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Abstract
The purpose of this review is to become familiar with ultrasound (US) characteristics of normal and pathological lymph nodes 
and with diagnostic imaging approach to lymphadenopaties. Lymphadenopathy is a common finding in the paediatric popula-
tion. Due to the many pathologies that can present in a similar fashion, imaging is a valuable method used in diagnostic process. 
Ultrasound is the modality of choice for lymph node detection in children, with a high safety profile as it does not use radiation. 
In this review the US appearance and characteristics of normal lymph nodes, and of some more common lymphadenopathies, are 
presented. Special attention is paid to distinguishing between benign and malignant lymph nodes on the basis of US character-
istics. All findings must always be correlated with clinical and laboratory findings, and frequently followed by fine-needle aspira-
tion or excisional biopsy as some US morphologies of benign and malignant nodes may overlap. However, the criteria that raise 
suspicion for malignancy are round shape, predominantly hypoechoic echogenicity, heterogenous echotexture, absent or displaced 
hilum, irregular outlines, necrosis, multiple confluent lymph nodes, the presence of microcalcifications, and peripheral or mixed 
flow pattern on colour Doppler imaging. Conclusion – US is the first line imaging method in palpable masses in children, first 
to confirm the presence of lymph nodes, and second to better delineate the lymph node’s characteristics, which guides further 
diagnostic decisions and treatment.
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Introduction

Palpable lymph nodes are a common reason for 
paediatric visits, and a regular reason for perform-
ing ultrasound (US) examinations of children (1, 
2). Most cases prove to be benign in origin and 
sometimes there is no pathology involved at all, as 
previous studies have shown that palpable lymph 
nodes are also common in healthy children (3, 4). 

In the workup of palpable lymph nodes clini-
cians form a differential diagnosis by relying on 
the patients’ history and physical examination. 
Valuable information that should be gathered dur-
ing the workup includes: the onset and duration of 
the mass, changes in size, and the presence of fever, 

pain, or any other symptoms of infection. Physical 
examination findings of palpable mobile, elastic and 
soft nodes suggest reactive adenopathy, while firm 
and nonmobile lymph nodes are usually associated 
with potential malignant causes (3–5). Sometimes 
clinicians are sufficiently confident in determin-
ing the aetiology of enlarged lymph nodes on the 
basis of the information gathered, and additional 
workup is not needed. However, if the lymphade-
nopathy fails to resolve itself either spontaneously 
or with antibiotic therapy after 4 to 6 weeks, ad-
ditional symptoms appear, or when there is a sus-
picion of malignancy, further diagnostic tools are 
necessary, imaging being one of them (4). Normal 
lymph nodes are small, bean-shaped structures that 
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are part of the body’s immune system. Most com-
monly, palpable lymph nodes can be found in the 
neck region, inguinal region (groin) and axillary re-
gion. Lymph nodes are also found in the chest and 
abdomen, but they are usually not palpable. The 
US characteristics of lymph nodes are the same, re-
gardless of location. There are no lymph nodes in 
the central nervous system (2). 

Lymph nodes in children grow in size for ap-
proximately the first 6 years and then slowly un-
dergo involution that coincides with puberty (2). 
The size of a normal lymph node correlates with its 
location. Most nodes larger than 10 mm, measured 
along the short axis, are considered enlarged, the 
only exception being jugulodigastric nodes which 
can measure up to 15 mm and are still considered 
normal (1, 3, 6). Obviously, lymph node size is 
only one parameter, and for final diagnosis all US 
parameters must be taken into account.

US is the first-choice imaging method for pal-
pable lymph nodes in children. It is a widely availa-
ble, portable, cost-effective imaging modality, with 
a high safety profile, as it is radiation- and sedation-
free. It provides quick, real-time characterization of 
the mass, with excellent contrast and spatial resolu-
tion, and it can be used for guidance during inter-
ventional procedures, such as tissue sampling and 
biopsy or drainage. The main technical limitation 
of US is if the mass cannot be imaged appropri-
ately. This may be because the mass is too deep or 
too large to be displayed in its entirety, or it is too 
hyperechoic (3). Other limitations of US include 
operator dependent variability and artefacts due to 
a noncooperative patient.

The main role of US is to clarify whether the 
palpable mass is a lymph node or not. Yaris et al. 
showed that approximately every fifth case con-
sidered to be lymphadenopathy turns out to be 
something else (7). Palpable masses can sometimes 
simulate lymph nodes even though they originate 
from other tissues (8). The most commonly en-
countered masses include: lipomas, abscesses, thy-
roglossal duct cysts, branchial cysts, dermoid cysts, 
thyroid nodules, vascular malformations, piloma-
trixomas and others (3, 9). In this pictorial essay, 
the US characteristics of normal superficial lymph 

nodes, as well as different lymphadenopathies, are 
described. US techniques can be applied to any re-
gion of the body where superficial lymph nodes are 
found (such as the axillae, groin area, neck region 
etc.), as well as to nonpalpable lymph nodes. 

The purpose of this review is to become familiar 
with US characteristics of different lymphadenopa-
ties, to be able to recognize the suspected malignant 
lymph nodes, and to be aware of US limitations. 
The current position of new US techniques, such 
as contrast-enhanced ultrasound (CEUS) and US 
elastography, is discussed. A practical diagnostic im-
aging approach to lymphadenopathies is suggested.

Ultrasound Techniques

First, we have to create a comfortable environment 
for the child and parents during the US examina-
tion, and gain their cooperation (10). When per-
forming US of a palpable mass, a high-frequency 
linear probe (mostly 10-15 MHz, newer probes 
18-22 MHz) is used. Grey-scale US is used, as 
it provides high-resolution images of superficial 
structures. Characterizing the mass with grey-scale 
US requires its visualization in at least two planes, 
but preferably three – sagittal, transverse and an-
tero-posterior. The Doppler technique is an im-
portant additional tool in evaluating lymph node 
vascularization. Usually colour or power Doppler 
is good enough to detect the pattern of lymph 
node vascularization. With a cooperative child, a 
pulsed Doppler can offer additional information by 
obtaining the resistance index (RI) values and the 
shape of the spectral Doppler curve. 

New US technologies, such as intravenous 
CEUS (11, 12) and US elastography (13, 14), rep-
resent a new potential approach to evaluation of 
pathological lymph nodes. CEUS involves the ad-
ministration of intravenous contrast agent contain-
ing microbubbles of inert gas that start oscillating 
when they are hit by the US beam, which affects 
ultrasound backscatter and increases vascular con-
trast, allowing for better assessment of vascularity 
and contrast retention in lesions (11, 15). There 
is no evidence that CEUS has any great potential 
in differentiation between benign and malignant 
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lymphadenopathies, but it is proving to be a clini-
cally valuable method for detecting complications 
in children with suppurative lymphadenopathy 
(11). The basic principle of US elastography is that 
pathological processes alter the elastic properties of 
the involved tissue, which influence US wave prop-
agation reflected in a change of the velocity of the 
shear waves (13, 14). Studies on adults showed that 
US elastography might be useful for differentiat-
ing between benign and malignant lymph nodes, 
as it appears that most inflammatory processes do 
not change the elastographic architecture of lymph 
nodes (16). Current guidelines as yet do not recom-
mend its use in everyday clinical practice (12, 17).

US guided fine needle or sometimes core needle 
biopsy is performed in cases of unexplained lymph-
adenopathy (3, 9). US guidance allows precise 
sampling.

Ultrasound Characteristics of Normal Lymph 
Nodes and Lymphadenopathies

US characterisation of lymph nodes can prove suf-
ficient for diagnosis, in correlation with the clini-
cal picture and laboratory findings, or it can help 
with determining the next best step in the patient’s 
workup. The US characterisation criteria describ-
ing the lymph node are presented in Table 1. They 

include a description of the lymph node’s loca-
tion, its size and shape, as well as morphology and 
the echostructure of the lymph node and the sur-
rounding soft tissue. The patterns of lymph node 
vascularisation are well known and described, but 
there are no clear, commonly accepted cut-off val-
ues for RI. Usually, RI values regarded as normal 
are around 0.6. Hyperaemia due to inflammation 
and higher diastolic flow caused by vessel dilata-
tion result in lower RI (usually around 0.5), while 
hypercellularity in malignant lymphadenopathies 
(around 0.7 or higher) results in higher RI (18–20). 
Caution is needed when interpreting RI due to the 
overlap between the groups. 

Normal Lymph Nodes

Normal lymph nodes are seen on US as homog-
enous, well-defined, oval or bean-shaped struc-
tures, usually with a short to long axis ratio (S/L 
ratio) of  around 0.5 (Fig. 1) (3, 19, 21–23). The 
cortex is hypoechoic relative to muscle, with a cen-
tral echoic fatty hilum, which is usually continu-
ous with the surrounding connective tissue of the 
node. With colour or power Doppler, a single ves-
sel can be found that is barely perceptible, with 
RI around 0.6, or even unseen (1, 3, 4, 19, 24). 
Normal nodes usually have central vascular flow on 
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Table 1. Lymph Node Characterisation Criteria

Characteristics

Location: anatomical region

Size parameters - at least 2 planes (transversal and longitudinal), preferably 3 

Shape:  short axis to long axis ratio (S/L ratio)
–	 Oval (S/L ratio around 0.5)   
–	 Rounded (S/L ratio around 1.0)
–	 Irregular asymmetric shape

Morphology and echostructure:
–	 LN hilum: presence/absence, position
–	 LN cortex: echogenicity, thickness (uniform/nonuniform), architecture: homogenous, non-homogenous, presence of localized structural 

changes

Border or margins of LN: well-defined, thickened irregular, blurred

Vascularization of LN with colour and pulse Doppler
–	 Flow: absent/present
–	 Vessel location: central, peripheral, mixed (central and peripheral)
2	 Resistance index

Surrounding tissues: normal/abnormal
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colour Doppler, or may appear avascular due to the 
small size of the node (3, 21, 22). Each lymph node 
is surrounded by a fibrous capsule. Perinodal tissues 
are well-defined and clearly distinguishable (3). 

Reactive Lymphadenitis

Reactive lymphadenitis can be caused by all types 
of pathogens, however, viral infection is the most 
frequent cause of lymphadenitis in childhood. 
Upper respiratory tract infections are the most 
common cause of acute bilateral lymph node en-
largement (5, 10, 25). The nodes are usually soft 
and mobile, without erythema, and may be ac-
companied by tonsillar or adenoidal hypertrophy 
(1, 26]. Diffuse lymph node enlargement in adoles-
cents, especially if accompanied by hepatospleno-
megaly, is most commonly caused by Epstein-Barr 
virus or Citomegalovirus (1, 26). These two viral 
pathogens can also cause chronic lymphadenopa-
thy, that persists for 6 weeks or longer (5, 25, 26). 
On US, reactive lymph nodes appear enlarged, but 
they generally maintain an S/L ratio ≤0.5, with 
their normal structure and composition, a hypo-
echoic cortex, and well-defined borders (Fig. 2) 
(3, 4, 10). Doppler US usually shows hyperaemia, 
with a more prominent hilar vessel or a branched 
pattern of vascularity and lower RI values, around 
0.5 to 0.6 (1, 3, 19). In cases of reactive lymphad-
enitis, a watch-and-wait approach is recommend-
ed, as spontaneous resolution is the most common 

outcome. Additional imaging is not required (1, 
26). If liver and spleen involvement is suspected, 
abdominal US should be performed (25).

Bacterial Lymphadenopathies

Bacterial lymphadenopathies can be divided into 
acute and chronic infections. Most acute cases are 
caused by staphylococci and beta haemolytic sero-
group A streptococci, followed by anaerobic bacte-
ria from dental caries. The most common causes of 
subacute and chronic infections are nontuberculous 

Fig 1. A normal lymph node under the left strenocleidomas-
toid muscle (middle internal jugular region of the neck). 
Conventional ultrasound shows a well-defined, oval lymph 
node with hypoechoic cortex (arrow) and central hyperecho-
ic linear hilum (arrowhead). The lymph node is smaller 
than 1 cm, S value is 4 mm, L 10 mm and the S/L ratio is 
less than 0.5. Perinodal tissue is well preserved.

Fig. 2. A reactive lymph node. a) Conventional ultrasound 
of a reactive lymph node due to tonsillitis and cervical 
lymphadenitis in a 2-year-old boy shows an enlarged (S: 
18 mm, L: 40 mm), well-defined, oval lymph node, with 
normal structure and maintained S/L ratio (18/40 = 0.45) 
on the lateral border of the middle internal jugular (III) 
region, on the right side of the neck. b) Colour Doppler US 
of another reactive lymph node in the same region shows the 
central hilar vessel and central vessel net distribution. 
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mycobacteria (NTM), bartonella and tuberculosis 
bacteria (25, 27).

Acute bacterial lymphadenitis is most com-
monly seen at ages from 1 to 4 years old, most 
commonly affecting the cervical lymph nodes, and 
originates from the oropharyngeal space (3, 4, 27). 
In an uncomplicated infection, the nodes tend to 
be enlarged unilaterally, tender or even painful, and 
warm, with localised erythema (1, 4, 27). On US, 
uncomplicated bacterial lymphadenitis appears as 
unilaterally enlarged lymph nodes with an S/L ratio 
>0.5 and preserved homogenous, hypoechoic cor-
tex and hyperechoic fatty hilum, that may progress 
into a confluent nodal mass. Doppler US shows 
hyperaemia with low RI. Signs of perinodal in-
flammation may be present, with hyperechogenic 
fat swelling (Fig. 3) (1, 3, 28). If not treated, the 
infection may progress to suppuration and abscess 
formation. Uncomplicated bacterial lymphadeni-
tis can be managed with antibiotics, and does not 
need further imaging workup (3, 26, 27).

On US, complicated suppurative adenopathy 
will show the reduction or even loss of the hyper-
echoic fatty hilum, and anechoic regions of necro-
sis with or without septations and foci of air, and 
decreased vascularity on colour Doppler (1, 3, 4). 
Surrounding perinodal tissues usually demonstrate 
reactive oedema (1, 3). In cases of abscess forma-
tion, a heterogenous hypoechoic or anechoic mass 
with thickened and irregular walls and increased 

peripheral vascularity can be seen (Fig. 3) (3). If 
the abscess cannot be properly evaluated with 
grey-scale and Doppler, due to the poorly defined 
borders of the mass, or if there is uncertainty as to 
whether the formation is solid and hypoechoic or 
indeed cystic in nature, CEUS may be performed 
to better define and delineate the size and shape of 
the abscess cavity before a decision on treatment 
and whether the abscess will require drainage (Fig. 
4). In most severe cases the adjacent vasculature 
can become compromised with inflammation of 
the vessels, spasms or even septic thrombophlebi-
tis (Lemierre syndrome) (1, 3, 4). In complicated 
cases, follow up US may be appropriate to evaluate 
the response to treatment. 

Cat-scratch disease is one of the most common 
causes of chronical lymphadenopathy, caused by the 
bacteria Bartonella henselae. The typical presenta-
tion involves erythema at the site of the scratch and 
regional lymphadenopathy, with or without general 
malaise three weeks after the scratch (5, 25, 26). 
When cat-scratch disease is suspected, inquiring 
about the presence of pets or any animal scratch-
es in the child’s history plays an important role. 
Axillary, epitrochlear and cervical lymph nodes 
are most often affected (1, 4). US findings can be 

Fig. 3. Acute bacterial lymphadenitis in a 1-year-old girl. 
US shows a heterogeneous, mostly hypoechoic, enlarged, 
rounded lymph node (arrow) in the left submandibular 
region, with poor differentiation between the cortex and 
hilum. There is also hyperechoic fat stranding characteristic 
for perinodal inflammation (star). 

Fig. 4. Suppurative cervical lymphadenitis in a 1-year-old 
girl on contrast-enhanced ultrasound of the lymph node 
with dual display. The conventional US image on the right 
side of the image shows an enlarged lymph node with het-
erogeneous structure and poorly defined borders. The con-
trast-enhanced image on the left side of the image clearly 
demarcates the irregular shape of the abscess cavity (nonen-
hanced part of the lymph node - star) and hyperenhanced 
surrounding tissue. 

Maja Šljivić et al. ■ Lymph Node Ultrasound
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variable and nonspecific. Nodes can be enlarged, 
oval or lobulated, heterogenous, or homogenous, 
usually hypoechoic with a preserved hyperechoic 
hilum. Nodes can have either sharp or poorly de-
marcated borders, depending on the perinodal in-
flammation. Doppler US usually shows central hy-
peraemia with enlargement of the hilar vessel and 
its branches (Fig. 5). The appearance of the affected 
node can progress to anechoic due to necrosis (1, 4, 
29, 30). Surrounding tissue can appear normal or 
slightly hyperechoic (1, 30). Often, images of large 
and well-perfused lymph nodes help to lead to the 
question about whether the child was scratched by 
a cat. The disease is usually self-limiting and does 
not require additional imaging.

Atypical mycobacterial infections which cause 
granulomatous inflammation, are most commonly 
caused by Mycobacterium avium complex (4, 5). 

Affected children are usually less than 5 years old, 
presenting with unilateral enlarged axillar or neck 
mass that persists for more than 3 weeks, but oth-
erwise show no symptoms of systemic illness. After 
2 to 3 weeks, the skin becomes thin with violet dis-
coloration. In cases where necrosis of the affected 
lymph node occurs, spontaneous fistulisation may 
develop (Fig. 6) (5, 25, 26). 

Usually US shows an enlarged, round or lob-
ulated lymph node, that is often hypoechoic and 
heterogeneous in composition, containing central 
necrosis (1, 4, 31). The nodal margins may be dis-
tinct or blurred with a hyperechoic perinodal halo, 
depending on the inflammatory infiltration of ad-
jacent fatty tissue (1, 31). The affected lymph node 
may be surrounded by smaller reactive nodes. In 
cases with spontaneous fistulisation, a connecting 
tract between the node and the skin can be seen. In 

Fig. 6. Development of a draining sinus tract in a 4-year-
old boy with an atypical mycobacterial infection. a) The grey 
scale US image shows an enlarged, ovoid, hypoechoic lymph 
node with a particularly hypoechoic round area (star), rep-
resenting necrosis. There is also spontaneous fistulation (ar-
row) with fluid collection located in the subcutaneous fat 
tissue (arrowheads), b) Doppler US of the same lymph node 
shows diminished vascularisation of necrotic area.

Fig. 5. Cat-scratch disease in a 17-year-old boy. a) US 
shows a cluster of considerably hypoechoic, enlarged, ovoid 
shaped axillary lymph nodes, with relatively thin hyperecho-
ic surrounding soft tissue (fat stranding). b) In comparison 
to normal lymph node vascularisation there is increased hi-
lar vascularity of an oval, hypoechoic lymph node (S: 12 
mm, L: 21 mm, S/L ratio is 0.57) in the elbow region on 
Doppler US. No necrosis of lymph nodes was identified.
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later stages intranodal calcification may occur and 
is identifiable on US as strong echoes within the 
hypoechogenic lymph node (1, 31).

Nontuberculous mycobacterial lymphadenopa-
thy usually presents with chronic enlargement that 
can be treated simply by observation in mild cases as 
it can resolve spontaneously. However, complete sur-
gical excision of the affected lymph node is the most 
effective curative option (32). In cases of conservative 
treatment follow up US can be performed for moni-
toring the progression or regression of the disease.

Malignant Lymphadenopathies 

Most common lymphadenopathies associated with 
malignancies in children younger than 6 years 
old are due to neuroblastoma and leukaemia, fol-
lowed by rhabdomyosarcoma and non-Hodgkin’s 
lymphoma. After 6 years of age, lymph nodes are 
most often affected due to Hodgkin’s lymphoma, 
non-Hodgkin’s lymphoma, and rhabdomyosarcoma 
(33). In cases of lymphoma and leukaemia, cervi-
cal lymphadenopathy is a common initial finding 
(3, 25). If supraclavicular, lower cervical or poste-
rior cervical lymph nodes are enlarged, malignancy 
should always be considered (26, 33). In addition, if 
lymph nodes are rapidly increasing in size, are big-
ger than 2 cm on palpation, nontender and fixed, 
they are much more likely to be malignant (5, 26). 

On US, malignant lymph nodes tend to have 
a rounder shape, with S/L ratio around 1.0 (Fig. 
7) (3, 23, 34). Sometimes asymmetrical cortical 
thickening can be seen due to focal tumour infil-
tration in metastatic lymph nodes (35). Usually, 
malignant lymph nodes are markedly hypoechoic 
and homogenous in composition (1, 10, 24, 35). 
Lymphomatous lymph nodes can sometimes dem-
onstrate internal reticulation, giving them a micro-
nodular appearance (1, 3). In cases of rapid tumour 
growth, when it outgrows its blood supply, spots of 
necrosis can appear, either as anechoic cystic necro-
sis or echogenic coagulation necrosis (Fig. 8) (24, 
35). A special case is metastatic papillary thyroid 
carcinoma, known for its psammoma bodies which 
result in the hyperechoic appearance of the lymph 
node on US (1, 24). 

Fig. 7. Non-Hodgkin lymphoma in a 3-year-old boy who 
presented with painless lymphadenopathy in the lower in-
ternal jugular and supraclavicular region on the right side 
of the neck. a) Conventional US shows many enlarged, 
rounded, hypoechoic lymph nodes with sharp margins and 
displaced hyperechoic or absent hilum, all US characteris-
tics that give rise to suspicion of malignant lymph nodes. In 
contrast to reactive lymphadenitis, there is also no perinodal 
soft tissue oedema. b) Doppler US demonstrates peripheral 
vascularization of the lymph nodes. 

Fig. 8. Burkitt lymphoma with central necrosis in a 5-year-
old boy. The conventional US image of contrast-enhanced 
ultrasound on the right side of the dual image shows the 
irregularly shaped and enlarged lymph node with poorly 
defined margins (arrowheads) and a central anechoic area 
suspected to be necrosis (star) which is much better demon-
strated on the contrast-enhanced part of the image (left), as 
the nonenhanced area. 

Maja Šljivić et al. ■ Lymph Node Ultrasound
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Malignant lymph nodes can have well-defined 
borders, believed to be due to the increased cel-
lularity of the affected lymph node, causing an 
increase in the acoustic impedance difference be-
tween the node and surrounding tissues (1, 34–36). 
However, irregular or blurred borders are also com-
mon and should not exclude malignancy, as they 
can indicate the extracapsular spread of the tumour, 
particularly in metastatic lymph nodes (Fig. 9) (24, 
35, 36). Multiple confluent lymph nodes may be 
seen, but this is also common in bacterial infec-
tions (1, 3, 34). A common feature of malignant 
lymph nodes is an absent, or present but displaced, 
hyperechoic hilum, although in the early stages of 
the disease the hilum might still be lying centrally 
(1, 10, 35). Furthermore, the absence of the hilum 
can also be seen in tuberculous nodes or even in 
benign cases, therefore, as with any other character-
istic, the presence or absence of an echogenic hilum 
should not be the sole criterion in determining the 
malignancy of a lymph node, and hilar vascularity 
should always be evaluated with Doppler US (21, 
35, 37). Malignant lymph nodes can demonstrate 
peripheral or mixed vascularity, where we can see 
both hilar and peripheral vascularization and a 
higher RI compared to inflammatory lymph nodes 
(around 0.7 or higher). This is ascribed to vessel 
compression due to the effect of the mass (1, 10, 
36, 38). While peripheral vascularization is highly 
suspicious for malignancy, the use of RI values has 
limited use in clinical settings due to the lack of 

standardized cut-off values for distinguishing be-
tween malignant and benign changes (21, 24).

Biopsy (fine-needle or core) or surgical excision 
is needed to confirm the diagnosis and further im-
aging (abdominal US with chest X-ray and cross-
sectional imaging – CT or MRI) should be per-
formed to evaluate the extent of the disease (3, 26).

Discussion

Different causes of lymphadenopathy can present 
with a similar clinical picture, therefore radiological 
examination can be very useful in forming differen-
tial diagnosis. Complete lymph node characterisa-
tion in correlation with clinical findings can show 
the highly suggestive appearance of the lymph 
node, that can be diagnostically decisive. Due to 
its high safety profile, US examination can be re-
peated several times and is therefore a very useful 
tool for evaluating response to treatment, or as a 
follow up in watch-and-wait cases. There are cur-
rently no specific guidelines for radiological follow 
up of lymphadenopathies. The basic management 
algorithm in children with lymphadenopathy used 
in our institution, based on the US characteristics 
of lymph nodes, is presented in Fig. 10. 

The main issue in US examination of lymphad-
enopathies is how to differentiate between benign 
and malignant lymphadenopathy. US does not 
have high specificity in distinguishing between 
benign and malignant nodes using any one crite-
rion described in this article, finding all or some 
of the features that would indicate a higher chance 
of malignancy, such as round shape with predomi-
nantly hypoechoic echogenicity, heterogenous 
echotexture, irregular borders and an absent or 
displaced hilum, multiple confluent lymph nodes, 
necrosis, peripheral or mixed vascular flow pattern, 
and high RI, should raise alarm (9, 21). However, 
the role of RI and its usefulness in clinical prac-
tice remains controversial. One issue often raised 
is that the optimal cut-off value for distinguishing 
between benign and malignant nodes is not uni-
versal and varies from study to study. Most of these 
studies were conducted on adults, which raises the 

Fig. 9. Nodal metastasis in an 11-year-old girl with a neu-
roblastoma. On conventional US, a hypoechoic lymph node 
with structural distortion and unsharp, blurred borders was 
found on her right thigh. 
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question whether the same applies in the paediatric 
population.

Another issue with children is that it is often 
much harder to perform adequate colour Doppler, 
let alone gain an accurate RI reading, as children do 
not like to be still for any amount of time, and espe-
cially in an unknown environment such as during 
an examination at the doctor’s office. Consequently, 
the operator should be well versed in dealing with 
the paediatric population, and further steps should 
be taken to elicit cooperation from children. If the 
child is old enough to understand, the examination 
should be explained to them. If the patient is too 
young, distraction techniques can be used, such as a 
pacifier, toys, music, video players, etc. In all cases, 
a parent should be present for further reduction of 
stressors. 

Newer US imaging methods currently appear to 
be of limited value. While US elastography shows 
promise in differentiating between benign and ma-
lignant lymph nodes, further studies must be done 
before it can be used in clinical practice. CEUS is 
less promising in accurate differentiation between 
benign and malignant lymph nodes, but it shows 
high potential in evaluating suppurative lymphad-
enitis, with its capability to better differentiate the 
necrotic parts of lymph nodes, and abscess and fis-
tula canal delineation.  

Conclusion

US is the first line imaging method in palpable 
masses in children, first to confirm the presence of 
lymph nodes, and second to better delineate the 

Fig. 10. Follow up imaging based on the ultrasound characteristics of lymph nodes. LN=Lymph node; US=Ultrasound; 
FNAB=Fine needle aspiration biopsy; CEUS=Contrast-enhanced ultrasound.

Maja Šljivić et al. ■ Lymph Node Ultrasound
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lymph node’s characteristics, which guides further 
diagnostic decisions and treatment. The US lymph 
node characteristics are similar regardless of lymph 
node location. US plays an important role in the 
differential diagnosis of evaluated masses, and it 
directs further management. It is also used as a fol-
low up method for objective assessment of response 
to treatment. CEUS of the lymph node can be a 
valuable method in differential diagnosis and eval-
uation of a lymph node abscess. More studies are 
needed to determine the clinical value of US lymph 
node elastography in children. 

Conflict of Interest: The authors declare that they have no 
conflict of interest.

References

1. 	 Restrepo R, Oneto J, Lopez K, Kukreja K. Head and 
neck lymph nodes in children: the spectrum from nor-
mal to abnormal. Pediatr Radiol. 2009;39(8):836-846. 
doi:10.1007/s00247-009-1250-5.

2. 	 Nield LS, Kamat D. Lymphadenopathy in Children: When 
and How to Evaluate. Clin Pediatr (Phila). 2004;43(1):25-
33. doi:10.1177/000992280404300104.

3. 	 Bansal AG, Oudsema R, Masseaux JA, Rosenberg HK. 
US of Pediatric Superficial Masses of the Head and Neck. 
RadioGraphics. 2018;38(4):1239-1263. doi:10.1148/
rg.2018170165.

4. 	 Ludwig BJ, Wang J, Nadgir RN, Saito N, Castro-Ara-
gon I, Sakai O. Imaging of Cervical Lymphadenopa-
thy in Children and Young Adults. Am J Roentgenol. 
2012;199(5):1105-1113. doi:10.2214/AJR.12.8629.

5. 	 Rosenberg TL, Nolder AR. Pediatric cervical lymphade-
nopathy. Otolaryngol Clin North Am. 2014;47(5):721-
731. doi:10.1016/j.otc.2014.06.012.

6. 	 Spijkers S, Littooij AS, Nievelstein RAJ. Measurements of 
cervical lymph nodes in children on computed tomogra-
phy. Pediatr Radiol. 2020;50(4):534-542. doi:10.1007/
s00247-019-04595-y.

7. 	 Yaris N, Cakir M, Sözen E, Cobanoglu U. Analysis of chil-
dren with peripheral lymphadenopathy. Clin Pediatr (Phila). 
2006;45(6):544-549. doi:10.1177/0009922806290609.

8. 	 Ključevšek D, Kitanovski, Lidija. Imaging approach in 
children with soft tissue palpable resistance. Paediatr Cro-
at. 2021;(65 (Supl 1)):111-117.

9. 	 Trenker C, Görg C, Hollerweger A, et al. Does lymph node 
morphology using ultrasound reflect aetiology? A pictorial 

essay, part I. Med Ultrason. 2020;22(3). doi:10.11152/
mu-2634.

10. 	Caprio MG, Di Serafino M, Pontillo G, et al. Paediat-
ric neck ultrasonography: a pictorial essay. J Ultrasound. 
2019;22(2):215-226. doi:10.1007/s40477-018-0317-2.

11. 	Piskunowicz M, Back SJ, Darge K, et al. Contrast-en-
hanced ultrasound of the small organs in children. Pediatr 
Radiol. 2021;51(12):2324-2339. doi:10.1007/s00247-
021-05006-x.

12. 	Sidhu PS, Cantisani V, Dietrich CF, et al. The EFSUMB 
Guidelines and Recommendations for the Clinical Prac-
tice of Contrast-Enhanced Ultrasound (CEUS) in Non-
Hepatic Applications: Update 2017 (Long Version). 
Ultraschall Med Stuttg Ger 1980. 2018;39(2):e2-e44. 
doi:10.1055/a-0586-1107.

13. 	Zakaria OM, Mousa A, AlSadhan R, et al. Reliability of 
sonoelastography in predicting pediatric cervical lymph 
node malignancy. Pediatr Surg Int. 2018;34(8):885-890. 
doi:10.1007/s00383-018-4301-x.

14. 	Wang B, Guo Q, Wang JY, et al. Ultrasound Elastogra-
phy for the Evaluation of Lymph Nodes. Front Oncol. 
2021;11:714660. doi:10.3389/fonc.2021.714660.

15. 	Wilson SR, Greenbaum LD, Goldberg BB. Contrast-
Enhanced Ultrasound: What Is the Evidence and What 
Are the Obstacles? Am J Roentgenol. 2009;193(1):55-60. 
doi:10.2214/AJR.09.2553.

16. 	Cui XW, Jenssen C, Saftoiu A, Ignee A, Dietrich CF. New 
ultrasound techniques for lymph node evaluation. World J 
Gastroenterol. 2013;19(30):4850-4860. doi:10.3748/wjg.
v19.i30.4850.

17. 	Cosgrove D, Piscaglia F, Bamber J, et al. EFSUMB Guide-
lines and Recommendations on the Clinical Use of Ul-
trasound Elastography.Part 2: Clinical Applications. Ul-
traschall Med - Eur J Ultrasound. 2013;34(03):238-253. 
doi:10.1055/s-0033-1335375.

18. 	Chiou HJ, Chou YH, Chiu SY, et al. Differentiation of 
benign and malignant superficial soft-tissue masses using 
grayscale and color doppler ultrasonography. J Chin Med 
Assoc JCMA. 2009;72(6):307-315. doi:10.1016/S1726-
4901(09)70377-6.

19. 	Ahuja AT, Ying M. Sonographic evaluation of cervical 
lymph nodes. AJR Am J Roentgenol. 2005;184(5):1691-
1699. doi:10.2214/ajr.184.5.01841691.

20. 	Shirakawa T, Miyamoto Y, Yamagishi J, Fukuda K, Tada 
S. Color/power Doppler sonographic differential diag-
nosis of superficial lymphadenopathy: metastasis, malig-
nant lymphoma, and benign process. J Ultrasound Med. 
2001;20(5):525-532. doi:10.7863/jum.2001.20.5.525.



23

21. 	Dudea SM, Lenghel M, Botar-Jid C, Vasilescu D, Duma 
M. Ultrasonography of superficial lymph nodes: benign 
vs. malignant. Med Ultrason. 2012;14(4):294-306.

22. 	Ying M, Ahuja A. Sonography of Neck Lymph Nodes. Part 
I: Normal Lymph Nodes. Clin Radiol. 2003;58(5):351-
358. doi:10.1016/S0009-9260(02)00584-6.

23. 	Alves Rosa J, Calle-Toro JS, Kidd M, Andronikou S. 
Normal head and neck lymph nodes in the paediatric 
population. Clin Radiol. 2021;76(4):315.e1-315.e7. 
doi:10.1016/j.crad.2020.12.020.

24. 	Chan JM, Shin LK, Jeffrey RB. Ultrasonography of abnor-
mal neck lymph nodes. Ultrasound Q. 2007;23(1):47-54. 
doi:10.1097/01.ruq.0000263839.84937.45.

25. 	Lang S, Kansy B. Cervical lymph node diseases in chil-
dren. GMS Curr Top Otorhinolaryngol Head Neck Surg. 
2014;13:Doc08. doi:10.3205/cto000111.

26. 	Chiappini E, Camaioni A, Benazzo M, et al. Development 
of an algorithm for the management of cervical lymph-
adenopathy in children: consensus of the Italian Society 
of Preventive and Social Pediatrics, jointly with the Ital-
ian Society of Pediatric Infectious Diseases and the Italian 
Society of Pediatric Otorhinolaryngology. Expert Rev Anti 
Infect Ther. 2015;13(12):1557-1567. doi:10.1586/14787
210.2015.1096777.

27. 	Rajasekaran K, Krakovitz P. Enlarged neck lymph nodes 
in children. Pediatr Clin North Am. 2013;60(4):923-936. 
doi:10.1016/j.pcl.2013.04.005.

28. 	Papakonstantinou O, Bakantaki A, Paspalaki P, Charou-
lakis N, Gourtsoyiannis N. High-resolution and color 
Doppler ultrasonography of cervical lymphadenopathy in 
children. Acta Radiol Stockh Swed 1987. 2001;42(5):470-
476.

29. 	Melville DM, Jacobson JA, Downie B, Biermann JS, 
Kim SM, Yablon CM. Sonography of cat scratch dis-
ease. J Ultrasound Med Off J Am Inst Ultrasound Med. 
2015;34(3):387-394. doi:10.7863/ultra.34.3.387.

30. 	Ridder GJ, Richter B, Disko U, Sander A. Gray-scale so-
nographic evaluation of cervical lymphadenopathy in cat-
scratch disease. J Clin Ultrasound JCU. 2001;29(3):140-
145. doi:10.1002/1097-0096(200103/04)29:3<140::aid-
jcu1013>3.0.co;2-r.

31. 	Haber HP, Warmann SW, Fuchs J. Cervical atypical myco-
bacterial lymphadenitis in childhood: findings on sonog-
raphy. Ultraschall Med Stuttg Ger 1980. 2006;27(5):462-
466. doi:10.1055/s-2006-926769.

32. 	López-Varela E, García-Basteiro AL, Santiago B, Wagner 
D, van Ingen J, Kampmann B. Non-tuberculous myco-
bacteria in children: muddying the waters of tuberculo-
sis diagnosis. Lancet Respir Med. 2015;3(3):244-256. 
doi:10.1016/S2213-2600(15)00062-4.

33. 	Leung A, Robson W. Childhood cervical lymphadenopa-
thy. J Pediatr Health Care. 2004;18(1):3-7. doi:10.1016/
S0891-5245(03)00212-8.

34. 	Pandey A, Kureel S, Pandey J, Wakhlu A, Rawat J, 
Singh T. Chronic cervical lymphadenopathy in children: 
Role of ultrasonography. J Indian Assoc Pediatr Surg. 
2012;17(2):58. doi:10.4103/0971-9261.93963.

35. 	Ahuja A, Ying M. Sonography of Neck Lymph Nodes. Part 
II: Abnormal Lymph Nodes. Clin Radiol. 2003;58(5):359-
366. doi:10.1016/S0009-9260(02)00585-8.

36. 	Gupta A, Rahman K, Shahid M, et al. Sonographic assess-
ment of cervical lymphadenopathy: Role of high-resolu-
tion and color Doppler imaging. Head Neck. Published 
online July 22, 2010:n/a-n/a. doi:10.1002/hed.21448.

37. 	Evans RM, Ahuja A, Metreweli C. The linear echogenic 
hilus in cervical lymphadenopathy--a sign of benig-
nity or malignancy? Clin Radiol. 1993;47(4):262-264. 
doi:10.1016/s0009-9260(05)81135-3.

38. 	Trenker C, Görg C, Hollerweger A, et al. Does lymph 
node morphology using ultrasound reflect aetiology? A 
pictorial essay, part II, malignant lymphadenopathy. Med 
Ultrason. 2020;22(4):476. doi:10.11152/mu-2635.

Maja Šljivić et al. ■ Lymph Node Ultrasound


