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Abstract

Objective To evaluate the adequacy of ultrasonography

(US) and computed tomography (CT) in the assessment of

thyroid cartilage invasion in patients with airway cancer.

Materials and methods Sixty-two consecutive patients

referred to our institute underwent US and CT to stage

laryngeal (n = 27) or hypopharyngeal (n = 35) cancer in

this prospective study. Two radiologists, who were blinded

to the patients’ clinical histories and histopathology, eval-

uated thyroid cartilage invasion on US and CT separately

and independently. Fifty-eight of the 64 patients (90%)

underwent surgery. The histopathologic findings were used

as the standard of reference for comparison and statistical

analysis.

Results For thyroid cartilage invasion, the detection rate on

CT and US was 98%. CT achieved a sensitivity of 91% and

a specificity of 75%, while US attained a sensitivity of 98%

and a specificity of 75%. The difference between CT and

US in terms of sensitivity was not statistically significant.

Conclusion US and CT have high diagnostic performance

in evaluating thyroid cartilage invasion. US is more sen-

sitive than CT in diagnosing invasion of the thyroid carti-

lage; however, the difference is not statistically significant.

US can be used to solve the diagnostic dilemma of the

presence or absence of cartilage invasion when CT is

inconclusive, as CT is more widely used in staging laryn-

geal and hypopharyngeal cancers.
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Sommario

Obiettivo Valutazione dell’adeguatezza dell’ecografia e

della TC nella caratterizzazione dell’invasione della carti-

lagine tiroidea in pazienti con neoplasie delle vie aeree.

Materiali e Metodi Questo studio prospettico è stato con-

dotto su 62 pazienti consecutivi che sono stati sottoposti ad

ecografia e TC per la stadiazione di tumori laringei

(n = 27) o ipolaringei (n = 35). Due radiologi hanno val-

utato l’invasione della cartilagine tiroidea tramite ecografia

e TC separatamente ed indipendentemente, senza essere a

conoscenza dell’anamnesi dei pazienti e dei dati istologici.

58 dei 64 pazienti (90%) sono stati sottoposti a trattamento

chirurgico. I risultati istologici sono stati utilizzati come

riferimento per il confronto e per l’analisi statistica.

Risultati Il tasso di rilevamento di invasione della carti-

lagine tiroidea è risultato del 98% per la TC e l’ecografia.

La TC ha mostrato una sensibilità del 91% ed una speci-

ficità del 75%, mentre l’ecografia una sensibilità del 98%

ed una specificità del 75%. La differenza tra TC ed eco-

grafia in termini di sensibilità e specificità non è risultata

statisticamente significativa.

Conclusioni L’ecografia e la TC sono entrambe una buona

performance diagnostica nella valutazione dell’invasione

della cartilagine tiroidea. La differenza non è statistica-

mente significativa. L’ecografia può essere utilizzata per

confermare la presenza o l’assenza di invasione della car-

tilagine tiroidea quando la TC non risulta diagnostica, dal

momento in cui la TC è più frequentemente utilizzata nella

stadi azione dei tumori laringei ed ipolaringei.
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Introduction

A suitable treatment strategy for laryngeal and hypopha-

ryngeal cancer is based on the stage of the disease at the

initial assessment [1]. An unambiguous determination of

cartilage invasion is important for determining the appro-

priate management of laryngeal and hypopharyngeal can-

cers. Preserving the larynx is intended in early stages with no

cartilage invasion. In disease with focal cartilage invasion,

function-preserving partial laryngectomy or chemoradio-

therapy has been introduced [2–4]. An advanced stage, with

apparent cartilage invasion, may require total laryngectomy

[2, 5, 6].

Laryngoscopy, computed tomography (CT) and mag-

netic resonance imaging (MRI) are frequently used to

diagnose the disease and determine its staging [7]. Laryn-

goscopy is limited to evaluation of the internal extent of the

disease. CT and MRI provide details on the internal and

external extent of the disease. MRI shows better soft tissue

resolution, but is limited by availability, high cost and

longer scanning times. CT is widely used and is an

accepted method for suggesting thyroid cartilage invasion,

but nevertheless presents challenges [8]. The different

proportions of hyaline cartilage in thyroid cartilage vary its

appearance on CT and produce variable CT values. Non-

ossified cartilage and tumours resemble each other, having

approximate CT values of 100 HU [9, 10], making them

almost inseparable, especially when the tumour is located

adjacent to the non-ossified cartilage.

Calcified thyroid cartilage and air within the laryngeal

cavity pose a problem in using US as a modality in eval-

uating the larynx and hypopharynx [11]. Despite the hur-

dles, multiple attempts have been made to use

ultrasonography in this area, with reasonable success. Few

studies have used non-invasive and real-time imaging

features of US to evaluate laryngeal and hypopharyngeal

tumours, succeeding in proving that US could assist tumour

staging in patients with advanced laryngeal cancer [12–14].

Whether ultrasonography has a comparable ability to

evaluate thyroid cartilage invasion is worth studying as a

complimentary and contributory imaging method to MRI

or CT. The purpose of this article was to investigate the

usefulness of ultrasonography in assessing thyroid cartilage

invasion in laryngeal or hypopharyngeal cancer compared

with CT and the pathological findings.

Methods and materials

Study population

Our institutional review board approved this prospective

study. From February 2011 to February 2013, 62

consecutive patients with biopsy-proven laryngeal or

hypopharyngeal carcinoma were examined using both CT

and US before treatment at our hospital. Written informed

consent was taken from each patient. Of these patients, four

were excluded because they had radiation therapy and/or

chemotherapy without surgery after endoscopic biopsy,

and the remaining 58 patients having resection were

enrolled in the study.

The median interval between CT/US diagnosis and

surgery was 7 days (range 1–20 days). In the 58 patients

included in our study who underwent surgery, the presence

or absence of thyroid cartilage invasion on CT and US was

recorded. These CT and US results were compared with

each other and the histopathologic findings. Histopathology

(HPE) served as the standard of reference.

CT protocol

For all the CT examinations, a spiral CT scanner

(SOMATOM EMO 6, Siemens, Germany) was used.

Contrast-enhanced computed tomography (CECT) of the

neck was performed on each patient. In all the patients, a

3-mm-thick axial scan was performed from the skull base

to the thoracic inlet before and after intravenous adminis-

tration of 60–100 ml of non-ionic contrast agent [Iomeprol

(Iomeron 300), Bracco, Italy]. Contiguous sagittal and

coronal images were reconstructed with both soft tissue

and bone algorithms. Each CT scan was read by an onco-

radiologist with more than 7 years of experience. The

radiologist was aware of the biopsy-proven diagnosis of

laryngeal or hypopharyngeal cancer but was unaware of the

clinical and US findings. Patients with and without thyroid

cartilage invasion (Fig. 1) on CT were segregated. The

patients with thyroid cartilage invasion were further clas-

sified as having major or minor invasion. Minor invasion

(Fig. 2) was considered present when there was clear ero-

sion of the cartilage or asymmetric sclerotic changes with

suspicious erosion in at least two planes. Cartilages with

asymmetric sclerotic changes without suspicion of erosion

in two planes were classified as negative because these

changes could represent reactive changes [10, 15]. For

major thyroid cartilage invasion (Fig. 5a–d), the criteria

were lysis of the cartilage or extralaryngeal spread of the

tumour.

Ultrasound protocol

A predetermined, systematic, focused ultrasound technique

was followed in each patient using a high-resolution US

machine (TOSHIBA NEMIO 30 SSA-550A, Toshiba

Medical Systems, Japan). The sonologist performing the

US had more than 7 years of experience in head and neck

ultrasound and was blinded to the CT and clinical findings,
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but was aware that the patients were biopsy-proven cases

of hypopharyngeal or laryngeal cancer. The variable

appearance of thyroid cartilage on US necessitated the use

of a systematic US technique where the patient was

examined in the supine position with the neck extended

using a high-resolution probe (7–12 MHz). The tumour

was first identified, followed by the thyroid cartilage. The

relationship between the tumour and the cartilage was

assessed. The thyrohyoid and cricothyroid membranes

allowed good acoustic windows for completely calcified

thyroid cartilages. Erosion of the thyroid cartilage was

indicated by the interruption of the inner and/or outer

membranes, that normally are hyperechoic lines on ultra-

sonography images, and the replacement of the central

medulla by hypoechoic tumours [16]. When the lesion was

not detected on the US study, it was further excluded for

evaluation of invasion. Similar to CT, each patient was

segregated into negative (Fig. 3) or positive based on

whether there was cartilage invasion. Minor invasion

(Fig. 4) recorded subtle erosions and the relative immo-

bility of the thyroid cartilage with respect to the hypoe-

choic tumour. The major invasion (Fig. 5a–d) was

considered when extralaryngeal spread and clear lysis of

the cartilage were identified.

Using histopathologic findings as the reference standard,

the performance of CT and US was evaluated individually

in terms of detection rate, sensitivity and specificity.

Fisher’s exact test was used to identify if there was any

statistically significant difference between CT and US in

assessing thyroid cartilage invasion.

Fig. 1 Axial CT image of right pyriform sinus cancer, marked by a

star, in a 45-year-old male patient. There is no thyroid cartilage

invasion on CT

Fig. 2 Axial CT image of a 56-year-old patient with minor thyroid

cartilage erosion, shown by the arrow. The star marks the tumour

Fig. 3 Transverse US image of right pyriform sinus cancer shows no

invasion of the thyroid cartilage with maintained echogenic fat plane.

The arrows point to the thyroid cartilage and the star marks the

hypoechoic growth
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Results

Fifty-eight of the 62 patients (93.5%) underwent surgical

resection. Four of them underwent radiation therapy,

chemotherapy or both. These patients were excluded from

the study group. The cohort who underwent surgery

included 53 males and 5 females, aged 33–81 years

[mean ± standard deviation (SD), 52.1 ± 11.0 years].

Twenty-seven of the 62 patients (43.5%) had laryngeal

cancer and 35 patients (56.4%) had hypopharyngeal car-

cinoma. Squamous cell carcinoma was histopathologically

confirmed with endoscopic biopsy in all the patients.

For thyroid cartilage invasion, the detection rate on CT

and US was 98%. The correlation between CT and HPE

findings is shown in Table 1. The correlation between US

and HPE findings is shown in Table 2.

Statistical formula values at 95% CI (confidence limit)

for thyroid cartilage invasion detected on CT when com-

pared to the reference standard HPE are:

Sensitivity: 90.74% (79.70–96.92%).

Specificity: 75.00% (19.41–99.37%).

Positive likelihood ratio: 3.63 (0.66–19.86).

Negative likelihood ratio: 0.12 (0.05–0.34).

Fig. 4 Transverse US image shows minor thyroid cartilage invasion.

The arrows mark the thyroid cartilage, the solid arrow points to the

focal erosion of the thyroid cartilage by the tumour, marked by a star.

A is the airway

Fig. 5 Axial CT of a large pyriform sinus growth shows extralaryn-

geal spread of the tumour, marked by stars. The thyroid cartilage also

shows erosions. a, b Transverse US scan of a large laryngeal tumour

shows thyroid cartilage erosion (arrows) and extralarngeal tumour

spread (stars). c Gross specimen of the same patient, having a large

pyriform sinus tumour with extralaryngeal spread. d Hematoxylin and

eosin stain (920, low power) of the same patient, showing thyroid

cartilage invasion
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Positive predictive value: 98.00% (89.35–99.95%).

Negative predictive value: 37.50% (8.52–75.51%).

Statistical formula values at 95% CI for thyroid cartilage

invasion detected on US when compared to the reference

standard HPE are:

Sensitivity: 98.00% (89.35–99.95%).

Specificity: 75.00% (34.91–96.81%).

Positive likelihood ratio: 3.92 (1.18–13.03).

Negative likelihood ratio: 0.03 (0.00–0.19).

Positive predictive value: 96.08% (86.54% to 99.52%).

Negative predictive value: 85.71% (42.13–99.64%).

The above analysis was made using MedCalc statistical

software.

The difference between US and CT in terms of sensi-

tivity was not statistically significant (P[ 0.05) using

Fisher’s exact test.

Discussion

In the current study, we compared the diagnostic perfor-

mance of CT and US with each other and HPE regarding

thyroid cartilage invasion in laryngeal or hypopharyngeal

cancers. This is particularly important for management

decision making when function-preserving therapy is being

contemplated because fewer false-positive results mean

fewer avoidable laryngectomies.

During the early 1990s, CT obtained a high specificity

of 87–97% and lesser sensitivity in the evaluation of thy-

roid cartilage invasion [17, 18]. In the late 1990s, criteria of

erosion, lysis and extralaryngeal spread were introduced

[10] and sensitivity of 71% and specificity of 83% were

attained. After major technological advances in CT

machines, Li et al. [19] reported a sensitivity of 85% and a

specificity of 75% with multidetector CT. In our study, we

used the published criteria for cartilage invasion and mul-

tidetector CT and achieved a sensitivity of 91%, specificity

of 75%, positive predictive value of 98% and negative

predictive value of 38%. However, in a recent review

article by Adolphs et al. [26], four studies were included in

the final analysis. Only one study examined the positive

predictive value and negative predictive value for invasion

of any laryngeal cartilage, and they were 87 and 56%,

respectively. The positive predictive value and negative

predictive value for thyroid cartilage invasion were inves-

tigated in three studies and ranged from 44 to 80%, and

from 85 to 100%, respectively. The results of the negative

predictive value and positive predictive value of this study

and our study differ because we used a small sample group

in our study.

In our study, we also provide evidence that ultra-

sonography could supply valuable information on the

diagnosis of thyroid cartilage invasion. We found that

ultrasonography findings were comparable to CT findings.

Both the sensitivity and specificity were high. US provided

confident, correct diagnosis of negative invasion in one of

our cases where CT suggested minor invasion. US attained

a positive predictive value of 96% and a negative predic-

tive value of 86%.

Calcification of thyroid cartilage and artefacts caused by

air within the laryngeal cavities provide challenges during

US examinations. Furthermore, laryngeal and hypopha-

ryngeal cancers are more common in males [20], where the

thyroid cartilage calcification occurs earlier and is more

complete than in females [21]. However, 50.0% or less

calcification occurs in 40.0% of males, which makes a

Table 1 Correlation between

CT and HPE
Histopathology findings

Major invasion Minor invasion No invasion Total

CT findings

Major invasion 28 28

Minor invasion 1 20 5 26

No invasion 1 3 4

Total 29 21 8 58

Table 2 Correlation between

CT and HPE findings
Histopathology findings

Major invasion Minor invasion No invasion Total

US findings

Major invasion 28 28

Minor invasion 1 20 4 25

No invasion 1 4 5

Total 29 21 8 58
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satisfactory examination of all or part of the laryngeal

structures in 92.1–98.0% of them possible [22]. The

uncalcified areas, the thyrohyoid and cricothyroid mem-

branes, provided a suitable ultrasound window. In our

study, these acoustic windows helped us reach a high

sensitivity and specificity using US in detecting thyroid

cartilage invasion, in which the male population was 91.3%

(53 of 58). In addition, the laryngeal, oropharyngeal and

hypopharyngeal regions could be visualized much better

because of the exclusion of air by the tumour itself, which

was also proven in our previous studies with tongue and

hypopharyngeal carcinoma [14, 23].

The detection rate and specificity with CT and US were

the same. US was more sensitive (98%) than CT; however,

the difference was statistically insignificant (P[ 0.05).

The increased sensitivity of US was mainly due to its

ability to clearly visualize the fat plane between the tumour

and cartilage and the relative movement of the thyroid

cartilage independent of the tumour, confidently suggesting

negative invasion in one case. These results suggest that

ultrasonography has a satisfying detection rate for laryn-

geal cancer, even in male adults with thyroid cartilage

calcification, and it can be used as a complimentary

modality to CT when in doubt of minor cartilage invasion.

MRI is proved to be more sensitive than CT for

detecting cartilage invasion (sensitivity up to 96%) [24].

However, there are false-positive results due to peritu-

moural inflammation. Inflammatory changes are common

in the thyroid cartilage, and the specificity of MR imaging

for detecting invasion of the thyroid cartilage is only

56–65% [18, 24]. MR imaging is compromised by motion

artefacts and lacks thin sections. Furthermore, MRI is

generally expensive and not available widely. We did not

use MRI in our study.

Our study had some limitations. First, the number of

cases in this study was relatively small. Further studies

with a bigger population with histologic findings are nee-

ded to substantiate a clinical effect. Second, only one

examiner scanned the larynx, leading to issues with

reproducibility and interobserver reliability. Considering

that it is not difficult for an examiner to perform ultra-

sonography examination of the laryngeal area after training

[25], this could be acceptable. The use of contrast-en-

hanced US and MRI for comparison remains areas of scope

for future research.

Conclusion

Both US and CT have high diagnostic performance in

evaluating thyroid cartilage invasion. US is more sensitive

than CT in diagnosing invasion of the thyroid cartilage.

The difference is not statistically significant. US can be

used to solve the diagnostic dilemma of the presence or

absence of cartilage invasion when CT is inconclusive, as

CT is more widely used in staging laryngeal and

hypopharyngeal cancers.

Therefore, US is a dependable modality for imaging the

thyroid cartilage invasion in laryngeal and hypopharyngeal

cancers. It can be used as a supplementary and compli-

mentary method, along with CT, for conclusively detecting

pre-operative thyroid cartilage invasion, helping in direct-

ing treatment strategy.
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