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Abstract Background: Nontuberculous mycobacteria (NTM)
are a common cause of chronic cervicofacial lymphadenitis
in young children. The differential diagnosis includes other
infections, lymphoepithelial cysts and malignancies.
Objective: To assess the sonographic findings of NTM
cervicofacial lymphadenitis in children. Materials and
methods: We analysed the sonograms of cervicofacial
lymph nodes of 145 children with microbiologically proven
NTM lymphadenitis. Results: The size of the involved
lymph nodes ranged from 1.9 cm to 4.4 cm. Most of the
NTM patients (85%) presented in a stage of lymph node
fluctuation with violaceous skin discoloration. On sonogra-

phy, marked decreased echogenicity was seen in all cases.
In 133 of the patients (92%) liquefaction with intranodal
cystic necrosis, nodal matting and adjacent soft-tissue
oedema were present. 66 children received antibiotic treat-
ment, and the other children underwent surgical excision
of the involved lymph nodes. In 69% of the patients
successfully treated with antibiotics, multiple intranodal
calcifications were present on sonography after 1 year.
Conclusions: Sonographic findings can provide addi-
tional diagnostic clues for NTM lymphadenitis in child-
hood. A marked decrease of echogenicity in the early
stages, with intranodal liquefaction in the advanced stages,
are universal features, albeit not entirely specific. Multiple
intranodal calcifications are rather characteristic of end-
stage mycobacterial infection.
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Introduction

Nontuberculous mycobacterial (NTM) lymphadenitis is a
common cause of chronic cervicofacial lymphadenitis in
immunocompetent children. The disease manifests itself in
young children between the ages of 1 and 5 years, usually
without generalized symptoms. Unilaterally enlarged sol-
itary or clustered nodal masses occur in the submandibular
or preauricular areas, and the nodes suppurate and form a
chronic sinus tract [1] The differential diagnosis consists of
other infections, e.g. Bartonella henselae lymphadenitis,
lymphoepithelial cysts and malignancies. Following histo-
ry and physical examination, sonographic evaluation of the
head and the neck is one of the first investigations
performed in such patients. In adult patients sonography
may help to differentiate malignant from benign
lymphadenopathy [2], and it provides information on the
number, size, site, shape, borders, matting, adjacent soft-
tissue oedema, and internal architecture of cervicofacial
lymph nodes [3]. On grey-scale sonography, normal and
reactive nodes tend to be hypoechoic and oval (short-axis
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to long-axis ratio, S/L, <0.5), except for submandibular and
parotid nodes, which are usually round (S/L ≥0.5), and they
have an echogenic hilus [3]. Malignant lymph nodes on
grey-scale sonography and metastatic nodes are usually
hypoechoic, round, and without an echogenic hilus.
Coagulation necrosis, which appears as a demarcated
echogenic focus, may be found in metastatic nodes while
eccentric cortical hypertrophy is a useful sign to indicate
focal tumour infiltration. Lymph nodes with cystic necrosis
are suggestive of malignancy, and intranodal cystic necro-
sis is common in metastatic nodes from squamous cell
carcinomas.

Ultrasonographic findings in a large series of children
with NTM cervicofacial lymphadenitis have not previously
been reported. During the course of the CHIMED (surgery
versus medication) study, a randomized, prospective, mul-
ticentre trial on the optimal treatment of NTM cervicofacial
lymphadenitis in children, we performed ultrasonography
in 145 children. We here describe the findings in these
patients with microbiologically proven NTM infection.

Materials and methods

Patients

Children with chronic cervicofacial lymphadenitis were
included in the CHIMED trial, a nationwide study in the
Netherlands on the optimal treatment of NTM cervicofacial
lymphadenitis in children. Patients were referred by
paediatricians, otolaryngologists, oral-maxillofacial sur-
geons and general practitioners from all over the country to
the principal investigator (J.L.). The diagnosis of NTM
lymphadenitis was confirmed in all patients by polymerase
chain reaction (PCR) or culture, or both. The diagnostic
procedures and patient characteristics have been described
previously [4–6]. The Medical Ethics Committee of the
Academic Medical Center of the University of Amsterdam
approved the study.

Methods

Ultrasonographic examinations were performed with a
Siemens Sonoline ultrasound scanner (Siemens Medical
Solutions, Munich, Germany) and a 7.5–13-MHz linear-
array transducer. All examinations were performed in the
paediatric radiology department. Two paediatric radiolo-
gists (A.S. and R.R.) performed or supervised the
ultrasound studies; only the regions of the head and neck
were screened. Lymph nodes were classified according to
their location in the head and neck regions. This method is
similar to the one described by Hajek et al. [7], who
subdivided the head and neck into eight regions. The
lymph nodes shown by grey-scale sonography were
analysed according to established sonographic criteria:
distribution, size, shape, presence of an echogenic hilum,
internal architecture, homogeneity, echogenicity, sharpness
of borders, posterior sound enhancement, ancillary features

such as intranodal cystic necrosis and presentation of
surrounding soft tissues (e.g. thickening or oedema of the
surrounding soft tissues). Lymph node shape was assessed
by measuring the largest and smallest diameter on the same
scan and by calculating the short-axis to long-axis (S/L)
ratio. An S/L ratio of less than 0.5 indicates an elongated or
elliptical node, whereas an S/L ratio of 0.5 or more
indicates an oval or spherical node [8]. An abscess was
suspected in the presence of ultrasonic posterior sound
enhancement, cystic necrosis, poorly defined borders, and
heterogeneous echo texture. Fine-needle aspiration was
performed in all children to demonstrate the presence of
pus and to obtain material for PCR and culture. All lymph
nodes in the head and neck with a diameter more than
10 mm were regarded as infected nodes [3].

Statistical analysis

Descriptive statistics were used to characterize the patients
and the sonographic data.

Results

Patients

A total of 145 patients had confirmed NTM cervicofacial
lymphadenitis diagnosed either by positive culture only
(n=32), PCR only (n=30) or both (n=83). Of the 145
infections, 101 (69.6%) were caused by Mycobacterium
avium, 35 (24.1%) by M. haemophilum, 3 by M.
malmoense, 2 by M. kansasii, 1 by M. chelonei, 1 by M.
intracellulare and 1 by M. fortuitum. One NTM species
was non-typable.

The age of the patients ranged from 9 months to
138 months, with a median age of 48 months. Of the 145
children, 73 were boys and 72 were girls. The mean
duration of lymph node swelling until initial presentation at
our clinic was 12.2±7.9 weeks. The children had no
systemic symptoms and they were all in good health.

Treatment consisted of surgery or antibiotic treatment.
Most children and their parents agreed to participate in a
prospective randomized study comparing surgical excision
of the affected lymph nodes with antibiotic treatment
consisting of clarithromycin and rifabutin for a minimum
of 3 months. Details of this study will be reported
elsewhere. In total, 66 children received antibiotic treat-
ment consisting of clarithromycin and rifabutin for a
minimum period of 3 months, and the other children
underwent surgical excision of the involved lymph nodes.

Ultrasound characteristics

In the 145 patients the diseased lymph nodes were detected
in the submandibular region in 126 patients (87%), the
preauricular/parotid region in 13 patients (9%) and the
submental region in 4 patients. Abnormal lymph nodes
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were found in the supraclavicular region in only one patient
and in the occipital region in another patient. Unilateral
lymph node involvement was seen in 143 children and
there were 2 children with bilateral submandibular
involvement. More than one nodal region was involved
in 22 patients (15%), which in 3 patients was caused byM.
avium and in 19 patients byM. haemophilum infection The
ultrasound-measured sizes of the diseased lymph nodes
ranged from 1.9 cm to 4.4 cm. The mean diameter of the
lymph nodes infected with M. avium was 3.2±0.9 cm and
of those infected with M. haemophilum was 2.9±0.8 cm
(Student’s t-test, P=0.18).

Most of the NTM cervicofacial lymphadenitis patients
(85%) presented at the medical centre in a stage clinically
characterized by lymph node fluctuation with violaceous
skin discoloration (Fig. 1). A minority of the patients (15%)
had clinical features of a cervicofacial swelling or nodal
mass without abscess formation or skin colour changes. On
sonography, all involved lymph nodes were hypoechoic. In
133 of the 145 patients (92%) liquefaction with intranodal
cystic necrosis, nodal matting, and adjacent soft-tissue
oedema were indications of central necrosis with the
presence of pus, which could be confirmed by fine-needle
aspiration in all patients. The S/L ratio was <2 in 6 patients
(4%) and >2 in 139 patients (96%). Figure 2 shows central
lymph node necrosis in a patient without skin discoloration
or clinical evidence of abscess formation. Figure 3 shows
the surgical specimen of the infected lymph node.

Of the 145 patients, 66 were treated with clarithromycin
and rifabutin. A draining fistula was observed during
follow-up sonography in 62 of these patients (93%). In 48

patients antibiotic treatment was successful. In 33 of these
48 patients multiple intranodal calcifications were present
on the follow-up sonogram after 1 year (Fig. 4).

Discussion

To our knowledge this study is the first comprehensive
description of grey-scale sonographic findings in a series of
patients with microbiologically proven NTM cervicofacial
lymphadenitis. Previous reports are limited to anecdotal
cases. Singular or multiple enlarged lymph nodes with
marked skin discoloration were seen in 85% of patients at
initial presentation. The submandibular region was the
most affected lymph node station, and almost all patients
had unilateral node involvement. All lymph nodes were
hypoechoic, and in the majority of the patients liquefaction
with intranodal cystic necrosis, nodal matting, adjacent
soft-tissue oedema and pus were present, as an indication
of lymph node necrosis. The sonographic lymph node
characteristics were not specific for the type of NTM
species. Nevertheless, multiple involved lymph node
stations were seen in 54% of patients infected with M.
haemophilum and in only 3% of those with M. avium
infection. Intranodal calcification was seen on the follow-
up sonogram after 1 year in 68% of the patients
successfully treated with antibiotics.

The clinical manifestations of the patients in our study
were in accordance with previous reports from the
literature [1], and a strong point of our study was that
only patients with a culture- or PCR-proven NTM infection
were analysed. The differential diagnosis of the clinical and
imaging appearance of NTM cervicofacial lymphadenitis
includes tuberculosis, cat-scratch disease and lymphomas.
A limitation of our study was that no comparison was made
with other infectious causes of chronically enlarged lymph
nodes. The grey-scale sonographic features of cervical
lymphadenopathy in cat-scratch disease have been de-

Fig. 1 Clinical picture of a child with a right submandibular NTM
lymphadenitis, presenting as a fluctuant swelling with extensive
characteristic skin discoloration. M. haemophilum infection was
diagnosed by PCR after fine-needle aspiration biopsy

Fig. 2 Ultrasonography of the left submandibular region (13-MHz
probe), shows two adjacent enlarged lymph nodes. The S/L ratio is
<0.5. The lymph node shows central necrosis (asterisk). The smaller
of the two lymph nodes shows posterior sound enhancement (arrow)
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scribed by Ridder et al. [8]. They found hypoechoic
echogenicity and normal surrounding tissue in all patients.

A diagnostic delay during NTM infection is common as
a result of lack of familiarity of clinicians with this
condition [7]. Enlarged lymph nodes can be detected by
various imaging modalities including ultrasonography, CT,
and MRI [9].

B-mode sonography with ultrasonic frequencies of 5–
7.5 MHz has been an integral diagnostic modality in
patients with lymphadenopathy, while colour-flow Doppler
can display the angioarchitecture of lymph nodes and is a
useful addition to B-mode scanning for differentiating
benign from malignant cervical lesions in various types of
head and neck cancer [10]. The new generation of high-
resolution ultrasound platforms with the power-mode
feature enables the imaging of perinodular and intranodular
small vessel blood flow. An aberrant course of intranodal
vessels, focal absence of perfusion and subcapsular vessels
are characteristics of malignant nodes, while straight hilar
vessels with regular branches are associated with a reactive
or inflammatory lymphadenopathy [11].

Several authors consider power Doppler to be superior to
colour-coded Doppler sonography in visualizing intranodal
flow patterns. The greater ability to visualize the tiny
intranodal vessels as well as the better colour persistence
and the angle independence are responsible for the

diagnostic superiority of power Doppler over colour-
coded Doppler sonography [11] Three-dimensional (3D)
power Doppler sonography has also been used to classify
vascular patterns of cervical lymphadenopathy; however,
accurate assessment of vascular patterns might be difficult
[12]. The use of ultrasound contrast agent during colour-
coded duplex sonography and power Doppler appears to
allow a better delineation of hilar and peripheral vascular-
ization in enlarged lymph nodes, but it does not improve
the diagnostic accuracy in the evaluation of lymph nodes
suspected to be malignant [11]. On colour Doppler, power
Doppler, and 3D sonography, normal cervical nodes show
hilar vascularity or appear as avascular, and reactive nodes
predominantly show hilar vascularity [3]. On spectral
sonography normal and reactive nodes usually show low
vascular resistance. Inflammation causes vasodilatation,
which increases blood flow velocity in reactive lymph
nodes.

The presence of an echo complex pattern of irregular
hyperechoic small intranodular structures and the presence
of an irregular diffuse intranodular blood flow are the best
indicators of malignancy [10]. The more rounded lymph
nodes with a Solbiati index (SI, ratio of largest to smallest
diameter) of <2 corroborate the suspicion of malignancy,
while a SI of >2 is highly indicative of benign changes
[13]. However, the SI is not a tool allowing a reliable
discrimination between malignancy and benignity if used
as a single criterion [11]. In NTM infection a marked
decrease in echogenicity in the early stages, and intranodal
liquefaction, nodal matting and soft-tissue oedema in the
progressed stages, are universal features, albeit not entirely
specific. In the patient treated non-surgically, intranodal
calcification is a common end-stage feature.

CT imaging of NTM lymphadenitis shows dominant
peripheral enhancement with a central hypodense mass,
associated with relatively little fat stranding, and often
accompanied by skin thickening and smaller, anatomically
separate, cavitating nodal masses [9, 14]. In MRI images,
suppurative granulomatous material is represented by low-
density ring-enhancing subcutaneous masses extending
from the adenopathy to the skin, while minimal stranding
of adjacent subcutaneous fat is seen [9].

Ultrasonography has the advantage that it is widely
available and quick, and has a good patient tolerance.
Using ultrasonography in NTM cervicofacial lymphade-

Fig. 3 Macroscopic pathology.
a Surgically removed lymph
node. b The caseous necrosis as
is seen in NTM lymph node
infections

Fig. 4 Cervical ultrasonography (13-MHz probe), 1 year after
antibiotic treatment. The lymph node shows central calcifications
which are less than 1 mm in diameter
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nitis can also play a role in treatment planning, and during
therapeutic follow-up. A preferred treatment of NTM
cervicofacial lymphadenitis is surgical excision [15–18],
which should be performed with the least possible
complications. In patients with lymph node necrosis and
violaceous skin discoloration many surgeons remove the
affected skin. Skin involvement could be detected with
sonographic examination in the early stages of the disease.
In addition, sonographic assessment of NTM lymphade-
nitis might provide the physician with information on the
number of affected lymph nodes, the contiguity of major
vessels, and the status of the affected lymph nodes prior to
surgery.

Conclusion

We conclude that detection of central liquefaction or
presumed suppuration by early sonographic assessment,
and the other characteristics as assessed in this study, could
play an important role in early recognition of necrotizing
NTM lymphadenitis. Furthermore, it provides supplemen-
tal information that may be helpful for initiating early and
correct treatment.
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