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Simple Summary: Nontraumatic focal splenic lesions (FSL) are rare, and the need for tissue diagnosis
must be weighed against the risk of complication after a splenic biopsy. The aim of this retrospective
study was to explore the diagnostic potential of acoustic radiation force impulse elastography (ARFI)
as a noninvasive method for benign and malignant FSL. Therefore, 34 patients were examined
by B-mode ultrasound, contrast-enhanced ultrasound and ARFI. Diagnostic confirmation of FSL
was based on histological examination or clinical evaluation with follow-up. Although the lesions’
stiffness was significantly lower than that of the normal splenic parenchyma, regardless of the FSL
etiology, the differentiation between benign and malignant FSLs was not possible.

Abstract: Purpose: Nontraumatic focal splenic lesions (FSL) are rare, and the need for tissue diagnosis
must be weighed against the very high risk of bleeding after a splenic biopsy. The aim of this study
was to explore the feasibility and diagnostic potential of acoustic radiation force impulse (ARFI)
elastography as a noninvasive method for different benign and malignant FSLs. No human studies
on the elastographic characteristics of FSL exist. Methods: This was a retrospective analysis of
34 patients with FSLs, who underwent abdominal B-mode ultrasound (B-US), contrast-enhanced
ultrasound (CEUS), and standardized ARFI examinations between October 2021 and December
2022 at our university hospital. The inclusion criteria were: (i) FSL size ≥ 1 cm; (ii) 10 valid ARFI
measurements of the FSL, as well as of the normal splenic parenchyma (NSP) as an in vivo reference;
and (iii) diagnostic confirmation of FSL etiology based on histological examination (8/34; 23.5%) or
clinical evaluation, which included a clinical and sonographic follow-up (FU), CEUS morphology,
and/or morphology on cross-sectional imaging (26/34; 76.5%). CEUS was performed on all patients
and the FSLs were classified according to the current guidelines; cross-sectional imaging was available
for 29/34 (85.3%). The mean FU duration was 25.8 ± 30.5 months. The mean ARFI velocity (MAV) of
the FSL (MAVL), the NSP (MAVP), and the ratio of the MAVL to the MAVP (MAVL/P) were calculated
and compared. Results: Of the 34 FSLs, 13 (38.2%) were malignant (mFSL) and 21 (61.8%) were
benign (bFSL). The MAVL of all 34 FSLs (2.74 ± 0.71 m/s) was lower than the MAVP (3.20 ± 0.59 m/s),
p = 0.009, with a mean MAVL/P ratio of 0.90 ± 0.34. No significant differences in the MAVL were
observed between the mFSL (2.66 ± 0.67 m/s) and bFSL (2.79 ± 0.75 m/s). There were also no
significant differences between the MAVP in patients with mFSL (3.24 ± 0.68 m/s) as compared to
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that in the patients with bFSL (3.18 ± 0.55 m/s). Likewise, the MAV L/P ratio did not differ between
the mFSL (0.90 ± 0.41 m/s) and bFSL (0.90 ± 0.30 m/s) groups. Conclusion: ARFI elastography
is feasible in evaluating the stiffness of FSLs. The lesions’ stiffness was lower than that of the NSP,
regardless of the FSL etiology. However, differentiation between benign and malignant FSL with the
help of this elastographic method does not appear possible. Larger prospective studies are needed to
validate these findings.

Keywords: ARFI elastography; splenic lesions; splenic tumors; ultrasound; spleen stiffness

1. Introduction

Focal splenic lesions (FSL) are relatively rare, with an incidence on ultrasound (US)
of 0.1–0.2% [1,2]. They can be classified as benign (e.g., infarct, sarcoidosis, hemangioma,
hamartoma, lymphangioma, hemangioendothelioma, littoral cell angioma, and focal
hematoma) or malignant (e.g., lymphoma, metastases, and angiosarcoma) [3,4]. Most
FSLs are discovered incidentally and the majority of them are usually benign [3]. Only 1%
of incidentally detected FSLs in patients with no prior oncological history are malignant [5].
Nevertheless, they may pose a diagnostic challenge. One reason for this problem is that
such lesions frequently lack a characteristic pattern on different imaging studies, such as
B-mode US (B-US) [5,6], contrast-enhanced ultrasound (CEUS) [5–7], contrast-enhanced
computed tomography (CT) [6,8], magnetic resonance imaging (MRI) [6,9], and positron
emission tomography (PET) [6,10]. Secondly, while non-splenic lesions can be further
characterized by obtaining tissue biopsies, this is not an easy decision to make when it
comes to the spleen, given the well-known higher risk of bleeding [11,12].

Thus, given the histological diversity of FSLs, any unclear lesion requires a further
evaluation and/or follow-up (FU), and sometimes an invasive diagnostic approach (a
biopsy or even a splenectomy) may be necessary [3].

In 2019, the European Federation for Ultrasound in Medicine and Biology (EFSUMB)
published guidelines on the use of elastography in non-hepatic organs [13]. However, due
to insufficient scientific evidence, guidance on elastography in splenic lesions is currently
unavailable. To the best of our knowledge, there are no human studies which have exam-
ined the use of elastography for FSLs. The current study is the first to examine the feasibility
and diagnostic potential of acoustic radiation force impulse (ARFI) elastography in human
subjects as a quantitative noninvasive tool for characterizing FSLs based on differences in
tissue elasticity.

2. Patients and Methods

This was a retrospective analysis of 36 consecutive patients with non-traumatic solid
FSLs, who underwent abdominal B-US and CEUS examinations of their spleen with an
elastographic evaluation using ARFI technology between October 2021 and June 2022 at
our tertiary healthcare facility (Marburg university hospital). The study was approved
by the local ethics committee (RS 22/13) and conducted in accordance with the amended
declaration of Helsinki. Informed consent was obtained from each patient for the ultra-
sound examination. The inclusion criteria were: 1. Solid FSL ≥ 1 cm in diameter on B-US;
2. Ten valid ARFI measurements of the FSL, as well as 10 measurements of the normal
splenic parenchyma (NSP); and 3. Confirmation of the diagnosis by histological exami-
nation or an oncologist with over 40 years experience in diagnosing splenic pathologies
(C.G.) after at least 3 months follow-up (FU) based on the clinical course, sonographic FU,
CEUS morphology, and/or appearance on cross-sectional imaging. FSLs with characteristic
B-mode appearances (e.g., simple splenic cysts and wedge-shaped peripheral lesions due
to splenic infarction), as well as traumatic splenic lesions, were excluded. In all patients,
CEUS morphology was additionally investigated. Cross-sectional imaging (CT, PET-CT, or
MRI) was available for 29/34 (85.3%).
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2.1. B-Mode Ultrasound Examinations

B-mode ultrasounds and CEUS examinations were performed using an Acuson Se-
quoia 512 GI ultrasound machine (Siemens, Erlangen, Germany) with a 4C1 curved array
transducer and a frequency of 4 MHz. With the patient laying supine, the transducer was
placed intercostally on the lower part of the left lateral thoracic cage, where the spleen was
optimally visualized. Focus and gain were adjusted as needed. The spleen’s long and short
axes (in cm) were registered. The FSLs were evaluated for their echogenicity in relation to
the nearby splenic tissue as hypoechoic or echogenic, their location in the spleen, and the
size of the lesion (largest diameter in cm); in the case of multiple FSLs, the largest lesion
was selected for further evaluation with ARFI.

2.2. Contrast-Enhanced Ultrasound (CEUS) Examinations

The CEUS examinations were performed with the same transducer in 1.5 MHz contrast-
specific mode according to the European Federation of Societies for Ultrasound in Medicine
and Biology (EFSUMB) guidelines [14]. The patients received an intravenous bolus of
2.4 mL of second-generation contrast medium (Sono-Vue, Bracco SpA, Milan, Italy), fol-
lowed by a bolus of 5 mL of NaCl 0.9%. The FSLs were continuously observed over a
period of 3–5 min. Videoclips and CEUS images were captured and subsequently analyzed.
Contrast enhancement was analyzed during the arterial phase (1–30 s) and the parenchymal
phase (>30 s), and interpretation was performed in comparison to adjacent normal splenic
tissue as an in vivo reference. All the FSLs were classified according to the guidelines of
the World Federation of Societies for Ultrasound in Medicine and Biology (WFSUMB) [5].
All the US and CEUS examinations were performed by a German Society for Ultrasound in
Medicine (DEGUM) Level III qualified examiner (C.G., internal medicine) with more than
40 years of ultrasound experience [15].

2.3. Acoustic Radiation Force Impulse Examinations

All the elastographic examinations were performed using Siemens Acuson S2000
and Acuson S3000 (Siemens Medical Solutions, Erlangen, Germany) by two qualified
investigators (E.S.Z., A.A.) under the supervision and active participation of a DEGUM
Level III qualified examiner (C.G., internal medicine). For each patient, two elastographic
studies were performed; one of the FSL and the other of the NSP. The ARFI studies were
performed as follows: the 6C1 transducer was placed in between the ribs of the left lower
part of the thoracic cage, and the depth was adjusted, bringing the area to be measured
(FSL or NSP) to the center of the screen. The region of interest (ROI), with dimensions of
10 × 5 mm, was first placed within the FSL. For each measurement, the patient was asked
to hold his/her breath in mid-expiration for at least 6 s. The measurement was displayed
as velocity (m/s) on the upper corner of the screen. If the lesion moved while being
measured, this single reading “shot” was repeated. A total of 10 valid measurements were
obtained for each ARFI study [13,16]. An additional ARFI study with 10 measurements
was likewise obtained for the NSP. The depths of the measurements and the mean ARFI
velocities (MAV) were registered. In total, 2/36 (5.6%) of the patients were excluded due to
ARFI measurement failure, so 34 patients were included in the final study analysis.

2.4. Statistical Analysis

All the statistical analyses were performed using Excel (Microsoft 365 MSO; Microsoft
Corporation, Redmond, WA, USA) and SPSS version 26.0 statistical software (IBM, Armonk,
NY, USA). The demographic and biometric data were expressed as mean values ± standard
deviations (SD). Statistical evaluation was performed using a Fisher’s exact test for the
categorical variables and a Mann–Whitney test for the continuous variables. A p-value of
<0.05 was defined as significant.
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3. Results
3.1. Demographic Data

Of the 34 study patients, 21 (62%) were males. The mean age was 62 ± 13 years (range
25–86 years). The mean body mass index (BMI) was 26.7 kg/m2 (range: 20.3–42.1 kg/m2).

3.2. Final Diagnosis of FSL

Histological confirmation of an FSL was available for 8/34 (23.5%); for the remaining
26/34 (76.5%) FSLs, the diagnosis was based on the clinical evaluation of an oncologist
with over 40 years experience in diagnosing splenic pathologies (C.G.), consisting of at least
3 months of follow-up (FU) based on the clinical course, sonographic FU, CEUS morphology,
and/or appearance on cross-sectional imaging, and/or morphological appearance on cross-
sectional imaging in accordance with the current diagnostic guidelines [5]. Cross-sectional
imaging (CT, PET-CT, or MRI) was available for 29/34 (85.3%). The mean duration of
FU was 25.8 ± 30.5 months. Histological specimens were obtained using a US-guided
biopsy and examined by two pathologists with experience in splenic and hematological
pathologies at a university hospital. Of the 34 FSL, 13 (38.2%) were defined as malignant
lesions (mFSL), and 21 (61.8%) were defined as benign (bFSL). Five FSLs were hematological
cancers and eight FSLs were non-hematological tumors. An overview of all the disease
entities of the FSLs is shown in Table 1.

Table 1. Final diagnoses in 34 study patients. FSL: focal splenic lesion, NEC: neuroendocrine
carcinoma.

Group Benign FSL
(n = 21)

Malignant FSL
(n = 13)

Etiology

Benign vascular tumors (17)
Sarcoidosis (2)

Chronic infarction (1)
Benign fibrous lesion (1)

Malignant lymphoma (5)
Solid tumor metastases (8)
− Pancreatic NEC (1)
− Malignant melanoma (2)
− Renal cell carcinoma (1)
− Non-small cell lung cancer (3)
− Epithelioid hemangioendothelioma (1)

3.3. B-Mode US Data

The mean size of the spleen, as measured by the long and short axes’ diameters (in
cm), in the patients with bFSLs (11.36 ± 2.52, and 5.24 ± 1.72, respectively) was similar
to that in the patients with mFSLs (12.12 ± 2.07, and 6.10 ± 2.04, respectively), p > 0.05.
Twenty-five (73.5%) patients had a solitary FSL, and nine (26.5%) patients had multiple
FSLs. The anatomical distribution of FSLs within the spleen was as follows; two (5.9%),
upper pole; nine (26.5%), lower pole; seven (20.6%), central; seven (20.6%), hilum; one,
dome (2.9%); and eight (23.5%), diffuse.

The mean size mFSL was larger than that of bFSL (5.67 ± 4.08 vs. 2.63 ± 1.63 cm),
However, this did not reach statistical significance (p > 0.06). In total, 13 (38.2%) FSLs were
echogenic and 21 (61.8%) were hypoechoic. No significant differences in echogenicity were
observed between the mFSLs and bFSLs, p > 0.05.

3.4. CEUS Data

The arterial phase demonstrated 8/21 (38.1%) bFSL isoenhancement, 5/21 (23.8%)
hyperenhancement, and 8/21 (38.1%) hypoenhancement. In comparison, iso-, hypo-, and
hyperenhancement were present in 5/13 (38.5%), 2/13 (15.4%), and 6/13 (46.2%) of mFSLs,
respectively. No significant differences were found in the arterial phase enhancement
between the bFSLs and mFSLs, p > 0.05. On the other hand, during the late phase, 14/21
(66.7%) bFSLs had no or only mild washout (no washout in 6/21 or 28.6% and mild
washout in 8/21 or 38.1%), and marked washout was present in 7/21 (33.3%) bFSLs.
All 13/13 mFSLs showed marked washout, p = 0.001, Figures 1 and 2. Table 2 gives a
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comprehensive overview of the characteristics of the study cohort and the results of the
ultrasound examinations.
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(Läsion 1) showing a mean ARFI velocity (MW) of 1.88 m/s. A diagnosis of benign vascular lesion 

(hemangioma) was established and the lesion remained unchanged on follow up at 10 months. 

Figure 1. Benign focal splenic lesion (bFSL). 69-year-old asymptomatic female patient with an
incidental finding of an FSL; (A) B-mode US showing a large echogenic splenic mass, (B) on CEUS,
the FSL showed an arterial phase isoenhancement with (C) mild washout in the late phase after 180 s,
(D) CT scan of the same FSL (arrow) (courtesy of A. Mahnken, Department of Radiology, University
Hospital Marburg), (E) PET-CT showing no tracer accumulation within the lesion (courtesy of M.
Luster, Department of Nuclear Medicine, University Hospital Marburg), (F) US elastography image
showing an ARFI measurement of 3.07 m/s within the splenic parenchyma, (G) US elastography
image showing an ARFI measurement of 1.95 m/s within the lesion, and (H) the final ARFI report of
the splenic parenchyma (Ort 1) showing a mean ARFI velocity (MW) of 3.09 m/s and of the lesion
(Läsion 1) showing a mean ARFI velocity (MW) of 1.88 m/s. A diagnosis of benign vascular lesion
(hemangioma) was established and the lesion remained unchanged on follow up at 10 months.
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Figure 2. Malignant focal splenic lesion (mFSL). 70-year-old male patient with a known history of
metastatic malignant melanoma; (A) B-mode US showing a large hypoechoic mass in the center of the
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spleen, (B) on CEUS, the FSL showed an arterial phase isoenhancement with (C) marked washout
in the late phase, (D) CT scan of the same FSL (courtesy of A. Mahnken, Department of Radiology,
University Hospital Marburg), and (E) the final ARFI report of the splenic parenchyma (Ort 1)
showing a mean ARFI velocity (MW) of 4.24 m/s and that of the lesion (Läsion 1) showing a mean
ARFI velocity (MW) of 2.12 m/s. The final histology of the US-guided splenic biopsy confirmed the
diagnosis of a melanoma metastasis.

Table 2. Characteristics of the study cohort and b-mode ultrasound and CEUS findings.

Total n (%) Malignant n (%) Benign n (%) p-Value

Focal splenic lesion 34 (100) 13 (38.2) 21 (61.8)

Sex
p = 0.07Female 13 (38.2) 2 (15.4) 11 (84.6)

Male 21 (61.8) 11 (52.4) 10 (47.6)

Age 62.4 ± 12.8 65.8 ± 9.1 60.3 ± 14.2 p = 0.3

Body mass index (in kg/m2) 26.7 ± 4.6 27.6 ± 6.4 26.1 ± 3.1 p = 1

Spleen long axis (in cm) 11.6 ± 2.6 12.1 ± 2.1 11.4 ± 2.5 p = 0.45

Spleen short axis (in cm) 5.6 ± 1.9 6.1 ± 2.0 5.2 ± 1.7 p = 0.16

Lesion size (in cm) 4.0 ± 3.1 2.6 ± 1.6 5.7 ± 4.1 p = 0.06

Number lesions
p = 0.234Single 25 (73.5) 11 (44.0) 14 (56.0)

Multiple 9 (26.5) 2 (22.2) 7 (77.8)

B-mode ultrasound

p = 0.015Hypoechoic 21 (61.8) 9 (42.9) 12 (57.1)
Isoechoic 3 (8.8) 3 (100) 0 (0)
Hyperechoic 10 (29.4) 1 (10.0) 9 (90.0)

Arterial CEUS enhancement

p = 0.90Hypoechoic 14 (41.2) 6 (42.9) 8 (57.1)
Isoechoic 13 (38.2) 5 (38.5) 8 (61.5)
Hyperechoic 7 (20.6) 2 (28.6) 5 (71.4)

CEUS wash out

p = 0.001No 5 (15.2) 0 (0) 5 (100)
Mild 8 (24.2) 0 (0) 8 (100)
Marked 20 (60.6) 13 (65.0) 7 (35.0)

3.5. ARFI Data

The MAVL of all 34 FSLs (2.74 ± 0.71 m/s) was significantly lower than the MAVP
(3.20 ± 0.59 m/s), p = 0.009, with a mean MAVL/P ratio of 0.90 ± 0.34. No significant
differences in the MAVL were observed between the mFSL (2.66 ± 0.67 m/s) and bFSL
(2.79 ± 0.75 m/s, Figures 1 and 2. There were also no significant differences between the
MAVP in patients with mFSL (3.24 ± 0.68 m/s), as compared to that in patients with bFSL
(3.18 ± 0.55 m/s), p > 0.05. Likewise, the MAVL/P ratio did not differ between the mFSL
(0.90 ± 0.41 m/s) and the bFSL (0.90 ± 0.30 m/s) groups, p > 0.05. A summary of the
elastographic results among the benign and malignant FSLs is shown in Figure 3 and
Table 3.
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All FSL 34 2.74 ± 0.71 1.04 4.14 4.83 ± 1.28 3.20 ± 0.59 1.90 4.32 3.99 ± 1.15 0.90 ± 0.34 0.26 1.86 
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Figure 3. Comparison of mean ARFI velocities of benign and malignant splenic lesions and the
background parenchyma of the spleen. The mean is represented by an “X” in each box and the median
in different groups is represented by the horizontal line within each box. ARFI: acoustic radiation
force impulse; MAV: mean ARFI velocity; MAV (L): MAV of the lesion; MAV (P): MAV of normal
appearing splenic parenchyma; bFSL: benign splenic lesion; and mFSL: malignant splenic lesion.

Table 3. Comparison of acoustic radiation force impulse ARFI data obtained from FSLa, defined
as benign or malignant lesions, and NSP values among cases of the study population. That of the
splenic parenchyma in 34 study patients. FSL: focal splenic lesion, bFSL: benign focal splenic lesion,
mFSL: malignant focal splenic lesion, MAV: mean ARFI velocity, NSP: normal splenic parenchyma,
and SD: standard deviation.

Group (n)

Mean ARFI Velocity (m/s)
of FSL (MAVL)

Average Depth of
Measurement for FSL)

(Mean ± SD in cm)

Mean ARFI Velocity (m/s)
of NSP (MAVP)

Average Depth of
Measurement for NSP)

(Mean ± SD in cm)

MAV L/P Ratio

Mean ± SD Min Max Mean ± SD Min Max Mean ± SD Min Max

All FSL 34 2.74 ± 0.71 1.04 4.14 4.83 ± 1.28 3.20 ± 0.59 1.90 4.32 3.99 ± 1.15 0.90 ± 0.34 0.26 1.86

bFSL 21 2.79 ± 0.75 1.45 4.14 3.98 ± 1.15 3.18 ± 0.55 2.23 4.32 3.98 ± 1.12 0.90 ± 0.30 0.47 1.86

mFSL 13 2.66 ± 0.57 1.04 3.49 4.78 ± 1.13 3.23 ± 0.68 1.90 4.24 3.99 ± 1.24 0.90 ± 0.41 0.26 1.84

4. Discussion

US elastography represents a good, non-invasive method for characterizing tissue
stiffness with various applications in many organs, including the liver, thyroid, pancreas,
kidney, breast, lymph nodes, and prostate [13]. In previous studies, we have shown the
feasibility and diagnostic performance of ARFI elastography in differentiating benign
from malignant pathologies in the mesentery [17], omentum [18], and lung [19]. There
are guidelines regarding the implementation of spleen elastography in patients with liver
disease to assess for liver fibrosis, clinically relevant portal hypertension, and the pres-
ence of esophageal varices [13]. Additionally, there is some recently reported evidence
on the use spleen elastography to differentiate between various etiologies in patients
with splenomegaly [20,21]. However, no human studies on the use of elastography to
characterize FSLs exist.

There is only one animal study which examined the use of strain elastography in FSLs
in dogs [22]. Adler et al. used strain elastography on 22 dogs with 14 FSLs (8 benign,
6 malignant, and 8 normal spleens), and there were no significant differences between the
benign and malignant FSLs, nor between the FSLs and NSPs [22].
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In the present study, among all 34 patients, the MAVL (2.74 ± 0.71 m/s) was sig-
nificantly lower than the MAVP (3.20 ± 0.59 m/s), p = 0.009. The MAV L/P ratio of all
34 patients was 0.90 ± 0.34. On the other hand, no differences in the MAVL were seen
between the mFSLs and bFSLs (2.66 ± 0.67 m/s vs. 2.79 ± 0.75 m/s). There were also no
significant differences between the MAVP in patients with mFSLs and those with bFSLs
(3.24 ± 0.68 m/s vs. 3.18 ± 0.55 m/s). Likewise, the MAV L/P ratio did not differ signifi-
cantly between the mFSLs and bFSLs (0.90 ± 0.41 m/s vs. 0.90 ± 0.30 m/s), as shown in
Figure 3 and Table 3.

These observations are contrary to neoplastic lesions in other organs, where the
stiffness of malignant lesions is often higher than that of benign lesions and the surrounding
parenchyma [13,17–19]. It is unclear why, in the spleen, as shown in the current study,
the stiffness of the FSLs was lower than that of the surrounding NSP. Table 4 shows a
comparison of the MAVs in different organs (healthy parenchyma, benign, and malignant
solid lesions) as compared to this study.

Table 4. Comparison of stiffness values obtained using acoustic radiation force impulse (ARFI)
elastography in different organs. MAV: mean ARFI velocity, SD: standard deviation.

Organ
MAV± SD in m/s

Parenchyma in
Healthy Subjects

Parenchyma in Patients
with Solid Lesions

Benign Focal Solid
Lesions

Malignant Focal Solid
Lesions

Liver 1.08 ± 0.15 [23,24] 1.35 ± 0.71 [25] 1.51 ± 0.69 [26] 2.31 ± 1.05 [26]

Thyroid 2.07 ± 0.44 [27] 2.05 ± 0.43 * [28] 2.01 ± 0.49 [28] 3.94 ± 1.39 [28]

Pancreas 1.22 ± 0.36 [29] 1.53 ± 0.45 [30] 3.10 ± 0.40 [31] 3.70 ± 1.00 [31]

Kidney 2.21 ± 0.58 [32] 2.28 ± 0.74 [33] 2.19 ± 0.63 [33] 2.99 ± 0.63 [33]

Spleen 2.46 ± 0.35 [16] 3.20 ± 0.59)
(Present study)

2.79 ± 0.75)
(Present study)

2.66 ± 0.57)
(Present study)

* Combined mean and SD for benign and malignant nodules. It is also unclear why mFSLs and bFSLs exhibited
similar stiffness values.

Due to the rarity of splenic pathologies, there are few data on the histopathological
structure of such lesions and their extracellular matrix in comparison to solid neoplastic
lesions in other organs [22]. Of note, the degree of normal splenic stiffness in healthy
volunteers varies among studies [34,35]. In Table 4, one can notice that the reported
stiffness of the spleen is higher than that of the liver and pancreas, but similar to that of the
kidney and the thyroid gland (Table 4).

The variable amount of sinusoidal congestion and perisinusoidal fibrosis may be
responsible for the increased stiffness of the NSP in some patients [36]. For example, the
splenic stiffness in patients with splenomegaly due to portal hypertension was reported
to be in the range of 3.27–3.85 m/s [20,21]. It is unclear whether the presence of a bFSL
(e.g., vascular tumors or inflammatory lesions with a high blood flow) or profusely vas-
cularized mFSL may contribute to sinusoidal congestion, and hence the increased splenic
stiffness of the parenchyma distal to the FSL. On the other hand, whether the phagocytic
activity of the spleen in such lesions or the composition of the extracellular tumor matrix
are responsible for the lower stiffness of FSLs remains a mere theoretical explanation [37].
Histopathological studies on the geometrical arrangement of the FSL and surrounding
splenic parenchyma are needed to explore these theories.

There were some limitations to this study: First: there was no analysis of the interob-
server variability, however, various studies have demonstrated the reproducibility of ARFI
in different body organs [38]. Second: histological confirmation of FSL was not available
for all patients, and their diagnoses were based on CEUS morphology and supported by
sonographic FU and/or morphology on cross-sectional imaging, in accordance with current
clinical guidelines [22]. Third: despite being used as a measure of reliability of ARFI mea-
surements in other organs, the use of the interquartile range (IQR) and IQR/median ratio
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as measures of reliability has not been validated in the spleen/splenic lesions. Moreover,
obtaining an IQR value of < 60% and IQR/median ratio of < 30% was not possible in all
patients. To ensure the validity of the ARFI studies, 10 measurements with a success rate
of >60% were obtained for each examination [31]. Fourth: this study is also limited by its
retrospective nature and by it being a single-center study from a tertiary university hospital
with a relatively small number of patients (keeping in mind, however, the overall rarity
of FSLs). Fifth: the feasibility of the ARFI examination also depends on the visualization
and detection of FSL in B-mode US, which may be limited due to anatomical conditions,
especially in the splenic dome region [39]. Sixth: due to the retrospective nature of this
study, the examiners were not blinded to the clinical and radiological data. Therefore,
further large prospective studies, preferably comparing with other cross-sectional imaging
modalities, are needed to validate our findings.

5. Conclusions

In this study, the feasibility of ARFI elastography was demonstrated for evaluating the
stiffness of FSLs in relation to NSP. Although the lesions’ stiffness was significantly lower
than that of the NSP, regardless of the FSL etiology, the differentiation between benign
and malignant FSLs with the help of this elastographic method does not appear possible.
These findings add to the mystery of the splenic organ and need further large prospective
elastographic and histopathological studies for validation.
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