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Abstract: Surgical removal is the recommended treatment for retrosternal goitre. This can be successfully achieved through 

a cervical incision in most cases, however occasionally a thoracic approach is required. Being able to predict the need for 

sternotomy would improve logistical efficiency, saving time and money, and allow patients to be better informed 

preoperatively. The aim of this study was to determine whether analysing thyroid volume on preoperative CT scans could help 

predict the use of sternotomy. To the best of our knowledge this is the first study investigating this. A retrospective study was 

conducted on 64 patients who underwent thyroidectomy for retrosternal goitre at the Golden Jubilee National Hospital, 

Scotland, between 2012-2016. Patient demographic information and pathological reports were obtained from databases. 

Preoperative CT scans were used for volumetric analysis. The total volume, the volume inferior to the level of the sternal notch 

(intrathoracic volume), and the anteroposterior diameter of the thoracic inlet were measured. An index of relative goitre size 

was calculated by dividing intrathoracic volume by thoracic inlet diameter. Mann-Whitney U tests and Fisher’s exact tests were 

used to analyse continuous and categorical variables respectively. Goitres were successfully removed by a cervical incision 

alone in 55 patients, while thoracic intervention was needed in 9 cases (13.3%). Intrathoracic volume (p=0.0091) and 

volumetric index (p=0.0033) were significantly larger in those requiring sternotomy. Total volume was not significantly 

different. All other variables measured were similar in both groups. Our results suggest that assessing intrathoracic volume of 

goitre is useful in predicting the need for sternotomy. However, it is not able to completely rule out thoracic intervention. The 

volumetric index is likely to be a better predictor than volume alone. 
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1. Introduction 

Goitre, the abnormal swelling of the thyroid gland, is 

usually confined to the front of the neck, and can be managed 

with relative ease. However, very large goitres can migrate 

inferiorly from the neck into the mediastinum. This 

phenomenon is known as retrosternal goitre. The terms 

substernal, mediastinal and intrathoracic are also used in the 

literature to describe thyroid tissue in the mediastinum. 

Goitres have the tendency to extend inferiorly due to 

anatomical constraints in every other direction, namely the 

strap muscles, thyroid cartilage and the vertebral bodies. [1] 

Downward migration is encouraged by the traction of 

swallowing, negative intrathoracic pressure and gravity. [2] 

A short neck with short cervical trachea, and the presence of 

well-developed neck muscles may also facilitate downward 

extension of the goitre. [3] 

Retrosternal goitre is most often diagnosed in the 6
th

 

decade of life, and is around 4 times more likely in females. 

[4] The literature about incidence of malignancy in 

retrosternal goitre is conflicting, but has been stated as 

between 3 and 21%. [5] Certain studies show a higher 

incidence of malignancy in retrosternal goitre compared to 

cervical goitre, [6] while other sources claim the incidence is 

no higher. [7] 

There is no clear consensus on what exactly characterises 

retrosternal goitre, and a myriad of different definitions can 
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be found in the literature. These range from simply any goitre 

which extends below the plane of the thoracic inlet, to more 

stringent criteria, such as having greater than 50% of the total 

volume found in the mediastinum, or extending at least 3cm 

below the suprasternal notch. The incidence of retrosternal 

goitre varies substantially across the literature, mainly due to 

these differences in definition. [8] One study showed that the 

incidence of retrosternal goitre in their group of patients 

could vary from 2.8% to 48%, if using the most and least 

restrictive definitions respectively. [8] 

Retrosternal goitres can be classified as primary or 

secondary. Secondary retrosternal goitres are those which 

extend inferiorly from the original position in the neck. 

Primary intrathoracic goitres are formed from ectopic thyroid 

tissue located in the mediastinum. They are not connected to 

the cervical thyroid and receive their blood supply from 

mediastinal vessels, as opposed to branches of the inferior 

thyroid artery. [9] Primary intrathoracic goitres are 

uncommon, making up less than 1% of retrosternal goitres. 

[10] 

Retrosternal goitres are usually slow-growing and are 

often asymptomatic for years. A multicentre study showed 

that 27% of retrosternal goitre patients were asymptomatic 

when admitted for surgery. [6] Large retrosternal goitres can 

cause symptoms due to compression of surrounding 

structures, especially at the thoracic inlet region where any 

large mass between the rigid manubrium and vertebrae is 

likely to compress other structures. [5] Over 50% of 

retrosternal goitre patients are affected by respiratory 

problems occurring due to compression of the trachea, 

including dyspnoea, choking and hoarseness. Compression of 

the oesophagus causes around a third of patients to 

experience dysphagia. [11] Less frequently it can affect 

vascular or neural structures, manifesting as problems such 

as superior vena cava syndrome in 5-9% of patients [11] or 

Horner’s syndrome. [10] There is usually an uncomfortable 

mass in the neck, however up to 30% of retrosternal goitres 

are barely palpable. [7] In addition, patients may experience 

the effects of thyroid dysfunction which can accompany 

goitre. 

Medical treatment is largely futile and only temporary, 

producing only a partial reduction in the size of goitre. 

Surgical removal of the goitre, known as thyroidectomy, 

offers a definitive treatment. It is generally agreed that 

surgery should be performed for retrosternal goitre, even in 

the absence of symptoms. This is because a sudden 

enlargement of the goitre can be life-threatening, and because 

malignancy could be missed. Performing fine-needle 

aspiration biopsy on retrosternal goitre is both difficult and 

dangerous, with risk of mediastinal bleeding preventing 

reliable sampling of the intrathoracic portion. [3] 

Most retrosternal thyroidectomies are performed using a 

cervical approach. This involves making a horizontal incision 

in the neck, usually measuring 3 or 4 inches. The strap 

muscles are separated, and thyroid blood vessels are 

identified and ligated. Care must be taken to identify the 

recurrent laryngeal nerve, and an effort should be made to 

locate and preserve the parathyroid glands. The gland is 

delivered up out of the neck using gentle upward traction 

over the superior pole. [12] If only one thyroid lobe is 

affected, while the other is normal, then a lobectomy may be 

performed instead of a total thyroidectomy. 

When the goitre cannot be removed using a cervical 

approach, an extracervical approach is required. Success 

rates of greater than 99% have been reported using the 

cervical approach, [12] while other studies have shown that 

up to 30% of patients require thoracic intervention. [13] 

Again, the incidence of extra-cervical approach being 

required is affected greatly by which definition of retrosternal 

goitre is used. Most studies state an incidence of around 10% 

or lower. In most cases when the goitre cannot be removed 

through the cervical incision, the surgeons opt to perform a 

full median sternotomy. Other thoracic approaches may be 

utilised such as manubriotomy or posterolateral thoracotomy, 

especially if the goitre extends into the posterior 

mediastinum. 

Although the goitre is more likely to be successfully 

removed if sternotomy is utilised, a cervical approach is the 

recommended method because of preferable morbidity and 

mortality outcomes. The most common complications 

include bleeding, recurrent laryngeal nerve injury, hoarseness 

and hypoparathyroidism. These are uncommon thanks to 

good modern surgical technique. Tracheomalacia is another 

complication that has been well-described in the literature, 

however it is very rare. One large study study compared 

morbidity between the two surgical approaches for 

retrosternal goitre, and did not find any significant 

differences in complications. [6] Unplanned postoperative 

intubations and transfusions are required more often in 

patients undergoing a transthoracic approach. [14] These 

results may be affected by selection bias, as patients 

requiring sternotomy may have larger goitres which could be 

the reason for the increased complications, and the surgeon 

may be more willing to accept greater blood loss during 

sternotomy. Sternotomy is associated with pulmonary 

complications such as pneumothorax, atelectasis and 

pneumonia. [15] Sternotomy also leaves a large scar, causes 

greater pain and has greater chance of wound infection. The 

cervical approach is also preferable as the surgery is quicker 

and it is associated with shorter postoperative hospital stay. 

[6] 

The consensus is that the best approach is to always aim to 

perform the thyroidectomy via the cervical approach, and the 

decision to use sternotomy should only be made 

intraoperatively once every effort has been made to safely 

remove the goitre through the neck. Thyroidectomy is 

usually performed by head and neck, ENT, endocrine or other 

similar surgical specialties. However, it is thoracic surgeons 

who perform sternotomy and other thoracic procedures. This 

means that both surgical teams must be present at the 

operation, even though the services of the thoracic surgeon 

are only required in a minority of cases. 

Getting both surgical teams together at the same time can 

take a significant amount of planning. As was the case in this 
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study, the surgical teams can be located at separate hospitals. 

If this is the case it involves working in an unfamiliar 

environment, which could affect the performance of the 

surgery. The thoracic surgeon’s time could be better spent on 

other patients. Patient movement can add to the financial 

expense. 

If there was a way of knowing preoperatively whether 

sternotomy is needed, it could improve planning and enable 

better use of resources. It would save money, improve safety 

and make the process more efficient logistically. Having a 

better understanding of what the operation will involve, 

allows more accurate information to be discussed with the 

patient preoperatively and aids in their decision to consent. 

Currently there is no definitive way of determining 

whether sternotomy will be needed. Studies have identified 

various factors associated with the need for sternotomy. 

Many studies have investigated the anatomical position of the 

goitre, with inferior extension being the most prevalent 

characteristic. Various studies have claimed different 

amounts of inferior extension are significant, with the 

following landmarks being identified: inferior to the aortic 

arch, [5, 16-19] or below the carina. [20-22] Evidence 

consistently claims that posterior mediastinal goitres are 

more likely to require thoracic intervention than anteriorly 

located goitres [16, 17, 21, 22]. Mercante et al. 2011, 

developed a classification system based on anatomical 

position to predict extracervical surgery. [23] 

Sternotomy is required for most primary intrathoracic 

goitres. [12, 21] Thyroid tissue density determined from CT 

scans was identified as a strong predictor of sternotomy by one 

study. [22] Longer history of retrosternal goitre before surgery, 

[16] fibrosis or scarring from prior radiation or surgery [11] 

and right sided goitre [17] have been stated to be risk factors 

for sternotomy. Many believe malignancy is a risk factor for 

sternotomy. [19] Recently a large study showed no statistical 

difference in malignancy between surgical approaches. [14] 

Some studies where it was not shown to be a risk factor, still 

state that they think it does contribute towards need for 

sternotomy due to invasion of surrounding structures and any 

nodal infiltration. [10] It has been highlighted that the rate of 

sternotomy is likely to be lower if performed by experienced 

surgeons in high volume centres. 

Size and shape of goitre influence risk of sternotomy. 

‘Conical’, ‘iceberg-‘ and ‘dumbbell-shaped’ are associated 

with sternotomy. These shapes are problematic as the 

thoracic inlet acts as a ring of constriction. Essentially when 

the goitre is wider than the thoracic inlet, sternotomy is more 

likely to be required [19, 20]. Estimated volume has been 

suggested as a factor, and the weight of the excised glands 

has been shown to be significant, [10] however nobody has 

quantitatively measured volume. 

CT scans are the imaging modality of choice and should be 

done on all patients with retrosternal goitre. [2, 11, 21] In this 

retrospective study, a segmentation tool was used to measure 

goitre volume on CT scans, to investigate the relationship 

between volume and surgical approach. By performing 

volumetric analysis and reviewing other clinical data we 

aimed to determine whether goitre volume was related to risk 

of sternotomy. To the best of our knowledge this is the first 

time this has been done. 

2. Materials and Methods 

A retrospective study of all thyroidectomies performed at 

the Golden Jubilee National Hospital (GJNH), a regional 

cardiothoracic centre in Scotland, was undertaken. 64 

patients met our criteria and were included for volumetric 

analysis. 

Demographic information including date of birth and 

gender was collected for each patient using a patient 

database. Referral and discharge letters, and operation notes 

were reviewed to gather information on the named 

procedure, operation date, surgical approach, surgeons 

involved, complications and any additional information that 

was thought to be relevant. Pathological information was 

obtained from pathology reports. 

Volumetric analysis was performed using the most recent 

preoperative CT scans available. The date of the scan was 

recorded and the time between scan and operation calculated. 

CT scans were obtained using machines in a variety of 

hospitals. There may have been slight variations in CT 

protocols. Scans were viewed using CARESTREAM Vue 

PACS Version 11.4.1.1102 (Carestream Health Inc (Onex 

Corporation, Canada)). The in-built lesion management tools 

were used to perform semi-automated segmentation of 

goitres. The process of segmentation involved tracing around 

the goitre on an axial slice of the CT scan using the livewire 

segmentation tool (Fig. 1a). Three methods of tracing were 

available and could be used together to save time and enable 

accurate segmentation: 1) moving mouse around goitre 

allowing software to automatically identify lesion boundary; 

2) clicking at key points to assist software in identifying 

boundaries; 3) holding down click allowed manual line 

drawing without any input from the software. Once 

delineated in two or more CT slices the software 

automatically segmented the goitre in between these slices. 

This software is mostly used to measure lesions in the lung 

and liver, and boundaries of goitres tend not to be as clear as 

these lesions. This along with the multinodular nature of 

most goitres, meant the software was not always accurate at 

automatically circumscribing the goitre. Consequently, a lot 

of manual adjustment was often required to accurately 

segment the goitre. As the thyroid has two lobes, there were 

often two or more separate portions that had to be combined 

using the merge tool. The software automatically calculated 

the volume of segmented lesions. Studies, including one 

examining complex brain lesions, have confirmed the 

accuracy of this software. [24, 25] 

Total volume of goitre was recorded. The intrathoracic 

goitre volume was also determined. Using the sagittal view 

(Fig. 1b), a horizontal line was drawn from the suprasternal 

notch using the crop tool. This removed the smaller portion 

of the segmented goitre. If the volume inferior to the plane 

was removed (in cases where the cervical portion was larger), 
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the volume of the remaining portion was subtracted from the 

total volume to determine the intrathoracic volume. Using 

another plane such as the diagonal plane of the first ribs was 

considered for separating the intrathoracic portion of the 

goitre. This was difficult to execute so the horizontal method 

was selected. Thoracic inlet diameter was measured by 

finding the shortest distance from the sternum to the vertebral 

column (Fig. 1b). This measurement was also made using a 

sagittal view, while simultaneously checking an axial view to 

confirm correct alignment. A volumetric index was 

calculated by the following calculation: intrathoracic volume 

(mm
3
) divided by thoracic inlet diameter (mm), and then 

divided by 1000. We created this volumetric index as a way 

of quantifying the goitre size relative to the size of the 

thoracic inlet. 

Volumetric Index=Intrathoracic volume ÷Thoracic inlet 

diameter ÷1000 

 

 

Figure 1. Segmented retrosternal goitre on CT scan in CARESTREAM Vue 

PACS. 

a. Axial view of retrosternal goitre. Orange line demonstrates segmentation 

of the goitre which is located in the mediastinum. The volume is shown in 

blue text. Compression of the trachea can be seen. 

b. Sagittal view, with intrathoracic portion of goitre surrounded by orange 

line. Green line demonstrates thoracic inlet diameter, defined as the 

shortest distance from the sternum to the vertebrae. 

The definition of retrosternal goitre chosen for this study 

was, any goitre with radiological extension below the plane 

of the thoracic inlet. As [21] alludes, this plane is intuitive, 

fixed, and does not rely of judgement of proportionality. 10 

patients were excluded from volumetric analysis for the 

following reasons: problems using lesion management 

software (4 patients), no CT scan available (2 patients), no 

extension below thoracic inlet radiologically (3 patients), 

planned thoracotomy (1 patient). The patient who underwent 

a right posterolateral thoracotomy was excluded because this 

was the planned approach, and it was not clear from letters 

whether he had undergone previous thyroid surgery via a 

cervical approach. 

Patients were placed in 2 groups: those who needed 

sternotomy, and those requiring a cervical incision only. 

Fisher’s exact test was used to compare categorical variables 

between the two groups. An independent two-sample t-test 

was used to compare age between the groups. Total volume, 

intrathoracic volume, thoracic inlet diameter and volumetric 

index were analysed using the Mann-Whitney U test. 

Anderson-Darling Normality tests were utilised to check 

normality of distributions. P values of <0.05 were considered 

significant for all tests. All statistical analysis was performed 

using Minitab® 17 Statistical Software (Minitab Inc. 2010). 

3. Results 

Of the 74 patients who had thyroidectomies at the GJNH, 64 

were included in this study. Patients were excluded because 

they did not meet our criteria or scans were not available. The 

cervical approach was adequate in 55 cases (86%), with a 

thoracic approach being required in 9 cases (14%). A median 

sternotomy was used in 7 cases, while manubriotomy and 

parasternal mediastinotomy were both used once. 

36 total thyroidectomies and 28 hemithyroidectomies were 

performed, however, in each case the entire retrosternal 

portion was removed. 4 cases were a completion or re-do 

thyroidectomy, with one of these requiring sternotomy. At 

least 15 different surgeons were involved in performing 

thyroidectomies in this study. One patient’s CT scan did not 

show part of the cervical portion of the goitre and thoracic 

inlet diameter was not able to be calculated. This patient was 

excluded from analysis of total volume and volumetric index, 

but included for intrathoracic volume analysis. Exclusion of 

this result did not alter the significance of the result of the 

Mann-Whitney U test for intrathoracic volume. 

51 of the patients (80%) were female. Patient age (at time of 

surgery) ranged from 38 to 84, with a mean age of 64. 

Malignancy (excluding microcarcinomas) was present in 8 

cases (12.5%). Malignancy was of the following types: 2 

patients had follicular carcinoma, 2 patients had anaplastic 

carcinoma, 2 patients had parathyroid carcinomas and there 

were single cases of papillary and medullary carcinomas. 53 

patients had multinodular goitre, with a few patients having 

follicular adenomas and one case of an incidental 

microcarcinoma. Complications were encountered in 13 

patients (20%), including 3 cases of bleeding or high output 

wound drains, temporary hoarseness in 3 patients, 4 cases of 

hypocalcaemia, 2 cases of hypertension, a chyle leak, and post-

surgical atelectasis. The patient with atelectasis had undergone 

sternotomy. The low numbers in this study did not allow for 

analysis of complication rates, but enabled comparison of any 
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obvious differences between the groups (Table 1). There were 

no deaths associated with the procedure. 

Table 1. Demographic, pathologic and complications data for patients 

undergoing retrosternal thyroidectomy. Information was compared between 

patients whose operation was successful by neck incision alone, and those 

who required sternotomy. The mean ages and standard error are shown. 

Statistical analysis was performed using a two-sample t-test for age, and 

Fisher’s exact test for categorical variables. P-values are shown, and there 

were no significant differences between the two groups. All cases of 

hoarseness were temporary. 

Details Sternotomy (n=9) Cervical (n=55) P-value 

Demographics    

Age 68.7 ±2.4 64.1 ±1.6 0.2653 

Gender (M: F) 2:7 11:44 1.000 

Pathology    

Malignant 1 7 1.000 

Complications    

Hoarseness 0 3 1.000 

Hypocalcaemia 1 3 0.4632 

Bleeding 0 3 1.000 

Atelectasis 1 0 0.1406 

Demographics were compared between sternotomy and 

cervical groups to ensure this was not influencing results 

(Table 1). Both age and gender were similar between the two 

groups. No difference in malignancy rates was found 

between the groups. Rates of common complications did not 

differ between the surgical approaches (Table 1). 

A trend existed between larger total goitre volume and the 

requirement for thoracic intervention. However, total volume 

was not significantly different between the two groups. 

Descriptive statistics for the distribution of total volumes can 

be found in the appendix. 

Intrathoracic volumes in the cervical group ranged from 

2938mm
3
 to 272,141mm

3
 with a median of 48,732mm

3
. 

While for the sternotomy group intrathoracic volume ranged 

from 33,206mm
3
 to 409,155mm

3
, with a median of 

167,552mm
3
 (Fig. 2). The mean intrathoracic volumes were 

88,063mm
3
 and 196,471mm

3
 respectively. Intrathoracic 

volumes were not normally distributed for the cervical group. 

Histograms can be found as an appendix. Using the Mann-

Whitney U test, intrathoracic volume was found to be 

significantly larger in the sternotomy group giving a p value 

of 0.0091. 

 
Surgical approach 

Figure 2. Boxplot of Intrathoracic goitre volume for retrosternal thyroidectomy patients who were operated on by the cervical approach and by sternotomy. 

The median, quartiles, and minimum and maximum values are shown for each group. Intrathoracic volume was the portion of goitre located inferior to the 

level of the suprasternal notch. Volumes for those who required sternotomy were significantly larger p=0.0091. 55 patients needed a cervical incision only, 

and 9 patients required sternotomy. 

A volumetric index of volume divided by thoracic inlet 

diameter was calculated. The average thoracic inlet diameter 

was similar between the two groups. Volumetric index was 

significantly larger in the sternotomy group than the cervical 

group. The Mann-Whitney U test gave a p-value of 0.0033. 

Volumetric indexes ranged from 0.758 to 7.174 in the 

sternotomy group, and from 0.053 to 6.545 in the cervical group 

(Fig. 3). The mean indexes were 3.793 and 0.915 respectively. 

The minimum value for the sternotomy group is close to the 

median value of the cervical group. The star seen in figure 3 is a 

statistical outlier, that was included in analysis. In patients 

receiving sternotomy, only two had a volumetric index score of 

less than 2 (Fig. 4). In the surgical notes, surgeons had stated that 

one of these patients had an unusually short neck, and the other 

was morbidly obese. The sternotomy patient with an index of 

2.047 had a difficult intubation, but the reason behind this was 

unclear. The next smallest index of a sternotomy patient 

excluding these three is 3.425. Descriptive statistics about 
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volumes can be found in an appendix. 

 
Surgical approach 

Figure 3. Boxplot of volumetric indexes for retrosternal thyroidectomy patients who did or did not require sternotomy. 
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shows a statistical outlier. Median, quartiles, and minimum and maximum values are indicated for patients in both groups. Data from 9 patients requiring 

sternotomy, and 54 patients needing cervical access alone, is included. The volumetric indexes for patients requiring sternotomy were significantly larger 

(p=0.0033) than for patients who did not need sternotomy. 

One of the most commonly used definitions of retrosternal 

goitre is ‘at least 50% of goitre is retrosternal’ (Katlic’s 

definition). [26] Ríos et al. 2010, claim that this is the best 

definition for predicting sternotomy. [8] Further analysis of 

data was performed using only those patients who met 

Katlic’s definition of retrosternal goitre. Many patients in the 

cervical group had very small intrathoracic volume. Katlic’s 

definition removed most of these very small values. 26 

patients had retrosternal goitre per Katlic’s definition, 19 of 

which were removed through a cervical incision alone, and 7 

of which required sternotomy. 2 patients who required 

sternotomy did not meet this definition of retrosternal goitre. 

There was a trend towards larger intrathoracic volumes in the 

sternotomy group, with the Mann-Whitney U test giving a p-

value of 0.1186. There were significantly larger volumetric 

indexes in those who needed a sternotomy (Fig. 5), with a 

Mann-Whitney U test generating a p-value of 0.0494. This 

analysis shows that even when smaller goitres are excluded, 

sternotomy is more likely to be required for the largest 

goitres. This reinforces the suggestion that volume is a 

significant factor in determining sternotomy requirement. 

Volumetric index was significant while volume alone was 

not, indicating that index could be a greater tool than volume 

for predicting sternotomy. 

 
Figure 4. Individual value plot of volumetric indexes in patients requiring 

sternotomy for retrosternal thyroidectomy. Each dot indicates the volumetric 

index of an individual sternotomy patients. In total, 9 patients required 

sternotomy. 
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Figure 5. Histogram showing distribution of volumetric indexes for patients undergoing retrosternal thyroidectomy. It includes only patients who met Katlic’s 

definition of retrosternal goitre: >50% of goitre volume is retrosternal (Katlic et al. 1985). The blue bars indicate patients who required sternotomy to remove 

their retrosternal goitre. The red bars indicate patients who had their retrosternal goitre removed using only a cervical incision. The graph shows the relative 

distribution of each patient group’s volumetric indexes. 7 patients needed sternotomy, and 19 patients did not. It is important to note that the y axis shows the 

density or proportion of each group for each value, not the number of patients. ��������	
	�
��� � �
��������
	
	������	 � �����
	
		
���	�����	 �

1000. Volumetric analysis is a continuous variable. Patients in the sternotomy group have significantly larger volumetric indexes (p=0.0494). Mean and 

standard deviation for each group in displayed on the right-hand side. 

4. Discussion 

This study showed that the average intrathoracic goitre 

volume is larger in patients who require thoracic intervention 

to remove their retrosternal goitre, compared with patients 

whose retrosternal goitre can be successfully removed using 

a cervical approach alone. An index of goitre volume over 

thoracic inlet diameter is also significantly larger in patients 

who require sternotomy. This means larger intrathoracic 

volume does contribute towards the need for sternotomy. 

Total volume was not significantly different between the 

two groups, in agreement with a study that showed that 

weight was not significant because of large cervical 

components. [5] We expected a greater difference for 

intrathoracic volume as many goitres had substantial volume 

in the cervical region, which would not be relevant to 

needing to open the thoracic cavity. Hypothetically, a goitre 

may be removed more easily in a person with a large thoracic 

inlet than the same sized goitre in a person with a smaller 

thoracic inlet. The volumetric index was used for this reason. 

Average thoracic inlet diameter was similar between groups, 

showing that small thoracic inlet alone is not a significant 

risk factor for sternotomy. 

Although other studies have claimed that goitre size is 

significant in predicting the need for sternotomy, [4] this is 

the first study which quantitatively analysed how volume 

compares between patients who do or do not need 

sternotomy. Studies have measured other aspects of size, 

notably inferior extension, while maximal width compared 

with thoracic inlet size has also been mentioned. [19] 

Volumetric index should be correlated with these other 

measures, and should give a good overall measure of size 

relevant to surgical difficulty. Volumetric index was also 

significant when using a more restrictive definition of 

retrosternal goitre, while intrathoracic volume alone was not. 

This suggests a volumetric index of volume relative to 

thoracic inlet is more valuable for predicting sternotomy, 

than intrathoracic volume alone. 

Demographic, pathology and complication data in this 

study is consistent with the literature. [5, 7] However, [12] 

had a much higher rate of hypocalcaemia, possibly because 

they performed total thyroidectomy in almost all cases, 

whereas hemithyroidectomies were commonly performed in 

this study. In agreement with figures from [14], no difference 

in malignancy rates were found between the groups. While 

[10] had similar results, they still consider malignancy as a 

high risk of sternotomy. 

Preoperatively measuring goitre volume on CT scans 

could be useful for planning operations. This suggestion is 

practical, as it is recommended that CT scans should be 

performed on all retrosternal goitre patients. [11] If the 

volume is large, it would prompt assistance of a thoracic 

surgeon to be arranged, facilitating a greater chance of safe 

and successful surgery. If a small volume was measured, it 

would encourage efficient use of resources, saving time and 

money. 

Volume alone cannot predict sternotomy, but instead is one 

of many factors which increases the probability of 

extracervical approaches being required. The distribution of 
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values in this study overlapped between the two groups, 

reinforcing that other factors, such as posterior mediastinal 

involvement [22] are important. Although the outlier in this 

study was a large goitre successfully removed cervically, it 

highlights that outliers are possible. This raises the possibility 

that some scenarios cannot be predicted, and some surgeons 

may take the precaution of thoracic help regardless of 

predictive methods, in the interest of patient safety and 

completing the operation first time around. As shown in this 

study, patients with a volumetric index less than 2 only 

needed a sternotomy in 2 cases. One of these patients had an 

unusually short neck, and the other was morbidly obese. 

These characteristics made the surgery more difficult and 

undoubtedly contributed towards the need for sternotomy. 

Perhaps a value of 2 for volumetric index could be a potential 

cut off point, below which thoracic help shouldn’t be 

requested unless the patient has another risk factor for 

sternotomy. 

The tools used for measuring volume are built in to 

Carestream Vue PACS, which is used across Scotland and 

other healthcare services. This is the first documented use of 

this software for measuring thyroid volume, however it has 

been shown to be accurate for other complex masses. [24] 

Automatic segmentation of goitres using this software was 

not accurate, so a lot of user input was required to segment 

with reasonable accuracy. After using for a short time, the 

software was simple to operate and volume could be 

determined within a few minutes. There were a few problems 

with the software which made segmentation difficult or 

unachievable. 4 patients were excluded because the 

volumetric analysis software did not work on their CT scans. 

This appeared to be because of a fault with the scans as the 

slices were not correctly aligned. It is not clear whether this 

could have been fixed. There has been increasing 

development of tools for measuring thyroid volume, which 

are quick and accurate. [27, 28] Improved segmentation will 

help clinicians and future studies analyse goitre volume. 

Volumetric analysis provides a quantitative measure of 

size, which in previous studies was estimated and subjective. 

The thyroid has a complex three-dimensional structure, 

meaning that width may not be relevant and the most relevant 

dimension may be hard to measure on CT. Volume could be a 

more reliable measure for this reason. Volumetric analysis is 

time consuming compared with measuring width or 

estimating size. Having a quantitative measure is better than 

estimating as the information can be used in research and 

guidelines can be created in relation to numbers. 

Limitations of this study included the sample size. It limits 

the power of any conclusions drawn. This was a retrospective 

study, relying on accurate record keeping of others, and 

occasionally information was not completely clear. Other 

factors could not be controlled. Some patients were excluded 

due to unavailability of CT scans or the software not 

working. None of these patients required sternotomy, so their 

omission is unlikely to significantly affect results. There may 

have been slight differences in CT protocols which could 

affect the results for intrathoracic volume. Neck extension 

can shift the goitre superiorly by 10mm at the level of the 

manubrium, but does not change position in relation to 

mediastinal structures [17]. Thus, minor changes in results 

may occur if there were inconsistencies in CT protocols. The 

shape of a patient may have affected the horizontal line used 

to separate the intrathoracic portion of the goitre. This is 

because a more prominent spinal kyphosis could change the 

angle of the thoracic inlet when lying flat on the CT scanner. 

Any variation here is likely to be minimal, and the approach 

used for identifying the boundary was the most practical. 

There was a mean of 168 days between CT scan and 

operation. During this time, there was potential for growth, 

and thus reported volumes may be inaccurate, however, 

goitres are usually slow-growing. [10] The number of 

different surgeons involved in this study could be seen as a 

limitation, however it could be argued that it makes results 

more generalizable. 

Now that volume is proven as a significant factor, future 

studies may wish to include volumetric analysis, and build up 

more evidence. Larger studies may drive volumetric analysis 

to be part of preoperative assessment. Large studies will 

enable regression analysis, which can determine odds ratios, 

and specific volumes that present a greater risk of 

sternotomy. Once enough evidence is compiled, development 

of a standardised scoring tool which predicts sternotomy 

using all the different risk factors, could be possible. This 

would be the ideal way of predicting sternotomy, and could 

have the potential to increase health service efficiency and 

surgical success. Very few large studies about retrosternal 

goitre exist. The low incidence of retrosternal goitre makes 

large study populations difficult to obtain. Performing a large 

study would take years, during which time surgical practice 

could change. Multicentre studies are a quicker option, but 

have limitations. Currently, it is the surgeons personal 

experience and opinion that may be the best tool for 

predicting sternotomy and hence arranging cooperation with 

thoracic surgeons. Inferior extension, posterior mediastinal 

position and ectopic thyroid tissue are the strongest indicators 

and must be considered, and an assessment of volume could 

be useful. 

The authors of this study believe problems with neck 

mobility could increase likelihood of sternotomy 

requirement. One sternotomy patient with a relatively small 

goitre was morbidly obese. No research could be found on 

these topics, so relationship of sternotomy to obesity or neck 

stiffness could be areas for future investigation. 

It would be helpful if a consensus on the definition of 

retrosternal goitre could be reached, as currently the lack of 

standard definition makes studies difficult. The variety of 

definitions used across studies means there are large 

disagreements in results, and makes comparison of results 

and conclusions almost impossible. The ‘clinical definition’: 

‘a thyroid gland that on neck examination without being in 

hyperextension, has a portion that remains permanently 

retrosternal,’ is the most inclusive definition, and is sensitive 

for determining presence of compressive symptoms and 

predicting difficult intubation. [8] Katlic’s definition: >50% 
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of volume intrathoracic, is the most sensitive for predicting 

sternotomy, and an argument could be made that it is 

valuable to use this definition in certain research. [8] Use of 

other definitions is unlikely to be necessary and should be 

avoided. Some of the disagreement in the literature could 

also be down to surgical technique, experience, and attitude, 

as some surgeons are more reluctant or willing to use 

sternotomy. [12] only used sternotomy in 2 out of 355 

patients (0.6%) with retrosternal goitre, one of which was a 

primary retrosternal goitre, and the other a mediastinal 

recurrence of thyroid carcinoma. This shows that the reported 

rate of sternotomy in other studies may be higher than 

necessary. Small studies have reported good results from 

using less invasive methods than open thoracic surgery, such 

as VATS (video-assisted thoracoscopic surgery). [29, 30] 

5. Conclusion 

Volumetric analysis of retrosternal goitres has shown that 

there is a significant relationship between large volume and 

use of extracervical approaches for retrosternal 

thyroidectomy. An index of intrathoracic goitre volume to 

thoracic inlet diameter proved to be a more sensitive 

predictor than volume alone. Volumetric analysis would be 

useful as part of the preoperative radiological evaluation of 

retrosternal goitre patients, which should include assessment 

of goitre extension and position. 

Appendix 

Table A1. Descriptive statistics for volumetric analysis of retrosternal goitres for patients undergoing thyroidectomy by the cervical approach and sternotomy. 

Intrathoracic volume was the volume of the goitre inferior to the suprasternal notch. 
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Surgical 

approach 
Variable 

Number 

patients 

Mean / 

mm3 

Standard 

Deviation 

Minimum 

value / mm3 

1st Quartile / 

mm3 

Median / 

mm3 

3rd Quartile / 

mm3 

Maximum / 

mm3 

Cervical 

Total Volume 54 204785 106265 45507 126787 175775 301141 531821 

Intrathoracic Volume 55 88063 78397 2938 29101 48732 151276 272141 

Volumetric Index 54 1.651 1.547 0.053 0.546 0.915 2.511 6.545 

Sternotomy 

Total Volume 9 263886 130112 91538 151457 211885 403945 435471 

Intrathoracic Volume 9 196471 131013 33206 72471 167552 314915 409155 

Volumetric Index 9 3.861 2.260 0.758 1.536 3.793 5.782 7.174 

 

Figure A1. Histogram showing distribution of intrathoracic goitre volume in retrosternal thyroidectomy patients. Blue bars indicate patients who required 

only a cervical incision to remove their goitre. Red bars indicate patients who required a thoracic approach. Intrathoracic volume was the volume inferior to 

the level of the suprasternal notch. Patients requiring sternotomy generally had larger intrathoracic goitre volume. 
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Figure A2. Histogram showing distribution of volumetric indexes for retrosternal thyroidectomy patients. Blue bares indicate patients who required only a 

cervical incision to removes their goitre. Red bars indicate patients who required a thoracic approach. ��������	
	�
��� � �
��������
	
	������	 �

�����
	
		
���	�����	 � 1000. Patients requiring sternotomy had larger volumetric indexes. 
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