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ABSTRACT 

 

Fluoroscopy guided procedures are increasing in complexity, and with that, Peak Skin Doses 

(PSD) that produce cutaneous radiation injury are a growing concern. Direct measurement of 

PSD is possible, but the decision to do so must be made in advance. PSD estimates and correctly 

monitoring their possible deterministic skin injuries are important to patient care. Three methods 

of indirect PSD estimation are examined for nine cases at MedStar Georgetown University 

Hospital. The aim of the study is to determine the magnitude of variation between these three 

methods for estimating the PSD. Method 1 (Fluoroscopy Time and Maximum Entrance Skin 

Exposure) was used at MedStar Georgetown University Hospital up until 2016. Methods 2 and 3 

incorporate procedure information (Reference Point Air Kerma, Source-to-Patent distance, and 

Backscatter Factor) from DICOM (Digital Imaging and Communications in Medicine) tags into 

PSD estimates. Method 1 PSD estimates are vastly different, by as much as 136%, than those 

from Methods 2 and 3. Method 2 and 3 PSD estimates differ very little, 7.3% or less. Governing 

bodies have discounted Method 1 as a reliable dose metric because of its poor correlation with 

PSD. The accuracy of Method 2 is suitable to determine PSD and which dose band a patient fits 

so their injuries can be accurately monitored. Method 3, the most time intensive approach, 

should only be used in the case of a sentinel event where a full investigation is warranted.  
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INTRODUCTION 

Fluoroscopy procedures are becoming more complex and an increasing concern is radiation dose 

to a patient’s skin that may cause injury. Skin injuries have been known to occur above 5 Gy 

with late onset [1-4]. Clinicians can give specialized instructions to patients that have been 

exposed to doses that fall in certain bands (ranges); however, the issue of concern is knowing 

which band a patient falls into. Patient care and patient safety are top priority at hospitals. 

Therefore, when there are approaches that produce more accurate predictions of expected 

reactions and better post-procedure directions, they should be utilized. There are no options for 

direct measurement of peak-skin-dose (PSD) after a procedure. Indirect calculation/estimation is 

the most reliable approach.  Peak skin dose had been estimated by cumulative fluoroscopy time 

and maximum entrance skin exposure prior to 2016 at MedStar Georgetown University Hospital; 

however, this approach has poor correlation with measured PSD [1, 4]. There is a seemingly 

more accurate approach described in the manuscript by Jones and Pasciak, “Calculating the peak 

skin dose resulting from fluoroscopically guided interventions. Part I: Methods,” (2011) that 

integrates more data from the fluoroscopic procedure. Jones and Pasciak describe a wholesale 

calculation approach in which the cumulative dose for the procedure is used to calculate PSD, 

and a piecemeal calculation approach in which each individual digital acquisition series (DAS) 

and fluoroscopy run is examined to calculate total PSD.  

 

The aim of this study is to determine the magnitude of variation between three methods for 

estimating the PSD. The piecemeal approach is expected to be most accurate but at the expense 

of added time for calculation, interviews of those involved, and data collection by the physicist. 
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This manuscript uses abbreviations throughout; Appendix A should be consulted for 

explanations and definitions. 

 

Chapter 1: Fluoroscopically Guided Interventions 

Fluoroscopic imaging devices are an important part of health care and are used by many 

specialties such as radiology, radiation oncology, gastroenterology, and cardiology. A beam of x-

rays is created in a fluoroscope, focused through a patient, and onto a receiver to create images 

for the physician to examine.  It is often used to view organs, movement of contrast material, and 

the placement and guidance of devices in patients. According to the Food and Drug 

Administration (FDA), invasive procedures that are therapeutic in nature and involve 

fluoroscopic guidance, are increasing in number and acceptance in medical practice [5]. 

Physicians performing these procedures should know the potential for serious radiation-induced 

skin injury caused by long periods of fluoroscopy occurring from some of the procedures listed 

in Table 1.  The dose ranges in Table 1 are not definitive as there are no standard fluoroscopic 

interventional procedures. Several variables including patient size, beam geometry, location of 

lesion, skill of the interventionalist, and how modern the equipment is, will influence the PSD. 

Incidents of PSD of several tens of gray for a single procedure have occurred [6]. 

Fluoroscopically guided interventional (FGI) procedures have peak voltages ranging from 50 to 

125 kVp and dose rates at the skin range from 1 mGy/min to several grays per minute [1]. These 

values vary by machine and the clinical mode selected for the procedure. 
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Table 1. Typical Interventional Fluoroscopic Procedures with High Peak Skin Doses. Data 

from 2006 with associated dose ranges. Adapted from [4, 7, 8]. 

 

Procedure Number of 

Cases 

Range (Gy) 

Embolization 14 1.112-8.073 

Hepatic Embolization 148 0.220-9.528 

Portal Embolization 28 0.620-5.105 

Inferior Vena Cava Filter 249 0.014-2.686 

Nephrostomy 56 0.024-1.464 

Biliary Drainage 74 0.159-3.569 

 

  

Chapter 2: Cutaneous Radiation Injury 

In the past two decades, cutaneous radiation injury (radiation-induced skin damage) has been a 

well-known, although rare, complication of FGI procedures [6, 9-13]. When a patient’s quality 

of life is improved and the benefits outweigh the consequences of the procedure, mild 

fluoroscopy-related skin reactions are an acceptable side effect [1]. The primary concern for 

clinicians, relating to patient care, is deterministic effects as opposed to stochastic effects. 

Stochastic effects are defined as the probability of cancer induction and are believed to be the 

consequence of misrepair of damaged DNA in a cell that leads to a genetic alteration [14]. 

Stochastic effects, which do not have a threshold because probability increases with dose, can 

take years, sometimes decades, to be observable. Deterministic effects are defined as ionizing 

radiation induced damage, with a threshold, where the damage increases with the dose. These 

effects are typically caused, when confined to an area like the skin, by stem cells being sterilized 

so they cannot reproduce [14]. Damage is expressed when these cells attempt to divide or 

differentiate, and cell death occurs instead. If enough damage has occurred in the cell it can 

terminate itself before division by apoptosis.  
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In fluoroscopy, the dose metric KAP is a good approximation of stochastic effects because it 

gives an estimate of the energy conveyed to the tissues of the patient since the x-ray beams are 

almost completely absorbed by the tissues [4]. Deterministically, unless enough cells are 

affected, nearby cells that are uninjured can make up the loss without visible injury to the patient. 

The point at which cell death overwhelms repopulation or repair (threshold dose) is biologically 

variable depending on the patient and their cells’ proliferation kinetics [1, 14]. Major radiation 

induced external injuries can be very complex to treat and may require treatment by experienced 

diverse team of dermatologists, plastic surgeons, and other wound care specialists. Patients 

presenting skin lesions to dermatologists without providing a history of radiation exposure put 

these doctors in a diagnostic dilemma [15, 16]. Interventionalists may not have advised patients 

on the need to follow up after FGI procedures, or that fluoroscopy uses radiation, so patients 

often see skin changes and do not associate it with their previous fluoroscopic aided procedures 

[15]. Without this information, diagnosis of radiation-induced skin reactions is often delayed. As 

a rule, radiation origin should be the first consideration for all anatomically appropriate skin 

lesions happening within a few months of a FGI procedure, unless an alternate cause can be 

clearly established [1]. Appropriate follow-up is essential when a patient has received a dose of 

radiation that could produce clinically important skin effects, which for most patients is when the 

skin dose is higher than 5 Gy [1].  

 

2.1. Influential Biologic Factors 

Numerous factors affect the severity of skin injury including location of the irradiated skin, poor 

nutrition, obesity, and skin folds [12]. Sites can be ranked from most sensitive to least sensitive 
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as the anterior of the neck, extremity flexor surfaces, the trunk, the back, extremity extensor 

surfaces, posterior neck, the scalp, palms of hands, and soles of feet [1]. Epilation of scalp hair 

occurs at lower doses than of hair on the rest of the body even though the scalp skin is relatively 

resistant to damage [17]. Ethnicity is also associated with radiation sensitivity as the most 

sensitive individuals are those with light-colored hair and skin [1]. The radiation sensitivity of a 

person will increase if their DNA repair genes have defects. Serious and unpredicted radiation 

injuries have occurred with patients that either have an abnormality with, or are heterozygous 

for, the ATM gene responsible for ataxia telangiectasia [12]. Increased radiation sensitivity is 

also found in patients with other disorders with DNA breakage or repair deficiencies like 

Fanconi anemia, Bloom syndrome, xeroderma pigmentosum, familial polyposis, Gardner 

syndrome, hereditary malignant melanoma, and dysplastic nevus syndrome [12]. 

 

2.2. Radiobiology 

The effects of radiation on tissue are alleviated by the repair of sublethal DNA damage in viable 

cells, completed within one day of exposure, and by repopulation of killed cells, which could 

take several months to complete [12]. Radiation dose and biologic factors determine when 

damage is expressed in the skin (epidermis, dermis, and subcutaneous tissues) and can be 

classified as prompt, early, midterm, or late as seen in Table 2 [1]. Extreme care must be taken 

when exposing areas of skin that are thin and lack redundant dermal tissue, anterior tibia and sole 

of foot, as these areas may be more prone to radiation injury [18]. There are five grades of skin 

toxicity for radiation dermatitis defined by The National Cancer Institute (NCI), and the same 

scale can be associated with interventional fluoroscopy skin injuries as seen in Table 2 [2]. This 
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manuscript does not cover detailed information on radiation injury management; however, 

general advice for clinicians is available in Table 2 [2, 3]. Due to biologic variation in patients, 

strict adherence to any dose-effect table is not advised. It is safe to assume, unless clearly 

established, that any changes to skin seen after FGI procedures are caused by radiation. An 

estimated PSD of at least 15 Gy, dose band D, qualifies as a “Sentinel Event” and is subject to 

investigation by the Joint Commission [19]. The Joint Commission is an organization that 

assesses a hospital’s ability to provide safe and effective care to patients. When a sentinel event 

occurs, the institution has 45 days to complete a root cause analysis to, in hopes, prevent a 

similar event from happening in the future [20]. 
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Table 2. Dose Bands with Expected Symptoms at Varying Time Periods Post-Procedure 

with General Advice for the Patient. Adapted from [2, 3]. 

 

Band 

Single 

Site 

Acute 

Dose 

(Gy) 

NCI 

Skin 

Reaction 

Grade 

PROMPT 

(< 2 weeks) 

EARLY (2-8 

weeks) 

MIDTERM 

(6-52 

weeks) 

LONG 

TERM (> 40 

weeks) 

General Advice 

A1 0-2 NA 

No 

observable 

effects 

No 

observable 

effects 

No 

observable 

effects 

No observable 

effects 

No need to inform patient. If 

patient reports changes, treat in 

response to signs 

A2 2-5 1 
Transient 

erythema 
Epilation 

Recovery 

from hair 

loss 

No observable 

results 

Advise patient erythema may be 

observed but should fade; call if 

discomfort from changes 

B 5-10 1-2 
Transient 

erythema 

Erythema; 

epilation 

Recovery; 

permanent 

partial 

epilation 

Recovery; at 

higher doses, 

dermal 

atrophy 

Advise patient/partner to 

conduct self-exam 2-10 weeks 

after procedure where effects 

should be seen. If 

erythema/itching occurs call 

radiologist  

C 10-15 2-3 
Transient 

erythema 

Erythema; 

epilation; 

recovery 

from possible 

dry/moist 

desquamation 

Permanent 

epilation 

Telangiectasia; 

dermal 

atrophy 

Medical follow-up appropriate. 

Advice same as Band B. Tx for 

infection and monitoring of 

wound development possible.  

Pain could become concern if 

doses in upper band range 

D >15 3-4 

Transient 

erythema; 

after very 

high dose, 

edema/acute 

ulceration 

Erythema; 

epilation; 

moist 

desquamation 

Dermal 

atrophy; 

secondary 

ulceration; 

surgical 

intervention; 

at higher 

doses, 

dermal 

necrosis 

Telangiectasia; 

dermal 

atrophy; 

wound might 

progress into 

deeper lesion; 

surgical 

intervention 

probable. 

Medical follow-up essential.  

Advice same as B and C, but 

wound could progress to 

ulceration or necrosis. 

 

 

Chapter 3: Peak Skin Dose 

 

Though a widely used standard prior to 2006, fluoroscopy time is a poor risk indicator of skin 

injury and should not be the standard dose metric for FGIs as it does not account for differing 

fluoroscopic dose rates and acquisition modes [1, 4, 21, 22]. Three common acquisition modes 
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are fluoroscopy, cinefluorographic acquisition (cine), and digital subtraction angiography (DSA). 

Fluoroscopy mode has a frame rate of 30frames/sec, which is fast enough to appear as a video. 

Fluoroscopy has the lowest dose per frame of the three modes and has a grainier image due to the 

increased level of noise. Cine mode generally has a lower frame rate than fluoroscopy, new 

machines have the option to change the number of frames/sec, but a higher dose/frame as the 

images contain less noise and are visually clearer. DSA is usually a group of images, all the same 

area, with a contrast material that is injected into the patient. It has the highest dose/frame of the 

three modes and the image quality is the highest.  

 

In a study of radiation dose in interventional radiography procedures, there was two orders of 

magnitude difference in the relationship between PSD and fluoroscopy time for most of the 

procedures assessed [23]. The dose metric Ka,r (Air Kerma at Interventional Reference Point) is 

required to be displayed during FGI procedures to the operator since 2006, and is defined by the 

International Electrotechnical Commission (IEC) and FDA [21, 22]. The location of Ka,r with 

respect to the machine’s framework is illustrated in Figure 1. The Ka,r is not the perfect dose 

metric but is a better indicator of PSD than fluoroscopy time[1]. ICRU report 74 shows that skin 

dose is influenced by x-ray field size and backscatter (BSF) from the patient, which increases 

with field size [24]. BSF is usually in the range of 25%-40%, and PSD is higher than Ka,r by a 

factor of 1.06, independent of field size [1, 24]. KAP should not be used for estimating PSD 

because a large dose of radiation to a small area of skin and a small dose of radiation to a large 

area of skin will produce the same KAP [4]. Procedural dose monitoring and post procedure 

patient-care are triggered at the SRDL (Substantial Radiation Dose Level) threshold of 5Gy for 
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Ka,r, or 60 minutes of fluoroscopy time, because this is the level that significant skin injuries can 

occur [4]. 

 
Figure 1. Diagram of Fluoroscopic Unit Framework. The Interventional Reference Point 

(IRP) location is 15 cm from the iso-center towards the focal spot. 

   

3.1. Approaches to Estimate Peak Skin Dose 

Prior to 2016, MedStar Georgetown Hospital had been estimating PSD by fluoroscopy time and 

Maximum Entrance Skin Exposure (Method 1 / Equation 1) [1]. Starting in 2016, a new 

approach was utilized based off the peer reviewed article by Jones and Pasciak’s “Calculating the 

peak skin dose resulting from fluoroscopically guided interventions. Part I: Methods” 2011 [25]. 

This new approach (Method 2 / Equation 2) used the most conservative BSF and f-factors 

(Appendix A) to estimate the most conservative (highest) PSD. Method 2 also used Ka,r(t) for a 
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wholesale estimation of PSD rather than separate Ka,r(d) and Ka,r(f) to complete a piecemeal 

calculation for every DAS and fluoroscopy capture as in Method 3 / Equation 3 [25]. Method 3 is 

seemingly the most accurate approach to PSD estimation as it integrates the most data and 

accounts for contributions from both DAS and fluoroscopy [25]. Each individual DAS was 

examined in the DICOM header to determine its contribution to the total PSD.  

 

Method 1: 

PSD = (Cumulative exposure time * Maximum Entrance Skin Exposure * 0.0088Gy/R) (Eq. 1) 

 

Method 2: 

PSD = (Cum. Ka,r * [Distance to IRP/SPD]2 * t * [f * BSF])     (Eq. 2) 

 

Method 3:  

PSD = (ESAK * f * BSF)         (Eq. 3) 

 

Chapter 4: Methods 

The procedure closely followed Jones and Pasciak’s “Calculating the peak skin dose resulting 

from fluoroscopically guided interventions. Part I: Methods” 2011 [25, 26]. DICOM data from 9 

FGI cases at MedStar Georgetown University Hospital dating back to 2016, that had a 

fluoroscopy time greater than 60 minutes, were used with an amended formula to Jones and 

Pasciak to calculate PSD as in Method 3. Cases were selected dating back to only 2016 because 

DICOM data was not available for retrospective calculation of PSD before that time. The two 
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fluoroscopic units that all procedures were completed with were the Philips AlluraClarity 

(Amsterdam, Netherlands) and the Siemens Artis Zee (Munich, Germany). These were the 

newest units at MedStar Georgetown University Hospital and the only ones that had enough 

DICOM data available to estimate PSD. The DICOM tag numbers and definitions can be seen in 

Appendix B.  This retrospective study did not require approval by an institutional review board 

as the definition of a “human subject” was not met per the Department of Health and Human 

Services. The data gathered involved no interaction with patients, had no patient identifiers, and 

no risk of radiation exposure. 

 

     Steps for Method 1: 

The fluoroscopy time for each case was multiplied by the Maximum ESE (from latest annual 

physics test for that machine), and multiplied by a conversion factor of 0.0088 Gy/R to calculate 

PSD as seen in Equation 1. 

 

     Steps for Method 2: 

The cumulative Ka,r, dose report, for the procedure was multiplied by the inverse square of the 

Source to IRP divided by the average SPD, multiplied by the most conservative (largest) BSF 

and f-factor from Table 3 and 4 respectively, and by the table correction factor found at the latest 

physics test for that fluoroscopic machine. These steps are seen in Equation 2.  
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     Steps for Method 3: 

To find the ESAK for a single DAS, the Ka, table was calculated, which was determined from Ka,r 

(dose report), SPD, and Source to IRP:  

 Ka, table = Ka,r * (Source to IRP/SPD)2       (Eq. 4) 

The Ka, table was multiplied by the table correction factor, found at the latest physics exam on the 

machine: 

 ESAK = Ka, table * t         (Eq. 5) 

The most conservative BSF was determined from Table 3 and the most conservative f-factor was 

determined from Table 4. These values were used in Equation 3 to calculate PSD from a single 

DAS. This was repeated for every individual series and summed to get the PSD for all DAS.  

To determine the contribution of fluoroscopy to the PSD, the Ka,r(d) had to be subtracted from 

Ka,r(t) to yield Ka,r(f): 

 Ka,r(t) = Ka,r(d) + Ka,r(f)        (Eq. 6) 

Similar steps, as outlined above in Method 3, were applied to determine the PSD from 

fluoroscopy. The total PSD was a sum of the PSD from DAS and PSD from fluoroscopy. These 

three methods were compared to determine the difference in PSD for each case. Method 2 and 3 

were completed three separate times with conservative, mean, and low BSF and f-factors 

regardless of field size, HVL, or patient thickness.  

 

 

 

 



13 

 

Table 3. Backscatter Factor (BSF) Values for Varying Field Size, Half Value Layer (HVL), 

and Patient Thickness. Adapted from [27]. 

 

BSF Field Size HVL (mm) Patient Thickness (cm) 

1.33 10x10 3.0 13.5 

1.36 10x10 3.5 15.2 

1.37 10x10 4.0 17.0 

1.39 10x10 5.0 19.0 

1.4 10x10 6.0 20.5 

1.4 20x20 3.0 20.0 

1.43 20x20 3.5 22.5 

1.45 20x20 4.0 25.5 

1.49 20x20 5.0 29.0 

1.52 20x20 6.0 32.0 

1.41 25x25 3.0 20.5 

1.43 25x25 3.5 24.0 

1.47 25x25 4.0 27.0 

1.51 25x25 5.0 31.0 

1.54 25x25 6.0 33.0 

 

 

Table 4. F-factor Values for Varying HVLs. Adapted from [27]. 

 

F factor HVL (mm) 

1.058 3-3.5 

1.059 3.5-4 

1.061 4-4.5 

1.062 4.5-5 

1.062 5-5.5 

1.063 5.5-6 

1.066 6-6.5 

1.068 6.5-7 
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Chapter 5: Results 

Table 5 shows the displayed Ka,r and all three methods’ PSD calculations for each case. An 

intercomparison of Method 2 PSD calculations for each case is seen in Table 6 using low, mean, 

and conservative BSF and f-factor values. The percent difference among Method 2 is comparing 

the PSD calculation with conservative BSF and f-factors versus the PSD calculation with low 

BSF and f-factors. Table 7 demonstrates the same analysis as Table 6 but with PSD calculations 

utilizing Method 3.  

 

Table 5. Display Ka,r and Calculated Peak Skin Dose for Each Case Using All Three 

Methods. Methods 2 and 3 used the most conservative BSF and f-factors. 

 

Case 
Number Display Ka,r Method 1 Method 2  Method 3  

 (Gy) PSD (Gy) PSD (Gy) PSD (Gy) 

1 0.9 3.7 0.7 0.8 

2 4.6 3.9 4.5 4.5 

3 4.4 3.7 5.0 5.0 

4 1.2 3.1 1.0 1.0 

5 3.0 3.9 2.2 2.2 

6 3.7 3.4 3.7 3.6 

7 7.4 6.6 7.5 7.5 

8 6.2 3.7 5.9 6.0 

9 2.4 3.4 2.3 2.3 
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Table 6. Intercomparison of Method 2 Peak Skin Dose Estimate Using Low, Mean, and 

Conservative Backscatter Factors and F-factors. The percent difference shown is between the 

conservative and low estimates.  

 

Case Number Method 2 (Low) Method 2 (Mean) 
Method 2 

(Conservative) 
% Diff among 

Method 2 

  PSD (Gy) PSD (Gy) PSD (Gy) Cons vs Low 

1 0.6 0.6 0.7 15 

2 3.9 4.2 4.5 14 

3 4.3 4.6 5.0 15 

4 0.8 0.9 1.0 22 

5 1.9 2.0 2.2 15 

6 3.1 3.4 3.7 18 

7 6.5 7.0 7.5 14 

8 5.1 5.5 5.9 15 

9 2.0 2.2 2.3 14 

 

 

Table 7. Intercomparison of Method 3 Peak Skin Dose Estimate Using Low, Mean, and 

Conservative Backscatter Factors and F-factors. The percent difference shown is between the 

conservative and low estimates. 

 

Case Number 
Method 3 (Low) Method 3 (Mean) 

Method 3 
(Conservative) 

% Diff among 
Method 3 

 PSD (Gy) PSD (Gy) PSD (Gy) Cons vs low 

1 0.7 0.7 0.8 13 

2 3.9 4.1 4.5 14 

3 4.3 4.6 5.0 15 

4 0.8 0.9 1.0 22 

5 1.9 2.0 2.2 15 

6 3.1 3.4 3.6 15 

7 6.5 7.0 7.5 14 

8 5.2 5.7 6.0 14 

9 2.0 2.2 2.3 14 
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5.1. Method 1 

Examining the data from this study, Figure 2 indicates Method 1 PSD was different from the 

most accurate approach, Method 3, by a percent difference range of (-48%, 131%). There was 

also a stark difference between Method 1 PSD and the fluoroscopic unit’s displayed Ka,r, seen in 

Figure 3, with a percent difference range of (-51%, 119%).  

 

Figure 2. Comparison of Peak Skin Dose Percent Difference of Methods 1 and 2 from 

Method 3. Method 3 is used as the standard because it is seemingly the more accurate estimation 

of PSD as it incorporates more procedure data. (E.g. Case 1: Method 1 PSD was found to be 

131% higher than Method 3 PSD and Method 2 PSD 7.3% lower than Method 3 PSD.) 
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Figure 3. Comparison of Peak Skin Dose Percent Difference of Methods 1, 2 and 3 from 

Displayed Ka,r. Displayed Ka,r is used as the standard as that is what the interventionalist is 

monitoring during the procedure for cumulative dose. (Eg. Case 1: Method 1 PSD was found to 

be 119% higher than Displayed Ka,r, Method 2 PSD 27% lower than Ka,r, and Method 3 PSD 

20% lower than Ka,r). 

 

5.2. Method 2 

As seen in Figure 2, Method 2 PSD had relatively low percent differences from Method 3 PSDs, 

a maximum of 7.3%, when using identical BSF and f-factors. Method 2 PSD had an acceptable 

percent difference, 31% at most, from the displayed Ka,r. This value is acceptable, per the FDA, 

because fluoroscopic machines are held to a standard of 35% accuracy for their outputs which 

are tested every year by a board certified medical physicist [22]. Table 6 demonstrates the 

intercomparison of Method 2 PSD when conservative BSF and f-factor values were chosen 

against low BSF and f-factor values. The range of percent difference (14%, 22%) highlights the 

contribution of these factors to PSD.  
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5.3. Method 3 

Figure 3 shows Method 3 does differ from the displayed Ka,r, range (-32%, 13%), producing a 

seemingly more accurate PSD estimation. Table 7 demonstrates when conservative BSF and f-

factors are used in Method 3, compared to the low values, there is a range (13%, 22%) of 

differences similar to Method 2. This is not large given the 35% acceptable error standard of the 

FDA but could make a difference when a patient PSD is close to a dose band threshold or 

sentinel event.  

 

Chapter 6: Discussion 

The nine cases in this study had three DICOM tags that were not accessible: Field of View, 

HVL, and Patient Thickness. This altered the accuracy of the estimated PSD. The BSF and f-

factor are directly based off these missing tags and without them, exact values for each case 

could not be selected from Table 3 and Table 4. PSD estimates were then calculated using low, 

mean, and conservative BSF and f-factor values to highlight how important the accuracy of these 

factors are to PSD estimation. 

 

Prior to 2016, MedStar Georgetown University Hospital used Method 1 to estimate patient PSD 

for cases that exceeded 60 minutes of fluoroscopy time. This was the acceptable method, as Ka,r 

was not available until 2006, when new fluoroscopy units were required to display Ka,r during a 

procedure [22]. The data from Figures 2 and 3 confirm that the dose metric of fluoroscopy time 

and maximum entrance skin exposure is a poor indicator of PSD [1, 4]. The procedure for 

Method 2, a condensed version of Method 3, used cumulative dose, average Source-to-Patient 
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distance, and the most conservative BSF and f-factors to estimate PSD. This method produced 

PSD estimates very similar to Method 3, range (-7.3%, 3.1%), with less investigation and 

calculation time. Method 3 is seemingly the most accurate method as it incorporates the most 

data into PSD calculation [25]. It also takes into account separate Ka,r values for DAS and 

fluoroscopy to perform a piecemeal calculation. Method 3 is also the most time consuming 

approach as each DAS (some procedures can have dozens) must be mined for the appropriate 

DICOM tags. Appendices C and D show how much information must be manually inputted for 

Methods 2 and 3, respectively. Tables 6 and 7 highlight the need for access to DICOM tags for 

Field of View, HVL, and Patient Thickness to select accurate BSF and f-factor values. Case 4 

was a relative outlier with a 22% difference between conservative and low PSD estimations in 

Tables 5 and 6. Even with this higher difference, this case is not of significance because the max 

PSD estimation was only 1 Gy, well below the SRDL threshold of 5 Gy, and would not have 

warranted an investigation. Case 4 had the largest Source-to-Patient distance, as well as the 

largest amount of patient movement in that distance. These are believed to be the contributing 

factors to the larger difference.  

 

A patient can have their PSD underestimated with lower BSF and f-factors when in fact the 

conservative upper limit BSF and f-factors are applicable. For example, a patient’s PSD could be 

estimated at 8.5 Gy in Dose Band B (Table 2) with Method 3. However, the patient’s more 

accurate PSD could be 13% - 22% higher (9.6 Gy – 10.4 Gy) and possibly place them in Dose 

Band C with the correct BSF and f-factors. This is significant as the interventionalist would 

provide different guidance to the patient regarding when to follow-up, skin monitoring at home, 
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and what effects to likely expect at varying timeframes post-procedure. If the patient incorrectly 

thinks their skin reactions are not going to be permanent or that the erythema and partial 

epilation will subside when in fact they may not, the patient is more likely to wait longer for 

follow up. This patient might think that the skin reactions are not radiation related, based on the 

incomplete procedure information provided by the interventionalist, and may further receive a 

misdiagnosis from his/her primary care physician or dermatologist because he/she did not 

mention a recent procedure involving radiation. Patient placement in the correct dose band with 

explicit post-op instructions can minimize confusion and lead to a higher standard of patient 

care. 

 

Strong emphasis should be placed on continued education and training for unit operators to 

reduce dose to patients. There are techniques to reduce radiation dose during interventional 

fluoroscopy that will not sacrifice the integrity of the procedure. Pulsed fluoroscopy employs a 

technique in which the x-ray beam is emitted in short pulses to reduce the dose rather than 

having the beam discharged constantly [28]. Intermittent fluoroscopy is similar in that the 

operator only captures images for a short time when needed to check the location of contrast 

material or catheter. Last image hold can be used by the operator to freeze the last x-ray image or 

capture it on the display screen, inspect it, and plan their next move without exposing the patient 

to excess radiation. Operators can also take advantage of last image hold to use virtual 

collimation and electronically plan where they will adjust the beam collimators to reduce the 

field of view without having the x-ray beam energized [28]. Lastly, operators can, and should, 

employ appropriate beam filtration to reduce dose by removing lower energy photons from the 
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beam. Skin doses were seen to be lowered by as much as 30 - 50% when 0.1 - 0.3 mm of copper 

was added to filter the beam [29].     

 

The results of this study confirm conclusions from Jones and Pasciak’s studies that Methods 2 

and 3 are acceptable PSD estimation approaches in the absence of physical direct measurement 

[25, 26, 30]. When comparing Methods 2 and 3, this study also confirms that Method 2 is a 

suitable approach to estimate PSD as the ultimate goal is to place patients in the correct dose 

band (A1: 0-2Gy, A2: 2-5Gy, B: 5-10Gy, C: 10-15Gy, D: >15Gy) for possible medical follow-

up rather than produce the most accurate PSD [25, 26, 30].  

 

6.1. Areas of Improvement 

At this point it is not possible to get a truly accurate PSD as fluoroscopy unit output metrics are 

only held to a 35% accuracy standard by the FDA. The most accurate PSD estimation would 

come from direct measurement during a procedure but that is difficult to accomplish [30]. A 

dosimeter would have to be placed on the patient where the beam is focused without altering the 

image, as well as being comfortable to the patient for an extended amount of time. However, 

even dosimeters have uncertainty levels [30]. Doses above 10 Gy, where permanent skin damage 

occur, are not common and direct measurement would involve the tedious task to arrange for 

every patient. A forewarning to keep in mind is that not all acquired DAS are stored to the 

Picture Archiving Communication System (PACS) and subsequently do not appear on the dose 

reports [26]. This should be examined by fluoroscopy equipment manufacturers, as the absence 

of these DAS leads to greater uncertainties of estimated PSD.  
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A large source of error for this study was sample size. This study included all possible cases 

from MedStar Georgetown University Hospital that met the selection criteria. However, further 

studies that include more qualified cases would improve the power of the data. Hospitals 

updating their equipment with the most modern technology allow access to more DICOM tags, 

which in turn, allow for the selection of more accurate BSF and f-factors, further yielding a more 

accurate PSD estimation.  

 

Chapter 7: Conclusion 

Fluoroscopically guided interventional procedure PSD calculation is a complex task that is 

possible with indirect dose metrics provided in the DICOM header. Methods 2 and 3 produce 

more accurate PSD estimations than Method 1 and Displayed Ka,r, though Displayed Ka,r is a 

proficient intra-procedure monitoring metric [4]. More accurate estimations of PSD allow the 

interventionalists to give the patient correct information about if or when follow up monitoring is 

needed and what types of skin reactions to look for at certain time periods after the procedure.  

 

This study’s recommendation is to use Method 2 for wholesale PSD estimation as it allows for 

correct placement of patients in dose bands with significantly less calculation time than Method 

3. Given that Method 3 has a small difference from Method 2, it would be prudent to only spend 

the extra time to produce the most accurate PSD estimate when a sentinel event has occurred and 

a full investigation is warranted by the hospital in a root cause analysis. As fluoroscopy units 

advance in technology, more accurate estimation will become available. The best option would 



23 

 

be a fluoroscopic software that has PSD mapping intra-procedure, and at the very least, access to 

more DICOM tags would allow more accurate PSD estimation. This study will continue at 

MedStar Georgetown University Hospital as more cases that meet these criteria for PSD 

estimation occur. 
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Appendix A: List of Abbreviations and Definitions 

 
Abbreviation Term Definition 

PSD Peak Skin Dose Highest dose to a single area of skin (Gy) 

FGI Fluoroscopically-

Guided Intervention 

Medical intervention using fluoroscopy for guidance 

DICOM Digital Imaging and 

Communications in 

Medicine 

Standards for communication used by medical imaging 

equipment 

Ka,r Reference Point Air 

Kerma 

Cumulative air kerma at the interventional reference point 

(mGy) 

IRP Interventional 

Reference Point 

Point located 15cm back towards focal spot from the 

isocenter of a C-arm fluoroscope [4]  

ESAK Entrance Skin Air 

Kerma 

Air kerma measured at the entrance surface of the patient 

(Gy) 

SID Source-to-Image 

Distance 

Distance from the focal spot to the image receptor (mm) 

SPD Source-to-Patient 

Distance 

Distance from the focal spot to the entrance surface of the 

patient (mm) 

BSF Backscatter Factor Factor that accounts for fact that many x-rays of diagnostic 

energies are backscattered in tissue 

f f-factor Factor used to convert from air kerma to dose in tissue 

DAS Digital Acquisition 

Series 

Series of images generated using digital acquisition 

imaging 

Ka,r(t) Total Reference Point 

Air Kerma 

Total reference point air kerma from the sum of 

fluoroscopic and digital acquisition imaging (mGy) 

Ka,r(d) Digital Acquisition 

Reference Point Air 

Kerma 

Total reference point air kerma resulting from digital 

acquisition imaging (mGy) 

Ka,r(f) Fluoroscopic Reference 

Point Air Kerma 

Total reference point air kerma resulting from fluoroscopic 

imaging (mGy) 

Askin Projected X-ray Field 

Size on the Skin 

The area of the projected x-ray field at the entrance surface 

of the patient (cm2) 

 

List of abbreviations and definitions used in this paper. Adapted from [25]. 
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Appendix B: DICOM Tags and Definitions 

 

Tag Name Tag Number Definition 

kVp (0018, 0060) Peak kilovoltage output of X-ray generator 

Intensifier Size (0018, 1162) Diameter of X-ray intensifier in mm 

Field of View 

Dimension(s) (0018, 1149) 

Dimensions of image intensifier field of view in mm. If 

rectangle, row followed by column; if round, diameter 

Imager Pixel 

Spacing (0018, 1164) 

Physical distance between pixels measured at front plane 

of image receptor housing: row spacing column spacing 

Collimator Shape (0018, 1700) 

Shape of collimator: RECTANGULAR, CIRCULAR, 

POLYGONAL 

Distance Source to 

Patient (0018, 1111) 

Distance in mm from source to isocenter. NOTE: May 

be distance from source-to-table for some manufacturers 

Distance Source to 

Detector (0018, 1110) Distance in mm from source to detector center 

Estimated 

Radiographic 

Magnification Factor (0018, 1114) 

Ratio of Source Image Receptor Distance (SID) over 

Source Object Distance (SOD) 

Image and 

Fluoroscopy Area 

Dose Product (0018, 115E) Dose area product in dGy*cm*cm 

Acquired Image 

Area Dose Product (0018, 9473) 

Dose area product to which the patient was exposed in 

dGy*cm*cm 

Number of frames (0028, 0008) Number of frames in a multi-frame image 

 

List of DICOM Header Tags and their definitions. Adapted from [5]. 
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Appendix C: Method 2 Peak Skin Dose Template 

 

 
 

Method 2 Peak Skin Dose template for wholesale calculation. Columns with manual input 

required are noted in red. The total PSD is highlighted in the green box. Equation 2 should be 

consulted for columns F, G, I, and L. 
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Appendix D: Method 3 Peak Skin Dose Template 

 

 
 

Method 3 Peak Skin Dose template for DAS piecemeal calculation. Columns with manual input 

required are noted in red. The same template is used for Fluoroscopy calculation. The total PSD 

equals the sum of the DAS PSD (green box) and Fluoroscopy PSD. Equations 3 – 5 should be 

consulted for columns E, F, H, and K. 
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