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Patient: Male, 66-year-old
Final Diagnosis: Benign pelvic schwannoma
Symptoms: Dysuria ¢ lower abdominal pain ¢ lumbago
Clinical Procedure: -
Specialty: Radiology

Objective: Rare disease

Background: Primary pelvic schwannomas are rare and often misdiagnosed due to non-specific imaging features. Accurate
preoperative evaluation remains a challenge. The clinical utility of contrast-enhanced ultrasound (CEUS) com-
bined with time-intensity curve (TIC) analysis and targeted biopsy was evaluated for the preoperative diagno-
sis and management of a pelvic schwannoma.

Case Report: A 66-year-old man presented with dysuria and lumbago. Imaging revealed a large, mixed cystic-solid pelvic
mass. Conventional ultrasound demonstrated a predominantly cystic-solid lesion with limited Doppler flow,
whereas CEUS showed progressive dendritic enhancement of the viable solid component from the periphery
toward the center, with non-enhancement of cystic or necrotic areas. TIC analysis demonstrated a distinctive
“equal-in and slow-out” perfusion pattern, supported by quantitative parameters (rise time, time to peak, fall
time, and washout area under the curve). Based on these perfusion characteristics, ultrasound-guided biop-
sy was directed toward hyperenhanced viable regions while avoiding necrotic zones, thereby improving tissue
sampling accuracy. Immunohistochemistry confirmed S-100 and SOX-10 positivity, establishing a definitive di-
agnosis. Complete surgical resection with bladder defect repair was performed. Postoperatively, urinary func-
tion recovered, and no recurrent urinary or pelvic symptoms were reported during outpatient follow-up.

Conclusions: Quantitative CEUS-TIC analysis combined with targeted biopsy provides an effective preoperative diagnostic
strategy for pelvic schwannomas. The observed CEUS-TIC perfusion pattern may correspond to the heteroge-
neous microvascular distribution of Antoni A and Antoni B regions; however, this hypothesis requires valida-
tion in future imaging-pathology correlation studies.
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Introduction

Primary pelvic schwannomas are rare soft tissue neurogenic
tumors arising from the sacral nerves or inferior hypogastric
plexus, accounting for less than 1% of all schwannomas [1].
Most lesions are benign and encapsulated [2]. Due to the
deep anatomical location and expansive pelvic cavity, pel-
vic schwannomas often grow insidiously and remain asymp-
tomatic in early stages [3]. Symptoms generally appear only
when the mass significantly enlarges and compresses adja-
cent nerves or organs. Pelvic schwannomas can be easily mis-
diagnosed as genitourinary or intestinal tumors due to non-
specific symptoms [4]. Large tumors may adhere to adjacent
tissues such as the bladder and ureter, complicating surgical
resection and increasing the risk of complications, including
nerve injury, which can affect prognosis [5].

Conventional modalities, including computed tomography (CT)
and magnetic resonance imaging (MRI), provide valuable ana-
tomical detail but often lack specificity in differentiating pelvic
schwannomas from other masses. Quantitative contrast-en-
hanced ultrasound (CEUS) with time-intensity curve (TIC) analy-
sis offers functional evaluation of tissue perfusion, yet its appli-
cation in pelvic schwannomas remains virtually unexplored [6].
This report describes a case of pelvic schwannoma evaluated
preoperatively using CEUS with TIC quantitative analysis. The
correlation between CEUS features and histopathology was an-
alyzed. Based on these perfusion characteristics, targeted sam-
pling of viable tissue via ultrasound-guided biopsy was con-
ducted, while avoiding necrotic regions. Inmunohistochemistry
confirmed S-100 and SOX-10 positivity, establishing a defini-
tive diagnosis [7]. Complete surgical resection of the tumor is
the preferred treatment for pelvic schwannoma [1]. The spe-
cific CEUS-TIC perfusion pattern observed in this case may re-
flect the heterogeneous microvascular architecture of Antoni
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A and Antoni B regions, representing a potential imaging-pa-
thology correlation that has been rarely reported. This case il-
lustrates the utility of CEUS-TIC as a noninvasive diagnostic
tool, which may reduce preoperative misdiagnosis and guide
surgical planning for rare pelvic schwannomas.

Case Report

The patient was a 66-year-old Han Chinese man who present-
ed with urinary difficulty and lower back and abdominal pain
for 1 week. He had no nausea or vomiting, chills, fever, or oth-
er associated symptoms. His medical history included hyper-
tension (4 years, on nifedipine 30 mg once daily), gout (> 20
years, on intermittent allopurinol), and right sciatica (> 10 years,
on intermittent ibuprofen). He had no history of smoking, al-
cohol, substance abuse, or hereditary diseases in the family.

On physical examination, slight abdominal distension was not-
ed in the lower abdomen, with a palpable mass approximately
120 x 110 mm in the pelvic region. The mass was soft, moder-
ately mobile, tender on palpation, and without rebound tender-
ness. Bilateral renal percussion tenderness was positive. After
admission, the patient underwent comprehensive laboratory
tests. Laboratory tests revealed leukocytosis (white blood cells
11.0 x 10° cells/L), neutrophilia (78%), elevated C-reactive pro-
tein (CRP; 25 mg/L), and microscopic urine analysis showed el-
evated non-squamous epithelial cells (3.7 cells/pl), indicating a
urinary tract infection. The patient received intravenous levo-
floxacin 0.5 g once daily for 5 days, which resolved the infection.

Imaging Evaluation

Conventional ultrasound revealed a well-circumscribed mixed
cystic-solid pelvic mass measuring 129 x 96 x 120 mm, with
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Figure 1. Conventional ultrasound of pelvic schwannoma. (A) Longitudinal view showing a well-circumscribed, mixed cystic-solid
hypoechoic mass with multiple anechoic areas. (B) Transverse color Doppler image demonstrating minimal internal blood

flow.
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moderate echogenicity in the solid portion and poor acoustic
transmission in the cystic portion. Minimal blood flow signals
were detected in the solid component (Figure 1). For this gi-
ant cystic-solid pelvic mass, differential diagnoses were con-
sidered to include a neurogenic tumor, particularly schwanno-
ma, as well as a gastrointestinal stromal tumor, a genitourinary
tract neoplasm, and a retroperitoneal sarcoma. However, giv-
en the cystic-solid morphology, sparse intralesional vasculari-
ty, and intact capsule, the lesion was considered more likely to
represent a benign or low-grade malignant tumor. CEUS imag-
es visually demonstrated dendritic enhancement progressing
from the periphery toward the center of the tumor (Figure 2).
Quantitative TIC analysis confirmed an overall “equal-in, slow-
out” perfusion pattern within the solid component (Figure 3).
In particular, the peripheral-to-central dendritic enhancement
pattern and the “equal-in and slow-out” enhancement charac-
teristics demonstrated on CEUS were considered more sugges-
tive of a benign tumor. Contrast-enhanced MRI further delin-
eated a cystic-solid mass (127 x 95 x 113 mm) with isointense
solid component on T1, high-signal cystic component on T2 fat-
suppressed sequences, and heterogeneous solid enhancement
displacing the bladder and surrounding tissues (Figure 4). On
contrast-enhanced MRI, a benign tumor was further favored by
the well-circumscribed morphology, heterogeneous enhance-
ment, cystic degeneration, and displacement rather than def-
inite invasion of adjacent pelvic structures, with a neurogenic
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Figure 2. Contrast-enhanced ultrasound of pelvic schwannoma.
(A) Early phase (11 s) showing tree-like enhancement
of the solid component and capsule from periphery
to center (arrows). (B) Mid-phase (24 s) showing
progressive enhancement of the solid component with
scattered non-enhancing areas; capsule remains intact
(arrows); cystic component remains non-enhancing.
(€) Late phase (38 s) showing delayed washout of the
solid component with uneven low enhancement.

origin considered more likely. Integration of multimodal imaging
suggested a benign neurogenic tumor, likely a schwannoma.

Histopathological Confirmation

Ultrasound-guided needle biopsy targeting viable tissue and
avoiding necrotic areas was conducted. Pathology revealed
spindle cell lesions with benign morphology, lipid-rich histio-
cytes, and no mitotic figures. Immunohistochemistry results
were as follows: 5-100 (+), SOX-10 (+), Ki-67 (~2%); SMA (-),
CD117 (-), CD34 (-), Desmin (-), DOG-1 (-), PCK (-), supporting
schwannoma diagnosis.

After resolving the patient’s urinary tract infection, pelvic
adhesiolysis and complete tumor excision were performed.
Intraoperatively, the tumor was tightly adherent to the ure-
terovesical junction, so bilateral ureteral stents were placed
to prevent ureteral injury and stricture. The resected specimen
was a grayish-red nodular mass (150 x 120 x 70 mm) with an
intact capsule, a cystic-solid appearance on sectioning, and soft
consistency (Figure 5A). Postoperative immunohistochemistry
confirmed schwannoma, consistent with the preoperative bi-
opsy findings (Figure 5B, 5C). The patient recovered well post-
operatively. On postoperative day 4, CT showed unobstructed
drainage and no hydronephrosis. By day 8, the pelvic drain-
age tube was removed, and the urinary catheter remained in
situ. At the 2-week outpatient follow-up, the patient’s pain had
subsided and the catheter was removed. Six-week follow-up
confirmed successful removal of bilateral ureteral stents, with
unobstructed urination and no urinary symptoms. Regular fol-
low-up was advised.
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Figure 3. CEUSTIC analysis of pelvic schwannoma. ROI1: peripheral tumor region (green); ROI2: central tumor region (yellow);
ROI3: adjacent normal tissue (pink). The time to initial enhancement for ROI1/ROI2 was 10.68 s and 12.55 s, respectively,
with a difference of no more than 2.3 s compared with ROI3 (12.86 s), demonstrating an “equal-in” pattern. Late-phase
enhancement showed WoAUC [au] values of 2.42 x 10* and 2.96 x 10* for ROI1/RO0I2, versus 4.10 x 10° for ROI3, consistent
with a “slow-out” pattern. ROI1 reached its peak earlier (TTP: 7.48 s vs 25.41 s) and exhibited higher peak intensity (PE:
2.87 x 10° au vs 1.23 x 10° au). CEUS, contrast-enhanced ultrasound; TIC, time-intensity curve; RO, region of interest; WoAUC,

washout area under the curve; TTP, time to peak.

Discussion

Pelvic schwannoma is a rare benign tumor originating from
Schwann cells, accounting for less than 1% of all schwanno-
mas. Due to its deep location and lack of early symptomes, it is
often misdiagnosed as a tumor of the urinary or reproductive
system [8]. In this case, the patient presented with dysuria and
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Figure 4. Enhanced MRI of pelvic schwannoma. (A) T1-weighted
transverse view: solid component is isointense,
cystic component is hypointense. (B) T2-weighted
transverse view, fat-suppressed: solid component
is heterogeneous and slightly hyperintense; cystic
component is hyperintense. (C) T2-weighted sagittal
view: the mass showed heterogeneous slightly
hyperintense signal with cystic areas. MRI, magnetic
resonance imaging.

lumbar-abdominal pain, and imaging revealed a large cystic-
solid pelvic mass. Regarding imaging evaluation, contrast-en-
hanced MRI is considered the gold standard for schwannoma
characterization due to its superior soft tissue resolution [9].
Typical manifestations include isointense or hypointense signals
on T1-weighted images, heterogeneous hyperintense signals
on T2-weighted images with cystic areas, and heterogeneous
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enhancement after contrast administration [10,11]. The MRI
findings in this case are highly consistent with the aforemen-
tioned characteristics. However, due to its affordability and con-
venience, ultrasound is the preferred screening method for pel-
vic masses. In this case, conventional ultrasound clearly revealed
the cystic-solid structure, capsule integrity, and internal vascular
distribution. CEUS with TIC analysis provided additional func-
tional information, revealing a characteristic “equal-in, slow-
out” perfusion pattern suggestive of a benign lesion [12]. These
findings supported proceeding with complete surgical excision.

In this case, CEUS demonstrated a progressive dendritic en-
hancement extending from the periphery toward the center,
which may reflect the intratumoral distribution of microvas-
culature. Schwannomas are typically composed of compact
Antoni A and loosely arranged Antoni B regions, each with
distinct pathological features. Antoni A regions, being cell-
rich and metabolically active, possess relatively higher micro-
vascular density, allowing the contrast agent to enter more
rapidly and concentrically, resulting in early enhancement. In
contrast, Antoni B regions, rich in myxoid stroma, generally ex-
hibit weaker enhancement [13]. The dendritic areas observed
on CEUS likely correspond predominantly to Antoni A regions.
Detailed TIC analysis revealed that the peripheral region of
interest (ROI1) had a time to peak (TTP) of 7.48 s, whereas
the central region (ROI2) had a TTP of 25.41 s, confirming the
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Figure 5. Histopathology and immunohistochemistry of the
pelvic schwannoma. (A) Gross specimen showing
a tumor with cystic spaces of varying sizes.
(B) Hematoxylin and eosin (H&E) staining showing
spindle-shaped cells with benign morphology and
interspersed lipid-rich histiocytes. No mitotic figures
were observed (H&E x 10). (C) Immunohistochemistry
showing SOX-10 positivity.

differential perfusion kinetics across tumor regions. Regarding
enhancement intensity, the peak enhancement of ROI1 was
significantly higher than ROI2, reflecting more abundant pe-
ripheral blood supply and higher cellular activity.

Most previous studies have described a central-to-peripheral
“target sign” [14], whereas this case provides the first evidence
of a peripheral-to-central dendritic enhancement pattern. These
findings are presented with the caveat that they are based on
a single-case observation and do not yet elucidate the mecha-
nistic basis of the enhancement pattern or its diagnostic value
in schwannomas. Further studies with larger cohorts are need-
ed to validate these observations. Furthermore, in this case, the
delayed washout observed in ROI2 contrasts with the typically
faster washout reported for Antoni B regions. This discrepancy
may be explained by the following mechanisms: Antoni B re-
gions, characterized by sparse, dilated vessels within a myxoid
stroma, inherently exhibit slower perfusion. In a markedly en-
larged tumor, chronically elevated interstitial pressure further
compresses and distorts these vessels, creating microvascular
stasis — a “retention pool” — that slows microbubble clear-
ance, producing the observed “slowout” pattern. Conversely,
the Antoni A region at the tumor periphery maintains struc-
turally intact vasculature under lower interstitial pressure, pre-
serving rapid perfusion and washout. These observations sug-
gest that CEUS washout kinetics in large pelvic schwannomas
are influenced not only by histological subtype but also by tu-
mor size, local interstitial pressure gradients, and associated
hemodynamic changes. The relative impact of intrinsic tissue
architecture versus extrinsic compressive forces remains to be
systematically investigated in future hemodynamic-patholog-
ical correlation studies.
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Ultrasound-guided needle biopsy was then conducted, target-
ing the perfused regions identified by CEUS and avoiding cys-
tic or necrotic areas and ensuring high-quality tissue sampling.
Histopathology and immunohistochemistry confirmed S-100
and SOX-10 positivity, with a low Ki-67 index (~2%), provid-
ing decisive evidence for schwannoma. SOX-10, as a neural
crest transcription factor, is highly specific for Schwann cell-
derived tumors, and combined with S-100, it enhances diag-
nostic accuracy [6,15].

Regarding treatment, complete surgical excision remains the
standard approach for pelvic schwannomas due to their ana-
tomical location and benign nature [16]. In this case, the tu-
mor was solitary, encapsulated, and well-defined, allowing
for simple excision. In more complex cases, care is required
to prevent nerve injury, as an incomplete microsurgical tech-
nique may result in permanent dysfunction and pain [5]. The
patient in this report did not undergo combined microsurgi-
cal intervention, which represents a potential limitation of
the treatment strategy. Furthermore, due to the large size of
the tumor (maximum diameter > 10 cm) and its extensive ad-
hesions to surrounding tissues, conventional MRI sequences
could not clearly trace the continuity between the tumor and
specific sacral nerve roots. Moreover, this patient did not un-
dergo dedicated magnetic resonance neurography (MRN) se-
quences, such as 3-dimensional short T1 inversion recovery
(STIR), sampling perfection with application-optimized con-
trast using different flip angle evolution (SPACE) or diffusion-
weighted whole-body imaging with background body signal
suppression (DWIBS), precluding precise preoperative localiza-
tion of the originating nerve roots (eg, S1, S2, or S3). Based on
anatomical landmarks, the tumor center was estimated to be
at the S2-to-S3 level, potentially arising from the sacral plex-
us or inferior hypogastric plexus at this level. Therefore, we
recommend that future studies employ high-resolution MRN
combined with intraoperative electrophysiological monitoring
to achieve more accurate nerve root localization [17].
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Conclusions

Pelvic schwannomas are rare, and both clinical presentation
and conventional imaging lack specificity. In this case, CEUS-
TIC analysis revealed a characteristic dendritic perfusion pat-
tern in the solid tumor component, which is hypothesized to
correspond to the heterogeneous microvascular distribution
of Antoni A and Antoni B regions. Ultrasound-guided target-
ed biopsy enabled accurate pathological diagnosis, confirm-
ing schwannoma and guiding optimal preoperative surgical
planning. Multimodal imaging, including CEUS and MRI, pro-
vided complementary diagnostic information. This report sup-
plements current knowledge on the imaging features of pel-
vic schwannomas, potentially enhancing clinicians’ awareness
and reducing misdiagnosis. Future studies with larger cohorts
are needed to validate this observation and explore the utili-
ty of CEUS-TIC in preoperative planning.
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