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ABSTRACT… Objectives: The objective of this study was to determine the diagnostic 
accuracy of CT scan in detecting thyroid cartilage invasion by carcinoma of larynx keeping 
histopathological findings as a gold standard. Study Design: Cross sectional and descriptive 
study. Setting: Department of Radiology of LUMHS, And Karachi Institute of Radiotherapy & 
Nuclear Medicine. Period: February 2013 to August 2015. Subjects and Methods: Overall 86 
patients were incorporated in this study. All these patients subsequently had their histopathology. 
The CT outcomes were then contrasted with histopathological results & measures of variables 
calculated, were based on the results. Results: Fifty patients were men & 36 patients were 
women. The ages varied from 31 to 65yrs with mean age of 50yrs. The specificity & sensitivity 
of CT in diagnosing thyroid cartilage invasion was 84.5% and 93.3% respectively. Accurateness 
of CT in diagnosing thyroid cartilage invasion was 86.05%. Conclusion: The study established 
the specificity, sensitivity, negative as well as positive predictive value and accuracy of CT 
scan for the detection of thyroid cartilage invasion as 84.5%, 93.3%, 98.4%, 56% and 86.05% 
respectively. Very low negative predictive value was found in patients of age more than 50 years.
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INTRODUCTION
Larynx carcinoma is a commonest cancer in the 
region of neck & head. It is responsible for 40% 
of overall neck & head cancers. An accepted 
correlation is observed amid the uses of alcohol 
& tobacco in emergence of tumor. Histologically a 
number of these tumors are SCC. The uppermost 
documented rate of larynx malignancy for men 
in Asian continent is observed into Karachi, men 
presenting six times greater risk as compare to 
females.2

Clinically when thyroid cartilage is involved by 
the tumor, the severity of the symptoms will be 
worse. Therapeutically the mod of treatment 
will be changed after thyroid cartilage invasion. 
The radiologist contributes vitally in staging the 
laryngeal malignancy and it influences directly 
on treatment forecast. The earliest revealing of 
the cartilage invasion in laryngeal carcinoma 
by means of imaging modality before surgery 
is important for oncologist as well as surgeon 

because if thyroid cartilage is invaded in laryngeal 
cancers patients it would be T4a according to TNM 
classification. Choice of treatment will be total 
laryngectomy rather than radiotherapy or partial 
laryngectomy.3 Therefore, accurate information 
about the cartilage invasion is necessary for both 
oncologist as well as surgeon.

Preoperative evaluation of thyroid cartilage 
invasions by tumor have always been a difficult 
problem. Various methods have been used i.e., 
CT and MRI scans. However, none of the imaging 
system has the capability to demonstrate 
neoplastic cartilage invasion with100% 
accurateness. MRI is a sensitive technique for the 
detection of cartilage modifications, with a higher 
negative predictive value. MRI, though, also bears 
a elevated false positive degree, that can possibly 
lead to over treatment of patient. Computed 
tomography is further specific, however less 
sensitive, in contrast to MRI. In general, the both 
methods accuracy is alike.5,6,7
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Advantages of CT scan is the rapid acquisition 
time, less artifact, cost effective and easy 
availability of CT scanners as compare to MRI.8 
The introduction of multi slice spiral CT scanner 
has even enabled faster and superior evaluation of 
patient. The Computed Tomography has offered 
an chance for scanning the head &neck in holding 
a single breath. It blended with an enhanced 
resolution as well as eradication of breathing & 
miss-recording artifacts has taken part greatly to 
the effectiveness of CT scan. Appropriately carried 
out and accurately explained imaging study may 
considerably effect clinical administration and 
also cost effective. 

Based upon the outcomes of this study we are 
capable of knowing that within our available 
resources how much CT scan is accurate in 
detecting thyroid cartilage invasion. It not only 
indicates upcoming result however also have 
local records on this problem, which may assist 
us to develop policies to screen each patient of 
larynx cancer at an early stage so that we can 
prevent, the consequences.

MATERIALS AND METHODS
This cross sectional descriptive study had 
performed at Department of Radiology of 
LUMHS, And Karachi Institute of Radiotherapy & 
Nuclear Medicine, from February 2013 to August 
2015. All the patients of both sexes and of age 
group between 30 to 65 years were included 
in this study. All the cases with biopsy proven 
laryngeal cancer patients (Stage III and IV) having 
more than six months of duration, patients prior 
to laryngectomy. All the cases who did not go 
for laryngectomy after CT examination, patients 
with previous malignancy other than larynx and 
cases with known allergy to contrast media were 
excluded from the study. Cases with biopsy 
confirmed tumor of larynx fulfilling inclusion criteria 
upon history referred to computed tomography 
Scan Department at KIRAN to exclude thyroid 
cartilage invasion, were integrated in the study. 
A Concise history concerning disease interval 
and verbal approval were collected from 
patient. Every patient was underwent computed 
tomography scanner, which extended from skull 

base to clavicle 5mm thick and 1.0 pitch and 
reconstruction interval of 5mm contiguous axial 
and coronal sections were taken after intravenous 
contrast enhancement. Images were analyzed by 
experience radiologist for presence or absence 
of cartilaginous invasion by tumor. After surgical 
procedure the specimen were reviewed by a 
competent histopathologist for histopathological 
findings. Histopathological reports of patients 
were collected. The involvement of cartilage 
by cancer was definitively determined by 
histopathological studies, that is Gold Standard. 
All the information was documented on proforma 
by the researcher.

DATA ANALYSIS PROCEDURES
The obtained data was analyzed, on SPSS 
V.16.0. Percentage &frequency were calculated 
for categorical variables such as gender, age 
groups, carcinoma of larynx, stages. Cross 
tabulation were presented for frequency of CT 
and Histopathology outcome like false negative 
& positive, true negative & positive. Mean, STD, 
95% confidence interval were calculated for age 
and duration of disease. 

RESULTS
A total of 86patients with biopsy proven carcinoma 
of larynx were included in this study. The average 
age of the patients was 50.48 ± 8.26 years (95%CI: 
48.71 to 52.25). Similarly the average duration of 
disease was 8.28 ±1.54 months (95%CI: 7.95 to 
8.61) as presented in table 1. Out of 86 patients, 
50(58.1%) were male and 36(41.9%) were female 
with male to female ratio was 1.38:1 as shown in 
Table-I.

Variables No. of patients / (%)

AGE (mean+SD)
Age groups
31-40
41-50
51-60
>60
GENDER
Male
Female
Disease duration (mean+SD)

50.48 ± 8.26

11
33
35
07

50(58.1%)
36(41.9%)

8.28 ± 1.54

Table-I. Demographic variables (n=86)
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Squamous carcinoma was observed in 84(97.7%) 
cases and columnar was found in 2(2.3%) cases 
as shown in Figure-1.

Regarding stage of carcinoma, 37(43%) was 
in stage III and 49(57%) cases were in stage IV 
(Figure-2).

Outcomes of CT scan in detecting thyroid 
cartilage invasion by carcinoma of larynx keeping 
histopathology. Thyroid cartilage invasion had 
observed in 82.6% patients with Sensitivity, 
specificity, positive predictive and negative 
predictive value of CT scan were 84.5%, 93.3%, 
98.4% and 56% respectively as well as accuracy 
of CT scan was 86.05%.Table-II.

Squamous Carcinoma Columnar

Figure-1. Carcinoma of larynx n=86
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Stage of carcinoma of larynx

49(57%)

Figure-2. Stage of carcinoma of larynx n=86

Thyroid Cartilage invasion on CT
Thyroid Cartilage invasion on Histopathology

Total n (%)
Positive Negative

CT + ve 60 01 61
CT – ve 11 14 25
Total 71(82.6%) 15(17.4%) 86

Table-II. Diagnostic accuracy of CT scan in detecting thyroid cartilage invasion by carcinoma of larynx keeping 
histopathology

Sensitivity = 60/71*100 = 84.5%
Specificity = 14/15*100 = 93.3%
Positive predictive value = 60/61 * 100 = 98.4%
Negative predictive value = 14/25 * 100 = 56%
Accuracy = (60 + 14)/86 = 86.05%

DISCUSSION
To determine the specific clinical level of malignancy 
extent in larynx is the most significant aspect 
guiding management decisions among cases 
with localized laryngeal tumor. Histopathologic 
series using sections of complete organ, have 
recorded patterns of malignancy spread & 
obstacles to cancer growth within larynx, which 
offers anatomic basis for malignancy staging 
and function-cautious preservation laryngeal 
surgery.10,11 Tomographic imaging, especially 

CT, has been incorporated in clinical staging 
of additional clinical interpretation of extent of 
cancer and functions of vocal cord in establishing 
stage of malignancy. Clinical malignancy stage 
was applied regularly for decision making for 
either organ sparing energy emission or primary 
surgery as definitive treatment. Conventionally, 
cases with early-stage (I & II) malignancies were 
treated through primary radiation, and cases with 
further advanced stages malignancies (III&IV) 
were treated with overall laryngectomy, without/
with adjuvant postoperative radiation. However, 
patients’ care patterns with larynx malignancy 
keep on changing. The accomplishment of 
endoscopic laser-supported methods & partial 
laryngeal surgical technique, have resulted 
to a considerable spread in partial laryngeal, 
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function-sparing limitations for cases with initial 
or even rather advanced malignancies.12,13 

Additionally, with the induction of shared chemo-
radiotherapy as an option to overall laryngectomy, 
organ conserving methods have extensively 
been accepted for cases with stages III &IV 
malignancies.12,13 Such chemo-radiotherapy 
methods have exhibited successful larynx 
conservation, which cured rates like primary 
surgery in most of cases. In cases with advanced 
(i.e. T4) malignancies, but reduced rates of organ 
conservation and greater complication rates are 
projected, encouraging several oncologists to 
suggest primary laryngectomy, especially when 
gross cartilage invasion by malignancy is obvious. 
Thus, cartilage invasion has turned out to be a 
considerable issue in tumor staging as well as 
in selection of treatment from total laryngectomy 
& larynx preservation. As indicated by 6th edition 
of AJCC staging criteria, minor thyroid cartilage 
invasion (for instance inner cortex) is adequate 
to categorize a malignancy as T3, & invasion via 
cartilage or into further laryngeal soft tissues will 
categorize the malignancy as T4. This remained 
unchanged in 2010 edition (ie,7th.Ed.), excluding 
that stage IV malignancies are distinguished 
into IVa &IVb; IVb reflects “very advanced local/
regional disease” characterized by contribution 
of carotid artery, mediastinal structures or 
prevertebral space,.14

Beitler et al15 projects a vigilant retrospective 
clinic pathologic analysis of accurateness of 
pre-treatment computed tomography scanning 
to forecast cartilage invasion & extra laryngeal 
cancer spread. Routine interpretation of 
preoperative CT scans and histopathology 
statements from 107 cases experiencing overall 
laryngectomy throughout a 10-yrs period, were 
evaluated for existence of cartilage invasion (@ 
inner thyroid cortex) or penetration (@ both inner 
&outer cortex). Associations of CT indications 
& histopathologic outcomes were established. 
The study established that a higher rate (63%) of 
incidences had CT confirmation of penetration or 
cartilage invasion, as well as 80% had confirmation 
of invasion upon histopathology. When CT 
recommended extra laryngeal extension, there has 

been 81% association with pathology outcomes. 
Remarkably, extra laryngeal spread lacking 
penetration of cartilage was observed in 18 (40%) 
of 45 incidences. Surgeons had long established 
the prognostic importance of extra laryngeal 
spread via cricothyroid membrane hurdles, even 
while cartilage invasion was not present. The 
authors appropriately warned that computed 
tomography scanning had not been greatly 
sensitive for additional laryngeal syndrome. If 
significant problem, though, is cartilage invasion, 
just 4(7.4%) out of 54 incidences that were 
studied as regular thyroid cartilage possessed 
histopathologic confirmation of cartilage 
penetration of thyroid. While cartilage infiltration 
was observed on CT, histopathology confirmed it 
in 74%, & 87% of incidences possessed at least 
invasion of pathologic cartilage. However, in our 
study Thyroid cartilage invasion was observed in 
82.6% cases with specificity, sensitivity, negative 
& positive predictive value of CT scan were 
93.3%, 84.5%, 56% and 98.4% respectively as 
well as accuracy of CT scan was 86.05%. Careful 
serial sectioning of entire larynx can possibly 
have exhibited a yet higher association. At last, 
the pretreatment clinical stage of malignancy, 
cancer site, or criteria applied to select cases 
for overall laryngectomy were unreported in the 
above study, rendering it not possible to evaluate 
any bias concerning cartilage invasion or either 
T3 &T4 malignancy occurrence in the study 
cohort or variations among supraglottic or glottic 
primaries. Therefore, the worth of computed 
tomography staging in effecting the ending 
clinical malignancy stage cann’t be established 
in the aforementioned study.

Thus, how to read these findings and how CT 
findings must effect our selection of suitable prime 
treatment modality in cases having advanced 
laryngeal malignancy? Effectual cancer staging 
must integrate as much functional, radiographic, 
clinical, and biopsy data as possible for 
predicting prognosis following standardized 
treatment. Although, when application of clinical 
staging parameters are done for selecting 
varying treatments for alike staged malignancies, 
cautiously gathered prospective clinical result 
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information are required to encourage judgment.

Cartilage invasion is usually believed as 
contraindication of radiation treatment and 
voice preservation surgical techniques. Chemo-
radiotherapy was established as an organ- 
conservative therapy in advanced infection, as well 
as a reliable technique to detect intra cartilaginous 
malignancy spread can possibly help in selection 
of cases for this therapy. Accurate detection 
of cartilage invasion is significant, since a false 
positive explanation of malignancy involvement 
can possibly cause over-therapy, or in worst 
condition to a unnecessary total laryngectomy. 
Both CT & MRI are extensively applied in laryngeal 
cancer staging. CT is believed to be a moderately 
particular technique to detect intra cartilaginous 
malignancy spread, however it can possibly cause 
the level of cartilage invasion being undervalue 
miscalculated.15,16 Several studies exhibited that 
MRI is further sensitive in contrast to CT in cancer 
spread evaluation into cartilage, however it can 
possibly cause an overvalue miscalculate of 
spread.16

A total of 139 cartilages were evaluated (37 
thyroid, 37 cricoid and 65 arytenoid cartilages). 
Among these cartilages, 49 (16 thyroid, 11 cricoid 
and 22 arytenoid cartilages) had neoplastic 
invasion. In thyroid cartilage, the sensitivity of 
increased density was 0.81 and the specificity 
of chondrolysis was 0.91; the specificity of both 
findings together was 0.95. In cricoid cartilage, 
the sensitivity of increased density was 0.73; the 
specificity was 0.73; the specificity of chondrolysis 
was 0.96 and specificity of both findings was 1. 
In arytenoid cartilage, the specificity of increased 
density was 0.67; the specificity of chondrolysis 
was 0.98; and the specificity of both findings 
together was 1. Considering all 139 cartilages 
together, the sensitivity of increased density 
was 0.69 and the specificity of chondrolysis 
was 0.96. Setting all cartilages in a single group 
and considering both of these CT findings, the 
sensitivity was 0.89 and the specificity was 0.76.17 
The finding of the above study is similar to our 
study in terms of sensitivity and specificity. Most 
of the laryngeal neoplasm originate from true 

vocal cords (especially, in anterior one-third of 
the cords) which are adjacent to thyroid cartilage. 
This fact could make the direct invasions of 
neoplasms to thyroid cartilage more frequently 
than is seen as increased density. Furthermore, 
this close relation could result in neoplastic 
irritation and thus thyroid cartilage reaction 
which could be resulted in higher sensitivity.18 

The variations in ability of CT to detect neoplastic 
laryngeal cartilage invasion in some part are due 
to different CT techniques used (e.g., applying 
scan times of4–9 s/slice and slice thickness of 
4–6 mm in earlier studies). Another important 
reason is considering variable diagnostic criteria 
for neoplastic invasion of the laryngeal cartilage. 

Erosion is a specific CT finding for diagnosis of 
neoplastic cartilage invasion, which could be 
due to the fact that erosion in the majority of 
cases develops in response to direct neoplastic 
involvement in contrary to some nonspecific 
findings such as increased density which could 
also happen in response to inflammatory reactions 
in addition to neoplastic involvement. This finding 
is similar to other reports which have shown 
specificities of 0.86–1 in detection of thyroid, 
cricoid and arytenoids neoplastic invasion.18-20 

The higher specificities of cartilage erosion in CT 
could mean the higher positive predictive value 
of this finding and makes it a suitable indicator 
for management and treatment planning. Thyroid 
cartilage can be physiologically ossified in an 
irregular pattern in comparison to arytenoid 
cartilages. This physiologic ossification may be 
mistaken with lysis due to neoplastic invasion. 
Therefore, the specificity of the erosion in CT is 
higher for neoplastic invasion of the arytenoid.21 

Otherwise; this finding has an acceptable 
specificity for detection of neoplastic cartilage 
invasion.

CONCLUSION
The study observed the specificity, sensitivity, 
positive & negative predictive value and accuracy 
of CT scan to detect thyroid cartilage invasion 
was 84.5%, 93.3%, 98.4%, 56% and 86.05% 
respectively. Bigger sample size studies are 
required to more conformation of these results.
Copyright© 05 Aug, 2016.
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