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Prognostic role of Tc-99m pertechnetate thyroid scintigraphy
prior to fixed-dose radioiodine therapy of toxic multinodular
goiters*

Dogangiin YUKSEL, Fatma Suna KIRAGC, Olga YAYLALI, Isil DEMIRAY UGUZ

Aim: To investigate the prognostic role of Tc-99m pertechnetate thyroid scintigraphy pretreatment in patients with toxic
multinodular goiters (TMNG) who were then treated with fixed I-131 doses.

Materials and methods: We retrospectively evaluated 28 patients (18 females and 10 males; mean + SD = 63 + 11
years) that were treated with 740 megabecquerels (MBq) of I-131 for TMNG. Information, including age, Tc-99m
pertechnetate thyroid scintigraphy and ultrasonography findings, antithyroid medication, thyroid hormone profile, and
clinical status before treatment, was recorded. The regions of interest were drawn over the hot nodules, salivary glands,
and the background on the anterior thyroid images. The net nodule counts, net salivary counts, nodule-to-salivary
ratios, and nodule-to-background ratios were then calculated. The data were statistically compared for the hypothyroid
and euthyroid patient groups after radioiodine treatment.

Results: In the study group, the mean follow-up period was 7 + 2 months (range: 6-12 months). We detected
hyperthyroidism in 1 patient, euthyroidism in 19 patients, and hypothyroidism in 8 patients. The pretreatment mean
net nodule counts (34.79 + 14.06 counts) in the patients that developed hypothyroidism were significantly higher than
in those patients that developed euthyroidism (26.80 + 11.04 counts) (P = 0.014). The other 3 parameters did not show
significant differences between the 2 groups.

Conclusion: The Tc-99m pertechnetate uptake level of hot nodules calculated from the pretreatment of thyroid
scintigraphy in patients with TMNG treated with a fixed 740-MBq I-131 dose may predict early hypothyroidism in
patients.
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Toksik multinodiiler guatrin sabit doz radyoiyot ile tedavisi 6ncesi Tc-99m
perteknetat tiroit sintigrafisinin prognostik rolii

Amag: Bu ¢alismanin amaci sabit I-131 dozu ile tedavi edilen toksik multinodiiler guatrli (TMNG) hastalarda tedavi
oncesi gekilen Tc-99m perteknetat tiroit sintigrafisinin prognostik roliinii aragtirmakti.

Yontem ve gere¢: TMNG nedeniyle 740 MBq I-131 ile tedavi edilen 28 hasta (18 K/ 10 E; ortalama + SD = 63 + 11 y1l)
geriye doniik degerlendirildi. Kayit edilen veriler tedavi 6ncesi yas, Tc-99m perteknetat tiroit sintigrafisi ve ultrason
bulgulari, antitiroit medikasyon, tiroit hormon profili ve klinik durumu igermekteydi. Anterior tiroit gortintiileri
tizerinde sicak nodiillerinin, tiikiiriik bezlerinin ve geri-planin {izerine ilgi alanlar gizildi. Net nodiil sayimlari, net
tikiriik bezi sayimlari, nodiil/tiikiiriik bezi oranlar1 ve nodiil/geri-plan oranlari hesaplandi. Bu degerler radyoiyot
tedavisi sonrasi hipotiroidili ve 6tiroidili hastalar i¢in istatistiksel olarak karsilastirildi.
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Bulgular: Caligma grubunda ortalama izlem stiresi 7 + 2 ayd1 (aralik, 6-12 ay). Bir hastada hipertiroidi, 19 hastada
otiroidi ve 8 hastada hipotiroidi saptadik. Hipotiroidi gelisen hastalarda tedavi 6ncesi ortalama net nodiil sayimlari
(34,79 + 14,06 sayim), 6tiroidi gelisen hastalarinkinden (26,80 + 11,04 sayim) anlamli sekilde daha yiiksekti (P = 0,014).
Diger ti¢ parametre iki grup arasinda anlamli farklilik gostermedi.

Sonug: Sabit 740 MBq I-131 dozu ile tedavi edilen TMNG’]1 hastalarda tedavi 6ncesi gekilen tiroit sintigrafisinde
hesaplanan sicak nodiiliin Tc-99m perteknetat tutulum diizeyi erken hipotiroidizm gelisecek hastalar1 6nceden

saptayabilir.

Anahtar sozciikler: Radyoiyot, I-131, toksik multinodiiler guatr, Tc-99m perteknetat

Introduction

Although radioactive iodine (RAI) has been used
for 60 years in the treatment of hyperthyroidism, no
consensus regarding the best method for dose choice
exists. One reason for this lack of consensus is the
diversity of the disease’s natural course, which causes
hyperthyroidism. The expected responses during
the administration of RAI in Graves disease and
toxic multinodular goiter (TMNG) are not identical.
In other words, euthyroidism and hypothyroidism
should be expected following the treatment of Graves’
disease with RAI. Contrastingly, in cases with toxic
nodular disease (i.e. autonomous toxic multinodular
goiter and autonomous solitary toxic adenoma), the
nodules function differently from normal thyroid
cells and do not respond to thyroid-stimulating
hormone (TSH) treatment. The autonomously
functioning nodules concentrate iodine-131 (I-
131). The suppressed extranodular tissue does not
concentrate I-131 and is exposed to less radiation.
Suppressed thyroid tissue returns to its normal
function when TSH reaches a normal level following
radioiodine treatment (RIT). Thus, the expected
response in patients following RIT is euthyroidism,
whereas hypothyroidism is the undesired result of
the treatment (1).

Several approaches in determining the most
appropriate dose of I-131 for the treatment of toxic
nodular disease with RAI exist. These approaches
include the calculated-dose, fixed-dose, and graded-
dose methods. One of the calculated-dose methods
is the calculation of the autonomous tissue mass that
functions in the thyroid based on the technetium-
99m (Tc-99m) pertechnetate thyroid uptake under
TSH suppression (TcTUs) and, accordingly, the
determination of the I-131 dose (2-10). In contrast,
no study has used the fixed-dose or graded-dose
method to evaluate the use of the level of Tc-99m
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uptake efficiencyin the thyroid. Tc-99m pertechnetate
scintigraphy is frequently used as a diagnostic tool in
patients with toxic nodular goiter; however, it has not
been used for evaluating the dose selection for RAI
treatment or posttreatment prognoses.

In the present study, the prognostic role of Tc-
99m pertechnetate thyroid scintigraphy prior to the
fixed-dose I-131 treatment of patients with TMNG
was investigated.

Materials and methods

A total of 28 patients with TMNG were treated
with 740-megabecquerel (MBq) fixed I-131 doses
between 2002 and 2008 and were retrospectively
evaluated. Ages, genders, thyroid ultrasound (US)
and Tc-99m pertechnetate thyroid scintigraphy
findings (i.e. the number of nodules and level of
extranodular thyroid tissue suppression), antithyroid
drug use, and thyroid hormone profiles (i.e. free
triiodothyronine (FT3) and free thyroxine (FT4),
TSH) were recorded.

The patients were classified as hypothyroidic,
euthyroidic, and hyperthyroidic according to the
outcome of RIT. Euthyroidism was diagnosed if
the patients remained in euthyroid status without
antithyroid drug treatment <3 months after achieving
normal TSH, FT3, and FT4 ranges of 0.4-4.0 uIU/
mL, 1.5-4.1 pg/mL, and 0.8-1.9 ng/mL, respectively.
Hypothyroidism was diagnosed if TSH exceeded
its normal range (>4.0 plU/mL) and FT4 fell below
its normal reference range (<0.8 ng/mL). If this
situation continued for 3 months, the patient was
diagnosed with permanent hypothyroidism. Thyroid
hormone replacement was commenced following
confirmation of hypothyroidism with laboratory and
clinical findings. If free T4 or T3 remained elevated
for 6 months after RIT, the patients were diagnosed



with persistent hyperthyroidism, indicating that
the single dose RAI treatment had failed. After this
decision, a second dose of RAI, increased by 25%,
was administered to those patients (11).

In our department, Tc-99m pertechnetate thyroid
scintigraphy is performed using a gamma camera
equipped with a pinhole collimator (insert diameter
of 5 mm). Anterior thyroid images are obtained 20
min after intravenous injection of 185 MBq of Tc-
99m pertechnetate. The distance from the insert of the
pinhole collimator to the neck of the patient, who lies
in a supine position, is adjusted to 10 cm, and 150,000
counts are accumulated on the thyroid. Energy
discrimination is provided with a 20% window that is
centered on the 140-keV Tc-99m photopeak.

In the present study, pre- and post-RAI treatment
anterior neck scintigraphic images of 28 TMNG
patients were evaluated and accompanied with
US. The level of extranodular thyroid parenchymal
tissue suppression was visually determined from the
anterior Tc-99m pertechnetate thyroid scintigraphy.
If extranodular thyroid parenchymal tissue was
slightly observed in the scan, it was deemed as partial
suppression, or, if not, the tissue was accepted as
totally suppressed.

The images were evaluated in the linear gray scale.
The default upper and lower limits of the gray scale
wereunchanged. Regions of interest (ROI) were drawn
on the thyroid hot nodules, salivary glands, and neck
tissue adjacent to the thyroid for background activity
on the images recorded prior to RIT. The locations of
ROIs were determined by consensus from 2 nuclear
medicine physicians (Figure). For standardization,
the mean counts per pixel in the ROIs were used in
the calculations. Nevertheless, in our retrospective
study, the nodule sizes measured by US could not
be used to calculate the thyroid volume because the
US results were acquired in different centers and by
different operators without standardization.

The net nodule and net salivary gland counts were
calculated by subtracting the mean counts per pixel
in the background ROI (C,) from the mean counts
per pixel of ROIs within the nodules (C,) and the
salivary glands (C,) (Figure), as follows:

NetC =C,-C,,
Net C, = C, - C,.
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Figure. Regions of interest were drawn on the thyroid hot
nodules, salivary glands, and neck tissue adjacent to the
thyroid for background activity of the recorded Tc-99m
pertechnetate images before and after RIT.

The net nodule (net C) or salivary gland (net C,)
counts were used to calculate the nodular-to-salivary
gland ratio and the nodular-to-background activity
ratio. These data were statistically compared to
results from the hyperthyroid and euthyroid patient
groups after RAT treatment using the nonparametric
Mann-Whitney U test. Because there was only one
patient in the hyperthyroid group, this patient was
not included in the statistical analyses.
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Results

The retrospective patient data are shown in Table
1. Out of the 28 patients (mean age: 63 + 11 years)
that enrolled in the present study, 18 were female
and 10 were male. During the follow-up period,
euthyroidism, hypothyroidism, and hyperthyroidism
developed in 19 patients, 8 patients, and 1 patient,
respectively. In the study group, the mean follow-
up period was 7 + 2 months (range: 6-12 months). In
the euthyroid group, the mean time for euthyroidism
was 3 = 1 months (range: 1-6 months). In the
hypothyroid group, the mean time was 4 + 2 months
(range: 2-6 months) to develop hypothyroidism.
Only 1 patient remained in hyperthyroid status
6 months after RIT, and that patient received a second
dose of I-131.

No significant differences between the patients
developing hypothyroidism and euthyroidism in
terms of age, gender, thyroid hormone and TSH
levels, number of nodules, or the duration of
antithyroid drug use were observed (P > 0.05). All
patients received antithyroid (propylthiouracil)
treatment (9 + 11 months; range: 1-45 months), and

their antithyroid medication was discontinued 1
week before radionuclide imaging.

The pretreatment mean net nodule count (34.79
+ 14.06 counts; range: 17.60-78.35 counts) in the
patients who developed hypothyroidism after RIT
was found to be significantly higher than that of
those patients who developed euthyroidism (26.80
11.04 counts; range: 8.01-58.50 counts) (P = 0.014).
No difference was found between the patients with
hypothyroidism and euthyroidism in terms of the
other parameters (ie. net salivary gland count,
nodular-to-salivary gland ratio, and nodular-to-
background ratio) (Table 2).

Discussion

The appropriate treatment dose for patients with
TMNG remains difficult to determine due to the
generally irregular structure of the thyroid gland.
Therefore, many authors recommend the use of
TcTUs to determine the size of the thyroid tissue,
which demonstrates autonomous function (5,9,10).
Dose calculations through the use of TcTUs have been

Table 1. Data recorded from patients with TMNG.

Euthyroidism Hypothyroidism Hyperthyroidism

Patients (n) 19 8 1
Age (year) 64+ 11 6113 65
Sex 11F/8M 6F/2M F
Mean time of antithyroid drug use (months) 918 544 36
FT3 (before RIT) 496 £2.35 431+1.15 4.87
ST4 (before RIT) 1.93 +0.90 1.89+0.73 0.96
TSH (before RIT) 0.08 +£0.21 0.04 +£0.02 0.001
Suppression level of extranodular thyroid tissues
in the anterior Tc-99m pertechnetate thyroid
scintigraphy before RIT

Complete suppression (n) 4 1

Partial suppression (n) 11 4

Abbreviations: FT3, free triiodothyronine (normal range = 2-4.4 pg/mL); FT4, free thyroxine (normal range = 0.93-1.7
ng/mL); TSH, thyroid-stimulating hormone (normal range = 0.27-4.2 uIU/mL); F, female; M, male; RIT, radioactive

iodine treatment.
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Table 2. Quantitative data analyses obtained from Tc-99m pertechnetate scintigraphy according to responses following

treatment with I-131.

Euthyroidism Hypothyroidism Hyperthyroidism

Patients (n (%)) 19 (68) 8(29) 1(3)
Total nodules (n) 52 18 2

Number of nodules per patient 3+1 2+1 2

Mean net nodule count before RIT* 26.80 £ 11.04 34.79 + 14.06 40.30
Mean net salivary gland count before RIT 5.00 £ 2.69 4.93 +1.70 2.50
Mean nodular-to-salivary gland ratio before RIT 8.68 £ 6.99 5.17 £ 8.06 16.12
Mean nodular-to-background ratio before RIT 19.39 £ 13.00 12.52 £ 16.20 43.81

*The pretreatment mean net nodule count in patients who developed hypothyroidism after RAI treatment is
significantly higher than that of those who developed euthyroidism (P = 0.014).

shown to increase treatment success rates by 92% and
to decrease the incidences of hypothyroidism by 0.9%
(5). When I-131 doses were previously calculated
using the calculated-dose methods by increasing
the absorbed tissue dose according to the TcTUs
values, the patients with high TcTUs values (above
the range of 3.5%-4%) displayed significant decreases
in treatment success rates (9). This correlation has
been suggested to be due to the significant photon
attenuation in patients with a large goiter, leading to
low TcTUs values, and, consequently, the calculated
target volume is smaller than the real tissue volume
(8). In these studies, the aim of using TcTUs is the
requirement to perform accurate measurements of
autonomous tissue volume. No evaluation was made
to predict the treatment outcome in any of these
studies. The posttreatment results were used to make
adjustments to the calculated-dose method.

Some studies have suggested that the fixed-dose
method is an easier and more effective treatment
modality because complex formulas are not used to
calculate the I-131 dosage (12). In contrast, there
is a need for a simple and inexpensive method that
can predict the response to treatment in patients
with TMNG. Tc-99m pertechnetate is an appropriate
radiopharmaceutical because it is easily available,
inexpensive, and has an appropriate energy for

imaging. Thyroid scintigraphy with Tc-99m
pertechnetate is a strongly recommended imaging
modality for patients with TSH levels that are
below normal. This method is also routinely used in
patients with TMNG for diagnostic purposes (13,14).
As is known, administration of a fixed dose for RAI
treatment in patients with TMNG is an easy method,
and its efficacy has been proven (1).

The aim of RIT in patients with autonomous
TMNG is to reach euthyroidism by eliminating the
autonomous tissue (14). In our patient group, this
objective was attained in 19 of the 28 patients using
740-MBq doses of I-131. Hypothyroidism developed
in 8 of the 28 patients, whereas hyperthyroidism could
not be treated in only 1 patient and required a second
dose of I-131. Many studies have investigated factors
that increase the risk of hypothyroidism following
RIT, including age, gender, high radioiodine uptake,
administered 1-131 dose, level of extranodular
thyroid tissue suppression, and the use of antithyroid
drugs prior to RAI treatment (15,16). When these
factors were considered, the mean age of our
patients was >45 years, and no significant differences
were found between the groups. All patients were
treated with antithyroid medication prior to RAI
treatment. The I-131 dose could not be considered
as a prognostic factor because a fixed dose was
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administered to all patients. The I-131 uptake test is
important to ensure adequate uptake at the time of
therapy and to help determine the dose of RAI in
the calculated-dose methods (11). Nevertheless, the
fact that no radioiodine uptake test was performed
in any of the patients before RAI treatment is an
important limitation of our retrospective study.
We did not conduct the radioiodine uptake test in
our study because of technical reasons; however,
hyperthyroidism was successfully treated in 27
of 28 patients. Therefore, adequate I-131 uptake in
the nodules was achieved. Depending on our results,
the radioiodine uptake test may not be necessary
for calculating I-131 doses, especially in the fixed-
dose treatment protocol that was used in our study.
Perhaps the I-131 uptake test could have been useful
in defining the appropriate iodine dose to cure the
patient with ongoing hyperthyroidism after RIT.
However, the lack of the I-131 uptake test does not
affect the major results of this study.

In our clinic, patients subject to RIT are followed
up with in accordance with the instructions of the
AACE (11). Euthyroidism occurred in most patients,
except 1, in the range of 1-6 months (mean time: 3
+ 1 months). Hypothyroidism occurred within a
range of 2-6 months (mean time: 4 + 2 months) in
our group. Similar to our results, Nygaard et al. (17)
reported that the median time to become euthyroidic
after RIT was 5 weeks (range: from 3 weeks to 24
months) after the final RIT. The AACE guidelines
report that patients usually develop hypothyroidism
within 3 months and that the median time is 12
months (range: 3-30 months) (11). Our results are in
accord with these reports.

A few published studies have addressed the
development of hypothyroidism in patients treated
with I-131 for TMNG. These studies reported
hypothyroidism rates that ranged from 8.4% to
47% (16-23). In the patients with a 1-year follow-up
in the literature, the incidence of hypothyroidism
ranged from 8.4% to 31.7% (16,18,19,22). Our
hypothyroidism rate was 29% within 1 vyear.
Although our rate is higher than the 6-month
management period (8.9%-16%) given in the
literature (18,19,21,22), our hypothyroidism rate is in
a similar range as that given for 1 year. The possible
reason for this discrepancy is that we used higher
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fixed doses in patients with TMNG when compared
to the previously published studies (16-23).

The patients in our study group who developed
euthyroidism and hypothyroidism had similar
characteristics. This similarity facilitates our
evaluation on the findings of Tc-99m pertechnetate
scintigraphy prior to RAI treatment as a prognostic
factor.

Thelevel ofextranodular thyroid tissue suppression
hasbeen investigated as a prognostic factor for the risk
of hypothyroidism after I-131 treatment (15,16). No
differences were demonstrated between the patients
with euthyroidism and hypothyroidism with regard
to the distribution of patients with partial suppression
in our study. Complete or partial extranodular
tissue suppression in patients with TMNG is not
considered as an effective factor in the development of
euthyroidism and hypothyroidism. The incidence of
hypothyroidism following RAI treatment in patients
with TMNG varies between 8.4% and 47% (16-23).
However, the level of extranodular tissue suppression
in the Tc-99m pertechnetate thyroid scintigraphy
was not evaluated in these studies (16-23).

The main result of the present study is that Tc-
99m pertechnetate mean net nodule counts of hot
nodules in thyroid scintigraphy prior to radioiodine
therapy in hypothyroid patients were significantly
higher than in euthyroid patients. Reinhardt et al. (8)
investigated patients with both diffuse toxic goiters
and toxic nodular goiters using the calculated-dose
method based on a tissue absorption dose increase,
by the increasing values of TcTUs for I-131 dose
calculations. The authors reported that the I-131
treatment success rates decreased in patients with
high TcTUs values, suggesting that these results
were due to the calculation of doses that were lower
than the normally required doses, as related to the
attenuation in patients with large goiters. The patients
that reached the lower treatment success rates had
hyperthyroidism that could not be treated by RAIL
However, in our study, euthyroidism was accepted
as a criterion for RAI treatment success, whereas the
development of hypothyroidism was considered as an
undesired result. According to our findings, we believe
that patients with pretreatment high net nodule



counts may be predicted to develop hypothyroidism
in an early period after RIT. Therefore, an I-131 dose
of <740 MBq is suitable to reach euthyroidism status,
rather than hypothyroidism, in the patients with high
net counts of thyroid hot nodule(s). Further studies
with a larger sample size are required to determine
whether such an approach would increase treatment
success rates.
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