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Introduction

Ultrasonography is a highly sensitive method to detect
pathological lymph node alterations. Changes in the size
[1, 2], shape [3] and echogenicity [4, 5] were assessed in
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order to differentiate benign from malignant lymphade-

nopathy. However, up to the present none of these crite-

ria have attained a sufficient diagnostic accuracy. Color
Doppler flow imaging (CDFT) extended the sonographi-

cal diagnostics by the assessment of the vascularity of su-

perficial lymph nodes and by the Doppler spectral analy-

sis of intranodal vessels [6, 7]. Microangiographic and
pathophysiological studies [8, 9] observed hypervascu-

larity and a direct correlation between perfusion and vol-

ume in acute lymphadenitis. In malignant lymphadenop-

athy necroses or arteriovenous shunts may lead to quan-

titative and qualitative changes in the perfusion. Altera--
tions in the vascular pattern in lymph node metastases

were reported in singular angiographic studies {10, 11].

The current study classified the patterns of the intranod-

al vascularization and sonomorphological changes which:
were detected by CDFI in reactive lymph nodes and in

lymph nodes which were infiltrated by metastases or ma-

lignant lymphomas (hereafter referred to as malignant

lymph nodes). The results were correlated with the histo-

pathological or clinical diagnosis.

Methods

In 70 patients (51 males and 19 females; age 16—
89 years) 130 CDFI studies (QAD1 Philips/Quantum)
which were archived digitally on video tapes were re-
viewed retrospectively by a radiologist who was un-
aware of the diagnosis. Bias caused by sonomorphologi-
cal changes could not be eliminated. Only lymph nodes
which met the following criteria were evaluated: (a)
documentation of the whole lymph node on two planes
using a 7.5 MHz linear transducer with a mounted
wedge-shaped interface in the low-flow modus; (b)
identification of intranodal blood flow by Doppler spec-
tral analysis on two planes; (c) standardized settings of
the ultrasound (US) device (power >—-6 dB, thresh-
old > 13). Intravascular color saturation could not be as-
sessed in the tiny intranodal vessels, which is why initial
color artifacts in the tissue adjacent to the lymph nodes
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Fig 1. Submandibular lymph node (14 x 12 mm) showing a hilar
vessel (H), a longitudinal vessel (L), branches of second (#) and
third (—) order, a round shape, and a missing echoic center. Red
and blue pixels along the course of the vessels represent adjacent
arterial and venous flow signals (proven by Doppler spectral anal-
ysis). N = further adjacent submandibular lymph nodes. Diagnosis:
acute lymphadenitis, complete regression after antibiotic therapy

Fig.2. Cervical lymph node (11 x 4 mm) showing flow signals (—)
along the long axis (longitudinal vessel without branches). The hi-
lar vessels are not depicted. Sonomorphology: ellipsoid shape,
echoic center, narrow hypoechoic rim. Histopathology: unspecific
lymphadenitis in a patient showing a carcinoma of the oropharynx

Fig.3. Submandibular lymph node (10 x 11 mm) showing an aber-
rant central vessel (— angle of > 30° with the skin surface), avascu-
lar areas (asterisk), a round shape, and a missing echoic center.
Histopathology: centroblastic non-Hodgkin’s lymphoma

Fig.4. Cervical lymph node (12 x 11 mm) showing a displacement
of an aberrant central vessel (W), avascular areas (asterisk), and a
short vessel segment (—). Sonomorphology: round shape, missing
echoic center. Histopathology: lymph node metastasis of a malig-
nant melanoma

were defined as criterion of a individually optimized
sensitivity for flow signals. Blood flow which did not in-
duce a Doppler frequency shift of at least 37.5 Hz could
not be detected due to a high-pass filter which was set to
the lowest cutoff frequency. No lymph nodes were ex-
cluded because of impaired image quality.

In contrast to the diagnostics of peripheral vessels,
CDFT can frequently only demonstrate short segments
of solitary or multiple intranodal vessels in one scan.
But careful real-time examination of a whole lymph
node on two planes allows the physician to get a virtual
image of the three-dimensional (3D) pattern of intra-
nodal flow signals. Fight morphological criteria were
defined to classify the patterns of intranodal vascular-
ization which were found by CDFI

1. Detection of an artery and/or a vein crossing the out-
line of the lymph node at one of the poles of the long
axis or at the deepest point (hilar vessels; Fig.1). If
there was only a single color spot at one of these loca-
tions on the border of the lymph node it was regarded
as a hilar vessel if Doppler spectral analysis showed ve-
nous or arterial waveforms, and if it was beyond doubt



A. Tschammler et al.: Vascular patterns in reactive and malignant lymphadenopathy 475

that the flow signals were originating from intranodal
vessels.

2. Detection of a major artery and/or vein running at the
long axis of the lymph node and forming an angle
of £30° with the skin surface (longitudinal vessels;
Figs. 1 and 2).

3. Detection of vascular branches in the cortex of a
lymph node originating symmetrically from the longitu-
dinal vessel (Fig.1), which was defined as the branch of
first order. In malignant lymph nodes the major central
vessel was defined as the branch of first order.

4. Scattered or solitary intranodal color signals repre-
senting short vessel segments (Fig.4).

5. One or more major vessels in the center of the lymph
node forming an angle of >30° with the skin surface
(aberrant central vessels; Fig. 3).

6. Displacement of intranodal vessels (Fig. 4).

7. Avascular lymph node segments (Fig.5): focal missing
flow signals disproportionate to the vascularization of
the remaining lymph node.

8. Vessels in the periphery of a lymph node which do not
communicate with hilar or central vessels (accessory
vessels; Fig. 6).

Pourcelot’s ratio (RI) and the pulsatility index (PI)
were calculated in order to quantify pathological
(RI=0.9; PI2>1.8) arterial Doppler spectra [6, 7]. The
diameters ( <10 mm, <15 mm, > 15 mm) of the lymph
node were evaluated on three axes. The shape of the
lymph nodes (ellipsoid, round) was assessed according
to the ratio between the maximum and minimum diam-
eter (limit maximum/minimum = 2) [3]. The echoic cen-
ter and hypoechoic rim of the lymph nodes were evalu-
ated in accordance with the criteria published by Vasallo
et al. [S]. A score which combined three sonomorpho-
logical criteria (Table 1) was calculated. The diagnostic
value of these multiple criteria was judged using non-
parametric discriminant analysis.

The diagnosis (Table 2) was confirmed by histopa-
thology in 94 Iymph nodes. To ensure that examined
and removed lymph nodes were identical reports of
surgery and histopathology were compared carefully
regarding the location and the size reported by sonog-
raphy. Benign lymph node alterations were diagnosed
clinically if regression occurred under antibiotic ther-
apy (n=13) or if there were no signs of malignancy
during follow-ups (n =23) of at least 6 months (aver-
age 18 months). In order to evaluate the diagnostic
value of the pattern of intranodal vessels for the dif-
ferentiation of benign from malignant lymphadenopa-
thy, a broad spectrum of lymph nodes infiltrated by
neoplastic discases was included in the study. The re-
sults of these different entities are presented sepa-
rately.

Results

Quality was judged to be good in 107 of the 130 sono-
graphical studies; the rest (n = 23) were impaired by ar-
tifacts. The quality of 81 Doppler spectra was good; 31
spectra showed artifacts and 23 spectra could not be

Table 1. Sonomorphological index (proposed by P. Vasallo, un-
published) A total of points > 1 indicates malignancy. The hypo-
echoic rim is not assessed in case of homogeneous hypoechoic
lymph nodes

Points 0 1 2

Shape Ellipsoid Round

Echoic center Normal Narrow Missing
Hypoechoic rim Narrow Wide Eccentric

Table 2. Diagnoses of 130 lymph nodes in 70 patients (1-4 lymph
nodes/patient)

N

Benign lymphadenopathy (n = 57)

Mononucleosis 5

Ulcus molle 10

Lues 3

Unspecific 39
Lymph node metastases (n = 37)

Squamous cell carcinoma (all head and neck tumors) 23

Breast cancer 4

Malignant melanoma 9

Cylindroma 1
Malignant lymphomas (n = 36)

Low-grade non-Hodgkin’s lymphoma 13

High-grade non-Hodgkin’s lymphoma 18

Hodgkin’s lymphoma 5

Table 3. Normal patterns of intranodal vascularization detected
by color Doppler flow imaging (CDFT) in 130 lymph nodes

Reactive Metastasis Malignant
(n=57) (m=37) Iymphoma
(n=136)
Normal vascular patterns
Hilar vessels 47 20 27
Longitudinal vessels*** 36 4 6
Branching of the 25 0 2
longitudinal vessels
Vessel segments 5 5 2
Pathological vascular patterns
Avascular areas*** 2 30 24
Aberrant vessels*#* 2 15 27
Displacement**#* 2 21 17
Accessorial vessels*** 2 27 18
**%k p <0.001

evaluated quantitatively. A total of 51 lymph nodes
showed low vascularization (lower or equal vasculariza-
tion compared subjectively to those of the adjacent tis-
sue), and 79 lymph nodes were hypervascularized. Bran-
ches of second order were found on an average in hyper-
vascularized lymph nodes. Hypovascularized lymph
nodes showed branches of first order or short intranodal
vessel segments.

Color Doppler flow imaging depicted hilar vessels in
47 (82 %) and/or longitudinal vessels in 36 (63 %) reac-
tive lymph nodes (Table 3). If the hilar vessels entered
the lymph node at its deepest point, the longitudinal
vessels were spreading symmetrically toward both poles
of the long axis. Frequently, a parallel course of adjacent
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Fig.5. a Cervical lymph node (24 x 18 mm) showing a large avascu-
lar area (asterisk), an aberrant central vessel (=), and an accessory
peripheral vessel (—). Sonomorphology: round shape, missing echo-
ic center. A-adjacent extranodal vessel. b, ¢ Histopathology (hema-
toxylin and eosin staining): lymph node metastasis of a squamous
cell carcinoma originating from the pharyngeal tonsil. N necrotic ar-
eas; L residual lymphatic tissue at the poles of the lymph node

Fig.6. a Axillary lymph node (13 x 16 mm) showing multiple ac-
cessory peripheral vessels and a central avascular area (asterisk).
The hilar vessels cannot be identified. Sonomorphology: round
shape, missing echoic center. b, ¢ Histopathology : central ne-
crotic (N) lymph node metastasis (M) of a malignant melanoma.
L residual subcapsular lymphatic tissue with vessels (—)

major arteries and veins (37 of 47 hilar vessels, 29 of 36
longitudinal vessels) was found. Color Doppler flow im-
aging detected sole venous major vessels in 12 lymph
nodes and sole arterial major vessels in five lymph
nodes. Branching of the major vessels was observed in
25 (44 %) reactive lymph nodes. Branches of second
(n =25), third (n = 11; Fig.1), and fourth (n =1) order
were detected. Five (9%) hypovascularized reactive
lymph nodes showed only short intranodal vessel seg-
ments which could not be assigned anatomically. Three
(5%) reactive lymph nodes showed avascular areas
(n =2), aberrant central vessels (n=2), displacement
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Table 4. Pathological vascular patterns detected by CDFI in 130
lymph nodes. Of neoplastic lymph node alterations, 70 of 73
showed at least one pathological vascular pattern in contrast to 3
of 57 reactive lymph nodes (p < 0.001). All false-negative reclassifi-
cations were low-grade non-Hodgkin’s lymphomas

N Aber- Dis-  Avas- Acces-
rant  place- cular sory
vessels ment areas vessels

Lymph node metastases 37 15%* 21 30 27*

Squamous cell carcinoma 23 9 14 19 17
Breast cancer 4 2 2 2 1
Malignant melanoma 9 4 5 8 8
Cylindroma 1 0 0 1 1
Malignant lymphomas 36 27%*% 17 24 18*
Low-grade NHL 13 6 3 8 6
High-grade NHL 18 17 9 13 10
Hodgkin’s lymphoma 5 4 5 3 2
** p <0.01 *p<0.05

Table 5. Sonomorphology of 130 reactive and malignant lymph
nodes

Reactive Metastasis ~ Malignant
(n=57) (n=37) lymphoma
(n=36)

Length (mam)***

<10 27 2 4

11-15 17 10 12

16-30 13 25 20
Thickness (mm)*#*

=10 53 7 17

11-15 4 13 13

16-30 0 17 6
Width (mm)***

<10 39 5 10

11-15 14 15 15

16-30 4 17 11
Echoic center***

Normal 36 2 4

Narrow 10 3 3

Missing 11 32 29
Hypoechoic rim

Narrow 32 0 1

Wide 8 2 2

Eccentric 6 2 4
Shape®**

Ellipsoid 51 11 20

Round 6 26 16
Sonomorphological index (Table 1)***

<1 32 1 1

>1 25 36 35
ik < 0.001

of intranodal vessels (n =2), and/or accessory periph-
eral vessels (n = 2).

In malignant lymph nodes CDFI demonstrated 47
(64 %) hilar and 7 longitudinal vessels. Longitudinal
vessels were displaced in three further lymph nodes. Ad-
jacent arteries and veins were found in 34 pairs of hilar
vessels and all longitudinal vessels. A total of 70 (96 %)
malignant lymph nodes showed at least one (average
2.5) of the four following pathological alterations of the

Table 6. Reclassification of 130 lymph nodes using different sono-
graphic criteria for malignancy

Sensitivity Specificity Accuracy

(%) (%) (%)

Maximum diameter > 10 mm 92 47 72
Minimum diameter > 10 mm 67 93 78
Round shape 58 89 72
Missing echoic center 84 81 82
Wide hypoechoic rim 14 75 41
Sonomorphological index>1 97 56 79
Pourcelot’s ratio = (0.9 or 18 95 52
pulsatility index = 1.8 24 95 67

(only lymph node metastasis)

Pathological vascular pattern 96 95 95

intranodal vascular patterns (Table 4): (a) avascular ar-
eas (n=54), (b) aberrant central vessels (n =42), (c)
displacement of intranodal vessels (n = 38), or accessory
peripheral vessels (n = 45). Avascular areas and acces-
sory peripheral vessels were seen more frequently in
lymph node metastases. Branching of the longitudinal
or aberrant central vessels was seen in 19 (26 %) malig-
nant lymph nodes. Color Doppler flow imaging could
only depict short intranodal vessel segments in seven
hypovascularized malignant lymph nodes. These vessel
segments could be identified as accessory peripheral
vessels in six lymph nodes in contrast to the findings in
reactive lymph nodes.

The maximum diameter (Table 5) was lower than
11 mm in 33 lymph nodes, 11-15 mm in 39 lymph nodes,
and higher than 15 mm in the rest (n = 58). Forty-two
(58 %) malignant and 6 (11 %) reactive lymph nodes
had a round shape (p < 0.001). The hyperechoic central
area was missing in 61 (84 %) malignant and 11 (19 %)
reactive lymph nodes (p < 0.001). Eccentric widening of
the hypoechoic rim was found in six reactive and six ma-
lignant lymph nodes. The sonomorphological score (Ta-
ble 1) exceeded 1 in 71 (97 %) malignant and 25 (44 %)
reactive lymph nodes (p < 0.001).

The nonparametric discriminant analysis of all eval-
uvated parameters proved that the assessment of the
intranodal vascular pattern was the best parameter to
differentiate benign from malignant lymphadenopathy
(accuracy 95 %). The pattern of the intranodal vascu-
larization was the only parameter which attained a
high sensitivity as well as a high specificity (Table 6).
All remaining parameters optimized either sensitivity
or specificity. All three false-positive reclassifications
occurred in patients who suffered from venereal dis-
eases. Hypovascularization (short intranodal vessel
segments) was the probable cause of one false-nega-
tive reclassification in a patient showing recurrent
chronic lymphatic leukemia (lymph node involvement
was proven by histopathology). One patient suffering
from recurrent lymphoma (centrocytic B-cell lym-
phoma stage 11Ib) showed normal vascular patterns in
two hypervascularized lymph nodes. Sonomorphologi-
cal changes were contradictory in these patients (Ta-
ble 7).
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Table 7. Sonomorphology of six lymph nodes, which were reclassi-
fied erroneously by evaluation of the intranodal vascular pattern.
CLL chronic lymphatic leukemia (recurrence) with histopatholo-

gically proven lymph node involvement; NHL recurrent low-grade
non-Hodgkin’s lymphoma

False positive ~ False positive

False positive

False negative  False negative  False negative

Diagnosis Ulcus molle Lues
Maximum diameter > 10 mm - +
Minimum diameter > 10 mm - +

Round shape - -
Missing echoic center - -

Wide hypoechoic rim eccentric eccentric
Sonomorphological index > 1 + +

Pourcelot’s ratio = 0.9 or
pulsatility index = 1.8 - -

Lues CLL NHL NHL
- + +
—_— + —
+ — —
0 eccentric -
+ + -

Discussion

Changes in the perfusion in enlarged lymph nodes can
be depicted by CT and MRI if they lead to alterations
in the contrast enhancement in the tissue. In clinical
practice intranodal vessels cannot be evaluated by CT
and MRI due to their limited spatial resolution and to
divergent directions of the scanning plane and of the
intranodal vessels. Ultrasonography can only assess
size, shape, and echogenicity of superficial lymph nodes
[1-6]. Even when an US frequency of 13 MHz was used,
no intranodal vessels were described [12]. Acoustic mi-
croscopy (frequency 600 MHz), which can be used to
observe arterioles [13], is not suitable for in vivo exam-
inations. Color Doppler flow imaging allows the assess-
ment of intranodal vessels in superficial lymph nodes us-
ing individually optimized scanning planes. In order to
get a virtual image of the 3D pattern of intranodal vas-
cularization, the whole lymph node has to be assessed
carefully on two planes. Spatial resolution of CDFI is
sufficient to distinguish adjacent extranodal vessels
from peripheral intranodal vessels by rotation of the
scanning plane in most cases, but when in doubt a vessel
has to be regarded as extranodal. If there are only short
intranodal vessel segments or singular color spots, Dop-
pler spectral analysis (which was done in all examina-
tions) distinguishes between color artifacts and flow sig-
nals. Pulsations originating from adjacent great vessels
which cause intranodal color artifacts may reduce the
quality of CDFI studies. Of the assessed lymph nodes,
18 % showed such artifacts, but diagnostic accuracy was
not impaired in this group. If the power of the irradiated
US or the sensitivity for the display of flow signals
(threshold) is set too low, a significant loss of signal
strength and diagnostic accuracy occurs. The pulse repe-
tition frequency and the cutoff frequency of the high-
pass filters have to be decreased to the minimum values
in order to detect very low flow velocities. The inclusion
criteria used in this study, which are based on clinical ex-
perience, should ensure a standardized high sensitivity
for flow signals.

In vitro studies [14] proved that CDFI can measure
flow in vessels as small as arterioles (diameter 0.1 mm).
These small vessels could only be detected if color flow
signals were present. Flow which did not induce Dop-

pler frequency shifts of at least 37.5 Hz could not be de-
picted. Especially tissue perfusion and small peripheral
vessels of the cortex could not be evaluated. That is
why the color-coded vascular pattern did not represent
the vascularization nor the perfusion of a lymph node.
In phantom studies peak flow velocities were underesti-
mated by CDFlin an inverse proportion to the diameter
of small tubes [14, 15]. This means that blood flow in
small vessels is less probable to be detected by CDFI de-
spite a sufficient flow velocity. This effect may lead to
disproportionate changes in the flow signals if quantita-
tive changes in the intranodal perfusion alter the flow
velocity as well as the vessel diameter.

The medulla of a lymph node contains multiple fluid-
filled lymphatic sinuses, which are probably the cause of
the higher echogenicity in the center of normal lymph
nodes [5, 16]. The lower number of acoustic interfaces
in the solid tissue of the cortex causes a lower echogeni-
city. Lymph nodes are delimited by a capsule of connec-
tive tissue which is perforated merely at the hilus by ar-
teries, veins, and efferent lymphatic vessels. Intranodal
branches of arteries and veins follow the trabeculas
which run centripetally through the lymphatic tissue.
The distribution of the flow signals which were detected
by CDFI in most reactive lymph nodes is analogous to
the known anatomic structures. The angle of <30° be-
tween the axis of the longitudinal vessels and the skin
surface was defined on the basis of clinical experience
in the assessment of superficial lymph nodes using
CDFL The longitudinal vessels are running parallel to
the skin surface in most reactive superficial lymph
nodes. An angle of < 30° to the skin surface was defined
on the basis of clinical experience in order to eliminate
erroneous classifications due to inaccurate measure-
ments of the angle or due to an unfavorable direction
of insonation.

A chaotic intranodal flow pattern found in malignant
lymphadenopathy [17] and central vessels found in lym-
phadenitis [18, 19] were already mentioned in former
publications, but the intranodal vascular pattern was
not evaluated systematically. Avascular areas and dis-
placement of vessels are known arteriographic signs of
malignant tumors. They could be detected by CDFI in
malignant lymphadenopathy as well. Displacement of
intranodal vessels can only be diagnosed if their course
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can be assessed continuously. Sufficient flow signals in a
part of the lymph node are the prerequisite for the diag-
nosis of avascular areas. A decreasing amplitude of
Doppler signals is to be expected proportional to the de-
crease in the intranodal vessel diameters and flow veloc-
ities from the hilus to the cortex. The signal loss with in-
creasing depth has to be taken into account additionally.
Avascular areas may only be diagnosed if there are ar-
eas with disproportionate missing flow signals in both
planes. Low vascularization of a whole lymph node,
which may result in the detection of sole short vessel
segments, intranodal or at the hilus position, is no sign
of malignancy. But hypovascularization makes the as-
sessment of the vascular pattern more difficult. This
may lead to a diagnostic uncertainty, although only one
false-negative reclassification occurred in hypovascul-
arized lymph nodes. In the future, US contrast media
will probably simplify the evaluation of the intranodal
vascular pattern in lymph nodes which show low vascu-
larization [20].

Missing vascularization is a rare finding in superficial
lymph nodes if technical parameters are optimized. This
optimization could not be tested retrospectively if there
was no documentation of intranodal flow signals on
both planes. That is why 19 lymph nodes (9 reactive,
10 malignant) had to be excluded from the current
study, although all settings of the US device were in the
defined range. This means that all results of this study
are based only on lymph nodes showing vascularization
in CDFL

Retrospectively, the histopathological analog of the
four vascular patterns suspicious of malignancy was
only found in singular cases. Avascular areas repre-
sented necrosis or hypovascularized neoplastic invasion
of the lymph node (Fig.5b, ¢ and Fig.6Db, c). Accessory
peripheral vessels may be a sign of neovascularization
or represent vessels in residual subcapsular lymphatic
tissue (Fig.6b, ¢). The cause of the aberrant course of
central vessels, which was found in malignant lymphade-
nopathy, is not known. Displaced central vessels were
not demonstrated by histopathology.

The assessment of the intranodal vascular pattern
was highly specific (95 %) and at least as sensitive as all
evaluated sonomorphological criteria. A broad spec-
trum of malignant lymph node alterations was included
in the study in order to judge the diagnostic value for
the differentiation of benign and malignant lymphaden-
opathy. If there is a known neoplasm which is suspected
of lymph node involvement, the frequency of the pat-
terns found in the different groups of neoplastic lymph
node alterations may increase the diagnostic certainty.

Avascular arcas may have been caused by partial
lymph node necrosis or intranodal granulomas in three
lymph nodes involved by lues or ulcus molle which
were reclassified erroneously. Histopathological find-
ings of these lymph nodes were not available. All false-
negative reclassifications occurred in recurrent low-
grade non-Hodgkin lymphomas. Due to the low number
of lymph nodes in this group it can not yet be decided if
there is a lower diagnostic value of CDFI in the diagno-
sis of low-grade non-Hodgkin’s lymphomas. The pre-

ceding chemotherapy led to no suspicious vascular pat-
tern in these three lymph nodes.

The evaluation of the intranodal echogenicity was
the best sonomorphological parameter to differentiate
benign from malignant lymphadenopathy. The higher
sensitivity which was attained using CDFI may be
caused by a previous detection of malignant lymph
node invasion leading to vascular alterations without
eradicating the echogenic center or by the exclusion of
malignant alterations simulating the echogenic hilus
sign [16, 21]. On the other hand, lipomatous atrophy of
a lymph node, leading to a homogeneous echogenicity
without depictable echoic center, may simulate the
sonomorphology of malignant lymph node alterations
[16], but will not alter the vascular pattern. The classifi-
cation limits of the diameters of the lymph nodes were
chosen arbitrarily from the wide range of limits pro-
posed in the literature (5-15 mm). The decreasing or in-
creasing of these limits optimizes either sensitivity or
specificity. The evaluation of the shape of the lymph
nodes (accuracy 72 %) did not reach the accuracy (85—
95 %) reported in former studies [3, 5], probably be-
cause of the more inhomogenecous population of lymph
nodes which were included. Doppler spectral analysis
proved to be uscless for the detection of malignant lym-
phomas just as in a former study [6]. Being aware of the
problem of missing diastolic flow signals in quantitative
analysis of Doppler spectra, leading to false-high indi-
ces, a lot of care was taken to detect these low-frequency
Doppler signals. This may be the cause why we did not
reach the same sensitivity (48-53 %) for the detection
of metastases as in our former study [6]. Two studies |7,
19] proposed the use of lower limits of the Doppler indi-
ces as a sign of metastatic lymph node involvement by
head and neck tumors and reached a sensitivity of 76—
86 %, but a lower specificity of 71-82 % if all assessed
lymph nodes were included. These criteria were not
tested in the present study.

Conclusion

Pathological vessels are a known angiographic sign of
malignant tumors. Using CDFI the present study de-
fined four patterns of intranodal vascularization which
proved to be highly sensitive as well as highly specific
for the detection of malignant lymphadenopathy. Using
these criteria CDFTI allowed to reclassify correctly 95 %
of 130 superficial lymph nodes. The current retrospec-
tive study was the first one which tried to classify metic-
ulously intranodal vascular patterns. The encouraging
results are raising, on the other hand, many questions
which have to be answered by ongoing and future pro-
spective studies: the intra- and interobserver variability,
a correlation of the vascular patterns with histopatho-
logical findings, the limits of the application in small
hypovascularized lymph nodes or in the case of small
intranodal metastases, the optimum parameter settings,
and the use of different color Doppler equipment which
show large differences in the detection of low-amplitude
and low-frequency Doppler signals and in spatial resolu-
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tion. The diagnostic accuracy of the proposed criteria of
malignancy using CDFI was higher than that of all tes-
ted sonomorphological criteria; nevertheless, observer
bias by sonomorphological changes cannot be excluded.
The classification of the vascular pattern is a subjective
decision which may be altered involuntarily by diagnos-
tic information extracted from the B-mode image espe-
cially in hypovascularized lymph nodes. Therefore, de-
finitive interpretation of the data requires confirmation
by other authors as well as a prospective evaluation.
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