each
treatment, the objective was to ablate the entire nodule in
one single session.

Before treatment, all patients were placed in a supine pos-
ition with neck slightly extended and were given a bolus of
intravenous Diazepam (Actavis) (10–20mg) and Pethidine

(Martindale Pharmaceuticals) (50–100mg)). Patients’ heart
rate, blood pressure, respiration rate and peripheral oxygen-
ation were monitored throughout. Patients were asked to
give a hand sign in case of pain. In such situation, either the
energy was lowered or more medications were administered.
For solid nodules with a cystic component, the cystic portion
was emptied with a 19G needle under US guidance before
the commencement of the ablation.

The US-guided HIFU device comprised an energy gener-
ator, a treatment head, a skin cooling device, and a touch-
screen interface for planning (Figure 1). The treatment head
incorporated an image transducer (7.5MHz, 128 elements,
linear array) and HIFU transducer (3MHz, single element,
60mm in diameter). The device computer (Beamotion ver-
sion no. TUS 3.2.2, Theraclion) automatically divided the nod-
ule into multiple ablation voxels. Each voxel which measured
9� 7mm received a continuous 8-s (8-s) pulse of HIFU
energy followed by 20-30 s of cooling time before the beam
was moved to the adjacent voxel. This continued until all the
planned voxels had received the treatment pulse. To be
objective in measuring the number of 8-s HIFU pulses that
resulted in the appearance of HEMs afterwards, an independ-
ent person was assigned to look carefully at the treatment
screen and decide whether HEMs appeared following each 8-
s pulse. Since a larger-volume nodule had a higher chance of
HEMs because of more treatment pulses, the proportion of
HEMs (%) was calculated based on the formula: [(Number of
8-s pulses that resulted in HEMs)/(Total number of 8-s pulses
given per treatment)]� 100. For example, if a nodule
received a total of 50 8-s pulses in the entire treatment cycle
and 17 of these pulses resulted in HEMs in the target, the
proportion of HEMs was 34.0%.

To ensure safety, nearby structures like the carotid artery,
trachea, and skin were marked out on the treatment screen
before the start of treatment by the operator. To avoid inad-
vertent heat injury to important surrounding structures, the
device automatically selected the safety margins for the skin,
the trachea and recurrent laryngeal nerve and from the ipsi-
lateral carotid artery. A laser-based movement detector
enabled immediate power interruption when the patient
moved or swallowed during ablation. To avoid skin burn, the
skin was cooled by a balloon (filled with 10 �C liquids) at the
tip of the treatment head. Both the total amount of energy
delivered to the nodule (in KJ) and the ‘on-beam’ (sonifica-
tion) time taken (in mins) were automatically recorded by
the device’s computer. The ‘on-beam’ treatment time was
the duration between the first to the last pulse (in minutes).
Upon completion of treatment, patients were asked to rate
their overall (global) pain experience during treatment (T1),
2 h after treatment (T2) and the following morning (T3). The
pain level was scored on a visual analog scale (VAS) from 0
to 100 (0¼ no pain and 100¼worse possible pain) by one
dedicated person not directly involved with the study. Oral
diet was resumed immediately afterwards and patients were
discharged home a few hours after treatment. Afterwards, a
transcutaneous laryngeal US was done to assess the mobility
of both vocal cords as this was found to be a highly accurate
alternative to laryngoscopy [21]. Vocal cord palsy (VCP) was
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defined as having an impaired or absent movement in one
of the vocal cords corresponding to the ablated side. All
patients were seen on Day-4 at the clinic where serum TSH,
FT4, Tg and anti-thyroid auto-antibodies were checked again.

Treatment efficacy

The extent of shrinkage of a treated nodule over time was
taken as the treatment efficacy. Each nodule was measured
by US on the day of treatment (baseline), 3-, 6- and 12-
month. Nodule dimensions were measured using the LOGIQ
e (GE Healthcare) scanner equipped with a 10-14MHz linear
matrix transducer. Three orthogonal diameters of the index
nodule (its longest diameter and two other perpendicular
diameters) were measured. In general, the longest diameter
was the cranio-caudal dimension (length) of the nodule
while the other two perpendicular diameters were the
medio-lateral (width) and antero-posterior (depth) dimen-
sions of the nodule. All measurements were made to the
nearest 0.1mm. To estimate nodule volume, we used the for-
mula: volume (mL) ¼ (width (in cm) � length (in cm) �
depth (in cm)) � (p/6) where p was taken as 3.14159. The
volume reduction ratio (VRR) was calculated based on the
formula: [Baseline volume – volume at visit]/[Baseline vol-
ume] � 100. Figure 2 shows the echogenic change and nod-
ule dimensions following treatment. Treatment success was
defined as the VRR � 50% from baseline.

Statistical analysis

Continuous variables were expressed as mean± SD and/or
median and interquartile range (IQR) when appropriate. For

comparison of continuous variables, t-test was used when
the data followed a normal distribution. Otherwise, the
Mann-Whitney U test was used. Chi-square or Fisher’s Exact
test was used to compare categorical variables. To determine
independent factors affecting 12-month VRR, multivariate
analysis were done by binary logistic regression analysis. In
multivariate analysis, only parameters significantly associated
with 12-month VRR> the median were entered together
using the step down procedure. All statistical analyses were
performed using SPSS version 20.0 (SPSS, Inc.). All signifi-
cance tests were two-tailed and those with a p-value less
than 0.05 were considered.

Results

During the study period, 202 consecutive patients completed
their treatment for a benign thyroid nodule. Of these, 39
(19.3%) underwent two sequential treatment in one session,
14 (6.9%) patients had incomplete blood test results and 9
(4.5%) had a missed follow-up visit or follow-up period <

12months. As a result, 140 (87.7%) were analyzed. Of these,
34 patients had their 6-month treatment efficacy reported
previously [22]. All patients completed their respective treat-
ment successfully within the same session and were able to
be discharged home on the same day. Table 1 shows the
baseline patient and nodule characteristics. In terms of treat-
ment efficacy, the mean nodule volume at 3-month was
11.05 ± 13.42ml and the mean VRR was 50.50 ± 22.96%
(median¼ 53.27%; IQR ¼ 27.16%). Ninety (64.3%) patients
achieved treatment success. At 6months, the mean VRR
increased to 65.32 ± 19.80% (median ¼ 68.32%; IQR ¼
30.10%). One hundred and seven (76.4%) patients achieved

Figure 1. The ultrasound-guided high intensity focused ultrasound device for treatment of thyroid nodules.
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treatment success. At 12months, the mean VRR increased to
68.72 ± 18.67% (median ¼ 74.11%; IQR ¼ 31.63%). Four
(2.9%) patients suffered from a vocal cord paresis shortly
after treatment but they all had a full recovery within
2months.

Patient characteristics and treatment parameters were
compared between those whose 12-month VRR were> the
median of 74% (group I) and between those whose 12-
month VRR were� the median of 74% (group II) (Table 2).
Patient age, sex ratio, body weight, body height, body mass
index and WHO nodule grade were comparable between the
two groups. Side and location of nodule, the three nodule
dimensions, baseline nodule volume and distance from skin
to center of nodule were also comparable between the two
groups. Baseline thyroid function, Tg and anti-thyroid auto-
antibody levels were not significantly different between the
two groups (p> 0.05).

However, on day 4 after treatment, group I had signifi-
cantly lower serum TSH level than group II (0.49 mIU/L vs.
0.84 mIU/L, p¼ 0.011) and significantly higher FT4 level than
group II (22.11 pmol/L vs. 18.47 pmol/L, p¼ 0.008). Both the
percentage drop in TSH and rise in FT4 on day-4 were sig-
nificantly greater for group I than group II (p¼ 0.002 and
p¼ 0.009, respectively). For Tg, in group I, the mean level
significantly rose from 170.32 ± 154.68 ng/mL to
1937.75 ± 1705.79 ng/mL (p< 0.001) while in group II, the
mean level rose from 336.74 ± 715.22 ng/mL to
1909.31 ± 1959.24 ng/mL. The percentage rise in Tg (%) was
significantly greater in group I than group II (6897.32% vs.
3183.65 ± 7936.95 p¼ 0.001).

Treatment parameters were comparable between the two
groups. However, the number of HEMs observed tended to
be higher in group I (21.75 vs. 17.44, p¼ 0.078) and the pro-
portion of HEMs observed during treatment was significantly

higher in group I than group II (42.69% vs. 31.72%,
p¼ 0.030).

Given that the change in serum TSH and FT4 were inter-
correlated, both factors were entered first into regression
model and of the two co-variates but only the change in FT4
was significant (OR ¼ 1.104, 95%CI ¼ 1.011� 1.029,
p¼ 0.040). Therefore, the change in serum FT4 was entered
as a co-variate (instead of change in TSH) into the final
model. When all three significant factors (i.e., percentage
change in FT4, in Tg and proportion of HEMs observed) were
entered into the final model (Table 3), only the percentage
change in FT4 was an independent, significant factor for 12-
month VRR above the median of 74% (OR ¼ 1.018, 95%CI ¼
1.003� 1.032, p¼ 0.017). If percentage change in FT4 was
categorized, it was found that those with a change in serum
FT4 of >20.0% had a significantly greater 12-month VRR
than those with a change in serum FT4 of �20.0% (74.82%
vs. 65.16%, p¼ 0.021).

Discussion

Although surgical excision i.e., thyroidectomy remains the
treatment of choice for the majority of patients with a symp-
tomatic benign thyroid swelling, image-guided thermal abla-
tion has rapidly become an acceptable primary treatment
(i.e., not only confined to patients unwilling or unfit for sur-
gery or general anesthesia) [23,24]. Apart from the benefits
of avoiding a general anesthesia and hospitalization, thermal
ablation can preserve and maintain the underlying normal
thyroid function [22–24]. As a result, there has been a grow-
ing interest in developing minimally invasive, non-surgical
techniques. Among all thermal ablation options including
HIFU, RFA and laser ablation remain to be the most

Figure 2. Sonographic pictures showing the changes in echogenicity and nodule dimensions following single treatment for the first 3months. The thick arrows
indicate the presence of microbubbles or hyperechoic marks within the target nodule which are only evident immediately after ablation.
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established and used techniques in the treatment of benign
thyroid nodules [25]. In comparison, the adoption for HIFU
ablation for both toxic and nontoxic thyroid diseases has
been relatively slow as the longer-term efficacy remains
unclear [26,27].

Our results showed that the extent or percentage of
serum FT4 change on Day-4 after single HIFU treatment was
not only significantly associated with 12-month nodule
shrinkage but was also an independent parameter for the
subsequent nodule shrinkage at 12months. After taking into
account of the change in serum Tg on Day-4 and proportion
of HEMs observed during ablation, the rise in FT4 level was
the only significant factor for 12-month nodule shrinkage
(OR ¼ 1.018, 95%CI¼ 1.003� 1.032, p¼ 0.017). It is worth
noting that the extent of nodule shrinkage after single HIFU
treatment was significant greater among those whose serum
FT4 level on Day-4 rose by more than 20% from baseline
level as compared to those whose serum FT4 did not rise by
the similar amount (74.82% vs. 65.16%, p¼ 0.021). Although
studies previously reported similar hemodynamic changes in
serum TSH, FT4 and Tg 24 h after ablation, no correlation
between the post-ablative changes and subsequent nodule
shrinkage was reported [28,29]. Given the fact that HIFU is
only one form of thermal ablation, we believe our findings
could potentially be applicable to other forms of thermal
ablation to the thyroid gland like RFA and laser ablation.

Although, as said, similar changes in TSH, FT4 and Tg
shortly after ablation were described previously [28,29], the
exact mechanism remains unclear. The most popular and
likely mechanism is due to the release of intra-glandular
store of thyroid hormones after heat damage to the follicles
inside the target nodule. This could also explain why there
appeared to be a direct association between the percentage
rise in FT4 level on Day-4 and the extent of nodule shrinkage
at 12-month. A more extensive nodule damage by HIFU
would result in a greater amount of thyroid hormones and
Tg being released into the systemic circulation and that in
turn lead to a higher rise in serum levels. Therefore, we
believe the sharp rise in FT4 and Tg levels were a result of
the release of intra-glandular stores from thermal damage
while the drop in TSH level on Day-4 was a normal physio-
logical secondary response from the pituitary following the
sharp rise in FT4 on Day-4.

Even though one previous study did find the change in
serum Tg on Day-4 significantly correlated with nodule
shrinkage [30], we think the major advantage of using the
change in serum FT4 over serum Tg is the fact that Tg level
measurement is often interfered by the presence of anti-Tg
auto-antibody [31]. Therefore, it is clinically more convenient
and reliable to measure the change of FT4 on Day-4 relative
to baseline as a biomarker over serum Tg to determine sub-
sequent treatment efficacy. If this could be further confirmed
in future studies, perhaps, measuring the post-ablative FT4
level could facilitate the decision for earlier second ablation
for less satisfactory treated nodules, instead of the ‘wait and
watch’ approach [13].

Despite these findings, we would like to acknowledge sev-
eral shortcomings. First, our study was only a moderate-sized
study and so, some of the non-significant findings might
simply be due to inadequate power of the study. Second,
since the analysis was based on retrospective data, it would
be important to prospectively evaluate and confirm the role

Table 1. Baseline patient characteristics.

Parameters
Total number of
patients (n¼ 140)

Patient characteristics
Age at treatment (years) 45.60 ± 11.00
Sex (male : female) 20 : 120
Body weight (kg) 60.98 ± 10.48
Body height (m) 1.62 ± 0.07
Body mass index (kg/m2) 23.13 ± 3.48

Extent of neck swelling at presentation (by WHO classification)
Grade 1a (palpable but not visible when neck
is extended)

2 (1.4)

Grade 1 b (palpable and visible when neck extended) 20 (14.3)
Grade 2 (visible when neck is in the normal position) 87 (62.1)
Grade 3 (visible at a distance) 31 (22.1)

Pressure symptom score at baseline (0� 10) 4.72 ± 3.34
Nodule characteristics
Side of the nodule (Right : Left) 73 : 67
Longest nodule diameter (cm) 4.15 ± 1.20
Nodule volume at baseline# (mL) 21.77 ± 18.74
Distance from skin to center of nodule (cm) 1.98 ± 0.42
Nodule description
Solid (� 10% of fluid) 98 (70.0)
Predominantly solid (11 - <30% of fluid) 42 (30.0)

Pre-ablation blood tests
Serum TSH (mIU/L) 1.06 ± 0.77
Serum FT4 (pmol/L) 16.31 ± 2.39
Serum thyroglobulin (ng/mL) 216.36 ± 445.26
Anti-Tg autoantibody (IU/mL) 63.98 ± 4.62
Anti-TPO autoantibody (IU/mL) 181.47 ± 486.38

Day 4 post-ablation blood tests
Serum TSH (mIU/L) 0.53 ± 0.59
Serum FT4 (pmol/L) 20.66 ± 6.33
Serum thyroglobulin (ng/mL) 2167.88 ± 1773.32
Change in FT4 (%)þ 26.37 ± 32.85
Change in thyroglobulin (%)þ 3236.09 ± 11561.14

Treatment parameters
Energy delivered / nodule volume (KJ/mL) 0.75 ± 0.35
Total ‘on-beam’ time (mins) 37.74 ± 30.65
Energy per each pulse (J) 314.06 ± 28.66

Hyperechoic marks (HEMs) observed during treatment
Number of HEMs 19.92 ± 18.37
Proportion of HEMs (%)�� 32.33

Pain score
During treatment (T1) 57.56 ± 28.28
2 h after treatment (T2) 26.81 ± 28.92
Following morning (T3) 12.71 ± 17.29

Efficacy / volume reduction ratio�
At 3-month (%) 50.50 ± 22.96
At 6-month (%) 65.32 ± 19.80
At 12-month (%) 68.72 ± 18.67
�50% shrinkage at 12-month (%) 116 (82.9)

Continuous data are expressed in mean ± standard deviation (SD). For categor-
ical data, numbers in parentheses are percentages.
WHO: World Health Organization; TSH: thyroid stimulating hormone (normal:
0.35–4.78 mIU/L); FT4: Free thyroxine level (normal: 12–21 pmol/L); Anti-Tg:
Anti-thyroglobulin autoantibody; HEMs: hyperechoic marks observed within
the treated nodule.
#Nodule volume (mL) ¼ (width (in cm) � length (in cm) � depth (in cm)) �
(p/6) where p was taken as 3.14159.
þChange in level (%) ¼ [Serum level on Day 4 – serum level at baseline]/
[Serum level at baseline] � 100.��Proportion of HEMs observed (%) ¼ [(Number of pulses that resulted in
HEMs)/(Total number of pulses given per treatment) � 100].�Volume reduction ratio (VRR) was calculated based on the formula: [Baseline
volume – volume at visit]/[Baseline volume] � 100.
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Table 2. A comparison of patient and treatment variables between those with 12-month volume reduction ratio above the median (Group
I) and those with 12-month VRR equal to or below the median (group II).

Variable Group I (n¼ 70) Group II (n¼ 70) p Value

Age at treatment (years) 43.19 ± 11.51 49.37 ± 11.61 0.206
Sex (male : female) 11 (15.7) : 59 (84.3) 9 (12.9) : 61 (87.1) 0.923
WHO nodule grade on presentation 0.375
Grade 1a (palpable but not visible when neck is extended) 0 (0.0) 2 (2.9)
Grade 1b (palpable and visible when neck extended) 9 (12.9) 11 (15.7)
Grade 2 (visible when neck is in the normal position) 42 (60.0) 45 (64.3)
Grade 3 (visible from distance) 19 (27.1) 12 (17.1)

Body mass index (kg/m2) 23.45 ± 2.71 23.00 ± 3.22 0.374
Baseline blood tests
Serum TSH (mIU/L) 0.99 ± 0.62 1.16 ± 0.93 0.817
Serum FT4 (pmol/L) 16.79 ± 1.93 16.06 ± 2.09 0.083
Serum Tg (ng/mL) 170.32 ± 154.68 336.74 ± 715.22 0.092
Anti-Tg autoantibody (IU/mL) 20.28 ± 1.92 20.0 ± 1.29 0.312
Anti-TPO autoantibody (IU/mL) 155.36 ± 444.64 104.28 ± 125.13 0.646

Nodule composition 0.518
Solid 50 (71.4) 48 (68.6)
Predominantly solid 20 (28.6) 22 (31.4)

Dimensions of the nodule on US
Width (cm) 3.03 ± 1.08 3.23 ± 1.12 0.329
Length (cm) 3.93 ± 1.11 4.17 ± 1.19 0.224
Depth (cm) 2.37 ± 0.79 2.47 ± 0.63 0.193
Volume (mL)# 19.56 ± 18.97 21.58 ± 21.56 0.219

Distance from skin to center (mm) 17.4 ± 3.72 19.8 ± 4.69 0.129
Side (Right / Left / Isthmus) 33 / 36 / 1 35 / 34 / 1 0.428
Location (upper / middle / lower) 6 / 41 / 23 7 / 31 / 32 0.453
Day 4 post-ablation blood tests
Serum TSH (mIU/L) 0.49 ± 0.67 0.84 ± 1.04 0.011
Serum FT4 (pmol/L) 22.11 ± 7.46 18.47 ± 3.73 0.008
Serum thyroglobulin (ng/mL) 1937.75 ± 1705.79 1909.31 ± 1959.24 0.633
Change in TSH (%)þ �58.69 ± 36.62 �36.69 ± 46.11 0.002
Change in FT4 (%)þ 33.73 ± 39.79 18.37 ± 20.61 0.009
Change in thyroglobulin (%)þ 6897.32 ± 17880.05 3183.65 ± 7936.95 0.001

Treatment parameters
Energy / nodule volume (KJ/mL) 0.75 ± 0.32 0.75 ± 0.39 0.221
Total ‘on-beam’ time (minutes) 36.59 ± 13.83 37.62 ± 13.19 0.482
Average energy per each pulse (J) 316.94 ± 33.74 310.59 ± 32.01 0.149

HEMs observed during treatment
Number of HEMs 21.75 ± 17.99 17.44 ± 20.01 0.078
Proportion of HEMs (%)�� 42.69 ± 29.98 31.72 ± 30.60 0.030

Pain score
During treatment (T1) 56.48 ± 24.12 59.81 ± 28.98 0.483
2 hours after treatment (T2) 25.62 ± 26.92 27.77 ± 29.92 0.779
Following morning (T3) 12.33 ± 17.71 12.95 ± 18.59 0.823

Efficacy / volume reduction ratio�
At 3-month (%) 68.14 ± 9.47 34.24 ± 18.06 <0.001
At 6-month (%) 79.18 ± 10.94 47.01 ± 22.59 <0.001
At 12-month (%) 83.82 ± 10.82 54.43 ± 18.68 <0.001
�50% shrinkage at 12-month (%) 70 (100.0) 46 (65.7) 0.004

#Nodule volume (mL) ¼ (width (in cm) � length (in cm) � depth (in cm)) � (p/6) where p was taken as 3.14159.
þChange in level (%) ¼ [Serum level on Day 4 – serum level at baseline]/[Serum level at baseline] � 100.��Proportion of HEMs observed (%) ¼ [(Number of pulses that resulted in HEMs)/(Total number of pulses given per treatment) � 100].�Volume reduction ratio (VRR) was calculated based on the formula: [Baseline volume – volume at visit]/[Baseline volume] � 100.
Bold values signifies statistical significance (p< 0.05).

Table 3. Binary logistic regression analysis of clinical variables predictive of nodule shrinkage (or volume reduction ratio) above the
median 12months after single treatment.

Nodule shrinkage (or volume reduction ratio) above the median at 12-month)^

Multivariate analysis

Variable OR 95% CI p Value

Change in FT4 (%)þ 1.018 1.003–1.032 0.017
Change in thyroglobulin (%)þ 1.000 1.000–1.000 0.329
Proportion of HEMs observed (%)� 1.012 0.998–1.025 0.083

FT4: Free thyroxine level; HEMs: hyperechoic marks observed.
þChange in level (%) ¼ [Serum level on Day 4 – serum level at baseline]/[Serum level at baseline] � 100.��Proportion of HEMs observed (%) ¼ [(Number of pulses that resulted in HEMs)/(Total number of pulses given per treatment)
� 100].

^entered as a dichotomized variable (> 74.1% or � 74.1%); there were 70 (50.0%) patients who had nodule shrinkage above the
median at 12-month following single treatment.

Bold value signifies statistical significance (p< 0.05).
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of FT4 percentage change as a biochemical predictor for
treatment efficacy.

Conclusion

Our study showed that there was a significant association
between the percentage FT4 level rise on day-4 and the
extent of nodule shrinkage 12months after single HIFU treat-
ment. Also, the percentage serum FT4 change on Day-4 rela-
tive to baseline after single HIFU treatment was an
independent blood parameter for the subsequent nodule
shrinkage at 12months. These findings could potentially
facilitate clinicians to decide on a more-timely reintervention
of target treated nodules.
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