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Abstract The article is part of the series of articles on

radiation protection. You can find further articles in the

special section of the CVIR issue. In addition to the risks

from fluoroscopic-guided interventional procedures of tis-

sue injuries, recent studies have drawn attention to the risk

of stochastic effects. Guidelines exist for preprocedural

planning and radiation management during the procedure.

The concept of a substantial radiation dose level (SRDL) is

helpful for patient follow-up for tissue injury. The

uncommon nature of tissue injuries requires the interven-

tionalist to be responsible for follow-up of patients who

receive substantial radiation doses. Dose management

systems for recognizing and avoiding higher patient

exposures have been introduced. The European Directive

provides a legal framework and requirements for equip-

ment, training, dose monitoring, recording and optimiza-

tion that are helpful in radiation risk management.
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Abbreviations

CBCT Cone-beam computed tomography

CT Computed tomography

DMS Dose management systems, also called dose

monitoring systems

DRL Diagnostic reference level

DSA Digital subtraction angiography

EURATOM European atomic energy community

FGI Fluoroscopically guided intervention

ICRP International commission on radiological

protection

IR Interventional radiology

NCRP National council on radiation protection and

measurements

PSD Peak skin dose

RDSR Radiation dose-structured report

SRDL Substantial radiation dose level

TIPS Transjugular intrahepatic portosystemic

shunt creation

Introduction

Fluoroscopically guided interventional (FGI) procedures

have a well-established and important role in the man-

agement of a variety of health conditions. It is well known

that some FGI procedures can impart high-radiation doses

to patients, and that these doses can result in radiation-

induced skin injuries, which may be severe and extend into

subcutaneous tissues and bone [1, 2]. Reports of patients

with these injuries began appearing in the early 1990s and

continue to appear [3–12]. These injuries also include hair

loss, which is more commonly seen with procedures that
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irradiate the head and neck region, as the scalp is relatively

sensitive for epilation [4, 13]. Injury location depends on

the entrance location of the x-ray beam. For example, skin

injuries due to cardiac interventions occur on the trunk.

Similarly, skin injuries due to neuroradiology interventions

involve the head and neck region. Radiation-induced skin

injuries are tissue reactions (also called deterministic

effects) [14]. In contrast to the carcinogenic effects of

radiation, which are stochastic in nature, tissue injuries

have a threshold. Many injuries can be avoided by

adjusting imaging parameters to keep the skin dose below

the threshold for a tissue effect (Table 1) [15, 16]. Radia-

tion-induced cataract formation is also considered a tissue

reaction by the International Commission on Radiological

Protection (ICRP), though there is some evidence that it

may be a stochastic effect [14, 17].

Preprocedural Planning and Radiation
Management During the Procedure.

Some FGI procedures have the potential to be high-dose

procedures, and some patients are more radiosensitive than

the typical individual [18]. Procedures that have the

potential to result in high radiation doses include

embolization, angioplasty and stent placement, and tran-

sjugular intrahepatic portosystemic shunt creation (TIPS),

among others [3, 16, 19, 20]. Some procedures in obese

patients have the potential to require high radiation doses

due to increased body part thickness [20, 21]. Patients may

have increased radiosensitivity due to a genetic disorder

(e.g., ataxia telangiectasia, Fanconi anemia) or an

autoimmune or connective tissue disorder [4]. Hyperthy-

roidism and diabetes mellitus are also associated with

increased radiosensitivity [4, 22]. Areas of previously

irradiated skin may also demonstrate increased radiosen-

sitivity. If the patient has had previous FGI procedures,

examination of the skin in the area of the beam entrance

should be performed, as there may be skin changes due to

those earlier procedures.

If the FGI procedure is expected to be low dose, there is

little likelihood that the threshold for a tissue reaction will

be reached, unless the patient is radiosensitive. Commu-

nication of radiation risk may not be necessary on this

basis, but may be required by national legislation or reg-

ulation. However, if the FGI procedure is potentially high

dose (as discussed further in Sect. 5), the pre-procedure

discussion needs to include the risk of a tissue reaction. For

potentially high-dose procedures, and especially when

these procedures are to be performed on patients at a

greater risk of a skin injury, a discussion of the radiation

risk should be part of the informed consent process. It

should involve consideration of benefit of the procedure,

risks of not doing the procedure, and the risks of alternative

procedures.

Although tissue injury is the principal risk, some

patients who receive a high-radiation dose should also be

informed of the cancer risk [23, 24]. An understanding of

cancer risk on the part of interventionalists can help in

communicating with the patient. This includes the likeli-

hood of carcinogenesis based on radiation dose and the

latency period, as well as the resultant reduced probability

of radiation-induced carcinogenesis in older patients.

Effective communication of stochastic risk can be difficult

[25–27] and need be done only for high-dose procedures

that result in an effective dose of a few tens of mSv or

more. There is a lack of guidance regarding at what level of

dose this should be done [20].

Principles of Cone-Beam CT and its Application
in Interventional Fluoroscopy

Cone-beam computed tomography (CBCT) is a radio-

graphic imaging method that allows accurate, three-di-

mensional imaging, especially useful for highly

attenuating/hard tissue or high contrast structures. CBCT

can be performed on a C-arm fluoroscopy system but

requires dedicated software. It is available as an option on

all modern interventional fluoroscopy equipments. CBCT

uses the X-ray tube and detector array rotating simultane-

ously around the patient through an arc of 180�–360� to

collect data. This technique provides projection data sim-

ilar to computed tomography, which can be post-processed

by dedicated software programs to generate volumetric

data that can be reconstructed in any projection, including

oblique planes. The images provided by CBCT have lower

contrast resolution as compared with images from standard

CT scanners but are usually adequate for most intraoper-

ative purposes [28]. CBCT allows three-dimensional dis-

play of vascular anatomy, enables early detection of certain

intraprocedural complications and can decrease the risk of

repeat interventions [29]. CBCT can sometimes replace

digital subtraction angiography (DSA) acquisitions, with a

decrease in DSA-related skin dose and may help limit peak

skin dose (PSD) in complex and lengthy interventional

procedures [30]. However, routine use of cone-beam CT

can increase the risk of stochastic effects because of the

higher total radiation dose [31].
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How Fluoroscopy, Angiographic Series and Cone-
Beam CT Contribute to Radiation Exposure
of Patients, and How to Optimize Practice

Thorough knowledge of the fluoroscopic equipment, ade-

quate training in radiation protection and an awareness of

the potential for radiation injury are needed to ensure

optimal benefit and safety for the patient [32]. Radiation

should always be optimized according to the ALARA

principle, i.e., ‘as low as reasonably achievable’ [33].

Imaging should be performed only when necessary and

with no more radiation than needed to provide adequate

image quality. Positioning of the patient with respect to the

X-ray tube and the detector is very important, not only for

optimum visualization of the anatomy of interest but also

for minimizing radiation exposure [34, 35]. Steep angula-

tion of the C-arm can increase exposure substantially due

to the increased length of the radiation path through the

patient. Orientations that result in high-dose rates should be

avoided when possible. In potentially high-dose FGI

Table 1 Tissue reactions from a single-delivery radiation dose to the skin of the neck, torso, pelvis, buttocks, or arms [4, 15, 16]

Band Single-site

acute skin-

dose range

(Gy)1

NCI

skin

reaction

grade

Approximate time of onset of effects

Prompt\ 2 weeks Early

2–8 weeks

Mid-term 6–52 weeks Long-

term[ 40 weeks

A1 0–2 N/A No observable effects expected

A2 2–5 1 Transient erythema Epilation Recovery from hair loss None expected

B 5–10 1 Transient erythema Erythema,

epilation

Recovery Recovery

At higher doses; prolonged

erythema, permanent partial

epilation

At higher doses;

dermal

atrophy/

induration

C 10–15 1–2 Transient erythema Erythema,

epilation

Prolonged erythema Telengiectasia2

Possible dry or

moist

desquamation

Permanent epilation Dermal atrophy/

induration

Recovery from

desquamation

Skin likely to be

weak

D [ 15 3–4 Transient erythema Erythema,

epilation

Dermal atrophy Telengiectasia2

After very high doses, oedema

and acute ulceration; long-term

surgical intervention likely to

be required

Moist

desquamation

Secondary ulceration due to failure

of moist desquamation to heal;

surgical intervention likely to be

required

Dermal atrophy/

induration

At higher doses, dermal necrosis;

surgical intervention likely to be

required

Possible late skin

breakdown

Wound might be

persistent and

progress

Surgical

intervention

likely to be

required

This table is applicable to the normal range of patient radiosensitivities in the absence of mitigating or aggravating physical or clinical factors.

Skin dose refers to absorbed skin dose (including backscatter). This quantity is not the reference air kerma (Ka,r) described by the US Food and

Drug Administration [Performance Standards for Ionizing Radiation Emitting Products. Fluoroscopic equipment. 21 C. F. R. pt. 1020.32 (2012)]

or the International Electrotechnical Commission (IEC, 2010). This table does not apply to the skin of the scalp. Abrasion or infection of the

irradiated area is likely to exacerbate radiation effects. The dose and time bands are not rigid boundaries. Signs and symptoms are expected to

appear earlier as the skin dose increases

NCI US National Cancer Institute, NA not applicable
1Skin dosimetry is unlikely to be more accurate than ± 50%
2Refers to radiation-induced telangiectasia. Telangiectasia associated with an area of initial moist desquamation or the healing of ulceration may

be present earlier
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procedures, it can be helpful, when possible, to reposition

the beam entrance site on the patient frequently to avoid

irradiation of the same part of the skin. All fluoroscopy

equipment allows the user to adjust the fluoroscopy dose

rate. It is advisable to always start the procedure in low-

dose fluoroscopy mode and switch to a higher dose rate

only if image quality is inadequate. The patient couch and

image receptor should be positioned to keep the X-ray tube

as far away from the patient and the image receptor as

close to the patient as possible. Additional tools should be

used to minimize radiation exposure, including added fil-

tration, pulsed fluoroscopy, collimation, real-time digital

fluoroscopy processing, lower DSA frame-rate settings,

avoiding magnification and using last image hold and flu-

oroscopy loops. By implementing these techniques prop-

erly, providers can reduce patient radiation dose

substantially [36, 37].

Fluoroscopy systems in modern interventional suites

have the capability to perform DSA, rotational angiogra-

phy, road mapping and CBCT [38]. Fluoroscopy con-

tributes a relatively small fraction of the total radiation

dose from imaging (measured as kerma-area product (PKA,

also abbreviated as KAP) [39–41] administered during

many vascular interventional procedures. For some pro-

cedures, nearly 70% of the total PKA comes from the

acquisition of radiographic frames (DSA runs) [42–44].

Novel imaging options such as rotational angiography,

road mapping and CBCT have unique advantages and are

suited for different clinical situations, but all these tech-

niques use ionizing radiation. They provide additional

anatomic and diagnostic information but may lead to

higher cumulative radiation exposures [45–48]. However,

as these imaging tools provide better depiction of the

anatomy of interest, and better guidance for interventional

procedures, their intelligent use can result in more efficient

procedures, with less fluoroscopy time, fewer DSA runs

and a reduction in radiation exposure [31].

Staff working with fluoroscopy should have adequate

knowledge of radiation protection [39]. The major con-

tributor to exposure of medical personnel comes from

scattered radiation from the patient. Every effort to reduce

radiation dose to the patient has a corresponding effect on

workers. The intensity of scattered radiation is greatest at

the x-ray tube side of the C-arm, so examinations should be

performed with an under-couch tube. This will reduce the

amount of scattered radiation to the head and chest of

medical personnel operating the equipment. When a lateral

projection is used, staff should stand on the detector side of

the C-arm.

The Concept of Substantial Radiation Dose Levels
(SRDL) and Trigger Levels

Proper management of patient radiation dose during FGI

procedures requires that the amount of radiation being

administered is monitored and that the interventionalist is

aware of this amount. Since the interventionalist should be

concentrating on the clinical requirements of the inter-

ventional procedure, it is appropriate to assign this

responsibility to another person, typically a radiographer or

nurse. That individual should notify the interventionalist

when certain dose levels (Table 2) have been reached [16].

These notifications can act as a trigger to the interven-

tionalist to consider the radiation dose already delivered

and the additional radiation likely necessary to complete

the procedure [49]. Thought should be given to ways in

which the radiation dose can be managed to keep the PSD

as low as possible [6]. PSD is still not routinely reported on

angiographic equipment and in the future, it will probably

be available. Only in rare circumstances should a thera-

peutic procedure be stopped if the only reason is the

radiation dose—if the clinical purpose has not been

accomplished the patient receives no benefit from the

radiation already administered.

Table 2 provides notification values for four different

radiation dose quantities, PSD (Dskin,max), cumulative dose

at the interventional reference point (Ka,r also known as

cumulative air kerma and reference air kerma), PKA and

fluoroscopy time. These values have been recommended by

U.S. and European interventional radiology societies

including CIRSE [49, 50]. Since the principal clinical

concern is avoidance of a tissue reaction, Dskin,max is the

most useful of these quantities, followed by Ka,r and PKA.

Fluoroscopy time should not be relied on unless no other

dose metric is available. With modern fluoroscopy equip-

ment, this should never be the case.

The SRDL, the rightmost column in Table 2, is a level

that, if reached, should trigger additional dose management

and certain follow-up actions after the procedure. In can be

thought of as a trigger level to initiate follow-up of a

radiation dose that might produce a clinically relevant

injury in an average patient [49, 51]. The SRDL values

shown in Table 2 for various dose quantities are based on

skin radiobiology [4]. The SRDL value can vary depending

on patient parameters and should be reduced if known

sensitizing factors are present. A lower SRDL value should

be used when high levels of radiation have been adminis-

tered to the same skin region in previous FGI procedures or

when there is previous or planned radiation therapy in the

same anatomical region. If the appropriate SRDL value is

uncertain, initiating follow-up may be appropriate regard-

less of the final value of the radiation dose quantity.
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Dose Management Systems for Recognizing
and Avoiding Higher Patient Exposures

Dose management systems (DMS) have been introduced in

the past decade. They are not used for managing dose

during the procedure—they are essentially a quality

assurance tool. They monitor dose rather than managing it,

but the term ‘dose management system’ is more commonly

used. A DMS uses as input data from the radiation dose-

structured report (RDSR) generated by the imaging device

that, for fluoroscopy, includes dose parameters for all flu-

oroscopic and radiographic exposures during interventional

procedures. These include PKA and Ka,r. The RDSR also

includes information on C-arm angulation, table position

and field size for each exposure. DMS eliminates the

manual effort of tracking, collecting, collating and ana-

lyzing doses from different imaging procedures. They can

provide temporal trends for doses for different interven-

tional procedures and exposure histories for individual

patients, a concept that has been gaining momentum

[23, 52, 53]. The information from DMS can be utilized by

the medical physicist to help in quality control and patient

safety activities. It has been shown that the data provided

by the DMS can help in reducing the number of cases with

high patient radiation doses [52]. However, the high cost of

DMS has created obstacles to greater adoption. Since bit-

map dose reports are analyzed by using OCR, and this may

introduce errors, their use is not recommended for the

future.

The DMS can use the information in the RDSR to

provide an estimate of organ doses and effective dose E,

but this estimate is based on typical anatomy and typical

procedures, as the data in the RDSR do not define the

location and extent of irradiation of specific internal organs

and there is no ‘typical’ example for most FGI procedures.

The uncertainty in the relative values of E for a reference

patient can be as much as about 40% [54]. Use of the latest

ICRP phantom is advisable to reduce some of these inac-

curacies [55]. Even if E estimation is not available, DMS

data on Ka,r can help with tissue injury risk assessment and

DMS data on PKA may be useful in assessing the risk of a

stochastic effect.

How to Manage Patients Exposed at or Above
Trigger Levels and How to Communicate Risks
Associated with Radiation to the Patient?

Radiation dose information should always be recorded in

the patient’s medical record after completion of the pro-

cedure. For patients who have received a radiation dose

greater than the SRDL during an FGI procedure, additional

actions are necessary. The interventionalist should write an

appropriate note in the patient’s medical record indicating

that an SRDL has been exceeded and providing the reason.

Because these patients should be followed clinically after

the procedure, arrangements for radiation follow-up should

be made before the patient leaves the facility. The patient

should be told that the SRDL has been exceeded and

should be given written radiation follow-up instructions in

addition to their other discharge instructions. These

instructions should include information on potential skin

effects and their likely location. This will help the patient

understand any skin changes that may develop. Patients,

care givers and responsible healthcare professionals should

be made aware of the possible radiologic etiology of rel-

evant signs and symptoms. Patients must be informed of

who to call if skin changes are observed.

The concept that the main radiation risk from inter-

ventional procedures is tissue injury is based on several

factors: if the radiation dose is high enough, a tissue

reaction is relatively immediate and (depending on dose

and individual radiosensitivity) both predictable and cer-

tain; for older individuals, the latency period for clinical

appearance of radiogenic cancer is such that cancer is

unlikely to occur before death from some other cause, and

the risk of a stochastic effect is much less than the medical

risks of the FGI procedure or of alternative treatments.

However, a recent study analyzing data from a single large

tertiary care hospital over 8 years has shown that 4%

patients received relatively high E ([ 100 mSv) from some

high-dose interventional procedures [24].

Table 2 Suggested values by

NCRP and ICRP for first and

subsequent notifications and the

substantial radiation dose levels

(SRDL) [16].

Dose metric First notification Subsequent notification (increments) SRDL

Dskin,max 2 Gy 0.5 Gy 3 Gy

Ka,r 3 Gy 1 Gy 5 Gy

PKA 300 Gy cm2 a 100 Gy cm2 a 500 Gy cm2 a

Fluoroscopy time 30 min 15 min 60 min

aAssuming a 100 cm2 field at the patient’s skin. For other field sizes, the PKA values should be adjusted

proportionally to the actual procedural field size (e.g., for a field size of 50 cm2, the SRDL value for PKA
would be 250 Gy cm2)
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Management of Possible Tissue Reactions

Experience has shown that patients with radiation-induced

skin injuries see many physicians before the correct diag-

nosis is established. Due to the uncommon nature of the

injury and the time interval between the FGI procedure and

the appearance of the skin injury, physicians, including

dermatologists, may not consider radiation as the cause of

the injury [5, 7–12]. For this reason, both ICRP and NCRP

state that the interventionalist is responsible for patient

follow-up for possible tissue injury until the likelihood of a

reaction has passed [15, 16]. The patient should be

instructed to notify the interventionalist of the results of

self-examination of the irradiated area (either positive or

negative). Telephone contact can be sufficient if no tissue

reactions are reported. Clinical follow-up is arranged if the

examination is positive. Although not all skin injuries

related to FGI procedures are due to radiation [11], all

suspicious findings should be treated as a probable radia-

tion effect unless an alternative diagnosis is established. If

radiation is suspected as the cause, it is essential to refer the

patient to a physician experienced in managing radiation

injuries (i.e., injuries from radiation oncology).

Legal Basis of Guidelines (European Basic Safety
Standards)

The current European Basic Safety Standards Directive

(Council Directive 2013/59/ EURATOM) [56] forms the

legal basis for radiation protection in Europe. Countries in

the European Union are supposed to transpose the Direc-

tive into their national regulatory framework. The points

that pertain to interventional fluoroscopy practice are: use

and regular review of diagnostic reference levels (DRLs),

not only in diagnostic but also in interventional procedures;

responsibilities for optimization; the role of medical phy-

sics experts in diagnostic and interventional procedures;

new requirements for equipment; clinical audit and registry

and analysis of accidental or unintended exposures of the

patients, and requirements for competence in radiation

protection of individuals involved.

The use and regular review of DRLs is a new require-

ment [57] and many European countries have DRLs for at

least some FGI procedures. For interventional practice, it

poses a challenge due to the wide range of complexity

characteristic of interventional procedures [58–61]. The

involvement of medical physicists in the optimization

process is also required. However, the limitations of DRLs

should be kept in view [62] and the use of certain percentile

values (10, 25, 50, 75, 95th) can help in better optimization

[23, 63].

There are equipment requirements in the directive. Any

equipment used for interventional radiology shall have a

device or a feature that provides information on the

quantity of radiation produced by the equipment during the

procedure and also shall have the capacity to transfer this

dosimetric information to the record of the examination

(equipment installed prior to February 6, 2018, may be

exempted from this requirement). Member States shall

ensure that ‘‘Information relating to patient exposure forms

part of the report of the medical radiological procedure.’’

There are requirements for provision of information to

the referrer, the practitioner and the patient or their repre-

sentative about clinically significant unintended or acci-

dental exposures and the results of the analysis. These

events are required to be declared to the competent

authority as soon as possible. In the case of accidental or

unintended exposures, a report should be produced for the

Quality Assurance programme, together with an educa-

tional note to avoid the repetition of incidents. Communi-

cation with referrer and their awareness of this information

needs to be strengthened [25, 26, 64].
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