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A response that is successful in terms of medical care needs the health facilities not only to meet surge capacity, integrate 
and communicate medical service, implement treatment, and triage protocols, and protect health workers but also give 
way for medical control of injuries from acute radiation. This article demonstrates the evidence and how medical 
management today is majorly led by the consultancy recommendations that were prepared by the World Health 
Organization (WHO). The consent was internationally obtained based on evidence and medical control for the four acute 
radiation syndrome (ARS) sub-syndromes. This article summarizes the recommendations that were made by WHO, 
shapes lighter, and gives guidelines on how to manage ARS. The article also addresses some of the ways through which 
medical personnel can use in handling and managing the syndrome that arises from acute radiation. Moreover, the article 

outlines some of the side effects and consequences of some of the ways used to mitigate ARS. 
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INTRODUCTION 

Discharge of an improvised nuclear device (IND) or 
even just a nuclear-powered armament in any city has the 
capability of significantly affecting the health care system 
in that place. This will result in several causalities in the 
affected region (Albanese et al. 2011). A massive and 
sudden backlog of health care amenities might happen as 
patients pursue health attention for numerous syndromes 
extending from thermal burns, radiation injuries to 
mechanical trauma. Announcements from public service 
often take the initiative of advising people about where 
and when to prepare or take shelter for evacuation. It is 
pretty clear that critical care places, hospitals, and 
ambulatory hospitals that endured the first nuclear blast 
explosion and suffered no external damage may end up 
not being reachable because of the immediate 
infrastructure that was initially destroyed. In addition to 
this, resources of medical care will be restricted, and the 
upwelling capability overtaxed at any given external 
facility. There will be a need for the application of ethical 
principles when allocating the resources that are scarce 
(Rad Resilient City, 2011) 

 As a way of managing acute radiation syndrome, 
it is imperative for the hospitals to assume new duties to 
implement an incident command system. A medical 
response that is successful will require the facilities of 

medical care to connect with each other and assimilate 
their health services in order to gain an upwelling in 
clinical care demand. There will be a need for new 
functions to be addressed. This will include protecting 
health workers against contaminated radioactive 
substances and implementing treatment and triage 
protocols that are unfamiliar for people with radiation 
injuries, burns, or even trauma (Waselenko et al. 2004). 
Besides this, clinics and other medical facilities will work 
as first recipients or subordinate referral places for the 
wounded. This is imperative, especially as they struggle to 
offer an atmosphere of state-of-the-art control of radiation 
injuries that are efficient (Nicholas et al. 2011). 

 The World Health Organization (WHO) made 
some recommendations during the Geneva 16-18 March 
2009, where the board of 34 specialists who came from 12 
nations met to deliberate on the control of acute radiation 
syndrome (ARS). This was inside the framework of a 
situation that is hypothetical involving about 100-150 
injured people being hospitalized (Densow et al. 1997). 
Recommendations that are based on the evidence were 
made for the use of the cytokine in order to manage 
hematopoietic sub-syndrome (HS). The management is 
always grounded on the published information of the 
instances that met detailed inclusion criteria. This journal 
will discuss the prevalence and clinical control of the 
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diseases and the infection that leads to high mortality and 
morbidity amongst the people who are exposed to high 
(≥5 Gy) or moderate (3-5 Gy) radiation doses. In addition 
to the control of this acute radiation syndrome, the journal 
will address the fundamental aspects of the 
recommendations of the WHO consultancy giving a 
detailed analysis of these recommendations. 

 
Radiation exposure Severity score  

The METROPOL (a European protocol) established 
that the initial 48 hours after the accident of radiology 
encompassing people are very critical (Filander et al. 
2011). During this time frame, the emergency triage 
system processes the victims of the accident, and the 
patients are recorded depending on both biological and 
clinical measures. This is inclusive of the delays before 
the observation of cutaneous erythema, delay before the 
appearance of symptoms, the intensity of nausea, the 
sternness of asthenia, the occurrence of diarrhea, the rate 
of vomiting, the manifestation of abdominal pain, 
temperature, the strength of headache, the prevalence of 
consciousness loss (temporal) and blood pressure (Martin 
2007 and Coleman 2011) 

From Table 1, it is evident that patients with a score of 
1 can either be treated by the daycare hospital or on an 
outpatient basis. The victims with a tally of 2 are those 
who require thorough medical care and devotion if they 
are to live. On the other hand, the victims with a tally of 3 
are those who are much likely to have a condition called 
multi-organ failure (MOF) (Akashi 2005). The patients with 
a score of 3 have little or absolutely no expectation of 
recuperating. Multi-organ failure (MOF) that is radiation-
induced defines liberal dysfunction of two or even more 
structures of organ for a while (Reeves 1999). The main 
objective in this first 48 hours is to establish if there were 
any bystanders who might not have been irradiated (0 
tallies). This will significantly help the health care facilities 
and hospitals from going beyond their inundation capacity. 
The patients who are bedridden are those with a tally of 
more than 1. In the situation where there is accidental 
contamination, the admission to hospital beds should only 
be made to the patients who have been decontaminated 
appropriately. 

By the end of 48 hours, the recording of the client is 
re-evaluated on a METROPOL basis (Fliedner et al. 
2001). Those victims who receive a tally of 3 or 2 are then 
given the suggested treatment, irrespective of whether 
they will recover or not. It is very difficult to know the 
biological and physical dosimetry of the patient in the first 
48 hours. This information is only accessible after the 
period of 48 hours, where it now becomes the foundation 
for further medical attention or decision-making (Fliedner 
2001 and Wingard 2011). 

It should be put into consideration that which 
individual's body portion exposed is essential than the 
entire exposure dose. There are some researchers who 
propose a method of screening that is based on 

biodosimetry with high accuracy. These methods include 
dosimetry of nail and tooth tissue for triage at the tragic 
nuclear-powered event and electronic paramagnetic 
resonance (EPR). 

Stages of Acute Radiation Injury (ARI) 
The greatest sensitive elements of the body towards 

the effects of acute radiation are the cells that are rapidly 
dividing. The symptoms that arise from this kind of 
exposure are called acute radiation syndrome (ARS). 
Usually, the ARS inception dose is some crucial partial-
body or entire body irradiation higher than 1 Gy that is 
conveyed at a moderately great rate of dose (Mettler and 
Voelz 2002). There is a relationship between the ARS 
signs and symptoms and the whole-body absorbed 
radiation dose. The doses that are below 0.5 Gy are not 
projected to cause any severe symptom, while the 
amounts of 4.5 Gy are fatal to about 50% of the people 
exposed. Acute Radiation Syndrome evolves in three 
phases, namely, the prodromal stage (0-2 days of an 
acquaintance), Latent stage (two to twenty days of 
contact), and Manifest sickness (twenty-one to sixty days 
of conduct). The start, period, and syndrome dominant 
exhibition rely on the received amount of radiation. Acute 
changes that are prevalent inside the first two months 
after the exposure comprises signs that result from harm 
to the GI tract, skin, lung, central nervous system (CNS), 
and even the tissues of hematopoiesis [Johnston 2006 
and Dainik 2008).  

There are some of the definitive medical syndromes 
that are related to ARS. These syndromes include 
gastrointestinal, hematopoietic, and cerebrovascular 
syndromes. The cutaneous syndrome (CS) is prevalent in 
victims with acute radiation syndrome following exposure 
that is not uniform. This implies that CS might change that 
range from radionecrosis to epilation. 

Prodromal phase  
These are the very early signs and symptoms that 

result from acute whole-body exposure. These symptoms 
include apathy, anorexia, vomiting, nausea, fever, 
diarrhea, headache, and tachycardia. These symptoms 
are much dependent on the presence of any additional 
injury and the radiation dose magnitude. This phase is 
usually absent or mild at whole-body doses of less than 1 
Gy. The start of signs in the initial 2 hours is an indication 
of potential and significant lethal exposures that exceed 2 
Gy. At these doses, there is an addition of gastrointestinal 
syndrome to symptomatology. It is evident that prodromal 
signs happen in all patients within a few minutes after 
exposure at high doses (from 10 Gy to around 20 Gy) 
(Anno 2003). After such exposure, cerebrovascular 
syndrome appears, which is later followed by death within 
a few days of exposure. However, the patients who 
develop gastrointestinal syndrome without presenting the 
cerebrovascular syndrome might survive if given 
appropriate or required medical help. 
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Table 1: Key scoring (first 48 h)  
Adapted from (López and Martín 2011) 

The development of cutaneous syndrome might be 
evident in any of the above situations. This might seriously 
complicate the management of the conditions. 

Recommendations of the WHO Consultancy 
 It is apparent that before 2009, clinical 
management recommendations concerning radiation 
damages were made following the view of the experts 
(Densow 1997). The WHO organized a global consultation 
in Geneva, Switzerland, to bolster scientific claims for 
clinical care guidelines. This was held in order to consider 
ideal control of severe radiation syndrome in assumed 
situations (Martin 2007 and US FDA 2017). The main goal 
was to use the GRADE (Grading of Recommendations 
Assessment Development and Evaluation) approach to 
evaluate excellence. There was the use of a numerical 
system in the process of assessing recommendation 
strength which is primarily based on the net importance or 
benefit for the reported evidence in the studies. Data 
concerning hematopoietic sub-syndrome (HS) using 
hematopoietic stem cell transplant (HSCT) or cytokines 

were removed from the 8 periodicals (Densow 1997). A 
description review was then made of proof in support of 
the use of the 14 extra techniques of treatment in the 
acute radiation syndrome control that affects the organ 
systems of the non-hematopoietic (Farese et al. 2013). 
Tables 2 and 3 below show how each strategy of 
treatment is ranked.  
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Table 2: Briefing of commendations for Hematopoietic Syndrome and Gastrointestinal Syndrome by specialists, 
WHO Consultancy 
Adapted from (Nicholas 2018) 

 
  
Table 3: Briefing of commendations for Cutaneous Syndrome, Neurovascular Syndrome, and precarious care 
medicine by specialists, WHO Consultancy 
Adapted from (Nicholas 2018) 
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DISCUSSION 

According to their action mechanism on hematopoietic 
progenitor and efficacy in enhancing endurance in 
myelodysplasia and febrile neutropenia, there is a strong 
rationale for the application of cytokines in treating 
damage that is induced by radiation to the bone marrow. 
Because of instituting absence or incidence of 
effectiveness in people, inclusion standards in the 
outcomes of cytokine analysis were determined to be 
documentation of the use of cytokine, the establishment of 
the failure of bone marrow, and illustration of the 
impact/lack of impact on hematopoiesis (Farese 2013 and 
Hankey 2015). It is apparent that people who receive 
cytokines after the exposure that results in a full-body 
captivated dose of ≥5 Gy had a relatively high survival 
period. This implies that the granulocyte counts might 
rapidly increase before reducing, especially in patients 
who have a less than 5 Gy. The increase in transient 
before decline may show a survivable exposure. There 
were more patients whose survival rates were more than 
one year.  

From this finding, there was a solid commendation 
concerning the utilization of granulocyte colony-stimulating 
factor (G-CSF) or granulocyte-macrophage colony-
stimulating factor (GM-CSF) in the treatment of 
Hematopoietic Syndrome. Due to partial information 
regarding the erythropoiesis-stimulating agent, a weak 
recommendation could be made about it being used in the 
treatment of HS. This will help to avoid the transfusion of a 
red blood cell. However, additional damages such as 
burns, and mechanical trauma might significantly thwart 
the process of managing hematopoietic syndrome in a 
patient. In addition to this, it is established that the 
prognosis is fatal, especially in patients with radiation 
exposure and combined injury syndrome (US FDA 2017). 
From the above analysis, it is clear that the use of myeloid 
cytokines is recommendable for patients who have acute 
exposure to myelosuppressive radiation doses. From the 
'animal rule' the Food and Drug Administration (FDA) gave 
approval to the myeloid cytokines. This happened after the 
efficacy was displayed. Furthermore, FDA officiated the 
use of sargramostim within its program of Emergency Use 
Authorization (EUA)  

Bleeding that is caused by thrombocytopenia is a 
crucial source of demise amongst victims with ARS 
conditions. However, besides the transfusion of platelets, 
there are no specific medical measures that are available 
which could be used to mitigate this condition. Some of 
the agents being examined in order to countermeasure 
this condition include recombinant human thrombopoietin 
(TPO), interleukin-11, Eltrombopag, and mimetics 
Romiplostim. Despite the former HSCT enthusiasm, the 
overall results have been very low among the irradiated 
patients who were given this type of therapy (Farese et al. 

2013). As WHO was reviewing three relevant scenarios, it 
was apparent that the people with HS who had received 
more than 9 Gy with no HSCT as compared to those who 
received less than 9 Gy and were cured with HSCT. 
However, essential cautions include the majority of 
transplant recipients who were seen with the non-
hematopoietic failure of organs after or prior to transplant. 
The data were very restrictive for statistical analysis that is 
definitive. Based on this analysis, it is evident that HSCT 
use for individuals whose failure of the organ is restricted 
to the hematopoietic structure cannot be recommended. 
This is why the use of HSCT has a weak 
recommendation. 

Studies showing medical control of people with CS, 
GIS, and NVS are significantly less compared to those of 
HS management. Due to the absence of enough proof in 
regard to them, all the commendations for the GIS 
management were seen to be weak. This included the use 
of decontamination of the bowel, Fluoroquinolones, and 
enteral nutritional support, serotonin receptor antagonists 
(SRAs), and loperamide. For cutaneous syndrome (CS), 
there were solid recommendations made for the 
prescription of topical antihistamines, steroids, and 
antibiotics, especially to victims with ulcers of radiation, 
burns, and blisters, and for surgical grafting and excision 
of localized necrosis and radiation ulcers experiencing 
pain that is intractable (Wingard, 2011 and Townsley 
2017). From the data in the above tables, it is also evident 
that strong recommendations were also given against 
using systematic steroids for skins lesions that are 
radiation-induced, especially in the absence of another 
specified use indicator. Lastly, prophylactic, and 
therapeutic strategies for critical care management of 
individuals who have measurements of hemodynamic that 
are unstable, diabetes mellitus, or respiratory insufficiency 
were highly recommended (Densow 1997). 

Recommendations of WHO Consultancy Updates 
 It is evident that two additional cases have been 

reported since the consultancy of WHO met in 2009 where 
a person was given cytokines after being exposed to 
ionizing radiation. The first scenario was of an operator 
who went into the sterilization facility irradiation area. 
Some failures happened with the hydraulic control system, 
and as he was resetting the gamma radiation screen fright 
system, he got exposed to ~22 s. This had an activity of 
2.96 × 1016 Bq (800 000 Ci) with a rate dosage of 5000 
Gy/h. the total body dose received was about 4.2 to 4.8 
Gy. This made the operator experience queasiness within 
a short while of exposure. After about 18 hours, he 
developed headaches, diarrhea, and too much epilation. 
On the 20th day after exposure, the operator was admitted 
for further examination and health care that included 
antibiotics and cytokines. The tests of GRADE 4 HS were 
confirmed by pancytopenia documentation on a full blood 
cell count (CBC) having differential calculation of the 
platelet count and leukocytes (Rad Resilient City, 2011). 
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The management with pegylated G-CSF was 
administered on day 28th following the exposure. 
Recombinant human stem cell factor and pegylated 
erythropoietin were administered to the patient on the 32nd 
and 33rd day of the exposure. The total count of 
leucocytes was measured on a daily basis and recorded 
as shown in graph 1 below. 

 

 
Graph 1: The total count of leucocytes Adapted from 
(Nicholas 2018) 

The total counts of leukocytes before and after 

treatment with pegylated granulocyte colony-stimulating 
factor (G-CSF), erythropoietin (EPO), and recombinant 
human Stem Cell Factor are shown in Graph 1. (RH-SCF) 

Although there is some evidence in the increased 
response to cytokines, as seen from the graph, it is not 
known which combination of cytokines or which cytokine 
was responsible for this favorable impact.  

 The second case was of an employee who had 
exposure to a 60Co source (activity of 18 000 Ci). Just 
liken in the first incidence, this employee also started 
vomiting within 30 minutes of exposure, accompanied by 
fever and erythema. The employee was taken to the 
hospital, and after using the dicentric chromosome 
analysis, a total-body gamma radiation dose of 14.5 Gy 
was anticipated. Even though the patient was also given 
the G-CSF treatment, the information printed failed to 
reveal the beginning and end time of the treatment 
administered. This made the incidence have not met the 
inclusion criteria. As a result, it was to be omitted from the 
consultancy examination of WHO. The patient later 
developed cutaneous ulcerations, too much fungal sepsis, 
hypotension, and gastrointestinal syndrome (Nicholas et 
al. 2011). This implies that there were some scenarios 
where cytokines were applied, but not all the criteria of 
inclusion were achieved. Table 4 below shows some of 
the outcomes that were observed where the inclusion 
criteria of WHO consultancy were not met. 

 
Table 4: Reactions to cytokines in reports not attaining WHO Criteria inclusion   

Adapted from (Nicholas 2018) 
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Treatment of Radiation injury  
 Some of the ways that can be applied as 

countermeasures of ARS include the use of antibiotics, 
hematopoietic cell transplantation, and blood products. 
Victims with high dose, acute, total-body irradiation fall 
under any of these three groups; those who need 
maximum medical care, those who recover after receiving 
little medical care, and those who need palliative care. 
The treatment of ARS is never indicated in a situation 
where a dose of exposure is very high (more than 10 Gy) 
or very low (less than 1 Gy) (Coleman 2011 and Farese 
2013). The earliest goals of management of these 
syndromes include getting physical examination and 
history, estimation of dose, elimination of external 
contamination, supportive care, replacement of fluids, and 
treatment of symptoms. Reverse isolation is highly 
recommended for victims with total-body doses that are 
higher than 2-3 Gy. In addition to this, H2 blockers and 
antacids ought to be evaded in order to keep gastric 
acidity. According to the METROPOL therapeutic 
management document and the prediction of multi-organ 
failure (MOF), the second scoring for the patient should be 
done beyond the time period of 48 hours (Brook et al. 
1988).  

Treatment and management of ARS  
 As mentioned early, the ARS conditions can be 

treated or managed by the use of diverse ways, among 
them being antibiotics, blood products, and even 
hematopoietic cell transplants. From the analysis done 
above, it is very clear that platelet transfusion stands to be 
one of the primary therapies that are useful in maintaining 
sufficient platelet counts. Platelet support requirement 
depends on the situation of the patient. The erythropoietin 
(EPO) anemia treatment used after injury of radiation is 
not commended even though it is somehow safe because 
anemia does not pose danger to one’s life in this kind of 
state (Nicholas 2011 and Martin 2007). The patients who 
receive a total-body dose of about 2 Gy that is 
accompanied by burns and trauma are recommended to 
use cytokine therapy.  

CSF is another recommendable therapy. The therapy 
is highly recommendable following the fact that there is a 
significant survival rate when the therapy is administered. 
It is also advisable that the cytokine should be continued 
for at least 2-3 weeks or until the count of neutrophils is 
less than 1000/μL. Nonetheless, people or patients with 
hematopoietic toxicity degree 4 might not have stem-
progenitor cells that are responsive (López and Martín 
2011). Such people are advised to go for the transplant of 
stem-cell. In such kind of a situation, use of both cytokines 
and stem cells infusion might be applied. For the 
individuals or patients who are expected to experience 
neutropenia that is severe, it is advisable that they use; 
sargramostim, filgrastim, and pegfilgrastim. 

There is a number of antibiotics that are 
recommendable in a situation of radiation injury. Each of 
these antibiotics is taken depending on the condition of 
the patient. In addition to this, the antibiotics are also 
administered with consideration of the other health 
conditions of the patient. While treating a patient who is 
suffering from ARS, it is essential to carry out a detailed 
residual hematopoiesis analysis in order to predict the 
recovery of hematopoiesis. A bone marrow aspirate, 
evading the radiation exposure evidence locations, maybe 
recommendable for 14-21 days. However, it is 
recommendable that hematopoietic stem cell (HSC) 
transplant need not be carried out on the victims of 
radiation accidents who have the possibility of recovery of 
endogenous hematopoietic [Coleman et al 2011).  

There are several factors that make this radiation 
management not suitable. Some of the factors that make 
hematopoietic cell transplant (HCT) very complicated 
include the exposure of radiation is, in most cases, not 
homogeneous. The other conditions, such as trauma and 
burns, can significantly complicate the medical attention 
given to the patient who already has the failure of the 
bone marrow, which is radiation-induced. Lastly, the 
infrastructure that is required to take care of the patients 
could also be destroyed by the nuclear device exploding. 
This implies that if the HCT therapy was to be 
recommended, a very small fraction of patient would 
benefit from it. 

CONCLUSION 
Health consequences management from the extreme 

casualty of the incidences of radiological requires the 
hospital to apply the resources in order to integrate 
emergency response activities. There are several 
recommendations that guide clinical management and 
care towards patients having sub-syndromes of acute 
radiation syndromes (ARSs). It is evident that people who 
receive radiation doses that bring immunosuppression are 
at a greater threat of developing other infections. Some of 
these infections developed might be life-threatening. 
There are several recommendations that are developed 
for the anti-microbial agents' administration for control of 
fungal, bacterial, and viral infections (Nicholas 2011 and 
Coleman 2011). These infections are said to have a 
severe impact on the process of managing the conditions 
of the patients who have exposure to ionizing radiation. In 
addition to these recommendations, there is a need for 
nuclear medicine specialists, radiation oncologists, health 
physicists, and hematologists to contact other physicians. 
This will help them to evaluate the local infrastructures in 
order to be able to manage the acute radiation syndrome. 
Furthermore, health staff ought to be ready for major 
incidents of radiology that are related to the blast of 
improvised nuclear devices of weapons or radioactive 
contamination dispersal.  
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