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The keynote of this Session should be "Do the sick no harm" (from Hindu

Oath 1500 B.C). There are several quotations of famous physicians that

emphasize this. For example, "Abstain from whatever is deleterious" (from

Hippocratic Oath 400 B.C.). David Craigie (1793-1866) stated "When the

physician is at a loss, it is wiser to do nothing than to recommend what may

be injurious". Arthur Bloomfield, my Professor of Medicine, in 1938 after an

iatrogenic tragedy stated "There are some patients whom we cannot help; there

are none whom we cannot harm". These quotations from the distant and recent

past are exhortations for physicians not to harm their patients. These

quotations are presented since in the management of injury there is a distinct

possibility that one may do more harm than good. One might paraphrase Lucius

Carey on the infallibility of the Church of Rome, "When it is not necessary to

change, it is necessary not to change" by replacing "change" with "treat".

These quotations are clearly redundant, but do point out that one should treat

only when one is confident that more good than harm will be derived by the

patient.

An example to point up this problem is that of the Marshallese that were

exposed to fallout radiation (1). One group of 64 had received an air dose of

175 rad, Granulocyte and platelet counts were falling. Ulceration of the

skin from beta exposure was developing. There was considerable pressure from

higher authority on those bearing the responsibility for these radiation

casualties to commence prophylactic antibiotics. This was not done.

Accordingly, it is now known that 64 human beings, many with cutaneous

ulcerations of the skin with modest granulopenia and variable degrees of

thrombopenia, survived with only local management of the lesions. Had

antibiotics been given, almost certainly the antibiotics would have been given



credit for the favorable outcome. Antibiotics were not given because they

have a toxicity of their own. Commensal bacteria nay develop resistance to the

antibiotics and then invade at the nadir of the granulopenia. One can easily

watch temperature, granulocyte count, and observe for signs of bacterial

infection, and then start broad spectrum antibiotics when needed. Before

discussing briefly the management of whole body irradiation, it is appropriate

to briefly discuss some historical aspects.

Experimentally, the value of platelet transfusions in managing

thrombopenic purpura was clearly demonstrated in the early 1950's (2,3). The

practical management of whole body irradiation in dogs with antibiotics,

platelet and red cell transfusions, was also shown (4,5). The failure of this

therapy at higher doses of radiation was also demonstrated.

Lorenz and associates (6) clearly demonstrated that a bone marrow

transplant would protect mice against otherwise fatal irradiation. There were

no deleterious effects of syngeneic transplant. Allogeneic transplants were

less effective and resulting in varying degrees of what is now known as graft

vs. host disease (GVHD). Thomas and Ferrebee (7) pioneered studies on

allogeneic transplants in dogs with remarkable success. These initial

investigations led the way to worldwide use of allogeneic transplants in

several otherwise hopeless clinical conditions. Success was dependent upon

suppressing host immunity so that the allogeneic graft would not be rejected.

This confronts the clinician with a dilemma. Should one suppress immunity by

more radiation and chemical suppression of immunity? Since one does not really

know how much radiation had been received, one is left with chemical

suppression of immunity. If there are clinical signs that clearly show

survival probability is nil, one should probably go ahead with suppression of



immunity and marrow transplantation. To reduce the probability of rejection

and graft versus host disease, consideration should be given to treatment of

the casualty with monoclonal antibodies against T-cells to further reduce the

probability of allogeneic rejection and use T-cell-depleted bone marrow in

order to diminish the probability of GVHD. It is clear that one really needs

guides as to the probability of survival in order to custom design therapy for

each casualty. Physical estimates of exposure are of little value except for

instances when the deposition of energy is known to be uniform throughout the

body. This is a rarity, inverse square, mixed energy, quality, geometry of

exposure, and scattering results in highly variable depth-dose patterns and

thus the biological effect of any given exposure in terms of air dose of

radiation (8).

As a target for the other participants to shoot at, it is proposed that

the mangement of whole body radiation injury involves: 1) watchful waiting, 2)

observation of the hematologic parameters, 3) use of antibiotics, platelet red.

cell and possibly granulocyte transfusions, 4) administration of hemopoietic

molecular regulators of granulopoiesis, and 5) bone marrow transplantation as

the last line of defense. The clinical indication for the preceding will not

be discussed since this will be a subject of Fliedner later in this

conference. Certainly, if a radiation casualty is fortunate enough to have an

identical twin, a marrow transplant may be lifesaving and certainly can do no

harm to the patient and there is little risk to the donor. This has been

demonstrated by Wald and Thomas (9).

As a result of the very extensive clinical research of international

groups, typing of a potential recipient, identifying the most compatible

donor, preparation of the bone marrow and its transfusions are



well-established procedures. As Sir Theodore Fox stated, "We shall have to

learn to refrain from doing things merely because we know how to do things.",

one may ask the question of whether fetal liver and bone marrow transplants

were clinically indicated in the casualties at Chernobyl who had combination

of radiation and thermal burns. Are there physical and/or biological

indicators that may provide reliable estimates of the probability of survival?

If one could predict that the survival probability is greater than zero,

watchful waiting with a specific antibiotic therapy, platelet red cell and

possibly granulocyte transfusions and the use of hemopoietic molecular

regulators to stimulate granulocyte recovery. Fliedner's approach to

probability, of survival is fundamentally sound and useful (10). MacVittie

will discuss the use of recombinant hemopoietic molecular regulators in the

management of severe radiation injury (11). The use of GM-CSF and G-CSF in

mice, non-human primates, and dogs has been shown to accelerate the

regeneration of granulocytes. It has yet to be established whether IL-1 and

1L-3 will also have a role in accelerating the regeneration of hematopoiesis.

Insofar as protection against bacterial infection is concerned, these agents

appear to provide additional protection that will lead to a higher survival

rate. Are there any potential dangers to the administration of GM-CSF or G-

CSF? In principle, there are three potential hazards. First, if these agents

are used early and result in forcing proliferation of the pluripotent

hematopoietic stem cells prior to DNA repair, it is conceivable that a genetic

lesion in DNA may be fixed. One lesion may result in a higher incidence of

acute myeloblastic leukemia or an earlier onset. For example, individuals who

have received of the order of 200 rad will survive spontaneously. This dose is

known to be leukemogenic. Unnecessary stimulation of myelopoiesis may result



In an increased incidence of acute or chronic granulocytic leukemia or an

earlier onset. Second is the theoretical possibility that there will be a

reduction in the mitotic reserve of the hematopoietic stem cells by forcing

them into mitosis, fixing a DNA lesion that may determine their mitotic

reserve and thus shorten the lifespan of the individual. On the surface,

stimulation of recovery of myelopoiesis appears beneficial. When to

administer the recombinant molecular regulators is not really clear. A third

possible hazard is the promotion of cells that had been initiated down a

carcinogenic pathway. Many tumors are inappropriate producers of recombinant

molecular regulators. If the genes for producing receptors of these

recombinant hemopoietic regulators are also switched on, one may stimulate

growth of solid tumors. Appropriate studies in animals will determine whether

there is any substance to the three postulated hazards of using these

histologically powerful agents in management of radiation injury.

References:

1. Cronkite EP, Bond VP, Dunham CL (eds: Some Effects of Ionizing Radiation

on Human Beings. Report on the Marshallese and Americans Accidentally

Exposed to Fallout. U.S. Atomic Energy Commission TID 5358, U.S. Gov't.

Printing Office, Washington, DC 1956.

2. Cronkite EP, Jacobs CJ, Brecher G, et al: The hemorrhagic phase of the

acute radiation syndrome due to exposure of the whole body to penetrating

ionizing radiation. Am J Roentgenol Rad Ther and Nuc Med 1952; 67: 796-

803.



3. Cronkite EP, Brecher G, Wilbur KM: Development and use of a canine blood

donor colony for experimental purposes. I. Leukocyte and platelet

transfusions in irradiation aplasia of marrow. Military Surgeon 1954;

114: 359-365.

4. Sorenson DK, Bond VP, Cronkite EP, et al: An effective therapeutic

regimen for the hemopoietic phase of the acute radiation syndrome in

dogs. Radiat Res 1960; 13: 669-685.

5. Persian V, Cronkite EP, Bond VP, et al: The regenerative ability of

hemopoietic tissue following lethal irradiation in dogs. Blood 1962; 19:

724-737.

6. Lorenz E, Congdon C, Uphoff D: Modification of acute irradiation injury

in mice and guinea pigs by bone marrow injection. Radiology 1952; 58:

863-877.

7. Thomas ED, Collins JA, Kasakura S, et al: Lethally irradiated dogs given

infusions of fetal and adult hemopoietic tissue. Transplantation 1963; 1:

514.

8. Bond VP, Cronkite EP, Sondhaus CA, et al: The influence of exposure

geometry on the pattern of radiation dose delivered to large animal

phantoms. Radiat Res 1953; 6: 554-572.

9. Thomas EA, Rudolph RH, Fefer A, et al: Isogeneic marrow grafting in man.

Exp Hematol 1968; 16-18.

10. Fliedner TM: Hematological indicators to predict patient recovery after

whole body irradiation as a basis for clinical management. This

symposium.

11. MacVittie T: Potential improvement in the management of seriously

irradiated persons. This symposium.


