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5.1. INTRODUCTION 

 

X-ray fluoroscopy is a specialized imaging technique that enables real-time visualization of the internal structures 

of the body during diagnostic or therapeutic procedures. Unlike traditional radiography, which produces single 

static images, fluoroscopy offers continuous imaging, allowing clinicians to observe dynamic physiological 

processes within the body. The technique utilizes X-ray technology in conjunction with a fluorescent screen or 

digital detectors to capture and display continuous images, providing invaluable insights into the functioning of 

internal organs and tissues. This dynamic nature makes fluoroscopy essential in various medical applications, 

such as guiding medical procedures, diagnosing diseases, and monitoring therapeutic interventions. Fluoroscopy 

works by directing a controlled amount of X-ray radiation through the body, which interacts with tissues and is 

transmitted to a detector on the opposite side. In older systems, the detector was a fluorescent screen, but modern 

systems now use digital detectors that provide higher-quality images and greater control over imaging parameters. 

The transmitted X-rays are converted into visible light, which is displayed on a monitor for real-time observation. 

This immediate feedback allows healthcare providers to monitor patient conditions, perform interventions, and 

make adjustments during procedures. The ability to visualize internal structures continuously and in real-time is 

what makes fluoroscopy so beneficial in various medical specialties [1].  

 

One of the key benefits of fluoroscopy is its ability to aid in the guidance of many medical procedures. It is 

commonly used in gastrointestinal studies to observe the movement of food and liquids through the digestive 

tract. For example, in barium swallow studies, fluoroscopy helps identify issues such as obstructions, ulcers, and 

reflux diseases. It is also invaluable in orthopaedic procedures, where real-time imaging helps surgeons precisely 

position implants or hardware during surgeries like fracture repairs or joint replacements. Fluoroscopy also plays 

a crucial role in interventional radiology, guiding minimally invasive procedures like catheter insertions, biopsies, 

stent placements, and angioplasty. This real-time imaging is essential for ensuring accuracy and improving patient 

safety during these interventions [2]. In addition to gastroenterology and orthopaedics, fluoroscopy is widely used 

in other medical fields like cardiology. In cardiology, fluoroscopy provides detailed images of blood vessels and 

heart chambers, allowing physicians to visualize and guide procedures such as angiograms, coronary artery 

stenting, and pacemaker insertions. The ability to see the flow of blood and assess the condition of heart vessels 

during interventions can make a critical difference in the success of these procedures. Additionally, fluoroscopy 

is used in paediatric medicine for procedures that require imaging of delicate structures, where high-quality, real-

time images are needed for accuracy. The advantage of fluoroscopy lies in its ability to provide continuous, 

dynamic imaging that is crucial for real-time decision-making. This imaging allows for the observation of things 

like blood flow, organ function, and joint movement, which would be impossible with traditional static X-ray 
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images. Moreover, fluoroscopy has made it possible to perform minimally invasive procedures, reducing the need 

for more invasive surgeries. This not only results in faster recovery times for patients but also lowers the risk of 

complications associated with traditional surgical methods. 

 

Principle of Fluoroscopy 

 

Fluoroscopy is a dynamic imaging technique that operates based on the principles of X-ray technology, but with 

the added ability to capture real-time, continuous images. The principle of fluoroscopy revolves around the use 

of X-rays, which are a form of electromagnetic radiation, to create images of the internal structures of the body. 

Unlike traditional radiography, which captures a single still image, fluoroscopy produces live, moving images 

that offer a dynamic view of physiological processes in real-time. This is achieved by passing a controlled amount 

of X-ray radiation through the body and detecting the transmitted radiation on the opposite side, where it is then 

converted into visible light [3]. At its core, fluoroscopy works by exposing the body to X-ray radiation, which 

passes through the different tissues, each of which absorbs the radiation to a varying degree. Dense tissues, like 

bones, absorb more X-rays and appear white on the image, while softer tissues, such as muscles and organs, absorb 

less and appear darker. The amount of X-ray absorption is directly related to the density of the tissue it passes 

through. This difference in absorption allows for the creation of an image that depicts the internal structures of 

the body. In a traditional fluoroscopic system, X-rays are emitted from a source, usually positioned above the 

patient, and pass through the body. These X-rays are then detected by a fluorescent screen, which emits light in 

response to the X-ray exposure. The visible light produced by the fluorescent screen is captured by a camera and 

displayed as an image on a monitor. This process provides a continuous stream of images, which can be viewed 

in real time, allowing the physician to observe the body’s internal structures in motion [4]. 

 

 
Fig: 5.1. Fluoroscopy Equipment 

 

made possible by the relatively high frame rate at which the system can capture and display images. Unlike static 

X-ray images, which require a pause for the exposure and development process, fluoroscopy can show a 

continuous sequence of images. This dynamic capability is essential for visualizing movements within the body, 

such as the passage of contrast agents through blood vessels, the functioning of organs, or the alignment of bones 

during orthopaedic procedures [5]. 

 

5.2. TYPES OF FLUOROSCOPY 

 
Fluoroscopy has evolved over the years to cater to various medical needs, and different types of fluoroscopy 

systems are now used depending on the clinical application. These systems can generally be classified based on 

the technology they employ for image detection and the specific clinical uses. Below are the major types of 

fluoroscopy systems: 

 

5.2.1. Direct Vision or Conventional (Analog) Fluoroscopy 
 

Conventional fluoroscopy, also known as analog fluoroscopy, was the cornerstone of radiological imaging for 

several decades. It utilizes X-rays to generate real-time images by passing through the human body, interacting 

with tissues of varying densities, and producing a dynamic visualization of internal structures. This technique uses 

Modern fluoroscopy systems have evolved significantly, moving from 

analog fluorescent screens to digital detectors. Digital detectors provide 

better image quality, enhanced contrast, and greater flexibility in terms 

of image manipulation. These detectors can be either flat-panel detectors 

or image intensifiers. In a digital system, the X-rays are detected by the 

digital sensors, which convert the X-ray energy into electrical signals. 

These signals are then processed by a computer and converted into a 

visible image, displayed on a monitor. Digital fluoroscopy offers 

advantages like improved image resolution, faster image processing 

times, and the ability to digitally store, enhance, and manipulate images 

for further analysis. The continuous nature of fluoroscopy imaging is 

made 
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a fluorescent screen or a fluoroscopic image intensifier, which converts the X-ray energy into visible light, 

allowing the physician or radiologist to observe the internal movements of organs and tissues [6].  

 

 

Fig: 5.2. Direct Vision Fluoroscopy  

Visual Physiology: The human visual system is a complex and highly specialized sensory mechanism that enables 

perception of the external environment through light stimuli. The primary anatomical components of the human 

eye responsible for vision include the cornea, lens, iris, and retina. Light entering the eye first passes through the 

cornea, a transparent, curved structure that plays a critical role in focusing incoming light rays. Behind the cornea 

is the iris, a pigmented muscular structure that functions like the aperture of a camera. The iris regulates the 

diameter of the pupil, thereby controlling the amount of light that enters the eye. Immediately behind the iris lies 

the lens, a transparent, biconvex structure capable of changing its shape to adjust focus for near or distant vision—

a process known as accommodation [7].  

 

Fig: 5.3. Conventional Fluoroscopic Equipment with Screen 

The light then passes through the vitreous humor and reaches the retina, which is the innermost sensory layer of 

the eye. The retina contains two primary types of photoreceptor cells—rods and cones—that are essential for 

vision. 

 Cones are concentrated in the central region of the retina, particularly in an area called the fovea centralis, 

and are responsible for photopic (daylight) vision. They are sensitive to bright light and enable the 

perception of color and fine details. There are three types of cones, each sensitive to different wavelengths 

corresponding to red, green, and blue light. 

 Rods, on the other hand, are more numerous and are predominantly located in the peripheral regions of 

the retina. They are highly sensitive to low light levels and are therefore responsible for scotopic (night) 

vision. Rods do not detect color but are crucial for detecting motion and providing vision in dim lighting 

conditions. 
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The signal generated by the stimulation of rods and cones is transmitted via bipolar cells to ganglion cells, whose 

axons form the optic nerve, ultimately conveying visual information to the brain. In clinical imaging settings such 

as darkroom fluoroscopy, where low levels of ambient light are maintained, rods play a significant role due to 

their heightened sensitivity to dim illumination. This adaptation enhances the operator's ability to observe 

fluoroscopic images, which are typically faint and require optimal visual sensitivity. Understanding the 

distribution and function of rods and cones is essential not only in the context of visual physiology but also in 

optimizing imaging environments and interpreting visual responses during diagnostic and interventional 

procedures [8]. The basic working principle of conventional fluoroscopy involves the transmission of X-rays 

through the body. The X-rays interact with tissues of different densities (bones, muscles, organs), resulting in 

varying degrees of attenuation. The transmitted X-rays then strike a fluorescent screen, typically made of a 

phosphorescent material such as calcium tungstate or rare-earth phosphors. When the X-rays interact with the 

fluorescent screen, they release visible light, which forms a rough image of the internal body structures. The 

captured image is then projected onto a screen, allowing the healthcare provider to visualize dynamic processes 

such as the motion of organs, the flow of contrast agents in vascular studies, or the movement of barium in 

gastrointestinal examinations [9].  

 

Advantages of Conventional Fluoroscopy 

 

Despite its limitations compared to modern digital systems, conventional fluoroscopy systems offered several 

significant advantages that made them highly useful in a wide range of clinical settings: 

1. Real-time Imaging: One of the most important features of conventional fluoroscopy is its ability to 

provide real-time imaging. This enables healthcare providers to observe the movement of organs, blood 

flow, or the passage of contrast agents through the body, allowing for dynamic assessments that were 

invaluable in diagnostic and therapeutic procedures. 

2. Immediate Visualization: The images were displayed immediately after the X-rays passed through the 

body, providing almost instantaneous feedback. This was especially beneficial during procedures like 

gastrointestinal studies or catheter placement, where real-time guidance was critical for accuracy. 

3. Cost-effectiveness: Conventional fluoroscopy systems were relatively inexpensive to install and maintain 

compared to the advanced digital fluoroscopy systems that would later replace them. For smaller 

healthcare institutions or clinics, conventional systems offered a cost-effective solution for basic 

fluoroscopic imaging. 

4. Simplicity and Reliability: The technology behind conventional fluoroscopy was straightforward and 

reliable, with fewer complex digital components. As a result, these systems were less prone to technical 

failure and had a longer operational life than their digital counterparts. 

5. Wide Availability and Accessibility: Conventional fluoroscopy machines were widely available in 

medical institutions, particularly in settings where high-end digital systems were not feasible due to 

budget constraints. The ease of use, combined with the low cost, made fluoroscopy accessible for a wide 

range of diagnostic procedures. 

 

Limitations of Conventional Fluoroscopy 

 

Despite its many advantages, conventional fluoroscopy has several inherent limitations that hindered its 

effectiveness in certain medical contexts. As technology advanced, these drawbacks became increasingly 

apparent, contributing to the shift toward digital fluoroscopy systems. The major limitations of conventional 

fluoroscopy are as follows: 

1. Low Image Quality: The image quality produced by conventional fluoroscopy was often inferior to that 

of modern digital systems. The fluorescent screen used in analog fluoroscopy produced images with lower 

resolution, contrast, and sharpness, making it difficult to detect subtle abnormalities, such as small 

fractures, soft tissue pathologies, or fine vascular details. 

2. Lack of Image Storage: One of the most significant limitations of conventional fluoroscopy was the 

inability to digitally store images. The images produced by conventional systems were often captured on 

film or analog video, which could not be easily archived or accessed for later review. This made it difficult  
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to share images with other healthcare providers or maintain a comprehensive digital medical record. 

3. Limited Post-Processing Capabilities: Unlike modern digital fluoroscopy, which allows for image 

manipulation and enhancement (e.g., adjusting contrast, zooming, rotating, etc.), conventional 

fluoroscopy offered limited options for post-processing. Once the image was captured, it was fixed and 

could not be modified to improve clarity or visibility. 

4. Increased Radiation Exposure: In conventional fluoroscopy systems, the image intensifier, while useful 

for amplifying the light, did not reduce radiation exposure to the patient. The X-ray dose could be 

relatively high compared to modern systems, which use techniques such as pulsed fluoroscopy and dose 

modulation to reduce patient radiation exposure. 

5. Lack of Advanced Functional Imaging: Conventional fluoroscopy systems were limited in their ability 

to provide advanced functional imaging. For example, the ability to measure blood flow, tissue perfusion, 

or perform advanced 3D imaging was not possible with analog systems. 

6. Film Dependency: In the case of film-based conventional fluoroscopy, there was a dependency on 

developing and processing the films after each exposure. This led to additional time delays, increased 

costs, and a greater risk of image degradation. 

7. Inability to Perform High-Resolution Imaging: Conventional fluoroscopy had a limited ability to 

perform high-resolution imaging, especially for detailed studies of smaller structures, such as vessels or 

micro-fractures. This made it difficult for physicians to make accurate diagnoses in certain situations, 

particularly in complex cases. 

 

5.2.2. Image Intensifier Fluoroscopy 

 

Image intensifier fluoroscopy is a traditional imaging system that has been used in clinical settings for many 

decades. While modern digital fluoroscopy systems have largely replaced it, the image intensifier remains an 

essential tool in specific medical procedures, especially in settings where cost constraints or specific clinical needs 

require its use. Image intensifier fluoroscopy enhances the brightness and resolution of fluoroscopic images, 

making it possible to view high-contrast images in real time, even in low-light conditions. This technology was 

once considered the gold standard in fluoroscopic imaging and has paved the way for the development of digital 

systems. Image intensifier fluoroscopy works by amplifying the brightness of the image produced when X-rays 

pass through the body [10].  

1. X-ray Emission: The X-ray tube emits X-rays, which pass through the body, exposing the internal 

structures. These X-rays interact with tissues of varying densities and compositions, generating a pattern 

that represents the body's internal anatomy. 

2. Interaction with the Image Intensifier: The X-rays then strike the image intensifier, which consists of 

multiple layers designed to enhance the brightness and resolution of the image. The image intensifier is a 

tube-like structure that typically includes a photocathode, an electrostatic focusing system, and a phosphor 

screen. 

3. Photoelectric Effect: When the X-rays hit the input phosphor of the image intensifier, they are converted 

into visible light. This process is known as the photoelectric effect. The phosphor absorbs the X-ray 

energy and emits visible light in the form of a glowing image. 

4. Electron Emission and Amplification: The visible light emitted by the phosphor is then directed onto a 

photocathode, which converts the light into electrons. The electron emission occurs due to the 

photoelectric effect. These electrons are accelerated and focused by an electrostatic field within the image 

intensifier tube. 

5. Image Intensification: The accelerated electrons are directed onto an output phosphor, where they 

interact and produce an intensified image. The intensity of the light is much brighter than the initial visible 

light generated by the input phosphor. This amplified image is then visible on a monitor or screen for 

real-time viewing. 

6. Real-Time Imaging: The amplified, high-contrast image is continuously displayed on a monitor, 

providing real-time feedback to the operator. The clinician can observe the movement of organs, blood 

flow, or other dynamic processes, which is essential for making immediate decisions during diagnostic 

and therapeutic procedures.  
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The Image Intensifier Television (IITV) system operates through a sequence of processes that collectively enable 

real-time fluoroscopic imaging. The process begins with X-ray generation, where the X-ray tube produces a beam 

of X-rays that is directed through the patient’s body. As these X-rays pass through various tissues, they are 

attenuated to different degrees based on the density and composition of the anatomical structures. Denser tissues 

such as bone absorb more X-rays, while softer tissues allow more to pass through, resulting in an attenuated X-

ray pattern that contains the essential anatomical information. The attenuated X-ray beam then reaches the image 

intensifier, which is the core component of the IITV system. The first element encountered is the input phosphor 

screen, typically made of cesium iodide (CsI), which absorbs the incoming X-rays and converts them into visible 

light photons. These photons are then directed onto the photocathode, a light-sensitive surface that emits electrons 

in proportion to the light intensity received. This electron image is subsequently accelerated and focused by 

electrostatic lenses or electron optics within the vacuum envelope of the intensifier, effectively amplifying the 

signal while preserving spatial integrity. Next, the accelerated and focused electrons strike the output phosphor, 

usually composed of zinc cadmium sulfide (ZnCdS), which converts the electron image back into a visible light 

image. This output image is significantly brighter than the initial image formed at the input phosphor—by a factor 

of thousands—thanks to the intensification process. The bright, high-resolution image at the output phosphor is 

then captured by a television camera, often a CCD (Charge-Coupled Device) or CMOS sensor, which converts 

the optical image into an electronic video signal. Finally, the electronic signal is transmitted to a video display 

monitor, where the image is rendered in real-time. This allows the radiologist or physician to observe dynamic 

physiological processes such as gastrointestinal peristalsis, vascular flow, or catheter placement live on-screen. 

The IITV system thus plays a crucial role in diagnostic and interventional procedures by providing high-quality, 

continuous imaging with significantly reduced radiation exposure compared to earlier fluoroscopy systems. 

 

Key Characteristics of Image Intensifier Fluoroscopy are:  

1. Image Enhancement: The core advantage of the image intensifier fluoroscopy system is its ability to 

enhance the brightness of low-light images. The intensifier tube increases the light intensity, enabling 

visibility even in environments where traditional X-ray imaging would not provide enough contrast. The 

image intensifier not only enhances brightness but also improves image resolution, making it possible to 

detect subtle structures and abnormalities. The process enhances both the spatial resolution and the 

contrast, providing a clearer picture of the patient’s internal anatomy. 

2. Real-Time Display: The system is capable of providing continuous, real-time dynamic images, making 

it useful for a wide range of diagnostic and therapeutic procedures. For example, during catheter 

placement in interventional radiology, the physician can view the movement of the catheter in real-time, 

allowing for precise navigation within the body. This capability makes image intensifier fluoroscopy 

essential for guiding various minimally invasive procedures, as it provides immediate feedback. 

3. Low-Light Imaging: One of the distinct advantages of image intensifier fluoroscopy is its ability to 

function in low-light conditions. The image intensifier amplifies the light intensity, making it possible to 

view detailed images even when the surrounding environment is dark. This characteristic makes it 

invaluable for procedures conducted in low-light settings, such as during night shifts or in operating rooms 

with minimal lighting. 

 

5.2.2.1. Components of IITV Fluoroscopy 

 

Image Intensified Television (IITV) fluoroscopy systems are a critical part of modern diagnostic imaging, 

enabling real-time visualization of internal structures during fluoroscopic procedures. The IITV system is 

designed to amplify the brightness of fluoroscopic images, allowing for improved visualization of the patient’s 

anatomy and pathologies. The construction of IITV equipment involves several key components working together 

to provide high-quality, real-time imaging, and it combines traditional fluoroscopy with television-based display 

technology. Below is a detailed description of the construction and working mechanism of an IITV fluoroscopy 

system. 

 X-ray Generator: The X-ray generator used in fluoroscopy is similar in principle to that employed in 

conventional radiography; however, it is equipped with advanced features specifically tailored for real-

time imaging. It delivers a low, continuous tube current to facilitate uninterrupted imaging at a typical 
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acquisition rate of 30 frames per second. Additionally, the generator supports pulsed fluoroscopy, wherein 

X-rays are emitted in short, high-intensity pulses lasting between 3 to 10 milliseconds at the same frame 

rate. This pulsed approach significantly reduces patient radiation exposure while improving temporal 

resolution and minimizing motion blur during dynamic examinations. Another crucial feature is the 

automatic brightness control (ABC) system. The ABC continuously adjusts the kilovoltage peak (kVp) 

and milliampere-seconds (mAs) to maintain consistent image brightness on the monitor, regardless of 

patient anatomy or positioning. This ensures optimal image clarity and diagnostic accuracy with minimal 

manual intervention. 

 X-ray Tube: The X-ray tube used in fluoroscopy shares structural and functional similarities with that of 

general radiography. It is designed to convert electrical energy into X-rays through the interaction of high-

speed electrons with a metal target. The tube consists of a cathode, which is a negatively charged heated 

filament that emits electrons, and an anode, which is positively charged and serves as the target. When 

electrons strike the anode, X-rays are produced at a point known as the focal spot. Typically, fluoroscopic 

tubes offer dual focal spot sizes: a large focal spot (1.0–1.2 mm) for high output and a smaller focal spot 

(0.3–0.6 mm) for producing sharper images due to reduced geometric blur. The anode is angled between 

7° and 20° to optimize the focal spot size. The entire assembly is enclosed in a vacuum to ensure 

unhindered electron flow and surrounded by a metal casing for radiation protection. Importantly, 

fluoroscopic X-ray tubes must be capable of both continuous and pulsed operations. Grid-controlled X-

ray tubes are commonly employed for pulsed fluoroscopy, enabling precise X-ray emission timing and 

significantly reducing the radiation dose. Because of the heat generated during continuous or rapid pulsed 

exposures, these tubes are equipped with efficient cooling systems such as high-speed rotating anodes, 

water or oil coolers, and heat exchangers. 

 

 
 

Fig: 5.4. Components of fluoroscopy machine 

 Filters: Filters are an integral part of fluoroscopic 

systems, positioned between the X-ray tube exit port 

and the collimator. Their primary function is to 

attenuate low-energy X-rays, which do not 

contribute to image formation but instead increase 

the patient’s radiation dose. Aluminum and copper 

are the most commonly used materials for filtration 

due to their effective attenuation properties. The 

efficiency of a filter is measured in terms of Half 

Value Layer (HVL), which is defined as the 

thickness of a material required to reduce the 

intensity of the X-ray beam by half at a specific 

kilovoltage. In fluoroscopy, the typical HVL ranges 

from 2.3 to 3 mm of aluminum at 80 kVp. Modern 

fluoroscopic systems may allow manual selection 

between high-dose and low-dose modes or 

incorporate automatic adjustments based on image 

brightness and tissue attenuation characteristics. 

 Collimator: The collimator is a crucial component 

in fluoroscopy systems, designed to limit the X-ray 

beam to the area of clinical interest. This not only 

minimizes unnecessary radiation exposure to the 

patient but also reduces the amount of scattered 

radiation, thereby improving image quality. The 

collimator enhances image sharpness by restricting 

beam divergence and controlling glare from the 

edges of the field. It is typically equipped with 

adjustable shutters that shape the beam to match the 

configuration of the image receptor, which may be 

rectangular or circular.  
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Furthermore, modern collimators are capable of automatic adjustment in response to changes in source-

to-image distance (SID), ensuring that the X-ray field is precisely aligned with the area of interest and 

does not extend beyond the image receptor. 

 Patient Table: The patient table used in fluoroscopy is specifically constructed to offer both high 

structural strength and low radiation absorption. It is typically made from carbon fiber composites, which 

are radiolucent materials that allow X-rays to pass through with minimal attenuation. This ensures that 

the table does not significantly contribute to patient dose and does not interfere with image contrast. The 

table is robust enough to support a wide range of patient weights and may include foam padding to 

enhance patient comfort during procedures. These pads are designed to be radiolucent, thus preventing 

any additional dose contribution or image degradation. 

 Grids: Grids play an essential role in improving image quality during fluoroscopic procedures by 

reducing scatter radiation that reaches the image receptor. By absorbing scattered X-rays, grids enhance 

contrast resolution and provide clearer images. Fluoroscopic systems typically use grids with a grid ratio 

ranging from 6:1 to 10:1. The grid may be either rectangular or circular, depending on the design of the 

system and the clinical application. In some scenarios, especially when imaging small body parts or 

conducting low-dose procedures, the grid can be removed to reduce patient radiation dose—by up to 50%. 

While the use of grids increases the overall radiation dose to the patient, their contribution to improved 

image clarity often justifies their application in diagnostic imaging. 

 Image Intensifier: The image intensifier is the core component of the IITV fluoroscopy system. It plays 

a critical role in enhancing the brightness and resolution of the fluoroscopic image. The image intensifier 

tube is designed to convert the X-rays passing through the body into visible light, which is then amplified 

to improve its brightness for better viewing on a monitor. The key parts of the image intensifier include: 

 Input Phosphor: This is the first layer of the image intensifier tube. The input phosphor is 

typically made of a phosphorescent material such as cesium iodide (CsI) or sodium iodide (NaI), 

which absorbs the X-rays and emits visible light in response. 

 Photocathode: The light emitted by the input phosphor is absorbed by the photocathode, which 

converts this light into electrons. The photocathode is a critical component as it determines the 

efficiency of the image intensifier in converting light into electrons. 

 Electron Optics: The electrons generated in the photocathode are accelerated through an 

electron-optical system that focuses the electron beam and amplifies its intensity. This 

amplification ensures that even low-intensity X-rays can be converted into bright, clear images. 

 Output Phosphor: After the electron beam is focused and amplified, it strikes the output 

phosphor. The output phosphor is typically a layer of phosphor material (often made of zinc 

cadmium sulfide or other suitable compounds) that emits visible light when struck by the 

electrons. This visible light forms the fluoroscopic image that will be viewed on the television 

monitor. 

 
 

Fig: 5.5. Image Intensifier 
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 Video Camera: The television camera is connected to the output phosphor of the image intensifier. Its 

role is to capture the amplified image and convert it into a video signal. The camera typically uses a 

charge-coupled device (CCD) or a similar image-capturing sensor to record the visible light emitted by 

the output phosphor.  

 
Fig: 5.6. Television system consisting of video camera with monitor 

 

The camera then transmits the video signal to the display monitor. This technology allows for the real-

time observation of the patient’s internal structures during diagnostic or therapeutic procedures. The 

television camera in IITV fluoroscopy systems can be either a CCD-based camera or a tube-based camera. 

The CCD camera is more common in modern systems because of its superior image resolution and 

sensitivity compared to traditional tube cameras. 

 Video Monitor: The video monitor displays the real-time fluoroscopic images generated by the television 

camera. It provides a high-resolution, live display of the internal structures being examined, making it 

easier for physicians to view and interpret the images during procedures. The monitor is typically a high-

definition LCD or CRT monitor, capable of presenting clear and detailed images. The video monitor also 

serves as the main interface between the physician and the imaging system, allowing the user to adjust 

the image brightness, contrast, and other settings in real-time. In more advanced systems, the monitor 

may feature touch-screen controls, image manipulation capabilities, and integration with other hospital 

information systems. 

 Control Panel: The control panel is the interface that allows the operator to manage various functions of 

the IITV system. It is usually equipped with buttons and knobs for adjusting the X-ray tube settings (e.g., 

exposure time, current, and voltage), image brightness, contrast, and other parameters. The control panel 

can also be used to manage other system features, such as storing and retrieving images, adjusting camera 

settings, or performing image manipulations. 

 

Applications of Image Intensifier Fluoroscopy 

 

Image intensifier fluoroscopy is used across a wide range of medical specialties, particularly in situations where 

real-time imaging is critical. Some of the primary applications include: 

1. Cardiology: Image intensifier fluoroscopy is widely used in angiography to visualize blood vessels, 

particularly during coronary artery interventions such as angioplasty or stent placement. It enables real-

time imaging of the coronary arteries, ensuring precise navigation of catheters and other instruments. 

2. Orthopedics: In orthopedics, image intensifier fluoroscopy is often used to guide procedures such as 

fracture reduction and the placement of screws or pins. It allows surgeons to visualize the bones and joints 

in real-time, ensuring accurate placement of hardware during surgeries like spinal fixation or joint 

replacement. 

3. Interventional Radiology: In interventional radiology, the image intensifier fluoroscopy system is 

essential for minimally invasive procedures such as biopsies, catheter insertions, and the removal of 

foreign bodies. It allows clinicians to perform these procedures with minimal incision, reducing patient 

risk and recovery time. 
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4. Gastrointestinal Studies: Image intensifier fluoroscopy is also used in gastrointestinal imaging, such as 

during barium swallow or upper GI series studies. The system helps visualize the esophagus, stomach, 

and intestines in real-time, facilitating the diagnosis of disorders like ulcers, strictures, or tumors. 

5. Urology: In urology, image intensifier fluoroscopy is commonly used in procedures like percutaneous 

nephrolithotomy (PCNL) or retrograde pyelography. It allows urologists to visualize the renal system and 

urinary tract during interventions, aiding in stone removal or stent placement. 

 

Advantages of Image Intensifier Fluoroscopy 

1. Real-Time Imaging: One of the most significant advantages of image intensifier fluoroscopy is its ability 

to provide continuous real-time imaging, which is crucial for dynamic procedures such as catheter 

placements or surgical interventions. This enables immediate decision-making and precise control during 

medical procedures. 

2. Low-Light Imaging: The image intensifier system can function effectively in low-light conditions, 

providing clear and detailed images without the need for bright ambient lighting. This is beneficial in 

operating rooms or emergency settings, where lighting may be limited. 

3. High-Contrast Images: The system produces high-contrast images, making it easier to visualize 

structures that might otherwise be obscured. This is particularly helpful in procedures requiring high 

precision, such as those performed in interventional radiology or orthopedics. 

4. Wide Clinical Applications: Image intensifier fluoroscopy is versatile and widely applicable across 

multiple medical specialties, including cardiology, orthopedics, and interventional radiology. This 

flexibility makes it an essential tool in various clinical settings. 

 

Limitations of Image Intensifier Fluoroscopy 

1. Limited Image Resolution: While image intensifiers provide high contrast and brightness, their 

resolution is generally lower than that of modern digital fluoroscopy systems. This can limit the ability to 

visualize fine details, especially in complex anatomical regions. 

2. Bulk and Size: The image intensifier system tends to be bulkier and heavier compared to newer digital 

fluoroscopy systems, making it less portable and harder to maneuver in certain clinical environments. 

3. Outdated Technology: With the advent of digital fluoroscopy, image intensifier fluoroscopy has become 

somewhat outdated. Digital systems offer superior resolution, better contrast, and enhanced image 

manipulation capabilities, making them the preferred choice in most modern settings. 

4. Radiation Exposure: Like all fluoroscopic systems, image intensifier fluoroscopy involves the use of 

ionizing radiation. Although advances have been made in dose modulation, patients still face radiation 

exposure during procedures. 

 

5.2.3. Digital Fluoroscopy 

 

Digital fluoroscopy has revolutionized the field of medical imaging, replacing conventional (analog) fluoroscopy 

due to its significant advantages in terms of image quality, speed, and the ability to digitally store and manipulate 

images. Digital fluoroscopy is commonly used for real-time imaging, and its advancements have made it 

indispensable in modern diagnostic and interventional radiology. The system is based on digital detectors that 

convert the transmitted X-rays into digital signals, which are then processed and displayed on a high-resolution 

monitor. This detailed overview will discuss the principle of digital fluoroscopy, its components, advantages, 

limitations, applications, and the future of this technology in clinical settings. Digital fluoroscopy operates on a 

similar principle to conventional fluoroscopy, where X-rays are passed through the body and interact with tissues 

of varying densities. However, instead of using a fluorescent screen to create a visible image, digital fluoroscopy 

employs advanced detectors that convert the X-ray energy into digital signals. These signals are processed by 

sophisticated software to generate a high-quality digital image that is displayed on a monitor in real-time. The X-

ray detector typically used in digital fluoroscopy is a flat-panel detector (FPD), which consists of a thin, flat layer 

of semiconductor material capable of converting X-rays directly into digital signals. Alternatively, image 

intensifiers, which convert X-ray photons into light and then into digital signals, can also be used. These digital 

systems offer superior image quality and flexibility compared to the older analog systems.  
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Digital fluoroscopy systems consist of several key components that work together to provide high-quality, real-

time imaging for diagnostic and interventional procedures. The X-ray source is similar to that in conventional 

systems, generating X-rays when high-energy electrons strike the anode. The emitted X-rays pass through the 

patient’s body, interacting with tissues to create the image. The digital detectors are central to image acquisition. 

Modern systems primarily use flat-panel detectors (FPDs), which directly convert X-ray radiation into digital 

signals through an array of photodetectors, offering improved resolution, contrast, and dynamic range compared 

to older technologies. Some systems still employ image intensifiers, which convert X-rays into visible light that 

is captured by a charge-coupled device (CCD) camera and then digitized. Once captured, the data is processed by 

a digital processing system that applies advanced algorithms to optimize contrast, brightness, and overall image 

clarity, enhancing diagnostic value. The processed images are displayed on high-resolution digital monitors, 

which provide superior clarity and allow real-time viewing for immediate clinical decisions. The control console 

serves as the operator interface, enabling adjustment of exposure time, image brightness, contrast, and 

magnification, as well as real-time manipulation of the fluoroscopic images. Finally, computer and storage 

systems allow for digital archiving of images in a Picture Archiving and Communication System (PACS), 

facilitating easy retrieval, comparison with prior studies, and sharing among medical professionals. These 

components collectively make digital fluoroscopy highly versatile, efficient, and superior in image quality 

compared to analog systems. 

 

5.2.3.1. Advantages of Digital Fluoroscopy 

 

Digital fluoroscopy offers numerous advantages over traditional analog fluoroscopy, which contribute to its 

widespread use in clinical practice: 

1. Improved Image Quality: Digital fluoroscopy offers much better spatial resolution, higher contrast, and 

greater clarity of images compared to conventional fluoroscopy. This makes it easier to detect subtle 

pathologies such as small fractures, soft tissue lesions, or microvascular abnormalities. With the ability 

to fine-tune the image through post-processing, digital fluoroscopy allows for more accurate and detailed 

visualization of complex structures such as blood vessels, the heart, and the gastrointestinal system. 

2. Faster Image Processing and Display: Digital fluoroscopy provides real-time imaging with minimal 

delay, enabling clinicians to make immediate decisions during procedures such as catheter placements or 

gastrointestinal studies. The processing time for images is faster than in conventional systems, which is 

crucial during emergency interventions or complex diagnostic procedures. The system instantly displays 

images on a monitor, allowing healthcare providers to observe and assess dynamic physiological 

processes in real-time. 

3. Digital Storage and Retrieval: Digital fluoroscopic images can be saved directly into a Picture 

Archiving and Communication System (PACS). This system eliminates the need for physical storage of 

film and provides easy retrieval and comparison with previous studies. Digital storage enables the 

archiving of images for long-term access, allowing clinicians to refer to previous examinations for 

ongoing monitoring or treatment planning. 

4. Post-Processing Capabilities: Digital systems allow for extensive post-processing of images. 

Radiologists can adjust the brightness, contrast, zoom in on areas of interest, and enhance the details of 

the images for better analysis. This can significantly improve diagnostic accuracy, especially in complex 

cases where fine details are essential.  

5. 3D Imaging and Reconstruction: Some advanced digital fluoroscopy systems can reconstruct 3D 

images from fluoroscopic data, offering greater insight into the structures being examined. 

6. Reduced Radiation Exposure: Digital fluoroscopy systems can automatically adjust the radiation dose 

based on the patient’s size, age, and the type of procedure being performed, which helps minimize the 

patient’s radiation exposure. Additionally, pulsed fluoroscopy, where images are captured in discrete 

bursts rather than continuously, helps reduce the overall dose.  

7. Improved Safety: The ability to monitor and adjust radiation dose levels in real-time allows for greater 

control over patient safety during fluoroscopic procedures. 

8. Cost and Workflow Efficiency: With digital fluoroscopy, there is no need for film or chemical 

processing, reducing the overall operational costs. The integration with PACS also streamlines workflow  
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and improves the efficiency of the radiology department.  

9. Improved Diagnosis and Treatment Planning: Faster image processing and real-time access to  

stored images enable more efficient diagnosis and treatment planning, leading to better outcomes for 

patients. 

 

5.2.3.2. Limitations of Digital Fluoroscopy 

 

While digital fluoroscopy offers significant advantages, there are a few limitations that must be considered: 

1. Initial Cost: The upfront cost of purchasing and installing a digital fluoroscopy system can be 

significantly higher than that of conventional fluoroscopy systems. The cost of flat-panel detectors, high-

resolution monitors, and advanced processing software can be a barrier for smaller healthcare institutions. 

2. Maintenance and Technical Complexity: Digital fluoroscopy systems are more complex than 

traditional systems, which may require specialized technical staff for maintenance and troubleshooting. 

Additionally, the software and hardware components may require regular updates and calibration to 

maintain image quality. 

3. Data Management Challenges: Storing and managing large volumes of digital data can present 

challenges, particularly in facilities without robust PACS systems or adequate data storage solutions. The 

management of large datasets also requires careful attention to backup systems and security protocols to 

ensure patient privacy. 

4. Radiation Dose Considerations: While digital fluoroscopy systems reduce radiation exposure compared 

to traditional systems, there is still a concern about the cumulative radiation dose in certain procedures. 

Long or repeated fluoroscopic procedures may still expose patients to potentially harmful levels of 

radiation if not carefully monitored. 

 

5.2.3.3. Applications of Digital Fluoroscopy 

 

Digital fluoroscopy is widely used in various clinical applications, including: 

1. Angiography: Digital fluoroscopy plays a crucial role in angiography, where it is used to visualize blood 

vessels and assess conditions such as coronary artery disease, aneurysms, and blockages. Digital 

fluoroscopy provides real-time, detailed images of blood flow, making it an invaluable tool for guiding 

interventions such as angioplasty or stent placement. 

2. Barium Studies: Digital fluoroscopy is commonly used in gastrointestinal imaging, such as in barium 

swallow studies, barium enemas, and upper gastrointestinal (GI) series. These procedures involve the 

ingestion or introduction of barium contrast agents, which enhance the visibility of the gastrointestinal 

tract under fluoroscopic imaging. 

3. Orthopedic Procedures: In orthopedics, digital fluoroscopy is used to guide the placement of screws, 

pins, and other implants during surgeries. It provides real-time visualization of bones and joints, ensuring 

accurate placement and reducing the risk of complications during procedures like fracture reduction or 

joint replacement. 

4. Urology: Including coronary angioplasty and stent insertion. The high-resolution imaging allows 

cardiologists to visualize coronary arteries and make precise decisions during complex procedures. 

 

5.2.4. Rotational Fluoroscopy (C-Arm Fluoroscopy) 

 

Rotational fluoroscopy, commonly known as C-arm fluoroscopy, is an advanced imaging technique that provides 

real-time X-ray visualization from multiple angles without requiring the patient to be repositioned. The system is 

mounted on a C-shaped arm, which allows the X-ray source and detector to rotate up to 360 degrees around the 

patient. This design offers exceptional flexibility, enabling clinicians to obtain dynamic, multi-perspective 

imaging during procedures. C-arm fluoroscopy is particularly valuable in orthopedic surgeries, interventional 

radiology, and spinal procedures, where accurate real-time imaging from different angles is essential for precise 

guidance, improved outcomes, and enhanced procedural safety. 
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5.2.4.1. Key Features of Rotational (C-arm) Fluoroscopy 

 

Flexibility and Mobility: One of the standout features of C-arm fluoroscopy is its flexibility. The system is 

mounted on a C-shaped arm, which allows the X-ray tube and detector to rotate around the patient in all directions, 

offering the physician the ability to view images from virtually any angle. This ability to rotate the equipment 360 

degrees ensures that the physician can obtain multiple perspectives of the surgical site or area of interest, 

eliminating the need to reposition the patient frequently. This flexibility is especially crucial during complex 

surgeries, where precise and continuous real-time imaging is required. C-arm fluoroscopy can be used in both 

fixed and mobile configurations. Mobile C-arm systems are particularly useful in operating rooms as they can be 

moved around the patient, providing a wide range of imaging angles and flexibility in different surgical settings. 

The ability to position the C-arm freely helps improve workflow efficiency, as the system can be adjusted easily 

to suit the needs of the procedure. 
3D Imaging Capabilities: Advanced C-arm fluoroscopy systems now incorporate 3D imaging capabilities, 

further enhancing their diagnostic value. These systems can capture multiple 2D images from different angles, 

which can then be reconstructed into 3D images using specialized software. The 3D images offer a more detailed 

view of the patient's anatomy and allow for better visualization of complex structures, such as bone fractures, 

tumours, or implant placements. The ability to obtain 3D images during surgery has improved the accuracy of 

procedures such as spinal surgery, orthopaedic operations, and interventional radiology, where precise targeting 

is critical. This feature is particularly beneficial in the planning and guidance of surgeries, as it helps surgeons 

visualize the precise location of anatomical structures, enabling them to perform minimally invasive procedures 

with enhanced accuracy. Additionally, 3D imaging reduces the risk of complications and improves post-operative 

outcomes. 

Real-Time Imaging: C-arm fluoroscopy provides real-time imaging, meaning that the physician can view the 

results of the fluoroscopic images immediately as they are captured. This real-time feedback is essential during 

many surgical and interventional procedures, as it allows the physician to make on-the-spot adjustments based on 

the live image. This continuous imaging can help identify issues such as incorrect positioning of instruments, 

misplaced implants, or unexpected complications, allowing the surgical team to correct these problems quickly, 

improving patient safety and outcomes. 

 

Fig: 5.7. C-Arm Fluoroscopy 

Advantages of Rotational (C-arm) Fluoroscopy 
1. Reduced Need for Patient Repositioning The ability to rotate the C-arm around the patient means that 

the patient does not need to be repositioned as often during procedures. This is particularly advantageous 

in surgeries where patient movement can be cumbersome, such as spinal surgeries or trauma surgeries, 

where the patient may be under anesthesia. Reducing the number of times, the patient must be moved 

decreases the time spent in the operating room and minimizes the risk of complications associated with 

repositioning. 
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2. Enhanced Precision in Surgical Procedures:  By offering continuous, high-resolution imaging from 

multiple angles, C-arm fluoroscopy helps improve surgical precision. In procedures like spinal surgeries, 

bone fracture fixation, and stent placement, precise visualization is crucial for achieving optimal 

outcomes. C-arm systems allow surgeons to verify the correct positioning of implants, assess the 

alignment of bones, and navigate sensitive anatomical structures with a high degree of accuracy. 

3. Improved Safety and Reduced Radiation Exposure:  The technology used in C-arm fluoroscopy 

systems often includes features to minimize radiation exposure to both patients and healthcare providers. 

The ability to adjust radiation levels in real-time based on the patient’s size and the procedure being 

performed ensures that the exposure is kept as low as possible. Additionally, advanced systems are 

equipped with features such as pulsed fluoroscopy, which further reduces radiation exposure compared 

to continuous fluoroscopy. 

4. Minimally Invasive Procedures C-arm fluoroscopy is commonly used for minimally invasive surgeries 

such as percutaneous procedures, where small incisions are made to access the area of interest. For 

example, in orthopedic surgeries, C-arm fluoroscopy helps guide biopsy needles, spinal instrumentation, 

and joint injections. This results in shorter recovery times for patients and reduces the risk of infection 

due to smaller surgical incisions. 

5. Increased Efficiency The integration of real-time imaging and the ability to rotate the C-arm to access 

multiple angles allows for faster decision-making during procedures. Surgeons can continuously monitor 

the surgical site without needing to pause and reposition the patient or imaging equipment, improving 

overall workflow efficiency and reducing the duration of the procedure. 

 

Applications of Rotational (C-arm) Fluoroscopy 
1. Orthopedic Surgeries C-arm fluoroscopy is extensively used in orthopedic surgeries, particularly for 

procedures that require real-time guidance for bone fracture fixation, joint replacements, or spinal 

surgeries. Surgeons use the C-arm to verify the correct alignment of bones during procedures such as hip 

replacements, knee replacements, or the placement of orthopedic implants. The system also helps in the 

accurate placement of screws, rods, and other hardware used in spinal surgeries or fracture repairs. 

2. Spinal Surgery in spinal surgeries, precise placement of screws and other hardware is critical. The C-

arm fluoroscopy system provides detailed, real-time imaging, helping surgeons navigate the spine and 

verify that they are placing screws in the correct position. C-arm fluoroscopy is used in minimally invasive 

spinal procedures, such as lumbar fusion and spinal decompression, where it is essential to avoid 

damaging surrounding structures like nerves or blood vessels. 

3. Interventional Radiology Interventional radiologists use C-arm fluoroscopy to guide a range of 

procedures, such as biopsy, angioplasty, stent placement, and vascular embolization. The real-time, multi-

angle imaging capability ensures that interventional procedures are performed with high precision. For 

example, C-arm fluoroscopy is used during the placement of stents in blood vessels, ensuring they are 

positioned correctly and reducing the risk of complications. 

4. Cardiovascular Procedures Cardiac catheterization and other cardiovascular procedures often require 

the use of C-arm fluoroscopy to guide the placement of catheters, stents, and other devices within the 

blood vessels or heart. C-arm fluoroscopy helps visualize the vascular structures in real-time, ensuring 

that interventions such as coronary angiography and stent placement are performed accurately. 

5. Trauma and Emergency Surgery C-arm fluoroscopy is invaluable in trauma surgeries, where it is often 

used to guide the reduction and fixation of fractures. In emergency surgery, where quick decisions are 

required, C-arm fluoroscopy provides immediate feedback, allowing the surgeon to assess the injury site 

and determine the best course of action quickly. 

 

5.3. DIGITAL SUBTRACTION ANGIOGRAPHY (DSA) 

 
Digital Subtraction Angiography (DSA) is a specialized imaging technique that has revolutionized vascular 

diagnostics and intervention. It is a type of digital fluoroscopy that provides high-resolution, detailed images of 

blood vessels by utilizing contrast agents and advanced image processing techniques. The primary advantage of 

DSA is its ability to clearly visualize blood vessels while eliminating surrounding tissues such as bone and soft 
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tissues. This makes it an essential tool for detecting and diagnosing various vascular conditions, particularly in 

areas like the brain, heart, and peripheral vasculature. 

 

Characteristics of Digital Subtraction Angiography (DSA) 

 

Digital Subtraction Angiography (DSA) is a highly specialized imaging technique used primarily for the detailed 

visualization of blood vessels. A key characteristic of DSA is the use of a contrast agent, which is injected into 

the vascular system to enhance the visibility of vascular structures during the imaging process. The contrast media 

employed in DSA usually contains iodine, a substance known for its high radiopacity. This property enables the 

iodine-based agent to absorb X-rays effectively, thereby increasing the contrast between the blood vessels and the 

surrounding soft tissue and bone. The administration of the contrast is performed via a catheter, which is carefully 

inserted into an artery or vein, depending on the anatomical area under investigation. Once the contrast reaches 

the targeted region, a sequence of X-ray images is rapidly acquired in real time, capturing the flow of contrast 

through the vascular network. This real-time imaging capability allows for precise observation of vascular 

anatomy and function, making it possible to detect abnormalities such as stenosis, aneurysms, arteriovenous 

malformations, or vascular occlusions with exceptional accuracy. The defining feature of DSA is the subtraction 

process, which is used to remove superimposed anatomical structures — such as bones, soft tissues, and organs 

— from the angiographic images. This process begins with the acquisition of two sets of images: a pre-contrast 

image, often referred to as the "mask image," and a post-contrast image obtained after the injection of the contrast 

medium. Using advanced digital algorithms, the pre-contrast image is mathematically subtracted from the post-

contrast image. This subtraction eliminates static anatomical elements that do not contain contrast, isolating the 

contrast-filled blood vessels and rendering them with high clarity against a virtually blank background. The 

resulting image offers a dramatically enhanced view of the vascular system, free from the visual clutter of 

surrounding tissues. Such clarity is invaluable in clinical practice, as it allows for the identification of even subtle 

vascular abnormalities that may be obscured in conventional imaging. DSA thus plays a crucial role in both 

diagnostic and interventional radiology, supporting accurate disease characterization and guiding therapeutic 

procedures such as angioplasty, stent placement, and embolization. 

 

Applications of DSA 
 

DSA is most commonly used in vascular procedures due to its ability to provide high-resolution images of blood 

vessels. Some of the primary applications of DSA include: 

 Coronary Angiography: DSA is used to visualize the coronary arteries, helping diagnose conditions 

such as coronary artery disease (CAD), stenosis, and blockages. The technique allows cardiologists to 

assess the extent of arterial narrowing and determine appropriate interventions, such as stent placement 

or angioplasty. 

 Cerebral Angiography: DSA is extensively used in neurology to evaluate the blood vessels in the brain. 

This is crucial for diagnosing conditions like aneurysms, vascular malformations, stroke, and 

arteriovenous malformations (AVMs). By visualizing the brain’s blood vessels, physicians can plan 

interventions, such as endovascular procedures or surgical removal of an aneurysm. 

 Peripheral Angiography: DSA is also used to visualize blood vessels in the limbs, particularly when 

there is a concern about peripheral artery disease (PAD), aneurysms, or vascular blockages. By 

highlighting the peripheral arteries and veins, physicians can assess the severity of blockages and decide 

on the best course of action for treatment. 

 Pulmonary Angiography: DSA can be employed to evaluate the pulmonary vasculature, especially when 

there is a suspicion of pulmonary embolism or other pulmonary vascular conditions. 

 

Advantage: High-Resolution Vascular Images 
 

One of the primary advantages of Digital Subtraction Angiography is its ability to produce high-resolution 

vascular images with excellent clarity and contrast. The subtraction technique removes distracting elements, such 

as bone and soft tissue, allowing for the detailed visualization of blood vessels. This high level of detail makes 
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DSA an invaluable tool in diagnosing vascular conditions that may not be visible with other imaging methods. 

The high resolution of DSA also enables physicians to detect small abnormalities in the blood vessels, such as 

stenosis, aneurysms, and vascular malformations, with greater accuracy. This leads to more precise diagnoses, 

more effective treatment planning, and better patient outcomes. 

 

Additional Advantages of DSA 
 Real-Time Imaging: DSA provides real-time imaging, allowing the physician to monitor the vascular 

structures as the procedure unfolds. This is particularly beneficial in interventional procedures, where 

precise guidance is needed during treatments like stent placements, embolization, and catheter navigation. 

 Minimally Invasive: DSA is minimally invasive because it relies on a catheter inserted into the vascular 

system rather than requiring open surgery. This reduces the risk of complications, speeds up recovery 

times, and allows for outpatient procedures in many cases. 

 Guidance for Intervention: In addition to diagnosis, DSA is often used during interventional procedures 

to guide treatments like angioplasty, stenting, and embolization. The real-time imaging capability of DSA 

allows physicians to make precise adjustments during the procedure, improving the accuracy and safety 

of the intervention. 

 Reduced Need for Surgery: By providing detailed and accurate vascular images, DSA can help avoid 

the need for more invasive surgeries. For example, in the case of aneurysms or stenosis, interventional 

procedures guided by DSA may be able to treat the condition without the need for open surgery, resulting 

in a quicker recovery time and lower risk of complications. 

 

Limitations of Digital Subtraction Angiography (DSA) 

 

Despite its many advantages, Digital Subtraction Angiography has some limitations: 

1. Invasive Nature: While DSA is minimally invasive, it still requires the insertion of a catheter into the 

vascular system, which carries some risk of complications, such as bleeding, infection, or damage to  

blood vessels. 

2. Contrast Agent Risks: The use of contrast agents, while essential for enhancing vascular images, can 

pose risks, particularly for patients with allergies or impaired kidney function. Contrast agents can 

sometimes cause side effects, such as nausea, dizziness, or more serious reactions like nephropathy 

(kidney damage) or anaphylaxis in rare cases. 

3. Radiation Exposure: As with other fluoroscopic procedures, DSA involves the use of ionizing radiation, 

which can increase the risk of radiation exposure. However, the use of digital technology and techniques 

like pulsed fluoroscopy can help minimize the radiation dose. 

4. Cost: DSA equipment is relatively expensive, and the procedure often requires specialized medical 

personnel, which can make it cost-prohibitive in some settings, particularly in developing countries or 

smaller medical facilities. 

5. Limited Soft Tissue Visualization: While DSA excels at imaging blood vessels, it is not ideal for 

visualizing soft tissues or structures outside the vasculature. As a result, it may be necessary to combine 

DSA with other imaging modalities (such as CT or MRI) to obtain a complete picture of the patient's 

condition. 

 

5.4. MOBILE FLUOROSCOPY 

 
Mobile fluoroscopy, commonly referred to as portable C-arms, are compact, flexible imaging systems designed 

to provide real-time X-ray images in various clinical settings. Unlike traditional stationary fluoroscopy units, 

mobile fluoroscopy systems are designed for portability, allowing healthcare providers to perform imaging 

procedures in environments where a traditional fluoroscopy suite may not be accessible or practical. These mobile 

units are commonly found in operating rooms, emergency departments, trauma centers, and other medical 

environments where immediate, high-quality imaging is needed but the patient cannot be easily transported to a 

dedicated imaging facility. The portability of mobile fluoroscopy units is one of their most significant advantages. 

These systems are designed to be compact and lightweight, with wheels that make it easy to move them around 
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the hospital or clinic. This mobility makes them invaluable in surgical and interventional radiology procedures, 

where physicians need real-time imaging to guide their work. For example, in orthopedic surgeries, a mobile 

fluoroscopy unit can be used to assist in the accurate placement of screws, pins, and other devices. Similarly, in 

spinal procedures, the portable system provides continuous imaging to ensure precision and alignment during 

surgery. Mobile fluoroscopy systems are also widely used in trauma cases, where immediate imaging is crucial 

for assessing fractures, dislocations, or internal injuries. The ability to bring a fluoroscopy unit directly to the 

patient, whether in the emergency room or at the bedside, minimizes delays and helps clinicians make quick, 

informed decisions. This is particularly critical in trauma situations where every second counts and timely 

intervention is necessary to prevent further injury. In terms of advantages, mobile fluoroscopy provides real-time 

imaging capabilities in a wide range of clinical environments. The continuous X-ray imaging allows surgeons and 

interventionalists to view live images of the procedure, guiding them in making precise movements and decisions. 

This feature is particularly helpful in minimally invasive procedures, where accurate placement of devices such 

as catheters, stents, or screws is crucial. By eliminating the need to transport the patient to a traditional fluoroscopy 

room, mobile fluoroscopy enhances workflow, reduces patient discomfort, and increases the efficiency of the 

procedure. Moreover, mobile fluoroscopy units are designed with ease of use in mind, featuring intuitive controls 

and user-friendly interfaces. These systems often have advanced imaging capabilities, such as high-definition 

resolution and digital subtraction, ensuring that high-quality images can be captured even in challenging settings. 

As mobile fluoroscopy continues to evolve, these systems are becoming increasingly sophisticated, with features 

such as 3D imaging, image enhancement, and dose reduction technology becoming more common. 
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