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Preamble 
 

This document is intended to capture the consensus reached between Image Gently (IG) and the MITA 

FLUOROSCOPY Interventional Working Group (IWG) to develop a position paper on a list of essential 

questions that should be considered in the design of INTERVENTIONAL X-RAY equipment intended for 

pediatric use. 

 

This list of essential questions seeks to increase awareness of design considerations for manufacturers with 

a goal of improving pediatric imaging. This list is not intended to be used or interpreted as being a standard 

document and does not represent a list of requirements or components and hence is not appropriate for 

use as a checklist or other similar manner.  Further, the rationales in this document represent examples of 

possible approaches and are not prescriptive or definitive answers. Manufacturers may have different 

conclusions and/or provide alternative solutions. All questions may not be applicable in all instances. It is 

anticipated that no manufacturer will answer affirmatively for all questions.  

 
This work fits in the collaborative iterative process initiated in November 2012 between IG and the IWG to 
drive the management of radiation dose and image quality on interventional x-ray equipment used on 
pediatric patients. These essential questions and rationales were initiated by experienced pediatric end 
users and reviewed by manufacturer representatives. 
 

Conventions 
 

The terms in small capitals are those defined in this document in section 3. The terms in italic are defined 

in IEC TC: 62A Medical electrical equipment – Glossary of defined terms: http://std.iec.ch/glossary 
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1. Purpose 
 

This document aims to identify a list of essential questions manufacturers should consider when designing 

interventional x-ray equipment for pediatric imaging.  

 

Note: The essential questions are intended to drive the planning of  system engineers. After planning, the 

manufacturer may elect not to incorporate all concepts completely into their equipment design and/or may arrive at 

an alternative solution. 

 

This document is not intended to provide prescriptive solutions or definitive answers, which may vary 

depending on a manufacturer’s equipment design. Since new imaging tasks in pediatric imaging are 

developed on a daily basis by clinical users, it is impossible for the manufacturers to identify a complete list 

of imaging tasks. This underscores the need for the equipment to have broad CONFIGURATION capability in 

the field. 

 

The questions relate to the overall range of patient size / thickness from neonate to 21 years old (e.g., 2 - 

250 kg). Imaging equipment may be designed for a subset of the above range.  

 

Note: the FDA has proposed the pediatric population starting from neonate to 21 years may be divided into four 

subgroups [1] and the intended use of the interventional x-ray equipment may encompass all pediatric subgroups or 

only some of them. 

 

Age Ranges of Pediatric Subgroups  Approximate Age Range 

Newborn (neonate) from birth to 1 month of age 

Infant older than 1 month to 2 years of age 

Child older than 2 to 12 years of age 

Adolescent older than 12 to 21 years of age 

 
The x-ray interventional equipment discussed in this document is hereafter referred to as equipment. 
 
 
2. Scope 
 
These essential questions aim to drive equipment design to improve image quality and/or manage the 

radiation dose administered to the pediatric population. 

 

Note: considerations beyond image quality or radiation dose that may arise during procedures involving pediatric 

patients are outside of the scope of this document. 

 

The design of equipment includes: 

- hardware, software and firmware 

- instructions for use 

- configurability capabilities 

- PROTOCOLs 
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These capabilities are intended to enable users to select the most appropriate CONFIGURATION for the given 

x-ray procedure and patient size. Selectable CONFIGURATIONs must have been developed and validated by 

the manufacturer in accordance with  design control regulations (21 CFR part 820, ISO 13485). 

 

 

3. Definitions and acronyms 
 

CONFIGURATION: validated equipment installed and put into service by the responsible organization in 

accordance with the instructions of the manufacturer. 

 

FLUOROSCOPY: (equivalent to radioscopy) technique for obtaining continuously or periodically a sequence of 

x-ray patterns and presenting them directly or through a transfer and optional processing simultaneously 

and continuously as visible images, intended to provide real-time guidance to an ongoing action (IEC 

glossary). 

 

PROTOCOL: set of parameters pre-defined to perform an examination selectable by the operator during 

normal use. 

 

PA: Posterior Anterior 

 

 

4. Introduction to pediatric CONFIGURATIONs 
 

Children are not small adults. Their disease states differ, which may lead to multiple interventions in the 

imaging room. For example, neonates and infants may present with complex congenital heart disease [2] as 

opposed to coronary artery disease common in adults. These complex pediatric conditions may require as 

many as ten cardiac catheterizations to manage their disease prior to adulthood [2], which underscores the 

necessity to manage the radiation dose from each examination. 

 

Despite the majority of pediatric patients being imaged at lower kW ratings (refer to 5.2.b), an x-ray 

generator with a kW rating appropriate for adult patients may be beneficial. Higher kW generators typically 

have faster rise and fall times of the applied voltage which reduces the low energy x-rays that contribute 

only to patient dose at the beginning and end of each exposure [3]. The faster switching is better suited to 

repetitive pulses of radiation, especially for small patients that require short exposure times. A higher kW 

rating is also needed for small patients if added spectral filtrations are used to reduce patient dose.  

Radiographic technique factors, x-ray tube voltage (kV), tube current (mA), pulse width (msec), frame rate 

(frames/second), and added filter thickness are the fundamental acquisition controls used to manage 

patient dose and image quality of the examination [4]. The range of tube voltage should take into 

consideration the balance between image contrast and patient dose. The range of pulse widths should 

balance motion blur in context of tube power constraints. The range of frame rates may be limited by the 

required temporal resolution, depending in part on the degree of motion of the anatomy to be visualized. 

The range of tube currents may be restricted by the focal spot size and/or its kW rating. Added filter 
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thicknesses must balance patient dose with subsequent image quality.  Pulsed FLUOROSCOPY as opposed to 

continuous FLUOROSCOPY improves sharpness in the image and provides an opportunity to reduce the air 

kerma rate.  

 

The small size of a neonate or infant relative to an adult demands a large dynamic range of radiologic 

technique factors. A neonate may have a Posterior-Anterior [2, 5] dimension of approximately 5 cm, while 

a large adult may have a PA or LAT dimension greater than 33 or 45 cm respectively [6, 7]. This range of 

patient sizes exceeds 13 Half Value Layers. For a fixed kV and added filter thickness, this would require a 

dynamic range of over 8,000 in mAs per pulse of radiation from the smallest to largest patient.  When 

imaging the largest adults, producing sufficient x-rays is a primary consideration. When imaging the 

smallest pediatric patients, one has the opportunity to select radiographic techniques, added filtration, and 

focal spot sizes that either improve image quality, reduce patient dose, or both due to an abundance of x-

rays.  

 

The performance of state-of-the-art units may improve when imaging the smallest patients if the 

anatomical programming capabilities of the generator set up multiple PROTOCOLS for each body part.  One 

example would be creating a limited range of pediatric patient sizes, e.g. 5 – 11 cm, 11 – 17 cm, 17 – 24 cm, 

24 – 36 cm in the AP or PA dimension of the abdomen.  

 

 

5. Essential questions 
 

 

Question a 
 

Does the equipment provide CONFIGURATION(s) and/or PROTOCOL(s) indicated for 
pediatric use?  
 

Rationale a The following questions examine this broad scope question in more detail. 
 

Question b 
 

Is the equipment provided with additional instructions for pediatric use? 

Rationale b Refer to section 4 above describing differences between adult and pediatric patients. 
 

 

 

 

 

 

 

 

 

 

5.1 Air kerma Rate (AKR) control 
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AKR may be the AKR at the patient entrance reference point or the AKR at the image receptor entrance 

plane. 

 

 

Background 

Soft tissue and fine structures may be masked by the quantum mottle in the image. Patient doses should 

be tailored to the imaging task, not an arbitrary dose level. Significant dose reduction may be possible 

during some high contrast procedures where more quantum mottle may be tolerable. However, if soft 

tissue and small detail discrimination is critical in a pediatric examination, the required air kerma rate at 

the image receptor may be greater than rates typically used for the same adult examination. Performing 

angiography of small vessels of pediatric patients using iodine as the contrast agent is typically a low 

contrast procedure. Changing air kerma rates at the image receptor while ignoring the associated change 

on image quality is clinically incomplete.  

 

 

Question a 
 

Do operator controls allow for managing the AKR during a pediatric examination 
through: 

- Anatomical Programming that addresses the image quality needs for pediatrics?   
- Multiple operator-selectable levels of AKR during FLUOROSCOPY (minimum of two)? 

 

Rationale a First, the equipment should be configurable at installation to manage AKR across the 
entire range of patient sizes for each type of procedure to be performed.  This allows the 
operator to select a setting that matches the type of procedure and patient size.  Second, 
a minimum of two different levels of AKR should be available to allow the operator to 
adjust the level of quantum mottle in the images depending on the complexity of each 
phase of the fluoroscopic examination. 
 
Note: IEC 60601-2-43 sub-clause 203.6.101 requires a minimum of two modes of 
operation in normal use for FLUOROSCOPY, designated ‘low’ and ‘normal’. 
 

Question b Does the air kerma per frame change as a function of frame rate: 
- Either resulting in a proportional air kerma rate reduction as a function of frame rate? 
- Or resulting in a non-proportional air kerma rate reduction as a function of frame 
rate? 
 

Rationale b The air kerma per frame may automatically increase, for example according to equation 
1, when the operator reduces the frame rate during pulsed FLUOROSCOPY from 30 to 7.5 
frames per second.  This change in dose per frame maintains a constant perceived noise 
level in the image [8].  
 

Increase in AK/frame   30/frame rate)0.5     (1) 
 

Perceived noise in the image is impacted by the number of images averaged together by 
the human visual system for approximately 0.2 second. At 30 frames per second, the 
human eye then integrates 6 fluoroscopic images which reduce the perceived noise; 
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dose per frame may increase for slower frame rates to compensate for the loss of 
physiological integration of the images. Equation 1 applies to frame rates greater than 
7.5 frames per second. For frame rates at or less than 7.5 frames per second, the dose 
per frame may be unchanged as the human visual system does not integrate any frame 
at this rate or below [9]. 
 

AK/frame =  constant                                        (2) 
 

See also [10, 11]. 
 

Question c 
 

When the spectral filtration is introduced into the beam, 
- is the air kerma rate at the image receptor increased, 
and/or  
- is the kV being reduced 
in an effort to maintain constant the image quality? 
 

Rationale c When spectral filters (materials with z > 13) are added to the x-ray beam, the mean 
energy of the photons increases and subsequently also the mean energy reaching the 
image receptor. This may deliver the prescribed energy to the image receptor with fewer 
photons since each photon is carrying more energy. Therefore, the quantum mottle in 
the image could increase unless: 
 
a. When copper filters with thicknesses of 0.1 or 0.2 – 0.9 mm are used, an increase in 
AK/frame at the image receptor could be configured to restore the number of photons 
to their original level, e.g., increasing the AK/frame by a factor of 1.4 and 2 respectively, 
has been shown to mitigate the loss of image quality due to increased quantum mottle 
[12]. 
 
b. The high voltage at the x-ray tube is reduced to maintain the effective energy of the 
beam reaching the image receptor.   
 

Question d 
 

Does the equipment provide means to maintain the perceived image quality as a 
function of the FoV size? 
OR 
Does the equipment provide the option to keep the AKR constant when changing the 
FoV? 
 

Rationale d The AKR may change when the operator selects a different FoV (linear dimension) of the 
image receptor. The AKR was historically proportional to 1/FoV2 for image intensifiers. 
This increased the AK per frame four fold as the FoV was reduced to half of its original 
size. The total noise for a flat panel detector in the image may be relatively unchanged as 
a function of FoV if the AKR and the detector operating mode remain constant. Under 
these conditions, increases in AKR results in enhanced image quality as a function of FoV, 

for example: AKR  1/FoV or AKR  1/FoV0.5. In cases, where improved image quality as a 
function of FoV, are not clinically necessary, dose per frame can remain constant. 

Question e Is there an audible indication of the operational mode being utilized? 
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Rationale e In addition to the visual display of the AKR, there is an audible indication required by IEC 
60601-2-43:2010 clause 203.6.4.2 for the different AKR levels: fluoroscopy, radiography 
and High Level Control. 
 
Some operators may find additional audible indications helpful (e.g., indication for frame 
rate). 

 

 

5.2 X-ray FOCAL SPOT 

 

Background 

Small patients consist of even smaller body parts. The clenched fist of the new-born illustrates the size of 

the patient’s heart that the pediatric cardiologist must examine. Resolution of the patient’s anatomy and 

the smaller devices used by the pediatric cardiologist or radiologist is important. Geometric unsharpness in 

the image, introduced by the finite size of the focal spot, should be carefully controlled. 

 

 

Question a Have the CONFIGURATIONs and PROTOCOLs indicated for pediatric use taken into 
consideration the selection of the appropriate focal spot available on the equipment? 
 

Rationale a The kWatt (kW) rating of the x-ray tube’s focal spots should be suitable to handle the 
range of procedures to be performed.  The correct choice of focal spot size is primarily 
determined by the size of the patient. The physical size of the focal spot should be large 
enough to allow a kW rating sufficient to image the patient with a short enough pulse 
width to manage motion within the anatomy of the patient. However, if the kW rating of 
the selected focal spot exceeds the requirement of a given patient thickness, geometric 
unsharpness may not be effectively controlled in this image because the size of the focal 
spot is larger than the minimum size that can deliver the necessary kW. 
 

Question b Have the CONFIGURATIONS and PROTOCOLS leveraged the selection of the smallest focal 
spot available on the equipment for the smallest pediatric patients? 
 

Rationale b The equipment may be configured to select the smallest available focal spot that 
provides adequate penetration as function of patient size. This means the smallest 
patients should be imaged with the equipment’s smallest focal spot, to manage the 
geometric unsharpness associated with larger air gaps.  The smallest available focal spot 
size is needed to support this increased geometric magnification [13]. The extension of 
the Source to Image Receptor Distance (SID) from its minimum to maximum distance 
typically doubles the required kW rating of the focal spot to keep the air kerma rate 
unchanged if all other parameters are remaining the same.  
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Question c If the equipment is equipped with multiple focal spots, are they leveraged 
appropriately for the smallest, the largest, and every pediatric patient in between? 
 

Rationale c While a continuum of focal spot sizes is not practical, three focal spot sizes provide a 
choice between the overall range of focal spot sizes and kW ratings.  If a manufacturer 
has a triple (or more) focal spot x-ray tube in its product line, the needs for imaging of 
the pediatric patient (potential improved image quality) may be better addressed if an x-
ray tube with more than two focal spots is utilized. 
 

 

 

5.3 Frame rates 

 

Background 

The frame rate directly affects the temporal resolution in the images, the ability to collect a sufficient 

number of images per unit time, to adequately record the sequence of motion of an anatomical region.  

The equipment may be configured to reduce the air kerma rate to the patient as the frame rate of either 

FLUOROSCOPY or radiography decreases.  

 

 

Question a Is the equipment providing a range of frame rates suitable for pediatric use? 
- For cardiac procedures 
- For non-cardiac procedures 

 

Rationale a The reduction of the frame rate, the number of fluoroscopic or radiographic images 
created per unit time, to less than 30 frames per second (fps), i.e. 25, 20, 15, 12.5, 10, 
7.5, 6, 4, 3, 2, or 1 fps, may allow reductions in air kerma rates to the patient [14, 15, 16].  
The appropriate frame rate for each segment of a clinical procedure may be determined 
by the rate of anatomical motion, the specific imaging task, and by the operator’s ability 
to adapt to limited temporal resolution. Pediatric as opposed to adult procedures may 
require higher frame rates due to increased heart and respiration rates.  
 

Question b Is the frame rate selection available to the operator during the examination? 
 

Rationale b Due to changing imaging requirements during different segments of the clinical 
procedure as discussed in 5.3.a, the operator may need to change the frame rate of 
FLUOROSCOPY and radiography frequently during a clinical examination. 
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5.4 Pulse widths 

 

The pulse width is the duration of time the x-ray beam is on to acquire each image during FLUOROSCOPY or 

radiography. Reduction of motion blur in each image, created by motion of the object of interest or the 

patient during the acquisition of each image, may be achieved by limiting the duration of each pulse. 

 

Question a Does the equipment provide a range of pulse widths suitable for pediatric use? 
- For cardiac procedures 
- For non-cardiac procedures 

 

Rationale a A minimum pulse width, typically greater than 1 - 2 msec, may be necessary to allow 
reliable regulation of the production of x-rays or to allow efficient operation of the image 
receptor. For moving organs (such as cardiac cases), a maximum pulse width, typically    
< 5 msec for small pediatric patients and < 10 msec for large adults may be necessary to 
adequately freeze motion and eliminate the loss of sharpness in the image due to 
motion [17]. The physical motion of a non-cooperative patient, not under sedation or 
anesthesia, may be the limiting factor rather than the physiological motion of organs. 
 

 

 

5.5 Tube power 

 

A large range of peak tube currents, e.g. a few mA to several hundred mA according to the tube focal spot 

selected, may provide a significant portion of the large range of air kerma rates needed across the range of 

patient sizes. Unlike range of tube voltages, pulse widths, and pulse rates, which have limited acceptable 

ranges due to undesirable effects on image quality, the tube current may range from its minimum to 

maximum tube loading value with minimal effect on image quality.  

 

Question a Are the available tube currents appropriate for pediatric imaging? 
 

Rationale a The largest pediatric patients may require the maximum tube current allowed by the 
heat loading limitations of the x-ray tube’s largest focal spot to manage the tube voltage 
during image recording sequences. These same patients may require the maximum tube 
current of the x-ray tube’s small (dual focal spots) or intermediate (triple focal spots) 
during FLUOROSCOPY. Image recording of an infant, may use approximately 100 mA which 
could be provided by a relatively small focal spot, e.g. nominal 0.3 mm size.  This same 
relatively small focal spot may be adequate with which to perform pulsed FLUOROSCOPY of 
an infant at approximately 70 kV.  
 

Question b Is the available tube power range well designed for the smallest to largest patients 
that will be imaged on the fluoroscopic equipment? 
 

Rationale b The required tube power for an equipment may range from less than 1 to greater than 
100 kW respectively from the smallest pediatric patient (~ 5 – 6 cm thick) undergoing 
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pulsed FLUOROSCOPY to the largest pediatric patient (greater than 35 cm thick) undergoing 
radiography.  Since larger focal spot dimensions are required to deliver tube power in 
the upper half of the required range of power, the ability to penetrate the larger 
thicknesses of patient with properly managed exposure durations may be at the expense 
of sharpness in the image. In an ideal situation, the focal spot dimensions should not be 
larger than those required to deliver the required power for a given thickness patient.  
Since the required range of power is greater from the smallest to largest pediatric 
patients compared to the smallest to largest adult patients, more than two focal spot 
choices spanning this increased range may improve patient care.    
 

 

 

5.6 Additional spectral filtration 

 

Background 

The tube voltage and added filtration may determine if the contrast in a clinical image is acceptable to the 

operator. Inherent subject contrast of structures depends on the mean energy of the x-ray beam (~ 40 keV 

and greater with added filtration), which is necessary to allow penetration through the patient’s body at an 

acceptable air kerma rate to the patient. Operators may prefer equipment that automatically changes the 

added filter thickness and tube voltage as a function of patient thickness as opposed to a unit that requires 

the operator to manually select the filter thickness. 

 

When imaging infants or small children without spectral filtration, reduction of the tube current or pulse 

width may prevent increases in patient air kerma rates associated with tube voltages below 65 kV.  

 

Note: IEC 60601-2-43 sub-clause 203.7.1 requires equipment specified for pediatric applications to provide 

means for placing an additional filter of not less than 0.1 mm Cu or 3.5 mm Al. 

 

Patient air kerma rates may be reduced by adding spectral filtration inserted into the x-ray beam, e.g., 

copper with thicknesses less than 1 millimetre [18 - 33]. The ideal filter material may depend on the 

composition and energy response of the image receptor [34 - 37]. Spectral filtration may require increased 

kilowatt ratings of the focal spot. Spectral filtration should be configured to cover the entire range of 

pediatric sizes in a way that [13]: 

- Maintains the subject contrast in the image (which is less in small pediatric patients) 

- Avoids the motion unsharpness associated with large pulse widths 

- Reduces the patient entrance air kerma  
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Question a Are your added filtration thicknesses appropriate for the whole range of pediatric 
sizes?  
 

Rationale a Thicker spectral filtration may be successfully used for smaller patients to more 
effectively reduce radiation dose.  Neonates and babies may be imaged at the low air 
kerma levels with reasonable pulse widths with relatively thick copper or equivalent 
filtration with a reduced tube voltage to maintain reasonable subject contrast in the 
image. As the pediatric patient increases in size, the thickness of the added copper filter 
may need to be reduced. Striving to reduce the air kerma rate to the patient by not 
reducing spectral filter thicknesses as patient thickness increases may result in temporal 
blurring within images due to larger pulse widths, lower contrast in the images due to 
higher tube voltages, or increased noise in the image if the kW rating of the focal spot 
does not allow an adequate air kerma rate at the image receptor [23]. 
 

Question b Are the kV levels that you match to your added filter thicknesses appropriate for the 
size of the patients and the specific examination?  
 

Rationale b Spectral filtration and tube voltage pairing should create an effective energy of the 
incident x-ray beam that is appropriate for the size of the patient and the specific 
examination. The increase in effective energy associated with increased filter thicknesses 
with a constant tube voltage may be decreased or eliminated by reductions in tube 
voltage as the filter thickness increases. For example, if the contrast media is iodine 
within the vasculature (contrast is immediately diluted upon injection), the following 
pairings for added copper filtration and tube voltage: 68 kV and 0.1 mm Cu, 66 kV and 
0.2 mm Cu, 64 kV and 0.3 mm Cu, 60 kV and 0.6 mm Cu, and 58 kV and 0.9 mm Cu may 
reduce the loss of subject contrast of the iodine in the image as the thickness of the filter 
increases. The proper matching of the tube voltage and added spectral filter is imaging 
task dependant. Additional theoretical information about tube voltage and spectral 
filtration pairings may be found in the literature [38].  
 

Question c Are the added filtration thicknesses placed automatically in accordance with the 
protocol selected and according to patient size? 
 

Rationale c This request would automatically insert the proper filtration and adjust the kVp 
accordingly to the patient thickness and/or procedure type. 
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5.7 Display of acquisition parameters 
 

Question a Are the tube voltage (kV), tube peak current (mA), pulse width (PW), frame rate and 
added filtration thickness displayed in the control room? 
 

Rationale a The modulation of voltage at the x-ray tube, peak tube current, pulse width, frame rate, 
and added spectral filtration thickness within the beam is a complex function responding 
to the change in patient attenuation and thickness. The values of all five of these 
parameters should be clearly displayed during production of x-rays on a monitor in the 
control room and also available on the operator’s monitor in the procedure room.  In 
addition, these values at the termination of x-ray production should be continuously 
displayed until the initiation of the next exposure sequence. This data is helpful when 
clinical image quality or patient dose questions arise. 
These parameters are necessary for the physicists to address timely during the patient 
examination a complaint from the operator about image quality. 
 
Refer also to: 
IEC 60601-2-43:2010: sub-clause 203.6.4.3.101 (indication of tube current, tube voltage) 
21CFR1020.30.m (indication of optional added spectral filtration), 
21CFR1020.32.k (indication of tube current, tube voltage) 
 

 

 

5.8 Collimation 

 

Background 

The product of the area of the x-ray beam and the air kerma quantifies the energy imparted to the patient 

which is an indication of stochastic risk. Therefore, collimating the x-ray beam more tightly benefits both 

the patient (less energy imparted) and staff (less scatter radiation from the patient). Use of adjustable 

compensation filters, designed to compensate for attenuation differences between adjacent tissues, e.g., 

the mediastinum and lung fields, may improve both image quality and reduce total energy imparted to the 

patient.  

 

Question a Does the equipment provide a collimator with a graphical display of the location of the 
collimator blades during adjustment, over laid on an image of the patient (virtual 
collimation)? 
 

Rationale a Virtual collimation, indicating the position of the collimator blades overlaid on a LIH, 
reduces the x-ray exposure received by the patient and operator. Without virtual 
collimation, the operator typically irradiates the patient while making these adjustments. 
This may discourage careful placement of these attenuators, or worse, may result in little 
utilization of these devices. 
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Question b Are means provided to collimate or change FoV easily during examination? 
 

Rationale b Reducing the FoV automatically collimates the x-ray field to the size of the FoV at the 
image receptor. However, this may result in an increase in the air kerma rate delivered 
to the patient as discussed in 5.1.d.  Manually collimating the x-ray field area to the same 
area as the original smaller FoV may be an acceptable alternative that results in lower air 
kerma rates, provided the image quality of the original FoV is deemed sufficient. 
Utilization of collimation in either approach tends to reduce scattered x-ray exposure to 
patients and staff, so means should be provided to collimate or change FoV easily during 
the procedure. 
 

Question c Is a collimated x-ray beam area configurable for pediatric PROTOCOLs? 
 

Rationale c The intent is to default the FoV to one of the available choices that minimizes the air 
kerma and/or dose area product. The FoV and collimated area should be programmable 
as a function of the procedure and patient size, thereby facilitating the selection by the 
operator generally at the beginning of the case. The operator should be able to override 
the automatic settings using the manual controls for FoV and for collimation to make 
further adjustment.  
 

Question d Is the sensing area of the Automatic Exposure Rate Control appropriate with the 
collimation? 
 

Rationale d The sensing area of the automatic exposure rate control used to adjust the air kerma 
rate and manage appropriate brightness in the displayed image should be adjustable 
with respect to the type of procedure and size of patient within the PROTOCOL setting.  
Failure to allow for this configurability may result in inappropriate air kerma rates 
delivered to the patient (i.e. an elevated or reduced AKR). 
 

 

 

5.9 Last Image Hold (LIH), stored FLUOROSCOPY  
 

Question a Does the equipment continuously displaying the last fluoro frame when the x-ray 
switch is released? 
 
Example: LIH (Last Image Hold) 
 

Rationale a Last Image Hold (LIH) displays the last image upon completion of an irradiation event. 
This feature allows the operator, if desired, to study a displayed static image after 
release of the exposure switch. This feature may assist the operator in reducing the 
FLUOROSCOPY time and total air kerma.  
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Question b Can the operator store a fluoroscopic image?  

Rationale b Recording of a single FLUOROSCOPY image from a live fluoroscopic sequence or the LIH can 
be beneficial. The stored image may be transferred to the institution’s Picture Archiving 
Communications System (PACS) and become part of the patient’s medical record.  This 
could reduce the need to acquire a radiography image with increased radiologic 
techniques compared to the FLUOROSCOPY image, provided the operator judges the image 
quality of the FLUOROSCOPY image to be adequate. The patient’s air kerma from a single 
FLUOROSCOPY frame compared to a single radiography image may be reduced tenfold.  
 
See also IEC 60601-2-43:2010 sub-clause 203.6.104. 
 

Question c Can a last fluoroscopic sequence be stored and replayed during a procedure? 
 

Rationale c Stored FLUOROSCOPY allows the operator to store the most recent FLUOROSCOPY sequence 
to the equipment (temporarily or permanently) after release of the FLUOROSCOPY  
exposure switch. The operator may replay the FLUOROSCOPY sequence in a continuous 
loop on the display monitor for review.  This may reduce the total number of 
FLUOROSCOPY  frames needed during the procedure and may also reduce the number of 
required radiographic sequences required to document the results of the procedure 
provided the sequence of images have been permanently stored. This feature is 
especially important at teaching facilities which train future operators. The ability to 
store a fluoroscopic sequence (partial or complete) in a hands free manner may further 
encourage the substitution of lower dose fluoroscopic images in place of radiographic 
acquisition. 
 

Question d Is the maximum number of stored fluoroscopic sequence frames large enough for the 
clinical procedures? 
 

Rationale d Based on the current state of the art technology, FLUOROSCOPY sequence recording may 
be limited in the number of stored frames so that long FLUOROSCOPY sequence will not be 
completely stored. The clinical needs should be considered when determining the 
maximum capacity of the storage of FLUOROSCOPY frames.  
NCRP 3-2 [39] refers to ‘Dynamic loops of stored FLUOROSCOPY (i.e. the last frames of a 
FLUOROSCOPY, up to 300 frames) (table 3.1). 
 

 

 

5.10 Management of scatter radiation 
 

Background 

Scattered radiation at the detector decreases the contrast in the image. This is true for objects like 

catheters, guide wires, stents, etc. In addition, good low contrast sensitivity is necessary to distinguish 

between soft tissue structures within the body. These structures are masked by the presence of scatter 

radiation, which must be controlled especially for large patients. Manufacturers should provide grids 

designed to manage the scatter levels generated especially by large patients using a full FoV. The lead 
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content of the grid (g/cm²) is determined by the height and width of the grid strips and the width of the 

inter space material of the grid [40]. The use of carbon fiber instead of an Aluminum cover or interspace 

material may reduce air kerma to the patient by 20 – 30% [41, 42]). The smaller mass of a small child and 

the smaller area of the x-ray field utilized, reduces the levels of scatter generated and may provide 

alternatives for managing scatter (e.g., in increasing the air gap between patient exit and image receptor 

entrance planes).  

 

See also IEC 60601-2-43:2010 sub-clause 203.6.6 

Refer also to IEC 60627: Diagnostic x-ray imaging equipment — Characteristics of anti-scatter grids 

 

 

Question a Are means provided to reduce patient dose for small patients while managing scatter 
radiation? 
 

Rationale a Grid removal 
Adding an air gap between the patient and the image receptor is also an effective 
method for managing scatter radiation [43]. As the thickness of the patient increases, 
the necessary air gap increases, which benefits from a smaller focal spot to maintain 
sharpness in the image. 
A recent abstract showed that removing the grid during imaging of trunks 9 - 17 cm thick 
with a state-of-the-art equipment reduced both the patient air kerma rate and image 
quality by approximately 26% when keeping the image receptor close to the patient’s 
skin.  
 
Grid in 
The previous cited abstract showed that – under certain circumstances mentioned in the 
abstract - reducing the air kerma rate while leaving the anti-scatter grid in the x-ray 
beam could achieve improved image quality at a lower air kerma rate to the patient than 
the reduction achieved by removing the grid.  This data suggests that during pediatric 
imaging of small patients, air kerma rate reductions to the patient with improved image 
quality can be achieved without removing the grid. 
 

Question b Do the instructions for use recommend when to remove the grid? 
 

Rationale b Pediatric imaging presents unique challenges in balancing image quality and patient 
dose. Removing the anti-scatter grid reduces patient dose but also reduces image 
quality. The benefit of using an anti-scatter grid decreases with decreasing patient size 
and its removal may be appropriate for younger patients (e.g., patient thicknesses less 
than 6 – 12 cm) given the lower scatter conditions [44]. 
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5.11 Biplane CONFIGURATIONs 

 

Background 

Subject contrast created by iodine is a function of the concentration of the media in the vessel and the 

diameter of the vessel [45]. The smaller diameters of the child’s vessels may require higher concentrations 

of contrast media to achieve the same subject contrast created by the larger vessels of adults. However, 

the total volume of injected iodine per patient is limited due to the toxicity of the agent [2]. Since the 

number of iodine injections may be limited, pediatric interventional labs typically benefit from having two 

imaging planes in order to increase the information per contrast injection. 

 

 

Question a In biplane cardiac cathlab CONFIGURATIONS, is there a detector size available to cover 
both lung fields with the frontal plane detector? 
  

Rationale a While an image receptor with an area of approximately 20x20 cm² or larger is considered 
to be appropriate for coronary artery studies of large adults, it may not be large enough 
in some pediatric labs. 
Patients with pulmonary artery disease at birth now survive to adulthood and require 
potential interventional follow-up. This may require a manufacturer’s detector typically 
deployed in a non-cardiac angiographic lab to be used in the frontal plane of a biplane 
CONFIGURATION. The installation of two large detectors in a biplane CONFIGURATION may 
restrict compound angles. 
 

Question b In biplane neuro lab CONFIGURATIONs, is there a detector size available to cover the 
entire head in each plane? 
 

Rationale b A larger detector (e.g., with an area greater than 400 cm²) may be requested in both 
planes of the equipment for pediatric applications in the interventional neuroradiology 
lab to allow the entire head e.g., in the case of a Moyamoya patient to be imaged in both 
planes. 
 

 

5.12 Key characteristics of the image receptor 
 

Question a 
 

Have the image receptor CONFIGURATIONs taken into consideration that in pediatric 
imaging: 

- The size of the structures being imaged may be smaller than in adult patients? 
- The contrast of the structures being imaged may be less than in adult patients? 
- The area being imaged may be smaller than that required for an adult patient? 

 

Rationale a Pediatric imaging involves challenges for the image receptor of the equipment that may 
not exist in imaging of adult patients. The natural tissue subject contrast of pediatric 
patients is less than in adult patients. Air cavities are smaller in volume.  The calcium 
content of the child’s bones is at its minimum at birth and does not reach its maximum 
until the late teen years. Children typically have less fat content between organs which 
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reduces soft tissue contrast. Contrast sensitivity of the image receptor is an important 
design feature for pediatric imaging. 
 
Anatomical structures in a child are proportionately smaller than the same structures in 
adults.  For example, the heart of a newborn baby is approximately the size of the 
newborn’s tiny fist. Smaller detector element may improve high contrast spatial 
resolution. If the detector elements are smaller, the area of the detector may be smaller. 
 

 

 

5.13 Tabletops and pads 
 

Question a Does the information to users include recommendation for using pads transmitting x-
rays with minimal attenuation? 
 

Rationale a The table top typically consists of a flat surface of carbon fiber capable of supporting the 
mass of the patient. The table top and the materials between the patient and the image 
receptor (e.g. mattress, pads, etc.) should be of a low attenuation (e.g., 30% attenuation 
of the primary beam in PA position). Higher levels of attenuation may limit the thickness 
of the patient that can adequately be penetrated to produce a diagnostic quality image. 
 

 

 

5.14 Image processing 
 

Question a Are the image processing parameters suitable for pediatric imaging? 
 

Rationale a Changes to image-processing parameters for each type of procedure as a function of 
patient size and task may result in improved image quality. For example, the edges in the 
image may be sharpened to improve high contrast resolution.  If this sharpening process 
can be selectively applied to just the edges in the image, increased perceived noise may 
be avoidable or mitigated. If the imaging task involves the detection of low contrast 
objects, perceived noise may require reduction by smoothing of the image. Temporal 
filtering (e.g. frame averaging) typically results in improved image quality, however, this 
method may not be successful in pediatric imaging due to object and / or patient 
motion. Images that are appropriately processed may result in a reduced air kerma rate 
at the entrance plane of the patient.  
 

The manufacturer’s application specialists may need specific training on the 
management of image processing for pediatric imaging for each model of imaging 
equipment of their installed equipment base.  If the manufacturer does not have image 
processing PROTOCOLs specifically designed for pediatric imaging, appropriate 
representatives of the manufacturer may need to work with a qualified medical physicist 
and physicians of pediatric sites to determine if any of the manufacturer’s image 
processing PROTOCOLs developed for other applications may improve pediatric images.  
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