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Vascular patterns in superficial lymphomatous
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Abstract Purpose: To identify the vascular patterns found in superficial lymph nodes with
histologically confirmed lymphomatous involvement and to determine their value in the sono-
graphic diagnosis of lymphadenopathy.
Methods and materials: The study involved the prospective classification of vascular patterns
observed during power Doppler and/or color Doppler studies of superficial lymph nodes sched-
uled for resection. Forty patients (27 men and 13 women, aged 22e84 years; mean age: 58
years) with pathologically proven lymphoma were selected for this study (26 cervical, 13 axil-
lary and 1 inguinal).
Results: A longitudinal vessel with or without branches (pattern I) was found in 14 lymphomatous
nodes. Six contained short vessel segments distributed in the hilum area or centrally (pattern II),
five had multiple vessels, partially branching, entering the node in a few rows from its longitu-
dinal side (pattern III), seven presented multiple vessels that branched irregularly or chaotically
with avascular areas (pattern IV), and eight had a peripheral vessel distribution (pattern V).
Therefore, 50% of the lymphomatous nodes had vascular patterns regarded as characteristic
of reactive lymph nodes (patterns I and II), and 37.5% had patterns normally described in lymph
nodes with metastatic involvement (patterns IV and V); other lymphomatous lymph nodes had
ambiguous vascular patterns that have not been previously classified (pattern III).
Conclusion: The angioarchitecture of superficial lymphomatous lymph nodes varies widely and is
difficult to classify. It may resemble that reported in normal or reactive lymph nodes or patterns
that are associated with metastases. The finding of a normal or benign vascular pattern in
a lymph node with suspected lymphomatous involvement does not eliminate the need for
a diagnostic biopsy.
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Sommario Scopo: Valutazione dei possibili pattern vascolari dei linfonodi superficiali inter-
essati da linfoma confermato da esame istologico allo scopo di ottenere un elemento
aggiuntivo nella diagnosi differenziale ecografica tra patologie interessanti i linfonodi.
Materiali e metodi: È stata effettuata una classificazione ecografica prospettica di pattern
vascolari color e power Doppler di 55 linfonodi superficiali programmati per resezione. Sono
stati selezionati per questo studio 40 pazienti con diagnosi istologica di linfoma (26 linfonodi
cervicali, 13 ascellari e 1 inguinale). Il gruppo di pazienti studiato era comprensivo di 27 uomini
e 13 donne, età 22e84 anni (età media: 58 anni).
Risultati: È stato trovato un vaso lungitudinale con o senza ramificazioni (pattern I) in 14 linfoa-
denopatie; piccoli segmenti vascolari distribuiti nell’area dell’ilo o nella zona centrale del lin-
fonodo (pattern II) in 6 linfoadenopatie. Vasi multipli, parzialmente ramificati, che entrano nel
linfonodo in alcune file dal lato longitudinale (pattern III) sono stati riscontrati in 5 linfonodi
mentre vasi multipli che si ramificano irregolarmente o in modo caotico con aree avascolari
(pattern IV) sono stati visualizzati in 7 linfonodi. È stata trovata una distribuzione vascolare
periferica (pattern V) in 8 linfoadenomegalie. Quindi, la angioarchitettura considerata carat-
teristica per linfonodi reattivi (patterns I and II) è stata trovata nel 50% delle linfoadenopatie
di questo studio; il 37,5% dei linfomi ha mostrato una distribuzione dei vasi descritta nelle me-
tastasi (patterns IV e V); altri linfonodi interessati da linfoma avevano una angioarchitettura
non precedentemente classificata o equivoca (pattern III).
Conclusioni: La angioarchitettura delle linfoadenopatie superficiali è molto varia e difficile da
classificare. Essa può variare da pattern vascolari incontrati in linfonodi normali o reattivi a con-
figurazioni trovate nelle metastasi. Pattern vascolari normali o benigni di un linfonodo in un
paziente con sospetto clinico di linfoma non dovrebbe essere un criterio di esclusione quando
è contemplata una biopsia diagnostica.
ª 2007 Elsevier Masson. All rights reserved.
Introduction

Differential diagnosis of lymph node disease is an important
clinical issue. Physical examination is limited to superficial
nodes. It also lacks sensitivity and is usually not sufficient to
allow a diagnosis [1e4]. In contrast, the sonographic exam-
ination provides information on the internal structure of
lymph nodes, and it can reveal abnormalities even in lymph
nodes that are not enlarged. Sonographic assessment of the
lymph nodes includes gray-scale studies as well as those
based on power or color Doppler. Evaluation of lymph
node vascularization is an important part of the sono-
graphic assessment of a lymph node. Several papers have
described the vascular patterns associated with reactive
and metastatic lymph nodes [5e8]. In the majority of pre-
vious publications, the patterns were classified in general
terms, e.g., peripheral pattern, hilar pattern, or mixed pat-
tern [4,9]. More detailed classifications were introduced by
Na et al. [10] and Tschammler et al. [11].

The aim of this study was to identify the vascular
patterns found in superficial lymph nodes with histologi-
cally confirmed lymphomatous involvement and to deter-
mine their value in the sonographic diagnosis of
lymphadenopathy.

Material and methods

The study involved the prospective classification of vascular
patterns observed during power Doppler and/or color Doppler
studies of 55 superficial lymph nodes scheduled for resection.
The patients included 32 men and 23 women aged 17e84 years
(mean age: 52 years). All the lymph nodes examined in the study
were later resected and subjected to histopathological analysis.
All ultrasound examinations were performed with a Siemens
Elegra (Erlangen, Germany) scanner and a 7.5-MHz linear
transducer.

Detailed analysis of the vessel pattern in each lymph node was
performed during power and/or color Doppler studies. The sample
volume was adjusted to the dimensions of the lymph node, and
occasionally diminished for better visualization of flow when there
were pulsation artifacts from large blood vessels or in large lymph
nodes. The velocity and power/color gain were adjusted individ-
ually for each lymph node (just above the level of signal noise) to
optimize visualization of the vessels’ courses. Default settings were
used for other study parameters. The vascular architecture was
classified on the basis of Na and Tschammler classifications [10,11]
with certain modifications. We assessed the following aspects in
each node:

- presence of a longitudinal vessel within the node (with or with-
out branches) (Fig. 1);

- presence of only short vessel segments distributed within the
hilum or central part of the node (Fig. 2);

- regularity of the courses of vessel branches;
- presence of avascular areas;
- distribution of peripheral vessels (short or branching vessels)

(Fig. 3).

A separate ‘‘indeterminate’’ vascularization pattern was iden-
tified in some nodes. It consisted in the presence of multiple
vessels, partially branching, entering the node in a few rows from
its longitudinal side (Fig. 4).

Histopathological examination of the resected lymph nodes
revealed lymphomatous involvement in 40 nodes (26 cervical, 13
axillary, and 1 inguinal) (Table 1).

These 40 nodes, which came from 27 men and 13 women aged
22e84 years (mean age: 58 years), are the subject of the present
report. Their maximal longitudinal diameters ranged from 8 to
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60 mm (mean: 21 mm); minimal transverse diameters ranged from
4 to 40 mm (mean: 10 mm).

Results

The vessel patterns seen in the different histological types
of lymphomatous lymph nodes are summarized in Table 2.

Vascular patterns I and II, which are regarded as
characteristic of reactive lymph nodes, were found in 20
of the 40 (50%) lymphomatous nodes we examined. A
longitudinal vessel, with or without branches (pattern I),
was found in 14 lymphomatous nodes (Figs. 1, 5 and 6). Six
nodes contained short vessel segments with a hilar or cen-
tral distribution (pattern II) (Figs. 2 and 7).

A previously unclassified or equivocal vessel distribution
pattern (pattern III) was observed in five of the 40
lymphomas (12.5%). It consisted in the presence of multiple
vessels, partially branching, that entered the node in a few
rows from its longitudinal side) (Figs. 4 and 8).

Vessel distribution patterns typical of metastatic lymph
node involvement (patterns IV and V) were found in 15 of

Fig. 1 Schematic presentation of central/hilar vessel pat-
terns in lymph nodes: A longitudinal vessel: without branches
(1); with symmetric branches (2); with asymmetric branches (3).
the 40 (37.5%) lymphomas. Pattern IV (multiple vessels with
irregular or chaotic branching together with avascular
areas) was seen in seven lymph nodes (Figs. 3 and 10),
and eight lymphomas presented pattern V (presence in
the periphery of short vessel segments or branching vessels)
(Figs. 3 and 9).

Discussion

The vascular patterns observed in lymph nodes may be
divided in two basic groups:

1. patterns characteristic of normal or reactive lymph
nodes;

2. patterns characteristic of metastatic involvement.

The pattern regarded as typical of benign conditions has
been described as central vascularity, central perihilar
vascularity, or hilar vascularity [4,9,10,12e14]. More de-
tailed classification patterns were described by Na et al.
[10] and Tschammler et al. [11]. Tschammler et al. added
descriptions of features that are typical of reactive nodes:
the presence of a longitudinal vessel, peripheral branches
originating from the longitudinal vessels, small intranodal
color dots representing short vessel segments [11].

In the present study, the following vessel patterns were
regarded as indicative of ‘‘normal or reactive’’ lymph
nodes, based on previously reported data: the presence
of a longitudinal vessel (with or without branches), short

Fig. 2 Schematic presentation of central/hilar vessel pat-
terns in lymph nodes: short vessel segments distributed in
the hilum area (1) or centrally (2).
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vessel segments distributed in the hilum area or centrally.
Benign patterns were found in 50% (20 of 40) of the
lymphomatous nodes we examined (Figs. 5e7). Using less
detailed classifications of vascularization, other authors

Fig. 3 Schematic presentation of peripheral vessel patterns
in lymph nodes: short vessel segments (1) or branching ves-
sels (2) and (3) associated with short central signals; multiple
vessels branching irregularly or chaotically, with avascular
areas (4).
have also reported lymphomas displaying the benign pat-
tern described as ‘‘hilar vascularity.’’ However, the fre-
quency of this pattern varied widely in these reports,
ranging from 28.5% in the series examined by Ying et al.
[13] to over 90% in those analyzed by Giovagnorio et al.
(97% of the non-Hodgkin lymphomas, 94% of the Hodgkin
lymphomas) [15].

The presence of central vascularity in a lymphoma lead
to diagnostic problems in distinguishing reactive from

Fig. 4 Schematic presentation of the indeterminate vessel
pattern in lymph nodes: multiple vessels, partially branching,
entering the node in several rows from its longitudinal side
(a e longitudinal section; b e transverse section).

Table 1 Histopathological features of the 40 lymphoma-
tous lymph nodes analyzed in our study

Three Hodgkin
lymphomas

Thirty-seven
non-Hodgkin
lymphomas

Low-grade 30 Small lymphocytic
lymphoma (SLL) 22
Nodal marginal zone
lymphoma (MZL) 2
Plasma-cell myeloma
infiltration 2
Follicular lymphoma (FL) 2
Mantle-cell
lymphoma (MCL) 2

High-grade 7 Diffuse large B-cell
lymphoma (DLBCL) 7
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Table 2 Correlation between vessel patterns observed in the power Doppler ultrasound examination and lymphoma types

Vascular
pattern

Detailed description Hodgkin
lymphomas,
n Z 3

non-Hodgkin lymphomas

Low-grade,
n Z 30

High-grade,
n Z 7

I Longitudinal vessel
(with or without branches)

0 13 1

II Short vessel
segments distributed in the hilum
area or centrally

1 5 0

III Multiple vessels,
partially branching, entering
the node in a few rows
from its longitudinal side

0 4 1

IV Peripheral vessel
distribution
(short vessel segments or branching vessels)

1 5 2

V Vessels branching
irregularly or chaotically
in avascular areas

1 3 3
Fig. 5 A cervical lymph node in a 58-year-old man with small
lymphocytic lymphoma. Power Doppler ultrasound examina-
tion shows a longitudinal vessel without branches (Fig. 1,
scheme 1).

Fig. 6 A cervical lymph node in a 64-year-old woman with
marginal zone lymphoma. The power Doppler ultrasound exam-
ination shows a longitudinal vessel with symmetric branches
(Fig. 1, scheme 2).
lymphomatous nodes, thus reducing the sensitivity of
Doppler US in the detection of lymphomas.

On the other hand, in many previous studies, metastatic
involvement of lymph nodes has frequently been associated
with capsular or peripheral vascularity [5,6,9]. Na et al.
added more detailed descriptions: deformed radial and ab-
errant multifocal patterns [10]. Apart from the presence of
subcapsular vessels, Tschammler et al. reported the follow-
ing findings as typical of malignant lymph nodes: displaced
(curved) intranodal vessels, focal absence of perfusion, and
aberrant vessels (one or more central vessels, excluding
longitudinal vessel branches, forming an angle of 30� with
the skin surface or with the longitudinal axis of the lymph
node) [11].

In our study, the following vessel patterns were regarded
as suggestive of metastatic involvement: peripheral vessels
(short vessel segments or branching vessels) or vessels
branching irregularly or chaotically with avascular areas.
Malignant vascularization was found in 37.5% (15 of 40) of
the lymphomatous lymph nodes included in our study (Figs.
9 and 10). This finding may cause difficulties in differentiat-
ing lymphomatous lymph nodes from those with metastatic

Fig. 7 A cervical lymph node in a 46-year-old man with small
lymphocytic lymphoma. The power Doppler ultrasound exami-
nation shows short vessel segments distributed in the hilum
area (Fig. 2, scheme 1).
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Fig. 8 A cervical lymph node in a 70-year-old woman with diffuse large B-cell lymphoma. The power Doppler ultrasound exam-
ination shows multiple, partially branching vessels, entering the node in several rows from its longitudinal side (a e longitudinal
section; b e transverse section) (Fig. 4).
involvement. In either case, however, the lymph nodes pre-
senting this pattern would be flagged as abnormal. From
a clinical point of view, the risk here is relatively unimpor-
tant. Misdiagnosis of lymphomatous lymph nodes as reac-
tive due to the presence of central or hilar blood flow can
have much more serious repercussions.

Lymphomatous lymph nodes in studies based on the
classification of node vascularity as central, peripheral, or
mixed, lymphomatous and metastatic nodes often fall into
the ‘‘mixed’’ category (71% and 85%, respectively, accord-
ing to Na et al.) [10]. Tschammler et al. reported the pres-
ence of one or more vascular sonographic signs of
malignancy in 92% of the lymphomas they analyzed and in
a similar percentage of the lymph node metastases (96%)
[11]. Other authors include lymphomatous lymph nodes
and metastatic lymph nodes in a single category reported
as ‘‘malignant lymph nodes,’’ which precludes comparison
of their data [16e18].

One of the vessel patterns observed in our study was
difficult to classify as benign or metastatic. This ‘‘indeter-
minate’’ pattern was characterized by the presence of
multiple vessels, partially branching, that entered the

Fig. 9 A cervical lymph node in a 61-year-old man with small
lymphocytic lymphoma. The power Doppler ultrasound exami-
nation shows peripheral branching vessels (Fig. 3, scheme 2).
node in a few rows from its longitudinal side. This pattern
seems to be similar to the aberrant vessels described by
Tschammler et al., but it also resembles a benign pattern of
branches of a longitudinal vessel in a lymph node with an
eccentric hilum. The indeterminate vessel pattern was
observed in 12.5% of the lymphomatous lymph nodes we
examined (Fig. 8).

Vessel patterns seen in superficial lymphomatous lymph
nodes are highly variable. Lymphomas can present patterns
suggestive of metastatic involvement or patterns typical of
benign nodal disease. There does not appear to be any
vascular pattern that is specific for lymphomatous lymph
nodes. Multiplicity of lymph nodes with a ‘‘fence-like’’
distribution may be suggestive of non-Hodgkin lymphoma
independently of the vascular pattern [19]. Abnormal ves-
sel pattern always should raise the suspicion of malignancy,
and further investigation is mandatory to differentiate met-
astatic lymph nodes from lymphomatous ones. However,
findings of a normal, benign vascular pattern on Doppler
studies and a normal lymph node appearance in the gray-
scale examination are not sufficient to exclude involvement
of a lymphoma.

New perspectives for the assessment of parenchymal
microperfusion, not only for the evaluation of large vessel

Fig. 10 A cervical lymph node in a 46-year-old man with fol-
licular lymphoma. The power Doppler sonographic examination
shows multiple vessels branching irregularly or chaotically,
with avascular areas (Fig. 3, scheme 4).
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branches, give ultrasound the use of second-generation
ultrasound contrast agents in scans with a low mechanical
index offer new possibilities for the assessment of lymph
node vascularity, including parenchymal microperfusion as
well as large vessel branches [14].

Conclusions

The angioarchitecture of lymphomatous superficial lymph
nodes is not specific and may be difficult to classify. The
patterns range from those encountered in normal or reactive
lymph nodes to those associated with metastatic involve-
ment. The finding of a normal or benign vascular pattern in
a lymph node with suspected lymphomatous involvement
does not eliminate the need for a diagnostic biopsy.
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