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Ultrasound Scanning in Dermatology

Monika-Hildegard Schmid-Wendtner, MD; Walter Burgdorf, MD

n recent years, ultrasound scanning has become an important diagnostic tool in dermatol-

ogy. Itis easy to use, completely safe, and provides important diagnostic information. There

are 2 basic types of ultrasonography with dermatologic applications. The best established

is 20-MHz scanning, which can be used to measure tumor thickness and/or skin thickness

when treating inflammatory diseases such as scleroderma or psoriasis. Real-time sonography with

7.5- to 10-MHz probes has assumed an increasingly important role, since it is used to search for

and image lymph nodes and subcutaneous tumors in a variety of clinical settings, including pre-

operative staging and follow-up of melanoma. Ultrasonography is capable of revealing the 3-

dimensional size and outline of subcutaneous lesions, for example, lymph nodes, subcutaneous

tumor masses or hematomas, and their relation to adjacent vessels. Moreover, information about

the lesion quality (solid, cystic, and combined) and the inner structure (homogeneous, inhomo-

geneous, hypoechoic, hyperechoic, calcification foci, and necroses) can be obtained. All this in-

formation can be combined to help distinguish between benign and malignant lymphadenopathy

and to determine the malignant potential of a subcutaneous lesion. In addition to conventional

B-mode sonography, newer ultrasound techniques such as native and signal-enhanced color Dop-
pler sonography can be used to assess peripheral lymph nodes.
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Ultrasound scanning is of importance in
many aspects of clinical medicine, espe-
cially in fields such as internal medicine,
otorhinolaryngology, and gynecology.'> As
anoninvasive diagnostic method, 5- to 10-
MHz real-time B-mode sonography has
been successfully applied for more than 30
years. During the past 3 decades, diagnos-
tic ultrasound has also entered the arena
of clinical dermatology. High-frequency ul-
trasound systems using at least 20-MHz
probes are well established. They pro-
vide information about the axial and lat-
eral extension of tumoral and inflam-
matory processes of the skin and the
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subcutaneous fatty tissue and, therefore,
are of special interest in preoperative situ-
ations and for the monitoring of skin con-
ditions under therapy.*”

See also pages
183 and 269

In contrast to the well-established role
of the high-frequency ultrasound systems,
the use of ultrasound scanning using 7.5-
to 10-MHz probes is not as widespread, al-
though promising results have been re-
ported from specialized diagnostic units, es-
pecially for the assessment of peripheral
lymph nodes and soft tissue tumors.*** We
review technical aspects, examination tech-
niques, and different ultrasound methods
such as B-mode sonography, native color
Doppler sonography (CDS), and signal-
enhanced CDS, with particular emphasis on
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the assessment of regional lymph nodes in dermatologic
oncology. In addition, further applications for this nonin-
vasive diagnostic method are explored.

TECHNICAL ASPECTS

Ultrasound is defined as energy above 20 kHz, which rep-
resents the upper frequency limit of human hearing.
Transducers, which are thin disk-shaped crystals made
out of piezoelectric materials, generate acoustic energy
when a voltage is applied to them. Acoustic vibrations
(frequencies) are generated when those piezoelectric ma-
terials expand and contract. Early transducers were made
from quartz; newer materials include lithium sulfate, ce-
ramics, and plastic polymers. These newer substances have
allowed the development of transducers that produce
higher frequencies, which are of special interest for der-
matologists because the wavelengths of higher frequen-
cies are smaller and, therefore, allow better resolution of
small objects located near the skin surface. With increas-
ing frequency, the depth of penetration of ultrasound
waves decreases; for example, ultrasound units using 20
MHz only penetrate 8 mm. Transducers used earlier in
general medicine for diagnostic purposes used frequen-
cies between 2 and 5 MHz. At present, the transducers
for the diagnosis of regional lymph nodes and soft tis-
sue tumors operate in the 7.5- to 10-MHz range, while
the high-frequency transducers used to evaluate cutane-
ous structures function in the 20- to 50-MHz range.*
Diagnostic ultrasound systems are based on pulse-
echo systems, similar to the more familiar radar or sonar
technology. Acoustic energy is emitted from the trans-
ducer. The expansion and contraction of the transducer
is transferred as a pulse to the adjacent fluid or tissue and
propagates as a wave, which can be reflected or refracted
at tissue boundaries. The echo (returning wave) reaches
the transducer during breaks of impulse generation. The
vibration of the transducer caused by the returning wave
generates a voltage difference over the electrodes. These
echoes are converted by the transducer into signals that
are processed and stored by the computer system.
Resolution of ultrasound systems can refer to either axial
or lateral resolution. The axial resolution is the smallest
thickness that can be measured and is related to the dura-
tion of a pulse. The lateral resolution refers to the width of
the smallest structures that can be resolved and is related
to the width of the beam at the focus zone. In general, ul-
trasound systems convert the voltage changes recorded by
the transducer and display these signals as images. Two dif-
ferent types of signal processing can be distinguished: A-
scans and B-scans. A-scans depict the magnitude of reflec-
tion along a single line, resulting in a graph that shows
changes in amplitude relative to time. The time of transit
of the acoustic wave correlates with distance. Echoes oc-
cur at boundaries between tissues where there is a change
of acoustic impedance. At present, A-scan ultrasound sys-
tems are mainly used in ophthalmology. B-scans combine
the information from sequential single A-scans and dis-
play each point according to its relative brightness (hence
B-scan). Each point on a B-scan is brighter or darker, cor-
responding to the intensity of echoes from the correspond-
ing anatomic structure. Therefore, B-scans provide im-

ages that resemble anatomic cross sections of scanned
tissues.''* B-mode ultrasonography was originally black
and white. The introduction of gray-scale images was an
improvement because the amplitudes of signals received
from reflected ultrasound signals were displayed. Cur-
rently, B-mode scans are the mainstay of all ultrasono-
graphic procedures in dermatology using intermediate- or
high-frequency ultrasound systems.

EQUIPMENT AND EXAMINATION TECHNIQUES

For high-frequency ultrasound examinations (20-50
MHz), there are 2 different ultrasound systems avail-
able: the Dermascan C (Cortex Technology, Hadsund,
Denmark) and the DUB 20 (Taberna pro medicum, Lii-
neburg, Germany). For examinations in the range of 7.5
to 10 MHz, there are various ultrasound systems avail-
able, such as the SSA-340 A (Toshiba Medical Systems,
Neuss, Germany) or the Siemens Sonoline Elegra
(Siemens, Erlangen, Germany). Other producers of com-
parable systems are Esaote Biomedica, Genoa, Italy, and
Acuson, Mountain View, Calif.

When evaluating skin or tumor thickness with the 20-
MHz unit, the individual lesion or area of interest is sim-
ply scanned. Usually, a water bath is used between the trans-
ducer and the area to be examined to prevent total reflection
of ultrasound waves at the epidermis. The physician should
avoid compressing superficial tumors because this may re-
sult in a false thinning. There is one disadvantage of 20-
MHz sonography that should kept in mind: in tumors with
an underlying inflammatory infiltrate, as is often seen in
melanoma, the measured tumor thickness may be too thick,
since the tumor and the inflammatory reaction cannot be
reliably separated. The mirror image or contralateral un-
affected skin can be used as a control for skin thickness
in inflammatory skin diseases.

When searching for regional lymph nodes with the 7.5-
to 10-MHz unit, a protocol must be carefully followed.
In patients with melanoma, ultrasound scanning should
be performed every 3 to 12 months according to the thick-
ness of the primary melanoma.®'* After examination
of the scar region, the transducer should be moved along
the lymphatic vessels toward the regional lymph nodes.
On the arms and legs, this area corresponds to the axil-
lae or inguinal region, whereas on the trunk about one
third of cutaneous melanomas have 2 or more different
lymphatic draining areas. The number and size of sus-
picious lymph nodes or subcutaneous lesions should al-
ways be described and documented in 2 planes (trans-
verse and longitudinal).® Sonography should be used prior
to initial melanoma surgery. If the regional lymph nodes
clearly show changes of metastases, a sentinel lymph node
operation is probably not appropriate. In such cases, a
total lymph node dissection of the region should be per-
formed on the basis of the sonographic findings.

APPLICATIONS
20-MHz Sonography

High-frequency sonography using a 20-MHz transducer ren-
ders important preoperative information about the tumor
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size and especially about the tumor thickness in different
skin tumors including cutaneous melanoma (Figure 1),
basal cell carcinoma, and squamous cell carcinoma. These
tumors are mainly visualized as hypoechoic structures
within the hyperechoic dermis. In melanoma, however, the
preoperative tumor thickness is sometimes overesti-
mated, since an underlying inflammatory infiltrate, which
also is visualized as a hypoechoic area, cannot be discrimi-
nated from the melanoma. Basal cell carcinomas can also
show a mixed echogenicity. When the tumors extend be-
yond the dermis-subcutis border, the demarcation may be-
come difficult because apart from connective tissue sep-
tae, the subcutaneous fatty tissue is also hypoechoic.® In
addition, the deep tumor borders of basal cell carcinomas
cannot be visualized by 20 MHz. In these cases, examina-
tion with 13- to 15-MHz probes may be helpful. A prob-
lem in squamous cell carcinoma may be the hyperkera-
totic epidermis, sometimes leading to total reflection of
ultrasound waves. In these cases, measurement of tumor
thickness is not possible.

High-frequency ultrasound systems are also suited to
follow inflammatory skin diseases over time, for example,
dermatitis, hypersensitivity reactions, and psoriasis. Dur-
ing the acute inflammatory process, the sonograms usu-
ally show an irregular, superficial, hypoechoic band within
the dermis. Over time there is a gradual increase in echo-
genicity.”” Another well-established indication for high-
frequency ultrasound is the monitoring in the course of
scleroderma (Figure 2). Intraindividual comparison of scle-
rotic skin with corresponding areas of healthy skin show
a thickening of the dermis, which decreases, for example,
under photochemotherapy.'® Additional applications in-
clude assessment of steroid atrophy, wound healing, scars,
and testing of topical pharmaceutical agents.” In more ex-
perimental settings, 20-MHz sonography can be used to as-
sess the degree of inflammatory disorders, dermal edema,
or photo damage of the skin and to monitor treatment re-
sponses in these conditions.*

7.5- to 10-MHz Sonography

The dermatologic applications of B-scan ultrasound with
7.5-1t0 10.0-MHz transducers include the identification and
description of suspicious palpable structures within the sub-
cutis (solid, cystic, and complex) as well as the assessment
of peripheral lymph nodes. Owing to their different echo
patterns, discrimination between inflamed lymph nodes and
those containing metastases is possible in many cases. More-
over, 7.5- to 10-MHz sonography is used to explore the deeper
aspects of larger tumors, assessing their relationship to nerves
and vessels to provide crucial preoperative information. Thus
this form of sonography plays an important role not only
in the preoperative situation (primary staging) but also in
the follow-up of patients with malignant skin tumors mainly
including melanomas, sarcomas, malignant epithelial tu-
mors, and malignant lymphomas.'” In addition, ultrasound
scanning can be used for the monitoring of subcutaneous
aswell as lymph node metastases, for example, during che-
motherapy. While real-time sonography offers many clues
helping to distinguish between benign and malignant changes
in lymph nodes, it cannot replace the histopathologic ex-
amination. In other words, a melanoma metastasis cannot

Figure 1. B-scan ultrasound image of melanoma (20 MHz). Below the
hyperechoic and homogeneous entry echo there is a well-demarcated
hypoechoic area resembling the tumor. Reprinted from Korting et al,™®™
with permission from Georg Thieme Verlag, Stuttgart, Germany.

Figure 2. B-scan ultrasound image of localized scleroderma: inflammatory
stage (20 MHz). Below an enlarged homogeneous hyperechoic entry echo
there is an enlarged homogeneous dermis with decreased echodensity.
Reprinted from Korting et al,™®*") with permission from Georg Thieme
Verlag, Stuttgart, Germany.

be separated from that of another tumor. The quality of in-
formation depends heavily on the examiner’s skill and ex-
perience, as well as on specific clinical setting and what ques-
tion is being asked.

ASSESSMENT OF LYMPH NODES
BY 7.5- TO 10-MHZ SONOGRAPHY

In B-mode sonography, normal unaffected lymph nodes
of healthy individuals cannot be separated from sur-
rounding tissue because their acoustic impedance is
identical. When the lymph nodes are abnormal, B-mode
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sonography is a highly sensitive diagnostic method. As-
sessment of reactive and malignant lymph nodes is
based on size (largest and smallest diameter), shape,
border, and echodensity of the lymph node center and
the lymph node margin. Lesions suggestive of metasta-
ses can be identified mainly according to the criteria of
Vassallo et al,!' which and Solbiati et al,'® which are
listed in Table 1. Reactive lymph nodes in both infec-
tious and noninfectious inflammatory diseases such as
psoriasis present as oval or spherical masses with hy-
podense margins and hyperechoic centers (Figure 3).
Their size ranges between 5 and 30 mm. In the early
stage of inflammation, reactive lymph nodes can pre-
sent as round, totally hypoechoic masses, resembling

Table 1. Morphologic Criteria for the Evaluation
of Suspicious Peripheral Lymph Nodes
by B-Mode Sonography*

Reactive Lymph Node
Morphologic Criteria Lymphadenopathy  With Metastasis
Shape Longitudinal or oval ~ Round
Border Both sharp and Mostly sharp
blurred
Center Hyperechoic Hypoechoic or

echolucent

Peripheral rim Usually small and Usually absent
hypoechoic
Solbiati index =2 <2
(longitudinal-transverse—

diameter ratio)

*Modified according to Vassallo et al'" and Solbiati et al.™

Figure 3. Image from a B-scan ultrasound exami-
nation of a postinflammatory lymph node (8 MHz):
small longitudinal structure with hyperechoic cen-
ter and hypoechoic margin (arrow). This small
cervical node can be easily overlooked.

Figure 4. Image from a B-scan ultrasound
examination of a metastasis (8 MHz): round
structure with homogeneous low echodensity.

the alterations in malignant lymph nodes. In these
cases, sonographic follow-up examinations may help to
differentiate between malignant and benign lymph
node changes. In addition, ultrasound-guided fine-
needle aspiration cytology may be of special value in
this setting. Although older studies did not prove an in-
creased efficacy of fine-needle aspiration cytology,
newer prospective evaluations including more than 800
patients with melanoma suggest that the technique is
indeed useful."

Larger lymph node metastases (diameter =1 cm) typi-
cally present as well-marked, hypoechoic masses with
spherical or irregular shapes (Figure 4).5'° This sono-
morphologic pattern can be found in metastases of most
solid neoplasms and is not tumor specific. When evalu-
ating questionable hypoechoic structures, which may rep-
resent metastases in patients who have undergone lymph
node dissection, several differential diagnostic possibili-
ties have to be kept in mind. These include postopera-
tive seromas, hematomas, and accumulations of lymph,
as well as abscesses. Additional important differential di-
agnostic possibilities for hypoechoic masses are listed in
Table 2. Small hypoechoic metastases (diameter <3
mm), often located at the hypoechoic margins of reac-
tive lymph nodes, may be difficult to find by B-mode ul-
trasound examination alone. In such cases, further di-
agnostic steps including the evaluation of vascular patterns
in suspect peripheral lymph nodes by native or signal-
enhanced CDS can be helpful.**!

Involvement of the peripheral lymph nodes in malig-
nant lymphomas does not have a uniform sonographic
picture. In many patients, hypoechoic enlarged masses

Figure 5. Image from a B-scan ultrasound
examination of a non-Hodgkin lymphoma (8
MHz): oval structure with medallionlike echo
pattern (hyperechoic center and a hypoechoic
margin).
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Table 2. Differential Diagnoses of Hypoechoic Structures
in B-Mode Sonography

Differential Diagnoses
of Hypoechoic

Structures Sonomorphologic Pattern

Metastasis Round hypoechoic structure, sometimes
dorsal echo enhancement

Vessel Round echolucent structure, flattened under
pressure, dorsal echo enhancement

Seroma Echolucent structure with sharp border, dorsal
echo enhancement

Hematoma Irregular hypoechoic structure, gradual
increase in echogenicity over time

Cyst/abscess Round echolucent structure, dorsal echo

enhancement

Table 3. Differential Diagnoses of Hyperechoic Structures
in B-Mode Sonography

Clinical Finding Sonographic Pattern
Lymphoma after Round or oval structure, gradual increase in
chemotherapy echodensity during therapy
or radiation
Lipoma Homogeneous hyperechoic structure,
sometimes without sharp border
Fibroma Irregular hyperechoic structure, sometimes
without sharp border
Scar Hyperechoic structure, “infiltration” of
surrounding tissue
Calcification Echo-rich structure, dorsal echo extinction

can be demonstrated by B-mode sonography. Other pa-
tients present with lymph nodes with medallionlike echo
pattern with a hyperechoic center and a hypoechoic mar-
gin (Figure 5), resembling the pattern described for in-
flammatory lymph nodes. These sonomorphologic pat-
terns do not help to distinguish between different types
of lymphomas.?? The involved lymph nodes usually gradu-
ally increase in echogenicity when a lymphoma is treated
with chemotherapy or radiotherapy.”* Table 3 gives an
overview of the differential diagnostic considerations for
hyperechoic structures.

NATIVE AND
SIGNAL-ENHANCED CDS

Color Doppler sonography extends the range of ultra-
sound diagnosis by allowing assessment of the vascular-
ity of superficial lymph nodes. It combines gray-scale
ultrasound and the pulsed Doppler technique. In real-
time B-mode scanning, flowing blood is displayed in
color superimposed on the gray-scale image. Color
code reflects the frequency shift that is dependent on
flow velocity and the angle of the sound beam in rela-
tion to the blood flow.?® For visualization of the vascu-
larization in small lymph node vessels, ultrasound
equipment with “slow-flow modus” is necessary. Ac-
cording to early angiographic studies, alterations in the
vascular pattern in lymph nodes involved with metasta-

Figure 6. Native color Doppler sonography of a reactive lymph node (8
MHz): oval structure with hyperechoic center and small hypoechoic margin;
central hilus vessel visible.

Figure 7. Native color Doppler sonography of a metastasis (8 MHz): round
hypoechoic structure; mainly peripheral vascular pattern.

ses may be caused by quantitative or qualitative perfu-
sion changes owing to necroses or arteriovenous
shunts. Different intranodal vascular patterns can be
detected for reactive and malignant lymphadenopathy
using native CDS.?® Patterns for reactive lymph nodes
include hilar or longitudinal vessels (Figure 6) or
branching of longitudinal vessels.” Patterns for metas-
tases include accessory peripheral vessels (Figure 7),
displacement of intranodal vessels, asymmetric avascu-
lar areas, or aberrant course of central vessels (“chaotic”
intranodal flow).? In addition to qualitative variables,
recording of Doppler spectra and measurement of peak
velocities have been recommended.** The resistive in-
dex, representing the peripheral vascular obstruction,
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Figure 8. A, B-scan ultrasound examination of an uncertain diagnosis (8 MHz): oval structure with hyperechoic center and asymmetric hypoechoic margin.
B, Native color Doppler sonography (8 MHz): tiny areas of perfusion (red dots) in the asymmetric hypoechoic area in the lymph node margin. Diagnosis: small
metastatic infiltration in the lymph node margin; differential diagnosis: reactive lymph node. The histologic examination confirmed the diagnosis of metastasis.

and the pulsatility index, representing the peripheral
vascular resistance, can be determined by an integrated
function of the ultrasound device.** To obtain more ob-
jective criteria, different groups have tried to establish
quantitative thresholds for defining vascularity of ma-
lignant and benign lymph nodes. The most often used
classification is that of Tschammler and colleagues,”
who found lymph nodes with a pulsatility index of 1.8
or more and a resistive index of 0.9 or more to be sug-
gestive of malignancy. In our own patients with mela-
noma, the pulsatility index and resistive index values
were disappointing in their ability to separate malig-
nant from benign lymph nodes?'; Moehrle and cowork-
ers® have reported the same problem.

These qualitative vascular patterns are difficult to
detect in very small lymph node metastases, for
example, those located in the margin of a reactive
lymph node (Figure 8). In such clinical situations,
administration of ultrasound contrast enhancers should
be considered. Contrast enhancers were originally
developed to facilitate the examination of vessels such
as the transcranial arteries, renal arteries, or portal vein.
Before intravenous administration, the D-galactose—
based contrast enhancer Levovist (Schering, Berlin,
Germany) is shaken, leading to a fragmentation of the
microparticles with binding on small air bubbles. This
induces an increase in scattering, resulting in a signal
enhancement, which can be used for diagnosis of blood
flow even in very small vessels (0.1-0.3 mm in diam-
eter).?” Intravenous administration of Levovist
improved visualization of vessel topography in lymph
nodes of patients with squamous cell carcinomas of the
head and neck and in lymph nodes of patients with
malignant lymphomas.?®?° Levovist has been tried in a

pilot study in patients with melanoma to improve visu-
alization of the vascularization pattern in lymphadenop-
athy, for which it provided additional discriminatory
information.?! Although signal-enhanced CDS is not
recommended as a routine diagnostic method, it may be
helpful in small lymph nodes with uncertain results by
B-scan examination and native CDS, especially to help
prevent unnecessary surgery for small reactive lymph
nodes (Figure 9).

Recently, signal enhancers of the second generation
were introduced for the diagnosis of lymph nodes, for
example, in patients with head and neck tumors.*® The
advantage of those new signal enhancers is a prolonged
period of contrast enhancement leading to an improved
contrasting compared with signal enhancers of the first
generation (Levovist). One example of a second-
generation signal enhancer is SonoVue (Bracco, Prince-
ton, NY), which contains phospholipids and sulfur hexa-
fluoride. SonoVue was introduced in 2001 and is of
interest, for example, in the diagnosis of neoplasms of
the liver and the kidney. Its value for the assessment of
lymph nodes in patients with melanoma will need to be
examined in future studies.

CONCLUSIONS

High-frequency ultrasound using 20-MHz transducers
is well established for noninvasive imaging of the bor-
ders of skin tumors, the assessment of inflammatory
skin diseases, and the measurement of skin thickness.
Nevertheless, in case of important inflammatory peritu-
moral infiltration with the same echo structure as the
tumor, the thickness measurement exceeds the histo-
logic tumor thickness. On the other hand, in presence
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Figure 9. A, B-scan ultrasound examination of an uncertain diagnosis (8 MHz): round mainly hypoechoic structure with small hyperechoic area.
B, Signal-enhanced color Doppler sonography (8 MHz): hilus vessel detectable. Diagnosis: reactive lymph node.

of ulcerated lesions, an underestimation may occur. Ac-
cording to both the literature and our own experience,
ultrasound scanning with 7.5- to 10-MHz transducers
demonstrates a very good sensitivity (up to 99.2%) and
an excellent specificity (up to 99.7%) in the diagnosis of
metastatic changes in peripheral lymph nodes as well as
in assessing soft tissue tumors.*'° B-mode sonography
is a noninvasive, inexpensive, and reproducible tech-
nique. In Germany, the practice of dermatologic oncol-
ogy without the regular use of ultrasound examinations
is almost unimaginable today. In patients with cutane-
ous melanoma at greater risk for the development of re-
gional lymph node metastases (tumor thickness =1.5
mm), ultrasound examinations are highly recom-
mended both at the first examination and during fol-
low-up, particularly within the first 5 years."” In addi-
tion, sonographic monitoring of the response of
malignant tumors to therapy allows an objective verifi-
cation and quick adjustment of the treatment plan if
necessary. The criteria for the discrimination between
benign and malignant lymphadenopathy are not abso-
lute, since B-mode sonography can miss micrometasta-
ses. Therefore, native CDS should be used in addition to
assess pattern of intranodal blood flow, which may help
to increase the diagnostic accuracy. Signal-enhanced
CDS for improved visualization of characteristic vascu-
larization pattern should be considered as a supplemen-
tary but valuable diagnostic tool in complex cases of
lymphadenopathy.
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