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Real-time contrast-enhanced specific ultrasound in staging and follow-up of splenic lymphomas
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1. ABSTRACT

From January 2003 to April 2005 we studied 25
lymphoma patients (10 with HD, 4 with low-grade NHL, 6
with high-grade NHL and 5 with chronic lymphatic
leukaemia; 14 men, 11 women, age range 28-79 years) .
After a baseline US study we rapidly injected 4.8 mL of
the second-generation microbubble contrast agent
SonoVue (Bracco, Italy). Contrast enhanced studies were
carried out with the contrast-specific software named
Contrast Tuned Imaging (Esaote, Italy) using a continous,
harmonic acquisition and a low acoustic pressure. The CS-
US findings were correlated with results of standard tools,
including CT, MRI, US follow up. CS-US revealed
correctly 47 out of the 52 lesions identified by CT scan, in
the absence of false positive findings (sensitivity=90%;
Specificity=100%, in comparison to CT scan). Complete
concordance in evaluating the lesion extension of the CS-
US in respect to CT was 88%, while underestimate
occurred in 9% and overestimate in 3% of cases. On the
contrary, basic sonography defined correctly the
dimensional alteration in 52% of the cases, underestimated
in 35% and overestimated in 13%, thus showing
significantly lower accuracy (chi-square = 30.0, p<0.001).
In our experience, CS-US was superior to conventional
sonography even from a qualitative point of view.
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2. INTRODUCTION

Lymphomas are the most frequent neoplastic
pathologies of the spleen. Spleen involvement occurs in up
to 30% of patients with Hodgkin’s lymphoma (HD) and in
up to 40% of those with non-Hodgkin’s lymphoma (NHL).
Nearly 30% of patients show splenic involvement without
splenomegaly while, oppositely, more than 30% of patients
with lymphoma and splenomegaly present a congestive and
reactive expression of the organ without focal involvement.
The criteria for clinical staging of the spleen, proposed for
either HD and NHL patients, include occurrence of clinical
evidence of splenomegaly or, in its absence, of instrumental
(ultrasound - US, computerised tomography - CT, magnetic
resonance imaging - MRI) detection of the enlarged organ
or the presence of multiple focal - neither cystic nor
vascular - defects within the spleen. However, the
radiological evaluation of these conditions, especially when
appearing with diffuse infiltration, is difficult. The
increasing use of US seemed to be promising but the
sonographic aspects have not been sufficiently standardised
and diagnostic criteria of proven value are not yet available
(1-4).

Current US techniques show, therefore, low
sensitivity and specificity, in particular as it regards the
correct identification between focal and diffuse, benign or
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malignant lesions (5,6,7). CT and MRI also present a low
sensitivity in identifying infiltrating lesions, where nodules
of discrete size or large neoplastic masses are normally of
easy recognition. In any case, CT and MRI scans are not
specific for the diagnosis of lymphoma, being often
indistinguishable from those of other neoplastic diseases
(8). The different imaging modalities (US, CT, MRI) have
thus a similar low sensitivity in recognising HD- and NHL-
related focal involvement of the spleen, especially in the
presence of very small lesions (i.e. <1 cm).

Sensitivity of US does not exceed 35-50%
whereas digitalised methods, MRI included, is slightly
above 60-75%. As a consequence, the clinical problems
linked to splenic or to subdiaphragmatic involvement, on
the whole, represent a crucial point in staging, in
therapeutic strategy planning and in prognosis evaluation of
these patients. The absence of unanimous agreement on the
diagnostic strategy for lymphomatous splenic localisation,
sometime forces the clinician to adopt more invasive
diagnostic procedures (9,10,11).

Contrast-specific ultrasonography (CS-US) is a
recently developed imaging technique which appears to be
more informative than conventional US. CS-US allows
evaluating in real-time all the phases of contrast medium
distribution within an organ, from assumption to dismissal,
thus permitting to obtain signals from large vessels as well
as from microcirculation (12). This scarcely-invasive
diagnostic procedure could be useful in reducing the need
for clinicians of CT and MRI studies, or other more
invasive tests such as imaging-guided percutaneous needle
aspiration, biopsy or laparoscopic biopsies, and to avoid the
risk to overestimate or, more importantly, to underestimate
the spleen involvement in HD and NHL patients during the
staging phase of the disease (13).

3. AIM

The purpose of this study was to evaluate the
sensitivity and efficacy of contrast-specific sonography in
respect to standard methods, such as conventional
abdominal US and CT in both the diagnosis of spleen
involvement, focal or diffuse, and the follow-up of HD or
NHL patients.

4. METHODS

From January 2003 to April 2005, 25 patients
affected by lymphomatous disease (10 with HD, 4 with
low-grade NHL, 6 with high-grade NHL and 5 with chronic
lymphatic leukaemia; 14 men, 11 women, age range 28-79
years) underwent spleen CS-US. The patients referred
directly to our Institution or from other centres after a
diagnosis of HD or NHL with suspected diffuse or focal
spleen involvement by CT. For the US contrast-specific
study in real time, a last generation contrast medium,
SonoVue™  (Bracco, Italy), composed of gaseous
microbubbles of sulphur exafluoride and stabilised by an
elastic surfactant shell, was utilised. A phospholipidic
membrane that increases the superficial tension and slows
down the dissolution process constitutes the shell. The so
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called second-generation contrast media show greater
elasticity and resistance to acoustic pressure with related
better harmonic response at low mechanical index than the
first-generation media, all factors that allow for their use
during real-time US imaging. With the exception of
unstable angina and recent myocardial infarction, the use of
SonoVue™ is absolutely safe according to the Committee
for Human Medical Product. The contrast-enhanced studies
were executed with the scanner EsaTune (Esaote, Italy),
characterised by a contrast specific module in continuous
acquisition (Contrast Tuned Imaging, CnTI®) (14,15).

The lyophilised component of the contrast
medium was equal to 4.8 ml injected in a single dose.
Immediately after the injection, we proceeded with the
exploration of the left hypochondriac region for 3-5
minutes, until progressive extinction of the enhancement
was noted. Images were stored as videos for blind
retrospective evaluation. Before CS-US, the patients
underwent baseline splenic sonography and contrast-
enhanced helical CT of the abdomen.

For each patient, retrospective evaluation of the
study was carried out by two observers not directly
involved in the image acquisition; additionally,
comparative analysis of the lesions was performed for the
following parameters: number, site, and size of the lesions,
marginal visibility, CT and US appearance.

Sensitivity (i.e. the probability to actually have a
lesion in the presence of a positive finding) and specificity
(i.e. the probability to have no lesions in the presence of a
negative finding) of CS-US were calculated according to
standard formulae with reference to CT scan.

The dimensional extension of the parenchyma
lesions was defined as inappropriate, underestimated, or
overestimated in respect to CT parameters, whereas the
conspicuity of the lesions was defined as grade 1, 2, or 3 on
the basis of the contrast gradient between the lesion and the
healthy parenchyma.

Finally, 10 out of the 25 patients underwent CS-
US after polychemotherapy to prospectively follow-up the
clinical course of the disease at variable times (6-48
months).

Frequencies were compared by chi-square statistics
analysis and P<0.05 was accepted as statistically
significant.

5. RESULTS

Twenty-five patients participated in the study: 10
patients were diagnosed as HD, 10 as non-Hodgkin
lymphoma (4 low grade and 6 high grade), and 5 as chronic
lymphatic leukaemia (Table 1). In 9 patients with
splenomegaly and suspected diffuse spleen involvement,
even though complete doses of contrast medium (4,8 mL)
were utilised, we did not find suggestive aspects of
neoplastic involvement in the organ. The brief and low
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Table 1. Patient characteristics

Age (years) (Median and range) 59 (28-79)
Sex ratio (M:F) 14/11
Hodgkin disease

- Nodular sclerosis 6

- Lymphocyte predominant 2

-Mixed cellularity 2
Non-Hodgkin Lymphoma

- indolent 4

- aggressive 6
Chronic Lymphocytic Leukaemia 5

Table 2. Radiological aspects of splenic involvement

Splenic involvement N
e  Diffuse (Suspected) 9
e  Focal micronodular 4
e  Focal macronodular 10
e  Mass like 2

Table 3. Concordance about the size of the lesions of the
CS-US and US in respect to CT

Concordance CS-US (on a total |US (on a
of 47 lesions) total of 35
lesions)
Absolute 88% 52%
Underestimate 9% 35%
Overestimate 3% 13%
intensity opaqueness obtained in the US contrast

enhancement, did not permit distinction, in our case study,
of a congestive splenomegaly due to lymphomatous
infiltration. As it regards focal splenic involvement, the CT
study showed altogether 52 lesions in the remaining 16
patients. CS-US revealed correctly 47 out of the 52 lesions
identified by CT scan, in the absence of false positive
findings (sensitivity=90%; Specificity=100%, in
comparison to CT scan). The lymphomatous lesions
appeared constantly as hypovascular hypoechoic areas,
primarily micronodular in 4 cases, macronodular in 10
cases and mass-like in 2 cases (table 2); an almost regular
morphology, with the presence of peripheral, perilesional
and intralesional vessels in the arterial phase and defined
echogenicity of microcirculation in the intermediate and
late phases. Two small angioma capillaries, incidentally
visualised in conventional study, resulted isoechoic in
the spleen parenchyma in all the phases of contrast
enhancement and therefore not recognisable. Absolute
concordance in estimating the lesion extension of the
CS-US in respect to CT was 88%, while underestimate
occurred in 9% and overestimate in 3% of cases. On the
contrary, basic sonography defined correctly the
dimensional alteration in 52% of the cases,
underestimated in 35% and overestimated in 13%, thus
showing significantly lower accuracy (chi-square =
30.0, p<0.001) (Table 3). Using CS-US, a grade 1 (low)
conspicuity of the lesions in respect to the surrounding
parenchyma was observed only in 11% of the identified
cases, in comparison to the 42% of cases of grade 1
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conspicuity assessed by conventional US (chi-square=24.7,
p<0.001) (Table 4).

Ten patients were re-evaluated, with both
contrast specific US and conventional procedures, after
chemotherapy: 3 patients resulted in stable disease, and
4 patients showed complete remission of the focal
spleen lesion with any of the technique (US, CS-US or
CT scan) adopted. In 3 patients, in whom treatment
failed to induce the remission of spleen lesions, CS-US
documented an increment of lesion hypoechogenicity
(becoming near anechoic) and a loss of the intralesional
microcirculation.

6. DISCUSSION

Although spleen involvement is a relatively
frequent event occurring in 30% of HD patients and in 40%
of NHL patients, the possibility of diagnosing splenic
involvement, either focal or diffuse, through imaging is
actually quite low.

The sensitivity of US is between 35-50%,
while that of MRI and CT, more invasive and expensive,
is roughly 60-65%; moreover, these techniques do not
allow to distinguish between focal or diffuse lesions,
and between benign or malignant. Sensitivity further
decreases in the presence of infiltrates with
micronodular aspect, especially for lesion size <l cm.
Consequently, the choice of invasive procedures, such

as needle aspiration, CT/US guided biopsy and
laparoscopic biopsy, becomes mandatory in selected
cases to define with certainty the mnature of

splenomegaly or of parenchymal focal lesions . For a
long time, due to the lack of diagnostic possibilities, a
prophylactic splenectomy was the preferred therapeutic
approach for I and IIA stages of HD and even more in
patients with HD; the abandonment of “blind”
splenectomy by many oncologists did not depend on the
improved accuracy in imaging techniques but on the
need of avoiding surgical complications and on the
efficacy at any stage of systemic chemotherapy.

For these reasons, non-invasive and low cost
diagnostic procedures efficiently revealing spleen
lymphomatous lesions and offering unequivocal data
regarding the response to the treatment are requested to
be developed (16,17,18).

In light of these considerations we recently
tested a new technique of CS-US imaging in a group of
HD and NHL patients with focal or diffuse spleen
involvement revealed by CT. In the present study, CS-
US succeeded in detecting splenic involvement in HD
and NHL patients showed as accurately as CT scan.

The CS-US imaging allows to evaluate in real
time the phases of distribution of the contrast media
within the organ from assumption to dismissal, and
obtains signals from both large vessels and
microcirculation.
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Table 4. Concordance of the conspicuity of the lesions of
the CS-US and US in respect to CT (in a total of 47 lesions)

Procedures Conspicuity

1 (low) 2 (median) | 3 (high)
CS-US (on a total | 11% 62% 27%
of 47 lesions)
(0N (on a total [ 42% 39% 19%
of 35 lesions)

Figure 1. Diffuse splenic involvement (CS-US images taken at
16s, 32s and 54s from injection). Parenchymal enhancement is
slightly inhomogeneous but dense and persistent.

Figure 2. Mixed macro- and micronodular splenic
involvement (CS-US images taken at 13s, 205s, e 242s from
injection) . Multiple, small and large, hypo echoic lesions are
evident. Note the peri- and intralesional arteries on the first
scan.

Figure 3. Single, mass-like lesion (conventional US image
plus CS-US images takewn at 18s and 49s from injection).
Note the greater conspicuity of the enhancing intralesional
septa.

The spleen is an excellent target for CS-US,
being a superficial, relatively small, homogeneous, and
well-vascularized organ. In normal conditions, the
opaqueness of the spleen artery begins 10 seconds after
injection of gaseous microbubbles of sulphur exafluoride -
SonoVue™. Up to 30-40 seconds after injection of the
contrast, the spleen parenchyma reveals a rather
heterogeneous contrast graphic impregnation. This aspect is
due to the complex structure of the organ, with different
velocity of flow within the red pulp, as already known from
CT and MRI studies. Spleen parenchyma is thus poor in
vascular signals, with the exception of the portions
contiguous to the hilum where it is possible to accurately
identify and follow the vessels. (19,20,21).

The involvement of lymphoma may be
distinguished in diffuse (homogeneous splenomegaly)
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(Figure 1), miliaric (when the largest lesion is <10 mm?2),
micronodular (when the largest lesion is < 30 mm?2),
macronodular (when the largest lesion is >30 mm2), mass
like (lesion beyond the border of splenic contour),
perisplenic  infiltration  (capsular or  pericapsular
enlargement) at hilar  departure, and peri-ilar
lymphadenopathy. While in low grade NHL and in HD
diffuse or micronodular splenic lesions frequently occur, in
high grade NHL macronodular forms are frequently
observed besides micronodular forms.

With CS-US the lymphomatous lesions, as well
as metastatic lesions from other tumours, appear
hypoechoic in 97-100% of the cases and the larger the
diameter of the lesion, the higher the probability of
malignancy. Thus, the occurrence of hypoechoic lesions by
CS-US is virtually diagnostic for splenic involvement in
both patients with diagnosis of lymphoma and patients with
a clinical history of primitive cancer, and, usually, does not
require a bioptic confirmation. On the contrary, especially
in HD, the diagnosis of splenomegaly does not correlate
with the probability of cancer involvement and there may
be marked splenomegaly in absence of an actual splenic
localisation of the disease. In our study, in none of the
patients was possible to distinguish congestive
splenomegaly from diffuse lymphomatous infiltration by
CS-US, because of the brief and rapid opaqueness (Figure
1). It is necessary, however, to emphasise the fact that, in
these patients, also CT scan failed to identify specific
aspects of neoplastic involvement of the organ. We believe
that the diagnostic power and the efficiency of CS-US
could be further improved in these situations possibly by
testing the technique in larger samples and by developing
last generation softwares for image-analysis.

In the 16 patients with focal splenic lesions and
diagnosis of HD or NHL, CS-US has revealed 47 of the 52
lesions detected by CT scan, showing higher efficiency in
comparison to conventional sonography (35/52). Therefore,
in our experience, CS-US showed a higher sensitivity than
conventional basic sonography. Moreover, in 88% of the
cases there was concordance between CS-US and CT in
estimating the extension of focal lesions and only in 9%
and in 3% the lesion size was underestimated or
overestimated, respectively. On the contrary, concordance
between conventional sonography and CT scan occurred in
only 52% of the cases; contrast sonography underestimates
lesion size in 35% and overestimates in 13%. Micronodular
lesions were manifested in 25% of the cases, macronodular
lesion in 60%, and mass-like lesions in 15% (Figure 2,3).
CS-US was superior to conventional sonography even from
a qualitative point of view. In fact, in the spleen,
conspicuity of the lesions respect to the surrounding
parenchyma was 1 (low) in 11% of the cases identified, 2
(intermediate) in 62% of the cases identified and 3 (high)
in 27% of CS-US studied patients. Instead, the study of the
lesions in basic sonography offered in 42% of the cases
identified a low conspicuity, in 39% an intermediate
conspicuity, and only in 19% an high conspicuity.

The focal lesions resulted homogeneously
hypoechoic and therefore hypovascular, with better
definition in the intermediate and late phases
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Figure 4. Splenic lesion inapparent on baseline sonography
(conventional US image plus CS-US image taken at 57s
from injection). A small subcapsular, hypoecoic nodule
arrow) becomes evident after contrast medium
administration.

Figure 5. Follow imaging before and after chemotherapy,
(pretreatment CS-US image taken at 129s from injection
and post-treatment CS-US taken 141s from injection). The
inactive lesion after chemotherapy (refractory, high grade,
NHL patients treated with LOH-P x 6 courses) shows a
marked and homogeneous hypoechogenenicity without any
contrast enhancement.

of parenchymal enhancement, rather than the early phase
(Figure 4). In most cases, due to intralesional
microcirculation, the lesions showed inhomogeneous
aspects. This parameter then revealed to be very important.
In fact, in the 10 patients subjected to instrumental re-
evaluation after chemotherapy, 4 patients demonstrated
complete remission at the splenic level with disappearance
of the lesions registered by all diagnostic procedures (US,
CS-US, CT) utilised. In 3 relapsed/refractory high grade
NHL patient, treated with oxaliplatin at the dose of 130
mg/mq every 21 days, CS-US failed to detect the reduction
of the size of the lesion but documented an increment of the
hypoechogenicity and, above all, the loss of
microcirculation, which are both considered response
criteria (Figure 5). This finding was confirmed by positron
emission tomography with 18F- fluorodeoxyglucose (FDG-
PET) (performed exclusively in these 3 cases to formulate
a therapeutic opinion) that did not demonstrated increased
up-take of 18F-FDG in the involved sites.

In none of the participant patients
hypersensitivity and/or adverse reactions were observed,
confirming the safety in using this contrast medium.

In conclusion, the use of CS-US to diagnose focal
splenic lymphomatous involvement is a low-cost, safe and
efficacious method to obtain functional and morphological
images. CS-US seems to be superior to conventional
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sonography, in terms of diffusion, resolution of the lesions
and estimate of lesion size. Besides, CS-US seems to be the
only technique able to offer, before and after
chemotherapy, the dynamic definition of macro- and
microvascular perfusion of the splenic lesions. A
procedure, therefore, useful in the diagnosis and staging of
lymphoma, but in particular in the evaluation of the
response to the treatment and the follow-up of the patient.
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