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    Abstract

        
            The high-dose early-effects research that has been continued has been done in the context of infrequent accidents with large radiation sources and the use of bone marrow transfusions for treating malignancies, especially leukemia. It thus seemed appropriate to bring together those who have done research on and have had experience with massive whole-body radiation. The objectives were to review what is known about the acute effects of whole-body irradiation, to review the current knowledge of therapy, and particularly of the diagnostic and immunologic problems encountered in bone marrow therapy, and to compare this knowledge with observations made to date on the Chernobyl accident radiation casualties. Dr. Robert Gale, who had helped to care for these casualties, was present at the Workshop. It was hoped that such a review would help those making continuing clinical and pathological observations on the Chernobyl casualties, and that these observations would provide a basis for recommendations for additional research that might result in improved ability to manage successfully this type of severe injury.
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                    Physicians' reaction to Chernobyl explosion: lessons in radiation - and cooperation

                    
                        Journal Article

                    Although the Soviets originally refused offers of technical assistance from many other nations, they accepted one offer of assistance almost immediately - help in the medical care of those who had been exposed to radiation. The offer to provide medical assistance was initiated by the International Bone Marrow Transplant Registry on April 29 by its chair, Robert Peter Gale, MD, PhD, of the Univ. of California at Los Angeles. It was accepted on May 1. This paper discusses his medical experiences and observations on the Chernobyl accident.

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Selective Shielding Bone Marrow: An Approach to Create Personal Protective Equipment for Gamma Radiation

                    
                        Journal Article
                            Waterman, Gideon; Kase, Kenneth; Milstein, Oren - Transactions of the American Nuclear Society
                            

                    Many casualties of the Hiroshima and Nagasaki atomic bombs, and many of the firefighters who first responded to the Chernobyl nuclear power plant accident, became ill with acute radiation syndrome (ARS). Most of the people who do not recover from ARS will die within a few weeks to a few months after exposure, with the primary cause of death being the destruction of the body's bone marrow (BM). This is exemplified by the Chernobyl firefighters, the majority of whom received whole body doses between 0.8 and 10 Gy, and the United Nations Scientific Committee on the Effects of Atomic Radiationmore » (UNSCEAR) final report on the disaster concluded that the underlying cause of death of all 28 firefighters who succumbed to ARS was from bone marrow failure. BM is comprised of hematopoietic stem cells (HSCs) which are responsible for the constant renewal of blood cells. Due to their high rate of proliferation, HSCs are especially vulnerable to ionizing radiation, but are endowed with remarkable regenerative potential. Owing to their central role in blood production, lethal irradiation of HSCs leads to death from severe anemia, infection and internal bleeding. This relationship between high doses of radiation and HSC apoptosis has led to the use of HSC transplantation as a life-saving intervention in cases of acute exposure. This is demonstrable in medical practice, where thousands of individuals have undergone supra-lethal Total Body Irradiation (TBI) for purposes of cancer therapy, and were rescued by well-matched BM transplantation. Indeed, life-threatening damage may be reversed by BM transplantation in individuals receiving doses of radiation of up to 10 Gy. At doses > 10 Gy, damage to gastrointestinal (GI) tissue may become a limiting factor in survival. Remarkably, in the common procedure of BM transplantation, the number of HSCs extracted from a single active BM site containing less than 5% of the donor's BM tissue is sufficient to support the complete reconstitution of the HSC compartment in a lethally irradiated recipient. This capacity of BM to expand and replenish is due to the high regenerative potential of the HSCs it harbors. In contrast to mature blood cells, which are dispersed throughout the body, HSCs are confined to the bones, allowing for effective targeted shielding. This has been confirmed in several animal models, where sparing the HSC-rich area of a subject receiving otherwise full-body irradiation is sufficient to support hematopoietic functions and allow survival. Approximately 48% of the human body's active BM is contained within the lumbar vertebrae and the pelvic region. This high concentration of BM makes the pelvic region an ideal area to shield for preventing the serious hematopoietic effects of radiation exposure. Stem-cell rich tissues like active BM are also more sensitive to the stochastic effects (i.e. cancer) of radiation exposure. The high amount of BM in the pelvic region, combined with the presence of the sensitive gastrointestinal system and female gonads in this same area of the body allows for the possibility of significantly reducing stochastic effects of radiation by limiting radiation exposure to this vital area. Thus, shielding this region holds great promise for both acute and protracted exposures. Thus, a specialized radiation shielding device for the protection of active BM concentrations is presented here. This belt-like selective shielding device focuses on the protection of BM that is present in the pelvis and hip bones, protecting the medullary volume from which BM is commonly extracted for transplantation (i.e. the iliac bones) while allowing relatively unhindered movement of the wearer. In order to optimize the use of shielding materials towards the protection of active BM, the shielding uniquely brings into account the natural shielding properties of human tissue, with thickness being inversely related to the thickness and radiation attenuation of the underlying tissue at each point surrounding the area being protected. The findings resulting from both experimental and simulation testing of this selective shielding device are presented here.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Bone marrow transplantation after the Chernobyl nuclear accident

                    
                        Journal Article
                            Baranov, A; Gale, R; Guskova, A; ...  - New England Journal of Medicine; (USA)
                            

                    On April 26, 1986, an accident at the Chernobyl nuclear power station in the Soviet Union exposed about 200 people to large doses of total-body radiation. Thirteen persons exposed to estimated total-body doses of 5.6 to 13.4 Gy received bone marrow transplants. Two transplant recipients, who received estimated doses of radiation of 5.6 and 8.7 Gy, are alive more than three years after the accident. The others died of various causes, including burns (the cause of death in five), interstitial pneumonitis (three), graft-versus-host disease (two), and acute renal failure and adult respiratory distress syndrome (one). There was hematopoietic (granulocytic) recoverymore » in nine transplant recipients who could be evaluated, six of whom had transient partial engraftment before the recovery of their own marrow. Graft-versus-host disease was diagnosed clinically in four persons and suspected in two others. Although the recovery of endogenous hematopoiesis may occur after exposure to radiation doses of 5.6 to 13.4 Gy, we do not know whether it is more likely after the transient engraftment of transplanted stem cells. Because large doses of radiation affect multiple systems, bone marrow recovery does not necessarily ensure survival. Furthermore, the risk of graft-versus-host disease must be considered when the benefits of this treatment are being weighed.« less
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                    OAK RIDGE INSTITUTE OF NUCLEAR STUDIES MEDICAL DIVISION REPORT FOR 1959

                    
                        Technical Report

                    Studies associated with whole-body irradiation followed by attempts at bone-marrow grafts in acute leukemia patients were continued. Data were compared with results reported by other workers. Results are reported from studies on the effects of both whole-body and local-port irradiation on various hematological diseases, other clinical syndromes, and normal hematopoietic tissues. It was demonstrated that large doses of whole-body irradiation alone can produce remissions in leukemia. Results are reported on a group of patients who received autologous bone marrow grafts after a single large dose of nitrogen mustard. Clinical results are reported on a group of eleven patients with acutemore » or subacute leukemia given a single large dose of whole-body irradiation, varying from 200 r to more than 900 r, followed by intravenously administered bone marrow from homologous doners cross matched for the usual major blood types. A summary is included of current impressions of the treatment of leukemia by irradiation and marrow grafting. Pathological changes following whole-body irradiation are discussed. Results are reported from clinical studies on 8 men exposed to wholebody radiation 9 months previously during the Y-12 accident. A comparison is made in data on the Y-12 patients and data on the Yugoslavian accident victims. Procedures for the recovery of amino acids from solutions are discussed and data are tabulated on daily variation in levels of urinary amino acids, and the effects of whole-body irradiation or nitrogen mustard on urinary excretion of amino acids. Research with internal isotopes was continued and progress is reported in the development of scanning equipment and in interpretation of results. Teletherapy treatments were given to 64 patients suffering from lymphomas of several types. Summaries are included of experimental work on the properties and localization by linear scanning of calcium-47 in rats: the distribution of radioactive colloidal yttrium in rats; selective irradiation by the intralymphatic injection of radioactive preparations; metabolism of rare earths; and liver-liquid response to radiocerium. The design and calibration are described of a whole-body irradiator employing 8 cesium-137 teletherapy machines. New designs and design modifications are described for equipment for scanning and radiation therapy. A training program is outlined. A list of publications during the period is included. (C.H.)« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Immediate medical consequences of nuclear accidents: lessons from Chernobyl

                    
                        Journal Article
                            Gale, R - JAMA, J. Am. Med. Assoc.; (United States)
                            

                    The immediate medical response to the nuclear accident at the Chernobyl nuclear power station involved containment of the radioactivity and evacuation of the nearby population. The next step consisted of assessment of the radiation dose received by individuals, based on biological dosimetry, and treatment of those exposed. Medical care involved treatment of skin burns; measures to support bone marrow failure, gastrointestinal tract injury, and other organ damage (i.e., infection prophylaxis and transfusions) for those with lower radiation dose exposure; and bone marrow transplantation for those exposed to a high dose of radiation. At Chernobyl, two victims died immediately and 29more » died of radiation or thermal injuries in the next three months. The remaining victims of the accident are currently well. A nuclear accident anywhere is a nuclear accident everywhere. Prevention and cooperation in response to these accidents are essential goals.« less
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