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SUMMARY
OBJECTIVE: Various therapeutic methods are employed to reduce thyroid gland compression of the trachea. Differences in the amount 

of shrinkage in the thyroid gland, in the amount of amelioration of tracheal compression, and in the amount of fibrosis after treatment 

may occur with these different methods. Although the compression of the trachea decreases after thyroidectomy, the number of studies 

showing the extent of this is limited. The purpose of this study was to investigate the effect of thyroidectomy performed due to tracheal 

compression, to reveal the extent of improvement using magnetic resonance imaging (MRI), and to evaluate our results.

METHODS: In total, 30 patients, i.e., 24 women and 6 men, with tracheal compression secondary to thyroid gland enlargement and 

undergoing total thyroidectomy were included in this study. MRI performed before surgery and 6 months after surgery. The amount of 

deviation from the tracheal midline and the tracheal lateral and anteroposterior (AP) diameters were measured, compared, and subjected 

to statistical analysis. 

RESULTS: Statistical analysis revealed significant differences between pre- and postoperative tracheal deviations, and lateral and AP 

diameters (p<0.001, p<0.001, and p=0.006, respectively). Histopathologically, benign or malignant pathology caused no significant 

difference in the postoperative improvement of tracheal anatomy (p=0.348 and p=0.148, respectively).

CONCLUSIONS: Thyroidectomy performed due to tracheal compression provides significant improvement in tracheal anatomy. Due to 

its rapid and effective results, thyroidectomy should be one of the first options considered in the treatment of thyroid diseases with 

compression findings. 
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INTRODUCTION
The term “goiter” refers to the abnormal growth of the thyroid 
gland. Growth of the thyroid gland can lead to symptoms such 
as swelling in the neck, shortness of breath, hoarseness, and 
swallowing difficulty by compressing surrounding structures 
such as the trachea, esophagus, recurrent laryngeal nerve, and 
the internal jugular vein. Due to slow progression and patient 

adaptation, it may often not be diagnosed. Objective find-
ings in the presence of tracheal compression emerge in respi-
ratory function tests when approximately 50% of the trachea 
is affected1.

Tests used to evaluate the volume of an enlarged thyroid 
gland include ultrasonography, computed tomography, mag-
netic resonance imaging (MRI), and thyroid scintigraphy. 
Due to its high sensitivity and the greater anatomical detail it 
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provides, MRI is regarded as more useful in treatment planning 
and follow-up compared with other methods2,3.

Total thyroidectomy and radioactive iodine therapy are the 
therapeutic methods that can be applied in patients with goi-
ter and tracheal compression4,5. Differences may be observed 
in the extent of shrinkage in the thyroid gland, the amount of 
tracheal compression amelioration, and the amount of fibro-
sis after treatment among the different therapeutic methods 
employed in reducing thyroid gland compression of the trachea. 
Several studies have shown that thyroidectomy contributes to 
tracheal airflow6,7. However, the number of studies concern-
ing changes occurring in the structure of the trachea following 
thyroidectomy is insufficient. 

The purpose of this study was to investigate the effect of 
thyroidectomy performed due to tracheal compression, reveal 
the extent of improvement using MRI, and evaluate our results.

METHODS
The study commenced following the receipt of Ataturk University 
Medical Faculty Clinical Research Ethical Committee approval 
(decision no. 15, session no. 07, dated November 29, 2018). 
A total of 30 patients with tracheal compression secondary to 
thyroid gland enlargement and who had undergone total thy-
roidectomy at the Ataturk University Medical Faculty Ear, Nose, 
and Throat Department, Turkey, were included in this study. 
Patients with previous histories of neck surgery, revision cases, 
who were undergoing lobectomy and hemithyroidectomy, with 
a history of neck radiotherapy, or receiving radioactive iodine 
therapy were excluded. 

Extracapsular total thyroidectomy was performed on all 
patients using the same standardized technique. Age, gen-
der, preoperative and postoperative deviation in the trachea 
and compression regions, and histopathological results were 
recorded for all the cases included in this study. 

MRI of the neck (Siemens Magnetom Avanto 1.5 T MRI 
Scanner) was performed in the axial, sagittal, and coronal 
planes from the epiglottis to the carina. This procedure was 
performed in a mean 30 days before surgery and 180 days post-
operatively. T1- and T2-weighted images were obtained with 
1.5 T MRI at a section thickness of 5 mm. Coronal plane T1- 
or T2-weighted MRI was used to measure the degree of devi-
ation of the trachea. Before measurement, following the selec-
tion of the section in which the trachea was seen most clearly 
and in its entirety, the air intensity was enhanced by inclusion 
in the minimum intensity projection (MinIP) algorithm, and 
measurements were subsequently performed. At preoperative 
MRI, the midline of the neck was identified, and the area 
where the trachea deviated most from the midline was marked. 

The  distance between the trachea at this level and the midline 
was then measured manually.

At postoperative MRI, the amount of deviation improve-
ment was determined by measuring the distance between the 
trachea at the same level and the midline. The amount of tra-
cheal compression and the degree of postoperative improve-
ment were determined using T1- or T2-weighted MRI in 
the axial plane. At preoperative MRI, the narrowest part of the 
trachea in the regions where the thyroid gland compressed 
the trachea was identified, and the lateral and anteroposterior 
(AP) tracheal diameters were measured manually. At postop-
erative MRI, the lateral and AP diameters were measured at 
the same level to determine the amount of improvement in 
the tracheal lumen. 

The study data were recorded and analyzed using SPSS 
version 22.0 software. Descriptive statistics were shown as 
mean±standard deviation, median (minimum–maximum), 
percentage, and frequency distributions. The normality of the 
distribution of variables was tested using the histogram chart 
method based on the Kolmogorov-Smirnov test and skewness 
coefficients. The Wilcoxon test, Mann-Whitney U test, and 
Spearman’s Rho correlation test were employed to evaluate 
variables before and after surgery. The p<0.05 were regarded 
as statistically significant.

RESULTS
A total of 30 patients were included in this study, i.e., 24 
(80%) women and 6 (20%) men. The patients’ mean age was 
50.23±10.82 years, ranging between 29 and 70. Based on the 
histopathology results, 53.3% of the removed thyroid tissues 
were malignant, and 46.7% were benign. The mean speci-
men weight of the 30 patients was 113.27±54.50 g, ranging 
between 50 and 262 g.

MRI images of changes in preoperative and postoperative 
tracheal deviations are shown in Figure 1A, and those of changes 
in preoperative and postoperative lateral and AP tracheal diam-
eters are shown in Figure 1B. AP and lateral tracheal diameters, 
levels of deviation, and amounts of improvement measured 
at pre- and postoperative MRI are summarized in Table 1. 
Statistically significant differences were observed between pre- 
and postoperative tracheal deviations, tracheal lateral diameters, 
and tracheal AP diameters (p<0.001, p<0.001, and p=0.006, 
respectively) (Table 2). 

Benign or malignant thyroid diseases had no significant 
effect on the levels of deviation and tracheal AP diameter, 
although lateral tracheal diameters were significantly lower in 
benign masses (p=0.190, p=0.771, and p=0.011, respectively). 
Benign or malignant thyroid diseases produced no significant 
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Figure 1. (A) Magnetic resonance image of the change in 
pre- and postoperative tracheal deviations. (B) Magnetic 
resonance image of the change in pre- and postoperative 
tracheal lateral and anteroposterior diameters. 

Table 1. Anteroposterior and lateral tracheal diameters, deviation, and improvements therein measured using preoperative 
and postoperative magnetic resonance imaging (minimum, maximum, and mean±standard deviation).

Minimum Maximum Mean±standard deviation

Preoperative deviation (mm) 7.0 28.0 13.96±4.61

Preoperative lateral diameter (mm) 6.0 15.0 10.97±2.42

Preoperative AP diameter (mm) 6.3 30.0 13.26±4.22

Postoperative deviation (mm) 2.5 13.5 7.93±2.86

Postoperative lateral diameter (mm) 12.0 18.0 14.87±1.65

Postoperative AP diameter (mm) 11.0 21.0 14.29±2.48

Deviation improvement (mm) 0.50 19.00 6.03±4.34

Lateral diameter improvement (mm) 0.00 10.00 3.90±2.48

AP diameter improvement (mm) -9.00 7.00 1.03±2.78

Table 2. Preoperative and postoperative tracheal deviations, as well as lateral and anteroposterior tracheal diameters.

Preoperative Postoperative p-value

Tracheal deviation measure (mm) 13.25 (7.00–28.00) 7.75 (2.5–13.5) <0.001

Tracheal lateral diameter (mm) 11.00 (6.00–15.00) 15.00 (12.00–18.00) <0.001

Tracheal AP diameter (mm) 12.50 (6.30–30.00) 14.00 (11.00–21.00) 0.006

AP: anteroposterior.

difference in terms of postoperative improvement of tracheal 
deviation, lateral tracheal diameter, or AP tracheal diameter 
(p=0.348, p=0.148, and p=0.950, respectively).

The substernal extension of the thyroid gland was present 
in 18 cases (60%). The postoperative improvement of tracheal 

deviation was significantly greater in patients with the subster-
nal extension of the thyroid gland (p=0.034). No significant 
difference was observed in the amount of improvement in lat-
eral or AP tracheal diameters between cervical and substernal 
goiters (p=0.241 and p=0.226, respectively). 

No significant relationship was observed between age and 
degrees of improvement in tracheal deviation or lateral tra-
cheal diameter. However, a significant moderate correlation 
was observed between age and the amount of improvement in 
AP diameter. Improvement in AP diameter increased with age 
(p=0.121, p=0.608, and p=0.025, respectively). 

The weight of tracheal tissue that was removed had no 
significant effect on the amount of improvement in tracheal 
deviation or lateral and AP diameters (p=0.545, p=0.080, and 
p=0.211, respectively). Histopathological findings did not sig-
nificantly affect the size of thyroid tissue removed during sur-
gery as a result of pathology (p=0.371).

DISCUSSION
Thyroidectomy is the most frequently employed therapeu-
tic technique in goiter patients with compression symptoms. 
One potential alternative to surgery is radioactive iodine ther-
apy5. However, radioactive iodine therapy involves undesirable 
radiation-associated side-effects, such as thyroiditis, transient 
hyperthyroidism, Graves-like hyperthyroidism, and some-
times a 15–25% increase in thyroid dimensions. In addition, 
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a decrease in thyroid volume occurs over the long term. 
The absence of such side-effects and immediate resolution of 
compression symptoms are the important advantages of goi-
ter patients undergoing thyroidectomy8. Significant improve-
ments in tracheal stenosis and deviation were also observed 
following thyroidectomy performed due to tracheal compres-
sion in this study. 

The internal diameters of the trachea are of vital importance 
in the passage of air to the lungs via the upper respiratory tracts. 
According to the Hagen-Poiseuille law, the resistance to flow 
through a tube is inversely proportional to the fourth power 
of the radius of the tube if the flow is laminar. At higher rates, 
the flow can become turbulent and further increase resistance. 
Deformities arising in the trachea following compression produce 
a significant increase in airflow resistance by reducing the space 
of the tracheal airway. A 50% decrease in the internal diameter 
increases resistance 16-fold and up to 32 times if a turbulent 
flow develops. Following thyroidectomy, the deformity in the 
trachea is improved, and the airflow decreases significantly9.

The changes in tracheal parameters and respiratory func-
tions which follow other therapeutic methods employed to 
reduce the effect of thyroid gland pressure have also been inves-
tigated. Improvements have been shown in tracheal parame-
ters and respiratory functions 6–12 months after treatment in 
patients receiving radioactive iodine therapy, either alone or 
in combination with recombinant human thyroid-stimulat-
ing hormone (TSH) (rhTSH)5,10,11. However, the number of 
studies on the extent of postoperative improvement in areas 
of tracheal stenosis and tracheal deviation causing preopera-
tive symptoms following thyroidectomy performed due to tra-
cheal compression is limited. Previous studies have evaluated 
the effect of thyroidectomy on upper airway obstruction using 
pulmonary function tests6,7.

Sorensen et al. showed that thyroidectomy produced sig-
nificant improvements in tracheal anatomy and airflow in 
patients with benign nodular goiter and tracheal compression 
and that this was also correlated with an improved quality of 
life. Those authors also reported that the improvement in tra-
cheal parameters was greater in patients with substernal goi-
ter6. Similarly in this study, greater improvement was observed 
in patients with substernal goiter. Additionally, those authors 
reported a marked relationship between benign thyroid tissue 
volume and improvement in both tracheal anatomy and also 
airflow6. The amount in line with the weight of the thyroid 
tissue removed in this study, although no significant relation-
ship was determined between the weight of tissue removed and 
improvement in tracheal deviation or stenosis. 

Greenblatt et al. evaluated swallowing functions in goiter 
patients after thyroidectomy using the swallowing quality of 

life questionnaire and reported significant improvement in 
swallowing functions in the postoperative period12. Wang et al. 
showed that all deviated tracheas returned to their normal posi-
tions after 2–3 months postoperatively and that mean tracheal 
diameters increased significantly on the follow-up radiographs 
of goiter patients with retrosternal extension13. 

Ayabe et al. reported that performing hemithyroidec-
tomy due to acute tracheal obstruction resulting from a large 
benign goiter in an 80-year-old woman and that the tracheal 
lumen returned to normal postoperatively although malacia 
was present in the tracheal wall due to prolonged compres-
sion14. Geelhoed reported the subsequent course and out-
come in patients undergoing thyroidectomy due to tracheal 
compression and subsequently developing tracheomalacia15. 
Tracheomalacia is a troubling problem that makes thyroidec-
tomy difficult in patients with longstanding or recurrent tra-
cheal compression. No tracheomalacia or associated problem 
was observed in any patients in this study. 

One particular strength of this study is that both benign 
and malignant diseases were included. The principal limita-
tions are the low patient number, female predominance in 
terms of gender distribution, the fact that no analysis regarding 
this could be performed, and the single-center nature of the 
research. This study should currently be supported by further 
multicenter studies with larger case numbers.

CONCLUSIONS
Thyroidectomy due to tracheal compression was found to pro-
vide significant improvements in tracheal deviation, compres-
sion, and deformity. We think that, due to its rapid and effec-
tive results, thyroidectomy should represent the first treatment 
option in thyroid diseases that compress the surrounding tissues 
and that urgent thyroidectomy will enhance patient comfort 
and quality of life.
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