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Abstract.
OBJECTIVE: To investigate the value of contrast-enhanced ultrasound (CEUS) for the diagnosis of cervical tuberculous
lymphadenitis (CTL).
METHODS: The cohort study included 203 consecutive patients diagnosed with cervical lymph node. Before pathological
or laboratory confirmation, all patients underwent CEUS examination, and the imaging findings were analyzed afterward.
The diagnostic efficiency of the CEUS imaging findings of CTL was evaluated.
RESULTS: Nighty-seven patients of the 203 (47.8%) were pathologically or laboratory confirmed with a CTL diagnosis
while the remainder (52.2%) were diagnosed with non-tuberculous lymphadenitis. Regarding the imaging findings of CEUS,
it was more common in CTL patients to find a pattern of heterogeneous enhancement inside the lymph nodes relative to non-
tuberculous patients [81.44% (79/97) vs 15.09% (16/106), P < 0.01]. The sensitivity of the feature in diagnosis for CTL was
81.44% and the specificity was 84.91%, resepectively. Furthermore, a pattern of peripheral rim-like enhancement had been
notable in CTL patients compared with non-tuberculous patients [86.60% (84/97) vs 12.26% (13/106), P < 0.01], associating
with a diagnostic sensitivity of 86.60% and a specificity of 87.74%. When it came to the combination of both imaging
findings mentioned above, the features were more prominent in CTL patients than compared with non-tuberculous patients
[74.23% (72/97) vs 5.66% (6/106), P < 0.01], with a diagnostic sensitivity of 74.23% and a high specificity of 94.34%.
Regarding area under curve (AUC) for the ROC analysis, the feature of internal heterogeneous enhancement, peripheral
rim-like enhancement, and both features were 0.832, 0.872, and 0.843.
CONCLUSIONS: CEUS patterns of heterogeneous enhancement and peripheral rim-like enhancement of lymph nodes are
helpful characteristics for the diagnosis of CTL.
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1. Introduction

Globally, an estimate of 10 million people are infected with tuberculosis (TB) and 1.4 million die
annually from the infection according to the World Health Organization (WHO) [1]. TB remains the
top cause of death worldwide from a single infectious agent (prior to HIV/AIDS or COVID-19) [2].
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Although TB typically affects the lungs (pulmonary TB), it could also affect other sites (extrapulmonary
TB) [3]. Tuberculous lymphadenitis is a common manifestation of extrapulmonary TB which accounts
for more than 10% of total the world’s TB infections [4]. Furthermore, it is even more common in
countries such as China, where tuberculosis is endemic [5]. Cervical tuberculous lymphadenitis (CTL)
is often caused by Mycobacterium tuberculosis by infecting the mucous membrane at sites such as the
oral or nasal cavities, and subsequently spreading to the lymph nodes along the lymphatic vessels [6].
CTL holds the highest morbidity rate in tuberculous lymphadenitis, with a long infection duration and
complicated clinical manifestations, and remains challenging to distinguish from other lymph node
diseases [7, 8]. Therefore, there is an urgent need for imaging methods that can assist in making fast
and accurate diagnosis.

In clinical practice, the manifestations of CTL varies. It often shows matting, heterogeneous inside
the lymph node, and hilum absence in conventional ultrasound (US). Due to the lack of characteristic
imaging signs in US for CTL, it is commonly misdiagnosed or diagnosed late, which affects treatment
[9]. Although there are some findings in CT, which helps in better anatomical localization of lymph
nodes not usually detected on clinical examination, it is not commonly used in clinical practice because
of its radiation and little help in biopsy of lymph node [10, 11]. Elastography which reflects the stiffness
of organs can provide additional stiffness information of the lymph node, but it is apt to be influenced
by calcification and necrosis of the lesion [12].

Contrast-enhanced ultrasonography (CEUS) is an ultrasound diagnostic technique using intravenous
injection of microbubble contrast agents and real-time harmonic gray-scale sonography [13–16], which
can effectively evaluate blood perfusion in tissue and partial microcirculation for solid organs [17–19].
It is reported that CEUS showed preferable diagnostic value for superficial lymph nodes [20, 21].
YANG et al found that the CEUS enhancement patterns of tuberculous lymphadenitis were mainly
heterogeneous inside the lymph node and rim-like periphery [22].

Though the potential for CEUS to distinguish CTL from other lymph node diseases has been noticed
according to previous studies, few studies evaluate the diagnostic value for CTL itself. Therefore, the
present study retrospectively analyzed the CEUS imaging features of CTL to explore its value and role
in diagnosing CTL.

2. Materials and methods

2.1. Patients

This retrospective study involved patients that presented to our hospital with enlarged cervical lymph
nodes between January 2019 and December 2020. The eligibility criteria were listed as follows: 1.
Enlargement of cervical lymph nodes; 2. Complete dynamically records of CEUS examination; 3. The
patient was clinically confirmed by pathology or laboratory inspection. While the exclusion criteria
were listed as follows: 1. The patient with incomplete information; 2. The patient who refused CEUS
examination because of personal reasons such as allergic constitution; 3. Undiagnosed patients. Finally,
A total of 203 patients were enrolled, aged 18–56 years old (mean 36.2 ± 9.4 yrs). Among them, 106
were females while 97 were males. This study was approved by the ethics committee of our hospital
(approval number 2021-298). All the enrolled patients gave informed consent.

2.2. CEUS examination

The Philips iU-Elite ultrasound system (Washington, USA) was used for the whole procedure, while a
L12-5 linear array transducer (frequency range, 5.0–12.0 MHz) was applied in the US. Each patient took
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Fig. 1. The flowchart of case classification and comparision.

a supine position with the neck fully exposed. All cervical lymph node levels were checked carefully
and the larger lymph nodes were selected, of which the most typical lymph node was examined for
CEUS after comprehensive assessment with the patient’s prior consent. A L9-3 linear array transducer
(frequency range, 3.0–9.0 MHz) was applied in the CEUS, with a real-time contrast imaging software
(supported by the Philips Healthcare System), which allows contrast-enhanced imaging with low
acoustic power (Mechanical Index, MI is 0.06). A bolus of 2.4 ml of contrast agent (SonoVue, Bracco,
Italy), which was diluted with 5 ml of normal saline (NS) and shaken well before use, was injected
intravenously via the superficial vein of the elbow, followed by a flush with 10 ml of NS. CEUS was
displayed on a split-screen mode by optimizing settings and focus was placed under the level of the
lesion to minimize the destruction to microbubbles. The complete CEUS examination was dynamically
recorded over 3 minutes and stored in the hard disk of the ultrasonic apparatus. Finally, the perfusion
patterns of the lesions in CEUS were analyzed, classified, and documented by the same two senior
radiologists. When the analyses from the two radiologists were inconsistent, a third senior radiologist
would review the imaging and draw a final conclusion via discussion with the two previous radiologists.
The process of the study is shown in Fig. 1.

2.3. Statistical analysis

The statistical analysis was performed with SPSS 19.0 software (IBM Corp, NY, USA). Comparison
of enhancement patterns of different lymph node lesions in CEUS was performed by Chi-square test
and Fisher’s exact test. The difference was considered statistically significant when P was below 0.05.
The receiver operating characteristics (ROC) curve was used to analyze the diagnostic value of CEUS
for CTL.
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3. Result

3.1. Confirmed diagnosis

Of the 203 patients who were confirmed with cervical lymph node enlargement by pathology or lab-
oratory examination, 97 patients were tuberculous lymphadenitis (CTL group) while 106 patients were
non-tuberculous (non-tuberculous group, included 39 cases of reactive hyperplastic lymphadenopa-
thy, 27 cases of lymphoma, 33 cases of cervical lymph node metastasis of malignant tumors, and 7

Table 1

Basic characteristics of the patients and ultrasound features of the lesions

Characteristics CTL (n = 97) Non-tuberculous (n = 106) P value

Patient
Mean age (yrs) 35.00 ± 9.281 37.24 ± 9.482 0.092
Gender (Female/male) 60/37 46/60 0.009∗

History of pulmonary tuberculosis 31 28 0.385
PPD test positive 93 52 0.000∗

US
Maximum diameter (mm) 26.16 ± 3.710 27.17 ± 4.979 0.107
Echo

Hyperechoic 8 7 0.655
Isoechoic 13 18 0.479
Hypoechoic 48 51 0.845
Heterogeneous 28 30 0.929

Lymph node hilum 0.236
Presence 18 27
Absence 79 79

Internal vascularity 0.001∗

Presence 48 29
Absence 49 77

Internal calcification 0.004∗

Presence 29 14
Absence 68 92

Margin 0.299
Circumscribed 51 48
Not Circumscribed 46 58

Matting 0.006∗

Presence 59 44
Absence 38 62

CEUS
Inside lymph node

Homogeneous enhancement 5 84 0.000∗

Heterogeneous enhancement 79 16 0.000∗

Non-enhancement 13 6 0.059
Peripheral rim-like enhancement 0.000∗

Presence 84 13
Absence 13 93

PPD: purified protein derivative. CTL: cervical tuberculous lymphadenitis. US: conventional ultrasound. CEUS: contrast-
enhanced ultrasonography. ∗ indicates statistically significant difference.
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Fig. 2. Images present general appearance of CTL for CEUS imaging patterns. (A1, A2) Pattern 1: peripheral rim-like
enhancement (−→) with internal homogeneous enhancement. (B1, B2) Pattern 2: peripheral rim-like enhancement (−→)
and internal heterogeneous enhancement (�), like “honeycomb”. (C1, C2) Pattern 2: peripheral rim-like enhancement (−→)
and internal heterogeneous enhancement (�), like “dead wood”. (D1, D2) Pattern 3: peripheral rim-like enhancement (−→)
with non-enhancement inside the lesion.



74 D. Zhao et al. / The diagnostic value of contrast-enhanced ultrasound

cases of histiocytic necrotizing lymphadenitis). The average maximum diameter of the largest typical
lymph node was 26.69 ± 4.436 mm, and the basic characteristics of the patients and the conventional
ultrasound features of the lesions were present in Table 1.

3.2. Characteristics of CEUS imaging and ROC analysis

In CEUS imaging, a classification of CTL by YANG, et al. was applied (Fig. 2) [8]. The enhancement
patterns of all lymph node lesions in CEUS were shown in Table 2.

It was more common to find a pattern of heterogeneous enhancement inside the lymph nodes at
arterial phase relative to non-tuberculous patients (P < 0.01), with 81.44% (79/97) in the CTL group
compared to 15.09% (16/106) in the non-tuberculous group. ROC analysis showed that using internal
heterogeneous enhancement as a feature for diagnosis, the sensitivity, the specificity, the positive
predictive value, the negative predictive value, and the area under the curve (AUC) were 81.44 %,
84.91%, 83.16%, 83.33%, and 0.832, respectively.

Furthermore, a pattern of peripheral rim-like enhancement at arterial phase had been notable in CTL
patients (86.60%, 84/97) compared with non-tuberculous patients (12.26%, 13/106), associating with
the statistically significant difference (P < 0.01). When taking peripheral rim-like enhancement as a
feature for CTL diagnosis, the sensitivity, the specificity, the positive predictive value, the negative
predictive value, and the AUC were 86.60%, 87.74%, 86.60%, 87.74%, and 0.872, respectively.

Table 2

Enhancement patterns of cervical tuberculous lymphadenitis and non-tuberculous lesions in CEUS

Lymph node type Internal Peripheral Internal heterogeneous
heterogeneous rim-like enhancement + peripheral
enhancement enhancement rim-like enhancement

Cervical tuberculous lymphadenitis 81.44% (79/97)∗ 86.60% (84/97)∗ 74.22% (72/97)∗

Non-tuberculous lesions 15.09% (16/106) 12.26% (13/106) 5.66% (6/106)
Reactive hyperplastic lymphadenopathy 10.26% (4/39) 20.5% (6/39) 7.69% (3/39)
Lymphoma 11.11% (3/27) 3.70% (1/27) 0.00% (0/27)
Metastasis of malignant tumors 24.24% (8/33) 12.12% (4/33) 9.09% (3/33)
Histiocytic necrotizing lymphadenitis 14.29% (1/7) 28.57% (2/7) 0.00% (0/7)

∗P < 0.05 when it was compared with non-tuberculous lesions.

Table 3

Diagnostic performance of CEUS for cervical tuberculous lymphadenitis

Enhancement Pattern Sensitivity Specificity Positive Negative Youden index AUC Z P
predictive predictive

value value

Internal heterogeneous
enhancement

81.44% 84.91% 83.16% 83.33% 0.6635 0.832 12.550 0.000

Peripheral rim-like
enhancement

86.60% 87.74% 86.60% 87.74% 0.7433 0.872 15.728 0.000

Internal heterogeneous
enhancement and
peripheral rim-like
enhancement

74.23% 94.34% 92.31% 80.00% 0.6857 0.843 13.710 0.000
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Fig. 3. Receiver operating characteristic (ROC) curves for the diagnostic accuracy of CEUS in CTL.

Fig. 4. Images of a 35-years-old woman with tuberculosis in the right cervical lymph node. (A) Gray-scale ultrasound
shows the hypoechoic enlarged lymph nodes with clear boundary, and the lymph node hilum is absent. (B) Color Doppler
ultrasound detects few color signals of blood flow in and around the lymph node lesion. (C) CEUS image shows internal
heterogeneous enhancement (� non-enhancing area) and peripheral rim-like enhancement (−→). (D) The lymph node was
surgically removed, and caseous necrosis (�) and local granulation tissue hyperplasia (−→) in the lymph node were observed
under the microscope (HE×200).



76 D. Zhao et al. / The diagnostic value of contrast-enhanced ultrasound

When it came to the combination of both imaging findings mentioned above, the features were more
prominent in CTL (74.23%, 72/97) compared with non-tuberculous patients (5.66%, 6/106), while the
difference was statistically significant (P < 0.01). ROC analysis showed that the combination of the two
features can result in diagnostic sensitivity, specificity, positive predictive value, negative predictive
value, and AUC of 74.23%, 94.34%, 92.31%, 80.00%, and 0.843, respectively.

All results were presented in Table 3 and Fig. 3. CTL mainly exhibited internal heterogeneous
enhancement and peripheral rim-like enhancement (Fig. 4).

4. Discussion

Tuberculous lymphadenitis is the most common form of extrapulmonary tuberculosis, with the
neck being the most common site [3]. On account of its complicated clinical manifestations, a rapid
and minimally invasive imaging examination method is urgently needed for the screening of CTL. In
clinical practice, the accuracy of CEUS was much higher than conventional ultrasound in the diagnosis
of cervical lymphoma and lymph node metastasis [9, 23], since CEUS has been widely used to evaluate
microperfusion and microcirculation in various tissues and organs [24]. Furthermore, combined with
the application of CEUS, the accuracy of lymph node biopsy was greatly improved [25]. A previous
study found that CTL was mostly manifested as heterogeneous enhancement inside the lymph node and
peripheral rim-like enhancement in CEUS enhanced pattern [22]. Therefore, the cohort study included
203 consecutive patients with the confirmed cervical lymphadenopathy who underwent CEUS, in order
to evaluate the role of CEUS in the diagnosis of CTL after analyzing the diagnostic performance of
characteristic enhancement pattern of CTL.

In the present study, it showed that the internal heterogeneous enhancement of the lymph nodes,
peripheral rim-like enhancement, and the combination of two features were all more common in the
CTL group than that in the non-tuberculous group. In particular, the specificity of the diagnosis of CTL
with both the features of internal heterogeneous enhancement and peripheral rim-like enhancement
combined, was as high as 94.34%. This may be related to the pathological changes of CTL [3, 26].
A comparison of the pathological results of surgically removed CTL and CEUS results verified that
the unenhanced region of CEUS images in the lymph nodes indicated caseous necrosis, the internal
enhancement area indicated the hyperplasia of lymphocytes and granulation tissue, and the peripheral
rim-like enhancement area indicated inflammation at the edge of the lymph node and the hyperplasia
of granulation tissue. Various inflammatory chemokines due to inflammatory reactions around lymph
nodes caused abnormal hyperplasia of granulation tissue and capillaries around lymph nodes, resulting
in a rim-like enhancement in CEUS images [27]. However, in the CEUS images of a few CTL cases,
there was no typical enhancement of CTL observed, which may be related to the stage of the disease.
Several cases that were still at an early stage of the disease, when the hyperplasia was evident in
the lymph nodes, showed only sporadic or inconspicuous necrosis. Therefore, the typical features of
internal heterogeneous enhancement in CEUS were not observed under the influence of the partial
volume effect of CEUS. It showed homogeneous enhancement inside the lymph nodes. Additionally,
the hyperplasia of granulation tissue around lymph nodes was not obvious at this stage, due to the
absence of aggregation of inflammatory chemokines. Some cases were at the end stage or the stage
of recuperation, when extensive necrosis or dispersed dystrophic calcifications were noted inside the
lymph node, leading to the sign of non-enhancement in lymph nodes [28].

On the other hand, some of the non-tuberculous lesions showed internal heterogeneous enhance-
ment and/or peripheral rim-like enhancement, which mimicked CTL. It is acknowledged that the CEUS
manifestations of various cervical lymph node diseases may be related to their pathological changes.
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For example, the reactive hyperplastic lymphadenopathy is dominated by the hyperplasia of lymphoid
tissues, necrosis in the lymph nodes is rare, and the boundaries around the lymph nodes are clear. There-
fore, reactive hyperplastic lymphadenopathy usually presents with homogeneous enhancement in the
lymph nodes [29]. Necrosis is also rarely presented in lymphoma, a group of heterogeneous neoplastic
diseases originating from a single mutated lymph node cell, but mostly occurred after chemotherapy
[30, 31]. As a result, with very minimal inflammation at the junction of the lymphoma and surround-
ing tissues, CEUS showed homogeneous hyperenhancement inside the lymph node and no rim-like
enhancement around in most cases. In the present study, only one lymphoma case showed peripheral
rim-like enhancement, which may be associated with non-specific infection. Lymph node metastasis
of malignant tumors presents many similarities with tuberculous lymphadenitis in US findings [32].
For example, cervical lymph nodes metastasis of nasopharyngeal carcinoma are prone to liquefactive
necrosis in the lymph nodes, and inflammation surrounding the lesions may occur when complicated
with infection [33]. As a result, an enhancement pattern similar to that of CTL was produced. However,
the majority of other metastatic lymph nodes did not show typical internal heterogeneous enhance-
ment combined with peripheral rim-like enhancement in CEUS. Furthermore, studies found that the
increase in blood vessel volume and density precedes an increase in lymph node size in the early stages
of lymph node metastasis [34], which has been hypothesized that detection of these changes by CEUS
may allow early diagnosis of lymph node metastasis [35]. It was also reported that metastatic lymph
nodes exhibit characteristic enhancement patterns such as centripetal perfusion, and the absence of
hilum after enhancement, which were helpful for differential diagnosis [36]. In addition, although
it was prone to necrosis in the lymph nodes with the disease of histiocytic necrotizing lymphadeni-
tis, most of which were pinpoint foci, it still showed homogeneous enhancement due to the limited
resolution and partial volume effect of CEUS [37, 38].

Several limitations in the current study cannot be ignored. Firstly, the study only compared the
features of CEUS imaging in CTL with non-tuberculous cases, while it did not compare among the
various diseases in the non-tuberculous group, which may lead to selection bias. Secondly, only CTL
and certain common cervical lymph node conditions presented with lymph node enlargement were
compared, rare cervical lymph node diseases with lymph node enlargement were not reviewed. Thirdly,
some biases such as CTL concomitant with other diseases might be mixed up in the case enrollment
in the current retrospective study. Moreover, the present study only briefly evaluated the diagnostic
efficacy of CEUS in CTL, and it is believed that multimodal ultrasonography including CEUS will be
more valuable for the diagnosis of CTL. These issues require further study.

5. Conclusions

In conclusion, CEUS is useful in directly and objectively detecting the hyperplasia and necrosis in and
around cervical lymph nodes. Internal heterogeneous enhancement and peripheral rim-like enhance-
ment are the characteristic features of CEUS for CTL diagnosis along with preferable diagnostic
performance.
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