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Enlarged lymph nodes in head and neck cancer: 
Analysis with triplex ultrasonography
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Background: Presence of cervical metastasis is one of the factors infl uencing the outcome of patients with carcinoma of 
the head and neck, its early detection is potentially very important. Triplex ultrasonography technology have defi nitive role 
in detecting clinically undetectable involvement of lymph nodes (LNs). The purpose of this study was to evaluate, whether 
triplex ultrasonography characterization of cervical LNs could, with an acceptable degree of certainty, differentiate malignant 
from benign/reactive LNs, in order to prevent invasive diagnostic procedures. Materials and Methods: A total of 50 patients 
with oral cancer, were subjected to ultrasonographic investigation of the neck for grayscale, color fl ow imaging, and pulsed 
Doppler. All the parameters were compared with histopathologic examination. Correlation was then made between ultrasound 
and Doppler investigation and histopathology results to evaluate the sensitivity specifi city, positive predictive value (PPV) 
and negative predictive value (NPV) of color Doppler ultrasonography in detecting metastatic neck nodes. Results: Study 
results showed that malignant LNs, especially metastatic nodes, are accompanied with signifi cantly high resistive index (RI) 
and pulsatility index (PI) values, rounded shape, size, loss of central hilar echogenicity and peripheral vascularity. Among these 
sonographic fi ndings, nodal shape (longitudinal nodal diameter to transverse diameter ratio or L/T ratio), RI and PI values 
were more accurate for differentiating benign from malignant LNs. Conclusion: In this study, triplex sonographic fi ndings 
had relatively high accuracy in differentiating benign from malignant cervical LNs. Ultrasound hence can be recommended 
for initial non-invasive evaluation of the neck in patients with oral cancers with or without palpable cervical lymph nodes.
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INTRODUCTION

Oral cancer is a major cause of morbidity worldwide; 90% of oral 
malignancies are squamous cell carcinomas.[1] Oral cancer is the 
sixth most frequent neoplasm in the world, with an increasing 
incidence in developing countries.[2] Early detection would 
drastically bring down the morbidity and mortality associated 
with advanced stages of oral cancer.

Most lymph nodes in the human body are in the cervicofacial area 
so invasive squamous cell carcinoma of the upper aero-digestive 
tract has a strong potential for metastatic spread to the cervical 

lymph nodes. The involvement of the lymph nodes with metastatic 
deposits is always associated with a poor prognosis, approximately 
50% poorer than for patients with equivalent tumors with no nodal 
involvement. Hence, the neck status is the single most important 
indicator of prognosis in head and neck cancers and early detection of 
LNs involvement has great therapeutic and prognostic implications.[3]

An increase in nodal size was found to be an effective imaging 
criterion for the detection of metastatic cervical nodes with CT 
and MR imaging.[4] However, size determination alone is not 
effective enough for detecting metastatic nodes. Therefore, 
several studies have attempted to improve diagnostic accuracy 
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by assessing the internal architecture of the node and using other 
tissue-specifi c imaging techniques such as sonographically guided 
fi ne-needle aspiration biopsy and Fluorodeoxyglucose positron 
emission tomography. Recently, Curtin, et al.,[5] showed that 
combined information on the size and internal architecture of 
the node facilitated the detection of nodes that were metastatic 
from squamous cell carcinoma of the head and neck, confi rming, 
at least in part, the signifi cance of the assessment of the internal 
architecture of a node for the detection of metastatic nodes.

Triplex sonographic evaluation of enlarged nodes is also 
based on assessment of the internal architecture as well as size 
determination of the node, and abnormalities in the node may 
be refl ected by increased parenchymal echogenicity or loss of 
hilar echogenicity in malignant disease.[6] In addition, the recent 
development of Doppler sonography technology has shed light 
on the diagnostic signifi cance of changes in nodal blood fl ow in 
differentiating metastatic from non-metastatic nodes. Studies have 
shown that sonography used for staging head and neck tumors 
is more sensitive than clinical examination and even CT scan for 
detection of cervical LNs involvement.[6]

The purpose of this study is to demonstrate triplex ultrasonographic 
characterization of cervical lymph nodes could, with acceptable 
degree of certainty, differentiate malignant from benign lymph 
nodes, in order to prevent invasive diagnostic procedures.

MATERIALS AND METHODS

A total of 50 patients, who were referred to the Department of 
Cranio Maxillofacial Plastic and Reconstructive Surgery at College 
of Dental Sciences, Davangere, Karnataka from August 2008 to 
August 2010, of both sexes, with carcinoma of different regions of 
the oral cavity, confi rmed with incision biopsy and had clinically 
palpable cervical lymph nodes (suspected of metastasis), were 
included in this study.

Written and verbal consent were obtained by the subjects 
prior to the start of study in accordance with the declaration of 
Helsinki (World Medical Association). All cervical regions of 
these patients were scanned by three experienced radiologists 
separately, with PHILIPS Envisor-C (Shenzhen Lontek Electronic 
Technology Co., Limited, China). Broad band (3-12MHz), 
grayscale at 3-12 MHz and power Doppler at 5 MHz along 
with linear array transducer of 7-12 MHz frequencies and all the 
fi ndings were properly registered. All patients were in supine 
position and their neck hyper extended. The radiologists were 
unaware of pathology results during examination. As lymph nodes 
are encountered during the examination, their site is noted as per 
the classifi cation given by American Joint Committee on Cancer.

Ultrasonographic, high resolution pulsed and color Doppler 
ultrasonography fi ndings were documented under following 
parameters, and these parameters are defi ned as follows:
1. Shape: LNs were divided into two groups round or oblong.
2. Size: LNs were divided into two groups size0.8 and0.8 cm.
3. L/T ratio (roundness index): LNs were divided in two groups, 

L/T2 and L/T2.
4. Echotexture: The LNs were divided in two groups, those with 

homogenous and those with heterogenous echotexture.
5. Margin: Based on their margins LNs were divided in two 

groups, loss of capsular intactness and capsule intact lymph 
nodes.

6. Central Hilar Echogenicity: Absence or presence of hilar 
echogenicity

7. Vascular pattern: The LNs vascular pattern were assessed by 
color mapping and classifi ed as central, peripheral and mixed 
types.

8. Arterial resistive index (RI): This parameter was defi ned as the 
mean RI of two to three arterial vessels within LNs.

9. Pulsatility index (PI): For a metastatic node was defi ned as the 
mean PI of two to three arterial vessels within LNs.

The lymph nodes obtained surgically were subjected to 
histopathological examination done in the Department of Oral 
Pathology, College of Dental Sciences, Davangere for presence of 
metastasis and compared with the ultrasonographic and Doppler 
fi ndings to cross check for true positive and true negative results. 
Lymphomatous and metastatic LNs were classifi ed as malignant 
and reactive LNs as benign cervical nodes.

Data collected were computerized and analyzed using the 
Statistical Package for Social Sciences (SPSS) version 17.0. 
Differences in means of Resistivity index and Pulsatility index 
were statistically evaluated by means of Student’s t-test. The 
diagnostic value of the ultrasonographic fi ndings and central 
color fl ow (fl ow pattern) was statistically evaluated by means 
of Chi-square test. P value of 0.05 or less was considered as 
statistically signifi cant. Diagnostic validity and predictive value 
of high resolution pulsed and color Doppler ultrasonography was 
done by assessing the sensitivity, specifi city, positive prediction 
value and negative prediction value compared to histopathologic 
results.

RESULTS

A total of 50 cases of squamous cell carcinoma of the oral cavity 
were included in this study, according to the inclusion and 
exclusion criteria. In them, 119 lymph nodes were detected 
by ultrasonography and color Doppler investigation of the 
patients. Of the 119 nodes, 48 (40.33%) of the nodes were 
metastatic on histopathologic examination and 71 (59.7%) were 
benign [Table 1].

Results of triplex ultrasonographic assessment of LNs are shown 
in Table 1. For the 48 metastatic nodes, the observed results 
were as follows. Thirty-eight ((79.1%) had an L/T ratio 2.00 
and 10 (20.9%) had a ratio 2.00. Statistically significant 
difference between L/T ratio of malignant and benign LNs was 
observed. L/T ratio 2 had statistically signifi cant association 
with malignancy (P value0.00). Forty (83.4%) of the metastatic 
nodes were0.8 cm in size and 8 (16.6%) were0.8 cm in size. 
Nodal size 0.8 had statistically signifi cant association with 
malignancy (P value0.02) [Table 1].

Thirty-six (75%) of the lymph nodes were round in shape 
and 12 (25%) had oblong shape [Figure 1]. Round shape had 
signifi cant relation with malignancy with a P value of 0.000. 
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Thirty-six (75%) showed negative or absence of hilar echoes 
and 12 (25%) showed positive or presence of hilar echogenicity. 
There was statistically signifi cant difference in hilar echogenicity 
between metastatic and non-metastatic lymph nodes with a 
P value of 0.00 [Table 1].

There was no difference in capsular intactness and echogenic 
texture among metastatic and non-metastatic lymph nodes.

Some degree of vascularity was detected in all LNs by color 
Doppler assessment. Forty-six (95.8%) of the metastatic nodes 
had a peripheral parenchymal pattern of blood flow and 
2 (4.2%) had a hilar (central) pattern of blood fl ow as compared 
to non-metastatic nodes in which 9 (12.6%) showed peripheral 
parenchymal pattern of blood fl ow and 62 (87.32%) showed a 
hilar pattern of blood fl ow [Figures 2 and 3]. Peripheral vascular 
pattern had statistically signifi cant association with malignant 
LNs (P value0.000) [Table 1].

In 48 metastatic nodes, 40 nodes (83.3%) had a PI value1.5 and 
in 8 (16.7%) of the nodes, PI value1.5 was observed. Similarly, 
RI value of0.8 was observed in 39 (81.25%) metastatic nodes 
and a RI value0.8 was seen in 9 (18.75%) metastatic nodes 
[Figure 4]. Statistically signifi cant difference between mean arterial  
RI and PI value of malignant and benign LNs was observed 
with t values of 11.91 and 11.84 respectively (P values <0.05) 
[Tables 1].

DISCUSSION

The role of ultrasonography in evaluating superfi cial lymph 
nodes is well documented in literature.[6,7] In the present study, 
the results depicts that sonography can accurately differentiate 

metastatic from non-metastatic nodes in the neck. Furthermore, 
we found that the better performance of sonography for depicting 
metastatic nodes appears to be because of its greater ability to 
delineate changes in the internal architecture of the node.[7]

The present study showed metastatic nodes were larger in 
size (0.8 cm) compared with non-metastatic nodes. Our result 
is consistent with the study done by Giovagnorio, et al.,[8] in Italy 
and Mazaher, et al.,[9] in Iran. More recent studies concluded 
that the size criteria is inaccurate to predict metastasis as the 
phenomenon of micrometastasis with extracapsular spread has 
been demonstrated in nodes as small as 2 mm in diameter and 
infl ammation may also cause nodal enlargement. However in 
patients with proven head and neck cancers, increasing size 
of lymph nodes on serial ultrasound examinations is highly 
suspicious of metastases.[10,11]

In our study, the majority of LNs with a ratio of L/T2 were benign 
and the majority of those having a ratio of L/T2 were malignant, 
with a specifi city of 83.09%, sensitivity of 79.16%, positive 
predictive value of 76% and negative predictive value of 85.5 %, 
L/T ratio was more useful as a screening tool as it was more 
sensitive in ruling out whether a node was metastatic [Table 2]. 
Ultrasound showed the tendency for benign nodes to be 
oval (L/T2) and malignant nodes to be round (L/T2). Our 

Table 1: Depicts distribution of parameters used in the 
study as compared to histopathological results
Parameters Type of lymph node

Metastatic 
(Total of 48 LN)

Non-metastatic 
(Total of 71 LN)

Size
0.8 40 40
0.8 8 31

L/T ratio
2.00 38 12
2.00  10  59

Shape
Round 36 16
Oblong 12 55

Central hilar echogenicity
Negative 36 11
Positive 12 60

Flow pattern
Peripheral 46 9
Central 2 62

P.I values
>1.6 40 8
1.6 8 63

R.I values
>0.8 39 8
0.8 9 63

Figure 1: Triplex ultrasound scan showing long axis transverse axis of 
lymph nodes

Figure 2: Triplex ultrasound scan showing central vasculature
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fi ndings are consistent with those of other authors.[6,12-15]

The sonographic criteria presence or absence of hilar echoes was 
used in this study. Results of the study showed difference in hilar 
echogenicity between metastatic and non-metastatic lymph nodes 
with a specifi city of 84.5%, sensitivity 75%, positive predictive 
value 76.59% and negative predictive value 83.3 % [Table 2]. Our 
study is consistent with the fi ndings of studies done by Vassallo, 
et al. and Rubaltelli, et al.,[7,13] Our study showed that echotexture 
and capsular intactness are not valuable criteria for differentiating 
benign from malignant LNs which is contrasting to the results of 
other studies.[6,16]

It is well known that normal and reactive lymph nodes have 
intense vascularization with rich cortical capillary circulation, 
and this explains the appearance of the intense homogeneous 
enhancement that we observed in 87.32% of 71 non-metastatic 
lymph nodes. Lymph node metastases are generally less 
vascularized than healthy lymph node parenchyma and 
therefore behave as areas of perfusion defects; moreover, 
the presence of completely avascular necroses in metastatic 
lymph nodes is frequent. Indeed, of the 48 metastatic lymph 
nodes examined in our survey, 44 showed well-defi ned areas 
of perfusion defects, and 4 showed scarce or absent perfusion 
due to widespread invasion of confl uent areas of necrosis and 
neoplastic infi ltration.

In our series, the mean arterial resistive index RI (0.8) and 
Pulsatility index (P.I) were signifi cantly higher in malignant 
LNs (1.5) than in benign LNs. It has been suggested that the 

high vascular resistance is generally due to the compression of 
intranodal vessels by the tumor cells. Our result showed that 
analysis of nodal vascular pattern on color Doppler sonography 
is valuable in differentiating benign from malignant nodes and 
it is also highly sensitive (sensitivity of RI and PI was 86.3%) 
in detecting borderline size or with shape mimicking a benign 
node [Table 2]. The fi ndings of this study compare favorably with 
those of other researchers.[15,17-19]

CONCLUSION

In conclusion using all the ultrasound potentials, which are 
grayscale, color fl ow imaging, power Doppler and pulse Doppler, 
lymphadenopathy in patients with oral cancer can be satisfactorily 
divided into benign and malignant cases. It can provide the 
macroscopic appearance of the node in question non-invasively 
and aids in better treatment plan.
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Table 2: Depicts sensitivity, specificity, positive 
predictive value and negative predictive value of 
parameters compared to histopathological results
Parameters Specificity (%) Sensitivity (%) PPV (%) NPV (%)
Flow pattern 87.32 95.83 83.63 96.8
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PPV = Positive predictive value, NPV = Negative predictive value, 
RI = Resistive index, PI = Pulsatility  index
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