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In the following,
ARS = Acute Radiation Syndrome
(i.e. it doesn't mean Acute Respiratory Syndrome ;-) )



 tyka se celého téla a vznika po celotélnim ozareni (nebo ozareni vétsi casti téla)
* rozlisujeme tri formy podle velikosti absorbované davky zareni a podle priznaku:

(poskozeni krvetvorby)
(posSkozeni strevniho epitelu)
(poskozeni cév mozku)
(tezké hematodynamické poruchy)
(poruchy CNS)

RuUzné pfiznaky jsou dany . nejcitlivejsi jsou rychle se delici bunky,
naopak pomalu se delici bunky jsou pomerne radiorezistentni

davky , hejcitlivejsi krevni bunky, dale strevni
a nejvice rezistentni se jevi nervoveé bunky, které se nemnozi.



Mortality - IR Dose — Dose Rate Relationship
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na zakladé citlivosti k IZ muzeme buriky
rozdelit do 5 skupin:

rostouci chrupavky

e aktivni kostni dren rostouci kosti

e pohlavni organy * jemneé cevy
e streva
e lymfoidni organy «  zralé chrupavky

« zralé kosti
« plice a dychaci ustroji
« endokrinni zlazy
* ocnicocka Zlazy traviciho ustroji
e epitelidlni vystelky (povrchy jicnu,

zaludku apod.)

e klze

« svaly
« CNS (10ky Gy pro
poskozeni)



Pricina ARS

In hierarchically iorganized tissues (e.g., blood): Radiation injury
occurs most readily in tissues and organs consisting of rapidly
proliferating cells; examples include the bone marrow, the lining
of the gastrointestinal tract, and skin, where progenitor cells
multiply continuously to replace the mature cells that are
constantly being lost through normal aging.

The effects of radiation on these organs result primarily from the
destruction of the progenitor cells and the consequent
interference with the replacement of mature cells, which is vital
to the maintenance of tissue structure and function.

On the other hand, non-hierarchically organized or flexible tissues
are composed of functional slowly proliferating cells with slow cell
turnover. The expression of injury caused by mitotic cell death and
the development of signs and symptoms is dose-dependent and the
latency period is long of months or years.
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https://www.britannica.com/science/organ-biology
https://www.britannica.com/science/bone-marrow
https://www.britannica.com/science/gastrointestinal-tract
https://www.britannica.com/science/human-skin
https://www.britannica.com/science/human-aging

Acute Radiation Syndromes

Time when acute radiation syndrome appears
Upon exposure

Lapse of time

Prodromal phase Incubation phase Onset bhase Convalescent
- 48 hours 0 - 3 weeks P phase (or death)

Nausea and vomiting
(1 Gy or more) No symptom
Headache(4 Gy or more)

Hematopoietic disorders

(infection, bleeding)

Diarrhea(s Gy or more) Gastrointestinal tract disorders

Fever(e Gy or more) Skin injury
Disturbance of
consciousness

(8 Gy or more)

Nerve and blood vessel disorders

Increase in exposure doses

* Acute radiation syndromes observed in the case of whole-body exposure to radiation exceeding
1 Gy (1,000 mGy) at one time

Source: "Basic Knowledge on Radiation" (a text for the Emergency Exposure Medical Treatment
Gy: Grays Training), Nuclear Safety Research Association



Four clinical phases of ARS:

1. Prodromal phase: is the initial phase of acute illness.

Signs and symptoms appear within 1-3 days after the exposure

characterized by

* nausea,
« vomiting, —
_ 0,7-1Gy

e anorexia, _
 Malatnost ]

—
 Unava ] 1-2Gy
« Headache

—  4-60QGy
 Diarrhoea |
e zavraté 6 -8 Gy
. fever, 3—-10 Gy

» and early skin erythema (according to IR dose).




PRODROMAL PHASE OF ARS

Depending on the dose received these symptoms can be mild viral like or severe.

99.99

Probability of Occurrence (%)

The onset of vomiting is also related with absorbed dose and can be seen within few

minutes after a high dose exposure.

EDgq = 1.58 Gy/ I*

EDs, = 2.40 Gy
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Incidence of nausea and emesis as a function of dose. Research performed
at Oak Ridge Associated Universities for the National Aeronautics and Space
Administration. Adapted with permission from Taylor and Francis and Oak
Ridge Associated Universities.
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Time to onset of emesis in dependence of IR dose

Figure:
* An early clinical indicator of the

degree of exposure to ionizing
radiation is the time to onset
of emesis.

 The more vertical single
regression line was fitted by
Goans and Waselenko to 108
data points contained in the
REAC/TS database.

* A reanalysis by Parker and
Parker of the same data includes
a new best fit line
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https://www.researchgate.net/journal/Radiology-1527-1315
http://dx.doi.org/10.1148/radiol.09090330

Four clinical phases of ARS: PRODROMAL PHASE

Patogeneze prodromalni faze znacné slozita (a ne zcela jasnad):

Nauzea a zvraceni:

* podrazdéenim chemoreceptivni trigger zony v centru zvraceni biologicky aktivnimi [atkami, které se objevuiji v krvi po ozareni
(biogenni aminy, regulacni peptidy, prostaglandiny, aj. endogenni regulacni molekuly)

» Centrum zvraceni se aktivuje i patologickou aferentni impulzaci z interoreceptorti gastroinstestinalniho traktu:

(1) post-IR naruseni periferni dopamin a serotoninergické mediace = (2) gastrostaza (porucha vyprazdniovani zaludku) = (3)
aferentni impulzace z interoreceptort

Spazmy a bolesti bricha, tenezmy a prijem: zesilenim motorické a sekrecni funkce strev Utlakem reabsorbce vody ze stfev do krevniho recisté

Casné neumotorické a neurovaskularni efekty:

* (1) narusenim katecholaminergické regulace CNS
* (2) poruchami hemo- a likvorodynamiky v mozku a

* (3) celkovou intoxikaci organismu produkty rozpadu radiosensitivnich tkani

UKONCENI PRODNROMALNI FAZE: toxické metabolity cirkulujici v krvi ve znaéné mife rozkladaji nebo vyluéuji, pokles patologické repulzace v

CNS, obnoveni funkce pogkozenych tkani, krvetvorba sice poskozena ale stale jesté kompenzovana zachovalymi
rezervami > prechod do LATENTNI FAZE




Four clinical phases of ARS:

2. Latent phase: is a delusive phase characterized by improvement of symptoms
and an apparent cure. Individuals look and fell good but laboratory tests
become abnormal with lymphopenia and granulocytopenia. This phase is also
dose dependent and may last hours to weeks.

3. Manifest illness phase: in this phase specific signs and symptoms of each
syndrome appear depending on the dose.

* The hematopoietic syndrome develops at doses of between 1 and 8 Gy
(slight decrease in blood cell counts can be seen with doses <1 Gy)

* The gastrointestinal syndrome occurs at doses of between 5 and 20 Gy

 and the cerebrovascular syndrome at doses >20 Gy.

2. Final phase: recovery or death depending on:
the (1) absorbed dose, (2) dose rate and (3) the heterogeneity of exposure.



https://www.sciencedirect.com/topics/medicine-and-dentistry/lymphocytopenia
https://www.sciencedirect.com/topics/medicine-and-dentistry/granulocytopenia
https://www.sciencedirect.com/topics/nursing-and-health-professions/blood-cell-count
https://www.sciencedirect.com/topics/medicine-and-dentistry/cerebrovascular-disease

Acute Radiation Syndrome
As a Function of The Delay Post-irradiation

Dose 4
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1. Drenova (hematopoeticka) forma:

kostni dren — ubytek kmenovych krvetvornych bunék, které jsou velmi citliveé.
Prahova davka je zhruba ,

* prodromalni faze nastupuje za 30 min — 48 hod,

« dale pozorujeme latentni fazi 2 dny az 3 tydny

* nacez prichazi manifestni faze.
Dochazi k : :

nejvice kostni drené je lokalizovano v pateri, dorzalnich oblastech zeber a panve —

ozareni techto oblasti je kritické (lze v pripadé potreby stinit).



1. Prodromalni symptomy: zahrnuiji a

Pri tézkém prujmu je pravdépodobna smrt.

Béhem prvnich dnt dochazi k , ktery je davkové zavisly a muze byt

pouzit jako indikator davky (= ).

2. Latence: obvykle nékolik tydnu,

3. MANIFESTACE ARS: pancytopenie zptisobuje , pokles trombocytii

zpusobuje (krvaceni z vnitinich organu, ...) 2> . Symptomy tedy

zahrnuji vzestup infek€nich komplikaci, krvaceni, ,

Maximalni pokles lymfocytl nastava 3. den. Podle poctu lymfocytu I1ze odhadnout dalsSi vyvoj

nemoci z ozareni (= ).




3000

Normal

2000

Mild, 1-2 Gy (100-200 rad)

Moderate, 2-4 Gy (200-400 rad)

Lymphocyte Count, /mm?

Severe, 4-6 Gy (400-600 rad)

Very Severe, 6-8 Gy (600-800 rad)
Lethal, >8 Gy (>800 rad)

From traditional medical guidance,

a 30% to 50% decrease of absolute
lymphocytes within the first 24 hours
1s suggestive of serious and potentially
lethal injury.

More recently developer guidelines
have been presented for early
determination

of the severity of radiation injury using
both hematological Kkinetics and the
appearance and severity of various

clinical symptoms.




DOSE ESTIMATION based on LYMPHOCYTE COUNTS

Table 215.1 Lymphocyte Count Between 24 and 48 Hours After Radiation Exposure, Estimated Dose Range (Gy), and Estimated

Lethality (%/0)
Lymphocyte count % 1,000/mmz) Dose range (Gy) Lethality (%)
3.0 0-0.25 —
1.2-2.0 1-2 <5
0.4-1.2 2.0-3.5 < 50
0.1-0.4 3.5-5.5 50-99
0-0.1 > 5.5 99-100

From Walden TL, Farzaneh MS. Biological assessment of radiation damage, in Walker RI, Cerveny TJ (eds): Medical Consequences of Nuclkear Warfare, in Zajtchuk
R Belamy RF (eds): Textbook of Miltary Medicine, Part 1: Warfare, Weaponry and the Casualty. Washington, DC, United States Department of the Army, Office of
the Surgeon General and Borden Institute, 1996, p 87. Available at: www.usuhs. mil/afrr/outreach/pdf/tmm/chaptert/chaptert. pdf.



Lymphoeytes and neutrophils (x 1000)
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Leukocytes/mm?

White Blood Cells in Patients Exposed to
Radiation During the Chernobyl Accident
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)
davky jsou vétsi nez u drenové formy (epitel je rezistentnéjsi ( ).
ve srovnani s drenovou formou ( ),

nasleduje manifestace onemocnéni.

Podstatou této formy je denudace
strevni_sliznice, eliminace funkéni _bariéry branici vstupu mikrobt do téla a ztratam tekutin

Nejvice je postizeno tenké strevo. Dochazi ke zpomaleni nebo zastaveni obmény epitelu
krypt.

Pri dochazi pozdéji ke vzniku atrofie, fibrotizace a vredu. Vysledek zavisi na
davce a jejim rozlozeni v €ase.

Klinické projevy splyvaji s projevy drenového syndromu, neexistuji specifické projevy
odpovidajici GIS. Pri mikroskopickém vySetreni Ize ve stolici nalézt tzv. zanétlivé bunky.



Gastrointestinal syndrome

e occurs at doses of between 6 and 15 Gy. Clinical signs and symptoms are due
to the lack of replacement of cells in the surface of the villi because stem and
proliferating cells located in the crypts are damaged by radiation and die in

mitosis. Between 7 and 10 days after exposure, the denudation of intestinal

mucosa produces watery diarrhea, dehydratation and electrolyte loss,

gastrointestinal bleeding and perforation. The breakdown of the mucosal

barrier facilitates the entry of bacterias into the bloodstream. Of course, the
immunosuppression associated with the hematopoietic syndrome favours

opportunistic infections and thrombocytopenia favours hemorrhage. Death

from the gastrointestinal syndrome is due to sepsis, bleeding, dehydratation
and multisystem organ failure.



https://www.sciencedirect.com/topics/medicine-and-dentistry/gastrointestinal-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-proliferation
https://www.sciencedirect.com/topics/medicine-and-dentistry/intestine-mucosa
https://www.sciencedirect.com/topics/medicine-and-dentistry/intestine-mucosa
https://www.sciencedirect.com/topics/physics-and-astronomy/electrolytes
https://www.sciencedirect.com/topics/medicine-and-dentistry/gastrointestinal-bleeding
https://www.sciencedirect.com/topics/medicine-and-dentistry/immunosuppressive-treatment
https://www.sciencedirect.com/topics/medicine-and-dentistry/opportunistic-infection
https://www.sciencedirect.com/topics/nursing-and-health-professions/thrombocytopenia
https://www.sciencedirect.com/topics/physics-and-astronomy/hemorrhages
https://www.sciencedirect.com/topics/nursing-and-health-professions/sepsis
https://www.sciencedirect.com/topics/medicine-and-dentistry/multiple-organ-dysfunction-syndrome

Severe acute radiation syndrome: Treatment of a lethally 60Co-source
irradiated accident victim in China

Radiation damage in the patient after
exposure. (A) head hair lost; (B) and (C) hands
showing erythema and ulceration (days 24 and
44 after exposure, respectively); (D) extensive
necrosis of the colon at the surgery.
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Necropsy of minipigs that underwent whole-
body irradiation at different doses

Pathological alterations of the gastrointestinal
system in minipigs irradiated with 4 Gy (A—C),
7 Gy (D—F), and 12 Gy (G-I) at necropsy.

On necropsy, the bleeding tendency in each 7 Gy
organ was remarkable (Figure 2D—F) and the
minipig was found to have developed sepsis.

Journal of Radiation Protection and Research

2017; 42(3): 146-153.

Published online: September 29, 2017

DOI: 12 Gy
https://doi.org/10.14407/jrpr.2017.42.3.146

Intestine

Jejunum



https://www.jrpr.org/journal/view.php?number=993#f2-jrpr-42-3-146
https://doi.org/10.14407/jrpr.2017.42.3.146

« dochazi k nému po expozici velmi vysokym davkam - (vojenské operace, nehody v
jadernych zarizenich). Pri vybuchu jaderné zbrane se lidé vystaveni takto vysokym davkam
nachazeni v zéné letalni z hlediska tlakovych a teplotnich ucinku. '

nastupuje za nekolik minut,

trva do 2 dnu nebo uplné chybi,

je zakoncena (jistou) smrti.

« Ceévni slozka se manifestuje po , CNS - po davkach nad

il intersticia 2>

RS EVAn A

/i

- zvyseni propustnosti kapilar 2> u
pokles krevniho tlaku - edém, krvaceni do mozku koncici smrti.

/

/

— demyelinizace a perivaskularni edém, nekréza. V pribéhu manifestni faze pri
davkach nad 100 Gy se pozoruje zhorsovani vedomi, hasledované bezvédomim a smrti.




Neurovascular syndrome

* The exact pathobiology of cerebrovascular syndrome is by no means clear.
A hypothesis is the damaging effects of radiation on endothelial cells and vascular
leak with edema and consequently an increase in intracranial pressure (and also
damage to CNS cell membranes). Cerebrovascular syndrome occurs at doses higher
than 20 Gy and is characterized by a very short prodromal and latent phases followed
by neurological symptoms as headache, abnormal cognition, neurological deficits and
finally somnolent state, loss of consciousness and death.

* Symptoms of neurovascular ARS include nausea, vomiting, headache, lethargy,
irritability, cognitive dysfunction, ataxia, seizures, dysarthria, disorientation,
prostration, cerebral edema, and hypotension.

* Cerebral signs and symptoms begin quickly and may progress too rapidly for a latent
phase to develop.

* At the higher doses, patients may die before signs and symptoms of hematopoietic
ARS and Gl ARS appear.


https://www.sciencedirect.com/topics/medicine-and-dentistry/cerebrovascular-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/intracranial-pressure
https://www.sciencedirect.com/topics/medicine-and-dentistry/neurologic-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/loss-of-consciousness

A RS S U BTY P E S Radiation toxitity measurement
(OVERVIEW)

Neurovascular

No acute disease, syndrome, >60
<0.1 Gy, pre- Gy, rapid onset,
clinical phase, tremors, ataxia;
prognosis death certain,

excellent expectant

management

Estimate dose ¢ ' Monitor, diagnose,
of exposure treal radiation
syndromes

Gastrointestinal
Hematopoietic syndrome, >5
syndrome, 2.5-5 Gy, vomiting,
Gy,-prodromal, diarrhea, fluid
latent, and loss; symptoms
illness phases intensity weeks

after exposure



ARS subtypes (OVERVIEW)

Tab. 4.1 Klinické formy a stupné zavaznosti ANO vyvolané celkovym zevnim relativ-
né rovnomernym ozdrenim

Davka | Klinicka forma | Stupen Prognoza Mortalita | Doba
(Gy) zavaznosti (%) umrti
(dny)
0,7-2 I (lehky) zcela prizniva 0 =
24 IT (stfedni) relativné ptiznivd 5 40-60
i dfenova X
i ITI (t&ky) FATORERS 50 30-40
| pfizniva iy
6-10 neprizniva 95 10-20
10-20 | stevnf 100 8-16
IV (velmi
= s st
+0~30 tD{EEHl{lea tezky) zcela neprizniva 100 4-7
(cévni)
nad 50 | cerebralni 100 1-3




Dose (Grays) Immediate symptoms Latent phase Post-latent symptoms Prognosis

In this dose range no obvious sickness occurs. Detectable changes in blood cells begin
to occur at 0.25 Sv, but occur consistently only above 0.50 Sv. These changes involve
fluctuations in the overall white blood cell count (with drops in lymphocytes), drops in
platelet counts, and less severe drops in red blood cell counts. These changes set in
1.0< Mild nausea days to weeks over a period of days and may require months to disappear. They are detectable only by Almost certain survival
lab tests. At 0.50 Sv atrophy of lymph glands becomes noticeable. Impairment to the
immune system could increase the susceptibility to disease. Depression of sperm
production becomes noticeable at 0.20 Sv, an exposure of 0.80 Sv has a 50% chance of
causing temporary sterility in males. At 0.75 Sv there is a 10% chance of nausea.

Tissues primarily affected are the hematopoietic (blood forming) tissues, sperm forming
tissues are also vulnerable. Blood changes set in and increase steadily during the
latency period as blood cells die naturally and are not replaced. There is a 10% chance
of temporary hair loss. Mild clinical symptoms return in 10-14 days. These symptoms
10-14 days include loss of appetite (50% probability at 1.5 Sv), malaise, and fatigue (50% probability Fatality rate is about 10%
at 2 Sv), and last up to 4 weeks. Recovery from other injuries is impaired and there is
enhanced risk of infection. Temporary male sterility is universal. The higher the dosage
in this range, the more likely the effects, the faster symptoms appear, the shorter the
latency period, and the longer the duration of illness.

lliness becomes increasingly severe, and significant mortality sets in. Hematopoietic
tissues are still the major affected organ system. When symptoms recur, the may
include epilation (hair loss, 50% probability at 3 Sv), malaise, fatigue, diarrhea (50%
prob. at 3.5 Sv), and hemorrhage (uncontrolled bleeding) of the mouth, subcutaneous
tissue and kidney (50% prob. at 4 Sv). Suppression of white blood cells is severe,
susceptibility to infection becomes serious. At 3 Sv the mortality rate without medical
treatment becomes substantial (about 10%). The possibility of permanent sterility in
females begins to appear. Recovery takes 1 to several months.

Hair loss, internal bleeding, severe bone marrow damage with high risk of bleeding and
infection. Hemopoietic Syndrome. Mortality rises steeply in this dose range, from around
50% at 4.5 Sv (LD, to 90% at 6 Sv (unless heroic medical intervention takes place).
Hematopoietic tissues remain the major affected organ system. The symptoms listed for
2.0-3.5 Sv increase in prevalence and severity, reaching 100% occurrence at 6 Sv.
When death occurs, it is usually 2-12 weeks after exposure and results from infection
and hemorrhage. Recovery takes several months to a year, blood cell counts may take
even longer to return to normal. Female sterility becomes probable.

Hair loss, internal bleeding, severe bone marrow damage leading to complete failure of
blood system, high risk of infection, moderate gastrointestinal damage. Gastrointestinal
Syndrome. Survival depends on stringent medical intervention. Bone marrow is nearly or
completely destroyed, requiring marrow transfusions. Gastrointestinal tissues are
increasingly affected. The final phase lasts 1 to 4 weeks, ending in death from infection
and internal bleeding. Recovery, if it occurs, takes years and may never be complete.

Hair loss, internal bleeding, severe bone marrow damage leading to complete failure of
blood system, high risk of infection, severe gastrointestinal damage.

Very high exposures can sufficient metabolic disruption to cause immediate symptoms.
Above 10 Sv rapid cell death in the gastrointestinal system causes severe diarrhea,
intestinal bleeding, and loss of fluids, and disturbance of electrolyte balance. These
effects can cause death within hours of onset from circulatory collapse. Following an
5-7 days initial bout of severe nausea and weakness, a period of apparent well-being lasting a Certain death
few hours to a few days may follow (called the "walking ghost" phase). This is followed
by the terminal phase which lasts 5 - 12 days. In rapid succession prostration, diarrhea,
anorexia, and fever follow. Death is certain, often preceded by delirium and coma.
Therapy is only to relieve suffering.

Mild acute symptoms occur in this range. Symptoms begin to appear at 1 Sv, and
become common at 2 Sv. Typical effects are mild to moderate nausea (50% probability
at 2 Sv) , with occasional vomiting, setting in within 3-6 hours after exposure, and lasting
several hours to a day.

1.0-2.0

Nausea becomes universal (100% at 3 Sv), the incidence of vomiting reaches 50% at
2.0-35 2.8 Sv. Nausea and possible vomiting starting 1 to 6 hours after irradiation and lasting 7 - 14 days
up to 2 days

Fatality rate 35% to 40%

3.5-55 Nausea and vomiting within half an hour, lasting up to 2 days 7 - 14 days Fatality rate 50% within 6 weeks

55-75 Severe nausea and vomiting within 15 - 30 minutes, lasting up to 2 days 5-10 days Death probable within 3 weeks

7.5-10 Excruciating nausea and vomiting within 5 - 15 minutes, lasting for several days 5 -7 days Death almost certain within 3 weeks. Complete recovery impossible.

Immediate nausea occurs due to direct activation of the chemoreceptive nausea center

10-20 in the brain. The onset time 5 minutes.

CNS Syndrome. Metabolic disruption is severe enough to interfere with the nervous
20-80 Immediate disorientation and coma will result, onset is within seconds to minutes. None system. Convulsions occur which may be controlled with sedation. Victim may linger for ~ Certain death
up to 48 hours before dying.

The U.S. military assumes that 80 Sv of fast neutron radiation (from a neutron bomb) will
>80 Coma None immediately and permanently incapacitate a soldier. Lethal within 24 hours due to Certain death
damage to central nervous system.



Figure. Los Alamos criticality victim (LA-1) on day 24, prior to death.
Reproduced with permission from Hempelmann LH, Lisco H, Hoffman JG. The acute radiation syndrome: a study of nine cases and a review of the problem.
Ann Intern Med. 1952;36:279-510 (Plate XVIII).
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Hands of Harry Daghlian _ _ _ o
and Louis Slotin A small blister had appeared on the ring finger of his right hand

approximately 36 hours after exposure, and the nailbeds had taken on a
bluish hue, indicating poor circulation. Within a day's time, numerous blisters
had developed on the palm and back of the hand, as well as between the
fingers, which increased rapidly in size and became painfully distended with
fluid. Also, the skin of the left hand and abdomen began to redden
(erythema). For relieving pain and increasing circulation and manual flexibility
to the right hand, Daghlian's primary attending physicians at Los Alamos
Hospital decided on the third day to perform a paravertebral block on the
right side and to open the blisters and remove the necrotic

skin (débridement) under general anesthesia; the
wounds were then covered with Vaseline gauze
and a pressure dressing. Débridement of his hand
wounds was then performed every 3 to 4 days. In
spite of these efforts, the entire right hand
continued to blister and had developed an intense
blue-purple color by the fourth day. Codeine and
morphine were given to control the pain, which
had also increased substantially; however, these
drugs provided only partial relief, and the hands

-
—.|:

n-m‘hrhhm! debridemert on the minth day. The
e clar \nlllsrna1aro1 nfhrml:rrhle 1 skin of

i e S R were further numbed by chilling with ice packs...
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Radiation Sickness (Los Alamos1945)
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Radiation ulcers are wounds caused by the acute or chronic effects of ionizing radiation. The injury may involve the skin,
underlying soft tissue, and even deep structures such as bone. The most common cause of radiation injury is an adverse
effect of therapeutic radiation therapy. Other causes are occupational or environmental exposures. See the image below.

-~ (POTENTIAL)
CONSEQUENCES
OF RADIOTHERAPY

Case A. Cutaneous injury caused by
irradiation of the chest wall to treat
advanced lung cancer with metastases to
the head and spine. This patient was
transferred to a burn unit for adequate
care of the burns and ulcerations caused
by the radiation treatments.




N UCLEAR . Ioniang rzdiation injury from
atomic bom

VEAPONS * Photograph of a woman's skin

KOM BI NOVANE burned in the pattern of the kimono

A AL AL SAaB L she was wearing at the time of her

RADIACNI exposure to radiation from one of

the atomic bombs dropped by the

PO§KOZEN|, United States on Japan.

neradiacni + radiacni popaleniny + krvaceni + zlomeniny + ...

Kimono pattern burned into skin
Around August 15, 1945 Photo by Gonichi Kimura

The heat-absorbing black or dark-colored portions of her kimono pattern
were burned into her skin.
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Whole-body Radiation Dose and Acute Syr

EIR Symptoms mSv

1:"1 53 ¥
= —,-—:L~f—-f— ————— 3,000
Epilation
L (hairloss)iwt=a e S Cu o F S EE Tin00

B o
Y SIS CRRET S OA
Nausea

FhLES
Y BROTE 500

Reduction of lymph cells
— 400

— 300

— 200
TR -

“No symptoms—

aYoVan
U /0V

= 50% lethal

L igan €U La<Esd &
RSB EOREATE
13 [}

Annual radiation limit for
___radiationworkers

e ERHSROSHMOREE

Annual natural radiation dose

°® mSv(EU9—'\“)1/h)tla*)\f)egwr‘__mﬁﬁ@%%i?%ﬁ

The mSv (millisievert) unit measures absorption of radiation by the human body.

0 5% 18CE) #7214 TIUTI #RUE T,

The arrows indicate “this point or greater” or “this point or less.”

45
.
“x

& 5 - AN a Lz> Lz L
RUBT-HSAR CaSLETHE
1945&(BHI205)108 L8 @OHH51,500m FEHN—TE LBE+FAR
WhSEE BHFESHES

Ot LBT+FARCHBECRBLEUL, BN ASARBECSSTREOAL SIS ELL
KE=BBEC LD, ErHEsEET BT bBDEUE, T, ASARMEVMERICED, #CFHTMOHENSTLEBOEUL,

Woman pierced by glass fragments
Early October 1945 1,500 m from the hypocenter Senda-machi 1-chome Hiroshima Red Cross Hospital
Photo by Shunkichi Kikuchi Courtesy of Harumi Tago
any wounded by flying glass.

This woman exposed to the bomb while working at Hiroshima Red Cross Hospital was among the m
Larger shards cut veins and nerves. Pieces of glass sometimes remained inside the body for years, until they were surgically removed.
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The bomb exploded in the air and generated a shock wave, that is, a
fast-moving wall of high-pressure air. This blast pressure was immense.

death.
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hards of glass into bodies,
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EFFECT OF POST-IRRADIATION TREATMENT
ON ARS SURVIVAL

* The median LD, ~ 4 Gy (400 rad)

* Aggressive medical care, including the e
use of prophylactic antibiotics, . o
antibiotics for specific foci of infection, 08— S S K
and cytokines, can be expected to . § $
0.6 — N Median

increase the median lethal dose,
lethal

thereby pushing the survival curve to —
the right. g 94
e Large body irradiation >8 — 9 Gy (800- 0.2
900 rad) usually fatal, in some cases,
aggressive treatment might allow the 0.0 —

patient to survive.

e Large body irradiation >10 Gy (1000 Dose, Gy
rad) are almost universally fatal

Risk of Death




(Uspésna de facto jen u krevni formy)
- Prevence infekci a jejich lécba
- Podavani hematologickych rustovych faktoru
- Transplantace kmenovych bunék
— izolace, antibiotika (i preventivné), acyklovir (x Herpes),
pfi hluboké trombocytopenii Ize redukovat transfuzi trombocyti

— u vysSich davek, G-CSF nebo GM-CSF, co nejdrive po ozareni a
dlouhodobé (10-20 dni). Stimuluji krvetvorbu — redukce neutropenie. Nezadouci uc€inky —
bolesti kosti, hlavy horec¢ka.

— nejlepsi by byly autologni €i syngenni kmenové bunky, ty jsou vsak obvykle
nedostupné. Alogenni transplantace — reakce stépu proti hostiteli a naopak. Vhodné
pouze pri davkach 8-10 Gy v pripadé, ze nejsou poskozeny dalsi tkané.

Pri souéasném poranéni ¢lovéka radiace dale zhorsuje vyhlidky na uzdraveni.



RADIATION EFFECTS ON EMBRYO

* The tissues of the embryo, like others composed of rapidly proliferating cells, are
extremely sensitive to ionizing radiation.

e Organs irradiated during the process of formation thus tend to be malformed.

* Many kinds of radiation-induced abnormalities have been observed in experimentally
irradiated rodents.

* Alarge number of these are malformations of the nervous system, such as reduced brain
size or the failure of the eyes to develop.

* Nervous system abnormalities in human infants have been found with higher-than-normal
frequency among children born to women who were pregnant and living in Hiroshima and
Nagasaki at the time of the atomic bomb explosions.

* Theincidence of intellectual disability and reduced head size in such children increased
substantially when exposure occurred between the 8th and 15th weeks of gestation,
which has been determined to be the age of greatest susceptibility to ionizing radiation.



https://www.britannica.com/science/nervous-system
https://www.britannica.com/science/intellectual-disability
https://www.britannica.com/science/gestation

Pre-conception

*pre-conception radiation of either parents' gonads has not been shown to result in an increased risk of
malformations or cancer in children

Pre-implantation stage

*fertilisation to day 9

*"all-or nothing" phenomenon, i.e. either intrauterine death and resorption (usually undetected) or normal fetal risk
*threshold dose = 100 mSv

Organogenesis stage

*3rd-8th week after conception

erisk of fetal death decreases substantially, whereas the risk of congenital malformation coincides with the peak
developmental periods of various organ systems

egrowth retardation can also occur if irradiated >4 weeks gestation

edeterministic effect with a probable threshold of >100 mSv

Fetal growth stage

*begins after the end of organogenesis (>8 weeks) and continues until term

*poses little risk of congenital malformations, but CNS abnormalities (mental retardation is main risk at 8-25 weeks),
growth retardation and risk of childhood cancer (main risk after 25 weeks) can be significant



Table 1:

Potential Health Effects (Other Than Gancer) of Prenatal Radiation Exposure

Acute Radiation
Dose™ to the

Time Post
Conception

Time Post
Conception

Time Post
Conception

Time Post
Conception

Time Post
Conception

Embryo/Fetus Up to 2 weeks 3 to 5t weeks 6t to 13" weeks | 14" to 23“weeks | 24" week to term
<0.10 Gy Non-cancer health effects NOT detectable

(10 rads)T

0.10-0.50 Gy Failure to implant Growth restriction Growth restriction Non-cancer health effects unlikely

(10-50 rads)

may increase
slightly, but
surviving embryos
will probably have
no significant
(non-cancer) health
effects.

possible

possible

> 0.50 Gy

(50 rads)

The expectant
mother may be
experiencing
acute radiation
syndrome in this
range, depending
on her whole-
body dose.

Failure to implant
will likely be high,
depending on
dose, but surviving
embryos will
probably have no
significant (non-

cancer) health
effects.

Probability of
miscarriage may
increase, depending
on dose.

Probability of major
malformations, such
as neurological and
motor deficiencies,
increases.

Growth restriction is
likely

Probability of
miscarriage may
increase, depending
on dose.

Growth restriction is
likely.

Probability of
miscarriage may
increase, depending
on dose.

Growth restriction is
possible, depending
on dose. (Less likely
than during the 6th
to 13th weeks post
conception)
Probability of major
malformations may
increase

Miscarriage and
neonatal death may
occur, depending on
dose.




Russian Soldiers Suffer Acute Radiation
Sickness In Ukraine

Several hundred Russian soldiers were
forced to hastily withdraw from the
Chernobyl nuclear power plant in Ukraine
after suffering “acute radiation sickness”
from contaminated soil, according to
Ukrainian officials.

https://9jaflaver.com/russian-soldiers-suffer-acute-radiation-
sickness-in-ukraine/



Deterministické uéinky zafreni na organismy — LOKALNi OZARENI
Il. RADIACNI ZANET KUZE (RADlODERMATlTlDA)

Akutni a chronicka forma, projevuje se lokalné v ozarené tkani
nejCastéjSi poskozeni (u nas 150 pfipadu za poslednich 30 let)
prahova davka 2-4 Gy, pro chronickou formu desitky Gy béhem 15-30 let)
kGiZe — 2 tfida bunék co do citlivosti (viz dfive)
3 stupné (dle stupné poskozeni)
1. STUPEN (2-4 Gy)

Prvni den po ozareni (Pl) — Casny erytrém (jako po opareni — Cerveny flek, ale neboli, do 24h zmizi
Dva tydny doba LATENCE - nic neni patrné ani neboli

Manifestni faze — misto zdufi a znovu z€ervena, velmi silné boli, celkové pfipomina popaleninu —
,radiacni popaleniny“. Objevi-li se pouze z€ervenani bez puchyru, jedna se o dobré znameni (2-3
Gy) a béhem nékolika tydnu dochazi k uplnému zhojeni. Po davce 3 Gy dochazi k depilaci, ktera
je pri vyssSich davkach trvala
2. STUPEN (cca. 10 Gy)

Vzhledem k postizeni i hlubokych vrstev kiize dochazi v manifestni fazi téz k tvorbé velkych
puchyru a hrozi znacné riziko infekce. Doba latence je kratsi.

3. STUPEN (desitky Gy)
Kromé vysSe uvedeného dochazi i k postizeni cév vyzivujicich tkan — vytvari se hluboky radiacni
vied, dochazi k sepsi. | po |éCbé se jiz tkan nikdy zcela nezhoji — kldze je tenka, prusvitna,
lamava — recidivy viedu, po nékolika mesicich vétSinou konCi amputaci




DETERMINISTICKE
UCINKY 1Z
RADIODERMATITIS

Radiacni erytrém a puchyre, pocatecni vied
(2-3.st radiodermatitidy)

Radiacni erytrém bez puchyfl
(chronicka radiodermatitida)

Chronicka radiodermatitida
nador ze skvamoznich buné



Il. RADIACNi ZANET KUZE (RADIODERMATITIDA)

Koncetina amputovana po
neuspéesne lecbe radiacniho
viedu (Cerna oblast)

Vyskyt radiodermatitidy:
dfive €asto u zubaru, ktefi rucné
pridrzovali film pfimo u rentgenované
oblasti — mnoho z nich amputované prsty;
dnes u chirurgu operujicich pfimo pod
svazkem RTG paprsku, relativhé vysokeé
davky na prsty — napf. nékteré operace
srdce atd.

téZ u pracovniku s malo aktivnimi
uzavrenymi zdroji IZ — podcenuiji
nebezpecCi a berou je pfimo do rukou —

| slaby zdroj vS§ak muze vzhledem k
nulové vzdalenosti od tkané prfedat davku
(po souctu opakovanych expozic) pro
vznik radiodermatitidy




Tab. 4.4 Zdvislost klinickych projevii radiacniho poskozeni kiize na absorbované
ddvce krdtkodobého y-ozdfeni s vysokym ddvkovym prikonem

Perioda Stupeii zavaznosti a orienta¢ni absorbovana davka (Gy)
radiacniho 1 (ehky) 11 (stéedni) | III (t&2ky) IV (velmi té7ky)
poskozedi 8-12 12-30 30-50 nad50 |
trvé nékolik | VARISKORE | .
prvotni erytém | hodin, mtze o Iné g dsit syrazny,l fs . m;
chybét maximalné trva 2-6 dni o manifestni faze
do 2-3 dni
latentni fdze 15-20 dni 10-15 dni 7-14 dni chybi
sekunddrni
e erytém,
: ) sekundarni sekup g otok, bolest, otok, bolest, lokalni
manifestni faze = erytém, otok . v :
erytém et BuEkE puchyfe, eroze, | krvaceni, nekréza
, puchyfe | I, i
viedy, hnisavé
komplikace
rozvoj a hojeni
vieda trvd gangréna s celkovou
— vlhka pomalu (az intoxikaci a sepsi,
faze odeznivani eeryspitidhi dermatitida, mésice), (3. az 6. tyden),
poskozeni 25, a3 30 de;n ke konci hluboké viedy | zachranit postizeného
i ' 2. mésice se nehoji bez | miize pouze
transplantace | chirurgicky zdkrok
kiize
jizvy, které
se mohou
: atrofie kiize sgimovolns
faze sucha kuze, dkosnih rozpadat, amputacni defekty,
pretrvavajicich | poruchy g e l? hluboké recidivy viedu,
nasledkd pigmentace YOLWG 3272 % | wroficks, kontraktury
pozdni viedy d __
egenerativni
a sklerotické

zmeny




I1l. RADIACNI POSKOZENI OCNI COCKY

zakal CoCky (katarakta) vyvolany 1Z
prahova hodnota 3 Gy pro jednorazove ozareni,

u nizkych opakovanych davek dnes uvadéno zhruba
10 Gy, ale mozna mnohem citlivéjsi (5-6 Gy)

« napf. u pracovniku Casto sledujicich Ciselniky
pristroju osvécované radionuklidy)

* nebo chirurgu, ktefi operuji pod pojizdnym
rentgenem — zareni se z téla pacienta pomeérné
intenzivné rozptyluje na vsSechny strany — nutno
specialni ochranné bryle apod.

projevi se az po delSim Case (u protrahovanych davek
az nekolik let)

Proton beam radiation therapy Eyelash
loss, iris neovascularization, dry eye and
cataract as can be seen after proton
beam radiation therapy.



IV. POSKOZENI FERTILITY

« tyka se obou pohlavi, muzi ale vyrazné citlivéjsi
* prahova davka (D) u muzi: 250 mGy (!) pro doCasnou sterilitu
(pfechodna aspermie), cca. 3 Gy pro trvalou
* uzen je Dp 3-8 Gy, v zavislosti na véku zeny — s vékem klesa pocet
vajiCek a tedy i D,

V. Radiac¢ni zapal plic
VI. Radiac¢ni zanét nosohltanu
atd.



» THE EFFECTS OF RADIATION ON THE BODY

Radiation can target many parts of the body.
Symptoms vary, with severity depending

on dosage or length of exposure.

MOUTH AREA

Inflammation of mouth/throat, ulcers,
worsening of tooth or gum disease,
bleeding

HEART
Rapid heartbeat, inflammation of heart
with chest pain

BLOOD
Hemorrhaging, anemia, bleeding spots
under the skin, low platelet count

SKIN

Burning, inflammation, permanent skin
darkening, bruising, open sores,
sloughing, bleeding

HAIR LOSS

BRAIN
Headache, nausea, fatigue,
fainting, weakness

ENLARGED THYROID GLAND
Thyroid absorbs radioactive iodine-131,
High cancer risk, espcially for children

LUNGS

Bronchitis, inflammation (pneumonitis)
and scarring (fibrosis) causing shortness
of breath and dry cough

STOMACH
Nausea, ulcers, internal bleeding,
vomiting, and diarrhea

SMALL/LARGE INTESTINE
Ulcers, internal bleeding, bloody stool,
diarrhea

BONE MARROW

Depletion of white blood cells -

up to 50 per cent within 48 hours —
leading to high infection risk



Stochasticke ucinky



BIOLOGICAL RADIATION EFFECTS

Deterministic effects

Stochastic effects

IR dose High high and low

IR dose threshold? Yes Not for the LNT model but could be
Cause of the effects Cell death Cell mutation(s)

Time of onset Early or late Late only

Heritable? No Yes or no (depending on the cell affected)
What parameter of the

effect increases with dose? Severity Probability

Can the radiation origin

of the effect be identified? Yes No
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