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ABSTRACT 

 

The main purpose of this work is to stress the importance of  the existence of a specialized sector within the 

Medical Centers for treating patients who have suffered the impact that means an apparently  “mild skin 

injury” and due to the lack of proper diagnosis, the progression of inflammatory waves, due to  exacerbation 

periods, cannot be stopped.  The cutaneous symptoms are caused by a combination of inflammatory process and 

alteration of cellular proliferation as a result of a specific pattern of proinflammatory cytokines and growth 

factors. The symptoms follow a time course pattern that mostly depend on the received doses, radiation quality, 

individual radiosensitivity, volume of skin exposed and patient's co morbidities: diabetes, smoking, obesity, etc., 

added to ischemia-reperfusion of the dermal vessels, and causing even more damage. For this reason, we have 

been working since 1997 in the frame of an agreement with the Nuclear Regulatory Authority of Argentina, for 

the diagnosis and treatment of localized radiation induced injuries. Patients were classified according to the 

toxicity criteria of the Radiation Therapy Oncology Group, and the European Organization for Research and 

Treatment of Cancer: grades 0 to 4. Since 2000, every patients assisted were treated with an equivalent 

therapeutic scheme, with a long term follow-up, showing favorable evolution in most cases. This work 

summarized the multidisciplinary professional group required, the therapeutic protocol and adjunctive 

treatments applied, and the tools used for diagnosis and follow-up. 

 

 

 

 

 

 

1. INTRODUCTION 

 

The Cutaneous Radiation Syndrome (CRS) can develop after radiotherapy, interventional procedures and 

accidental overexposures to ionizing radiation. The cutaneous symptoms are caused by a combination of 

inflammatory process and alteration of cellular proliferation as a result of a specific pattern of proinflammatory 

cytokines and growth factors, The symptoms follow a time course pattern that mostly depend on the received 
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doses, radiation quality, individual radiosensitivity, volume of skin exposed and patient's co morbidities: 

diabetes, smoking, obesity, etc., added to ischemia-reperfusion of the dermal vessels.  

These lesions, at high doses, produce deleterious effects in all the systems involved, particularly in dermo-

epidermical tissues but also in vascular structures and underlying tissues that may lead to necrosis, loss of limbs 

or involvement of deep viscera. Another possible event is fibrosis development with its serious functional 

consequences that are the cause of considerable morbidity and health costs. 

In the frame of an agreement between the Nuclear Regulatory Authority of Argentina and the “Hospital de 

Quemados del Gobierno de la Ciudad de Buenos Aires” (Burn Hospital), a Radiopathology Committee for a 

multidisciplinary approach based on diagnosis and therapy of CRS was constituted in 1997. Since 2000, every 

patients assisted were treated with an equivalent therapeutic scheme, with a long term follow-up, showing 

favorable evolution in most cases. 

The objective of this work is to stress the importance of the existence of a specialized sector within the Medical 

Centers for the diagnosis and treatment of CRS by exemplifying through the description of the 

organization in our Burn Hospital: the multidisciplinary professional group required the therapeutic protocol and 

adjunctive treatments applied, and the tools used for diagnosis and follow-up. 

Following overexposure, the main directions of medical management for persons under care are: 

 Monitoring the health status of patients in order to early diagnose the stochastic and deterministic 

radiation effects, and preventing the appearance and progression of local complications. 

 Treatment of somatic diseases already present in the exposed patients.  

 Application of new diagnostic methods like serial telethermography, high resolution ultrasound and Eco-

Doppler follow-up and individual radiosensitivity tests, which later conform a useful diagnostic tool 

towards the patient scoring and prognosis. 

The following procedures are performed to achieve the goals: 1) Initial evaluation of patients, in compliance 

with standard protocols, applying the mentioned new diagnostic methods, for the design of personalized 

therapeutic strategies. 2)Treatment protocol: topic administration of collagenase or silver sulfadiazine with 

lidocaine, depending on the type of wound, associated with systemic administration of pentoxifylline and anti-

oxidants (vitamins C and E). 3)Evaluation of the therapeutic response monthly (or more frequently if necessary) 

through clinical follow-up, serial photographic record and ultrasound techniques.4) Pain management and 2) 

Psychopathology intervention 

 

 

 

1. New diagnostic methods: We first perform B Mode Ultrasound assessing the different skin layers: 

epidermis, superficial and deep dermal layers, hypodermis, fascial and muscular planes.  Adjacent 

structures such as pleura, bone and glands are also evaluated. Its width, echogenicity, homogeneity and 

interfaces are evaluated. Depth of the lesion is also assessed. Then, Color Doppler and Power Angio are 

performed to visualize vascularity, its degree and characteristics. When terminal flow is involved, such 

as fingers of hands or feet, also Spectral analysis and Resistive indexes are taken into account, and have 

a predictive value. 

2. Treatment Protocol: In all admitted cases, both acute and chronic, the patients undergo our therapeutic 

protocol according to the pathogenesis of the CRS. 

3. Local injury treatment: Collagenase ointment, silver sulfadiazine +lidocaine + A vitamin. 

4. Free radical treatment:  SOD cream, oral antioxidants (E vitamin).  

5. Endarteritis Obliterans: oral pentoxiphylline 
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6. The multidisciplinary treatment team to carry out these actions should include: 

      Plastic surgeon trained in the treatment of such injuries managing: 

 1) The concept of using  enzymatic debridants, 2) The use of Vacuum Assisted Closure (VAC) treatment. 

The indication of Hyperbaric Chamber. 3) Methods for cutaneous coverage: use of acellular dermal matrices. 

4) Wound closure with skin, myocutaneous or fasciocutaneous flaps. 5) The prescription of the treatment 

protocol. 6) The use of cell therapy: application of Mesenchymal  Stem Cells. 

7. Imaging Specialist to perform: High-resolution ultrasonography; Color Doppler ultrasound; 

Telethermography 

 are used as Psychopathology Intervention: The objective of this support is the containment of the 

patient and family. According to the etiology of the radiation injury:  radiotherapy for cancer treatment, 

interventional procedures for vascular pathology or radiological accidents, the patient  afford a double 

problem, the underlying disease enhanced by the appearance of localized radiation injury, as these 

lesions are chronic, they will be controlled but not cured .The issue of chronic pain and crisis due to the 

pathophysiology of the lesion, will increase the complexity of the treatment. 

 Pathologist contribution: 1) For the study, in ERTOG Groups 3 and 4, of angiogenesis in the lesion 

and perilesion. 2) For the early detection of radiation-induced cancer (stochastic effect). 

 Biologist, Biochemist and Chemist contribution  

For Individual Radiosensitivity Tests: These tests are conducted in patients that showed acute and/or 

late cutaneous reactions with grades 3 and 4 of RTOG and the EORTC, to contribute as a prognostic 

score parameter for the design of therapeutic strategies. As deficiencies in DNA repair systems have a 

great impact on radiosensitivity, the characterization of DNA repair capacity in peripheral lymphocytes 

through alkaline single-cell microgel electrophoresis (comet) assay was selected as a suitable 

approaches to evaluate in vitro individual radiosensitivity 

Alkaline Comet Assay: Peripheral blood samples are in vitro irradiated with 2 Gy. DNA repair 

capacity is evaluated through alkaline comet assay to determine the initial DNA damage, the speed of 

repair (repair half-life) or the amount of residual DNA damage after specific times of repair (5-120 

minutes). DNA damage and repair capacity are quantified by the Olive tail moment. Lymphocytes of 

healthy individuals reference sample. 

Results: comet assays showed a good predictive potential for the detection of patients with a greater 

than average risk of developing radiation toxicity. The differences between average reactors and over 

reactors were significant.  A correlation between clinical radiosensitivity (response) and in vitro 

radiosensitivity tests were observed. Therefore, it can be concluded that individual radiosensitivity tests 

could result useful for the prevention of radiation induced lesions by tailoring patient’s radiation 

treatment and in case of accidental overexposure the assay should have a prognostic value, which 

contributes to the design of therapeutic strategies.   

According to legal aspects: There is a global international consensus on the principle of non-genetic 

discrimination. Furthermore, penalties may be imposed for any type of discrimination based on tests 

regarding a disease which is not declared or regarding a predisposition to a disease. Genetic testing is 

permitted only for medical purposes or for medical research. The person’s consent must be obtained in 

writing prior to performance of the test, and the person must be informed of the nature and goal of the 

testing. At work, medical investigations should be restricted to the health status of the worker, and 

genetic testing can be used only to detect abnormalities due to exposure to genotoxic agents.  

 

Study of chronic inflammatory response parameters: Histologically, late manifestations of radiation 

damage include fibrosis, necrosis, atrophy and vascular lesions.  Although many etiologies have been 

suggested regarding these late toxicities, chronic inflammation has been described as playing a key 

role. The recruitment of leukocytes from circulating blood is decisive in the inflammatory reaction and 

different subsets of Cell Adhesion Molecules (CAMs) are responsible for different steps in 

extravasation. β1 Integrin   expression on lymphocytes shows higher values   in patients with  late 



IRPA 2013, Rio de Janeiro, RJ, Brazil. 

 

cutaneous reactions graded 4 according to the RTOG / EORTC system  and it has  good correlation 

with the patient evolution This finding contrasts with C Reactive Protein  (CRP) level  that is a clear 

marker of  patients in acute phase or in those in exacerbation crisis . 

These parameters  together with disturbance in the T-Cell homeostasis  observed mainly in patients 

with late effects can be used  as diagnostic parameters of late injury as well as the  response of the 

patient to therapeutic treatments. 

4. Therapeutic response: is evaluated through clinical follow-up, serial photographic record and 

complementary tests (telethermography and high frequency ultrasonography). Therapeutic response and its 

correlation with radiosensitivity test results are studied.  

5. Adjunctive treatments, the contribution of papain gel, for enzymatic debridement of the lesion, avoid 

surgical procedures, which are traumatic to the dermis layer delaying wound closure. 

The use of enzymatic methods, ensure the preservation of tissues that should not be hurt and stimulate growth 

factors and angiogenesis. 

Porcine acellular matrices and PVC film, are tools that should be taken into account during the processing steps 

to prepare the strategy of sealing the wound with autograft or cell cultures, these applications must be adjusted 

to achieve the grafting of a double layer component made by bioengineering and placed in a single time. 

 

Cell Therapy Unit: Mesenchymal Stem Cells are probably the paradigm these days for adult stem cells. They 

have great plasticity for different tissue regeneration purposes, especially for adipose, bone and cartilage. We 

have been one of the first groups in the world to see that these cells can even regenerate components of the skin. 

We have also described for the first time that these cells are circulating in the bloodstream in great amounts 

under the influence of large burns in humans. Several groups in the world have defined several important steps 

in the influence and utility of these cells for skin regeneration. Radiation skin damage seems to be one of the 

possibilities of these cells as a therapeutic agent. Our Laboratory has specialized in the expansion and culture of 

Mesenchymal Stem Cells for therapeutic use. We obtained these cells under our Province of Buenos Aires 

Transplantation Program from bone marrow of cadaveric donors, and this has been a pioneer advance in the 

field that took us to the first clinical trial for large burns with these cells.  Radiation injuries without any doubt 

will profoundly benefit from this approach.   

 

 

2. CONCLUSIONS  

 

 

Approach to patients: 

Exhaustive inquiry: ask-cancer intervention 

Complete medical history, assess comorbidities and preexisting clinical conditions 

Complete physical examination 

Previous treatments performed by other professionals indicated, where possible if the patient brings the written 

information, enter it in the history, but the order it through to professionals working 

Interview with  a Psychology 

Prescription of complementary studies: 

I. High-resolution ultrasonography 

II. Soft tissue Doppler 

III. Telethermography 

IV. Radiosensitivity Tests 

V. Study of markers of chronic inflammation 

Recommendations 

Patient Follow-up: 

I. Inspection of the skin. Photography registry, pre and post treatments 

II. Give the patient alarm patterns in relation to color changes, blistering, itching sensation and / or pain, etc in 

the compromised area. 

III. Involve the patient in their monitoring 

IV. Implement the use of superoxide dismutase local cream as antifibrotic. 

V. Advise patient of potential risks from the application of radiation. Cost / benefit. 

VI. Let the patient know that if a complication occurs, it can be treated by a team of experts and that there is a 

protocol for treatment of radiation injuries proved scientifically approved international 

VII. Implement a database containing the following information: 

Name, surname, medical record number, exposition to radiation, time to the onset of symptoms and first 
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consultation at the Hospital, the report of previous studies and treatments, to analyze the tissue compromise, 

dose received, reports from studies: ultrasonography, Eco-Doppler, Teletermography,  Magnetic Resonance 

Imaging, report  of Radiosensitivity test, study of  chronic markers 

It’s better to recruit this information,  in the zero hour (golden hour), ideally, prior to the implementation of the 

protocol, and  to be repeated at 2, 4 or 6 months, according to evolution, to corroborate the revascularization 

process. 

VIII. Important contact with colleagues involved, radiotherapist, oncologist, dermatologist etc. to combine 

efforts for the patient treatment. 

Remarks 

 Prognosis is always serious. In those that interrupted prescribed treatment, severe pain and lesions 

reappeared.  

 Due to the cyclic evolution and chronification tendency of these lesions, we emphasize the importance 

of long term follow up, including both clinical and psychological aspects. 

 Increased vulnerability to trauma of the affected areas was observed. 

 A radiation origin should be considered in all cutaneous lesions occurring within few weeks/ months of 

fluoroscopically guided procedures or after radiotherapy, unless a clear alternative diagnosis is 

established.    
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