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Abstract 

Background This manuscript aims to describe the symptoms, demographics, surgical approaches and techniques, 
the volume of surgical interventions, histological results, intra- and postoperative complications, and postoperative 
results in patients with anterior mediastinal tumors of thyroid origin (AMTTO).

Methods Twenty patients with AMTTO were operated between 2017 and 2021. Fifteen were women and 5 were 
men. The mean age was 66.8 years.

Results The most common histology was nodular micro- and macrofollicular goiter (15/20, 75%). Kocher cervi-
cotomy (65%) was the preferred approach. Total thyroidectomy was performed in 95% of patients. Intraoperative 
complications were identified in 25% (5/20), and in 2 patients a tracheostomy was required. Early postoperative com-
plications were established in 65% and the most common was unilateral transient recurrent nerve paresis or paralysis 
and dysphonia (25%).

Conclusions Commonly resection of AMTTO is a challenge due to its complexities associated with high-risk cases, 
emphasizing the need for experienced centers in managing such cases.
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Introduction
The three-compartment cross-sectional imaging model 
of the mediastinum includes anterior, middle, and pos-
terior compartments [1]. Tumors of the anterior medi-
astinum are the most common group and they include 

thymic masses, lymphomas, germ-cell neoplasms, and 
tumors of thyroid origin. Mediastinal tumors of thyroid 
origin are most often secondary and they originate from 
the thyroid gland, descending progressively to the medi-
astinum from the neck.

This manuscript aims to describe the symptoms, demo-
graphics, surgical approaches and techniques, the volume 
of surgical interventions, histological results, intra- and 
postoperative complications, and postoperative results in 
patients with anterior mediastinal tumors of thyroid ori-
gin (AMTTO).
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Materials & methods
For the period of 5  years (2017 to 2021), 20 patients 
with AMTTO were operated by the same surgeon at 
the Thoracic Surgery Department. Chest x-ray, cervical/
thoracic ultrasound, and computed tomography (CT) 
imaging modalities were performed. One year follow-up 
was conducted. The symptoms, demographics, surgical 
approaches, surgical techniques, the volume of surgi-
cal interventions, histological results, intra- and postop-
erative complications, and postoperative results were 
recorded.

All patients signed informed consent for all the pro-
cedures as a part of their hospital stay. Local Ethi-
cal Committee approved the study (Ethics Committee 
of the Department of Respiratory Diseases, number 
1/16.08.2022).

Results
The mean age was 66.8  years (34–84  years) and the 
majority of patients were female (15/20, 75%).

AMTTO caused symptoms in 18/20 (90%) of patients. 
The major complaints were neck swelling (17/20, 85%), 
shortness of breath, and fatigue (each in 14/20, 70%) 
(Fig.  1). Less common symptoms include chest tight-
ness and pain (4/20, 20%), superior vena cava syndrome 
(edema, collaterals of the head, neck, upper limbs, and 
anterior chest wall) (4/20, 20%), cough (3/20, 15%), 
hoarseness (2/20, 10%), palpitations (1/20, 5%), upper 
limb swelling (1/20, 5%), dysphagia (1/20, 5%), limb pain 
and pathological fracture due to primary hyperparathy-
roidism (1/20, 5%). In 2 patients the disease was asymp-
tomatic and was detected on prophylactic ultrasound 
thyroid follow-up.

Physical examination revealed a diffusely enlarged 
thyroid gland with a nodular surface, painless on pal-
pation, dense-elastic consistency, poor mobility, and 
mediastinal descendance. Stridor and hoarseness were 
present in 4 patients (20%). The majority of patients were 
euthyroid (19/20, 95%), and 1 patient was with hypo-
thyroidism. It should be noted that 1 patient was with 
hyperparathyroidism.

The most common concomitant disease was arterial 
hypertension (14/20, 70%). In 5 patients (25%) a recur-
rent disease was diagnosed after previous surgery: 3—
nodular goiter; 1—adenoma of a parathyroid gland; 
1—paraganglioma. In 2 patients (10%) a synchronous 
tumor was detected (1—carcinoma of the left auricle; 1—
breast cancer).

CT was performed in all 20 patients (100%). The lesions 
were presented as heterodense masses with hypodense 
nodules, calcifications, and cystic areas, and after intra-
venous contrast administration, they increased their 
density inhomogeneously (Fig.  2). Cervical and/or tho-
racic ultrasound found nodular goiter with intrathoracic 
propagation, iso- and hypoechoic nodules, microcalcifi-
cations, cystic lesions, heteroechoic formations, vascular 
compression and thrombosis, and pathological cervical 
lymphadenomegaly.

The formation engages both lobes, but predominantly 
the right lobe in 8 patients (40%) and the left lobe in 3 
patients (15%). In 4 patients (20%) its origin was entirely 
from the left lobe, and in 2 patients (10%)—from the right 
lobe. Only one case had a true mediastinal recurrent 
paraganglioma. Tracheal compression or stenosis on CT 
scan was present in 12 patients (60%) with a minimum 
diameter of 3  mm and was combined with esophageal 

Fig. 1 Symptoms in patients with AMTTO
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compression in 4 patients. It affected the adjacent vas-
cular structures and caused innominate vein stenosis or 
compression (9/20, 45%), jugular vein compression (3/20, 
15%), subclavian vein compression (1/20, 5%), aortic arch 
compression (1/20, 5%), common carotid artery com-
pression (1/20, 5%), subclavian artery thrombosis (1/20, 
5%), subclavian vein thrombosis (1/20, 5%), and jugular 
vein dilatation (1/20, 5%).

Preoperative fiberoptic bronchoscopy was performed 
in all 20 patients (100%) and it found tracheal compres-
sive narrowing or stenosis (10/20, 50%), erased surface of 
tracheal rings (8/20, 40%), paresis of one vocal cord (3/20, 
15%), of two vocal cords, tracheal deviation, edematous 
vocal cords (1 patient each, 5%). Vocal cord paresis was 
defined as decreased but perceptible motion and paraly-
sis implied vocal fold immobility.

Sixty-five percent of patients were operated by cervicot-
omy (13/20). The other approaches were cervicotomy + par-
tial sternotomy (2 patients, 10%), cervicotomy + total 

sternotomy (2 patients, 10%), cervicotomy + lateral/ante-
rolateral minithoracotomy (2 patients, 10%), or only rester-
notomy (1 patient, 5%) (Fig. 3). In 19 patients (95%) a total 
thyroidectomy was performed, and in 1 patient (5%)—uni-
lateral subtotal lobectomy. Additional surgical procedures 
were: tracheostomy (2 patients, 10%), segmental tracheal 
resection and plasty (1 patient, 5%), thymectomy (1 patient, 
5%); resection of a main venous vessel (2 patients, 10%—
brachiocephalic vein and internal jugular vein – 1 patient; 
resection of brachiocephalic vein – 1 patient).

The main part of AMTTO histology was benign, as 
nodular micro- and macrofollicular goiter (15/20, 75%) 
was the most common histology. Other less common 
causes were: invasive fibrous thyroiditis (Riedel’s thy-
roiditis) (2 patients), follicular adenoma (2 patients), 
combined anaplastic + papillary thyroid carcinoma, pap-
illary carcinoma, low-grade thyroid carcinoma, thyroid 
paraganglioma and recurrent paraganglioma of thyroid 
origin, recurrent parathyroid adenoma (with dimensions 

Fig. 2 CT scan revealing a retrosternal goiter. A Axial image. B Sagittal image

Fig. 3 Intraoperative images. A Collar neck incision and proximal partial sternotomy with the left thyroid lobe mobilized. B A view after performing 
total thyroidectomy for nodular goiter (truncus brachiocephalicus was hanged on a tourniquet)
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of 14/7  mm in diameter), and follicular microfollicular 
mixed with fetal adenoma (1 patient each) (Fig.  4). In 
addition, from all 15 patients with goiter 11 were resected 
only through neck collar incision.

All patients underwent R0 resection except the patient 
with low-differentiated carcinoma (1/20, 5%), which had 
macroscopically positive resection lines and a protective 
tracheostomy was performed.

Additional surgical procedures were: tracheostomy (2 
patients, 10%), segmental tracheal resection and plasty 
(1 patient, 5%), thymectomy (1 patient, 5%); resection of 

a main venous vessel (2 patients, 10%—brachiocephalic 
vein and internal jugular vein – 1 patient; resection of 
brachiocephalic vein – 1 patient).

Intraoperative complications were present in 25% of 
patients (5/20) – 1—small laceration of the lung, 1—mild 
laceration of the esophageal wall musculature, 1—small 
lesion of the internal jugular vein; in 2 patients (10%) a 
tracheostomy was required due to tracheal infiltration 
and bilateral recurrent laryngeal nerve injury and sub-
sequent respiratory failure (Fig.  5). Postoperative com-
plications were divided into two groups: early- (within 

Fig. 4 Postoperative specimens. A Retrosternal nodular goiter—right and left lobes. B Recurrent malignant mediastinal paraganglioma of thyroid 
origin

Fig. 5 Intraoperative complications
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30 days) and late-onset (more than 30 days). Early post-
operative complications were present in 65% (13/20): 5—
unilateral transient recurrent nerve paresis or paralysis 
and dysphonia (25%), 2 – pleural effusion (10%), 1—bilat-
eral recurrent nerve paralysis (5%) (this case is one of the 
two who underwent tracheostomy), 1—acute respiratory 
failure and communication between the two pleural cavi-
ties (5%), 1—a mild expiratory collapse of the membra-
nous wall of the trachea (5%), 1—COPD exacerbation 
(5%), 1 – temporary, and 1—permanent hypocalcemia 
and hypoparathyroidism (5% each) (Fig. 6). The 5 patients 
with unilateral recurrent nerve paresis or paralysis were 
evaluated postoperatively for persistence or resolution 
of vocal cord weakness with the help of flexible laryngo-
scopy, which revealed full restoration of function. Only 
the patient with bilateral RLN paralysis and tracheos-
tomy had persistent RLN damage but due to its advanced 
oncologic stage medialization or thyroplasty procedures 
were not indicated. This patient had damaged vocal cord 

function and bilateral paresis before the surgery. There 
were no late postoperative complications.

The mean hospital stay was 11  days (3–35  days). In a 
one-year follow-up, 19 patients were alive and in good 
overall condition.

Discussion
This manuscript describes our 5-year experience with 
AMTTO.

The majority of mediastinal goiters are diagnosed in 
the sixth decade of life with a female-to-male ratio of 3:1 
[2]. The mean age of patients in our study was 66.8 years 
and women were more affected with a female/male ratio 
of 3:1 which confirms the previous findings.

The most common symptoms in patients with intratho-
racic goiter are cervical mass (45.8%), dyspnea and 
coughing (9.5%), hyperthyroidism (7.6%), dysphonia 
(3%), dysphagia (2.6%), emergency surgery for acute res-
piratory failure due to tracheal obstruction (1.9%), vein 

Fig. 6 Early postoperative complications
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compression (1.5%) [3]. Uncommon presentation could 
be esophageal varices with bleeding [4], superior vena 
cava syndrome, cerebral edema, or transient ischemic 
events [5]. The so-called ‘downhill’ esophageal varices in 
AMTTO could develop due to superior vena cava syn-
drome and functionate as collaterals to bypass superior 
vena cava occlusion via the azygos vein or to drain the 
superior system to the portal vein in case of both the 
superior vena cava and the azygos vein are blocked [4]. In 
our study, AMTTO caused symptoms in 90% of patients. 
We identified neck swelling (85%) and shortness of breath 
and fatigue (70%) as the most common symptoms.

CT is the gold standard in preoperative diagnosis, 
evaluation, and staging of AMTTO. Most intrathoracic 
goiters present in the right mediastinum as thyroidal 
appendages and expansion in the left mediastinum is 
hampered by the thymus gland and the great vessels of 
the middle mediastinum [4]. In our study, the origin was 
predominantly from the two lobes of the thyroid gland 
(55%) and the right lobe was affected more often than the 
left one.

A heterogeneous prevascular mediastinal mass that 
demonstrates continuity with the cervical thyroid gland, 
is intrinsically hyperattenuating (with Hounsfield unit 
values of 70–85 due to the presence of iodine), and dem-
onstrates intense and sustained enhancement after intra-
venous contrast medium points towards a mediastinal 
goiter [1]. Scintigraphy with Tc-99  m, I-123, or I-131 is 
the most important diagnostic tool to detect extratho-
racic thyroid gland [5].

Surgery is indicated in all AMTTO due to the risk of 
progressive enlarging in size with consequent compres-
sive symptoms, malignant degeneration, and the need 
for histological diagnosis. Tracheal compression causing 
dyspnea was one important factor for surgery irrespec-
tive of the level. The tracheal stenosis was quantified by 
fiberoptic bronchoscopic examination and CT scan. Of 
note are the two cases with Riedel’s thyroiditis. Usually, 
the treatment of Riedel’s thyroiditis includes steroids, 
immune modulators, tamoxifen, etc. Surgery in this set-
ting is reserved for steroid-resistant cases, severe adverse 
effects of medical therapy, suspicion of malignancy, and 
for relieving obstructive symptoms. In the first case, 
surgery was performed due to the significant tracheal 
compression, and CT data indicating malignancy and 
negative preoperative histological diagnosis by transcuta-
neous fine-needle biopsy. In the second case, the surgery 
was performed due to dyspnea because of critical endo-
luminal tracheal stenosis and an inconclusive preopera-
tive endoscopic biopsy for malignant disease.

Surgical approaches include cervicotomy a modo 
Kocher, thoracotomy, sternotomy, and video-assisted and 
robotic-assisted surgeries. Our team do conventionally 

cervicotomy as an 8- to 10-cm curvilinear incision one 
finger breadth above the sternal notch. In this study, the 
preferred approach in 65% of patients with AMTTO is 
also Kocher cervicotomy only. Some of the described tech-
niques to mobilize substernal thyroids out into the neck 
are the following: commence with mobilization of the 
smaller lobe; preservation of parathyroid glands, especially 
the superior ones; division of the strap muscles; isthmot-
omy; separately extirpation of the two lobes; mobiliza-
tion of the upper thyroid lobes and traction of the gland 
towards the head [6]. However, a sternotomy is indicated 
when a lesion is large, descends deeply in the mediastinum, 
or is with retrovascular location. Very often these lesions 
are long-standing and thus, have dense adhesions with 
the surrounding main blood vessels and airways, recur-
rent nerves, trachea, and esophagus, which implies a great 
risk of complications with cervicotomy only. Maneuvers 
involving blind dislocation of the gland from the mediasti-
num towards the neck (e.g., Foley catheter applied through 
the cervical incision) are discouraged due to the high risk 
of hemorrhage or damage to adjacent structures located 
in the thoracic inlet [2]. A thyroid volume of ≥ 162  cm3 
extending below the thoracic inlet is a significant deter-
mining factor for an extra-cervical approach [7]. Unfortu-
nately, we have not measured for all target volumes. Other 
indications of median sternotomy are a goiter extended 
below the aortic arch or tracheal bifurcation, and medi-
astinal ectopic thyroid tissue [8]. One study reported the 
Kocher incision as the most common surgical approach 
(96.6%), while an accessory incision was performed only 
in 3.4% [3]. Thirteen patients in our study were operated 
by Kocher cervicotomy (65%). Extracervical approach was 
used in 30% of this patient group in a preplanned fash-
ion—in all patients with adding total sternotomy/thora-
cotomy to cervicotomy, in the resternotomy case, and in 
1 patient with cervicotomy + partial proximal sternotomy. 
In the other patient with cervicotomy + partial proximal 
sternotomy extracervical approach (5%) was used after the 
neck approach was unsuccessful. All planned extracervical 
approaches were executed and no one was cancelled. In 
these cases, it was impossible to perform the surgery only 
through the neck collar incision. The higher rate of pre-
planned extracervical approach could be explained with 
that as the leading clinic for thoracic surgery most of our 
patients were complicated. In addition, robotic-assisted 
procedures were not used, because of Da Vinci Robotic 
Surgical System is not available in our clinic. The thora-
coscopic approach was very risky in this patient popula-
tion due to the malignant histology, anatomic localization, 
adjacent infiltration, higher bleeding risk and therefore not 
applicable. According to our study, we found some fac-
tors with elevated risk for extra-cervical approach. From 
all 7 patients with extra-cervical approach superior vena 
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cava syndrome was present in 2 patients in comparison 
to 2 cases in the cervicotomy group. From 7 patients with 
extra-cervical approach malignant histologic results were 
proved in 4 patients in comparison to one 1 case in the 
cervicotomy group. In all 7 patients with extra-cervical 
approach, there was a descendance to aortic arch or tra-
cheal bifurcation compared to only 8 cases in the cervico-
tomy group (Table 1).

According to one study, 58.5% of the retrosternal 
goiters were multi-nodular goiter, 22.9% were papillary 
cell carcinoma, 7.1% were medullary carcinoma, 5.7% 
were combined anaplastic + papillary carcinoma, 5.7% 
were thyroid lymphoma, and only 1.4% were thyroid 
adenoma [9]. In our study, the main part of AMTTO his-
tology was benign, as nodular micro- and macrofollicu-
lar goiter (15/20, 75%) was the most common histology. 
Other histologic types were: invasive fibrous thyroidi-
tis (10%), follicular adenoma (10%), combined anaplas-
tic + papillary thyroid carcinoma, papillary carcinoma, 
low-grade thyroid carcinoma, paraganglioma and recur-
rent paraganglioma, recurrent parathyroid adenoma, 
and microfollicular partial fetal adenoma (5% each). The 
mediastinal parathyroid adenoma was included in this 
article because of its closely related embryogenesis and 
anatomical proximity to the thyroid gland. Moreover, the 
patient had also a synchronous goiter.

Some of the reported postoperative complications are 
tracheal collapse, RLN injury, prolonged mechanical ven-
tilation, secondary hypoparathyroidism/hypocalcemia, 
hemorrhage, and wound infection. Tracheomalacia pre-
sents with low incidence (0–2%) after resection of sub-
sternal goiters [2]. Other authors stated, that transient 
hypocalcemia occurs in 11.9% [7]. Rates of permanent 
RLN injury following substernal goiter surgery are 2–4% 
[8]. In our study, the intraoperative complications were 
present in 25% of patients (5/20) and the most common 
early postoperative complications (65%) were unilateral 
transient recurrent nerve paresis or paralysis and dys-
phonia (5/20, 25%). Our team used RLN identification as 
the well-accepted gold standard during thyroidectomy. 
There are four different surgical approaches (lateral, infe-
rior, superior, and medial) that help in intraoperative 

identification of RLN [10]. To note, the anatomical posi-
tion of the nerve is commonly distorted, it must be iden-
tified at the cricothyroid junction or near the inferior 
thyroid artery, and careful management of Berry’s liga-
ment is necessary, because of its proximity to the RLN 
[6]. Laryngeal electromyography (EMG) monitoring dur-
ing surgery was not used by our team, because its effec-
tiveness in AMTTO is controversial and our facility lacks 
the relevant equipment. Moreover, some articles stated 
that presently there is no conclusive data for the supe-
riority or inferiority of IONM over intraoperative RLN 
visualization only for the prevention of RLN damage [11]. 
We attribute the relatively high complication rate to the 
large dimensions of the tumors, long-standing disease 
history, mediastinal tumor position, and the predomi-
nantly used cervical approach, which hinders the view of 
dissection.

Non-surgical therapy with radioactive iodine ablation 
should be reserved only where general anesthesia is inap-
propriate because it can also result in an acute inflam-
matory process that exacerbates clinical compression, 
potentially threatening the patient’s airway [8].

We are obligated to mention some limitations of this 
study, for instance, the small patient population, con-
sisting of 20 patients. Moreover, as a highly-specialized 
center for thoracic surgery diseases, most of the patients 
referred to our clinic are complicated cases, with recur-
rent diseases, often with aggressive and advanced cancers. 
Therefore, this may produce some bias in our results. For 
example, in our study, there is a very high rate of malig-
nancy of the thyroid, including relatively uncommon 
variants. We found also only 75% of the patients have a 
multinodular benign goiter in comparison to the results 
from a large series of substernal thyroid masses from 
developed countries, where its rate is > 90%. Despite this, 
we would like to emphasize the high medical significance 
of our study, as it encompasses a heterogenous group of 
AMTTO, which was not described elsewhere in the medi-
cal literature till now according to our data. Our study 
serves as inspiration stimulating more centers to create a 
large multicentric prospective study not only for AMTTO 
but for thyroid tumors of all mediastinal compartments.

Conclusions
Surgery is the method of first choice in all patients with 
AMTTO due to the risk of progressive increase in tumor 
size with subsequent compression symptoms, malignant 
degeneration, and histological verification. Cervicotomy 
was the most preferred approach and nodular micro- and 
macrofollicular goiter was the most common histology. 
Commonly resection of AMTTO is a challenge due to its 
complexities associated with high-risk cases, emphasizing 
the need for experienced centers in managing such cases.

Table 1 Factors, associated with elevated risk for extra-cervical 
approach in AMTTO

Cervicotomy 
only (13 
patients)

Extra-cervical 
approach (7 
patients)

Superior vena cava syndrome 2 (15.38%) 2 (28.57%)

Malignant histology 1 (7.69%) 4 (57.14%)

Descendance to aortic arch/
tracheal bifurcation

8 (61.54%) 7 (100%)
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