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Abstract 

Objective:  Hyperthyroidism is the excessive synthesis of thyroid hormones. Thyroid uptake scans and ultrasonogra-
phy provide an accurate diagnosis of hyperthyroidism, especially when thyroid receptor antibody (TRAb) measure-
ment is not readily available. This study explored the prevalence of various hyperthyroidism causes using retrospective 
scintigraphy results and evaluated their relationship with clinical, biochemical, and sonographic imaging parameters 
from patients who underwent 99mTc-pertechnetate thyroid scans between 2016 and 2019 in Taif, Saudi Arabia, where 
literature is insufficient. Furthermore, the inappropriate use of thyroid scanning in different thyroid diseases was 
evaluated.

Results:  The study enrolled 207 patients (mean age: 42.5 ± 14.7 years). The mean free T4, T3, antithyroid peroxidase 
antibody, antithyroglobulin antibody, C-reactive protein, and erythrocyte sedimentation rate levels were high. Graves’ 
disease was the most common diagnosis. Compared to toxic solitary/multinodular goiter, patients with Graves’ 
disease were usually younger, used carbimazole during both the uptake and the scan, had an enlarged thyroid gland, 
and had higher FT4 and FT3 levels. Inappropriate thyroid uptake and scan use was reported in approximately 10% 
of patients, and 25% of the patients used carbimazole during the uptake and scan. Thus, better patient education is 
needed to avoid misinterpreting the scan results.
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Introduction
Thyrotoxicosis can occur in hyperthyroidism following 
the release of a pre-synthesized thyroid hormone or from 
an extrathyroidal thyroid hormone source [1]. Hyperthy-
roidism is usually caused by Graves’ disease (GD) and 
toxic multinodular goiter (TMNG), and occasionally 
caused by thyroiditis [2, 3]. The accurate diagnosis of GD 
from thyroiditis is crucial to avoid prescribing antithy-
roid medications to thyroiditis patients, which could lead 
to hypothyroidism or other side-effects [4].

Furthermore, treatment of TMNG with antithyroid 
medications is discouraged; rather, radioiodine or sur-
gery is the intervention of choice. This highlights the 
importance of distinguishing between TMNG and GD 
patients when the clinical examination is inconclusive 
[5]. GD is an autoimmune disease caused by circulating 
thyroid receptor antibodies (TRAb), which are disease 
hallmarks of GD [6]. Measuring antibody levels can sup-
plement clinical characteristics to provide a rapid and 
accurate diagnosis of GD [7].

When the TRAb test is unavailable and the patient 
presents with an atypical clinical GD picture, thyroid 
scintigraphy and peroxidase antibody measurement can 
be sufficient to differentiate GD from other causes of 
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thyrotoxicosis. Thyroid uptake and scans help to differen-
tiate between productive and destructive thyrotoxicosis, 
and between diffuse and focal overactivity [8]. The accu-
racy of radionuclide thyroid scanning is compromised by 
antithyroid medications such as carbimazole and propy-
luracil; thus, these medications should be discontinued 
prior to scanning in order to optimize the efficiency of 
the scan and increase diagnostic accuracy [9]. One con-
traindication to thyroid scanning is pregnancy and lac-
tation [10]. Ultrasonography is a readily available tool to 
differentiate between different causes of thyrotoxicosis 
[11, 12].

The limited availability of the TRAb test necessitates 
the use of alternatives to guide clinical decisions in cases 
of unclear presentation. The current study explores 
the profiles of a sample of hyperthyroidism patients for 
which the TRAb test was not available. Thus, various 
causes of hyperthyroidism and their prevalence in Taif 
City, Saudi Arabia—where literature is insufficient—were 
analyzed using scintigraphy results. The relationship of 
the final diagnosis to the clinical, biochemical, and sono-
graphic imaging parameters were also assessed. In addi-
tion, this study evaluated the inappropriate use of the 
thyroid scanning in different thyroid diseases.

Main text
Patients and methods
We retrospectively reviewed the medical records of 
patients who underwent a 99mTc-pertechnetate thyroid 
scan to evaluate for thyroid dysfunction as clinically 
indicated by their healthcare provider. Hyperthyroidism 
status was determined on the basis of the patient’s scin-
tigraphy data and on clinical presentation, biochemical 
data, and sonographic imaging. Researchers reviewed 
all thyroid scans that were performed between 2016 
and 2019 in Al-Hada Armed Forces Hospital in Taif, 
Saudi Arabia. Patients of all ages who underwent 99mTc-
pertechnetate thyroid scanning during the indicated 
period were included. Patients were excluded if thyroid 
scans were performed to investigate previous thyroid 
operations (e.g., lobectomy), if the data were incomplete, 
or if relevant radiological reports or medical records 
were missing.

Data collection
Data from 207 patients were collected and recorded on an 
Excel spreadsheet. Age, gender, presenting symptoms of 
hyperthyroidism at the time of referral for thyroid uptake 
scan, and comorbid conditions were recorded. Further-
more, all laboratory data obtained within 1 month prior 
to the thyroid scan referral were collected, and medica-
tions such as carbimazole, propranolol, and amiodarone 
were also documented. We also collected data from the 

thyroid ultrasound that was performed on all patients 
who had a thyroid uptake scan within 1  month of the 
scan date. Thyroid ultrasound features including texture, 
vascularity, and lymph node enlargement were collected 
from the radiologist’s report.

Statistical analysis
Data were analyzed with SPSS v. 20. Qualitative data 
variables were expressed as frequencies and percentages, 
while quantitative variables were expressed as means and 
standard deviations (SD). An independent sample t test 
was used to identify significant differences between vari-
ables, and p-values ≤0.05 were considered significant.

Results
The review of 207 thyroid uptake scan results indicated a 
mean patient age of 42.5 ± 14.7 years, with most patients 
being female. One-hundred-and-sixty patients under-
went a thyroid ultrasound, and most had a normal thy-
roid size and vascularity, but had a heterogenous gland. 
The most common presenting symptoms were eye mani-
festations, palpitations, tremor, and neck swelling, while 
the least common were nausea, vomiting, insomnia, and 
heat intolerance. The most frequently reported comorbid 
conditions were type II diabetes, hypertension, and der-
matitis. Approximately 15% of patients reported a recent 
history of upper respiratory tract infection at the time 
of the thyroid uptake and scan (Table 1). Approximately 
25% of patients reported using carbimazole both before 
and during the thyroid uptake and scan, whereas only 
10% used it only after completing the thyroid uptake and 
scan. The use of carbimazole during the scan was highest 
in GD patients, 13.2% of whom had normal scan results 
despite having active GD (Additional file 1: Figure S1).

Propranolol was used in approximately one-third of 
patients. The mean thyroid stimulating hormone (TSH) 
levels fell in the normal range, while mean free T4, T3, 
antithyroid peroxidase antibody, antithyroglobulin anti-
body, CRP, and ESR values were high. However, mean 
vitamin D levels fell in the insufficient range. The most 
likely biochemical diagnosis was clinical or subclinical 
hyperthyroidism.

The majority of the thyroid ultrasound results showed 
no lymphadenopathy; however, those with lymphade-
nopathy showed evidence of bilateral and multiple lymph 
node enlargement. The thyroid uptake and scan mainly 
showed homogenous high uptake, and GD was the most 
common diagnosis, followed by a TMNG. Furthermore, 
the results revealed a decreasing percentage of thyroid 
uptake and scans ordered; 2016 was the year with the 
most scans, followed by 2017, 2018, and then 2019 (Addi-
tional file 1: Figure S2).
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Table 1  Baseline characteristics of the whole cohort

This table shows the baseline characteristics of the whole cohort using the means and standard deviations for quantitative variables like the age, thyroid uptake scan 
and laboratory parameter. Percentages were used to express all other qualitative data

Baseline characteristics (N = 207) Thyroid ultrasound (N = 160)

 Mean age (years) 42.5 + 14.7    Normal (%) 63.8

 Female (%) 75.8    Enlarged (%) 36.2

Presenting symptoms Thyroid ultrasound texture

 Dysphagia and/or hoarseness (%) 3.4    Heterogenous (%) 73.1

 Neck swelling (%) 6.3    Homogenous (%) 26.9

 Neck tenderness (%) 1.9 Thyroid ultrasound vascularity

 Weight loss (%) 7.7    Normal (%) 54.4

 Tremor (%) 6.8    Hypervascular (%) 43.8

 Palpitation (%) 7.7    Hypovascular (%) 1.8

 Fatigue (%) 4.8 Lymph node features in the thyroid ultrasound

 Anxiety (%) 3.4    No lymph node enlargement (%) 62.5

 Insomnia (%) 1.0    Bilateral lymph node enlargement (%) 35

 Headache (%) 2.4    Unilateral lymph node enlargement (%) 2.5

 Nausea and/or vomiting (%) 1.0    Multiple lymph node enlargement (%) 43.7

 Eye manifestations (%) 13.5    Single lymph node enlargement (%) 17.5

 Heat intolerance (%) 1.9 Thyroid uptake scan (N = 207)

Comorbidities    Heterogenous (%) 37.4

 Upper respiratory tract infection (%) 15.0    Homogenous (%) 55.3

 Hypertension (%) 15.0    Not visualized (%) 7.3

 Hyperlipidemia (%) 11.1    Mean uptake (%) 19.1 + 14.4%

 Type II Diabetes (%) 19.3 Diagnosis based on the thyroid uptake scan result

 Type I diabetes (%) 2.4    Graves’ disease (%) 25.6

 Anemia (%) 8.7    Thyroiditis (%) 15.9

 Dermatitis (%) 15.0    Normal (%) 4.3

 Ischemic heart disease (%) 1.4    Normal scan while taking carbimazole (%) 14

 Stroke (%) 1.4    Autonomous nodule (%) 4.3

 Deep vein thrombosis and/or pulmonary embolism (%) 1.4    Toxic multi-nodular goiter (%) 37.2

Medications    Simple goiter (%) 6.3

 Carbimazole usage prior to the thyroid scan (%) 23.7    Nodular goiter with cold nodule (%) 1.0

 Carbimazole usage after the thyroid scan (%) 10.6    Cold nodule (%) 1.0

 Carbimazole usage during the thyroid scan (%) 25.1    Toxic multi-nodular goiter with a cold nodule (%) 2.4

 Propranolol (%) 29.0    Marine-Lenhart syndrome (%) 1.0

 Levothyroxine (%) 8.7    Recurrnt hyperthyroidism after surgical resection (%) 1.0

 Amiodarone (%) 0.5 Year of the nuclear scan

 Artificial eye tears (%) 5.8    2019 8.2

Laboratory data    2018 22.2

 TSH (milli-international units per liter) 1.2 + 8.5    2017 26.1

 Free T4 (pmol/L) 20.3 + 10.0    2016 43.5

 Free T3 (pmol/L) 9.8 + 8.8 Biochemical diagnosis

 Antithyroid peroxidase antibody (IU/mL) 322.2 + 531.8    Subclinical hyperthyroidism 42.5

 Antithyroglobulin antibody (IU/mL) 336.2 + 901.1    Hyperthyroidism 43.5

 Vitamin D (ng/mL) 22.0 + 9.8    Euthyroidism 8.2

 Erythrocyte sedimentation rate (ESR) (mm/hr) 32.5 + 22.8    T3 thyro-toxicosis 1.4

 C-Reactive protein (CRP) (mg/L) 10.0 + 10.9    Hypothyroidism 1.4

   Subclinical hypothyroidism 1.9
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Relative to subclinical hyperthyroidism, patients 
with clinical hyperthyroidism were more likely to be 
younger (P = 0.060); have weight loss (P = 0.016), tremor 
(P = 0.044), or palpitations (P = 0.003); use carbimazole 
during the thyroid uptake and scan; use propranolol 
(P = 0.004 and P = 0.007, respectively); have lower TSH 
and higher FT4 and FT3 (all P < 0.001); have a homog-
enous gland in the thyroid uptake and scan (P = 0.006); 
and to have been diagnosed with GD and autonomous 
thyroid nodules (P = 0.002; Table 2). Those with subclini-
cal hyperthyroidism showed a non-significant trend of 
increased incidence of hypertension, stroke, and heart 
disease relative to those with clinical hyperthyroidism.

Compared to patients with a toxic solitary/multinodu-
lar goiter, those with GD (Table 3) were more likely to be 
younger (P = 0.001), use carbimazole during the thyroid 
uptake and scan (P = 0.001), use propranolol (P = 0.010), 
have higher FT4 and FT3 levels (P = 0.005 and P = 0.0032, 
respectively), have an enlarged thyroid gland on the thy-
roid ultrasound (P = 0.591), have homogenous thyroid 
uptake and scan (P < 0.001), and have clinical hyperthy-
roidism (P = 0.039); they were less likely to have lym-
phadenopathy (P = 0.008), type II diabetes (P = 0.009), 
and cardiovascular disease (P = 0.619).

Discussion
The prevalence of hyperthyroidism in the current study 
was three-fold higher in females (75%) than in males, and 
the mean age was 42.5 ± 14.7 years. These results are sim-
ilar to those of a previous study in Riyadh, which found 
that over two-thirds of GD patients were female and that 
the mean age at diagnosis was 32 ± 0.9  years [13]. The 
high prevalence among women, specifically those with 
GD, could be attributed to many factors, such as a high 
genetic susceptibility, human leukocyte antigen (HLA) 
alleles (e.g., the HLA-B*46 allele in the Asian population), 
and the influence of estrogen on the immune system, 
particularly on B cells [14–16].

Indeed, the incidence of GD was reported to be five 
times higher in females and was found to occur pre-
dominantly during their reproductive years [17]. Envi-
ronmental conditions also play an important role; for 
example, living at a high altitude is associated with ele-
vated T3/T4 levels without an accompanied increase in 
TSH [18]. Slight hyperthyroidism is thought to be nec-
essary to overcome the effect of high altitude-induced 
hypoxia because thyroid hormones are responsible for 
2,3-diphosphoglycerate induction in red blood cells to 
facilitate oxygen release to the tissues [19]. The current 
biochemical results in the GD group show elevated T3/

T4 levels with suppressed TSH, which is consistent with 
the results of Usman et al.’s study [13].

Elevated anti-thyroid peroxidase (anti-TPO) antibody 
levels were present in all GD patients in our study, which 
suggests that elevated anti-TPO may be a potentially 
useful diagnostic marker of GD. The importance of the 
anti-TPO marker is highlighted when diagnosing the 
subclinical form of GD in those at risk of developing clin-
ical GD before the appearance of clinical manifestations, 
especially when an increase in anti-TPO is associated 
with nuclear uptake of > 0.4%, which was encountered in 
this study and corroborated the results of a recent study 
[20].

Differentiation between subclinical GD and thyroidi-
tis based on clinical manifestations can be challenging. 
In such conditions, an isotope uptake scan of the thy-
roid is a definitive diagnostic tool [21]. Evaluation by 
99mTc-pertechnetate scintigraphy is used as a noninva-
sive method to investigate hyperthyroidism and has the 
advantage of short retention in the gland and absence 
of β-radiation [22]. Carbimazole should be discontinued 
for at least seven days before the scan because it inter-
feres with the scan results. Our study found that 25% of 
patients continued to use carbimazole during the scan, 
which can alter the accuracy of the results [23]. This 
could result from physician miscommunication with the 
patient or from a lack of knowledge. The results of the 
thyroid uptake and scan in most GD patients showed 
homogeneity that was associated with high uptake, while 
the thyroiditis group showed heterogeneity that was 
associated with less nuclear uptake, which is consistent 
with a previous study [24, 25].

Among patients with a clinical hyperthyroid presenta-
tion in our study, the GD incidence rate was 40%, which 
is five-times higher than the thyroiditis incidence rate; 
the incidence rate of subclinical GD was 13.6%. A previ-
ous study reported that the incidence of painless thyroid-
itis among thyrotoxic subjects was 0.5% using the same 
evaluation method [26]. Unlike GD, thyrotoxicosis signs 
and symptoms are generally milder in TMNG [27].

Our study showed similar TSH and anti-TPO levels in 
GD and TMNG patients, but a higher level of free T3/
T4 in GD patients. Thus, anti-TPO levels cannot be con-
sidered a differential diagnostic marker between GD and 
TMNG; rather, they can be considered a marker of auto-
immunity [28].

Higher thyroglobulin antibody levels were found in 
patients with Graves’ ophthalmopathy than in patients 
without this ophthalmopathy [29]. However, current 
study showed that eye manifestations were nearly similar 
in the GD and TMNG groups.
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Table 2  Comparison based on the biochemical diagnosis

Variables Hyperthyroidism Subclinical hyperthyroidism P value

Number 90 88 n/a

Mean age (years) 41.0 + 13.5 45.1 + 15.6 0.060

Female (%) 73.3 75 0.467

Presenting symptoms

 Dysphagia and/or hoarseness (%) 2.2 5.7 0.213

 Neck swelling (%) 7.8 4.6 0.281

 Neck tenderness (%) 4.4 0.0 0.063

 Weight loss (%) 13.3 3.4 0.016

 Tremor (%) 11.1 3.4 0.044

 Palpitation (%) 14.4 2.3 0.003

 Fatigue (%) 8.9 2.3 0.054

 Anxiety (%) 3.3 3.4 0.648

 Insomnia (%) 2.2 0.0 0.254

 Headache (%) 3.3 2.3 0.511

 Nausea and/or vomiting (%) 1.1 1.1 0.746

 Eye manifestations (%) 14.4 12.5 0.437

 Heat intolerance (%) 2.2 2.3 0.681

Comorbidities

 Upper respiratory tract infection (%) 13.3 13.6 0.563

 Hypertension (%) 12.2 19.3 0.137

 Hyperlipidemia (%) 11.1 9.1 0.422

 Type II Diabetes (%) 14.4 26.1 0.039

 Type I diabetes (%) 2.2 1.1 0.508

 Anemia (%) 5.6 12.5 0.087

 Dermatitis (%) 15.6 14.8 0.525

 Ischemic heart disease (%) 0.0 2.3 0.243

 Stroke (%) 0.0 2.3 0.243

 Deep vein thrombosis and/or pulmonary embolism (%) 2.2 1.1 0.508

Medications

 Carbimazole usage prior to the thyroid scan (%) 20.5 30.7 0.071

 Carbimazole usage after the thyroid scan (%) 14.4 10.2 0.266

 Carbimazole usage during the thyroid scan (%) 35.6 17.1 0.004

 Propranolol (%) 41.1 22.7 0.007

 Amiodarone (%) 0.0 1.1 0.494

 Artificial eye tears (%) 6.7 4.6 0.388

Laboratory data

 TSH (milli-international units per liter) 0.019 + 0.04 0.083 + 0.10 < 0.001

 Free T4 (pmol/L) 28.7 + 9.9 14.5 + 2.4 < 0.001

 Free T3 (pmol/L) 15.0 + 10.7 5.2 + 1.2 < 0.001

 Antithyroid peroxidase antibody (IU/mL) 137.2 + 228.9 736.2 + 1495.5 0.309

 Antithyroglobulin antibody (IU/mL) 140.6 + 185.1 384.7 + 657.8 0.161

 Vitamin D (ng/mL) 23.4 + 10.4 22.4 + 9.0 0.289

 Erythrocyte sedimentation rate (ESR) (mm/hr) 34.5 + 24.3 34.4 + 24.7 0.995

 C-Reactive protein (CRP) (mg/L) 9.8 + 12.4 11.3 + 9.3 0.719

Thyroid ultrasound

 Enlarged thyroid gland (%) 25.0 31.1 0.605

 Heterogenous (%) 52.2 61.4 0.337

 Hypervascular (%) 38.9 31.8 0.392
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The American College of Radiology Appropriateness 
Criteria Thyroid Disease stated that thyroid scanning 
as a diagnostic tool is not appropriate in the following 
cases: hypothyroid state, euthyroid state with palpable 
nodule but no goiter, and preoperative evaluation of 
thyroid cancer in euthyroid patients [30]. Despite these 
recent guidelines, our study showed that thyroid scans 
are inappropriately ordered for 8.2% of patients who 
were euthyroid and for 3.3% of patients who were hypo-
thyroid at the time of the scan. Our study also showed 
that 4.3% of the thyroid scans showed normal results, 
2% showed cold nodules, and 4.3% showed autonomous 
nodules. The physician’s inappropriate use of thyroid 
scans could be a consequence of routine workup for 
thyroid nodules having become a habit [31].

Conclusion
GD is the most common form of hyperthyroidism, and it 
affects young females most frequently. Inappropriate thy-
roid uptake and scan use was reported in approximately 
10% of patients, and 25% of patients used carbimazole 
during the uptake and scan. Thus, better patient educa-
tion is needed to minimize scan result inaccuracies.

Limitations
The study was conducted in a single tertiary care center 
(Al-Hada Hospital for Armed Forces in Taif, Saudi Ara-
bia) and the sample size was limited to the number of 
patients who underwent ultrasonography and 99mTc-
pertechnetate thyroid scan during a 4-year period 
(2016–2019). Measurement of thyrotropin receptor 
antibodies (TRAb) was not available in our center dur-
ing the study period.

This Table shows a comparison based on the biochemical diagnosis between Hyperthyroidism and Subclinical hyperthyroidism patients. The means and standard 
deviations are used for quantitative variables like the age, thyroid uptake scan and laboratory parameter. Percentages are used to express all other qualitative data. An 
independent sample t-test is used to identify significant differences between variables, and p-values ≤0.05 are considered significant

Table 2  (continued)

Variables Hyperthyroidism Subclinical hyperthyroidism P value

 Bilateral lymph node enlargement (%) 22.2 33.0 0.404

 Unilateral lymph node enlargement (%) 2.2 1.1

 Multiple lymph node enlargement (%) 27.8 38.6 0.093

 Single lymph node enlargement (%) 10.0 15.9

Thyroid uptake and scan

 Heterogenous (%) 26.7 48.9 0.006
0.006 Homogenous (%) 66.7 43.2

 Mean uptake (%) 17.6 + 9.5 13.2 + 3.8 0.373

 Graves’ disease (%) 40 13.6 0.002

 Thyroiditis (%) 8.9 27.3

 Normal (%) 2.2 5.7

 Autonomous nodule (%) 6.7 3.4

 Toxic multi-nodular goiter (%) 34.4 40.9

 Simple goiter (%) 4.4 4.5

 Nodular goiter with cold nodule (%) 0.0 2.2

 Cold nodule (%) 1.1 1.1

 Toxic multi-nodular goiter with a cold nodule (%) 1.1 1.1

 Marine-Lenhart syndrome (%) 2.2 0.0

 Normal scan while taking carbimazole (%) 17.8 11.4 0.159
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Table 3  Comparison based on thyroid uptake scans results

Variables Grave’s disease Toxic solitary/multinodular 
goiter

P value

Number 53 86 n/a

Mean age (years) 35.8 + 11.1 43.7 + 14.6 0.001

Female (%) 73.6 77.9 0.351

Presenting symptoms

 Dysphagia and/or hoarseness (%) 3.8 3.5 0.633

 Neck swelling (%) 1.9 7.0 0.178

 Neck tenderness (%) 0.0 2.3 0.381

 Weight loss (%) 9.4 4.7 0.222

 Tremor (%) 13.2 5.8 0.117

 Palpitation (%) 7.5 5.8 0.471

 Fatigue (%) 7.5 2.3 0.149

 Anxiety (%) 5.7 0.0 0.053

 Insomnia (%) 0.0 2.3 0.381

 Headache (%) 3.8 1.2 0.324

 Nausea and/or vomiting (%) 1.9 0.0 0.381

 Eye manifestations (%) 13.2 15.1 0.481

 Heat intolerance (%) 1.9 2.3 0.676

Comorbidities

 Upper respiratory tract infection (%) 9.4 17.4 0.145

 Hypertension (%) 5.7 16.3 0.052

 Hyperlipidemia (%) 3.8 9.3 0.190

 Type II Diabetes (%) 7.5 24.4 0.009

 Type I diabetes (%) 3.8 1.2 0.324

 Anemia (%) 9.4 5.8 0.316

 Dermatitis (%) 9.4 15.1 0.242

 Ischemic heart disease (%) 0.0 1.2 0.619

 Stroke (%) 0.0 1.3 0.619

 Deep vein thrombosis and/or pulmonary embolism (%) 0.0 2.3 0.381

Medications

 Carbimazole usage prior to the thyroid scan (%) 28.3 30.2 0.482

 Carbimazole usage after the thyroid scan (%) 17.0 10.5 0.196

 Carbimazole usage during the thyroid scan (%) 47.2 20.9 0.001

 Normal thyroid uptake&scan while taking carbimazole (%) 13.2 15.1 0.481

 Propranolol (%) 49.1 27.9 0.010

 Artificial eye tears (%) 5.7 7.0 0.529

Laboratory data

 TSH (milli-international units per liter) 0.28 + 1.1 0.31 + 1.4 0.883

 Free T4 (pmol/L) 26.0 + 13.2 20.1 + 8.9 0.005

 Free T3 (pmol/L) 14.5 + 11.7 9.6 + 7.5 0.032

 Antithyroid peroxidase antibody (IU/mL) 216.4 + 287.0 251.4 + 500.2 0.831

 Antithyroglobulin antibody (IU/mL) 503.0 + 1009.0 355.6 + 1131.0 0.723

 Vitamin D (ng/mL) 21.7 + 11.1 21.6 + 9.2 0.967

 Erythrocyte sedimentation rate (ESR) (mm/hr) 29.3 + 20.4 33.0 + 22.9 0.697

 C-Reactive protein (CRP) (mg/L) 8.3 + 11.3 9.0 + 12.0 0.898

Thyroid ultrasound

 Enlarged thyroid gland (%) 32.1 25.6 0.591

 Heterogenous (%) 49.1 60.5 0.306

 Hypervascular (%) 39.6 40.7 0.976
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Additional file 1: Figure S1. The use of carbimazole during the thyroid 
uptake and scan according to the uptake and scan diagnosis. Figure S2. 
Percentage of the ordered thyroid uptake and scan per year.

Abbreviations
GD: Graves’ disease; TMNG: Toxic multinodular goiter; TRAb: Thyroid receptor 
antibodies; Anti-TPO: Anti-thyroid peroxidase antibody; CRP: C-Reactive pro-
tein; ESR: Erythrocyte sedimentation rate; TSH: Thyroid stimulating hormone; 
FT4: Free thyroxine; FT3: Free triiodothyonine; HLA: Human leukocyte antigen.

Acknowledgements
We are extremely grateful to the Research Ethics Committee and to the staff 
at the Nuclear Medicine and Radiology department at Al-Hada Armed Forces 
Hospital for facilitating data acquisition.

Authors’ contributions
KA led the writing of the manuscript and statistical analysis. SAA, RMA, AA, 
ASA, SSA, and NA collected the data and assisted with writing and revision of 
the manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used in this study are available from the corresponding author 
upon request.

Ethics approval and consent to participate
The study was approved by the Research Ethics Committee at Al-Hada Armed 
Forces Hospital (reference number: 19200).

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details
1 Department of Medicine, Taif University School of Medicine, Taif, Saudi 
Arabia. 2 Taif University School of Medicine, Taif, Saudi Arabia. 

Received: 21 April 2020   Accepted: 27 June 2020

References
	1.	 De Leo S, Lee SY, Braverman LE. Hyperthyroidism. The Lancet. 

2016;388(10047):906–18.
	2.	 Vanderpump MPJ. Epidemiology of thyroid disorders. The thyroid and its 

diseases. Berlin: Springer; 2019. p. 75–85. https​://doi.org/10.1007/978-3-
319-72102​-6_6.

	3.	 Alam Khan M, Khan Muzaffar Ali, Akhtar Shamim. Thyroid Disorders, 
Etiology and Prevalence. Journal of Medical Sciences (Faisalabad). 
2002;2(2):89–94.

	4.	 Weetman A. Recommended management of thyroid disorders. Pre-
scriber. 2016;27(12):31–8.

	5.	 van Soestbergen MJM, van der Vijver JCM, Graafland AD. Recur-
rence of hyperthyroidism in multinodular goiter after long-term 
drug therapy: a comparison with Graves’ disease. J Endocrinol Invest. 
1992;15(11):797–800.

	6.	 Okosieme OE, Lazarus JH. Current trends in antithyroid drug treatment of 
Graves’ disease. Expert Opin Pharmacother. 2016;17(15):2005–17.

	7.	 Kahaly GJ, Diana T, Olivo PD. TSH receptor antibodies: relevance & utility. 
Endocr Pract. 2020;26(1):97–106.

	8.	 Giovanella L, Avram AM, Iakovou I, Kwak J, Lawson SA, et al. EANM 
practice guideline/SNMMI procedure standard for RAIU and thyroid 
scintigraphy. Eur J Nuclear Med Mol Imag. 2019;46(12):2514–25.

	9.	 Meier DA, Kaplan MM. Radioiodine uptake and thyroid scinti scanning. 
Endocrinol Metab Clin North Am. 2001;30(2):291–313.

	10.	 Kumar KVSH, Vamsikrishna P, Verma A, Muthukrishnan J, Meena U, et al. 
Evaluation of thyrotoxicosis during pregnancy with color flow Doppler 
sonography. Int J Gynecol Obstetr. 2008;102(2):152–5.

This table shows a comparison based on thyroid uptake scans results between Grave’s disease and Toxic solitary/multinodular goiter. The means and standard 
deviations are used for quantitative variables like the age, thyroid uptake scan and laboratory parameter. Percentages are used to express all other qualitative data. An 
independent sample t-test is used to identify significant differences between variables, and p-values ≤0.05 are considered significant

Table 3  (continued)

Variables Grave’s disease Toxic solitary/multinodular 
goiter

P value

 Bilateral lymph node enlargement (%) 18.9 30.2 0.297

 Unilateral lymph node enlargement (%) 1.9 0.0

 Multiple lymph node enlargement (%) 15.1 38.4 0.008

 Single lymph node enlargement (%) 13.2 15.1

Thyroid uptake and scan

 Heterogenous (%) 3.8 57.0 < 0.001

 Homogenous (%) 96.2 43.0

 Mean uptake (%) 19.7 + 16.2 16.0 + 6.4 0.598

Biochemical diagnosis

 Subclinical hyperthyroidism 22.6 45.3 0.039

 Hyperthyroidism 67.9 43.0

 Euthyroidism 3.8 9.3

 T3 thyro-toxicosis 1.9 1.2

 Hypothyroidism 1.9 0.0

 Subclinical hypothyroidism 1.9 1.2

https://doi.org/10.1186/s13104-020-05164-5
https://doi.org/10.1186/s13104-020-05164-5
https://doi.org/10.1007/978-3-319-72102-6_6
https://doi.org/10.1007/978-3-319-72102-6_6


Page 9 of 9Alswat et al. BMC Res Notes          (2020) 13:324 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	11.	 Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, et al. 2016 
American thyroid association guidelines for diagnosis and manage-
ment of hyperthyroidism and other causes of thyrotoxicosis. Thyroid. 
2016;26(10):1343–421.

	12.	 Alzahrani A, Ceresini G, Aldasouqi S. Role of ultrasonography in the 
differential diagnosis of thyrotoxicosis: a noninvasive, cost-effective, 
and widely available but underutilized diagnostic tool. Endocr Pract. 
2012;18(4):567–78.

	13.	 Malabu UH, Alfadda A, et al. Graves’ disease in Saudi Arabia: a ten-year 
hospital study. J Pak Med Assoc. 2008;58(6):302–4.

	14.	 Brix Thomas, Kyvik Kirsten, Christensen Kaare, Hegedüs Laszlo. Evidence 
for a major role of heredity in graves’ disease: a population-based study of 
two danish twin cohorts 1. J Clin Endocrinol Metab. 2001;86:930–4. https​
://doi.org/10.1210/jcem.86.2.7242.

	15.	 Li Y, et al. Association between HLA-B* 46 allele and Graves disease in 
Asian populations: a meta-analysis. Int J Med Sci. 2013;10:164.

	16.	 Paavonen T. Hormonal regulation of immune responses. Ann Med. 
1994;26:255–8.

	17.	 Gietka-Czernel M. The thyroid gland in postmenopausal women: physiol-
ogy and diseases. Menopause Rev. 2017;16(2):33–7.

	18.	 Barnholt KE, Hoffman AR, Rock PB, Muza SR, Fulco CS, Braun B, Holloway 
L, Mazzeo RS, Cymerman A, Friedlander AL. Endocrine response to 
acute and chronic high-altitude exposure (4300 meters): modulating 
effects of caloric restriction. Am J Physiol. 2006;290:1078–88. https​://doi.
org/10.1152/ajpen​do.00449​.2005.

	19.	 Castilho EM, Glass ML, Manço JC. The effects of 2, 3-diphosphoglycer-
ate, adenosine triphosphate, and glycosylated hemoglobin on the 
hemoglobin-oxygen affinity of diabetic patients. Braz J Med Biol Res. 
2003;36:731–7.

	20.	 Siriwardhane T, Krishna K, Ranganathan V, et al. Significance of anti-TPO 
as an early predictive marker in thyroid disease. Autoimmune Dis. 2019. 
https​://doi.org/10.1155/2019/16840​74.

	21.	 Hani Donkol Ragab, Nada Aml Mohamed, Boughattas Sami. Role of color 
doppler in differentiation of graves’ disease and thyroiditis in thyrotoxico-
sis. World J Radiol. 2013;5(4):178–83.

	22.	 Smith JJ, Croft BY, Brookeman VA, Teates CD. Estimation of 24-hour 
thyroid uptake of I-131 sodium iodide using a 5-minute uptake of 
technetium-99m pertechnetate. Clin Nucl Med. 1990;15:80–3.

	23.	 ACR–SPR practice parameter for the performance of scintigraphy and 
uptake measurements for benign and malignant thyroid disease. Ameri-
can College of Radiology website; 2019. https​://www.acr.org/-/media​
/ACR/Files​/Pract​ice-Param​eters​/thy-scint​.pdf?la=en. Accessed 12 Feb 
2020.

	24.	 Werner SC, Ingbar SH, Braverman LE, Utiger RD. Werner & Ingbar’s the 
thyroid: a fundamental and clinical text. 9th ed. Philadelphia, Pa.: Lip-
pincott Williams & Wilkins; 2005. Permalink: https​://lib.ugent​.be/catal​og/
ebk01​:10000​00000​75371​7.

	25.	 Cappelli C, Pirola I, De Martino E, et al. The role of imaging in Graves’ 
disease: a cost-effectiveness analysis. Eur J Radiol. 2008;65(1):99–103.

	26.	 Schwartz F, Bergmann N, Zerahn B, Faber J. Incidence rate of sympto-
matic painless thyroiditis presenting with thyrotoxicosis in Denmark as 
evaluated by consecutive thyroid scintigraphies. Scand J Clin Lab Invest. 
2013;73(3):240–4.

	27.	 Intenzo CM, de Papp AE, Jabbour S, Miller JL, Kim SM, Capuzzi DM. Scinti-
graphic manifestations of thyrotoxicosis. RadioGraphics. 2003;23:857–69. 
https​://doi.org/10.1148/rg.23402​5716.

	28.	 Shrestha SK, Karmacharya K, Giri M, Bajracharya MR, Jha S. Relationship of 
thyroid peroxidase antibody test with abnormal thyroid function tests. J 
Pathol Nepal. 2017;7:1172–5.

	29.	 M Boyanov, D Bakalov, G Sheinkova. Levels of thyroid autoantibodies in 
patients with graves’ disease and graves’ ophtalmopathy. Turkish Journal 
of Endocrinology and Metabolism published by Galenos Publishing. 
2010; 14: 50–3. http://www.turkj​em.org/fullt​ext/level​s-of-thyro​id-autoa​
ntibo​dies-in-patie​nts-with-grave​s-disea​se-and-grave​s-ophta​lmopa​thy-
origi​nal-artic​le-3332.

	30.	 Hoang JK, Oldan JD, Mandel SJ, Policeni B, Agarwal V, Burns J, Bykowski 
J, Harvey HB, Juliano AF, Kennedy TA, Moonis G. ACR appropriateness 
criteria® thyroid disease. J Am College Radiol. 2019;16(5):S300–14.

	31.	 Panneerselvan R, Schneider DF, Sippel RS, Chen H. Radioactive iodine 
scanning is not beneficial, but its use persists for euthyroid patients. J 
Surg Res. 2013;184(1):269–73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1210/jcem.86.2.7242
https://doi.org/10.1210/jcem.86.2.7242
https://doi.org/10.1152/ajpendo.00449.2005
https://doi.org/10.1152/ajpendo.00449.2005
https://doi.org/10.1155/2019/1684074
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/thy-scint.pdf%3fla%3den
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/thy-scint.pdf%3fla%3den
https://lib.ugent.be/catalog/ebk01:1000000000753717
https://lib.ugent.be/catalog/ebk01:1000000000753717
https://doi.org/10.1148/rg.234025716
http://www.turkjem.org/fulltext/levels-of-thyroid-autoantibodies-in-patients-with-graves-disease-and-graves-ophtalmopathy-original-article-3332
http://www.turkjem.org/fulltext/levels-of-thyroid-autoantibodies-in-patients-with-graves-disease-and-graves-ophtalmopathy-original-article-3332
http://www.turkjem.org/fulltext/levels-of-thyroid-autoantibodies-in-patients-with-graves-disease-and-graves-ophtalmopathy-original-article-3332

	Scintigraphy evaluation of hyperthyroidism and its correlation with clinical and biochemical profiles
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Patients and methods
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Limitations
	Acknowledgements
	References




