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Aim: To summarize the features of splenic tuberculosis and splenic lymphoma by
contrast-enhanced ultrasound (CEUS) and examine the application of CEUS in
differentiating splenic tuberculosis from splenic lymphoma.

Methods: The ultrasound and CEUS manifestations of 30 cases of splenic tuberculosis
and 19 cases of splenic lymphoma were retrospectively analyzed, and the number of
lesions, degree of splenomegaly, internal echogenicity, color blood flow signal, and CEUS
manifestations of the two diseases were statistically determined.

Results: A significant difference was noted in the internal echogenicity between splenic
tuberculosis and splenic lymphoma lesions, particularly the strip-shaped hyperechoic
areas of the lesions. The ultrasound features of perisplenic, retroperitoneal, and superficial
lymph node enlargement were found to overlap (p < 0.05). Splenic tuberculosis showed
heterogeneous enhancement and non-enhancement, whereas lymphoma showed low
enhancement and high enhancement, and CEUS findings were statistically significant in
distinguishing both, p < 0.05.

Conclusion: Splenic tuberculosis is characterized by a lack of blood supply, mostly
heterogeneous enhancement, and non-enhancement noted in CEUS. Splenic lymphoma
lesions are often characterized by a rich blood supply and homogeneous enhancement on
CEUS. CEUS can help identify the microcirculation of lesions in both patients with splenic
lymphoma and patients with splenic tuberculosis. Thus, CEUS has great application value.

Keywords: contrast-enhanced ultrasound, splenic tuberculosis, splenic lymphoma, high-frequency ultrasound, CDFI
INTRODUCTION

The imaging findings of various focal splenic lesions overlap, and color Doppler imaging is not
helpful in the identification of splenic lesions. Contrast-enhanced ultrasound (CEUS) is increasingly
being used in the differential diagnosis of splenic focal lesions. Owing to the clinical manifestations
and imaging similarities between splenic lymphoma and splenic tuberculosis, these two diseases can
be misdiagnosed. This study aimed to illustrate the CEUS and routine ultrasound [two-dimensional
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ultrasound (2D US) and color Doppler flow image (CDFI)]
manifestations of the two diseases and summarize the value of
CEUS in the differential diagnosis of the two diseases.
MATERIALS AND METHODS

Patients
This study was reviewed and approved by the medical ethics
committee of Affiliated Hangzhou Chest Hospital of Zhejiang
University, and patients provided informed consent. From
March 2015 to April 2022, 30 cases of splenic tuberculosis and
19 cases of splenic lymphoma confirmed by pathology were
examined by ultrasound and CEUS at the Affiliated Hangzhou
Chest Hospital of Zhejiang University. The pathological data of
the lesion in the spleen of the patients were obtained using a core
needle biopsy. Patients who consented to US and CEUS, those
with complete medical information, those with normal blood
clotting, and those without severe cardiopulmonary dysfunction
were included in the study. Patients who were contraindicated
for CEUS were excluded from the study. Inclusion criteria
included patients diagnosed with splenic lymphoma and
splenic tuberculosis and patients who had positive spleen
findings by ultrasound and CEUS examination. Exclusion
criteria included calcified splenic tuberculosis and a lesion
larger and protrude from the spleen and adhesion to
surrounding tissues and viscera.
Ultrasound and Contrast-Enhanced
Ultrasound Examination
A Philips ultrasonic diagnostic instrument (iU22, Philips
Healthcare, Bothell), a high-frequency linear array probe (L12–
L5, frequency 5–12 MHz; L9–L3, frequency 3–9 MHz), and a
convex array low-frequency probe (C5–C1, frequency 1–5 MHz)
were used for patient examinations. The characteristics of
routine ultrasound and CEUS were recorded for the lesions in
the spleen such as the size and number of lesions, the degree of
splenomegaly, the internal echo of lesions, and the internal color
blood flow signal.

CEUS examination with low mechanical index (0.06) pulse
reverse harmonic imaging and the second-generation sulfur
hexafluoride microbubble ultrasound contrast agent SonoVue
(Bracco SpA, Milan, Italy) were used for patient examination.
The elbow vein was initially injected with 2.4 ml of SonoVue,
which was followed by another injection of 5 ml of saline. Next,
dynamic observation of the lesion in the spleen enhancement
was conducted followed by continuous observation for 2 min.

The CEUS patterns of splenic tuberculosis are heterogeneous
enhancement and non-enhancement. Heterogeneous
enhancement can be divided into septal enhancement and
marginal enhancement. The CEUS pattern of splenic
lymphoma is homogeneous enhancement. The number of
cases in which the lesions in the spleen could not be identified
using routine ultrasound or the presence of lesions was uncertain
but the lesions in the spleen were identified using CEUS
was recorded.
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To reduce subjective error, both routine ultrasound and
CEUS enhancement were performed by two attending
physicians with 5 years of experience in ultrasound diagnosis,
who were blinded to the pathological results. The data were
independently diagnosed and analyzed by two sonographers,
followed by a discussion to unify the results.

Statistical Analysis
The data were analyzed by the statistical software SPSS 23.0
(IBM, USA). Counting data for the difference between routine
ultrasound and CEUS of the spleen lesions of different
pathological types were analyzed by c2 test and Fisher’s exact
test. A p value <0.05 was statistically significant.
RESULTS

Patients and Study Design
The splenic tuberculosis group (30 cases) included 12 men and 18
women who were 18–68 years old with an average age of 34.17 ±
3.344 years.

The splenic lymphoma group (19 cases) included 8 men and
11 women who were 31–73 years old with an average age of
40.022 ± 6.712 years. The mean age at the onset of splenic
tuberculosis was >40 years, whereas the mean age at the onset of
splenic lymphoma was <40 years. There were two patients with
splenic tuberculosis and two patients with splenic lymphoma
who were over the age of 60 years. The age distribution is shown
in Table 1.

Twenty-four cases of splenic tuberculosis were cured after
antituberculosis treatment, and six cases were confirmed by
TABLE 1 | Comparison of splenic tuberculosis and splenic lymphoma by 2D and
color Doppler ultrasound.

Splenic
tuberculosis
(30 cases)

Splenic
lymphoma
(19 cases)

c2 P

Gender Male 12 8
Female 18 11 0.021 0.884

Age <40 years 22 2
>41 years 8 17 18.363 0
Very low
echogenicity

0 5 8.792 0.006

Low
echogenicity

13 13 2.94 0.142

Internal
echogenicity

Mixed
echogenicity

17 1 13.226 0.001

Strip
hyperechogenicity
in the lesion

Yes 0 6
0 0.002No 30 13

Nodular
conglomeration

Yes 5 8
3.862 0.095No 25 11

Low-frequency
ultrasound shows
nodules

Yes 26 17
0 1No 4 2

Lymphadenopathy Yes 5 14
15.93 0No 25 5
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Lymphadenopathy includes: Accompanied by perisplenic, retroperitoneal, superficial
lymph node swelling.
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needle biopsy. All patients with splenic lymphoma were
pathologically confirmed by biopsy, and no significant
abdominal hemorrhage was noted after biopsy.

Ultrasound Examination
Routine ultrasound revealed that all of the patients in both
groups had multiple lesions, with the exception of one case of
splenic tuberculosis in which only a single lesion was noted. Mild
splenomegaly was observed in 8 cases of splenic tuberculosis.
Splenomegaly was observed in 11 cases of lymphoma, including
mild splenomegaly in 7 cases and moderate splenomegaly in 4
cases. CDFI ultrasonography indicated that there was no obvious
color blood flow signal in the splenic tuberculosis lesion, dotted
color blood flow signal in the peripheral lesion, and striped color
blood flow signal in the splenic lymphoma lesion. In four cases of
splenic tuberculosis and two cases of splenic lymphoma, the
lesions could not be detected by low-frequency ultrasound; in
four cases of splenic tuberculosis, the lesions could be clearly
visualized by high-frequency ultrasound. Of the two patients
with splenic lymphoma, one case showed an uneven splenic echo
by high-frequency ultrasound and the other case showed
no lesion.

Internal echo of the lesion, conglomeration of the lesion, and
abdominal, retroperitoneal, or superficial lymph node
enlargement are shown in Table 1.

Contrast-Enhanced
Ultrasound Examination
CEUS of patients with splenic tuberculosis showed homogeneous
enhancement (2/30, 6.7%), heterogeneous enhancement (19/30,
63.3%), and no enhancement (9/30, 30.0%), with most cases
showing low enhancement. Among these cases, heterogeneous
enhancement was divided into the septal enhanced type (4/19,
21.1%) and the marginal enhanced type (15/19, 78.9%).

For patients with splenic lymphoma, CEUS showed
homogeneous enhancement (17/19, 89.5%), with 52.6%
showing low enhancement (10/19) and 47.4% showing high
enhancement (9/19).

CEUS showed that the probability of 2D US failing to detect
the lesions in the spleen was low, which was not statistically
significant because of the small number of cases. The results of
CEUS for the two diseases are shown in Table 2.
DISCUSSION

The spleen is involved in lymphomas. Approximately 30%–40%
of cases of systemic Hodgkin’s disease and non-Hodgkin’s
lymphoma involve the spleen. The incidence of primary
splenic lymphoma is much lower than that of secondary
splenic lymphoma, accounting for less than 1% of all splenic
lymphoma cases (1). Splenic lymphoma occurs in nearly all age
groups and does not exhibit predisposition toward a particular
gender. Considering the histological similarity between primary
and secondary lymphomas of the spleen, the imaging features are
identical (1). The imaging manifestations of various focal splenic
Frontiers in Oncology | www.frontiersin.org 3
lesions are found to overlap, and CDFI has a low value in
differentiating splenic lesions. CEUS has been increasingly
applied in the diagnosis and differential diagnosis of focal
splenic lesions (1).

Splenic tuberculosis is divided into primary and secondary
splenic tuberculosis. The incidence of primary splenic
tuberculosis is rare. Although Winternitz (2) classified splenic
tuberculosis into primary and secondary types in 1912, some
researchers have demonstrated that splenic tuberculosis is a
Mycobacterium tuberculosis infection secondary to other
organs. In this study, the age at the onset of splenic
tuberculosis was <40 years, whereas the age at the onset of
splenic lymphoma was 41–60 years. On entering the body, M.
tuberculosis is consumed by macrophages, after 2–4 weeks to
produce a cell-mediated immune response and late onset of
allergy, the immune response mainly make lymphocyte
sensitization, macrophages hyperplasia, characteristic lesions
limited, and generate tuberculous granuloma, late onset of
allergy is caused cells caseous necrosis, tissue damage, It can be
combined with splenic vein thrombosis (3, 4). The
ultrasonographic manifestations of splenic tuberculosis vary in
the different stages of the disease, and there is no unified standard
for the classification of splenic tuberculosis using ultrasound in
domestic and foreign literature at present. There are three types
of routine ultrasound manifestation of splenic tuberculosis:
hypoechoic, mixed echoic, and strong echoic. Because the
hyperechoic type is mostly the ultrasound manifestation after
healing, it is extremely different from the common hypoechoic
manifestation of splenic lymphoma; therefore, it has not been
included in the study scope.

In this study, cases of splenic tuberculosis and splenic
lymphoma were mainly characterized by multiple nodules in
the spleen; thus, the number of nodules had no obvious
specificity toward distinguishing the two diseases. Splenic
tuberculosis focus is low echogenicity and mixed echogenicity
and no extremely low echogenicity lesions, and splenic
lymphoma is given priority if with extremely low echogenicity
and low echogenicity lesions. Therefore, extremely low
echogenicity is an important reference of lymphoma with a
TABLE 2 | Comparison of splenic tuberculosis and splenic lymphoma by CEUS.

CEUS findings Splenic
tuberculosis
(30 cases)

Splenic
lymphoma
(19 cases)

c2 p

Enhanced
mode

Homogeneous
enhancement

2 17 33.599 0.000

Heterogeneous
enhancement

19 1 16.239 0.000

No enhancement 9 1 2.992 0.084
Enhanced
strength

High enhancement 0 9 14.392 0.000
Low enhancement 30 10

Lesions that
were not
detected by
US were
identified by
CEUS

Yes 0 2 0.000 0.145
No 30 17
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splenic tuberculosis differential indicator, but extremely low
echogenicity in this study is not a very high incidence in
lymphoma, about 26.31% (5/19). In this study, ultrasound
showed the presence of strip-shaped hyperechoic areas in
lymphoma lesions but not in splenic tuberculosis lesions. We
believe that strip-shaped hyperechoic areas noted in ultrasound
are characteristic of lymphoma lesions (Figure 1). Both diseases
are there will be accompanied by spleen weeks, retroperitoneal,
superficial lymph node enlargement, in areas such as lymphoma
in this study are more likely to appear aforementioned place
swollen lymph nodes, in patients with cervical lymph node
enlargement, can be on the neck lymph node biopsy, can cause
of intumescent lymph node of diagnosis, and can assist in the
diagnosis of splenic lymphoma, and feasible to percutaneous
splenic biopsy diagnosed, Can avoid the pain of cesarean section.

Both splenic tuberculosis and splenic lymphoma lesions can
be fused. In this study, splenic lymphoma was found to be more
easily fused than splenic tuberculosis; the incidence of splenic
tuberculosis conglomeration was 20% (5/30) and that of splenic
lymphoma conglomeration was 42.10% (8/19). Therefore,
mutual conglomeration between lesions was not the specific
ultrasonic manifestation of one of the two diseases. Its value in
terms of differential diagnosis remains to be further confirmed.
However, in patients suspected of having lymphoma, the
immune function is normal; the mutual conglomeration
between lesions, the strip-shaped hyperechoic areas within the
lesions, the rich blood supply to the lesions appear
simultaneously; and the perisplenic, retroperitoneal, and
superficial lymph node enlargement should be especially
considered in cases of lymphoma (5).
Frontiers in Oncology | www.frontiersin.org 4
In this study, there were four cases of miliary splenic tuberculosis
and two cases of lymphoma. No obvious nodules or uneven echoes
in the splenic region were found using low-frequency ultrasound.
However, a high-frequency probe of 5–12 MHz was used to achieve
satisfactory results, indicating the presence of low-echo nodules in
the splenic region. In this study, six cases of splenic lymphoma
lesions showed strip-shaped hyperechoic areas. In four cases, high-
frequency ultrasound showed strip-shaped hyperechoic areas more
clearly than low-frequency ultrasound. For patients without obesity
having intrasplenic lesions near the body surface, high-frequency
ultrasound can be used to observe the internal structure of lesions
more clearly, and high-frequency ultrasound examination of the
spleen can reduce cases of misdiagnosis (6). High-frequency
ultrasonic-assisted low-frequency ultrasound examination may be
a good method for the examination of the spleen.

The sensitivity of 2D US in terms of the diagnosis of splenic
lymphoma involvement is only 54%, with a specificity of 100%
(7); the display rate is very high, but there are also cases that did
not show splenic lesions in 2D US, and CEUS imaging showed
clear splenic lesions (Figure 2, Figure 3). The incidence rate was
only 4.08% (2/49) in this study for splenic lymphoma. Because of
the small number of cases, no statistical significance was noted.
Although the incidence is low, but given our lesson is very deep,
when clinical prompt splenomegaly suspected splenic
lymphoma, when found 2D US not shown significant lesions,
show only the spleen uneven echogenicity, CEUS very be
necessary, once the CEUS prompted low enhanced nodule, to
alert to the possibility of splenic lymphoma, it is best to do biopsy
diagnosis. In patients suspected of having splenic lymphoma
wherein no obvious lesions are noted in the spleen area or
uneven echoes are noted in the spleen area, CEUS can be used
to evaluate the nodules within its blood supply from the state,
FIGURE 1 | A 67-year-old man with splenic lymphoma. Multiple
hypoechoic nodules are visible in the splenic region. Some of the nodules
are fused with each other. Striations in the hyperechoic areas are observed
in the nodule (arrow).
FIGURE 2 | A 54-year-old man clinically suspected of having splenic lymphoma.
Two-dimensional ultrasound (2D US) showed uniform splenic echogenicity.
June 2022 | Volume 12 | Article 891815
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such as homogeneous enhancement in both low enhancement
and high enhancement should consider splenic tumor, splenic
lymphoma is in the spleen of primary malignant tumor of the
first (8). Therefore, lymphomas can be considered first if
ultrasound and CEUS suggest the presence of malignant tumor
of the spleen without the involvement of extrasplenic organs.

In cases of splenic tuberculosis, 2D US did not show
intrasplenic lesions; but clear occurred by CEUS is rarely, which
may be associated with its pathological features. The typical
pathological process of splenic tuberculosis is as follows:
exudation, caseous transformation, proliferation, obvious
acoustic impedance difference with the spleen parenchyma, and
lack of blood supply in the spleen. The display rate of 2D US for
splenic tuberculosis is already extremely high. CEUS has little
value in improving the display rate of splenic tuberculosis, but it is
Frontiers in Oncology | www.frontiersin.org 5
superior to 2D US in evaluating the internal blood supply to the
lesion (9–12). CEUS of splenic tuberculosis showed that the
lesions were mostly non-enhanced (Figure 4) (13). Thin septal
enhancement was observed in some heterogeneous enhanced
lesions (Figure 5), and splenic lymphoma rare this sign, for
splenic tuberculosis infectious disease, blood vessels are less
damaging, remaining within the organization can exist in the
spleen of lesions, and lymphoma rare necrosis, necrosis is more
than spleen infarction, necrosis is more complete. We believe that
septal enhancement within lesions is a crucial CEUS index for the
differential diagnosis of splenic tuberculosis and splenic
lymphoma. On the appearance of such signs, the possibility of
lymphoma can be excluded. Unfortunately, the proportion of
those with septal enhancement in splenic tuberculosis was not
high (13.33%, 4/30) in this study.
FIGURE 3 | The same patient as that in Figure 2. (A) Contrast-enhanced ultrasound (CEUS) shows a low enhancement area in the spleen, and nodules appear to
be conglomerated with each other (arrow) without obvious capsule enhancement. (B) Shows a two-dimensional ultrasound (2D US) image. Ultrasound-guided
biopsy of the low enhancement area pathologically confirmed splenic lymphoma.
FIGURE 4 | A 32-year-old woman with splenic tuberculosis. (A) Two-dimensional ultrasound (2D US) shows multiple nodules in the splenic region. (B) Contrast-
enhanced ultrasound (CEUS) shows that two nodules are conglomerated (arrows), both of which are non-enhanced.
June 2022 | Volume 12 | Article 891815
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CONCLUSION

Splenic tuberculosis is characterized by a lack of blood supply,
low echogenicity or mixed echogenicity on ultrasound, and
mostly heterogeneous enhancement and non-enhancement
noted in CEUS. Splenic lymphoma lesions are often
characterized by a rich blood supply and homogeneous
enhancement on CEUS. CEUS can help identify lesions in the
microcirculation and evaluate the characteristics of the blood
supply in lesions in both patients with splenic lymphoma and
patients with splenic tuberculosis. Thus, CEUS modality has
great application value.
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