
 
ACUTE RADIATION SYNDROME 

 
Polonium, (Time-Life, “Matter”, 1963) 

 
This is the element polonium. It was named after Poland the native land of its discovers, Marie 
and Pierre Curie. It is shown here as a thin film on a stainless steel disc, the form in which it is 
used as an alpha particle source for scientific use. The discovery of this element along with 
radium by Marie and Pierre Curie in 1898 defines one of the great moments in the history of 
science. They were able to isolate a minute amount from several tons of the uranium bearing 
mineral “pitchblende”. Their discovery helped lead the way to the modern concept of the 
atomic nucleus and an understanding of its structure. Marie was awarded the Nobel Prize for 
chemistry in 1911 for the discovery of polonium and radium. The term “radioactivity” was 
coined by her. Polonium is extremely dangerous, as it is one of the most radioactive substances 
known. The US Nuclear Regulatory Commission has established a quantity of 0.8 million 
millionths of a gram as the maximal allowable amount of polonium-210 that can be ingested. 
In relative terms this makes poloniun-210 approximately 100,000 million times more toxic than 
cyanide! Pierre Curie was tragically killed by being struck by a horse and cart in 1906. Marie 
died in 1934 from leukemia, almost certainly the result of a lifetime of exposure to high levels 
of radiation. Ironically, one of the enduring applications of their work has been in the 
treatment of cancer with radiation.  
 
 
 
 
 
 
 
 
 
 
 



 
ACUTE RADIATION SYNDROME 

 
Introduction 
 
Exposure to radiation may lead to: 
 
1. Local tissue injury 
 
2. Acute radiation syndrome 
 

● This occurs when there has been exposure to high levels of radiation involving 
the whole body (uniformly or non-uniformly) or a significant portion of the 
body. 

 
Radiation exposure can be: 
 
● Acute 
  
● Protracted 
 
● Massive 
 
● Low level 
 
● Fractionated (in divided doses) over time with cumulative biological effects. 
 
Overall biological effects therefore, will depend on the total dose and the dosing exposure 
history. 
 
Pathophysiology 
 
Ionizing radiation comprises 4 basic types: 
 
1. Alpha particles 
 
2. Beta particles 
 
3. Gamma and X rays 
 
4. Neutrons 
 
Each has different physical characteristics and biological effectiveness in causing tissue 
damage, (see “Radiation physics guidelines”) 
 
Ionizing radiation transfers energy to atoms and molecules resulting in the direct damage of 
tissues. The formation of “free radicals” may further damage cellular components, particularly 
genetic material, RNA and DNA. 
 
Injury to DNA is generally classified into 2 types: 
 
1. Stochastic: 
 

● There is sub lethal cellular damage. Late clinical effects such as carcinogenesis 
however may occur. 



 
● “Stochastic effect”, in clinical terms, refers to the additional (ie above the 

“normal” incidence) probability of cancer cases/deaths occurring in an exposed 
population. This increased probability is directly proportional to the dose of 
radiation received) 

 
 ● As a guide to this increased probability: 
 

 
Dose 

 
Description of Risk 
  

 
20 mSv 
 

 
None sick, no deaths, negligible additional cancer risk. 

 
100 mSv 
 

 
None sick, some clinical signs, 1 in 250 additional cancer risk. 

 
200 mSv 
 

 
None sick, some clinical signs, 1 in 125 additional cancer risk. 

 
1 Sv 
 

 
Few sick, no early deaths, 1 in 25 additional cancer risk. 

 
2 Sv 
 

 
Most sick, no early deaths, 1 in 13 additional cancer risk. 

 
5 Sv 
 

 
All sick, LD50 untreated 1 in 5 additional cancer risk. 

 
10 Sv 
 

 
All sick, 100% early deaths. 

 
2. Deterministic: 
  

● Here there is dose related, acute damage to cellular DNA, which results in the 
death of the cell. 

 
● Cell death occurs mostly when cells attempt to divide and cannot do so. Rapidly 

dividing tissues such as blood cells and mucosal epithelium therefore die 
rapidly, whilst in more slowly dividing tissues, such as connective tissue, cell 
death may be delayed for months or even years. 

 
Types of radiation exposure: 
 
Radiation exposures may be of 3 types: 
 
1. External irradiation: 
 

● There is whole body (or local) irradiation, but no material contaminates the 
body or clothing. 

 
● The patient is not radioactive. 

 



 ● These patients pose no risk to others. 
 
2. Contamination: 
 

● Here there is radioactive material contaminating the patient. 
 
● It may be present externally on the clothing or skin, or it may be present 

internally following ingestion, inhalation, or absorption through skin, mucous 
membranes or wounds. 

 
● Contamination constitutes a continuing source of irradiation to the patient. 
 
● External contamination will pose some risk to others, via any transfer of this 

contaminated material.   
 
3. Incorporation: 
 

● Following internal contamination, radioactive atoms or molecules may become 
incorporated into a patient’s tissues. For example, iodine may become 
incorporated into thyroid tissue, caesium into muscle and phosphorous into 
bone. 

 
Note on Local Radiation Injury 
 
Victims of local radiation injury seldom exhibit the classical signs and symptoms of acute 
radiation syndrome. 
 
Consider local radiation injury if: 
 
● The patient presents with a skin lesion without a history of chemical or thermal burn, 

insect bite, or history of skin disease or allergy especially if the patient gives a history 
of possible radiation exposure (such as from a radiography source, X-ray device, or 
accelerator) 

 
● A history of finding and handling an unknown metallic object. Note the presence of any 

of the following: erythema, blistering, dry or wet desquamation, epilation, and 
ulceration.  

 
Local injuries to the skin evolve very slowly over time and symptoms may not manifest 
for days to weeks after exposure. 
 
Local Irradiation Dose:   Clinical Effect: 
 
0.15 Gy     Reduction in sperm count                                 
       
3.0 Gy      Epilation of skin 
 
6.0 Gy      Erythema of skin 
 
6-9 Gy      Cataracts of the eyes      
 
10.0 Gy     Blistering of skin 
 
50.0 Gy         Prompt painful skin “burns” 



 
CLINICAL FEATRES OF ACUTE RADIATION SYNDROME 

 
Introduction 
 
● Acute radiation syndrome (ARS) is an acute illness caused by irradiation of the whole 

body (or a significant portion of it).  
 
● It follows a somewhat predictable course and in general is characterized by 4 distinct 

clinical phases, (see below) 
 
● The time of onset of these phases and their duration are inversely proportional to the 

radiation dose received. In other words the higher the dose the quicker will be the onset 
of symptoms and the more rapid will be the progression of these phases. In severe cases 
the rapidity of progression of the phases will make their differentiation impossible.  

 
● Whilst the severity of initial symptoms does not necessarily correlate with the dose of 

radiation received, the overall severity of illness will be directly proportional to the 
dose of received. 

 
Radiation Dose Relationship to Clinical Illness 1 

 
Whole Body Irradiation Dose: Clinical Effect: 
 
0.1 Gray (Gy)    Chromosomal abnormalities   
 
0.25-0.50 Gy    Effects on lymphocytes and platelets 
 
1.0 Gy     Mild radiation sickness. 
 
4.0 Gy     This represents the LD50 in untreated cases. 
 
6.0 Gy Without medical treatment there will be almost 100% 

mortality from the haemopoietic syndrome. 
 
10.0 Gy Gastrointestinal syndrome. Even with bone marrow 

transplant mortality may reach 50 % from the GIT 
syndrome. 

 
15-30 Gy    Death within 2 weeks, usually from septic shock. 
 
> 30 Gy    Death within 48 hours from cerebrovascular  syndrome. 
 
Clinical Phases of Acute Radiation Syndrome 
 
The ARS is characterised by four distinct phases:  
 
1. A prodromal period 
 

● The prodromal period gives non-specific symptoms, but GIT upset is common 
as is headache and lethargy / malaise. 

 
● After extremely high doses, additional symptoms such as fever, prostration, may 

occur.  



 
● Symptoms usually resolve somewhat over several days, (depending on dose 

received) 
 
2. A latent period 
 

● A symptom-free, latent period follows, varying in length (hours, days even 
weeks) depending upon the size of the radiation dose received. 

 
3. A period of illness  
 

● A period of overt illness follows. Tissues with a high rate of cellular turnover 
(such as haemopoietic or GIT will be most effected). Four different syndromes 
are classically described (see below), their features tending to predominate at 
particular doses of radiation, however with very high doses features of all 4 
syndromes will be seen.  

 
4. Recovery or death.  
 
 ● Death or a period of recovery follows the period of overt illness. 
 
Types of Acute Radiation Syndrome 
 
Depending on dose, the following syndromes may occur: 
 
Haemopoietic Syndrome  
 
● 2 – 10 Gray 
 
● When the whole body dose received is < 10.0 Gy, there is hope for survival with 

medical treatment. Stem cells in the bone marrow are never completely eradicated at 
doses less than 10.0 Gy and hence there is some potential for the marrow to regenerate. 

 
● The predominant clinical problems will relate to bone marrow depression, especially of 

the lymphocytes and later involves platelets and neutrophils, (although initially there 
may be a neutrophilia due to inflammatory responses.)   

 
● Prodromal symptoms are predominantly GIT in nature and develop within 2-12 hours, 

depending on the actual dose of radiation received. Symptoms are relatively mild and 
improve by 48 hours. 

 
● Within 2-3 weeks clinical signs of bone marrow depression become apparent. 
 
● The most useful indicators of the amount of radiation received and predictors of 

subsequent hematological deterioration are: 
 

1. The absolute lymphocyte count at 48 hours. 
 
2. Chromosomal analysis of blood lymphocytes for dicentric fragments.  

 
 Note there may be an initial netrophilia in response to acute inflammatory processes. 
 



 The lymphocyte response to dose of radiation received is as follows: 2  

Curves 1-4 correspond roughly to the following whole-body doses: curve 1 - 3.1 Gy; curve 2 - 
4.4 Gy; curve 3 - 5.6 Gy; curve 4 - 7.1 Gy.  
 
Hematological parameters may then evolve as below: 
 

 
 
 
 
 



Gastrointestinal Syndrome  
 
● 10 –15 Gy 
 
● At these radiation doses the gastrointestinal syndrome is characterised by prompt onset 

of severe GIT symptoms, followed by a short latent period. 
 
● Prodromal symptoms are followed approximately a week (or earlier depending on the 

dose of radiation received) later by recurrent and severe GIT upset, including vomiting 
and diarrhea. Bloody diarrhea and fever indicate a bad prognosis.  

 
● Intestinal hypermotility is then followed by an ileus, septicemia, marked dehydration 

and eventual vascular collapse. 
 
● Despite intensive medical therapy, mortality will be as high as 50 %. 
 
● If the patient survives this, hemopoietic depression still occurs to further complicate the 

clinical course. 
 
Vascular syndrome  
 
● 15- 30 Gy 
 
● Prodromal symptoms occur early (within hours) and are severe. 
 
● At these doses there is a marked increase in vascular (capillary) permeability and 

release of cellular inflammatory mediators, leading to:  
 
 1. Shock with cardiovascular collapse  
 

2. Cerebral edema 
 
3. Death usually within days. 

 
Cerebral Syndrome 
 
● Greater than 30 Gy. 
 
● Here there will be almost immediate and severe symptoms  
 
● Features of all other syndromes will be seen. 
 
● Death occurs within 24 – 48 hours. 
 
FOR MEDICAL MANAGEMENT ISSUES SEE “MANAGEMENT OF ACUTE 
RADIATION EXPOSURE GUIDELINES”. 
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