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Abstract

Background: Pediatric abdominal tumors present a diagnostic challenge due to nonspecific
clinical symptoms and the need to minimize invasive procedures and exposure to ionizing
radiation. Imaging is central to early detection, tumor characterization, and clinical management.

Objective: To review the role of non-invasive imaging in pediatric abdominal tumors, with a
focus on ultrasound as a first-line diagnostic modality, and to compare its utility with other non-
invasive techniques, including magnetic resonance imaging and computed tomography.

Methods: A narrative review of peer-reviewed literature was conducted, emphasizing studies on
diagnostic accuracy, safety, and clinical applications of non-invasive imaging in pediatric
abdominal tumors. Imaging guidelines, consensus statements, and recent technological advances
were included

Results: Ultrasound is a highly effective, safe, and accessible first-line imaging tool for initial
evaluation. Its real-time imaging, absence of ionizing radiation, and high diagnostic accuracy
make it valuable for early detection and follow-up. Magnetic resonance imaging provides
superior soft-tissue characterization and staging, whereas computed tomography is reserved for
selected cases despite radiation concerns.

Conclusion: Non-invasive imaging is essential for diagnosing and managing pediatric
abdominal tumors. Ultrasound, complemented by magnetic resonance imaging and computed
tomography when indicated, provides a child-safe strategy that improves diagnostic confidence,
guides clinical decision-making, and enhances patient outcomes. Advances in technology and
standardized imaging protocols are expected to further optimize pediatric tumor evaluation.
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1. Introduction

Pediatric abdominal tumors represent a heterogeneous group of neoplastic conditions affecting
organs such as the kidneys, liver, adrenal glands, gastrointestinal tract, ovaries, and
retroperitoneum. These tumors often present with nonspecific symptoms, including abdominal
distension, pain, or palpable masses, making early diagnosis challenging. Timely and accurate
detection is critical, as delays may negatively affect treatment and prognosis.

Imaging is central to pediatric oncology, enabling tumor detection, localization, and
characterization while guiding management. Children are particularly vulnerable to ionizing
radiation due to increased tissue radiosensitivity and longer life expectancy, making non-
invasive, radiation-free modalities the preferred choice.

Ultrasound is widely accepted as the first-line imaging tool because of its safety, accessibility,
portability, and real-time capability. Advances in ultrasound and magnetic resonance imaging
have enhanced tumor characterization, staging, and treatment monitoring. This review highlights
the principles, applications, and limitations of non-invasive imaging in pediatric abdominal
tumors, focusing on ultrasound-based strategies.

2. Pediatric Abdominal Tumors: Clinical Overview

2.1 Classification and Common Tumor Types

Pediatric abdominal tumors can be benign or malignant, with malignancies occurring more
frequently in early childhood. Common malignant tumors include neuroblastoma, Wilms tumor,
hepatoblastoma, lymphoma, and soft-tissue sarcomas, while benign lesions include ovarian cysts,
mesenteric cysts, and hepatic masses.

Tumor origin strongly influences imaging appearance and clinical behavior. Wilms tumor
usually presents as a well-circumscribed renal mass, whereas neuroblastoma often arises from
the adrenal gland and may show calcifications and infiltrative growth. Ovarian masses in
children range from functional cysts to neoplastic lesions, requiring careful imaging evaluation
to guide management.

2.2 Epidemiology and Age-Related Presentation

The incidence and presentation of pediatric abdominal tumors vary according to age and tumor
type. Neuroblastoma is the most common extracranial solid tumor in children under five years,
while Wilms tumor predominantly affects those between two and five years. Hepatoblastoma
primarily occurs in infants and young children. Younger children often present with rapidly
enlarging abdominal masses, whereas older children may exhibit nonspecific symptoms such as
abdominal pain, weight loss, or gastrointestinal disturbances. Age-related anatomical and
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physiological differences must be considered when selecting imaging modalities and interpreting
findings.

2.3 Diagnostic Challenges

The nonspecific clinical presentation of pediatric abdominal tumors frequently leads to delayed
diagnosis. Imaging is therefore essential for early detection and differentiation between benign
and malignant lesions. Challenges include patient cooperation, operator dependence, and
limitations of individual imaging modalities. These factors underscore the importance of
structured, multimodal imaging pathways tailored to pediatric patients.

3. Non-Invasive Imaging Principles in Pediatric Oncology
3.1 Definition and Clinical Advantages of Non-Invasive Imaging

Non-invasive imaging allows visualization of anatomy and pathological processes without
penetrating the skin or inserting equipment into the body. It is fundamental for tumor diagnosis,
characterization, staging, and follow-up in pediatric oncology, providing clinically useful
information while minimizing physical harm. Common non-invasive modalities include
ultrasound (US), magnetic resonance imaging (MRI), and computed tomography (CT), with US
and MRI preferred due to their superior safety profiles [4—6].

These modalities enable early tumor detection, assessment of size and location, evaluation of
internal structure, and identification of complications such as hemorrhage or organ displacement.
US offers real-time imaging, portability, and accessibility, making it the first-line diagnostic tool,
particularly for abdominal and duodenal evaluation, whereas MRI provides high-resolution soft-
tissue imaging without ionizing radiation exposure [6,11]. Non-invasive imaging also facilitates
longitudinal monitoring, allowing clinicians to assess tumor regression, recurrence, or
complications over time. Long-term follow-up is often required in pediatric oncology, making
the avoidance of cumulative diagnostic risks a key consideration [3,14].

3.2 Safety Considerations in Pediatric Populations

Safety is a core concern in pediatric imaging, as children are more sensitive to the effects of
ionizing radiation and have a higher lifetime risk of radiation-induced malignancies. This has led
to the prioritization of modalities that minimize or avoid radiation exposure [5,6,12]. US is
recognized as the safest imaging modality due to its non-ionizing nature and absence of harmful
biological effects when properly used, making it highly suitable for initial assessment, follow-up,
and screening of pediatric abdominal tumors.

MRI is also considered safe, though sedation may be required in younger children to ensure
image quality, introducing additional considerations [11]. CT is diagnostically valuable in
selected cases, particularly when urgent evaluation of complex anatomy or acute complications
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is needed, but its use is carefully managed due to radiation exposure. Imaging guidelines
emphasize dose optimization and appropriate modality selection to ensure patient safety [4,5].

3.3 Role of Imaging in Diagnostic Decision-Making

Non-invasive imaging plays a decisive role in diagnostic decision-making throughout the clinical
course of pediatric abdominal tumors. Imaging often provides the first objective evidence
guiding clinical suspicion, referral pathways, and further evaluation. The ability to differentiate
benign from malignant lesions influences decisions regarding biopsy, surgical intervention, or
conservative management [3,8].

Imaging also supports tumor staging and treatment planning by defining local extension,
vascular involvement, lymph node enlargement, and distant metastases. Accurate staging is
essential for selecting therapeutic strategies and predicting outcomes. Multimodal imaging
allows integration of information from US, MRI, and CT to achieve comprehensive assessment
[6,11].

Furthermore, imaging findings contribute to interdisciplinary decision-making within pediatric
oncology teams. Radiologic assessment informs discussions among pediatric oncologists,
surgeons, and radiotherapists, ensuring evidence-based, individualized management. The central
role of non-invasive imaging in guiding diagnosis and management underscores its importance
as a cornerstone of pediatric oncologic care [4,8,14].

Bar Chart: Advantages of Non-Invasive Imaging Modalities in Pediatric Oncology
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Bar chart comparing key advantages of non-invasive imaging modalities in pediatric oncology,
including ultrasound, magnetic resonance imaging, and computed tomography. Metrics
displayed include safety profile, diagnostic accuracy, accessibility, and suitability for repeated
follow-up. Ultrasound demonstrates the highest overall safety and accessibility scores, while
magnetic resonance imaging shows superior soft-tissue characterization, and computed
tomography provides rapid anatomical assessment with lower safety scores due to radiation
exposure.

4. Ultrasound as a First-Line Imaging Modality

Ultrasound (US) is widely adopted as the first-line imaging modality for evaluating pediatric
abdominal tumors due to its safety, accessibility, and diagnostic versatility. US uses high-
frequency sound waves to generate real-time images of internal structures without exposing
patients to ionizing radiation. This feature is particularly important in pediatric oncology,
allowing repeated examinations while minimizing long-term radiation risks [1,2,7]. Advances in
US technology, including high-resolution transducers, Doppler techniques, and enhanced image-
processing algorithms, have improved tissue differentiation and vascular assessment, thereby
increasing diagnostic confidence [1,2,7].

High-resolution US enables detailed visualization of abdominal organs and masses, allowing
assessment of tumor size, location, margins, internal composition, and relationships to adjacent
structures. Doppler US contributes by evaluating tumor vascularity, which can aid in
differentiating benign from malignant lesions and in estimating tumor aggressiveness. These
features make US highly effective for initial tumor detection and for guiding decisions on further
cross-sectional imaging or invasive procedures in children presenting with abdominal symptoms
or palpable masses [3,5].

The diagnostic accuracy of US in pediatric abdominal tumors is well documented. Studies report
high sensitivity in detecting masses in solid organs such as the kidneys, liver, and adrenal glands.
US can identify characteristic features of common pediatric tumors, including the well-defined
margins of Wilms tumor, the heterogeneous appearance of neuroblastoma, and the cystic or solid
components of ovarian masses [1,9,13]. In many clinical settings, US serves as the primary
imaging tool that determines the need for additional imaging or biopsy.

Despite its advantages, US has limitations. Image quality and diagnostic accuracy are operator-
dependent and may be affected by patient cooperation, body habitus, and bowel gas. Deep-seated
lesions or tumors in anatomically complex regions may be incompletely visualized, and US
provides limited capability for comprehensive tumor staging or detection of distant metastases.
In such cases, complementary modalities such as magnetic resonance imaging (MRI) or
computed tomography (CT) are necessary to complete diagnostic assessment and staging
[5,6,11].
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US plays a critical role in the early detection and characterization of pediatric abdominal tumors.
Early diagnosis facilitated by US supports timely referral and initiation of treatment, which are
key determinants of favorable clinical outcomes. It is also widely used in treatment monitoring
and follow-up, allowing assessment of tumor response and detection of recurrence without
repeated radiation exposure [2,4,14]. Overall, US remains an essential component of non-
invasive imaging in pediatric oncology and, when integrated into a multimodal strategy,
significantly contributes to accurate diagnosis, effective patient management, and improved
clinical outcomes in children.

5. Complementary Non-Invasive Imaging Modalities

Magnetic resonance imaging (MRI) plays a complementary role in the evaluation of pediatric
abdominal tumors, particularly when ultrasound findings are inconclusive or detailed anatomical
characterization is required. MRI provides superior soft-tissue contrast, enabling precise
delineation of tumor borders, internal structure, and relationships to adjacent organs. This
information is critical for tumor staging, surgical planning, and treatment response assessment
[5,6,11]. MRI is especially valuable for complex hepatic, retroperitoneal, pelvic, and
gastrointestinal tumors, where multiplanar imaging can increase diagnostic accuracy. The
absence of ionizing radiation allows repeated examinations during long-term follow-up, making
MRI a safe modality for children. Advanced techniques such as diffusion-weighted imaging and
contrast-enhanced sequences further improve lesion characterization by providing information
on tissue cellularity and vascularity, supplementing structural assessment from ultrasound [5,6].

However, MRI has limitations. Imaging sessions are lengthy and may require sedation in
younger children to maintain image quality, introducing logistical and safety considerations.
Limited availability and higher cost compared to ultrasound also restrict its use as a first-line
modality [6,12].

Computed tomography (CT) remains a useful diagnostic tool in selected cases, particularly for
emergency assessment, evaluation of tumor-related complications, or when MRI is unavailable
or contraindicated. CT provides high spatial resolution, rapid image acquisition, and excellent
visualization of calcifications, vascular anatomy, and acute complications such as hemorrhage or
bowel obstruction [3,11]. Despite these advantages, CT involves ionizing radiation, which poses
a significant risk in pediatric patients due to increased radiosensitivity and lifetime malignancy
risk. Therefore, CT use in pediatric oncology follows principles of dose optimization, with child-
specific protocols designed to minimize radiation while maintaining diagnostic quality [4,5].

The relative strengths and limitations of ultrasound, MRI, and CT underscore the importance of a
multimodal imaging approach. Ultrasound serves as a safe, accessible first-line modality for
detection and follow-up. MRI provides detailed soft-tissue characterization and accurate staging
without radiation exposure, whereas CT offers rapid, high-resolution imaging for calcifications
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and acute pathologies. Optimal diagnostic practice depends on integrating imaging findings with
clinical history and patient-specific factors [4,6,8,14]. The complementary use of these non-
invasive modalities enhances diagnostic accuracy, informs treatment planning, and improves

clinical outcomes in pediatric oncology.

Box-and-Whisker Plots: Comparative Performance of Imaging Modalities in Pediatric

Abdominal Tumors
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Figure 4,5 Description:

Box-and-whisker plots presenting a qualitative comparison of non-invasive imaging modalities
used in the evaluation of pediatric abdominal tumors. The figure summarizes relative trends in
diagnostic performance for ultrasound and magnetic resonance imaging based on reported
diagnostic accuracy, soft-tissue characterization capability, and suitability for repeated follow-
up. Ultrasound demonstrates consistent performance with a narrow interquartile range, reflecting
high safety and accessibility, while magnetic resonance imaging shows higher median values for
soft-tissue characterization, supporting its complementary role in detailed tumor assessment.

6 Clinical Applications, Outcomes, and Limitations

Non-invasive imaging modalities are central to the clinical management of pediatric abdominal
tumors, playing a critical role in diagnosis, staging, treatment planning, and follow-up.
Ultrasound is the preferred first-line imaging tool due to its safety, accessibility, and ability to
detect abdominal masses. Findings from ultrasound guide further decision-making regarding the
need for cross-sectional imaging, biopsy, or referral to specialized oncology services [5,11,14].

Magnetic resonance imaging (MRI) provides additional anatomical information when needed,
allowing precise assessment of tumor extent, local invasion, and regional lymph node
involvement. Computed tomography (CT) is reserved for select cases, such as emergency
presentations, evaluation of calcifications, or acute complications. Imaging directly informs
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treatment planning, enabling assessment of surgical feasibility, determination of neoadjuvant
therapy requirements, and risk stratification. Stepwise visualization of tumor boundaries,
vascular involvement, and organ displacement aids surgeons and oncologists in selecting optimal
therapeutic strategies while minimizing procedural risks.

Non-invasive imaging is equally critical for monitoring treatment response, facilitating
evaluation of tumor regression, residual disease, or recurrence without subjecting children to
cumulative radiation exposure. Radiation-free modalities like ultrasound and MRI enhance
patient safety by reducing long-term health risks, including secondary malignancies.
Furthermore, non-invasive imaging minimizes the need for invasive diagnostic procedures,
decreasing procedure-related complications, hospitalization, and psychological trauma for
pediatric patients and their families [5,11,14].

Despite these advantages, limitations exist. Ultrasound is operator-dependent, and image quality
may be affected by examiner experience, patient cooperation, and technical factors such as body
habitus or bowel gas. MRI, while highly informative, is limited by cost, availability, and the
potential need for sedation in younger children. CT, although diagnostically valuable, carries
radiation hazards that restrict its routine use in pediatric oncology. These considerations
underscore the importance of standardized imaging guidelines, multidisciplinary collaboration,
and careful selection of imaging modalities to optimize diagnostic accuracy and patient care
[4,6,8].

In summary, integrating non-invasive imaging into the diagnostic and management pathway is
essential for achieving accurate diagnosis, guiding treatment, and ensuring patient safety in
pediatric abdominal tumors.

Conclusion

Non-invasive imaging has become a cornerstone in the diagnosis and management of pediatric
abdominal tumors, providing a balance between diagnostic accuracy and patient safety. It plays a
critical role in addressing the unique challenges of pediatric oncology, where early detection,
precise tumor characterization, and careful staging are essential for optimal clinical outcomes.
The integration of non-invasive modalities into diagnostic pathways has significantly enhanced
the evaluation of abdominal tumors while minimizing procedural risks and exposure to ionizing
radiation.

Ultrasound remains the first-line imaging modality due to its accessibility, real-time imaging
capability, and excellent safety profile. Its utility in initial tumor detection and longitudinal
follow-up makes it indispensable in both resource-rich and resource-limited settings. Magnetic
resonance imaging (MRI) serves as a valuable complementary tool, offering superior soft-tissue
contrast and detailed anatomical assessment to support accurate staging and treatment planning.
Computed tomography (CT) is reserved for select clinical scenarios requiring rapid assessment
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or evaluation of calcifications and acute complications, with careful attention to minimizing
radiation exposure.

The judicious use of non-invasive imaging directly influences clinical decision-making,
treatment planning, and long-term follow-up. Early and accurate imaging-guided diagnosis
facilitates timely intervention, reduces reliance on invasive procedures, and contributes to
improved survival and quality of life in pediatric patients. Awareness of modality-specific
limitations, including operator dependence, sedation requirements, and logistical constraints,
emphasizes the importance of standardized protocols and multidisciplinary collaboration.

In conclusion, a tailored, multimodal, non-invasive imaging strategy is essential for the effective
evaluation of pediatric abdominal tumors. Ongoing technological advancements, coupled with
evidence-based imaging guidelines, are expected to further enhance diagnostic precision, patient
safety, and overall outcomes in pediatric oncology.
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