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PURPOSE : To evauate the usefulness of color and power Doppler sonography in detecting testicu-

MATERIALS and METHODS : Both gray-scale and color (power) Doppler ultrasound (US) were per-
formed in seven patients. Two additional patients examined by gray-scale US only were in-
cluded. The patientswere 4 - 14 years old (mean age, 9 years). Ten testes were confirmed to
have leukemic relapse, eight by pathology and two by clinical evidence.

RESULTS : Gray-scae US showed variable findings : heterogeneous hypoechogenicity (5) and ho-
mogeneous isoechogenicity (5). In al seven patients (8 testes) who underwent both color and
power Doppler US, diffuse and marked hypervascularity was demonstrated. One case showed
enlarged epididymis with heterogeneous echogenicity, which was the same character asthein-

CONCLUSION : Color and power Doppler US are useful methodsin the identification of the testicu-
lar relapse of leukemia by demonstrating diffuse, marked hypervascularity in the proper clini-
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Introduction

Although frequently present at autopsy, clinically ev-
ident testicular relgpse in leukemic patients remains un-
common [1]. Still, leukemiais one of the most com-
mon tumors to metastasize to the testis. Because the
testes may be the first site of extramedullary relapse
and usually precedes hematologic relapse, early detec-

tion and prompt therapy are of the utmost importance
[2,3].

The findings of testicular leukemic infiltration on
gray-scale US have been nonspecific [2,4]. With the
development of color Doppler US, the testicular re-
lapse of leukemia can be more conspicuous [4,5].
Previous investigators have emphasized the relation-
ship between the size of the testicular tumor and itsvas-
cularity, noting that small tumors (< 1.6 cm) aretypical-
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ly hypovascular [6]. However, smal round cell infiltra:
tions of leukemiaor lymphomawere hypervascular re-
gardless of the size [4]. Reported cases about testicular
relapse of leukemiausing color Doppler US were few
[4]. Accordingly, because the testes may bethefirgt Ste
of leukemiarel gpse, the purpose of thisstudy isto eva-
uate the usefulness of color and power Doppler USin
leukemic patients with testicular enlargement for early
detection and adequate treatment.

Materials and Methods

We investigated seven patients who underwent both
gray-scale and color (power) Doppler US, aswell as
two patients examined by only gray-scale US. Seven
patients who underwent both gray-scale and color
(power) Doppler US were eva uated prospectively, and
two patients who did not have Doppler study werere-
viewed retrospectively. The reason for including two
patients who did not have Doppler study inthisstudy is
to review the variable findings of gray-scae USin tes-
ticular relapse of leukemia. We analyzed 10 testes
which were confirmed to have leukemic relgpse among
18 testes of 9 patients. One patient had had a relapsed
testis after eight months of contralateral testicular re-
lapse. The diagnosis of testicular relapse of leukemia
was established by biopsy or orchiectomy in eight
testes and by compelling clinica evidence of bone mar-
row relapse and follow up US after chemotherapy in
two testes. One case which was confirmed by com-

pelling clinical evidence had bilaterd involvement after
an eight-month interva. The patientswere 4 - 14 years
old ( mean age, 9 years). All the patients had been pre-
viously diagnosed as acute lymphocytic leukemia
(ALL). All patients complained of painless testicular
enlargement without fever or tenderness.

The patients who underwent only gray-scale image
were scanned with a7.5 MHz linear array transducer
on an Aloka SSD 2000 (Mure, Mitaka, Tokyo). Seven
patients who underwent both gray-scale and color
(power) Doppler image were scanned with either a7
MHz linear array transducer on an Acuson 128XP
(Mountain View, CA) or a10 - 5 MHz linear array
transducer on an ATL HDI 3000 (Bothell, WA) with
color (power) Doppler imaging optimized for low-flow
sengitivity. Gain settings were adjusted for each exami-
nation to maximize detection of slow blood flow just
bel ow background noiselevels. In all cases, both testes
were evaluated, including images of both testes togeth-
er inthetransverse plane.

The gray-scale images of each testis were evaluated
for the general echogenicity of testis, the presence or
absence of testicular nodules, and the echogenicity of
nodules. Echogenicity was defined as homogeneous or
heterogeneous and as iso-, hypo-, or hyperechoic. The
determination of normal or abnormal echogenicity was
based on a comparison with the echogenicity of the
normal contralateral testis. Color and power Doppler
images were assessed for the presence or absence of
blood flow and the distribution of blood vesselsin the

Fig. 1. A 8-year-old boy with a history of ALL.

A. Transverse gray-scale US on both testes shows marked enlarged left testis but has normal homogeneous isoechogenicity. B.
Transverse color Doppler image on both testes shows marked diffuse hypervascularity of the involved left testis. Note an absence of
vascularity on the normal right testis in the same color gain settings. The color Doppler application in this case showing normal e-

chogenicity was helpful in detecting leukemic involvement.
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enlarged testis and nodules. The determination of vas-
cularity was based on a comparison with the normal
contralateral testis. Hypervascularity was defined asa
subjective increase in the concentration of vesselswith-
in the affected testis. In one patient with bilateral re-
lapse, the echogenicity and hypervascularity were as-

sessed subjectively.

Results

The results from each case of USfindingsin testicu-
lar relapse of the ALL are shown in the Table 1.
Relapsed 10 testes were analyzed in 9 patients. Gray-

Table 1. US Findings in Testicular Relapse of the ALL.

Number of Gray-scdeUS  Color/ Power  Epididymd
Affected Testes  Echogenicity Doppler US  Involvement
1 heterogeneous  hypervascular -
2 heterogeneous  hypervascular -
3 heterogeneous  hypervascular -
4 heterogeneous  hypervascular -
5 heterogeneous  hypervascular +
6* homogeneous  hypervascular -
7 homogeneous  hypervascular -
8 homogeneous  hypervascular -
9 homogeneous  not done -
10 homogeneous  not done -

Note: (-) ; negative findings/ (+)
five homogeneoudy enlarged testes showed about 1 cm sized single
nodule demongtrated in Fig.2

; positive findings ; * One case of

scale US showed diffuse enlargement of the involved
testisin all cases and variable findings. Five testes
showed homogeneous i soechogenicity (Fig. 1,2). One
of them had asmall single nodule (Fig. 2). Thisnodule
was isoechoic and well defined by athin halo. Five
testes showed heterogeneous hypoechogenicity
throughout the entire involved testis (Fig. 3). One case
showed enlarged epididymis with heterogeneous e-
chogenicity, which was the same character asthe in-
volved testis (Fig. 3). Hydrocele, or thickening of the
scrotal skin, which is suggestive of the inflammatory
process, were not present in any case. There was no
sonographic tenderness while scanning by transducer.

In all eight testes in seven patients who underwent
color and power Doppler sonograms, markedly in-
creased intratesticular vascularity was noted through-
out the testiswithout preferentia blood flow to the nod-
ule.

Discussion

Thetedtisis& sanctuary” organ cgpable of harboring
active leukemic cells a any stage of the disease dueto
thé blood/ gonad barrier” which limits the concentra-
tion of chemotherapeutic agentswithinit [1]. This phe-
nomenon is most commonly described in children with
ALL [4]. All cases of our study had a history of ALL.
The testes may be thefirst site of extramedullary re-
lapse and usually precedes hematologic relapse. The
testiswasthefirst relapse stein six of 9 patients (66%6)

Fig. 2. A 14-year-old boy with a history of ALL.
A. Transverse gray-scale US on both testes shows the enlarged right testis with a 1 cm-sized discrete single isoechoic nodule (arrow)
in the background of homogeneous isoechogenicity compared with the normal left testis. B. Longitudinal power Doppler image of the
involved right testis shows diffuse and marked hypervascularity throughout the testis.
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Fig. 3. A 15-year-old boy with a history of ALL.

A. Longitudinal gray-scale US on both testes. Right testis and epididymis show normal size and echogenicity (right-sided image). Left
testis and epididymis show marked enlargement with heterogeneous hypoechogenicity (left-sided image). B. Longitudinal power
Doppler image of enlarged left testis demonstrates diffuse hypervascularity.

in this study. Two of the other three were accompanied
by bone marrow relapse, and one by central nervous
system relapse.

The autopsy incidence of testicular infiltration in a
cute leukemiaisin the range of 27.7% - 92% [7], d-
though the reported incidence of clinically evident dis-
ease is about 5% - 30% [8]. According to recent inves-
tigation at our ingtitution, testicular relgpse of ALL was
about 14.4%in clinical practice.

Gray-scale USfindingsin testicular leukemic infil-
tration are nonspecific [2,4]. Thetestisisenlarged and
containsafoca or diffuse hypoechoic region that may
be homogeneous or inhomogeneous. These findings
are often quite subtle, especialy in cases of diffusein-
volvement of the testis. A similar appearance may be
seen with aprimary testicular neoplasm, orchitis, testic-
ular torsion, or other infiltrative disorders such aslym-
phomaor sarcoidosis[2]. Particularly, lymphoma has
been known to have similar features with leukemia by
both sonogram and pathology [4].

Color and power Doppler sonography alows simul-
taneous interrogation of gray-scale tissue appearance
and an evauation of blood flow. On application of col-
or and power Doppler sonography in this study, diffuse
and marked hypervascularity was evident throughout
the enlarged testis without preferential blood flow to
thenodulein all relgpsed testes.

Pathologically, small round cells diffusdly infiltrated
the interstitium with compression, but not destruction,

of the seminiferous tubules. Also, hyperplastic vessels
were noted. This may correlate well with hypervascu-
larity on color Doppler US.

The correlation between the vascularity of primary
testicular tumors and the size of tumors has been re-
ported [6]. Lesions greater than 1.6 cm were typically
hypervascular, and those smaller than 1.6 cm were not-
ed to be hypovascular with color Doppler imaging.
Similarly, another study of testicular tumorsin children
reved ed hypervascularity in neoplasms of at least 2 cm
maximal diameter [5]. However, arecent study of tes-
ticular lymphoma and leukemia reported conspicuous
hypervascularity without regard to the size or extent of
the neoplasm [4]. All the cases in our study also
showed diffuse and marked hypervascularity of the en-
tire enlarged testis without regard to the presence or ab-
sence of foca nodules.

In arecent study [9], there was a statistically signifi-
cant correlation between age and ability to detect intrat-
esticular blood flow at both power and color Doppler
imaging. Detection of intratesticular blood flow wasin-
consistant until 8 years of age with power Doppler US
and until 12 years of age with color Doppler US.

Generally, power Doppler US ismore sengitive than
color Doppler US in the detection of intratesticul ar
blood flow [9-11]. In this Study, however, there was no
problem for detecting the hypervascularity in color
Doppler US.

Hypervascularity was striking in leukemic testicular
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infiltration; however, inflammatory conditions such as
orchitis or epididymo-orchitis have aso been known to
show hypervascularity. Generaly, because both the e-
pididymis and testis were enlarged and showed hyper-
vascularity in inflammatory conditions, testicular hy-
pervascularity without associated epididymal hyper-
emiawas thought to be more suggestive of aneoplagtic
process than of orchitis[12]. Recently, one case of epi-
didymal involvement of leukemiawas reported [4],
and one of our cases showed epididyma involvement.
Even though the color and power Doppler US can offer
agood aid inidentifying testicular leukemic involve-
ment, especially when the findings are vague on gray-
scde US, itisdtill difficult to differentiate between tes-
ticular leukemia and an inflammatory condition.
However, clinical behavior of testicular leukemiais
quite different from inflammatory conditions. In testic-
ular relapse of leukemia, the chief complaints are pain-
less and non-tender testicular enlargement without
fever [12]. Painless and non-tender testicular enlarge-
ment can be easily ascertained during sonographic ex-
amination by the transducer{ negative sonographic
tendernesssign”). Thisisthe same principle of applica-
tion of sonographic Murphy’ssign in acute cholecysti-
tis. Asancillary findings, an absence of hydrocele or
skin thickening of the scrotum can give an indication of
anon-inflammeatory condition.

In conclusion, in the proper clinical settings as men-
tioned above, the sengitivity of identification of the tes-
ticular relapse of leukemia may be increased by
demondtrating diffuse, marked hypervascularity on col-
or and power Doppler sonograms, especialy in cases
of subtle gray-scae USfindings.
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