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Abstract:

We describe the clinical course of two patients who developed tracheal compression and deviation by
multinodular goiter (MNG). Case 1: A 66-year-old woman presented with thyroid swelling. Five years after
the initial admission, she was diagnosed with hyperthyroidism by Graves’ disease and increased bilateral thy-
roid lobes compressing the trachea. Thyroglobulin was elevated from 210 to 472 ng/mL. Case 2: A 52-year-
old woman presented with thyroid swelling. Five years after the initial admission, the increased right lobe de-
viated the trachea and compressed the right recurrent laryngeal nerve. Thyroglobulin was elevated from 122
to 392 ng/mL. Two cases and literature review indicated that MNG with >50 mm, solid components, and ex-
tension to the mediastinum or paralarynx were risk factors of tracheal compression and deviation. Monitoring

thyroglobulin elevation can help predict the clinical course.
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Introduction

Benign thyroid nodules are detected quite frequently in
general clinical practice. Despite unremarkable thyroid
physical examination findings, thyroid nodules are identified
by an ultrasound evaluation in up to 50% of the general
population (1). It is generally accepted that iodine deficiency
is the most common environmental factor associated with
benign thyroid nodules.

Multinodular goiter (MNG) constitutes nodular hyperpla-
sia of thyroid follicular cells and causes approximately 30%
of thyroid nodules (2). When a thyroid nodule >10 mm in
size is documented by ultrasound, fine-needle aspiration cy-
tology (FNAC) is indicated on the basis of features associ-
ated with malignancy (3). When malignancy is denied fol-
lowing ultrasound and FNAC examinations, observation by

ultrasound is indicated (3).

Treatment for MNG includes surgery, "'l radioiodine, and
thyroid-stimulating hormone (TSH) suppression by levothy-
roxine (4). However, few patients with MNG require sur-
gery. Mediastinum MNG is an established surgical indica-
tion based on evidence that the lower thyroid pole tends to
increase in size due to negative pressure and gravity in the
thoracic cavity (5, 6). Because most nodules do not substan-
tially grow during five years of follow-up (7), there have
been few case reports regarding other clinical features asso-
ciated with MNG progression.

We herein report two patients admitted to our clinic be-
cause of MNG who required surgery for tracheal compres-
sion and deviation after progression. We also describe the
current literature involving patients who required surgery for
relief of tracheal compression and deviation.
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Literature search via PubMed and Ichu-Shi databases
(Jan. 2010 to July 2019)

“thyroid”
+
“benign tumor” or “benign goiter”
+
“tracheal deviation” or* tracheal compression ” or “dyspnea” or
“upper airway deviation” or “upper airway compression”

160 articles

Initial review
(titles and abstracts)

Clinical studies and case reports involving tracheal deviation or
compression due to thyroid nodules

No
134 articles

— | Excluded

Clinical studies and case reports involving malignant tumors,
intra-tumor hemorrhaging, and benign tumors
without tracheal compression and deviation

Yes
Excluded

Second review Yes
(full texts) 26 articles

6 articles

No
20 articles

Included in literature summary |

Figure 1. Flow chart of literature review selection process.

Biochemical parameters

In our case presentation, the concentrations of TSH, free
thyroxine (T4), thyroglobulin (Tg), Tg autoantibody (TgAb),
TSH receptor autoantibody (TRAD), and thyroid peroxidase
autoantibody were evaluated using an electrochemilumines-
cence immunoassay (ECLusys; Roche Diagnostics,
Rotkreuz, Switzerland); the reference ranges of these pa-
rameters are 0.27-4.2 pU/mL, 1.0-1.8 ng/dL, <33.7 ng/mL,
<28 TU/mL, <2.0 TU/mL, and <16 TU/mL, respectively.

Literature review

We conducted a literature search to identify publications
regarding progression of MNG causing tracheal compression
and deviation. Original articles and case reports published
from January 2010 to July 2019 were surveyed on July 31,
2019, using the following keywords: “thyroid”; “benign tu-
mor” or “benign goiter”’; and “tracheal deviation” or “tra-
cheal compression” or “dyspnea” or “upper airway devia-
tion” or “upper airway compression.” The search was per-
formed in both PubMed and a Japanese database, Ichu-Shi
web. The titles and abstracts were reviewed by two authors
(T.T. and S.I.). Publications in languages other than English,
as well as articles/reports involving malignant tumors, intra-
tumor hemorrhaging, and benign tumors without tracheal
compression and deviation, were excluded from this review

(Fig. 1).

Case Reports

Case 1

A 66-year-old woman was admitted to our clinic because
of diffuse goiter. Her thyroid function test (TFT) results re-
vealed euthyroid status, with TSH level of 0.387 pU/mL and
free T4 level of 1.53 ng/dL. Her Tg level was elevated to
210 ng/mL, although her TgAb findings were negative.
Transverse thyroid ultrasound revealed diffuse swelling of
the bilateral thyroid lobes (right lobe width: 31.6 mm, right
lobe depth: 21.9 mm, left lobe width: 36.2 mm, left lobe
depth: 31.5 mm, isthmus depth: 12.4 mm) and a solid nod-
ule with indistinct boundaries (largest diameter: 40 mm) in
the left lobe (Fig. 2a). FNAC did not reveal any cytologi-
cally significant findings associated with malignancy. The
patient was diagnosed with MNG and recommended to un-
dergo annual ultrasound observation.

Five years after initial admission, the patient was diag-
nosed with Graves’ disease and began thiamazole therapy
with TSH level of 0.04 uU/mL and free T4 level of 1.82 ng/
dL. Her TRAD level was elevated to 4.8 IU/mL. She had
wheezing and mild dyspnea on exertion, but her symptoms
improved following the normalization of TFT by thiamazole.
A general clinical workup to rule out cardiovascular and res-
piratory disease did not show any significant findings.

Two years after she had been diagnosed with Graves’ dis-
ease, the patient was referred to our clinic due to chest pain
during exertion. On admission, she had shortness of breath.
However, a general clinical workup to rule out cardiovascu-
lar and respiratory disease did not show any significant find-
ings, except for stridor in the upper airway. Her TFT results
revealed euthyroid status, with TSH level of 1.40 pU/mL
and free T4 level of 1.11 ng/dL. No history of hypothyroid-
ism was observed before the admission. Her TRADb level
was elevated to 5.0 IU/mL, and her Tg level was elevated to
472 ng/mL. Her TgAb finding was negative.

Transverse thyroid ultrasound demonstrated considerable
enhancement of the left lobe volume compared with the in-
itial admission (right lobe width: 32.9 mm, right lobe depth:
27.2 mm, left lobe width: 48.8 mm, left lobe depth: 34.2
mm, isthmus depth: 17.9 mm; Fig. 2b). Nodules docu-
mented during the initial admission were difficult to detect.
Computed tomography (CT) revealed nodular swelling of
bilateral thyroid lobes and tracheal compression (Fig. 2c).
Her estimated thyroid volume was 196 mL. Her chest pain
and shortness of breathing were suggested to correlate with
tracheal compression. Thus, total thyroidectomy was per-
formed to prevent suffocation.

A histopathological evaluation demonstrated multiple
nodular lesions with thyroid follicles. The nodules exhibited
partial capsular formation. The patient’s histopathological di-
agnosis was consistent with MNG (Fig. 2d, e).
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Imaging findings and histopathological evaluation results of the patient in case 1. Trans-

verse thyroid ultrasound on initial admission (a) revealed diffuse swelling of bilateral thyroid lobes.

Thyroid ultrasound (b) and cervical computed tomography (c) on subsequent admission (due to

shortness of breath) showed enlargement of the bilateral thyroid lobes and tracheal compression. A

macroscopic analysis of the nodules demonstrated partial capsular formation (d). A microscopic anal-

ysis (Hematoxylin and Eosin staining, x200) showed features consistent with multinodular goiter (e).

Case 2

A 52-year-old woman was admitted to our clinic because
of diffuse goiter that had begun 5 years prior. Her TFT re-
sults revealed euthyroid status, with TSH level of 0.477 pU/
mL and free T4 level of 1.00 ng/dL. Her Tg level was ele-
vated to 122 ng/mL, although her TgAb and thyroid peroxi-
dase autoantibody findings were negative. Transverse thyroid
ultrasound demonstrated diffuse swelling of the thyroid
gland with right lobe predominance (right lobe width: 27.8
mm, right lobe depth: 23.8 mm, left lobe width: 11.1 mm,
left lobe depth: 10.2 mm, isthmus depth: 1.7 mm; Fig. 3a).
A heterogeneous solid nodule (largest diameter: 43 mm) was
observed in the right lobe. FNAC results were suggestive of
follicular neoplasm. The patient was therefore recommended
to undergo an annual examination. One year after initial ad-
mission, ultrasound revealed that the nodule had grown to
50 mm, while the FNAC findings were unchanged from the
prior admission. However, the patient was then lost to
follow-up.

Five years after the initial admission, the patient was re-
admitted to our clinic because of hoarseness and dysphagia.
General clinical workup to rule out cardiovascular and respi-
ratory disease did not show any significant findings. Stridor
was not auscultated. However, right vocal cord incomplete
paralysis was noted on an endoscopic examination. Her TFT
results revealed euthyroid status with TSH level of
0.400 pU/mL and free T4 level of 1.13 ng/dL. Her Tg level
was elevated to 392 ng/mL, although her thyroid autoanti-

body findings were all negative (TRAb <0.3 IU/mL, TgAb
<10 TU/mL, and thyroid peroxidase autoantibody <9 IU/
mL). Transverse thyroid ultrasound revealed that the right
lobe volume (width: 58.4 mm, depth: 39.3 mm; Fig. 3b) had
increased compared with the initial admission. The nodule
in the right lobe had grown to 62 mm in diameter. CT re-
vealed a heterogeneous nodule with indistinct boundaries in
the right lobe as well as tracheal deviation (Fig. 3c). Her es-
timated thyroid volume was 169 mL.

Hemi-thyroidectomy of the right lobe was performed to
relieve tracheal deviation and right recurrent laryngeal nerve
compression. Her hoarseness and dysphagia completely re-
covered after the surgery. A histopathological evaluation re-
vealed a nodular lesion with follicles of various sizes. The
nodules exhibited unclear capsular formation. Hemorrhaging
and fibrosis were observed in the interstitial tissue. The pa-
tient’s histopathological diagnosis was consistent with MNG
(Fig. 3d, e).

Discussion

MNG is one of the most common benign findings on an
ultrasound evaluation of thyroid nodules (2). Most instances
of MNG do not exhibit growth during five years of follow-
up (7). Accordingly, there are limited indications for surgical
treatment of MNG.

We conducted a literature search to identify publications
regarding progression of MNG causing tracheal compression
and deviation. Publications involving malignant tumors,
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Imaging findings and histopathological evaluation results of the patient in case 2. Trans-

verse thyroid ultrasound on initial admission (a) revealed diffuse swelling of the thyroid gland with

right lobe predominance. On subsequent admission (due to hoarseness and dysphagia), the trachea

was deviated to the left by a large heterogeneous nodule in right lobe, detected by ultrasound (b) and

cervical computed tomography (c). A macroscopic analysis of the right lobe showed hemorrhaging
and fibrosis in the interstitial tissue (d). A microscopic analysis (Hematoxylin and Eosin staining,
x200) revealed features consistent with multinodular goiter (e).

intra-tumor hemorrhaging, and benign cases without tracheal
compression and deviation were excluded from this review
(Fig. 1).

Twenty publications (8-27) including 42 patients were re-
viewed based on the evaluation method summarized in
Fig. 1. Table presents the clinical characteristics, thyroid
sizes, nodule sizes and characteristics, and TFT results of all
included publications and our two patients. Nineteen of the
publications (8-26) were case reports, while one was an
original article (27). The mean patient age was 64 years old.
Women were most frequently affected (man-to-woman ratio
of 9:33). The most common symptoms were dyspnea and
dysphagia. Increased edema, secretion, bleeding due to res-
piratory disease, and a smoking habit were identified as risk
factors (24).

The total median transverse length of the bilateral thyroid
lobes in 5 patients (1 evaluated by histopathology and 4
evaluated by CT) (9, 17, 26) was 82 (62-98) mm. The me-
dian thyroid volume was 275 (range, 156-800) mL in 8§ pa-
tients (6 evaluated by histopathology and 2 evaluated by
CT) (10, 22). A case series involving 65 asymptomatic pa-
tients with upper way obstruction reported by Sorensen et
al. (28) revealed a median thyroid volume of 58 (14-642)
mL, as determined by magnetic resonance imaging. Our lit-
erature review suggested that the symptoms of the patients
were associated with increasing thyroid volume.

The median diameter of the main thyroid nodule in 10

patients (4 evaluated by histopathology and 6 evaluated by
CT) (8, 15, 16, 20, 21, 24, 25) was 91 (50-150) mm. The
minimum thyroid nodule diameter was 50 mm in our pa-
tients with tracheal compression and deviation. An indica-
tion of surgery for benign nodules >40 mm in size is thus
reasonable in accordance with the current guidelines (3). Bi-
lateral nodules were documented on preoperative CT in 15
of the 29 cases. Consistent with an established surgical indi-
cation of MNG (5, 6), 26 of 29 cases had MNG that ex-
tended to the mediastinum. In contrast, 7 of 29 cases had
MNG that extended to the paralarynx. The main nodule con-
sisted of solely solid components in 15 of 29 cases. Cystic
nodules were observed in only 2 of 29 cases.

TFT results were reported for 42 patients. Notably, 13 of
the 42 patients showed hyperthyroidism (10-12, 18, 22, 27),
despite the TFT data not being severe. Thyroglobulin levels
were not present in the reviewed literature. However, obvi-
ous Tg elevation was observed in both of our patients.

According to the guidelines of the American Thyroid As-
sociation (3), nodules >40 mm in size that tend to grow de-
spite benign cytology findings and those with the potential
to compress adjacent organs are recommended for surgery.
Our two patients had a natural history of MNG requiring
surgical treatment, although the reviewed literature did not
describe the time course of MNG progression.

A surgical indication for MNG causing tracheal compres-
sion and deviation is rare in the clinical setting. However,
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Table.

Compression and Deviation.

Clinical Characteristics of Previously Reported Patients with Multinodular Goiter Requiring Surgery for Tracheal

Summary of reviewed case

Total Case 1 Case 2 reports [8-26] [27]
Age (years) 64 66 52 60+£16* 72+9%
Patients number 42 1 1 27 13
Sex (M/F) 9/33 0/1 0/1 7/20 2/11
Chief complaint™* Dyspnea 20 0 0 18 2
Dysphagia 9 0 1 2 6
Shortness of breath 5 1 0 4 0
Dysphonia 3 0 0 1 2
Chest pain 3 1 0 2 0
Hoarseness 1 0 1 0 0
Facial edema 1 0 0 1 0
Unconsciousness 1 0 0 1 0
Wheezing 1 0 0 1 0
Coldness 1 0 0 1 0
Discoloration 1 0 0 1 0
Paresthesia 1 0 0 1 0
Cough 1 0 0 0 1
Thyroid size Total transverse length of 82 (62-98)*** n=5 82 69 90 (62-98)*** n=3 ND
the bilateral lobes (mm)
Volume (mL) 275 (156-800)***, n=8 196 169 340 (156-800)***, n=6 ND
Nodule size Diameter (mm) 91 (50-150)*** n=10 ND 62 93 (50-150)*** n=9 ND
Localization of Bilateral lobe 15 0 0 15 ND
nodule Right lobe 7 0 1 6 ND
Left lobe 7 1 0 6 ND
Direction of nodular ~ Mediastinum 26 1 1 24 ND
extension™* Paralarynx 7 0 1 6 ND
Components of solid 15 1 1 13 ND
nodule mixed 8 0 0 8 ND
cystic 2 0 0 2 ND
Thyroid function Hyperthyroid 13 0 1 6 6
Euthyroid 28 1 0 20 7
Hypothyroid 1 0 0 1 0
TSH (uU/mL) 0.40 (0.003-2.1)*** n=7 1.40 0.40 0.345 (0.0003-2.1)**%*, n=5 ND
Free T4 (ng/dL) 1.11 (0.9-1.25)*** n=7 1.11 1.13 1.1 (0.9-1.25)*%** n=5 ND
Thyroglobulin level on initial admission /at 166 (122-210)*** 210/472  122/392 ND/ND ND/
surgery (ng/mL) /432 (392-472)*** n=2 ND

Data are shown as number unless otherwise indicated.

ND: not determined, *: mean+standard deviation, **: multiple complaints or phenotypes were acceptable, ***: median (range)

the time course of MNG progression may be predicted
based on the clinical features. Alfonso et al. reported a case
series involving 273 benign thyroid nodules that underwent
surgical treatment. Approximately 22% of the affected pa-
tients experienced dyspnea or dysphagia. However, only
2.3% experienced acute progression requiring emergent sur-
gery. In addition, they reported that tracheal deviation and
thyroiditis were risk factors for MNG progression (29). Rios
et al. also reported that patients with a high risk of progres-
sion to tracheal compression were those who had nodules
with intrathoracic components and those >55 years old with
observational periods of >10 years (30). There is a possibil-
ity that other factors (except nodule size) may contribute to
tracheal compression associated with MNG progression. Our
literature review suggests that MNG with solid components
that extend to the mediastinum or paralarynx are frequently

observed in cases with tracheal compression and deviation.
Kadhim et al. (31) reported that excess iodine intake in-
creased the possibility of tracheal compression on thyrotoxi-
cosis in five patients with MNG. The patient in case 1 was
diagnosed with Graves’ disease during follow-up. Graves’
disease is a common cause of hyperthyroidism, due to dif-
fuse swelling and enhanced blood flow to the thyroid gland,
involving TRAD (32); notably, the production of TRAb can
stimulate the enlargement of the thyroid volume. In our lit-
erature review, no etiology was stated for 9 of the 12 pa-
tients with hyperthyroidism, and 3 were diagnosed with
toxic MNG (10-12, 18, 22, 28). Ten of the 12 patients were
reported from Europe. The prevalence of toxic MNG in
Europe is known to be extremely high compared to that in
Japan (33). The development of hyperthyroidism may thus
be regarded as a potential cause of MNG progression. How-
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ever, further studies will be necessary to consider the etiol-
ogy of hyperthyroidism.

Tg is a secretory protein synthesized by the endoplasmic
reticulum of the thyroid gland; its primary functions include
the storage of iodide and production of thyroid hor-
mone (34). Under normal conditions, a small amount of Tg
is detected in serum. However, the production of Tg can be
enhanced by the presence of tumors originating from thyroid
follicular cells and by stimulation with TRAb. The destruc-
tion of thyroid follicular cells by inflammation can also con-
tribute to elevated serum Tg levels. Elevated Tg is common
in various thyroid diseases, including differentiated thyroid
carcinomas and benign nodules, Graves’ disease, destructive
thyroiditis, and elevation of TSH induced by primary hypo-
thyroidism (35). Therefore, it is difficult to distinguish
whether a thyroid nodule is benign or malignant based on a
spot Tg analysis alone. A serum Tg analysis of TgAb-
positive samples should be presumed to carry high risks of
both false negative and false positive results (36). However,
our two patients exhibited Tg elevation from their initial ad-
mission until surgical treatment of tracheal compression. Tg
monitoring over time in a single patient may help predict
the progression of the thyroid volume.

The main limitation of our literature review was that it in-
cluded a small number of patients with sufficient laboratory
data and imaging. Most patients did not undergo extensive
preoperative clinical examinations because of the require-
ment for emergent surgery. A large multicenter study is
therefore necessary to confirm our findings.

In conclusion, our report of two cases and review of the
literature indicated that observation of nodules with solid
components that extended to the mediastinum or paralarynx
by imaging modalities and a time-course assessment of se-
rum Tg level could predict tracheal compression and devia-
tion, especially in MNG with a diameter >50 mm.
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