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Abstract
The evaluation of lymph nodes (LN) using ultrasound requires a high level of clinical and sonographic competence. This
“pictorial essay” is intended to illustrate eye-catching examples of relevant “clinical-sonographic visual diagnoses” of LNs.
We provide typical images and take home messages of eye-catching features to illustrate the featured publications.
The first part included the introduction into the subject, indications for US examination and the widely accepted recognized features for LN characterization. The key features for the differential diagnosis of suspected lymphadenopathy and
benign lymphadenopathy are illustrated. In the second part eye-catching features of malignant lymphadenopathy and the differential diagnosis of carcinoma and lymphoma are shown.
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Introduction
In this second part eye-catching features of malignant
lymphadenopathy and the differential diagnosis of carcinoma and lymphoma are shown. In general, LN metastases of solid tumours have to be differentiated from
malignant lymphatic LN infiltrations [1-7].
The typical features of benign lymphadenopathy
include the preserved architecture and painful swelling
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[7,8] but indolent non-Hodgkin lymphoma may also
show preserved vessel architecture, whereas Hodgkin’s
disease often demonstrates loss of LN architecture at an
early stage [9].
The typical features of lymphoma, in addition to the
eye-catching feature of splenomegaly, are multiplicity
of painless echo-poor lymph nodes in chains arranged
around the course of larger vessels without a specific
relation to cancer organs. The LNs lose their architecture and may appear cystic. Similarly, tuberculosis has
to be taken into account with focal lymph node lesions
and necrotic tissue [10-15]. It has to be kept in mind that
testicular and also ovarian lymph node metastasis may
follow a similar pathway around the aorta and inferior
vena cava. The lymph node vascularity of metastatic LNs
is often similar to the vessel characteristics of the primary tumour. Hypervascular LNs are typically found in LN
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metastases of renal cell cancer, neuroendocrine, thyroid,
breast and ovarian cancer [16-19].
As already mentioned in part one, regional cortical
thickening, especially in otherwise pathological appearing round shaped lymph nodes, is a sign of circumscript
malignant LN infiltration, especially seen in highly differentiated metastatic infiltration and also in less aggressive Hodgkin’s and non-Hodgkin’s disease [9,20-23].
The circumscript infiltration can be explained by malignant cells entering via afferent vessels with neoplastic
growth. At this site peripheral enhancement of contrast
agents with less central enhancement is indicative of
malignant infiltration [24-27]. It is of interest that central portions of LNs may be less effectively treated by
systemic chemotherapy or immunomodulating treatment
[28-31]. ln contrast, a regular vascular architecture and
branching and enhancement of vessels in a centrifugal
direction indicates benign lymphadenopathy.

Distorted vascular branching representing vessel
amputation and increased neoplastic vessel density are
observed more often in cancers with a poor prognosis.
It is well known that metastatic nodes have a higher resistive index (RI) compared to inflammatory LNs. When
intranodal LN pressure rises, the arterial RI rises as well
if the capsule is intact [32]. In these circumstances typically only arteries can be detected by Doppler techniques
as small veins may be compressed by high intranodal
pressure [25,26,33-35]. The neoplastic vessels and the
compressed veins may cause ischemia stimulating further neoplastic reactions. In later stages transcapsular
arteriovenous shunts may be predominant with RI in arteries lower than in earlier stages [32,36]. Due to capsule
infiltration high pressure interstitial fluid may leak out of
the LN causing perilymphatic oedema. Due to the loss of
pressure the neoplastic vessel architecture may become
visible again.

Fig 1. Different B-mode and colour Doppler patterns of metastatic LNs. A non-enlarged LN with a round echo-poor nodule within
the inguinal LN in the follow up of a malignant melanoma. The LN was suspected for LN metastases (confirmed by surgery) (a).
Two round and hypoechoic LNs visible in the inguinal region 2 years after cervical cancer surgery. US-guided biopsy confirmed LN
metastases (b). Color Doppler ultrasound shows an enlarged hypoechoic LN with lobulated shape and irregular vessels in a patient
with breast cancer. LN metastasis was confirmed by surgery (c). A marked enlarged axillary LN with heterogeneous structure and
cystic areas in a case of metastasis from malignant melanoma (d). Take home message: a non-enlarged LN with a round echo-poor
nodule, enlarged hypoechoic round LNs, enlarged LNs with irregular margins and chaotic vessel architecture or enlarged LNs with
heterogeneous structure and necrotic areas is an eye-catching feature for LN metastasis. In patients with skin neoplasia and specifically melanoma located distal to the elbow or the knee, the cubital and/or popliteal fossae should be also examined.

Fig 2. Male patient presents with palpable right-sided testicular enlargement (a). B-mode ultrasound shows a large and heterogeneous testis suspected to be testicular carcinoma (confirmed by surgery) (b). In the paraaortic area of the renal arteries enlarged LNs
were observed suspected to be metastases (c). Take home message: the presence of enlarged LNs in the paraaortic area of the renal
arteries is an eye-catching feature for LN metastasis from testicular carcinoma.
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In lymphomas, the tumour neovascularization also
depends on their aggressiveness or indolence. High microvessel density is more often seen in aggressive entities
and stages with a poor prognosis if no treatment options
are available [37-40]. Even if both, lymphoma and meta-

tasis, present characteristic B-mode and Colour Doppler
(CD) imaging, the diagnosis cannot be achieved only by
ultrasound. Patients symptoms and past medical history
are important and finally the histological confirmation of
the lymph node is crucial.

Fig 3. Patient presents with a palpable hard lesion in the left neck triangle, suspected to be an enlarged LN (a). B-mode imaging
shows a LN in the “Virchow gland” location (b). The lesion showed isolated vessels suspected to be due to malignancy (c). US guided
core needle biopsy confirmed the diagnosis of a LN metastasis from prostate cancer. Take home message: the presence of an enlarged
LN in the “Virchow gland” location with isolated vessels is an eye-catching feature for LN metastasis.

Fig 4. Patient presents with history of a NET, abdominal pain and subileus. In B-mode imaging, a mesenteric LN metastasis, localized
around the superior mesenteric artery was seen, which was pulling on intestinal loops suggestive of a desmoplastic reaction (a). CEUS
shows mesenteric vessels with a star-shaped appearance due to pulling of the bowel loops (b). The somatostatin receptor PET-CT
proves diagnosis of mesenteric LN metastasis of NET (c). Take home message: the presence of enlarged LN pulling on intestinal
loops suggestive of a desmoplastic reaction is an eye-catching feature for LN metastasis of NETs.

Fig 5. Patient presents with a painful palpable tumour in the right inguinal region (a). B-mode imaging shows a complex LN formation
with necrotic areas (b). CEUS shows just a marginal contrast media uptake of the LN (c). The US guided core needle biopsy revealed
the diagnosis of metastases from a squamous cell carcinoma. Take home message: the presence of enlarged heterogeneous LNs in the
inguinal region with a marginal hyperenhancement on CEUS is an eye-catching feature for LN metastasis from anal or vulvar carcinoma.
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Fig 6. Patient presents with palpable tumour on the left side of the neck suspected to be an enlarged LN secondary to thyroid carcinoma. Longitudinal and cross-section B-mode imaging shows a complex LN with multiple small calcifications. US guided core
needle biopsy revealed the diagnosis of a metastases from a thyroid carcinoma (a). Hyperechoic LNs on the right side adjacent to
the large vessels and a predominantly cystic LN on the left side with some microcalcifications are further examples of metastases
of papillary thyroid cancer (b,c). Take home message: the presence of enlarged heterogenous LNs with multiple small calcifications,
partly cystic LNs or hyperechoic LNs is an eye-catching feature for neck LN metastasis from thyroid carcinoma.

Fig 7. Patient presents with varicose skin vessels and acute shoulder, arm- and facial swelling suggestive of a superior vena cava
obstruction (a). B-mode imaging shows a venous thrombosis and a pathological LN (b). CEUS confirms the diagnosis of thrombosis (c).
US guided core needle biopsy gives the diagnosis of metastases from bronchial carcinoma. CT shows the thrombosis of the
superior vena cava (d). Take home message: the presence of an enlarged pathological LN near venous thrombosis is an eye-catching
feature for LN metastasis.

Fig 8. Patient presents with palpable nodes in the right inguinal region with previous surgery for rectal cancer. B-mode imaging
shows oval echoic homogeneous nodes (a). CDS delineates an irregular peripheral vascular pattern (b). A high RI (0,99) was measured in these irregular arteries (c). US guided core needle biopsy revealed the diagnosis of lymph node metastasis from rectal cancer
(d). For comparison an enlarged hypoechoic heterogeneous left sided inguinal lymph node (e) with hilar type vascular pattern (f)
with regularly branching of lymph node vessels and a lower RI (0,76) (g) measured in non-Hodgkin lymphoma is shown. Take home
message: the presence of enlarged hypoechoic LN with a peripheral type vascular pattern and high RI are eye-catching features of
lymph node cancer metastasis, but histologic examination is essential.
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Fig 9. Patient presents with a mass lesion of the right lung, suspicious for lung cancer. EUS is performed for mediastinal LN staging. Several enlarged LNs are found at LN station 7, which differ in echopattern (a; left: medium echogenicity, echogenic hilum;
right: low echogenicity, no hilum). With strain elastography, the left node exhibits a soft elastography pattern, whereas the right LN
is homogeneously blue (stiff, Strain Ratio compared to the left LN was 78.66) (b). RI of hilar vessels of the left LN is within normal
range (c; 0.72), whereas the RI of the right LN is high (d; 0.89). EUS-guided sampling of the right LN was performed with diagnosis
of LN metastasis of squamous cell cancer. Take home message: the presence of enlarged hypoechoic LNs with loss of hilar structure,
high stiffness with elastography and high RI with Doppler analysis are eye-catching features of LN cancer metastasis.

“Eye-catching features of malignant lymphadenopathy – lymphoma”
There are different sonographic patterns of peripheral
LNs suggesting malignant lymphoma (fig 10). Variably
configured hyperechoic areas within a LN are almost exclusively seen in chronic lymphocytic leukemia (fig 11).
Particularly, in the case of aggressive lymphomas, hyperechoic infiltrating growth can be observed with destruction of LN architecture (fig 12).
Enlarged LNs of the neck and mediastinum in combination with typical symptoms are indicative of Hodgkin’s

disease [9] (fig 13). “Potato sac-like” lymphoma can be
observed in both indolent and aggressive lymphomas
(fig 14). Large “bulky” lymphatic masses surrounding
the mesenteric vessels are typical of lymphoma [9] (fig
15). Occasionally, lymphoma masses may present with
tumour associated complications that need further sonographic evaluation to establish a final diagnosis (fig 16).
In all cases of suspected lymphoma, histological confirmation of diagnosis is absolutely necessary [9,20].

Fig 10. Different B-mode and CDS patterns of malignant lymphoma. Nearly cystic appearance of LNs and hypervascularization on
CDS: aggressive NHL (a,b). A marked enlarged, oval-shaped and hypoechoic LN with granular pattern and still visible thin hyperechoic hilum (c). A conglomerate of hypoechoic LNs with smooth delineation join together like a stonewall (d). Take home message:
the presence of nearly cystic LNs, the presence of enlarged hypoechoic LNs with granular pattern and conglomerates of LNs like
a stonewall are eye-catching features for lymphoma.

Fig 11. Pattern of lymphoma morphology in patients with chronic lymphocytic leukemia (CLL). Mesh-like hyperechoic infiltration
of a LN (a). Focal round hyperechoic areas in the enlarged LNs (b,c,d) and hyperechoic round splenic lesion (e). Take home message:
the presence of focal enlarged pathological LNs with hyperechoic round splenic lesion is an eye-catching feature for CLL.
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Fig 12. Patient presents with a palpable right sided inguinal tumour. B-mode imaging shows an oval, fat-like soft mass irregular
delineated (a). Hyperechoic and hypoechoic areas can be differentiated in high-resolution sonography (b). In individual areas the
tumour appears to have a folded structure (c). The US guided core needle biopsy revealed the diagnosis of an aggressive lymphoma.
Take home message: the presence of enlarged LNs with hyperechoic and hypoechoic areas and fold structure are eye-catching
features for aggressive lymphoma.

Fig 13. Patient with B-symptoms and a palpable tumour on the left side of the neck (a). B-mode imaging presents multiple enlarged
hypoechoic LNs (b). In the chest X-ray, a pronounced mediastinal tumour was observed (c). The US guided core needle biopsy revealed the diagnosis of Hodgkin’s disease (d). Take home message: after exclusion of an acute Ebstein Barr Virus (EBV) infection,
the presence of multiple huge enlarged pathological hypoechoic LNs unilaterally in the neck is an eye-catching feature for Hodgkin’s
disease.

Fig 14. Patient with CLL presents with huge palpable LNs present for years but now growing in all areas (a). B-mode imaging presents the CLL-characteristic “potato sac-like” lymphoma packets (b). Take home message: the presence of “potato sac-like” multiple
enlarged LNs is an eye-catching feature for lymphoma.
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Fig 15. Patients with CLL and patterns of massive mesenteric and para-aortic lymphoma involvement. Confluent hypoechoic LNs
located around the mesenteric vessels (a). Nearly homogeneous complex mesenteric tumour formation (b). Take home message: the
presence of massive enlarged homogeneous hypoechoic LNs around the mesenteric vessels is an eye-catching feature for mesenteric
lymphoma infiltration.

Fig 16. Patient presents with a massive right-sided leg swelling. Diagnosis of deep vein thrombosis was already established and
anticoagulation treatment initiated (a). B-mode imaging shows a large hypoechoic mass in the area of the right pelvis (b). On CEUS,
marked enhancement of tumour tissue was observed. No venous flow was seen (c). The US guided core needle biopsy revealed the
diagnosis of Hodgkin’s disease. Take home message: the presence of large hypoechoic LNs in the pelvis with marked enhancement
on CEUS is an eye-catching feature for malignant lymphoma.

Conclusion
Detailed diagnostic characterisation of lymph nodes
is a domain of multiparametric ultrasound. Distinct patterns of ultrasound morphology are decisive but the combination of clinical features and sonographic images are
the key to diagnosis. The interpretation of enlarged LNs
requires a high clinical and sonographic competence. To
guide clinical management in cases of suspected lymphoma or metastasis, ultrasound-guided biopsy is essential
for histological confirmation of diagnosis and for specific
immunohistochemical and molecular characterization.
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