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Abstract
Purpose of review  Sclerosing angiomatoid nodular transformation of the spleen (SANT) is a rare benign tumor. Its epidemio-
logical and morphological characteristics remain unknown. The main objective of this work is to reveal the epidemiological, 
biological and morphological characteristics of a SANT.
Recent findings  Seventy-three publications were included in this review describing 188 cases of SANT. The average age of 
the patients was 45.9 years and the gender ratio was 0.66. SANT was found incidentally in 60% of the cases. In most cases 
(85.6%), there was no anomaly in biological tests. Abdominal ultrasound showed a hypoechoic mass which is heterogeneous. 
Abdominal CT scan was performed in 49.5% of the cases. It showed a hypodense (92%), heterogeneous (92%) mass. After 
contrast agent injection, the spoke wheel aspect was observed (100%). In all cases, the density of the mass was lower than 
that of the non-tumoral splenic parenchyma. Abdominal MRI was performed in 23.9% of the cases. After dynamic injection 
of Gadolinium, it showed the same aspect as in the CT scan. All patients were operated either immediately (88.2%) or after 
clinical and/or radiological changes during monitoring (9.6%).
Summary  The diagnosis of SANT remains a real challenge for the clinician and the radiologist. Establishing the differential 
diagnosis with other rare tumors is important in order to develop a standardized management protocol.

Keywords  Splenic neoplasms · Sclerosing angiomatoid nodular transformation · Diagnostic algorithm · Diagnostic 
imaging · Systematic review

Introduction

Sclerosing angiomatoid nodular transformation of the spleen 
or SANT is a rare benign vascular tumor, first described 
in 2004 by Martel et al. [33••] Its discovery is most often 
incidental. Its epidemiological profile and morphological 
characteristics have remained poorly known. Due to a lack 
of knowledge of this entity and fear of possible degeneration, 
splenectomy for diagnostic purposes was unavoidable in the 
majority of cases.

The main objective of this work is to reveal through a 
systematic review of the literature the epidemiological, bio-
logical and morphological characteristics of a SANT. At the 
end of this review, a diagnostic approach is proposed.
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Methods

This review followed the PRISMA recommendations. 
Articles were selected through electronic databases of 
Medline, EMBASE, and Cochrane Library, and only arti-
cles published between January 2004 and January 2020 
were included. The search was performed using the fol-
lowing keywords: “sclerosing,” “angiomatoid,” “nodular,” 
“transformation,” and “spleen”.

All articles included in our search were reviewed by two 
independent readers.

Inclusion Criteria

All articles related to SANT cases, published between 
2004 and January 2020, in French or English language.

Exclusion Criteria

1.	 Articles reporting the same cases or results of the same 
series

2.	 Articles in languages other than English and French.
3.	 Unpublished data and isolated abstracts.

Judging Criteria

From each article we collected demographic, clinical, bio-
logical, radiological and therapeutic data as well as post-
operative and pathological examination data.

The Statistical Study

For data entry and exploration of the results, we used 
SPSS software in its standard version 20.0. Quantitative 
variables were described using means, standard deviation, 
limits, median and extremes. The study of the normal-
ity of quantitative variables distribution was done by the 
skewness and kurtosis coefficients and by the Kolmogo-
rov–Smirnov test. The qualitative variables were described 
using the calculation of the observed numbers and relative 
frequencies (percentages).

Results

The study selection process is summarized in the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) flow chart (Fig. 1).

At the end of this literature search, we retained 73/103 
publications, describing 188 cases of SANT (Fig.  1) 

[1–73]. Between 2004 and January 2020, the average pub-
lication was 4.56 articles per year.

Descriptive Study

Patients and Characteristics

In our study, we collected 188 cases of SANT, described in 
73 articles. Between 2004 and January 2020, the average 
publication was 4.56 articles per year.

The average age of the patients was 45.9 years with a 
standard deviation of 15 years. This series included 75 
men and 113 women with a male-to-female ratio of 0.66.

In this review, 68 patients had at least one medical 
or surgical antecedent. The majority of these histories 
included tumor pathology which was noted in 39 patients 
(57%).

In the majority of cases, SANT was found incidentally. 
It was symptomatic in 40% of the cases. Abdominal pain 
was the most frequent symptom. The main clinical features 
have been summarized in Table 1.

Fig. 1   PRISMA flowchart
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Biology

In most cases (85.6%), there was no anomaly in biological 
tests. Biological abnormalities were non-specific in 27 cases 
(14.4%). The various biological abnormalities are summa-
rized in Table 2.

Radiological Examinations

Morphological features were described in 106 cases 
(56.4%). The splenic mass was unique in 99 cases (93.4%) 
The average size of the splenic mass was 50 mm, with 
a range from 8 to 130 mm, with clear boundaries, with-
out capsule (n = 103, 97.1%), lobulated (n = 33; 56%) or 
rounded (n = 26; 44%). Its topography was respectively 
upper polar (58%), lower polar (21%) and medio-splenic 

(21%). Splenomegaly was not constant (n = 15, 14%). 
Other associated extra-splenic masses were reported in 
17 cases (9%), most often in the liver and the mesentery.

Abdominal ultrasound, performed in 50 cases (26.6%), 
had described an hypoechoic mass (n = 44; 88%), hetero-
geneous (n = 50; 100%) with intra-tumoral calcification 
(n = 6; 12%).

Abdominal CT scan was performed in 93 cases (49.5%), 
including 66 cases with injection of contrast media (71%).

The SANT was spontaneously hypodense (n = 86; 92%), 
heterogeneous (n = 48; 92%), without calcification (95%) 
and with necrotic-hemorrhagic areas (100%). Contrast 
media uptake from the arterial phase in the periphery spar-
ing the center (n = 45; 94%) with centripetal and progres-
sive uptake at the portal phase realizing the spoke wheel 
appearance (n = 66; 100%). In all cases, the density of the 
mass was lower than that of the non-tumoral splenic paren-
chyma at arterial and portal phases.

The late vascular phase, performed in 48 cases, showed 
preservation of the spoke wheel appearance with central 
scar in 40 cases (83%), and homogenization with the non-
tumoral splenic parenchyma in 8 cases (17%).

Abdominal MRI was performed in 45 cases (23.9%), 
with T1-weighted image (n = 40), T2-weighted image 
(n = 43), in-phase and out-of-phase sequences (n = 8), dif-
fusion imaging (n = 12) with b values ranging from 700 to 
900 and dynamic Gadolinium injection (n = 34).

The lesion appearance was on T1, hypointense (n = 18; 
45%), isointense (n = 18; 45%) and hyperintense (n = 4; 
10%). The mass was heterogeneous (n = 6; 75%) and 
homogeneous (n = 2; 25%). On T2, the signal was hypoin-
tense (n = 30; 70%), hyperintense (n = 9; 21%) and isoin-
tense (n = 4; 9%) (2,3,6,10). The mass was heterogeneous 
in all cases, by the presence of a central hypointense scar 
and hyperintense areas of peripheral and septal disposi-
tion. A signal drop on in-phase was described in 7 cases 
(n = 7/8), testifying to the presence of iron overload. Dif-
fusion imaging did not show diffusion restriction with an 
average ADC value (9 cases/12) estimated at approxi-
mately 1.20 × 10–3 mm2/s.

The lesion characteristics after dynamic injection of 
Gadolinium being detailed in 28 cases, is similar to that 
described previously on the CT scan. Figure 2 shows the 
different characteristics of SANT on CT scan and MRI.

Other Explorations

Positron Emission Tomography (PET Scan)

FDG uptake was present in 17 cases (81%) of the 21 cases 
performed.

Table 1   Main clinical features of SANT

DIC disseminated intravascular coagulation

Number Percentage

Antecedents >  = 1 68 36.2
Anemia 15 12
Arterial hypertension 9 13
Type 2 diabetes 5 8
Tumor 39 57
Asymptomatic 133 60
Symptomatic 75 40
Abdominal pain 53 71
Unexplained anemia 10 13
Splenomegaly 5 7
Persistent fever 4 5
Abdominal discomfort 2 3
DIC 1 1
Splenomegaly found on physical 

examination
20 10.6

Table 2   Main biological features of SANT

CRP C reactive protein, ESR erythrocyte sedimentation rate

Number Percentage

Anemia 17 9.0
Hyperleukocytosis 7 3.7
Thrombocytopenia 5 2.7
Low Prothrombin time 1 0.5
Hepatic cytolysis 3 1.6
CRP > 0 3 1.6
ESR increased 7 3.7
Negative tumor markers 188 100
Negative anti-nuclear antibodies 188 100
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Technetium‑99 m Scintigraphy

The scintigraphy was negative in the 3 cases performed.

Fine Needle Biopsy (FNA)

After microscopic and immunohistochemical study, FNA 
confirmed the diagnosis in four cases (66.66%) among the 
six cases performed.

Therapeutic Management

The therapeutic strategy was detailed in all patients. The 
majority of patients were operated immediately and only 22 
patients, or 12%, were monitored regularly.

Monitoring

Twenty-two patients (12%) were followed up regularly with 
a median duration of monitoring estimated at 16 months 
(Extremes:3–60 months).

Surveillance was clinical, radiological in all cases by PET 
scan in two cases (9%) and anatomopathological by radio-
guided needle biopsy in six cases.

Clinically, none of the cases presented a complication.
On imaging, no change in the appearance of enhancement 

or morphological characteristics of the mass was reported 
except for a discrete progression in size found in 19 cases 
(86%).

On PET scan, fixation was increased in two cases.
Given the appearance of clinical and/or radiological mod-

ifications (the progression in size) or of fixation in the PET 
scan, 18 cases (82%) were operated. There were no cases of 
tumor degeneration.

The 4 cases of SANT confirmed by FNA (18.2%), had 
benefited from exclusive surveillance.

Surgery

Surgery was decided either immediately in 88.2% of cases 
or after clinical and/or radiological changes during monitor-
ing in 9.6% of cases. The approach was specified in only 41 
cases. Laparoscopy was performed in 68.3% of cases, fol-
lowed by laparotomy in 31.7%. The type of surgery was total 
splenectomy in 180 cases. The average of hospitalization 
was 8 days (extremes: 2–6 days) with a simple postoperative 
course in 98.9% of cases and no recurrence.

Fig. 2   Imaging characteristics of SANT. a Axial CT image shows 
predominantly hypodense mass with lobulated contours with rim-
style contrast enhancement of external borders of lesion (arrow). b 
Fat-saturated T1-weighted image shows central hyperintensity that is 
consistent with hemorrhage. c T2-weighted MR image shows spoke 
wheel pattern of lesion that is predominantly hyperintense with cen-

tral hypointense areas with hyperintense radiations towards center of 
lesion. d and e Postcontrast arterial (d) and delayed venous phase (e) 
T1-weighted MR images clearly show progressive enhancement from 
periphery to center of lesion, which is similar to spoke wheel pattern. 
[11•] Reproduced courtesy of M Karçaaltıncaba
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Anatomopathological Examination of the Surgical 
Specimen

Anatomopathological examination of the surgical speci-
men (184 patients) revealed a single lesion in 169 cases 
(93.8%) with a size of approximately 51 mm (between 10 
and 170 mm), circumscribed in 143 cases (79%) and not.

encapsulated in 109 cases (98.2%). It was nodular in 
153 cases (84%) with central fibrotic scarring in 151 cases 
(98.7%).

Microscopic examination described angiomatoid nodules 
within a fibrosclerotic stroma in 181 cases (99%) without 
evidence of intra-tumor necrosis. Immunohistochemical 
study by CD34, CD31 and CD8 had confirmed the diagnosis 
of SANT. The tumor showed 3 types of blood vessels: capil-
lary (CD34 + /CD31 + /CD8-) in 166 cases (91.2%), sinusoid 
(CD34-/CD31 + /CD8 +) in 164 cases (90.1%) and venule 
(CD34-/CD31 + /CD8-) in 165 cases (90.6%). No cases of 
degeneration were observed.

In addition, extra-splenic masses were identified which 
were associated with the splenic masses already described. 
They were usually located in the liver (35%), mesentery 
(25%), kidney (15%) and stomach (10%). The different histo-
logical types described are cystic type (35%), fibro-calcified 
pseudo tumoral (30%) and hemangioma (10%).

Discussion

At the end of this study, SANT is a rare benign tumor, poorly 
elucidated, without risk of degeneration or complication. It 
affects mostly women with an average age of 45 years.

It is usually asymptomatic and is discovered incidentally 
(60%). Splenomegaly is rare (14%). On imaging, it appears 
as a single, well-limited mass without capsule.

On ultrasound, it was generally hypoechoic (88%) and 
heterogeneous (100%).

On CT scan, it was spontaneously hypodense (n = 86; 
92%), heterogeneous (n = 48; 92%), without necrotic-hem-
orrhagic areas (100%) and calcification (95%).

It enhances from the arterial phase (n = 45, 94%) in the 
periphery in a progressive and centripetal way presenting 
septa realizing the aspect of a spoke wheel with a central 
scar which persists unenhanced at the portal and late vas-
cular phases. Apart from the scar, the density of the tumor 
mass remained lower than that of the non-tumor splenic 
parenchyma at portal time (100%) with possible homogeni-
zation at late vascular phase (77%).

On MRI, the tumor was on T1-weighted hyposignal 
(n = 18; 45%), T2 weighted hyposignal (n = 30; 70%), het-
erogeneous with septal and peripheral areas in hypersignal, 
with no evidence of restriction on diffusion sequences. A 
signal drop in-phase could be suggestive. The vascular atti-
tude after dynamic injection of Gadolinium is superimpos-
able to that described on the CT scan.

Nevertheless, this radiological presentation is some-
times misleading and may mimic other benign, borderline 
or malignant conditions (primary or secondary). Knowl-
edge of alternative diagnoses can help avoid unnecessary 
splenectomy.

Regarding malignant tumors or tumors with malignant 
potential, in addition to lymphomas and metastases, three 
main tumors may pose diagnostic difficulties in the absence 
of clinical and/or biological guidance: hemangiopericytoma, 
hemangioendothelioma and primary angiosarcoma of the 
spleen (Table 3).

Splenic lymphoma, in its unique form, may be difficult 
to diagnose. But, unlike a SANT, it is usually poorly lim-
ited, poorly enhancing after contrast media injection and is 
responsible for diffusion restriction [74, 75].

Metastasis can occur as an isolated mass, synchronous 
or metachronous to a primary tumor. It is most often poorly 
enhanced after injection, except for metastases of renal 
tumors and chorioepitheliomas. Targeted contrast uptake and 

Table 3   Summary table of the main radiological characteristics of splenic masses mimicking SANT

Tumor Number Limits Calcifications Homog-
enization

Center MRI

Unique Multiple On late phase T1 T2

SANT 93.4% 6.6% Well limited Rare – Not enhanced Hypo Hypo
Hemangiopericytoma  +   + / −  Well limited  +   +  No scar Hypo Hyper
Hemangioendothlioma  +  – Well limited –  +  Late enhancement Hypo Hyper
Angiosarcoma  +   + / −  Poorly limited Massive (star) – No scar Hypo Hypo
Cavernous hemangioma Yes No Well limited  +   +  No scar Hypo Hyper
Littoral cells angioma –  +  Well limited –  +  – Hypo Hypo
Splenic hamartoma  +  – Well limited  +  – – Iso Hyper
Inflammatory pseudotumor  +  – Well limited  + / −  – Hypodense Iso Hyper
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a halo appearance with peripheral T2 weighted hypersignal 
are suggestive [76•].

Hemangiopericytoma is a mesenchymal tumor that may 
be revealed by fever and/or weight loss [77•]. It affects males 
preferentially. Unlike SANT, it is most often partially calci-
fied with a T2 weighted hypersignal [77, 78].

Hemangioendothelioma is a rare borderline tumor of vas-
cular origin, observed in middle-aged adults, with a gender 
ratio of 1:1. The clinical and biological signs are not spe-
cific. Unlike SANT, it is characterized by a T2 weighted 
hypersignal with the presence of necrotic-hemorrhagic 
areas. The lesion center is enhanced at late phase [79, 80].

Primary angiosarcoma of the spleen is a tumor of poor 
prognosis, discovered at the metastatic stage. It affects 
elderly subjects with a gender ratio of 1:1. Abdominal pain 
is present in more than 80% of cases associated with sple-
nomegaly. Spontaneous rupture of the spleen is a common 
complication. Unlike SANT, the tumor mass is poorly lim-
ited with cystic and necrotic-hemorrhagic areas with mas-
sive calcifications in stars, causing a diffuse and heterogene-
ous enhancement [79] (Fig. 3).

In addition, other benign tumor conditions can sometimes 
be confused with SANT, such as cavernous hemangioma, 
inflammatory pseudo tumor, or littoral cell angiomas in this 
case (Table 3).

Cavernous hemangioma is the most frequent benign 
tumor of the spleen occurring in middle-aged adults with-
out gender predominance. Unlike SANT, this lesion is on T1 
and T2 weighted hyper signal, containing cysto-hemorrhagic 
areas, centripetal enhancement, and peripheral clumps with 
homogenization at late phase, without real scar [79, 81].

Littoral cell angioma is a rare tumor specific to the 
spleen. Unlike SANT, it is symptomatic, often associated 
with splenomegaly with biological hypersplenism. It is in 
frank T2 weighted hyposignal, with a multi and micronodu-
lar appearance, taking the contrast homogeneously, without 
central scar at the late phase [79].

Inflammatory pseudotumor or inflammatory myofibro-
blastic proliferation of the spleen is of exceptional splenic 
localization. It is often symptomatic, revealed by pain in the 
left hypochondrium, splenomegaly, fever and/or an inflam-
matory state. On imaging, the T2 weighted hypersignal is 
an additional evocative argument [75, 82

In order to be able to orientate oneself towards one 
pathology or another, when a hypoechoic mass of the spleen 
is found, enhanced after injection of contrast media, certain 
semiological criteria must be checked, in this case: the asso-
ciation with a splenomegaly, the appearance of the lesion’s 
boundaries, the detection of calcifications, areas of necrosis 
and/or hemorrhage and the study of the attitude of the lesion 
after dynamic injection of contrast media (Fig. 4).

Indeed, a diagnostic approach could be proposed to facili-
tate the diagnosis of SANT in its typical form. We, thus, 
require the existence of these three conditions together (Fig. 5):

(1)	 Check for the absence of signs predictive of malignancy 
although they are not specific, such as a non-painful 
splenomegaly, ill-defined boundaries (lymphoma, 
angiosarcoma + +), lesion heterogeneity (necrotic and/
or hemorrhagic areas) (angiosarcoma +  + /hemangioen-
dothelioma), presence of massive calcification (heman-
giopericytoma or angiosarcoma), intense enhancement 
(angiosarcoma), central enhancement (hemangioendo-
thelioma) or target enhancement (metastasis).

(2)	 Gather the following radiological signs:

•	 Single, hypoechoic mass
•	 Centripetal enhancement,” spoke wheel” appearance
•	 Non-enhanced central scar
•	 Intensity of contrast uptake “non-tumor splenic paren-

chyma”
•	 Heterogeneous T2 weighted hyposignal due to the 

presence of hyperintense septa
•	 No broadcast restrictions
•	 Absence of calcifications

(3)	 Check for the absence of clinical and/or biological 
inflammatory signs

However, in all cases, radiological signs should not be 
interpreted independently of the clinical and/or biological 
context.The interpretation of radiological signs requires a 
dynamic acquisition after injection of contrast medium with 
a late phase.

Limits

Our study was based on the analysis of 73 articles, including 
only case reports.

Although our sample included 188 cases, the diagnostic 
approach to this condition remains poorly elucidated and non-
coded (debatable on a case-by-case basis).

In addition, the use of imaging was not systematic, and radi-
ological data were not consistently reported in all publications.

Indeed, only 35% of the cases had undergone a CT scan 
with dynamic injection of contrast medium and 24% of the 
cases had had an abdominal MRI according to a non-stand-
ardized protocol in all patients.
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Conclusion

Despite the continuous progress of imaging techniques, 
the diagnosis of SANT remains a real challenge for the cli-
nician and the radiologist. Due to the rarity of this lesion, 
the radiological exploration and management protocol is 
still not standardized. The differential diagnosis is essen-
tially with other rare tumors without specific diagnostic 
criteria.

Highlights

•	 SANT in its typical form is asymptomatic without sple-
nomegaly

•	 Imaging often shows, in the absence of malignancy crite-
ria, a unique, well limited lesion which is hypoechoic on 
ultrasound and has an early centripetal and progressive 
enhancement resulting in a spoke wheel appearance (CT-
MRI) with a non-enhanced central scar on the different 

Fig. 3   Diagnostic approach to a 
benign mass of the spleen
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injection phase. On T2-weighted imaging, it exhibits a 
heterogeneous hyposignal lesion and shows no restricted 
diffusion on diffusion-weighted imaging.

•	 In the case of a typical form of SANT, monitoring could 
be proposed.

•	 Splenectomy might be indicated if symptomatic or con-
tains calcifications or contains heterogeneous zones or 
has a rapid evolution.

Fig. 4   Diagnostic approach to 
solid splenic mass
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