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PRACTICE POINTS

. Fluoroscopy-induced chronic radiation dermatitis
poses diagnostic challenges, as patients often
are unable to associate a history of fluoroscopic
procedures with the development of skin lesions.

. Scapular and subscapular lesions as well as those on
the anterolateral chest and mid back should prompt
clinicians to inquire about the patient’s history of
fluoroscopic procedures.

. Because lesions can remain refractory to treatment, long-
term monitoring is necessary if they are not excised.

Fluoroscopy-induced chronic radiation dermatitis (FICRD) is a rare
complication of prolonged radiation exposure during noninvasive
fluoroscopic procedures. The condition develops due to radiation-
induced tissue damage, leading to inflammatory cytokines causing
long-term tissue remodeling. Fluoroscopy-induced chronic radiation
dermatitis can pose diagnostic challenges, as it can manifest months
to years after the procedure—thus, patients may not associate skin
findings with prior fluoroscopy. The diagnostic challenge may be fur-
ther compounded because FICRD may have clinical manifestations
that mimic other common dermatologic diseases; however, specific
patient characteristics, morphology, and most importantly the location
of the lesions should prompt an investigation into the patient’s history
of fluoroscopic procedures. Management of FICRD should be based
on its clinical manifestations but may remain resistant to treatment.

CLINICAL REVIEW

-luoroscopy-Induced Chronic
Radiation Dermatitis: A Comprehensive
Review and Reappraisal

luoroscopy is an imaging technique that allows for

real-time visualization of internal structures in the

body using continuous radiography beams. More
than 1 million fluoroscopy-guided procedures are per-
formed annually in the United States.! Utilization of these
procedures continues to increase, and so does the prob-
ability of related complications, as prolonged exposure to
ionizing radiation can cause skin injuries.? Fortunately,
the incidence of radiation-induced skin injuries com-
pared with the total number of fluoroscopic procedures
performed remains small® although one study sug-
gested the incidence may be as high as 8.9% in at-
risk populations.?

Radiation dermatitis is well recognized in dermatol-
ogy as a complication of oncologic management; how-
ever, radiation dermatitis as a complication of fluoroscopic
procedures is underrecognized.* Fluoroscopy-induced
radiation dermatitis can be categorized as acute, sub-
acute, or chronic.” Common fluoroscopic procedures that
have been associated with fluoroscopy-induced radiation
dermatitis include interventional cardiac procedures, neu-
rovascular procedures, transjugular intrahepatic porto-
systemic shunt procedures, and endovascular abdominal
aortic aneurysm repairs.®”

Patients with fluoroscopy-induced radiation derma-
titis, particularly fluoroscopy-induced chronic radiation
dermatitis (FICRD), can present to dermatology up to sev-
eral years after the initial fluoroscopy procedure with no
awareness of the association between the procedure and
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FLUOROSCOPY-INDUCED CHRONIC RADIATION DERMATITIS

their skin findings. This presents a diagnostic challenge,
and FICRD often is overlooked.>* 1

We conducted a literature search of PubMed articles
indexed for MEDLINE using the search terms fluoroscopy
and dermatitis. In this reappraisal, we will provide a com-
prehensive overview of fluoroscopy-induced radiation
dermatitis with an emphasis on FICRD, covering its
clinical manifestations, pathophysiology, risk factors,
differential diagnosis, histology, and management. The
aim of this review is to highlight the saliant features
and mimickers of FICRD and inform readers how to
approach suspected cases, leading to accurate diagnosis
and effective management.

Pathophysiology
Fluoroscopy-induced radiation dermatitis is the result
of dose-dependent radiation-induced tissue damage.
As the peak skin dosage (PSD) of radiation increases
over the course of a procedure or multiple procedures,
the severity of skin injury predictably increases. During
fluoroscopic procedures, the standard irradiation dosage
ranges from 0.02 Gy/min to 0.05 Gy/min." Transient skin
changes may start to be seen around 2 Gy of cumula-
tive exposure. Fluoroscopic procedures typically range
in duration from 60 to 120 minutes; however, complex
cases may exceed that. Additionally, multiple procedures
performed within shorter intervals can result in greater
PSD accumulation. Shorter intervals between proce-
dures do not allow enough time for damage repair from
the previous procedure and can result in further severe
damage when the skin is re-exposed to radiation.? The
American College of Radiology recommends medical fol-
low-up after 10 Gy of cumulative exposure, while cumu-
lative exposure above 15 Gy within a 6- to 12-month
period is defined as a sentinel event, according to The
Joint Commission.!> !4

Depending on the patient’s total radiation dosage
during one or more procedures, the result of the tissue
damage manifests differently at varying times: early skin
changes are categorized as fluoroscopy-induced acute
radiation dermatitis, and late skin changes are catego-
rized as FICRD (Table 1).

Clinical Manifestations

Acute radiation dermatitis from fluoroscopic procedures
manifests within hours to days up to 90 days following
radiation exposure and can be characterized by erythema
with blistering, desquamation, epilation, pigmentation
changes, and even necrosis if the accumulated dosage
exceeds 15 Gy."® Chronic radiation dermatitis (which as
related to fluoroscopic procedures is termed FICRD) has
a longer onset of weeks to years and is clinically charac-
terized by telangiectasias, permanent erythema, dermal
atrophy, or ulcerations. Clinically, subacute radiation der-
matitis shares features of both acute and chronic radia-
tion dermatitis; therefore, it is differentiated based on its
histologic features.>'
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TABLE 1. Early Skin Manifestations
Associated With Acute Radiation
Dermatitis Following Fluoroscopic
Procedures

Typical

threshold Typical time
Skin manifestation dosage, Gy to onset
Transient erythema 2 Hours
Main erythema (a more 6 10d
persistent erythema)
Temporary epilation 3 3 wk
Permanent epilation A 3 wk
Dry desquamation 10 4 wk
Moist desquamation 15 4 wk
Ischemic dermal necrosis 18 10 wk

Although fluoroscopy-induced acute radiation der-
matitis (Table 1) may precede FICRD, acute manifesta-
tions of fluoroscopy-related dermatitis can be subtle and
often manifest in areas not easily visualized. Because
referrals to dermatologists for full-skin examinations after
fluoroscopy procedures are not standard, patients may
not be aware of the association between these proce-
dures and the development of skin lesions. Nonetheless,
some patients may report a history of skin changes such
as redness days or weeks after a fluoroscopic procedure
with accompanying pain and pruritus limited to the fluo-
roscopy-exposed region, which tend to self-resolve.” The
risk for FICRD is thought to increase if a history of fluo-
roscopy-induced acute radiation dermatitis is present.'®

The location of the skin findings correlates to the area
exposed to prolonged radiation during the procedure(s).
The most common areas include the scapular and sub-
scapular regions, the right lateral trunk inferior to the
axilla, the mid back, and the right anterolateral chest.'*!%%
These regions are associated with more complex (eg,
cardiac) procedures that have been reported to lead to
prolonged radiation exposure. The skin findings in FICRD
are described as geometric, corresponding to the squarish
or rectangular radiography beam that is directed at the
patient. Additionally, radiography beams spread outward
as they travel in space; therefore, skin injuries are com-
mon at the region more distal to the path of origination of
the beam.?* Subsequently, a geometric, dyspigmented,
indurated or atrophic plaque with telangiectasias and
erosions or ulcerations with progressive worsening is a
common manifestation of FICRD.>*# Patients also com-
monly present with pruritus or severe pain associated
with the lesion.***
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Dermatologic Manifestations of FICRD

Skin responses seen weeks to years after a fluoro-
scopic procedure and typically after cumulative radiation
exposure of 10 Gy or greater are categorized as FICRD
(Table 2). These changes also can be clinically graded
based on the Radiation Therapy Oncology Group classi-
fication of radiation dermatitis (Tables 3 and 4).2¢ Chronic
changes in the skin largely result from remodeling of
the vasculature and the subcutaneous tissue over time.
Unlike acute changes, chronic changes typically persist
and continue to worsen.?”’

Telangiectasias—Anywhere from months to 1 year
after exposure to 10 Gy of radiation, proliferation of
atypical superficial vessels in the dermis can be seen, typi-
cally manifesting as telangiectasias on physical exami-
nation. Telangiectasias can increase with time and can
even exhibit a dose-dependent relationship to the radia-
tion exposure.?®

Atrophy—Atrophic-appearing skin after radiation
exposure is the result of direct injury to both the epidermis
and fibroblasts in the dermis. The destruction of kerati-
nocytes leads to a thin epidermis, and destruction of der-
mal fibroblasts causes insufficient collagen production.”
Clinically, this process manifests as an atrophic plaque that
can be seen 12 weeks to 1 year after the procedure.

Fibrosis—Approximately 1 year after the exposure,
the initial damage can lead to disruption of molecular
pathways, causing fibrosis. Transforming growth factor
(TGF) B1 is the main factor involved.” Damage to the
endothelial cells results in increased TGF-f1 levels, which
causes increased stimulation of remaining atypical fibro-
blasts and thus increased irregular collagen deposition.*
Further adding to this knowledge, Wei et al*! recently pro-
posed that damage to the epidermal keratinocytes leads
to disruption of yes-associated protein 1, which is a pro-
tective factor released from keratinocytes that regulates
the dermal fibroblasts. However, extensive damage to the
keratinocytes can lead to lower yes-associated protein 1
levels and its downstream activity, leading to increased

TABLE 2. Later Skin Manifestations Seen
in FICRD'"

Typical

threshold Typical time
Skin manifestation dosage, Gy to onset
Dermal atrophy 11 ~12 wk—1y
Telangiectasias 10 ~1y
Invasive dermal fibrosis 10 ~1y
Late dermal necrosis 12 ~1-4y

Abbreviation: FICRD, fluoroscopy-induced chronic radiation
dermatitis.

WWW.MDEDGE.COM/CUTIS

levels of TGF-B1 and fibroblast activity.®*! Clinically, this
fibrotic stage is seen as indurated plaques in patients.
Necrosis—There are 2 forms of necrosis that can be
seen. Ischemic dermal necrosis typically occurs in the
acute phase after 10 weeks and approximately 18 Gy
of cumulative exposure. It results from substantial skin
damage, including microvascular damage and reduction
in dermal capillaries, leading to ischemia of the tissue.?
Late dermal necrosis is the process seen in the chronic
stage of FICRD and radiation dermatitis not related to
fluoroscopy. It results from the inability of the fibrotic der-
mis to vascularly support the epidermis above it.> It can be
seen anywhere from 1 to 4 years after the procedure. This
stage clinically manifests as worsening ulcerations with
major pain and increased risk for secondary infections.'®

TABLE 3. Radiation Therapy Oncology
Group Classification for Acute
Radiation Dermatitis?®

Grade Clinical presentation

1 Follicular, faint, or dull erythema; epilation; dry
desquamation; decreased sweating

2 Tender or bright red erythema; patchy, moist
desquamation; moderate edema

3 Confluent, moist desquamation other than
skinfolds; pitting edema

4 Ulceration, hemorrhage, necrosis

TABLE 4. Radiation Therapy Oncology
Group Classification for Chronic
Radiation Dermatitis?®

Grade Clinical Presentation

1 Slight atrophy, pigment change, some
hair loss; slight induration and loss of
subcutaneous fat

2 Patch atrophy, moderate telangiectasia,
total hair loss; moderate fibrosis but
asymptomatic, slight field contracture,
<10% linear reduction

8 Marked atrophy, gross telangiectasia;
severe induration, loss of subcutaneous
tissue, field contracture >10% linear
measurement

4 Ulceration, necrosis
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Dyspigmentation—Dyspigmentation at the site of the
radiation exposure can be seen acutely and chronically.
Dosage above 15 to 18 Gy can lead to destruction of mela-
nocytes, which can cause hypopigmentation in exposed
areas. However, melanocytes are relatively resistant to radi-
ation; therefore, dosages below the threshold of destruction
of 15 to 18 Gy can cause melanocytic hyperactivity leading
to hyperpigmentation. Hence, pigmentary changes can
vary greatly. Classically, a central area of hypopigmentation
with surrounding hyperpigmentation is seen.

Histology

Histologic appearance of radiation dermatitis varies
depending on its stage. Acute radiation dermatitis pri-
marily demonstrates superficial dermal edema, damage
to the basal cell layer, small vessel dilation with thrombi,
and hemorrhage along with a sparse inflammatory cell
infiltrate.® Histology typically is the only way to char-
acterize subacute radiation dermatitis.” Lichenoid tissue
reaction is its characteristic feature. Mononuclear cells
are found adjected to necrotic keratinocytes along with
prominent vacuolization of the basal cell layer.*

The key histologic features of chronic radiation der-
matitis include epidermal atrophy, hyperkeratosis, telan-
giectasias, loss of adnexal structures, and dermal fibrosis
along with sparse atypical stellate fibroblasts.** However,
clinical context of fluoroscopic exposure is required
for the dermatopathologist to differentiate chronic radia-
tion dermatitis from its histologic differential of mor-
phea and lichen sclerosus. In a cross-sectional study,
only 1 of 6 cases (16.7%) was correctly diagnosed as
chronic radiation dermatitis in the absence of correlating
clinical history.®

Risk Factors for FICRD
Since the diagnosis of FICRD can be a clinical chal-
lenge, understanding the risk factors can be helpful. The
general likelihood of developing FICRD is related to the
duration, frequency, interval, intensity, and area of radia-
tion exposure. Procedures exceeding the normal dura-
tion of 60 to 120 minutes have been well documented
as a substantial risk factor for radiation dermatitis and
FICRD.*3 The risk tends to be higher in longer pro-
cedures because they result in more radiation exposure
and higher accumulated PSD. Obesity (ie, body mass
index >26) is the major risk factor that has been associ-
ated with longer procedure times, as higher radiation
dosages are necessary to penetrate the body of a larger
patient and a larger skin surface area is exposed.’” %
Other risk factors associated with FICRD relate to how
prone a patient is to radiation-induced DNA damage.
Older patients are at higher risk due to lower intrinsic
ability of the tissue to repair itself.!! Patients with a his-
tory of connective tissue diseases—particularly lupus,
scleroderma, and mixed connective tissue disease—are
at an increased risk.*® Furthermore, patients with genetic
disorders that impair DNA repair are more susceptible to
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radiation-induced DNA damage; therefore, patients with
ataxia-telangiectasia, xeroderma pigmentosum, Fanconi
anemia, and hereditary nevoid basal cell carcinoma are
at higher risk for FICRD.* Similarly, medications that can
affect DNA repair also have been shown to be risk fac-
tors. These medications include chemotherapeutic agents
such as actinomycin D, cyclophosphamide, doxorubicin,
methotrexate, and 5-fluorouracil.>** Diabetes, hyperthy-
roidism, and tobacco use also have been shown to increase
a patient’s risk for FICRD.* It also is reasonable to believe
that patients with defects in fibroblasts or with elastin or
collagen disorders (eg, Ehlers-Danlos syndrome) would be
at higher risk, but there are no known studies highlighting
the association in the literature.

Differential Diagnosis of FICRD

Acute allergic or irritant contact dermatitis manifests
with a localized area of erythematous skin accompanied
by pruritus.*’ Patients with FICRD can present with a
localized area of erythema and hyperpigmentation with
minimal atrophy. The lesion may accompany substantial
pruritus, which can favor the more common diagnosis of
contact dermatitis.®#>4

Fixed-drug eruption manifests as a well-defined,
hyperpigmented plaque in a fixed location that occurs
upon ingestion of a drug.* Fluoroscopy-induced chronic
radiation dermatitis lesions are well demarcated and geo-
metrically shaped and therefore can mimic lesions seen in
fixed-drug eruptions.*® Additionally, the patient popula-
tion undergoing fluoroscopic procedures tends to have
major comorbidities requiring multiple medications.*

Decubitus ulcers are a result of vascular compromise
to an area of skin due to constant pressure and are most
commonly seen in the sacral region of patients with
obesity.*® Ulcerated FICRD lesions can manifest on the
lower midback. These lesions can be seen after endovas-
cular repair of abdominal aortic aneurysm or prostatic
artery embolization.?*?" The location of these lesions
can mimic decubitus ulcers if fluoroscopic history is
unknown. As mentioned, obesity also increases the risk
for FICRD.

Morphea can manifest as a localized area of indura-
tion and hyperpigmentation of the skin.”” When FICRD
has progressed to dermal fibrosis, patients can present
with indurated plaques without ulcerations, which can
be hard to differentiate from morphea.'**® However, the
presence of ulcerations or hyperkeratosis can differentiate
morphea from FICRD."

Ultimately, it is the location of FICRD lesions that
remains the biggest diagnostic clue. Any suspicious lesion
present on the scapular or subscapular areas, anterolateral
chest, and/or mid back should prompt an investigation
into recent or remote history of fluoroscopic procedures.

Management of FICRD

Diagnosis of FICRD should be made clinically based on
the history and physical examination whenever possible,
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since a biopsy is not recommended.®® Wound healing in
FICRD is delayed, and biopsies can lead to ulcerations
or secondary infections.'” Therefore, it is important to
remain suspicious for FICRD. Management of FICRD
should correspond to the clinical findings outlined by a
recent Delphi consensus survey.* Regardless, the core of
FICRD management framework should always include
good hygiene, maintenance of skin hydration to improve
epithelialization, and sufficient photoprotection.**

Among the first signs of FICRD are telangiecta-
sias. Although asymptomatic, their appearance can be
distressing for patients. Pulsed dye laser therapy is a
first-line option that has been studied and has shown
clinical efficacy for treatment of telangiectasias and vas-
cular changes in patients with FICRD.*!

If patients develop fibrotic changes, treatment options
are limited. Fibrosis is hard to reverse, and the man-
agement approach is limited to symptomatic relief.
Mechanical and deep-friction massages have been shown
to be effective at reducing skin induration in patients.*
Fractional ablative lasers also may be utilized for skin
contractures, especially if range of motion is affected.>®>
Although it comes with its own challenges, autologous
fat grafting has shown promise in reducing postradiation
fibrosis and inducing angiogenesis in tissue.”® Oral pent-
oxifylline also has shown mild efficacy, as it may be able to
suppress TGF-B1 levels.® However, prevention of fibrotic
changes may be the most important. Wei et al** suggested
that low-dose oral prednisolone at 5 mg twice daily for 3
weeks might be an option to prevent the progression of
skin changes and even reverse fibrosis to an extent; how-
ever, further evidence regarding its efficacy still is neces-
sary. Additionally, no evidence was identified to support
the use of topical corticosteroids for fibrotic changes seen
in FICRD.*

Patients with FICRD or even acute radiation der-
matitis after fluoroscopy tend to develop superficial
ulcerations from minor traumas. Good wound hygiene,
antiseptic care, and absorbent dressings, such as hydro-
gel and hydrocolloid, may be sufficient for treating these
wounds, as seen in the Figure.***® However, once patients
develop refractory ulcerations or necrosis, treatment
options are then limited to surgical removal with a flap
or graft.5'33'42'45

Risk for basal cell carcinomas and squamous cell
carcinomas is higher in patients with radiation exposure;
however, the exact risk from fluoroscopic procedures is
unknown. One study demonstrated an increased risk of
6.9% in development of skin cancer after a median radia-
tion exposure of 15.5 Gy and a mean latency period of
38.3 years,”” and in another retrospective study, the risk
was higher in Fitzpatrick skin types I and II.*® Unlike
the development of radiodermatitis itself, which shows
a dose-dependent response, development of skin can-
cers follows a stochastic pattern (not dose dependent).”
Therefore, it is important to identify these high-risk
patients and establish follow-up.
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FIGURE. A and B, A 65-year-old woman developed this ulcerated
lesion 1 month after undergoing a prolonged cardiac stent placement.
The lesion showed improvement after use of topical antiseptic and
antibiotic/weak steroid for 2 weeks.

Conclusion

Fluoroscopy-induced chronic radiation dermatitis can be
a diagnostic challenge, as skin changes may not be readily
associated with the procedure by patients. Therefore, any
lesion with a geometric shape and accompanying chronic
radiation dermatitis features located on the scapular or
subscapular areas, anterolateral chest, and midback should
prompt an investigation into history of fluoroscopic pro-
cedures. Treatment of chronic skin changes in FICRD
depends on the clinical manifestations. Good hygiene,
skin hydration, and sufficient photoprotection are crucial.
Finally, long-term monitoring with skin examinations is
important to assess for the development of skin cancers in
the treated area.
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