
ACUTE RADIATION 
SYNDROME



The most important 
radiation effects

Early
(deterministic only)

Local
Radiation injury of
individual organs:
functional and/or

morphological
changes within
hrs-days-weeks

Common
Acute radiation syndrome

Late

Deterministic
Radiation dermatitis
Radiation cataracta
Teratogenic effects

Stochastic
Tumours 

Leukaemia
Genetic effects



Forms of radiation injury depending 
on conditions of radiation exposure

Acute total external radiation 
exposure

Acute radiation syndrome

Acute local external irradiation 
or external contamination

Local radiation injury

Acute total external radiation 
exposure with external or 
internal contamination

Acute radiation syndrome
coexisting local or internal 
radiation injury

Combined exposure of radiation 
and non-radiation factors

Combined radiation injury

Chronic external or internal 
radiation exposure

Chronic radiation syndrome



Early deterministic effects
after whole body irradiation

< 0.1 Gy – no detectable difference in exposed or
non-exposed patients
0.1–0.2 Gy – detectable increase in chromosome
aberrations, but no clinical signs or symptoms
0.12 Gy – sperm count decreases to minimum
about day 45
0.3 Gy – detectable temporary sterility for man
0.5 Gy – detectable bone marrow depression with
lymphopenia



Exposure levels at which healthy 
adults are affected

_________________________________________________________________

Health effects                              Acute dose, Gy
_________________________________________________________________

Blood count changes                         0.50
Vomiting (threshold)  1.00
Mortality (threshold)                       1.50
LD50/60 (minimal supportive care)    3.2-3.6
LD50/60 (supportive medical treatment) 4.8-5.4
LD50/60 (autologous bone marrow or                   > 5.4
stem cell transplant)

___________________________________________________________________________
Source: NCRP Report 98 "Guidance on Radiation Received in Space Activities", 
NCRP, Bethesda (MD) (1989)



Factors decreasing LD50/60

Coexisting trauma combined injury

Chronic nutritional deficit

Coexisting infection

Contribution of high LET radiation



Acute radiation syndrome (ARS)

Acute radiation syndrome threat
Discharged medical irradiators
Industrial radiography units
Commercial irradiators
Terrorist detonation
Nuclear fuel processing
Nuclear reactors

Combination of clinical syndromes occuring in 
stages hours to weeks after exposure as injury 

to various tissues and organs is expressed



Clinical forms 
of acute radiation syndrome

Haematopoietic syndrome (HPS)
Gastrointestinal syndrome (GIS)
Neurovascular syndrome (NVS)



Critical organs or tissues after acute 
whole body radiation exposure

Dose, Gy Critical organ 
or tissue

Mortality, 
per cent 

Time of 
death, days

1 – 2 Bone marrow – –
2 – 4 5 40 – 60 
4 – 6 50 30 – 40 

6 – 10 95 10 – 20 
10 – 30 Gastrointestinal 

tract
100 7 – 14 

> 30 Neurovascular 
system

100 1 – 5



Phases of acute radiation syndrome

 Initial or prodromal phase

 Latent phase

 Manifest illness phase

 Recovery phase



Haematopoietic syndrome

Normal bone marrow cells Bone marrow damaged 
by radiation injury



Phases of haematopoietic  
syndrome (HPS)

 Prodromal phase symptoms nausea and
vomiting lasts only a few hours, with time of
onset from later than one hour to about 24
hours after exposure

 Latent phase lasts up to a month. Relatively
asymptomatic except for some fatigue and
weakness

 Manifest illness phase characterizes by
neutropenic fevers, systemic and localized
infections, sepsis, and haemorrhage



Threshold doses for symptoms 
of the prodromal phase ARS

 anorexia, nausea and vomiting 
(1 Gy) 

 diarrhea (4 – 6 Gy),
malaise, weakness and fatigue 

(1 – 2 Gy),
 headache (4 – 6 Gy),
 dizziness (6 – 8 Gy), 
 fever (8 – 10 Gy)



Central mechanism:
activation of chemoreceptor trigger zone of 
vomiting centre by biological activity 
substances from irradiated tissues –
biogenic amines, regulatory peptides 
and other bioregulators

 Peripheral or reflex mechanism:
irritation peripheral emetic receptors from 
peripheral zones located, mainly, in digestive 
tract

Pathogenesis of emetic syndrome



Characteristic of symptoms of prodromal 
phase of ARS depending on doses

1 – 2 Gy 2 – 4 Gy 4 – 6 Gy > 6 Gy

Initiation 2 hours 1 – 2 
hours

0,5 – 1 
hours

5 – 20 
minutes

Vomiting unitary repeated frequently
repeated

unrest-
rained

Diarrhea – – + – + + +

Duration 1 – 3 
hours

to 1 days to 2 days more than
2 – 3 days



Haematological response to 1 Gy 
whole body radiation exposure



Haematological response to 3 Gy 
whole body radiation exposure



Lymphocytes changes

<1 Gy
1-2 Gy

2-5 Gy

>5-6 Gy

Time after exposure, days



Leukocytes changes

Normal
<1Gy
1-2 Gy

2-5 Gy
>5-6 Gy

Time after exposure, days



Thrombocytes changes

Normal
<1Gy

1-2 Gy2-5 Gy

>5-6 Gy

Time after exposure, days



Erythrocytes changes

1 Gy

3 Gy



Basic syndromes 
of manifest illness phase

 pancytopenia
 haemorrhage
 systemic and localized infections
 sepsis, fevers
 vomiting, diarrhea 
 toxemia 
 alopecia
 kaheksia etc.



Gastrointestinal syndrome

Irradiated 
gastrointestinal 

mucosa

Develops after an irradiation in doses 10 – 30 Gy



Pathogenesis of the 
gastrointestinal syndrome

 Depletion of the epithelial 
cells lining lumen of 
gastrointestinal tract

 Intestinal bacteria gain 
free access to body

 Haemorrhage through 
denuded areas

 Loss of absorptive 
capacity



Phases of gastrointestinal syndrome

Prodromal period: severe nausea and
vomiting, watery diarrhoea and cramps. Occurs
within hours after exposure

Latent (subacute) phase: asymptomatic for
hours to days, severe tiredness, weakness

Manifest illness: return of severe diarrhoea,
vomiting with fever; progression to bloody
diarrhoea, shock and death without aggressive
medical intervention



Systemic effects 
of gastrointestinal syndrome

 Malabsorption malnutrition

 Fluid and electrolyte shifts dehydration, 
acute renal failure, cardiovascular collapse

 Gastrointestinal bleeding anaemia

 Gastrointestinal infectious sepsis

 Paralytic ileus vomiting, abdominal 
distention



Neurovascular syndrome
Develops after an irradiation in doses 30 Gy and above
Prodromal phase:
Burning sensation within minutes of exposure; 
nausea and vomiting within first hour; loss of 
balance, confusion with prostration; hypotension, 
hyperpyrexia

 Latent phase:
Apparent improvement lasting several 
hours, may be lucid and in no pain but weak

Manifest illness phase:
Rapid onset, watery diarrhoea, respiratory distress, 
gross CNS signs, wide pulse pressure, hypotension



Radiation-induced 
early transient incapacitation

For high radiation doses (in excess of 30 Gy), 
early transient incapacitation occurs on average 
within 5 to 10 minutes after acute whole-body 
irradiation. Lowering the dose the median time of 
ETI occurrence increases up to 12 to 15 minutes.

Exposure to doses of ionizing radiation (of 
the order of 50 Gy) results in an immediate 
precipitous decline in cerebral blood flow (CBF) 
which is followed by a partial recovery at 20-30 
minutes, and subsequent slower secondary 
decrease in CBF thereafter, accompanied by 
parallel changes in systemic blood pressure.



Possible mechanisms of radiation-
induced early transient incapacitation

Several generalizations have emerged from non-
human experimental studies:

 early transient incapacitation is qualitatively very 
similar for many behavioral tasks

 the frequency of incapacitation within a population 
increases as a function of radiation dose

 incapacitation can be elicited by both trunk-only and 
head-only irradiation

 neutrons are less effective in producing early transient 
incapacitation than are gamma rays

 the activity of certain brain enzymes involved in 
neurotransmitter metabolism is also considerably 
affected during early transient incapacitation



Prognosis of gastrointestinal and 
neurovascular syndromes

SymptomsRadiation
dose (Gy)

Life threatening
injuries

Death of
patients

16

20

25

30

Loss of 
consciousness

Neurovascular 
damage

5-12 days

2-5 days



Acute radiation syndrome 
at a non-uniform irradiation

 Non-uniform it is considered an irradiation at 
which difference of the absorbed dozes on a 
body exceeds 10 - 15 %

 At small differences of dozes the clinical picture 
of non-uniform defeat differs from the classical 
form of sharp radiation sickness a little

 Features of a clinical picture are shown at factor 
of non-uniformity more than 3 and the maximal 
dose of an irradiation from above 10 Gy



Features of radiation injuries 
at a non-uniform irradiation

 Decrease in efficiency of biological action of 
radiation on critical systems of organism

 Infringement characteristic for "classical" 
form ARS of periodicity and time 
dependence of its basic symptoms

 Prevalence in a clinical picture of disease of 
the symptoms reflecting infringement of 
functions of bodies and fabrics, undergone 
to an irradiation



Features of radiation injuries 
at a non-uniform irradiation

(continued)
 Opportunity of development at same struck 

several radiating syndromes 
 Reduction the role of haematological 

syndrome with growth of non-uniform 
irradiation

 Increase with growth of non-uniform 
irradiation the role of oropharingeal and 
intestinal syndromes, a local radiation injury 
of skin

 Updating of clinical current of 
haematological and gastrointestinal 
syndromes



Summary of lecture

 Acute radiation syndrome is a complex of
acute injury manifestations occurring after
extensive exposure to high dose of ionizing
radiation

 Phases of acute radiation syndrome:
prodromal, latent, manifest illness, recovery

 Different ranges of whole body doses produce
different manifestations of injury

 Dose ranges producing the most characteristic
manifestations:
haematological, gastrointestinal,
cardiovascular /central nervous system
syndromes



Summary of lecture
(continued)

 Radiation doses in cardiovascular/central
nervous system syndrome range uniformly fatal
regardless of therapy

 Doses in gastrointestinal syndrome range, which
also produce life-threatening pulmonary effects,
usually fatal

 Doses in the haematopoietic syndrome range
are survivable. Therapeutic goal: lessen the
severity of thrombocytopenia and neutropenia
while minimizing and treating infection



Lecture is ended

THANKS FOR ATTENTION

In lecture materials 
of the International Atomic Energy Agency (IAEA), 
kindly given by doctor Elena Buglova, were used
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