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Background: Technetium (99mTc)-labelled Methoxy-2-Isobutylisonitrile (MIBI) is a diagnostic lipophilic cationic radiotracer
used to evaluate the cardiac, breast, thyroid, and parathyroid pathology. This study aimed to evaluate the role
of MIBI combined with Tc-99m pertechnetate thyroid scintigraphy, thyroid ultrasonography, and measurement
of thyrotropin, thyroid hormones, and autoantibodies to subtype amiodarone-induced thyrotoxicosis (AIT) and
the contribution of semi-quantitative analysis of MIBI uptake.

Material/Methods: This cross-sectional study included 36 patients with AIT who underwent thyrotropin, thyroid hormone, and au-
toantibody analysis using chemiluminescent method, ultrasonography, pertechnetate, and MIBI thyroid scin-
tigraphy with semi-quantitative uptake, including calculation of the target-to-background ratio (TBR) with 2
different background regions. The MIBI washout rate (WR) was analyzed in all groups. Statistical analysis was
performed using descriptive statistics, correlations, and the receiver operating characteristic curve — area un-
der the curve (ROC-AUC). The results were compared with the control group.

Results: Based on visual and semi-quantitative analyses, patients were successfully categorized into AIT groups (AIT-1,
AIT-2 and AIT-3) but the latter method enabled better differentiation of MIBI uptake between all groups.
Additionally, ROC-AUC analysis determined cutoff values which enabled discerning between AIT-1 and AlT-2
groups, and AIT-1 and AIT-3 groups. WR showed no significant difference between all AIT groups and controls
(P>0.05).

Conclusions: Visual MIBI analysis enabled differentiation between AIT-1 and 2 groups, but the method was substantially im-
proved with semi-quantitative analysis, especially in defining AIT-3 group.

However, multicenter collaboration with larger studies is needed to standardize the method and obtain more
accurate and consistent results.
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Introduction

Thyrotoxicosis is a clinical condition characterized by elevat-
ed serum levels of thyroid hormones and decreased thyrotro-
pin (TSH) level, with an incidence of 50 cases per 100 000 per
year [1]. The most common causes are Graves’s disease, mul-
tinodular toxic goiter and toxic adenoma, while less frequent
causes include different types of thyroiditis. It can also be in-
duced with iodine containing drugs, such as iodinated con-
trast media and amiodarone [1].

Amiodarone is commonly used to treat various supraventricular
and ventricular tachyarrhythmias, especially in high-risk cardiac
patients [2]. Amiodarone has structural similarities to thyroid
hormones and contains about 37% of iodine by weight, which
is why its average dosage significantly exceeds the recommend-
ed daily intake [3]. Desethylamiodarone, the main metabolite,
remains in the body long after discontinuation of therapy [4].

Treatment with amiodarone is associated with several adverse
effects, the most common of which are corneal microdepos-
its, elevated liver enzymes and thyroid dysfunction which has
been reported in up to 18% of treated patients [5].

The thyroid adapts to increased iodine supply through the
Wolff-Chaikoff effect, by inhibiting iodine organification and
reducing thyroid hormone synthesis [6]. However, the ad-
verse effects of amiodarone cannot only be explained by its
high iodine content, as it also impairs deiodinases and inter-
feres with the intracellular transport of thyroxine (T4), conse-
quently decreasing triiodothyronine (T3) and increasing re-
verse T3 levels [5,7]. A direct toxic effect on thyroid cells has
also been described [8]. Also, regional iodine supply seems to
play a role, since thyrotoxicosis occurs more frequently in re-
gions with iodine deficiency, and hypothyroidism in areas with
sufficient iodine intake [9].

The amiodarone-induced thyroid side effects are amiodarone-
induced hypothyroidism (AIH), a consequence of the inability
of the thyroid gland to escape the Wolff-Chaikoff effect, eas-
ily treated with levothyroxine, and amiodarone-induced thy-
rotoxicosis (AIT) [5,10,11].

AIT can present as amiodarone-induced thyrotoxicosis type 1
(AIT-1) and type 2 (AIT-2) [11,12].

AIT-1 usually develops in patients with pre-existing thyroid pa-
thology (autoimmune changes or multinodular goiter) and is
caused by excess iodine in the drug, while AIT-2 develops as
a result of the damage to thyroid tissue due to the direct cy-
totoxic effect of the drug[11,12]. In addition to AIT-1 and AlIT-
2, a mixed type (AIT-3) is also reported, in which both patho-
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Amiodarone-induced thyrotoxicosis is more challenging to
treat than AlH, especially in cardiac patients, as it can exacer-
bate pre-existing conditions such as atrial fibrillation, which
increases morbidity and mortality rates [14]. Thionamides,
sometimes with the addition of perchlorate, are used in AlT-
1, while AIT-2 is usually treated with glucocorticoids, but the
discontinuation of amiodarone is recommended in most cas-
es [13,14]. The treatment becomes more complex when ele-
ments of both types of AIT coexist, usually with a combination
of both drugs therefore, an accurate diagnosis of the underly-
ing cause of thyrotoxicosis with the distinction between AIT-
1 and AIT-2 is required [13,15,16]. In refractory cases, a total
thyroidectomy is necessary [16,17].

The presence of nodular goiter or Graves’ ophthalmopathy,
and the high levels of autoantibodies to thyroid peroxidase
(TPOAD), thyroglobulin (TGAb), and the TSH receptor (TSI) are
more suggestive of the AIT-1 type, but a concomitant destruc-
tive process in the thyroid gland cannot be excluded [18].
Inflammatory parameters such as the C-reactive protein (CRP)
and interleukin-6 (IL-6) are indicative of AIT-2 but can some-
times be false negative [19].

Thyroid ultrasound with color flow Doppler sonography (CFDS)
often shows increased vascularity in AIT-1 patients, but not
in AIT-2. [20].

Normal or high 24-h thyroid radioiodine uptake (RAIU) is more
typical of AIT-1, but differences in patient iodine intake seem
to affect the diagnostic accuracy of RAIU [16,21].

Thyroid scintigraphy with *™Tc-Methoxy-2-Isobutylisonitrile
(MIBI, or sestaMIBI), otherwise used for myocardial and para-
thyroid imaging and in evaluation of thyroid nodules, has also
been proposed for differentiation between AIT types [22,23,24].
MIBI is a complex lipophilic molecule with a positive charge that
accumulates in tissues with high mitochondrial content, after
passively crossing the cell membrane [23,24]. It is also known
to be related to multidrug resistance-gene expression [24].

AIT-1 has been shown to be associated with normal or in-
creased thyroid MIBI uptake due to underlying hyperthyroid-
ism and increased cellular mitochondrial content [25,26,27]. In
AIT-2, MIBI does not accumulate in the thyroid as the paren-
chyma is involved with cell destruction [25,26,27].

However, as visual distinction between the types in question
is not straightforward, and mixed form exists as well, semi-
quantitative methods have been proposed, mostly involving
the target-to-background ratio of MIBI uptake (TBR) [26,27].
The results have not yet been confirmed in larger studies, and
the differentiation of the AIT-3 type has not yet been clarified.
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Assessed for eligibility
(n=41)

Excluded patients (n=5)

« Comorbidities (n=3)
« Declined to participate (n=2)

Confirmed eligibility
Supressed TSH level
Informed consent
(n=36)

Thyroid US (n=36)
CFDS (n=33)

MIBI scintigraphy
(n=36)

*mTe-pertechnetate scintigraphy
(n=32)

Visual analysis

(n=36)
Intense Absence Intermediate
uptake uptake uptake
AIT1 AIT2 AIT3
(n=13) (n=12) (n=11)

/\.

Semiquantitative analysis

(n=36)
AIT1 AIT2 AIT3
TBR mediastinal TBR mediastinal TBR mediastinal
(n=13) (n=12) (n=11)
TBR TBR TBR
supraclavicular supraclavicular supraclavicular
(n=13) (n=11) (n=12)

Figure 1. Study flowchart. TSH — thyrotropin; US — thyroid ultrasonography; CDFS — color Doppler flow sonography; MIBI — %*"Tc-
Methoxy-2-Isobutylisonitrile; AIT — amiodarone-induced thyrotoxicosis; TBR — target-to-background ratio.

Therefore, this study aimed to evaluate the role of visual MIBI
uptake assessment improved by semi-quantitative analysis and
washout kinetics, combined with Tc-99m pertechnetate thy-
roid scintigraphy, thyroid ultrasonography and measurement
of thyrotropin (TSH), thyroid hormone, and autoantibodies to
subtype amiodarone-induced thyrotoxicosis (AIT) in 36 patients.

Material and Methods

Ethics Statement

The Ethics Committee of the Clinical Hospital Center Rijeka,
Croatia approved the study (Register No. 003-05/20-1/50;
2170-29-02/1 and 003-05/23-1/34; 2170-29-02/1-23-2), and
all patients signed a written statement of informed consent.
The study was performed following institutional guidelines,
and all clinical procedures were carried out in accordance with
the Declaration of Helsinki.

Participants
For this cross-sectional study conducted at the Clinical

Department of Nuclear Medicine, Clinical Hospital Center
Rijeka, Croatia from February 2019 to August 2022, a total

of 41 patients with amiodarone-induced thyrotoxicosis were
considered potentially eligible out of the total number of
patients referred due to amiodarone-induced thyroid dys-
function. Euthyroid or hypothyroid patients on amiodarone
treatment with a history of thyroid disease therapy, preg-
nant women, and patients under 18 and over 90 years of
age were excluded.

From the total of 41, 3 patients were additionally excluded
due to significant comorbidities, and 2 later declined to par-
ticipate (Figure 1).

The sample ultimately consisted of 36 patients, 10 females
and 26 males. A power analysis was calculated to estimate
the number of patients required for the calculation of the re-
ceiver operating characteristic curve (ROC), and a sample of
29 participants was obtained.

Study Design

The diagnosis of AIT for each patient was made based on on-
going amiodarone treatment or amiodarone withdrawal with-
in 10 months of thyrotoxicosis onset, clinical and biochemical
parameters indicating thyrotoxicosis, according to the cur-
rent diagnostic clinical guidelines [13,16,28]. All patients had
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Figure 2. (A-C) ®™Tc-Methoxy-2-Isobutylisonitrile (MIBI) thyroid scintigraphy at 10 min post-injection, anterior projection (early
images). Images of amiodarone-induced thyrotoxicosis (AIT) groups (A — AIT-1, B — AIT-2, C — AIT-3).

suppressed serum TSH level, elevated levels of free thyroxine
(FT4) and/or free triiodothyronine (FT3).

In addition, the serum levels of TPOAb, TGAb and TSI were
determined. All patients underwent MIBI thyroid scintigraphy
and ultrasonography, and in 33 out of 36 patients, vascular-
ization was assessed with CFDS. Finally, 32 out of 36 patients
also underwent **"Tc-pertechnetate scintigraphy.

To assess MIBI accumulation in healthy thyroid tissue, a con-
trol group was formed from euthyroid patients referred to MIBI
scintigraphy due to elevated parathyroid hormone levels be-
tween May 2017 and April 2022. Of 466 patients, 30 were in-
cluded, meeting the following criteria: normal TSH levels, no
history of treatment with amiodarone, levothyroxine or anti-
thyroid drugs, normal thyroid ultrasonography or thyroid with-
out autoimmune changes. Thyroid nodules, if present, were
less than 1 cm in size and metabolically inactive, and no para-
thyroid mass was discovered on MIBI scintigraphy.

Blood Collection and Thyroid Hormone Analysis

Blood samples were collected for each participant using Vacuette
tubes with a gel separator and clot activator (Greiner Bio-One
GmbH, Kremsmiinster, Austria). Phlebotomy was performed
according to the Joint EFLM-COLABIOCLI Recommendation for
venous blood sampling [29]. According to the manufacturer’s
recommendation, samples were left at room temperature for
30 min (clot formation) and then centrifuged for 10 min at
1972xg in a Sigma 2-16PK centrifuge (Sigma Laborzentrifugen
GmbH, Osterode am Harz, Germany). All samples were ana-
lyzed on the same day. Concentrations of TSH, FT4, FT3, TGAb
and TPOAb were measured using a chemiluminescent immu-
nochemical assay (CLIA) on Siemens Atellica IM 1600 analyz-
er (Siemens Healthcare Diagnostics, Dublin, Ireland). The TSI
concentration was measured using the same method (CLIA)
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on Siemens Immulite 2000 XPi analyzer (Siemens Healthcare
Diagnostics, Dublin, Ireland). The normal values were: TSH
(0.55-4.78 mIU/L), FT3 (2.3-6.3 pmol/L), FT4 (11.5-22.7 pmol/L),
TPOAD (<35 IU/L), TGAb (<40 1U/L) and TSI (0.1 1U/L).

Quality control for the determination of all analytes was per-
formed once daily using commercial control material. The mea-
surement of TSH, FT4, and FT3 was monitored using Bio-Rad
Liquicheck Immunoassay Controls (Bio-Rad, Hercules, California,
USA), while the other analytes were monitored with control
material provided by the reagent manufacturer (Siemens
Healthcare Diagnostics, Dublin, Ireland).

Thyroid Ultrasonography

All patients underwent ultrasonography of the neck using an
Arietta 50 ultrasound machine (Hitachi, Ltd., Tokyo, Japan)
with a linear probe of 5-13 MHz. The dimensions of the thyroid
gland were determined, and its volume was estimated using
the ellipsoid equation formula including a correction factor: V
(mL)=length (cm)xwidth (cm)xdepth (cm)x0.529 [30]. The ref-
erence range for normal thyroid volume was considered to be
10 to 15 mL for adult women and 12 to 18 mL for men [31].
The echogenicity of the parenchyma, the presence of autoim-
mune changes and possible nodules were assessed. CFDS was
used to assess vascularization, which was subsequently graded
as normal (0), mildly increased (1), and markedly increased (2).

MIBI Scintigraphy

MIBI imaging was performed using a Symbia T hybrid SPECT-CT
(Siemens Healthineers, Erlangen, Germany) and standard eCam
dual-head gamma cameras (Siemens Healthineers, Erlangen,
Germany) with a low-energy high-resolution collimator, after
intravenous injection of 370 MBq of MIBI (Stamicis, Curium
Pharma, London, UK) prepared according to the manufacturer’s

[Chemical Abstracts/CAS]
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Figure 3. ®"Tc-Methoxy-2-Isobutylisonitrile
(MIBI) thyroid scintigraphy at
10 min post-injection, anterior
projection (early images). Thyroid and
mediastinal regions of interest (A),
thyroid and supraclavicular regions of
interest (B).

instructions. Two planar images of the neck and the upper me-
diastinum in anterior projection were acquired at 10 (early im-
ages) and 60 minutes (late images) with an acquisition time of
10 minutes, using a 256x256 matrix and zoom 2. Visual anal-
ysis of MIBI accumulation was performed by a consensus of
4 experienced nuclear medicine physicians. Based on the in-
tensity of tracer uptake on the early images, 3 groups of pa-
tients were defined as follows: AIT-1 group (intense MIBI up-
take), AIT-2 group (absent or minimal MIBI uptake) and AIT-3
group (intermediate MIBI uptake) (Figure 2).

For the semi-quantitative analysis of MIBI uptake on the early
images, regions of interest (ROI) were drawn over the entire thy-
roid gland, along with 2 different background regions (BG ROIs) —
a single polygonal ROl in the upper mediastinal region and a sin-
gle rectangular ROl in the right supraclavicular region (Figure 3).

The average number of counts was determined for each re-
gion, and the target-to-background ratio (TBR) was calculated
for the early images using the following formula:

TBR=(average thyroid gland counts — average background
counts)/average background counts.

Results were grouped by percentiles: ratios between the 66.66"
and the 100" percentile indicated the highest thyroid MIBI up-
take and were classified as the AIT-1 group, ratios between
the 0 and the 33.33" percentile were classified as the AlT-
2 group, and ratios between the 33.33 and the 66.66" per-
centile were classified as the AIT-3 group. The ratios were ob-
tained for each background ROI, mediastinal (TBR mediastinal)
and supraclavicular (TBR supraclavicular).

The MIBI washout rate (WR) was calculated as the percentage
of the reduction of thyroid MIBI uptake on late images [32].
The same ROIs over the thyroid used on early images were
copied onto the late images, and the WR was calculated us-
ing the following equation:

WR=[(early counts — delayed counts)/(early counts)]x100 (%)

The values obtained were presented with a median and in-
terquartile range for all 3 patient groups, visually classified as
AIT-1, AIT-2 and AIT-3, and the controls.

99mTc-Pertechnetate Scintigraphy

mTc-pertechnetate thyroid imaging was performed using a
Symbia T hybrid SPECT-CT (Siemens Healthineers, Erlangen,
Germany) and standard eCam dual-head gamma cameras
(Siemens Healthineers, Erlangen, Germany) with a low-energy
high-resolution collimator. Fifteen minutes after the injection
of 74 MBq of *™Tc-pertechnetate, five-minute planar images
acquisition time, using a 256x256 matrix and zoom 2 were ac-
quired in anterior projection with the neck slightly extended.
The scintigrams were visually analyzed and classified as pos-
itive if thyroid uptake was higher than the background activ-
ity and negative if only the background activity was present.

Statistical Analysis

The categorical data collected during the study were present-
ed with absolute and relative values, while the numerical data
were presented with median and interquartile ranges (IQR).
Age was presented with median and absolute ranges. Non-
parametric tests were used because the data are not distrib-
uted according to a normal distribution.

Comparisons of TBRs and WRs between the AIT-1, AIT-2, AIT-
3 and control groups were calculated using the Kruskal-Wallis
test and the Dunn post-hoc test. Data were displayed using
Box and Whisker plots.

The receiver operating characteristic curve — area under the
curve (ROC-AUC) was used to determine the sensitivity and
specificity of TBR and WR and to calculate the optimal cutoff
value for semi-quantitative parameters. The criterion for cat-
egorizing patients into AIT groups was determined using ROC
analysis, and the efficiency of the criterion was determined by
the area under the curve (AUC). The correlation between vari-
ables was tested using Spearman’s (r) correlation coefficient.
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Statistical analyses were performed using MedCalc version
20.021 (MedCalc Software, Mariakerke, Belgium) and Statistica
TIBCO version 14.0.0.15 (Copyright® 2022 Cloud Software
Group, Inc.). All P values less than 0.05 were considered sta-
tistically significant.

Results

Patient Characteristics

A total of 36 participants were included in the study (10 fe-
male and 26 male). The median age was 69.5 years (range:
36-84 years).

All patients were treated with amiodarone (25-400 mg per
day, median 200 mg) for a period of 2 to 60 months (medi-
an 24 months), except for one patient who was treated with
amiodarone for 9 years before the onset of symptoms. In all
cases, amiodarone was discontinued at the time of referral or
earlier, and the longest period between the discontinuation of
therapy and the first visit was 10 months.

Thyroid MIBI Scintigraphy in AIT
Visual Analysis of MIBI Thyroid Uptake

According to the visual analysis, 13 patients with intense MIBI
uptake at 10 minutes after injection were classified into the
AIT-1 group, while 12 patients with none or minimal MIBI ac-
cumulation were classified into the AIT-2 group. Eleven pa-
tients had intermediate MIBI uptake and were classified into
the AIT-3 group or mixed type.

Visual Analysis Comparisons with Biochemical and Imaging
Data in AIT Patients

The ultrasonographic and *™Tc-pertechnetate scan data of
the patients as well as the classification of patients into AIT
groups 1-3 according to the visually assessed MIBI uptake in-
tensity are shown in Table 1.

The median duration of amiodarone therapy varied between the
groups. The longest median was 36 months (range 12-108) in
the AIT-2 group, followed by 12 months (range 6-60) in the AIT-
3 group and 8 months (range 2-36) in the AIT-1 group, but the
difference between the groups was not statistically significant
(P=0.117). There were also no significant differences in amio-
darone doses between the groups (data not shown, P=0.828).

The TSH serum concentration was undetectable or below the
lower limit in all patients. The median values of FT4 in groups
AIT-1, AIT-2, and AIT-3 were 24.80 pmol/L (IQR 23.09-28.60),

Fischer L et al:
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41.80 pmol/L (IQR 30.75-55.65) and 28.10 pmol/L (IQR 25.10-
36.86), and those of FT3 were 6.27 pmol/L (IQR 5.08-9.81),
8.20 pmol/L (IQR 6.41-13.40) and 7.00 pmol/L (IQR 6.24-7.80),
respectively. A total of 13 patients tested positive for thyroid
autoantibodies, mainly in the AIT-1 group, in which all 3 anti-
body types were equally represented: 3 patients with positive
TSI, 3 with elevated TPOAbs and 3 with positive TgAbs. In the
AIT-2 group there were 3 TSI-positive patients, 2 with elevat-
ed TPOAb and 1 with positive TgAbs. In the AIT-3 group, only
2 patients had elevated TPOAbs. There were no significant dif-
ferences in the prevalence of thyroid autoantibodies between
the AIT groups (data not shown, P=0.971).

A thyroid ultrasonography was performed in all patients, and
CFDS was performed in 33 of 36 patients to assess vascular-
ization. The thyroid was enlarged in 9 out of 13 patients in
the AIT-1 group, 3 out of 12 patients in the AIT-2 group, and
5 out of 11 patients in the AIT-3 group. In the majority, thy-
roid parenchyma vascularization was normal, except for 8 pa-
tients (2 from the AIT-1 group, 3 from the AIT-2 group and 3
from the AIT-3 group), in whom it was mildly or markedly in-
creased. The frequency of autoimmune and nodular chang-
es in thyroid parenchyma was similar in all groups (Table 1;
P=0.613 and P=0.347, respectively).

A %mTc-pertechnetate scan was performed in 32 out of 36 pa-
tients and was negative in all except 3 patients from the AIT-
1 group and one patient from the AIT-2 group, where the thy-
roid uptake was higher than the background activity (Table 1).

Semi-Quantitative Analysis of MIBI Thyroid Uptake with
Mediastinal Background Region

After calculating the target-to-background MIBI uptake ratio
using the mediastinal region (TBR mediastinal) by percentiles,
13 patients were assigned to the AIT-1 group, 12 patients to
the AIT-2 group, and 11 to the AIT-3 group. The AIT-1 group
had the highest value of MIBI uptake with a median of 0.77
(IQR: 0.69-0.93), followed by the AIT-3 group with a median
of 0.57 (IQR: 0.51-0.59), while the AIT-2 group had the lowest
MIBI uptake ratio with a median of 0.36 (IQR: 0.32-0.39). The
differences in TBR mediastinal between all AIT groups were
statistically significant (P<0.001) (Figure 4A). Compared to
the visual method, the semi-quantitative analysis based on
TBR mediastinal reclassified a total of 14 patients into differ-
ent AIT groups, but only 2 of them switched between group
1 and group 2.

In the control group, the TBR mediastinal median value was
0.67 (IQR: 0.55-0.77), and thus significantly higher than in the
AIT-2 group (P<0.001). Comparisons of the control group with
other AIT groups were also performed and were not statisti-
cally significant (Figure 4A).
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Table 1. Imaging data of patients with amiodarone-induced thyrotoxicosis (AIT) categorized in 3 groups (AIT-1, AIT-2 and AIT-3),
according to the visual analysis of the *"Tc-Methoxy-2-Isobutylisonitrile (MIBI) uptake.
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Table 1 continued. Imaging data of patients with amiodarone-induced thyrotoxicosis (AIT) categorized in 3 groups (AIT-1, AIT-2 and
AIT-3), according to the visual analysis of the ®™Tc-Methoxy-2-Isobutylisonitrile (MIBI) uptake.

AIT groups Thyroid ultrasonography Scintigraphy
according to with

visual MIBI Volume Nodules *mTe
uptake pertechnetate

Patients

AIT — amiodarone-induced thyrotoxicosis; MIBI — 2*"Tc-Methoxy-2-Isobutylisonitrile; AITD — autoimmune thyroid disease (present +,
absent -), thyroid ultrasonography (volume within — 1, above — 2, below normal range — 3); CDFS — color Doppler flow sonography
(normal - 0, mildly increased — 1, markedly increased vascularization — 2), thyroid nodules (present +, absent -), scintigraphy with
®mTc-pertechnetate (uptake higher than background +, only background activity -); NA — not available.

A *** P<0.001 B
*** P<0.001 *** P<0.001
12 =P L
__—<0'001 o 8 *** P<0.001
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Figure 4. Comparison of *"Tc-Methoxy-2-Isobutylisonitrile (MIBI) thyroid uptake target-to-background ratios (TBRs) in amiodarone-
induced thyrotoxicosis (AIT-1, AIT-2, AIT-3) and control groups. Using the mediastinal background region (TBR
mediastinal), the differences in MIBI uptake between all AIT groups were statistically significant, while the control group
had a significantly higher uptake compared to the AIT-2 group (A). Using the supraclavicular background region (TBR
supraclavicular), the differences in MIBI uptake between all AIT groups were statistically significant. The control group had
a significantly lower MIBI uptake compared to the AIT-1 group and a significantly higher uptake compared to the AIT-2
group (B). Results are presented as median, interquartile ranges and total range. Level of statistical significance: *** P<0.001
(MedCalc Software, version 20.021, Mariakerke, Belgium).

Semi-Quantitative Analysis of MIBI Thyroid Uptake with IQR 0.48-0.57). The differences between all AIT groups were
Supraclavicular Background Region statistically significant (P<0.001) (Figure 4B).

After calculating the target-to-background MIBI uptake ratio In the control group, the median TBR supraclavicular was statis-
using the supraclavicular background region (TBR supraclavicu- tically different from the median TBR supraclavicular in groups

lar), 13 patients were categorized into the AlT-1 group, 11 into AIT-1 and AIT-2 (all P<0.001). The AIT-1 had a significantly high-
the AIT-2 group, and 12 into the AIT-3 group. The AIT-1 group er uptake than the control group (median 0.86; IQR 0.77-1.12).
had the highest MIBI uptake TBR (median 1.19; IQR 1.04-1.34), On the other hand, the AIT-2 group had a significantly lower
the AIT-3 group had a median of 0.89 (IQR 0.80-0.92), and the uptake than the control group (Figure 4B).

AIT-2 group had the lowest MIBI uptake ratio (median 0.53;
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Table 2. The correlation between visual analysis and target-to-background ratio of **"Tc-Methoxy-2-Isobutylisonitrile (MIBI) uptake
results using the mediastinal and supraclavicular regions of interest in all amiodarone-induced thyrotoxicosis groups.

Pair of variables
N=36

Visual & TBR mediastinal ROI

Visual & TBR supraclavicular ROI

Spearman (r.) P-value
0.34 0.043
0.24 0.148

TBR — target-to-background ratio; ROl — region of interest.

Compared to the visual method, following the semi-quantita-
tive analysis using supraclavicular TBR, 16 patients altogether
were reclassified into different AIT groups, but only 3 of them
switched between group 1 and group 2.

The Correlation Between Visual and Semi-Quantitative
Analysis

To compare the results of the semi-quantitative analysis with
those of the visual analysis, a correlation between the 2 meth-
ods was performed. The correlation between the results of
the visual analysis and the calculation of the target-to-back-
ground MIBI uptake ratio using the mediastinal region was
positive and significant, with the r =0.34 (P=0.043). However,
the correlation between the results of the visual analysis and
the calculation of the MIBI uptake TBR using the supraclavic-
ular region was not statistically significant, with the r =0.24
(P=0.148) (Table 2). On the other hand, a positive, very good
to excellent correlation was found between the 2 different
background regions (r.=0.76, P<0.001).

Cutoff Values to Differentiate AIT Types with ROC-AUC
Analysis

The ROC-AUC analysis was introduced to determine the cutoff
values for the TBR of the MIBI uptake to more accurately dis-
tinguish the AIT-1 group from the AIT-2 group using both me-
diastinal and supraclavicular background regions.

A cutoff value of <0.422 was determined using the mediastinal
background region (100% sensitivity, 100% specificity, AUC=1)
and that of <0.687 using the supraclavicular region (100% sen-
sitivity, 100% specificity, AUC=1) (Figure 5).

The ROC-AUC analysis was also performed to determine cut-
off values for the target-to-background ratio of MIBI uptake
between the AIT-1 group and the AIT-3 group using both the
mediastinal and supraclavicular background regions.

A cutoff value of <0.607 was determined using the medias-
tinal region (100% sensitivity, 100% specificity, AUC=1) and
that of <0.962 using the supraclavicular region (100% sensi-
tivity, 100% specificity, AUC=1) (Figure 6).

Thyroid MIBI Washout Rates

MIBI washout rates were calculated in patients visually cate-
gorized into the AIT-1, AIT-2, AIT-3 and control groups.

The median MIBI WR in the control group was 28.4% (IQR
23.15-40.76%). There were no significant differences in the
WR between patients in groups AlT-1, AIT-2 and AIT-3 and the
control group (all P>0.05) (Figure 7).

Discussion

The diagnosis of amiodarone-induced thyrotoxicosis is usually
straightforward, but differentiation between specific AIT types
remains challenging, although necessary in order to choose
the appropriate treatment modality. To address this, several
laboratory tests and imaging methods have been introduced,
including MIBI scintigraphy with visual analysis [33]. However,
using MIBI for visual distinction between the types in ques-
tion is not straightforward, especially in selecting mixed cas-
es. Therefore, this study aimed to evaluate the role of visu-
al MIBI uptake assessment, enhanced with semi-quantitative
analysis and washout kinetics to subtype AIT in 36 patients.
Comparisons with Tc-99m pertechnetate thyroid scintigraphy,
thyroid ultrasonography and measurement of thyrotropin,
thyroid hormones and autoantibodies were also performed.

According to the visual evaluation, patients were easily cate-
gorized in AIT-1 and AIT-2 groups in cases when MIBI uptake
was clearly positive or absent, but the mixed, AIT-3 type was
more difficult to define. Therefore, we introduced the semi-
quantitative analysis using 2 different BG regions (mediastinal
and supraclavicular) as a more objective approach that could
increase diagnostic accuracy.

Using semi-quantification, more accurate assignment of pa-
tients in AIT-1, AIT-2 and AIT-3 groups has been achieved, and
the differences in MIBI uptake between all groups resulted sta-
tistically significant.

Additionally, we have performed a ROC-AUC analysis and ob-
tained the cutoff values for MIBI uptake using TBR. This enabled
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Figure 5. Receiver operating characteristic curve analysis of the target-to-background ratio (TBR) between amiodarone-induced
thyrotoxicosis groups 1 and 2. An optimal cutoff value of <0.422 was determined using the mediastinal background region
(TBR mediastinal) (A) and a cutoff value of <0.687 using the supraclavicular region (TBR supraclavicular) (B). Area under
curve (AUC)=1.000 (MedCalc Software, version 20.021, Mariakerke, Belgium).
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Figure 6. Receiver operating characteristic curve analysis of the target-to-background ratio between amiodarone-induced
thyrotoxicosis groups 1 and 3. A cutoff value of <0.607 was determined using the mediastinal background region (TBR
mediastinal) (A) and a cutoff value of <0.962 using the supraclavicular region (TBR supraclavicular) (B). Area under curve
(AUC)=1.000 (MedCalc Software, version 20.021, Mariakerke, Belgium,).
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Washout rate %

AlT-1 AIT-2 AIT-3
AIT groups and controls

Controls

Figure 7. *"Tc-Methoxy-2-Isobutylisonitrile (MIBI) washout
rates (WR) in patients visually categorized in the
amiodarone-induced thyrotoxicosis groups (AIT-1,
AIT-2, AIT-3) and the control group. There were no
significant differences in the WR between patients in
groups AlT-1, AIT-2 and AIT-3 and the control group.
Results are presented as median, interquartile ranges
and absolute ranges (P>0.05) (MedCalc Software,
version 20.021, Mariakerke, Belgium,).

more accurate differentiation between AIT-1 and AIT-2 groups,
and AIT-1 and AIT-3 groups. Finally, to investigate whether
there is any difference in MIBI washout kinetics between AIT
groups, we have analyzed WR, but the results turned not sig-
nificantly different (P>0.05).

According to Piga et al, visual analysis of MIBI thyroid uptake
on early images is an effective diagnostic tool for differentia-
tion between AIT type 1 and 2. The authors reported that an
increased MIBI uptake in mitochondria-rich thyroid cells cor-
responds to AIT-1, whereas a lack of MIBI accumulation, a
consequence of thyroid cell necrosis and apoptosis, indicates
AIT-2 [33]. However, differentiation between AIT types by vi-
sual analysis can be difficult due to its subjective nature and
the individual experience of the interpreter [34].

In our study, the visual analysis was also straightforward and
consistent in the case of AlT-2, as accumulation was absent
or minimal, but the evaluation between AIT-1 and the mixed
type was more challenging. Only early images were consid-
ered in the evaluation as these showed the clearest accumu-
lation patterns. Late images did not contribute significantly
to diagnostic accuracy, as the washout rate resembled that
of the control group.

Further, the results of visual analysis have been interpreted in
the context of clinical, biochemical and imaging data obtained
from ®"Tc-pertechnetate scan and ultrasonography with CFDS.

CLINICAL RESEARCH

No differences were found between the AIT groups in the clini-
cal presentation of the patients or in the thyroid hormone and
thyrotropin levels. There were also no significant differences
in TSI, TPOAb, and TgAb levels between AIT types, suggesting
that antibody markers cannot be used to differentiate between
types of thyrotoxicosis, which is consistent with previous stud-
ies [18]. There was no statistically significant difference in the
duration of the therapy or the dosage of amiodarone between
AIT groups. However, a trend was noted suggesting that AIT-2
cases tend to manifest at a slightly later time point.

Ultrasonography is usually performed in the initial evaluation
of AIT. It has been suggested that changes in vascularization,
whether increased or decreased, may serve as a valuable in-
dicator for distinguishing between different types of AIT [20].
In our study group, vascularization was not increased in most
patients, which is consistent with the characteristics of AIT-2.
There were also no significant differences between any of the
groups regarding the occurrence of autoimmune and nodular
changes in thyroid parenchyma. Although these findings are
consistent with results obtained from literature and indicate
that ultrasonography is of valuable assistance, it might not al-
ways be reliable for accurate differentiation of AIT types [35].

Oki et al compared the results of scintigraphy with *™Tc-pertech-
netate and MIBI in patients on amiodarone therapy, but their
study included only 4 hyperthyroid patients [36]. In our study,
pertechnetate scintigraphy did not contribute to the diagnos-
tic differentiation of the AIT types, as most patients did not
show visible uptake. These results are comparable to those of
Wiersinga et al, who reported reduced pertechnetate uptake in
patients with suppressed TSH and amiodarone treatment [37].

Previous research has already shown the limited benefit of
both RAIU and the IL-6 biomarker. Therefore, these 2 factors
were not included in our study [19,21].

Although useful in differentiation of AIT types, the visual anal-
ysis of MIBI accumulation is not as successful when MIBI up-
take is not clearly positive or negative. Therefore, we proposed
the semi-quantitative analysis with the aim to increase diag-
nostic accuracy. To the best of our knowledge, only 2 authors
have proposed a semi-quantitative approach to date, but with
different imaging times and background regions [26,27]. Censi
et al recorded early and late images, at 15 and 60 minutes,
and performed quantification only on early images using the
supraclavicular region. Pattison et al used the mediastinal re-
gion with a series of static images at 2, 10, 15 and 60 minutes
after injection [26]. We performed a semi-quantitative analysis
of the MIBI uptake at 10 minutes using both the supraclavicu-
lar and the mediastinal region. A statistically significant differ-
ence in median uptake values was found between all 3 groups
of AIT patients using both BG ROIs. The results suggest that
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MIBI scintigraphy with semi-quantitative analysis has the po-
tential to differentiate between different types of AIT.

The MIBI thyroid uptake from all 3 AIT groups was compared
with the uptake in euthyroid patients. Limited data is avail-
able in literature on this topic [38]. Pattison et al performed a
semi-quantitative analysis of MIBI accumulation in 17 subjects
with normal thyroid function and used the data as an approx-
imate guide for their interpretation of TBR [27]. Using semi-
quantification with TBR, we have obtained a median value of
thyroid MIBI uptake in 30 individuals with healthy thyroids.

Comparing the median MIBI uptake values between the con-
trol and AIT groups, differences were detected in results ob-
tained from the 2 background regions. For the mediastinal
region, the MIBI uptake was significantly lower in the AIT-2
group than in the control group, while for the supraclavicular
region, the uptake was significantly higher in the AIT-1 group
and lower in the AIT-2 group. Since there was no statistically
significant difference between the AIT-3 group and the con-
trol group for either BG ROI, it can be concluded that the ac-
cumulation of MIBI in mixed AIT group is similar to that in the
euthyroid patients.

Furthermore, our results showed a positive and statistically
significant correlation between the results of the visual and
the semi-quantitative MIBI thyroid uptake analysis using the
mediastinal background region. In contrast, visual and semi-
quantitative analyses using the supraclavicular region did
not show a positive correlation. The different results might
be caused by overlapping tissue content and the subjectivi-
ty of visual interpretation. Interestingly, there was a positive
and significant correlation between results obtained using 2
different background regions, confirming that quantification
can improve diagnostic accuracy and help distinguish between
different types of AIT.

Using the semi-quantitative method with both BG regions re-
sulted in 3 AIT groups with a similar number of patients as the
visual analysis. However, a total of 30 patients were reclassi-
fied (16 with the supraclavicular and 14 with the mediastinal
region), of which only 5 switched between the AIT-1 and AIT-
2 group, with the largest number of reclassified patients com-
ing from the mixed, AIT-3 group.

Censi el al. proposed to improve the differentiation of AT types
using a cutoff value determined by calculating the TBR [26].
Based on the final clinical diagnosis as a reference standard,
a ROC-AUC cutoff value was proposed for distinguishing be-
tween AIT-2 and mixed types (>0.482) [26].

In our study, we also performed a ROC-AUC analysis to deter-
mine the cutoff values for MIBI uptake TBR. For this purpose,

Fischer L et al:
Differentiation of amiodarone-induced thyrotoxicosis
© Med Sci Monit, 2024; 30: e945444

MIBI uptake values were calculated for both the mediastinal
and supraclavicular background regions and divided by percen-
tiles. To differentiate between AIT-1 and AIT-2, a cutoff value
of <0.422 was determined when using the mediastinal back-
ground region and <0.687 when using the supraclavicular region.

In addition, we applied the same approach to distinguish be-
tween AIT-1 and AIT-3 groups, which could be helpful in iden-
tifying patients belonging to the true mixed group. In this case,
a cutoff value of <0.607 was determined using the mediastinal
region, whereas a threshold value of <0.962 was determined
using the supraclavicular background region. The proposed
cutoff value was not affected by clinical normalization [39].

The MIBI washout rate has been reported as a helpful tool in
diagnostic workup of thyroid nodules due to its high negative
predictive value [22]. In contrast, according to our results, the
washout rate analysis did not significantly contribute to dis-
tinguishing between AIT groups, since it was similar to the
control group, approximately 30%. Therefore, it can be con-
cluded that late MIBI images did not add value to the differ-
entiation of AIT types.

Our results, together with previous studies on the semi-quanti-
tative analysis of MIBI accumulation, underline the importance
of this method. The statistically significant difference in MIBI
accumulation between all 3 AIT types and the ROC analysis,
which established clear cutoff values, confirmed the contribu-
tion of semi-quantitative analysis to visual interpretation, cru-
cial for the selection of appropriate treatment.

Although the results of this study are promising, they come
from a small cohort of patients, which is a significant limita-
tion. This underlines the need for further studies with larger
samples. In addition, since MIBI is not a thyroid - specific mole-
cule and has the affinity for a number of tissues with high mi-
tochondrial content, it is still not widely accepted in the rou-
tine diagnostic workup [13,16].

Also, insufficient MIBI imaging standardization, crucial for clar-
ity and ease of comparison between studies is missing, which
may lead to contradictory results. Nevertheless, this study pro-
vides valuable data on MIBI uptake in functionally normal thy-
roid parenchyma and demonstrates the potential of MIBI up-
take quantification to differentiate between AIT patient groups.

Conclusions

Although visual MIBI assessment remains essential, its subjec-
tive nature and dependence on experience has its limitations.
Our study highlights the diagnostic potential of semi-quantita-
tive MIBI analysis in the differentiation of AIT types, especially in
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distinguishing AIT-3 (mixed) cases. It also emphasizes the need
for multicenter collaboration with larger studies to standardize
the method and obtain more accurate and consistent results.

Department and Institution Where Work Was Done

This study was performed at the Clinical Department of Nuclear
Medicine, Clinical Hospital Centre Rijeka, Croatia.
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