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Abstract 
Intestinal obstruction is a prevalent surgical emergency characterized by the 
blockage of the gastrointestinal tract, which can result in significant morbidity 
and mortality if not diagnosed and managed promptly. The timely identification 
of the cause, location, and severity of the obstruction is crucial for effective 
treatment, and imaging modalities play a pivotal role in this process. This 
comprehensive review evaluates the various imaging techniques utilized in the 
diagnosis and management of intestinal obstruction, including plain radiography, 
computed tomography (CT), magnetic resonance imaging (MRI), and 
ultrasonography. Plain radiography is often the first-line imaging modality due 
to its availability and cost-effectiveness, providing initial insights into bowel 
distention and air-fluid levels. However, its limitations in sensitivity and 
specificity necessitate further imaging. CT has emerged as the gold standard for 
diagnosing intestinal obstruction, offering high sensitivity and specificity, 
detailed cross-sectional images, and the ability to identify complications such as 
perforation or ischemia. MRI, while less commonly used, is valuable in specific 
scenarios, particularly in pregnant patients or those with contraindications to 
CT, due to its lack of ionizing radiation and excellent soft tissue contrast. 
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Ultrasonography is a non-invasive alternative that is particularly useful in 
pediatric populations and cases where radiation exposure is a concern. Recent 
advancements in imaging technologies, such as point-of-care ultrasound 
(POCUS), advanced CT techniques, and artificial intelligence (AI) integration, are 
enhancing the diagnostic capabilities and efficiency of imaging in intestinal 
obstruction. This review highlights the strengths and limitations of each imaging 
modality, their clinical applications, and emerging technologies in the field. By 
understanding the role of these imaging techniques, healthcare professionals can 
make informed decisions that optimize patient outcomes in the management of 
intestinal obstruction, ultimately reducing the risks associated with this critical 
condition. 
Introduction 

Intestinal obstruction is defined as a blockage of the intestine that prevents the passage of 

contents through the gastrointestinal (GI) tract. This condition can occur in both the small 

and large intestines, and its implications can be severe, leading to significant morbidity and 

mortality if not diagnosed and managed promptly. The obstruction can arise from various 

etiologies, including adhesions, hernias, tumors, strictures, and inflammatory bowel 

disease. Each of these causes presents unique challenges in terms of diagnosis and 

management, making a thorough understanding of the condition essential for healthcare 

providers [1]. 

The clinical presentation of intestinal obstruction typically includes a classic triad of 

symptoms: abdominal pain, distention, vomiting, and constipation. The nature of the 

abdominal pain can vary depending on the location and severity of the obstruction, with 

small bowel obstructions often presenting with colicky pain, while large bowel 

obstructions may result in more constant, diffuse discomfort. Distention occurs due to the 

accumulation of gas and fluid proximal to the obstruction, leading to a visibly swollen 

abdomen. Vomiting may occur as a result of the body's attempts to relieve the obstruction, 

and constipation or the inability to pass gas is a hallmark sign of complete obstruction [2]. 

Early diagnosis and management are essential to prevent complications such as bowel 

ischemia, perforation, and sepsis. These complications can arise rapidly, with ischemia 

leading to necrosis of the bowel wall and perforation resulting in peritonitis and systemic 

infection. Therefore, timely intervention is critical in improving patient outcomes and 

reducing the risk of life-threatening complications [3]. 

Imaging plays a pivotal role in the evaluation of patients with suspected intestinal 

obstruction. Various modalities are available, each with its own advantages and limitations. 

The choice of imaging technique often depends on the clinical scenario, availability of 

resources, and the patient's overall condition. For instance, plain radiography may be the 

first step in assessment due to its availability and cost-effectiveness, but it may not provide 

sufficient detail to identify the underlying cause. In contrast, computed tomography (CT) 

has become the gold standard in many cases, offering high sensitivity and specificity in 

diagnosing the exact cause and location of the obstruction [4]. 

This review will provide a comprehensive overview of the imaging modalities used in the 

diagnosis and management of intestinal obstruction, focusing on their role in clinical 

practice. We will also discuss the significance of early imaging, the impact of 

advancements in technology on the diagnostic process, and the integration of imaging 
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findings into clinical decision-making. By understanding the capabilities and limitations of 

each imaging modality, healthcare professionals can optimize patient care and ensure 

timely and effective management of intestinal obstruction [5]. 

Pathophysiology of Intestinal Obstruction 

Understanding the pathophysiology of intestinal obstruction is essential for interpreting 

imaging findings accurately. Intestinal obstruction can be classified into two main 

categories: mechanical and functional (or paralytic) obstruction. Each category has distinct 

mechanisms and causes that influence both the clinical presentation and the imaging 

characteristics observed [6]. 

Mechanical Obstruction 

Mechanical obstruction occurs when there is a physical blockage in the intestinal lumen. 

This blockage can result from a variety of causes, each of which presents unique challenges 

for diagnosis and management. Common causes of mechanical obstruction include: 

1. Adhesions: Post-surgical adhesions are the most common cause of small bowel 

obstruction, resulting from fibrous tissue formation after abdominal surgery. This 

process can lead to the formation of bands that tether bowel loops together or to the 

abdominal wall, creating a constrictive effect that impedes normal bowel movement. 

Adhesions can develop after any abdominal surgery, including appendectomies, 

cesarean sections, and bowel resections, making them a significant consideration in 

patients with a surgical history [7]. 

2. Hernias: An external protrusion of the intestine through a defect in the abdominal wall 

can lead to incarceration or strangulation. Incarcerated hernias may become 

strangulated, compromising blood supply and leading to ischemia. Common sites for 

hernias include the inguinal canal, umbilicus, and surgical scars. Patients with hernias 

may present with a palpable bulge, localized pain, and signs of bowel obstruction [8]. 

3. Tumors: Benign or malignant tumors can obstruct the intestinal lumen, particularly in 

the colon. Tumors can cause obstruction by direct invasion of the bowel wall or by 

extrinsic compression of the bowel from surrounding structures. Colorectal cancer is a 

frequent cause of large bowel obstruction, and early detection is crucial for effective 

treatment [9]. 

4. Strictures: Narrowing of the intestine due to inflammatory conditions, such as Crohn's 

disease, can cause obstruction. Strictures can also result from radiation therapy or 

ischemic injury, which leads to scarring and narrowing of the bowel lumen. Patients 

with strictures may experience intermittent obstruction, leading to symptoms that 

fluctuate in severity [10]. 

5. Volvulus: Twisting of the intestine can lead to obstruction and compromised blood 

supply. Volvulus often occurs in the sigmoid colon or the cecum and may require 

surgical intervention to untwist the affected segment [11]. This condition can present 

acutely with severe abdominal pain, distention, and signs of bowel ischemia. 

Functional Obstruction 

Functional obstruction, or paralytic ileus, occurs when there is a failure of normal 

peristalsis without a mechanical blockage. This can be due to various factors, including: 

1. Postoperative ileus: A common transient condition following abdominal surgery, 

where the bowel temporarily loses its motility. This can occur due to manipulation of 

the bowel during surgery, anesthesia, or the use of opioid analgesics. Postoperative 
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ileus typically resolves within a few days, but it can lead to prolonged hospitalization 

and increased morbidity [12]. 

2. Electrolyte imbalances: Disturbances in electrolyte levels, particularly low potassium 

and magnesium, can affect bowel motility and lead to functional obstruction [13]. 

These imbalances can result from various conditions, such as chronic kidney disease, 

diarrhea, or vomiting, and can be exacerbated by certain medications. 

3. Medications: Certain drugs, such as opioids and anticholinergics, can inhibit peristalsis 

and contribute to the development of paralytic ileus. These medications can be used for 

pain management, treatment of gastrointestinal disorders, or as part of anesthesia 

protocols [14]. 

4. Systemic diseases: Conditions such as diabetes mellitus, hypothyroidism, and severe 

infections can also impair bowel motility, leading to functional obstruction. These 

conditions can affect the autonomic nervous system, which regulates bowel function, 

or directly impact the smooth muscle cells responsible for peristalsis [15]. 

 

Clinical Presentation 

Patients with intestinal obstruction typically present with a classic triad of symptoms: 

abdominal pain, distention, and vomiting. The nature of the pain may vary depending on 

the location and cause of the obstruction. In small bowel obstruction, the pain is often 

colicky, characterized by intermittent, crampy episodes. In contrast, in large bowel 

obstruction, the pain may be more constant and diffuse [16]. 

Other symptoms may include constipation, diarrhea (in partial obstruction), and signs of 

dehydration. Patients may also exhibit signs of peritoneal irritation, such as rebound 

tenderness or guarding, which may indicate complications such as perforation or ischemia 

[17]. 

Physical examination may reveal abdominal tenderness, distention, and the presence of 

high-pitched bowel sounds. In cases of complete obstruction, bowel sounds may be 

diminished or absent. The clinical assessment is often complemented by laboratory tests, 

including complete blood count, electrolytes, and imaging studies. Additionally, the 

patient's history, including previous surgeries, underlying medical conditions, and 

medication use, can provide valuable insights into the potential causes of the obstruction 

[18]. 

Imaging Modalities 

1. Plain Radiography 

Overview 

Plain abdominal radiography is often the first imaging modality used in the evaluation of 

suspected intestinal obstruction. It is readily available, cost-effective, and does not involve 

ionizing radiation, making it a suitable initial approach, especially in pediatric populations 

[19]. 

Findings 

Typical radiographic findings in intestinal obstruction include: 

• Air-fluid levels: Multiple air-fluid levels in the bowel loops indicate obstruction and 

can be visualized in both upright and supine positions. 

• Dilated bowel loops: Proximal to the site of obstruction, bowel loops may appear 

distended, with a characteristic "step ladder" appearance. 
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• Absence of gas in the rectum: Incomplete obstruction may show gas in the rectum, 

while complete obstruction will not, which can help differentiate between the two. 

 

Limitations 

While plain radiography is useful for initial assessment, it has limitations, including: 

• Low sensitivity and specificity for detecting the cause of obstruction, as it may not 

reveal the underlying pathology. 

• Difficulty in evaluating the location and nature of the obstruction, particularly in 

complex cases. 

2. Computed Tomography (CT) 

Overview 

CT has become the gold standard imaging modality for the diagnosis of intestinal 

obstruction due to its high sensitivity and specificity. It provides detailed cross-sectional 

images and can identify the cause, location, and severity of the obstruction [20]. 

Findings 

CT imaging can reveal: 

• Dilated bowel loops: Similar to plain radiography, but with more precise 

measurements and the ability to assess the entire abdomen. 

• Transition point: The site where the bowel changes from dilated to decompressed, 

indicating the location of the obstruction, which is crucial for surgical planning. 

• Associated findings: Such as free air (indicating perforation), fluid collections, or 

signs of ischemia, which can guide management decisions [21]. 

Advantages 

CT offers several advantages, including: 

• High sensitivity for detecting the cause of obstruction, including tumors, strictures, and 

other pathologies. 

• Ability to visualize complications such as perforation or ischemia, which can 

significantly impact patient management. 

• Rapid acquisition of images, making it suitable for emergency settings where time is 

critical [22]. 

Limitations 

Despite its advantages, CT has some limitations: 

• Exposure to ionizing radiation, which may be a concern, especially in young patients 

or those requiring multiple scans. 

• Potential for contrast-related complications in patients with renal impairment, 

necessitating careful consideration of contrast use [23]. 

3. Magnetic Resonance Imaging (MRI) 

Overview 

MRI is less commonly used for intestinal obstruction but can be beneficial in specific 

scenarios, particularly in pregnant patients or those with contraindications to CT. It is also 

useful in evaluating inflammatory bowel disease and other soft tissue abnormalities. 

Findings 

MRI can provide detailed images of the abdomen and pelvis, allowing for the assessment 

of: 
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• Bowel distention and wall thickening: MRI can help differentiate between 

inflammatory and neoplastic causes of obstruction [24]. 

• Presence of fluid collections or abscesses: MRI is particularly adept at identifying 

associated complications. 

• Evaluation of surrounding structures: MRI can visualize adjacent organs and 

tissues, providing a comprehensive view of the abdominal cavity [25]. 

Advantages 

The advantages of MRI include: 

• No exposure to ionizing radiation, making it safer for certain populations, particularly 

pregnant women and children. 

• Excellent soft tissue contrast, which can help in identifying inflammatory processes 

and differentiating between various pathologies. 

Limitations 

However, MRI has limitations: 

• Higher cost and longer acquisition times compared to CT, which may limit its use in 

acute settings. 

• Limited availability in emergency settings, as not all hospitals are equipped with MRI 

facilities. 

4. Ultrasonography 

Overview 

Ultrasonography, commonly known as ultrasound, is a non-invasive imaging modality that 

utilizes high-frequency sound waves to produce real-time images of internal structures. 

This technique is particularly useful in various clinical settings, including the evaluation of 

gastrointestinal conditions such as intestinal obstruction. One of the key advantages of 

ultrasonography is its safety profile; it does not involve ionizing radiation, making it an 

ideal choice for vulnerable populations, including pediatric patients and pregnant women 

[26]. In addition to its safety, ultrasound is valuable for real-time assessment of bowel 

motility, allowing clinicians to observe dynamic processes within the gastrointestinal tract. 

Ultrasonography is increasingly being utilized in emergency medicine and outpatient 

settings to facilitate the rapid diagnosis of intestinal obstruction. The portability of 

ultrasound machines enables bedside evaluations, which can be especially beneficial in 

critically ill patients or those who are unable to undergo more invasive imaging procedures. 

Moreover, ultrasound can be performed quickly and with minimal patient preparation, 

further enhancing its utility in acute care situations [27]. 

Findings 

Ultrasound can demonstrate several key findings that are critical for the diagnosis of 

intestinal obstruction: 

1. Bowel Distention: One of the hallmark signs of intestinal obstruction is the 

identification of dilated bowel loops on ultrasound. When the bowel is obstructed, fluid 

and gas accumulate proximal to the site of the obstruction, leading to distention. The 

ultrasound can provide visual confirmation of this distention, allowing clinicians to 

assess the severity and extent of the obstruction [28]. 

2. Fluid Levels: The presence of fluid-filled loops can indicate obstruction and help 

assess its severity. Ultrasound can effectively visualize the distribution of fluid within 

the bowel and may also identify free fluid in the abdominal cavity, which can suggest 
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complications such as perforation or peritonitis. The ability to detect fluid levels is 

particularly important for guiding further management, such as the need for surgical 

intervention [29]. 

3. Peristalsis: Ultrasound allows for the assessment of bowel motility and peristalsis, 

which can help differentiate between mechanical and functional obstruction. In cases 

of mechanical obstruction, peristaltic activity may be observed in the dilated loops of 

bowel proximal to the obstruction, while distal bowel may be atonic. Conversely, in 

functional obstruction (paralytic ileus), peristalsis may be diminished or absent 

throughout the bowel. This distinction is crucial for determining the appropriate 

management strategy [30]. 

4. Masses and Abnormalities: Ultrasound can also identify extrinsic masses or lesions 

that may be contributing to the obstruction. For instance, tumors, abscesses, or enlarged 

lymph nodes can be visualized, providing valuable information about the underlying 

etiology of the obstruction. 

5. Vascular Assessment: Doppler ultrasound can assess blood flow to the bowel, helping 

to identify compromised vascular supply that may indicate ischemia. This is 

particularly important in cases of strangulated hernias or volvulus, where timely 

intervention is critical to prevent bowel necrosis [31]. 

Advantages 

The advantages of ultrasound in the context of diagnosing intestinal obstruction are 

numerous: 

1. No Ionizing Radiation: One of the most significant benefits of ultrasound is that it 

does not expose patients to ionizing radiation. This makes it a safe imaging option for 

all age groups, particularly in children and pregnant women, who are more sensitive to 

the effects of radiation. The absence of radiation also allows for repeated imaging when 

necessary without concern for cumulative exposure [32]. 

2. Real-Time Imaging: Ultrasound provides real-time imaging, allowing for dynamic 

assessment of bowel motility. This capability enables clinicians to observe the 

physiological processes in action, facilitating a more accurate assessment of bowel 

function and obstruction. Additionally, real-time imaging allows for the immediate 

evaluation of changes in the patient's condition, which is particularly valuable in 

emergency settings [33]. 

3. Guidance for Interventions: The ability to visualize structures in real-time makes 

ultrasound an excellent tool for guiding interventions such as the drainage of fluid 

collections or abscesses. Ultrasound can help clinicians accurately target areas for 

aspiration or catheter placement, improving the safety and efficacy of procedures. 

4. Portability and Accessibility: Ultrasound machines are often portable, allowing for 

bedside evaluations in various clinical settings, including emergency departments and 

intensive care units. This accessibility facilitates rapid diagnosis and intervention, 

which is crucial in time-sensitive situations [34]. 

5. Cost-Effectiveness: Ultrasound is generally more cost-effective than other imaging 

modalities, such as CT or MRI. The lower operational costs and the lack of need for 

contrast agents contribute to its economic advantages, making it an attractive option 

for healthcare facilities [35]. 
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Limitations 

Despite its many advantages, ultrasound does have limitations that must be considered: 

1. Operator Dependency: The quality of the ultrasound examination is highly dependent 

on the skill and experience of the operator. Variability in technique and interpretation 

can affect the accuracy of the findings. Inadequate training or experience may lead to 

misdiagnosis or missed findings, highlighting the importance of ensuring that trained 

personnel perform the examinations [36]. 

2. Limited Visualization of Deep Structures: Ultrasound has limitations in visualizing 

deep structures or complex cases, particularly in obese patients or those with significant 

bowel gas. The presence of excessive adipose tissue can hinder the transmission of 

sound waves, resulting in suboptimal images and potentially obscuring important 

findings. Additionally, bowel gas can create artifacts that complicate the interpretation 

of ultrasound images, making it challenging to assess the underlying pathology 

accurately [37]. 

3. Difficulty in Assessing Complex Obstructions: In cases of complex or multifactorial 

obstructions, ultrasound may not provide sufficient detail to fully characterize the 

obstruction. For example, when multiple factors contribute to the obstruction, such as 

adhesions combined with a hernia, ultrasound may struggle to delineate the precise 

anatomy and pathology involved. In such instances, complementary imaging 

modalities, such as CT, may be necessary to obtain a comprehensive evaluation [38]. 

4. Limited Assessment of the Entire Bowel: While ultrasound is effective for evaluating 

certain segments of the bowel, it may not provide a complete assessment of the entire 

gastrointestinal tract. This limitation can be particularly relevant in cases of small 

bowel obstruction, where the obstructed segment may be located in a region that is 

difficult to visualize adequately. Consequently, additional imaging may be required to 

ensure a thorough evaluation. 

5. Operator Bias and Interpretation Variability: The interpretation of ultrasound 

findings can be subjective, leading to variability in diagnosis among different operators. 

This variability can result in inconsistencies in patient management and outcomes. 

Standardized training and protocols can help mitigate these issues, but the inherent 

subjectivity of ultrasound interpretation remains a consideration [39]. 

 

Emerging Technologies 

Recent advancements in imaging technology have introduced new modalities and 

techniques that may enhance the diagnosis and management of intestinal obstruction. 

These include: 

1. Point-of-Care Ultrasound (POCUS) 

POCUS is gaining popularity in emergency settings, allowing for rapid bedside assessment 

of intestinal obstruction. It can be performed by trained clinicians and provides immediate 

information regarding bowel distention and fluid levels. This technique is particularly 

useful in triaging patients and making quick decisions regarding further imaging or 

intervention [40]. 

2. Advanced CT Techniques 

Techniques such as CT enterography and CT colonography offer enhanced visualization 

of the bowel and can provide additional information regarding the underlying causes of 
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obstruction, particularly in cases of inflammatory bowel disease. These advanced 

techniques utilize specific protocols to optimize bowel distention and improve diagnostic 

accuracy [41]. 

3. Artificial Intelligence (AI) 

AI is being integrated into imaging analysis, potentially improving the accuracy and speed 

of diagnosis. Machine learning algorithms can assist radiologists in identifying patterns 

and anomalies in imaging studies, leading to more efficient workflows and potentially 

reducing the time to diagnosis. AI can also help in predicting patient outcomes based on 

imaging findings, aiding in clinical decision-making [42]. 

4. 3D Imaging and Virtual Colonoscopy 

Emerging 3D imaging techniques and virtual colonoscopy are being explored as non-

invasive alternatives to traditional colonoscopy for evaluating colonic obstructions. These 

methods can provide detailed anatomical information and help in planning surgical 

interventions without the need for invasive procedures [43]. 

 

Conclusion 

Imaging modalities play a crucial role in the diagnosis and management of intestinal 

obstruction. Each modality has its strengths and limitations, and the choice of imaging 

technique should be guided by the clinical scenario, patient factors, and available resources. 

Plain radiography remains a valuable initial assessment tool, while CT has become the gold 

standard for its high sensitivity and specificity. MRI and ultrasound offer alternative 

options in specific populations, particularly when radiation exposure is a concern. As 

technology continues to evolve, emerging imaging techniques and AI integration may 

further enhance the diagnostic capabilities in managing intestinal obstruction, ultimately 

improving patient outcomes. The future of imaging in this field holds promise for more 

accurate, efficient, and patient-centered care. 
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