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Summary: Recently, there has been a growing interest in the use of lymphatic ultra-
sound in the preoperative investigation of lymphaticovenous anastomosis. The
device used for the performance of lymphatic ultrasound varies among surgeons.
In this case report, we compared several probes (18 MHz, 24 MHz, and 33 MHz
linear probes) in 2 cases, to detect the lymphatic vessels in the lymphedematous
limbs. In the upper limb lymphedema case, the lymphatic vessels were located at a
depth of <5 mm. They could be better observed with the 33 MHz probe than with
the 18 MHz probe. The probe with a high frequency (33 MHz) and high resolution
seemed to be suitable for superficial layers <5mm in depth. On the other hand,
the probe of 33 MHz was not appropriate for the lymphedematous lower limb
because the lymphatic vessels are usually located at around a depth of 1 cm. When
comparing the 18 MHz and 24 MHz probes in observing the lymphatic vessels in
the lower limb, the 24 MHz probe seemed more suitable because of its higher reso-
lution. Among these options, the 33 MHz probe was suitable for lymphedematous
upper limbs, and the 24 MHz probe was suitable for lymphedematous lower limbs.
(Plast Reconstr Surg Glob Open 2021;9:¢3490; doi: 10.1097/GOX.0000000000003490;
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ecently, the usefulness of lymphatic ultrasound in

the preoperative examination of lymphaticovenous

anastomosis (LVA) has been reported.'” It provides
essential information on lymphatic degeneration, which
cannot be evaluated with lymphoscintigraphy or indocya-
nine green (ICG) lymphography; thus, it can diagnose the
lymphatic dysfunction and suitable lymphatic vessels for
LVA.2?

We previously reported the use of an ultrasound
device with a common high-frequency probe (18 MHz),
Eysenberg et al reported the use of a high-frequency
probe (24 MHz), and Hayashi et al used an ultra-high fre-
quency probe (70 MHz).'"* To our knowledge, there are
no reports that discuss the suitability of probe frequency
for detecting suitable lymphatics in lymphedematous
limbs in the existing literature. In this case report, we
compared several probes to detect the lymphatic vessels in
lymphedematous limbs.
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A 46-year-old woman underwent total mastectomy and
axillary lymph node dissection, radiotherapy, and chemo-
therapy for right breast cancer 2 years previously. Three
months postoperatively, lymphedema occurred in the
right arm.

The right arm was stage 2b in International Society of
Lymphology (ISL) staging. During lymphoscintigraphy,
we injected *"Tc in the second web space of the hand,’
and dermal backflow was observed in the right forearm.
During ICG lymphography, we injected ICG into multiple
lymphosomes; the second and fourth web space in the
hand, the flexion side of the wrist, and the distal point
of the olecranon.*"" Although we observed the lymphatic
vessel from the wrist to the ulnar side soon after the injec-
tion, we could not identify any lymphatic vessels in the
dorsum of the hand.

We performed lymphatic ultrasound as we previously
reported,’” and we observed dilated lymphatic vessels in
the right dorsum of the hand and wrist. At the dorsum of
the hand, in the ultrasonographic image of the 18 MHz
linear probe of the Noblus ultrasound system (Hitachi
Medical Corp., Tokyo, Japan), a blurred image of only 1
lymphatic vessel was obtained (Fig. 1A). In the image of
the 33 MHz linear probe of Aplio i900 (Canon Medical
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Fig. 1. Findings in the dorsum of the hand of Case 1. Yellow lines indicate a depth of 5mm. A, In the ultrasonographic image of the 18 MHz
linear probe, a blurred image of only 1 lymphatic vessel was obtained (yellow arrow). A large subcutaneous vein was also detected (blue
arrow). B, In the ultrasonographic image of the 33 MHz linear probe, 2 dilated lymphatic vessels were clearly observed (yellow arrows).
Both were at a depth of <5 mm. In addition, 1 large vein and 1 small vein were detected (blue arrows).

33 MHz

Fig. 2. Findings in the medial lower leg of Case 2. Yellow lines indicate a depth of 5mm. A, In the ultra-
sonographic image of the 18 MHz linear probe, a lymphatic vessel with a gray lumen was observed
(yellow arrow). It was located at a depth of 1cm and the superficial and the deep sides of the vessel
walls were seen as hypoechoic lines, which looked like an equal mark. The subcutaneous vein was also
detected (blue arrow). B, In the ultrasonographic image of the 33 MHz linear probe, the lymphatic ves-
sel appeared faint and difficult to distinguish from the surrounding tissue due to the attenuation of
ultrasonic wave (yellow arrow). The subcutaneous vein was also seen briefly (blue arrow).

Systems Corp., Tokyo, Japan), 2 dilated lymphatic vessels
were clearly observed (Fig. 1B). Both were at a depth of
<5bmm. It took 15 minutes to perform ultrasound for the
entire right arm. We performed 2 LVAs in the dorsum of
the hand and wrist; intraoperative findings were consis-
tent with ultrasonographic findings.

CASE 2

A 45-year-old woman underwent radical hysterectomy
and pelvic lymph node dissection, radiotherapy, and
chemotherapy for uterine cancer 7 years previously. Five
months postoperatively, lymphedema occurred in the left
leg.

The right and left leg were diagnosed as stage 1 and
2b, respectively, in ISL staging. During lymphoscintigra-
phy, we injected *™Tc into the first web space of the foot,
and dermal backflow was observed in the entire left leg.
During ICG lymphography, we injected ICG into multiple
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lymphosomes: the first web space in the foot, lateral ankle,
and lateral thigh. We observed 2 lymphatic vessels and
subsequent dermal backflow points in the lateral calf and
lateral thigh. On the next day, we observed dermal back-
flow in the entire limb.

During lymphatic ultrasound, we observed dilated
lymphatic vessels in the lower leg and the thigh, around
the dermal backflow point in ICG lymphography. In the
medial lower leg, in the image of the 18 MHz linear probe
of the Noblus ultrasound system, a lymphatic vessel with
a gray lumen was observed (Fig. 2A). It was located at a
depth of 1cm, and the superficial and deep sides of the
vessel walls were seen as hyperechoic lines, which looked
like an equal mark. In the image of the 33 MHz linear
probe of Aplio 1900, the lymphatic vessel appeared faint
and difficult to distinguish from the surrounding tissue
due to the attenuation of the ultrasonic wave (Fig. 2B).
Oppositely, in the image of the 24 MHz linear probe of
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Aplio 1900, the lymphatic vessel was easily distinguished
from the surrounding tissue because the lumen was clearly
hypoechoic. (See Video [online], which displays the ultra-
sonographic movie of the lymphatic vessel (yellow arrow)
and the nearby subcutaneous vein. The lymphatic vessel
was located beneath the superficial fascia, with a depth
of approximately 1cm. The number “1” at the left end
indicates the 1-cm depth. Lymphatic vessels appeared and
disappeared on ultrasound because thick and thin areas
appeared alternately.)

It took 30 minutes to perform ultrasound for bilateral
legs. We performed 2 LVAs in the lower leg and 1 LVA
in the thigh, all of which had intraoperative findings that
were consistent with ultrasonographic findings.

DISCUSSION

In this case report, we present 2 cases of lymphedema
in which we compared the ultrasonographic findings of
the lymphatic vessels with several probes.

In the lymphedematous upper limbs, lymphatic vessels
were located at a depth of <bmm. They could be better
observed with the 33 MHz probe than with the 18 MHz
probe. A probe with a high frequency (33 MHz) and high
resolution seemed to be suitable for superficial layers
<5mm in depth.

On the other hand, the 33-MHz probe was not appro-
priate for the lymphedematous lower limb because the
lymphatic vessels are usually located at around a depth of
1cm. When comparing the 18 MHz and 24 MHz probes,
the 24 MHz probe seemed more suitable. The lumen of
the lymphatic vessel was clearly hypoechoic, which could
be clearly distinguished from the surrounding fat tissue.
Generally, higher resolution is achieved with higher fre-
quency, though the penetration becomes smaller with
higher frequency."

Hayashi and Visconti reported the use of a 18 MHz and
70 MHz probe in lymphatic ultrasound in healthy limbs.
The average depth of the lymphatic vessels detected only
with the ultra-high-frequency probe was 0.26 mm, which
seems to be too superficial for the lower extremities. Even
in the current cases, we set the frequency at 19 MHz with
the 33 MHz probe because the penetration was too small
at 33 MHz.

CONCLUSIONS
Currently, among the options, the 33-MHz probe was
suitable for lymphedematous upper limbs and the 24 MHz
probe was suitable for lymphedematous lower limbs. It
would be ideal to use different probes depending on the
site to be operated on and the severity of lymphedema.

In the current case report, we presented only 2 cases, and
future research with a larger number of cases is neces-
sary to determine the appropriate probe for lymphatic
ultrasound.
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