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INTRODUCTION 

 
Fluoroscopy refers to the use of an X-ray beam and a suitable image receptor 

for viewing images of processes or instruments in the body in real-time. 

Fluoroscopic imaging trades the high signal to noise ratio (SNR) of radiography 

for high temporal resolution, as factors that maintain patient dose at an acceptable 

level must be used. 

 

 
FLUOROSCOPIC EQUIPMENT 

 
Fluoroscopic imaging systems use much of the same technology as 

radiographic systems, with some modifications and additions. Depending on the 

intended use, a fluoroscopic system may require a high power generator and a 

high heat capacity X-ray tube. The major difference between radiographic and 

fluoroscopic equipment is the image receptor. Early fluoroscopic systems used an 

intensifying screen, similar to that used in radiographic screen-film imaging, that 

was viewed directly by the radiologist. However, direct view systems produced 

dim images that required the radiologist’s eyes to be dark-adapted, and frequently 

resulted in high doses to both patient and radiologist. The development ofthe X-

ray image intensifier (XRII) was essential to the success of modernfluoroscopic 

imaging. 

 

The fluoroscopic imaging chain 

 
Fluoroscopic imaging systems commonly include an anti-scatter grid as the 

first element in the imaging chain. The focused anti-scatter grid serves the same 

purpose in fluoroscopic imaging as it does in radiographic imaging, namely, 

removing contrast degrading scattered radiation from the X-ray beam (see Chapter 

6). 
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X rays → light → electrons 

 

FIG. 8.1. Basic structure of an XRII. 

 
The XRII converts the low-intensity X-ray photon fluence exiting the patient 

into a high fluence of visible photons by using multiple conversion layers and a 

series of electrodes inside a vacuum container (Fig. 8.1). X rays that have passed 

through the patient, antiscatter grid and the metal support structure of the XRII 

are incident on an input phosphor. Caesium iodide (CsI:Tl) is the most commonly 

used input phosphor material used to convert X rays to light. The needle-like 

structure of crystalline CsI (Fig. 8.2) minimizes the lateral spread of light within 

the input phosphor (see Section 7.4.3). These light photons strike a very thin bi- 

or multi-alkali photocathode1, where electrons are released through the 

photoelectric effect, repulsed from the photocathode, and accelerated towards the 

positively charged anode at the output phosphor. The electrons are converted back 

to light at the output phosphor by a thin powder phosphor, typically ZnCdS:Ag 

(P-20). The electron beam is accelerated to energies of between 25 and 30 keV, and 

is focused on to the anode by a series of electrodes located atthe sides of the XRII 

(Fig. 8.1). Typical incident air kerma rates (IAKRs) for fluoroscopic imaging 

using a 30 cm field of view (FOV) range from 15 to 40 

Gy/min (8.8–22 nGy/frame) and may vary, based on the selected frame rate. 

 

1 The photocathode (about 20 nm thick) is very sensitive to surface contamination that 

occurs at a slow rate with the loss of vacuum. This decrease is typically between 5% and 10% 

in the first year and will progressively reduce to a few per cent per year. This loss is independent 

of the photocathode current and will occur whether the image intensifier is used or not. 
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FIG. 8.2. Top portion of a ~750 μm thick film of CsI:Tl, demonstrating  well separated 

columnar growth (courtesy V. Nagarkar and co-workers at RMD, Inc.). 

 
Intensification of the X-ray image occurs through two mechanisms. The first 

is electronic or flux gain, which is a result of the kinetic energy gainedby electrons 

as they are accelerated between the photocathode and the output phosphor 

(anode). Electronic gain has a typical value of 50. 

The second source of intensification is minification gain. Minificationgain 

is a result of the reduction of a large X-ray image at the input phosphor (e.g. 40 

cm) onto the smaller diameter output phosphor, typically 2.5 cm. For example, the 

minification gain of an XRII using a 40 cm FOV and a 2.5 cm outputphosphor 

would be 402/2.52 or 256. Minification gain decreases as electronic magnification 

increases. 

Brightness gain is the product of the electronic gain and minificationgain 

and is a measure of the overall system gain. Brightness gain ranges from 2500 to 

7000, depending on the FOV (see Section 7.4.4.1). 

The conversion factor is another measure of the gain of an XRII and is most 

commonly used for the specification of XRII performance. The conversionfactor 

is the ratio of the luminance in units of candela per square meter (cd/m2), measured 

at the output phosphor to the X-ray IAKR, in units of Gy/s, measured at the input 

phosphor using standardized beam conditions. The conversion factor ranges from 

9 to 27 cd·m–2·μGy–1·s–1 in a new XRII. The conversion factor decreases over time 

and may ultimately fall to a level that requires replacement of the XRII. 

The optical image from the output of the XRII is routed to other components 

for display on a viewing monitor or for recording of the images. In its simplest 

form, the optical system consists of three elements: (i) a collimating lens to shape 
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the divergent light from the output phosphor into an almost parallel beam, (ii) an 

aperture to limit the amount of light reaching a video (or TV) camera and (iii) a 

lens to focus the image on to the video camera (Fig. 8.1). The aperture can either be 

fixed or variable, the latter usually being under automatic control. As in 

photography, the aperture is adjusted in f stops. A decrease of one f stop allows 

double the amount of light through, while an increase of one f stop allows half the 

amount of light through. 

A video camera is commonly used to capture the output image from an 

image intensifier. The optical image is captured by the camera and converted 

to an analogue electrical signal that conforms to a recognized video format2. 

Initially, video cameras utilized a scanning electron beam that interrogated 

a photoconducting target and were collectively known as vidicon cameras3.The 

resistivity of the photoconducting target changes, based on the amount of light 

striking the target, creating a latent image of the output phosphor on the vidicon 

camera target. As the electron beam is scanned rapidly across the target, its 

intensity is modulated by the charge image present on the target. The small current 

passing through the target is integrated across a large resistance and converted to 

a voltage that is amplified. The intensity modulation of the electronbeam thus 

converts a 2-D optical image into an analogue voltage waveform. Vidicon cameras 

for this application are increasingly being replaced by charge-coupled device 

(CCD) cameras. 

Video cameras are selected on the basis of several fundamental 

characteristics, including lag and SNR. Cameras with low SNR contribute to 

increased noise levels in fluoroscopic images, although temporal integration can 

reduce this effect. Lag describes the speed of response of the video camera to a 

changing signal, and cameras with high lag will retain some residual signal from 

the current frame for several subsequent frames and will also require several 

frames to build up to full signal. High lag can result in blurred images of moving 

objects, but noise will be reduced through temporal integration. For this reason, 

moderate lag can be advantageous when not imaging rapidly moving objects. 

Maximum SNR is achieved when a video camera is operated near its maximum 

signal level, and it is important that the aperture is set accordingly. 
 

2 There are three main video formats used in TV (video) systems around the world. 

National Television System Committee (NTSC) format is used in North America, much 

of South America and some Asian countries; the phase alternate line (PAL) system is used 

extensively in Europe, Africa and Asia; and the French system SECAM (sequential colour with 

memory) is used in French and Russian speaking countries. 
3 The vidicon camera uses a specific target material, Sb2S3. A considerable number of 

other target materials have been used, giving a variety of names to such cameras, including 

plumbicon (PbO), chalnicon (CdSe), etc. However, all share the same principle of operation 

and are considered as a part of the ‘vidicon family’. 
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The analogue video waveform from the video camera can be displayed 

directly on a video monitor. Digital image processing, however, requires that the 

analogue waveform be digitized with the use of an analogue to digital converter. 

The degree to which the digital image represents the analogue image depends on the 

bit depth (see Chapter 16) and sampling rate. In order to perform advanced image 

processing such as recursive filtering, images must be stored in a video buffer. 

The CCD camera is a solid-state device composed of many discrete 

photoconducting cells. The optical light from the output phosphor is converted 

to electrons in the amorphous silicon photoconducting layer of the CCD (see 

Section 7.4.3). The electrons are stored in potential wells created by applyinga 

voltage between rows and columns of cells. The stored charge that has 

accumulatedduring an exposure is read out using parallel and serial shift registers 

that move charge from column to column and row to row in a ‘bucket brigade’ 

fashion, creating an analog signal that is amplified and output as a video signal, or 

digitized directly. 

The CCD holds several advantages over the vidicon camera, including the 

absence of lag4 and a wider dynamic range. It can also reduce or eliminate image 

blooming, an image distortion caused when the input signal exceeds the dynamic 

range of the video camera. In a CCD, this is accomplished by incorporating drains 

in each cell that direct excess charge to ground, preventing blooming. This 

modification is at the expense of the fill factor, and reduces the overall quantum 

detection efficiency (QDE) of the camera. 

Recent fluoroscopic systems incorporate flat panel image receptors, which 

possess several advantages over XRIIs. These advantages include their larger size, 

less bulky profile, absence of image distortions, and a higher QDE at moderate to 

high IAKRs to the receptor (Fig. 8.3), owing to the absence of a metal support 

structure. Flat-panel image receptors now allow new applications, including 

rotational angiography and cone beam CT (CBCT). However, flat panelimage 

receptors suffer from additive noise sources, including read noise (see Section 

8.3.2), and therefore perform poorly compared with XRIIs at low IAKR (Fig. 8.3). 

Typical IAKR values for fluoroscopic imaging with a full FOV flat-panel receptor 

(30 cm × 40 cm) range from 27 to 50 Gy/min (30–55 nGy/pulse)and may vary 

with the selected frame rate. 

After all image processing has been performed, the image must be converted 

from digital to analogue form, for image display on a viewing monitor. Early 

television standards5 determined that at least 525 video scan lines of the image 

were necessary to display moving images adequately. Alternating current power 
 

4 Note that the absence of lag also results in images with higher noise levels. For this 

reason, recursive filtering (see Section 8.6.3) is often applied to add some lag artificially. 
5 NTSC system in this case. 
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supply frequencies of 60 Hz required that all scan lines be displayed during an 

integral number of cycles (1/60 s, 1/30 s, etc.). Since all scan lines could not 

be displayed in one cycle at a 60 Hz frame rate, because of video bandwidth 

restrictions and unacceptable image flicker at slower scan rates, it was necessary 

to scan two frames or video fields, each containing one half (262½) of the scan 

lines, in an interlaced fashion. This combined the advantages of both the 60 Hz 

and 30 Hz frame rates and interlaced scanning became the television standard. 

Interlaced scanning provides a refresh rate of 60 Hz, while only requiring the 

bandwidth of a 30 Hz progressive scanning video. 

 

 

 

FIG. 8.3. DQE(0) as a function of input dose for prototypical flat panel and XRII image 

receptors. 

 

 
The resolution of a scanning video system is limited in the vertical direction 

by the number of effective lines used to make the image. The effective number 

of lines is the number of scan lines in the image multiplied by the Kell factor. The 

Kell factor is an empirically determined factor that describes the vertical image 

degradation and is device-specific, ranging from 0.7 for scanned pixel video 

pickups (e.g. vidicon camera) and display devices (e.g. cathode ray tube)to as high 

as 0.9–0.95 for fixed pixel devices such as CCD cameras and liquid crystal display 

monitors. The causes of vertical image degradation include the finite size of the 

scanning electron beam, low pass filtering of interlaced scan lines in scanned pixel 

devices, and the fact that both scanned and fixed pixels may not align exactly with 

a scanned signal. In the horizontal direction, the resolution of a video system is 

limited by the bandwidth of the video system.In most systems, the bandwidth is 

adjusted to give equal resolution in both the vertical and horizontal directions. 

 

188 



FLUOROSCOPIC IMAGING SYSTEMS 
 

Automatic exposure control6
 

 
Radiographic systems use automatic exposure control (AEC) devices that 

automatically adjust radiographic technique factors (most often the mAs) to 

deliver a constant signal intensity at the image receptor in response to differences 

in patient thickness, X-ray tube energy, focus to detector distance, and other 

technical factors. Similarly, in fluoroscopic systems, the AEC controls the IAKR 

to the XRII, to prevent fluctuation in image brightness and SNR that would make 

diagnosis or navigation of instruments difficult. 

Fluoroscopic AEC may use the signal from a sensor such as a photodiode or 

a photomultiplier tube or, more commonly, the signal from the video camera or 

directly from a flat panel image receptor, to determine necessary adjustments of 

fluoroscopic technique factors such as tube voltage and tube current. The selection 

of fluoroscopic technique factors follows predetermined curves that are stored 

in the generator and which usually allows for some choices, including a standard 

curve, low dose curve and high contrast curve (Fig. 8.4). The complexity of 

fluoroscopic AEC increases with advanced applications where the AEC assumes 

control over additional equipment parameters such as pulse length, added filtration 

and variable aperture setting. 

 
 

FIG. 8.4. Some typical control curves for different fluoroscopic imaging tasks. 
 

6 AEC systems may also be known by other names including automatic dose control, 

automatic dose rate control and automatic brightness control. Automatic brightness control 

originally described the automatic control of video voltage levels from video cameras but is 

now sometimes applied to the general exposure control of fluoroscopic systems. 
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Electronic magnification 

 
Electronic magnification refers to the use of a focusing electrode to deminify 

the fluoroscopic image by selecting a smaller portion of the input phosphor to 

project onto the output phosphor. Electronic magnification improves the image 

MTF but also decreases minification gain and decreases the sampling pitch of the 

input phosphor, increasing noise. 

In practice, the increased noise in a magnified fluoroscopic image is 

compensated for by adjusting the technique factors to maintain a constant 

perceived noise level in the displayed image. In an XRII, the IAKR usually 

increases as the ratio of the areas of the FOV as the image is magnified. This not 

only compensates for the decreased photon fluence per image pixel, but also 

exactly compensates for the decrease in minification gain, and therefore image 

brightness, in an XRII system. Flat panel-based systems also increase the IAKR 

as the image is magnified in response to changes in the image matrix size. 

 

IMAGING PERFORMANCE AND EQUIPMENT CONFIGURATION 

The factors that must be taken into account when considering image quality 

(see Chapter 5) in fluoroscopic imaging include contrast, noise, sharpness, 

temporal resolution and artefacts or image distortions. While each of these 

quantities is influenced and limited by the design of the fluoroscopic equipment, 

they are also highly dependent on equipment configuration and use. 

 
Contrast 

 
Subject contrast is inherently poor in fluoroscopic imaging, especially at the 

high kV values used to maintain patient dose at an acceptable level. Contrast is 

greatly improved through the use of radiopaque markers on catheters and other 

instruments, and through the use of exogenous contrast agents. Contrast agents for 

fluoroscopy are selected on the basis of their chemical properties, toxicities and 

X-ray attenuation properties. Iodine and barium are two contrast agents commonly 

used in fluoroscopic imaging, with K edges of 33 keV and 37 keV, respectively. 

Gadolinium or carbon dioxide may be used when iodine contrast is 

contraindicated owing to allergies or impaired renal function. 

 

8.1.1.1. Spectral shaping 

 
The signal from iodine contrast is highly dependent on the X-ray spectrum 

used to image the contrast agent. The maximal contrast occurs when the 
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polyenergetic X-ray spectrum is optimized to be predominantly just above the K 

edge. However, the use of such low X-ray energies may lead to excessive patient 

dose, requiring careful selection of kV and appropriate filtration, as shown in Fig. 

8.5. 

The advent of high heat capacity X-ray tubes and high power generators has 

made available another solution, spectral shaping. In its most basic form, spectral 

shaping involves the use of metal filters to remove, preferentially, low-energy X 

rays from a polyenergetic X-ray beam. A commonly used technique is the insertion 

of small amounts of copper filtration to shape the X-ray spectrum. Copper 

attenuates low energy X rays (below the iodine K edge) that have little chance of 

penetrating the patient and hence generating contrast (Fig. 8.5). As many low 

energy X rays that would contribute only to patient dose are removed, a lower kV 

can be used at the same patient dose rate, resulting in improved iodine contrast. 

The energy fluence of the X-ray beam is greatly reduced by the addition of 

Cu filtration, and the tube current must be increased to high levels (50–400 mA) 

to maintain acceptably short pulse widths (see Section 8.6.2). As patient thickness 

increases, the additional Cu filtration is gradually reduced to maintain short pulse 

widths and acceptable tube loading. This is achieved through the programming of 

the AEC (see Fig. 8.5 and Section 8.2.2). 

 
 

FIG. 8.5. Impact of spectral shaping on iodine contrast. 
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Noise 

 
The noise level in fluoroscopic images is necessarily high, as a low IAKR is 

typically used to maintain the patient dose at an acceptable level. XRII based 

fluoroscopic systems are also characterized by low additive electronic noise levels 

(see Section 7.2.2). Therefore, the system is still quantum-limited at low IAKR 

values. However, flat panel based fluoroscopic systems suffer from high levels 

of electronic noise (read noise, specifically), and their imaging performance is 

limited by this noise at low IAKR values. As a consequence, systems utilizing flat 

panels require a higher IAKR than XRII based systems for fluoroscopic imaging. 

Conversely, flat panels perform better than XRIIs at high IAKR, such as those 

used during digital acquisition imaging (see Section 8.4.1). The appearance of 

image noise in fluoroscopy is also influenced by human perception; for example, 

an observer will perceive less noise at high frame rates than at lower frame rates. 

 

Sharpness 

 
The sharpness of a fluoroscopic image is influenced by several factors, 

including the display matrix, FOV, video camera matrix, focal spot size, 

geometric magnification, image noise and motion. The impacts of both focal spot 

size and geometric magnification on image sharpness are discussed in Chapter 6. 

XRII fluoroscopic systems differ from a screen film image receptor in that the 

limiting resolution varies with operating mode, as described in Section 8.2.3. 

Image noise interacts with sharpness, as it can obscure and blur small details 

in the image that would normally be visible at a higher IAKR. The large number 

of signal conversions that occur in an XRII also degrade the sharpnessof the 

fluoroscopic image. The sharpness of a fluoroscopic image acquired witha flat 

panel receptor is affected by the size of the image matrix compared with the 

display matrix and the pixel size of the receptor, which may vary if pixels are 

binned at certain FOVs. 

 

Artefacts 

 
Artefacts in fluoroscopic imaging usually stem from image distortions 

caused by the image chain components. XRIIs suffer from several common image 

distortions, including veiling glare, vignetting, blooming, pincushion distortion 

and S distortion, while flat panel image receptors are generally free from image 

distortions. 

Veiling glare is a contrast reducing ‘haze’, not unlike the effect of X-ray 

scatter, that results from the scattering of information carriers within the XRII, 

including electrons within the electron optical system and, most importantly, 
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light photons within the glass output window. To address the latter, a thick XRII 

output window is used that may incorporate dopants to absorb scattered light, and 

whose sides are coated with a light-absorbing material. In some cases, the optical 

coupling system between the XRII output phosphor and the video camera is 

replaced by a direct fibre optic linkage, which also reduces veiling glare. 

Vignetting is an optical distortion that produces a fall off in light intensity 

or darkening near the edges of an image. This may be caused by a number of 

factors, including deterioration of the video camera, and is also inherent to 

multielement lenses. Vignetting can be reduced in some cases by restricting the 

aperture size. 

Blooming is caused by the input of signals to the video camera that exceed 

its dynamic range. Such large signals cause lateral charge spreading within the 

camera target, resulting in a diffuse image that is larger than the original. 

Blooming can be minimized through the use of tight X-ray beam collimation and, 

as noted in Section 8.2.1, has largely been eliminated in CCD cameras. 

Pincushion distortion causes enlargement of the fluoroscopic image near the 

edges (Fig. 8.6(a)) and results from the curvature of the input phosphor, whichis 

required for proper electronic focusing and structural support. Pincushion 

distortion is more severe for a large FOV. 

S distortion causes straight objects to appear curved (Fig. 8.6(b)) and results 

from the acceleration of electrons in the electron optical system of the XRII in the 

presence of an external magnetic field. Common sources of such magnetic fields 

include the Earth (5 × 10–5 T), fringe fields from nearby magnetic resonance 

imaging units (0.1–0.5 mT), and steel support structures and reinforcement. 

S distortion can be minimized by proper site planning and by encasing the XRII 

in a high susceptibility metal. 

 

 

(a)       (b)  

FIG. 8.6. Examples of distortion. (a) Pincushion distortion; (b) S distortion. 
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ADJUNCT IMAGING MODES 

 
Digital acquisition imaging 

 
Digital acquisition imaging refers to a mode of operation in which high- 

quality images are recorded and stored for analysis. IAKRs, and therefore patient 

dose rates, are at least one order of magnitude higher in the digital acquisition 

mode than in the fluoroscopic mode. In order to avoid saturation of the video 

camera for systems using an XRII, the signal from the image intensifier may be 

reduced through the use of the variable aperture, as discussed in Section 8.2.1. 

Digital acquisition images can be acquired at frame rates ranging from 1 to 30 

frames/s, or as individual images, which are often referred to as ‘spot’ or ‘single 

shot’ images. 

 

Digital subtraction angiography 

 
Digital subtraction angiography (DSA) is a technique in which sequential 

‘fill’ images that include a contrast agent are subtracted from a ‘mask’ image that 

includes only the anatomical background. This subtraction reduces anatomical 

noise and increases the contrast of the blood vessels (Fig. 8.7) in the subtracted 

images. Both the mask and fill images undergo a log transform before subtraction. 

The final result is an image in which the signal in the contrast filled vessels 

depends only on the amount of contrast in the vessel, and not on the background. 

 

 

FIG. 8.7. IMAGE of arteries generated using DSA. 
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As quantum noise sums in quadrature when images are combined, the noise 

level in the subtracted image is higher by a factor of 1.4 than the noise level in the 

constituent images. This increase in noise implies that DSA will require higher 

exposures than digital acquisition imaging if similar image noise levels are to be 

maintained. However, the reduction in anatomical noise achieved with DSA may 

offset part or all of the increase in image noise, and advanced techniques such 

as mask averaging can be used to reduce the exposure requirements for DSA 

imaging. 

The major source of artefacts in DSA is patient motion between the capture 

of the mask and fill images (Fig. 8.8). These motion artefacts can obscurecontrast 

filled vessels. These types of artefact can be reduced retrospectively in some cases 

through the use of processing techniques such as manual or automaticpixel shifting 

of the mask image, or remasking through the selection of a differentmask frame 

for subtraction. 

 
 

FIG. 8.8. Motion artefact in DSA. 

 

 
Roadmapping is an adjunct imaging mode used to create a map of vascular 

anatomy that aids the navigation of catheters within tortuous vessels. A roadmap 

can be generated very simply by using a stored image of a contrast filled vessel, 

or in a more complex fashion by using the peak opacification in each image pixel 

obtained from a series of post-injection images. This is essentially a maximum 

intensity projection image of the contrast filled vessel and ensures a relatively 

uniform signal throughout the vessel, as it is less affected by contrast washout. 

A further improvement on this method is to subtract a fluoroscopic mask image 

from the fill images. While this is similar to DSA, it uses a lower dose. The 

roadmap image can either be displayed alongside the live image on another 
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monitor, or overlaid on the live fluoroscopic image. The roadmap image is often 

greyscale inverted prior to overlaying on the live image. 

Peripheral runoff imaging follows a bolus of contrast as it travels from the 

injection site into the peripheral vasculature, most often in the legs. Many 

angiographic systems operate in a stepping mode for runoff procedures, 

sequentially stepping along the patient’s body, acquiring images at each step. The 

images overlap by some amount, often 1/3, to ensure seamless anatomical 

coverage. This type of study requires the use of compensating filters to equalize 

image receptor exposure around the patient’s legs. Compensating filters can either 

be external to the system, such as wedges or forms placed around the patient’s 

legs, or internal in the form of wedge-shaped metal filters, either attached to the 

outside of the collimator or contained inside it. 

Rotational angiography is an adjunct imaging mode used most often in 

vascular, interventional and neurointerventional radiology. A series of basis 

images are acquired as a C-arm (see below) rotates around the patient. A contrast 

injection can be performed during the scan. The basis images can be viewed 

as a cine loop and are often used to reconstruct CBCT images (Fig. 8.9). The 

images can be reconstructed in axial, coronal, and sagittal planes or arbitrary 

curved planes. Maximum intensity projection images are often generated to 

improve visualization of iodine contrast in small vessels. Some manufacturers 

offer the capability to perform 3-D rendering using the CT images and to perform 

subtracted rotational angiography. 

 
 

FIG. 8.9. Axial image reconstructed from rotational angiography basis images. 
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APPLICATION SPECIFIC DESIGN 

 
Fluoroscopic imaging systems can be configured in several ways. The most 

common is the configuration in which the X-ray tube is located under the patient 

table and the XRII and auxiliary imaging equipment are placed on a movable 

‘tower’ above the patient table (Fig. 8.10). Lead curtains hang from the XRII 

tower and shield the operator from stray radiation scattered from the patient. This 

configuration is commonly used for genitourinary and gastrointestinal imaging. 

 

 

FIG. 8.10. Conventional fluoroscopy system. 

 

Remote fluoroscopy systems 

 
Remote fluoroscopy systems are commonly used for gastrointestinal 

procedures, including barium swallow and barium enema examinations, and 

utilize a configuration with the X-ray tube located above the table and the XRII 

assembly below the table (Fig. 8.11(a)). The system can be rotated to achieve other 

necessary projections or to distribute contrast agents within a patient. It can 

also be configured vertically for seated examinations, such as the barium swallow 

(Fig. 8.11(b)). The focus to image distance is usually continuously variable 

between two extremes, and a remote-controlled compression cone may be 

available for the radiologist to manipulate air and barium contrast within the 

patient’s abdomen. There are distinct advantages in the use of remote fluoroscopy 

rooms, namely related to radiation safety, as exposure of the operator and 

technical staff to stray radiation is greatly reduced. By increasing 
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the focus to image distance to its maximum, the patient entrance surface air kerma 

rate (see Chapters 20 and 21) can also be decreased by 15–20%. However,remote 

fluoroscopy rooms are more expensive than conventional rooms and are often 

unsuitable for young patients who require close supervision. The dose to 

individuals remaining in the room with a difficult patient can be much greater than 

the dose in a conventional fluoroscopy room, owing to the position of theX-ray 

tube and absence of integrated radiation shielding. 

 
 

(a) (b) 

FIG. 8.11. Remote fluoroscopes configured for (a) supine examination (e.g. barium enema) 

and (b) seated examination (e.g. barium swallow). 

 

 

Vascular and interventional radiology 

 
Vascular and interventional radiology procedures are usually performed in 

angiographic suites equipped with C-arm fluoroscopes. A C-arm fluoroscope 

comprises a mechanically coupled X-ray tube and image receptor. The X-ray tube 

and image receptor rotate in unison about a point called the isocentre that remains 

at the center of the FOV when the C-arm is rotated. The table is often cantilevered 

to allow continuous, unobstructed rotation of the C-arm around the patient during 

procedures. Vascular and interventional suites are equipped with more powerful 

generators with high heat capacity and water or oil-cooled X-ray tubes. Also, 

variable spectral shaping filters are often included to maximize iodine contrast 

while maintaining the patient dose at an acceptable level. Typical XRII sizes for 

vascular and interventional laboratories range from 28 to 40 cm. 
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Cardiology 

 
Interventional cardiology suites also use C-arm fluoroscopes for ease of 

positioning at a variety of angles around the patient. Cardiology suites can be 

either single plane or biplane systems. Biplane systems use two C-arms that can 

be independently positioned around the patient for simultaneous digital 

acquisitions during a single contrast injection. This is important because iodinated 

contrast is nephrotoxic, and the total volume of contrast that can be administered 

is limited by the patient body mass. This is particularly critical in paediatric 

catheterization laboratories, owing to the low body mass of paediatric patients, 

which severely limits the amount of contrast that can be administered during an 

imaging study, and the small size of blood vessels, which may require higher 

iodine concentrations for acceptable visualization. 

Image receptors used for cardiac imaging are smaller than those used for 

vascular and interventional radiology, owing to the small size of the heart. A 

typical XRII size for a cardiac laboratory is 23 cm. Some newer flat panel based 

cardiac catheterization laboratories incorporate large image receptors (30 cm × 40 

cm) for the primary or A plane, which make possible adjunct imagingmodes such 

as runoff imaging or rotational angiography. The lateral or B plane issized for 

normal cardiac imaging. 

 

Neuroradiology 

 
Neuroradiology equipment is very similar to cardiology equipment, as the 

required FOVs are similar. 

 
Mobile fluoroscopes 

 
Mobile fluoroscopes are fluoroscopes mounted on wheels that can bemoved 

between locations. They are useful when the expense of a permanent installation 

cannot be justified, or when imaging capability is needed briefly in several 

adjacent rooms, for example, in the operating room (see also Chapter 10).Mobile 

fluoroscopes often use shorter focus to image distances and smaller FOVs than 

other types of fluoroscope. 

 

 
AUXILIARY TOPICS 

 
Advanced fluoroscopic applications and equipment are changing with the 

rapid deployment of digital image acquisition devices. The use of film is 

decreasing, and in many cases, specialized films are no longer available. In 
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other cases, precision mechanical equipment needed for radiographic screen-film 

cassette changers and high-speed large format film changer systems have become 

obsolete. 

 
Spot film device 

 
A spot film device is used to acquire radiographs during a fluoroscopically 

guided procedure. While fluoroscopy is activated, a radiographic cassette is 

retracted into and held in a lead shielded enclosure. When a spot film is desired, 

a button is pressed and the radiographic cassette is extended in front of the XRII, 

behind an antiscatter grid. After the cassette is exposed, it is ejected and manually 

exchanged for an unexposed cassette, which is retracted into the lead shielded 

enclosure until needed. Most spot film devices offer several framing options, 

including a single full-size image, two or four images per film, etc. Spot film 

devices are still common in conventional and remote fluoroscopic systems. 

 

Operating modes 

 

 
Continuous fluoroscopy 

 
Continuous fluoroscopy is the most basic form of fluoroscopic imaging. The 

X-ray beam is on constantly and a video refresh rate of 25 or 30 frames/s yields a 

frame integration time of 40 or 33 ms. This can lead to blurring of moving objects. 

 
Pulsed fluoroscopy 

 
Most modern fluoroscopic equipment is capable of operating in pulsed 

fluoroscopy mode. When configured properly, pulsed mode offers several 

advantages over continuous mode, including: 

 
● Lower radiation dose when fluoroscopic pulse rates of less than 30 pulses 

are used. 
● Improved image quality due to reduction in motion blur because of the 

reduced integration time. Pulsed mode operation ‘freezes’ the motion of 

objects in the image, resulting in sharper images and improved image 

quality. 
● Reduced tube loading at low pulse rates. 
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While pulsed fluoroscopy produces sharper images, the reduction in 

temporal resolution at low frame rates may be unacceptable for rapidly moving 

organs or instruments within the body. Higher frame rates provide superior 

temporal resolution for these cases. 

 
Grid controlled or grid switched X-ray tubes 

 
Pulsed fluoroscopy can be accomplished either by operating the generator 

in pulsed mode, or by using a grid-controlled or grid switched X-ray tube. The 

long high voltage cables used in many fluoroscopic rooms are characterized by 

significant capacitance. As a result, power continues to be applied to the X-ray 

tube after the generator switches off between pulses. This results in unnecessary 

patient dose and possibly additional motion blurring. A grid-controlled X-ray tube 

uses a negatively biased grid near the filament to stop the flow of electrons from 

the cathode to the anode, preventing unwanted X-ray production between 

radiation pulses. 

 

Pulsed fluoroscopy and the human visual system 

 
Since the temporal response of the human visual system has a typical 

integration time of approximately 0.1 s (up to 0.2 s for low light levels), it has 

the capacity to integrate several frames of pulsed fluoroscopy during a single 

integration cycle. Consequently, fluoroscopic images appear noisier as the pulse 

rate decreases for the same IAKR per frame. When changing from one pulse rate 

to another, the input air kerma per pulse can be adjusted to account for this 

phenomenon. 

 

Recursive filtering 

 
Fluoroscopic images are inherently noisy, but increasing the IAKR to reduce 

noise comes at a penalty of increased patient dose. Noise reduction can also be 

accomplished through image processing, including the averaging of images. 

Recursive filtering is an image processing technique that combines portions 

of both the most recent fluoroscopic frame and several previous fluoroscopic 

frames to reduce noise in the resultant image. The recursive filtering process can 

be described mathematically as: 
 

N 

frame
displayed 

= ∑ 
i=N−n 

 
fiwi (8.1) 
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where wi is a prospectively determined weighting coefficient and fi is the ith frame 

in the video buffer. 

The recursive filter is thus a moving filter that incorporates information from 

several frames into the current fluoroscopic frame, reducing noise in the final 

image. Both quantum (X-ray) noise and additive noise from the video camera or 

image receptor are averaged. There are still, however, potential penalties for this 

reduction in noise. The recursive filter works well if changesin the image from 

one frame to the next are small. In anatomical regions where motion is rapid, 

excessive recursive filtering can lead to unacceptable artificial lag. Artificial lag 

may also be noticed if instruments are moved rapidly or if the patient table is 

shifted. Most modern fluoroscopic systems use motion detection algorithms or 

other methods to prevent artificial lag. These algorithms monitor the change in 

image pixels from one frame to the next, and if the change exceedsa preselected 

threshold, the strength of the recursive filter is reduced or zeroed until the image 

stabilizes, at which time the filter, which also reduces fluoroscopiccontrast, is reset 

to its normal level. The strength of the filter, which also reduces 

fluoroscopic contrast, is related to both the weighting coefficients applied (wi) and 

the number of fluoroscopic frames combined (N – n). 

 

 
DOSIMETRIC CONSIDERATIONS IN FLUOROSCOPY 

 
The dosimetric quantities used to describe the patient dose from fluoroscopic 

imaging are outlined in Section 22.4.5. It is important to note that fluoroscopy, 

particularly when it involves interventional procedures, can give rise to both 

stochastic and deterministic (tissue) effects, primarily radiation-induced skin 

injury that occurs once a certain dose has been exceeded (see Chapter 20). The 

discussion that follows focuses solely on deterministic effects from fluoroscopic 

procedures, and any reference to patient dose is assumed to refer to skin dose. 

 
Skin dose indicators 

 
Dosimetric indicators for skin dose can be direct (‘real time’) or can be 

determined after the irradiation event. Examples of direct indicators include the 

kerma area product (KAP) and the reference air kerma, Ka,r, while non-direct 

methods include the use of thermoluminescent dosimeters (TLDs), optically 
stimulated luminescence or semiconductor detectors and radiographic or 

radiochromic film (see Chapter 21). 
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Fluoroscopic timers 

 
Fluoroscopy time is commonly used as a surrogate for patient dose in 

fluoroscopy, as it is a widely available function on fluoroscopic equipment. It is, 

however, far from ideal, as it ignores many large contributions to patient dose, 

including digital acquisition imaging. Digital acquisition imaging is frequently, 

but not always, the largest contributor to patient dose during fluoroscopic 

procedures. 

 
KAP 

 
The KAP can be measured directly using a KAP meter, or it can be calculated 

from known operating parameters and is discussed in some detail in Chapters 20 

and 21. While KAP is an ideal quantity for assessing stochastic risk, it has limited 

application as an indicator of skin dose. However, when carefully combined with 

direct skin dose measures, it has been used to determine trigger levels for specific 

procedures to alert operators to the possible danger of skin damage. 

 

Reference point air kerma 

 
Reference point air kerma (Ka,r) or cumulative dose (CD) refers to the 

cumulative air kerma at the interventional reference point (IRP) at any time during 
a fluoroscopically guided procedure. The IRP is a point 15 cm back towards the 

focal spot from the isocentre (Fig. 8.12). The location of the IRP does not vary 
with changes in C-arm angle or focus to image distance. The Ka,ris the quantity 

most closely correlated to skin dose in fluoroscopically guided procedures, as all 

contributions to skin dose (i.e. both fluoroscopic and digital acquisition imaging) 

are included in the Ka,r. 

Peak skin dose 

 
The peak skin dose (PSD) refers to the highest dose to any single area of a 

patient’s skin. In practice, it is difficult to determine PSD with a high degree of 

accuracy. It must be considered that the CD is measured at a single point in space 

that may not correlate with the patient’s skin surface (Fig. 8.12). Even in the case 

where the IRP is located exactly on the skin surface, backscatter will increase the 

PSD beyond the indicated CD by 30–40%. 
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FIG. 8.12. A schematic of the IRP. 

 

 

 

PSD can be measured with some degree of accuracy using various 

dosimeters. While TLD arrays and conventional film have been used, the use of 

radiochromic film provides the most promising approach. 

Finally, it should be noted that the CD or KAP may overestimate PSD when 

multiple C-arm angles are used. Consider a procedure using two distinct, non- 

overlapping X-ray beam entrance sites on a patient’s skin. If the irradiation time 

were divided equally between the two sites, the PSD would be expected to be one- 

half of the total skin dose. 

One other caveat to consider when comparing the CD or KAP with the PSD 

is the use of a highly attenuating couch. Calibrating CD or KAP to measured skin 

doses will result in the most accurate estimates (see Section 21.3.1.3) 

 

Radiation safety considerations for patient protection 

 
Chapter 24 outlines general radiation protection concerns, including 

occupational dose monitoring and shielding requirements. Fluoroscopically 

guided procedures can result in high patient and operator doses, and radiation 

safety is a critical component of a fluoroscopic imaging program. In general, the 

use of good practice by the operator will result in the minimum patient dose 

required to complete a fluoroscopically-guided procedure safely. Good practice 

refers to the use of commonly known techniques to deliver the best image quality 

at the lowest radiation dose. These actions include, but are not limited to: 
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● Moving the patient as far from the X-ray source as practical; 
● Placing the image receptor as close to the patient as possible (i.e. no airgap); 
● Using the lowest electronic magnification (largest FOV) required toperform the procedure; 
● Collimating the X-ray beam tightly to the anatomy of interest. 

 
In addition to good practice, all dose reduction tools available on thefluoroscopic equipment should 

be used. Spacers provided by the manufacturer are used to maintain a minimum distance between the focal spot 

and the patient. Operators often find them inconvenient and as a consequence spacers are frequently removed 

and left off the equipment. The reduction in source to skin distance allowed when the spacer is removed can 

increase the maximum possiblepatient entrance surface air kerma rate by 100%. Antiscatter grids should be 

removed when imaging small patients or thin body parts. 

Most modern fluoroscopic systems provide additional tools that canbe used to reduce the patient and 

operator doses. Last image hold is a featurethat maintains the last fluoroscopic image on the viewing monitor 

pendingfluoroscopy or acquisition being resumed. It allows the physician to contemplatea static image without 

the use of additional radiation. Many systems allow the operator to archive the last image hold image to 

permanent storage in lieu of acquiring a digital acquisition image. Some systems extend this further by 

providing the capability to archive the entire previous sequence of fluoroscopic images instead of acquiring a 

digital acquisition series. 

Radiation safety considerations for operator protection 

 
Occupational radiation protection considerations are often variations onthe three cardinal rules of 

radiation protection: time, distance and shielding. Operators and other personnel remaining in the procedure 

room during fluoroscopically guided procedures are exposed to scattered radiation and areat risk of developing 

both stochastic effects, including cancer, and deterministic effects, namely cataracts (see Chapter 20 for more 

details). 

Non-essential personnel should exit the room while the X-ray tube is energized, and those persons 

remaining in the room should wear protective garments made of lead or an acceptable lead-free material. 

Mobile barriers are useful for reducing the radiation dose to persons who remain stationary during procedures, 

and suspended shields can be used to reduce the dose to the face, eyes, and neck of physicians while they are 

near the patient. It should be noted that the highest scatter radiation fields occur near the patient entrance field; 

therefore, standing closer to the image receptor is generally consistent with loweroccupational dose levels. 

 


