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INTRODUCTION 
 
Contemporary war kills more civilians than it does soldiers, it causes public health 
destruction and continues to destroy lives long after the actual conflict. The direct effects of 
war include death, disability, destruction of health services, psychological stress and illness. 
But the indirect effects create the long term suffering; economic pressure and destruction, 
reduced food production, family disruption, refugees, housing destruction, water supply and 
sanitation disposal destruction, environmental damage (land-mines, deforestation).6 
However, as terrible and destructive as war is, there have been some important medical 
advancements, improvements and research following certain wars.  
 
“War is the only proper school for a surgeon”, said Hippocrates, and according to many 
others, this statement may hold true for anaesthetists as well.  
With excellent exposure to a vast amount of trauma, and usually in some of the most harsh 
conditions, these anaesthetists can only become exceptional. 
In 2013, 10% of South Africa’s deaths were from ‘Accidents & other external causes’, the 
fourth largest cause of death overall. Comparing these statistics to the USA where only 5.4% 
were from ‘Unintentional injuries’, means that our trauma burden is significantly larger. The 
UK’s is less than 2%. 
Moodley et al, published trauma statistics from the Pietermaritzburg metropolitan area over 
a 2 year period. 10644 Trauma patients presented to the trauma service (3688 assaults, 
3715 MVA’s, 516 GSW, 2725 stabbings) during those 2 years. This is only one metropolitan 
area in one province, which gives us an idea of the overall trauma burden for the entire 
country. In our study reviewing trauma over a period of 3 years, 43% was penetrating trauma 
compared to 46% blunt trauma.34 Comparing this to other international civilian trauma 
statistics, the dominant injuries are blunt in nature at around 78-89%.18-21, whereas data 
from the war in Afghanistan and Iraq revealed that 75% of injuries were penetrating in 
nature.22 
 
Over the years better planning, resuscitation guidelines, damage control and overall system 
improvement have caused military fatalities to decline dramatically. Civilian trauma centres 
and disaster medicine has subsequently used some of these factors to improve their 
systems and resuscitation and hence improve survival.  
As was alluded to earlier, South Africa as a country has one of the highest trauma incidence 
rates in the world, and this makes the extrapolation from military into civilian trauma 
important for survival rates. This works both ways and lessons learnt in the civilian trauma 
centres need to be used and modified to serve the military trauma setting.  
This has occurred in the past as important military data is collected and research published.  
Some of the conclusions drawn from these studies can easily be extrapolated into civilian 
trauma practice, but one needs to be careful as the scenarios are not identical and similarity 
varies in different war situations. This may be include; time to medical care or surgery, 
availability of equipment or blood products, penetrating versus blunt injury. 
 
Let’s be honest, we’re not far off from a war zone and our exposure and experience is some 
of the best in the world. 
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Figure 1. South Africa distribution of deaths by causes, 201317 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 2. The ideal integration of the two systems33 
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Military lessons that have been extrapolated into civilian trauma 
 
Self-help and buddy-buddy help is one concept that has made its way into civilian trauma 
medicine.23 Soldiers are trained in basic battlefield first aid, as well as how to control severe 
haemorrhage and airway and breathing manipulation if needed.  First aid care has become 
familiar to most civilians these days, meaning urgent life saving steps can be practiced while 
experienced and trained medical staff are on their way to the scene. Leaders, managers, 
teachers and seniors in certain facilities, businesses, schools have been trained in advanced 
first aid, providing them with the skills to commence some life saving steps urgently.  
 
Previously, casualties would have to be transported out of the battlefield zone in order to 
receive some form of specialised trauma care. Nowadays, senior medical assessment at 
the scene for decisive and quick decision making and medical treatment planning is the 
norm. The benefit of this is also the urgent commencement of advanced medical care where 
possible. Casualties are then transported to either an initial stabilisation hospital (forward or 
front-line hospital), or directly to a more advanced and long term facility (rear hospital).  
A ‘Forward’ hospital is one in which resources and medical assistance has been projected 
closer to the war in an attempt to deal with minor first-aid as well as dire emergency 
procedures if possible. However, there are a number of factors that limit the projection of 
the resources for example; security, equipment and technology, supplies, infrastructure, the 
possibility of onward evacuation. 24 
Civilian trauma practices have followed suit and instead of only paramedic staff presenting 
to trauma sites, doctors and advanced paramedics are now deployed. The reasons for this 
are similar to the military where senior medical decisions and planning can be done and 
advanced treatment can be commenced urgently. 23 
 
Major and acute haemorrhage needs to be stopped and controlled quickly. This includes the 
use of tourniquets for extremity haemorrhage, hypotensive resuscitation as well as damage 
control resuscitation. This led to the adjustment of the ATLS ‘ABCD’ protocol to one in which 
catastrophic haemorrhage is attended to first followed by the ABCD approach. This is 
discussed later on. 
 
Blood product transfusion strategies have changed recently. 
Research done on this topic has revealed the importance of not using excessive crystalloids 
during resuscitation, but using defined proportions of blood products instead.  
These are usually dispensed as a massive transfusion pack of blood and blood products. 
The specifics of this topic will not be discussed here. 
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Other important targets have been highlighted for the haemorrhaging trauma patient. (Figure 
3) 

 
Figure 3. Improving outcome of trauma patients by implementing patient blood 
management 25 
 
 
The use of the tourniquet was met with much controversy recently, particularly in its use in 
the military setting. The initial guidelines in the Tactical Combat Casualty care (TCCC) 
advised against the use of the tourniquet on the extremities, without any significant evidence 
to support the guideline. These days, after some strong evidence, this guideline has been 
changed to support its use. The dangers of its use include limb ischemia and nerve paralysis, 
which seems minor in the face of death.2 It is advised that if a tourniquet is used, it should 
be used for a maximum of 2 hours.2 However, some case reports from the military mention 
its use for 6 hours, and associated with good outcomes.3 
Eastridge et al looked at US military deaths from 2001 to 2011. This revealed that 87% of 
deaths occurred before presenting to hospital. 24% Of these 87% were deemed preventable 
(haemorrhage as cause).4 After the introduction of the tourniquet into the TCCC guideline, 
death rates had decreased by 67% by the end of 2011.5  
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Advancements in military medicine 
<C>ABC 
In the past, military resuscitation strategies were performed according to the standard ATLS 
guidelines with focus on airway first, then breathing and followed by circulation (ABC). Death 
from haemorrhage is a potentially survivable entity, and because of this the approach 
changed in 2006 to focus more on haemorrhage control first, and simultaneously assessing 
and addressing the airway and breathing problems (<C>ABC).  
 

MERT 
Another important development in military medicine was the creation of the Medical 
Emergency Response Team (MERT). This team consists of Emergency medicine 
specialists, anaesthetic specialists as well as some paramedic staff who are transported to 
the injured and initial resuscitative care and specialist decisions can be made at the site. 
This is a change in previous definitive resuscitative efforts which would occur mainly only 
when the injured where transported out of the battlefield warm zone to the medical base. 
The advantages with the MERT team are that they can provide urgent anaesthesia, 
analgesia, sedation, blood transfusions and specialist guided resuscitation and make expert 
decisions while on the battlefield. This intervention has proved successful in reducing 
fatalities and improving clinical outcomes.28 
 

FST 
The US military have created the ‘Field/Forward Surgical Team’ (FST), which are teams 
consisting of 20 members; 3 general surgeons, 1 orthopaedic surgeon, 3 emergency room 
trained nurses, 2 certified nurse anaesthetists, 1 administrative officer, 1 detached sergeant, 
3 practical nurses, 3 surgical techs, 3 general medics. The aim is for it to be a mobile surgical 
unit which can be mobilised and set up within one hour of arriving at scene, and destructed 
and moved within 2 hours. The mobile unit is set up into 4 different zones with different 
responsibilities.  
1. Headquarters: administration function, communication 
2. ATLS: triage and preparation for theatre occurs in this area. Transport to another 

unit/hospital is also done here. 
3. Operating room: usually made up of two tables, sometimes head to head if only one 

anaesthetist or nurse anaesthetist. 
4. Recovery area/ICU 
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The equipment needed for the mobile setup is transported in 4 HMMWV’s and 2 LMTV 
trucks each towing a trailer. One of these trailers is usually a generator and the other an air-
conditioning system. This equipment can also be transported by air in cargo helicopters.  

 
With regards to the actual resuscitation, the trend these days, as is similar to civilian trauma, 
is to replace blood and blood products in equal proportions as opposed to excessive 
crystalloid administration. There have been a number of studies which have proven benefit 
from this. 
Damage control resuscitation as well as damage control surgery have also proved to be 
beneficial in military scenarios and seems to be the trend these days.  
Damage control resuscitation (DCR) with the inclusion of haemostatic resuscitation is 
practiced in military resuscitation. DCR involves the use of haemostatic resuscitation, 
hypotensive resuscitation and early use of antifibrinolytic agents.  
Damage control surgery (DCS) on the other hand involves identification of patients that are 
severely haemodynamically compromised, cold, acidotic and they require quick and 
focussed surgery and transfer to ICU for continued resuscitation and optimisation.  
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Figure 4. TCCC Haemorrhage guidelines29 
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War zones/Medical setup 
 
The initial ‘hands on’ medical care is either by self or from a buddy at the initial site of injury, 
otherwise known as the ‘hot zone’. (figure 4) Transfer out of the warm zone to a first aid area  
(tactical field area) is then done if the injury warrants it. Here, initial contact and medical care 
by a doctor or trained medical personnel is at hand. If the injuries are too severe and need 
urgent life or limb saving interventions, the injured are transported to forward care hospitals 
for urgent treatment and stabilisation (damage control resuscitation and damage control 
surgery) . When further treatment, or more definitive treatment is needed, the injured 
soldiers are then moved to rear hospitals which have the advanced facilities to carry out the 
necessary care.  
MEDEVAC (medical evacuation) 
TACEVAC (tactical evacuation) 
STRATEVAC (strategic evacuation) 
 

Figure 5. Operational care pathway11 
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Anaesthesia 

 
Battlefield anaesthesia and analgesia has changed remarkably over the years in an attempt 
to deal with pain and suffering at war.  
During the Middle Ages this was achieved with the use of different herbs, root extracts and 
plants including opium and mandrake. Through the years the use of alcohol became the 
accepted treatment and by the 17th century rum, whiskey and gin were the favourite pain 
killers at war. It was difficult to standardise alcoholic dosages and forced the discovery of 
something other than an alcoholic shot to kill the pain. By the mid 1800’s the use of ether on 
the battlefield was standard practice and this continued to be the norm during World War I 
and II (WWII). After the discovery of Thiopental, its use as an IV anaesthetic agent gained 
some popularity but was soon discontinued as an IV infusion due to the increased death 
following its use on soldiers in haemorrhagic shock. It was during WWII that the 
advancements in inhalation anaesthetics occurred and the basis of modern day anaesthesia 
discovered. The use of Thiopental and Succinylcholine, or tubocurarine, as a standard 
induction became the norm with maintenance of anaesthesia achieved with the use of an 
inhalational agent. These inhalational agents included diethyl ether, halothane, 
methoxyflurance or nitrous oxide. Morphine and meperidine were introduced as strong 
analgesics around this period. Following these developments, adequate anaesthesia and 
analgesia seemed to be achieved for battlefield surgery, but the problem of bulky equipment 
on the battlefield remained a problem.  To this day the problem of equipment remains, so 
much so that the use of complete TIVA anaesthesia on the battlefield has been investigated 
and tried in an attempt to simplify things. Although TIVA on the battlefield is gaining 
popularity, the military still uses inhalational anaesthesia with the Narkomed M workstation 
(Drager) and the Ohmeda PAC draw-over vaporiser.  
 
The Narkomed M workstation is bulky and weighing in at 75kg, which makes it difficult to 
transport. The other problems with this workstation is that it requires electricity to operate 
and the back-up battery only lasts 3 hours at most. It also needs compressed oxygen to 
function which is always very difficult to obtain during war.  
The Ohmeda vaporiser, on the other hand, works by draw-over technique and therefore 
there is no recirculating of any anaesthetic agent. This means extensive amounts of volatile 
anaesthetic would need to be available in the case of a long or complicated procedure.  
 
TIVA equipment, when compared to inhalational equipment, is minimal and all that is really 
needed is a syringe driver pump, a syringe and an extension line for connection to the 
patient.. The pumps can be relatively small and can be kept in the soldiers bag or pocket in 
the case of need. These pumps also require a very small amount of electricity to run and 
the batteries can generally last for several hours. It is also ideal to run the TIVA during the 
procedure and continue it as sedation during the ICU period if need be.  TIVA can even be 
run by means of adding medications to a 100ml normal saline bag and running it through a 
dial-a-flow mechanism or by means of specific drop counts per minute 
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One proposed way of running a TIVA anaesthetic on the battlefield is as follows: 
 
1. Remove 50ml from a 100ml normal saline bag 
2. Add 40ml (400mg) of proposal 
3. Add 250mg (5ml of 50mg/ml) of ketamine  
4. Add 250mcg (5ml of 50mcg/ml)  of fentanyl 
 
The final mixture is said to be described as ‘P4-K2.5-F2.5’, which describes the 
concentration of each drug.  
It was found to be a lot more haemodynamically stable owing to the addition of ketamine, 
as opposed to just the propofol and fentanyl. 
The mixture can be bolused (4ml at a time) every 5 minutes until adequate anaesthesia is 
achieved and then set to run at 1 drop per second initially. This is then titrated to effect.  
A muscle relaxant can be administered once anaesthesia is achieved. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Narkomed Anaesthesia workstation Figure 7. Baxter infusion pump 
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Table 1. TIVA techniques on the battlefield31 
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Analgesia 
 
Recommendations from the Committee on Tactical combat casualty care (CoTCCC) 
Original guidelines 1996 proposed the use of intravenous morphine, to decrease the speed 
to onset as well as it being easily titratable and avoiding overdosing with an intramuscular 
dose. 
As the years progressed the inclusion of oral transmucosal fentanyl citrate as well as 
ketamine was added. 
Later the triple-option analgesia plan was developed. Importantly, this is only implemented 
when there is no immediate danger, this called ‘Care under fire phase’ where no analgesia 
is permitted to be given. 
The options are determined based on the pain intensity as well as haemodynamics of the 
injured soldier. 
3 categories: 
1. Casualties with mild to moderate pain (should not affect the sensorium of the soldier). 

Comes in a pack called the Combat wound medication pack (CWMP) which contains 
paracetamol, meloxicam and (moxifloxacin) 

2. Casualties with moderate to severe pain without actual or impending pulmonary or 
haemodynamic compromise (Oral transmucosal fentanyl citrate ,OTFC lozenges) 

3. Casualties with moderate to severe pain with actual or impending pulmonary or 
haemodynamic compromise (ketamine +/- morphine if severe pain and not responding 
to ketamine, IV only and observe for respiratory depression)) 

 
Analgesia beyond the triple option analgesia includes morphine: 5mg IM or IV very 10min, 
monitor respiratory depression. Avoid IM if possible as its side effects can be unpredictable. 

Consider ondansetron for N&V PO,IM,IV 
 Figure 8. How to administer Fentanyl26 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. TCCC administration of ketamine guideline26 
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Haemostatic agents 
 
In times of war the leading cause of morbidity and mortality is as a result of haemorrhage , 
with the bulk of these from penetrating injuries. Research has shown the mortality from 
severe haemorrhage is as high as 91%; with 61% of these being truncal injuries, 19% 
junctional and 13% extremity. 10,11 
Extremity haemorrhage can usually be controlled by means of a tourniquet, as discussed 
earlier. But, junctional and truncal bleeds require another form of haemorrhage control. 
Sufficient pressure to the wounds in a junctional injury may assist with control but it is usually 
insufficient. It was therefore important to design other haemostatic agents that can be 
applied easily and quickly to control haemorrhage.  
 
According to Pusateri et al,8 the ideal haemostatic agent for the use in war trauma should  
should be chemically stable and be able to remain stable during extreme temperatures (-10 
degrees celsius to + 55 degrees celsius), be simple to use with no need for pre-
administration preparation and have the properties to stop arterial and venous bleeding 
within 2 minutes of application without causing any systemic or local toxicity. They should 
also ideally have a low chance of allergy potential, be non-toxic to the patient and be easy 
to remove at the time of surgery.9 
 
The haemostatic agents are classified according to their methods of action, namely; factor 
concentrating agents, mucoadhesive agents and procoagulant supplementors. 
The factor concentrators work by concentrating the cellular and protein components of blood 
by absorption of water from the blood, causing active and quick clot formation. These include 
QuikClot and QuikClot ACS. QuikClot contains a processed mineral called zeolite which 
rapidly absorbs water forming hydrogen bonds. As expansion occurs, from the water 
absorption, this assists with haemorrhage control by tamponade of the bleeding area. 
Unfortunately, this process created an exothermic reaction which caused damage to the 
surrounding tissues. The manufacturers have subsequently released another product called 
QuikClot ACS+ , which causes less of an exothermic reaction. 
Mucoadhesive agents bind strongly to the surrounding tissues and cause a physical 
blockage to further bleeding. Examples of these include HemCon and Celox. Celox is 
composed of chitosan which is derived from chitin. It attracts the negatively charged red 
blood cells and promotes clot formation. 
The third group, procoagulant supplementors, do as their name explains and procoagulant 
factors are introduced to the bleeding site which causes clot formation (dry fibrin sealant 
dressing, DFSD). QuikClot combat gauze is impregnated with kaolin and initiates the clotting 
cascade immediately on contact with blood.  
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These haemostatic agents are further divided into different generations depending on their 
time of production. This is highlighted in the table below. 

Table 2. First, second and third generations of haemostatic agents30 
 
A number of these agents have received FDA approval and are being used in the military 
setting as a last resort for haemorrhage control in areas where compression and tourniquet 
use is very difficult. The current military guidelines set out by the TCCC suggest QuikClot 
gauze as the first line agent, followed by Celox gauze and ChitoGauze. In the case of narrow 
tract junctional wounds which are deeper than the norm they suggest XStat. The use of a 
gauze type dressing was preferred by the field medics as they expressed difficulty in getting 
the powder/granule type agents deep into the wound and near to the source of the 
haemorrhage. XStat, on the other hand, comes in the form of a syringe which can be easily 
directed through the narrow, deep wound and causes haemostats by the expandable, 
absorbable haemostatic sponges. 
 
 The use in civilian trauma is limited though, with only a small number of case reports of 
attempts at using these agents as a last resort for haemorrhage control. There are still some 
serious complications with the use of these agents, including; exothermic reaction and 
surrounding tissue injury, residue of the agent can be left in the vessel causing arterial 
obstruction distally or locally, endothelial injury, allergic reactions to chitosan which is 
derived from shellfish, difficulty and further injury during attempts at removing the agents in 
surgery. 
The perfect agent is still in the process of development, but its definitely the ‘space to watch’. 
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Guidelines from the American College of Surgeons 

Table 3. Evidence-based prehospital guideline recommendations for haemostatic 
dressings12 
 

Intravenous/Intra-osseous access 
 
There has been much debate regarding the best and fastest route for administering fluids 
for resuscitation in severely injured soldiers. Intravenous is the fastest way of administering 
fluids, compared to intraosseous (IO) access. However, the debate discusses whether its 
worth attempting to find a decent sized vein for IV cannula insertion versus insertion of an 
intraosseous line and once intravascular volume has improved then insertion of an 
intravenous line for further resuscitation. Current military training advocates the insertion of 
an IO line in a severely injured and haemodynamically compromised patient, followed by the 
insertion of a 8.5F central venous ‘trauma line’ into the subclavian for further resuscitation.32 

Once stabilised and in ICU, these lines are replaced by the insertion of a Internal jugular 
vein central venous catheter under ultrasound guidance. It is presumed that sterility during 
the insertion of lines during a resuscitation has been compromised and new lines become 
important.  

IO placement can be achieved by 3 insertion points. Ideally placement should be into the 
tibia (medial to the tibial tuberosity), but the lateral aspect of the humoral head,the iliac crest 
or the manubrium sternum can also be used.  
See table 4 for different flow rates. 
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Table 4. Flow rates of different intravascular and intra-osseous lines32 
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Future 
 
As technology advances in our everyday civilian lives, it has also started infiltrating into the 
military. Some of the concepts seem extremely farfetched at this point in time, but looking 
back from where we have come it probably is not that far off. For example, there is current 
work on a concept called the ‘Trauma Pod’ by DARPA27, which will essentially be a trauma 
surgery and resuscitation unit where the only person inside the unit will be the injured soldier. 
The capabilities of the unit will include advanced life support, diagnostics, robotic surgery 
and resuscitation all controlled by someone positioned at a safe location out of harms way. 
Most of the technology involves the treatment or evacuation of a soldier without there being 
any risk to other human beings.  
One group of these advancements is called Unmanned vehicles, which could be on ground 
or in the air. The idea would be to either deliver goods or ammunition or retrieve things or 
soldiers on the battlefield and return them to a safer zone in the time of injury. One of these 
is called the Battlefield extraction assist robot (BEAR) (Figure 8) , which is used to fetch 
injured soldiers from dangerous situations, where there is a risk for human injury, and 
transport them to safety. BEAR consists of tank tracks for mobility, a sturdy centre ‘body’ 
and two strong mobile arms that are able to scoop a injured soldier and carry the soldier to 
the desired location. This robot can carry up to 227kg and can negotiate even the most 
harsh terrain at approximately 10km/hr. It also has built in microphones, speakers and 
cameras so as to communicate with the soldier.  
Another category of these new technologies is one known as Robotic Ground Platforms 
(RGP) which are used as ‘porter’ robots to carry soldiers equipment, ammunition and even 
has the capability of being remotely controlled to specific areas for attack, if needed. MULE 
(multifunctional utility/logistics equipment) (Figure 9) robot is a robot that stands on four 
‘legs’ and has the capability of negotiating very rough terrain while carrying military 
equipment. 
 
 
 

 
Figure 10. Battlefield extraction assist robot (BEAR) 

 
 

Figure 11. MULE 
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