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Abstract

On the event of the war that took place in August 2008(August 8-12) in Georgia there was a structural transformation of our civil hospital into a military one  .Damage control principles ,such as haemorrhage control, liver –packing and abdominal tamponade, gastrointestinal tract resection without formation of anastomoses and other temporary interventions were prioritized. The prioritization created a chance to empty the hospital in a very short period of time to facilitate more incoming casualties. There were soldiers from Georgian troops, civilians and captives of war. The number of total admitted patients was 739. Fiftytwo of them were operated in the surgery department.

The following operations were carried out: removal of foreign bodies from the neck region, gastrorrhaphy, splenectomy resection of small intestine, and colostomy, combined operations (thoracotomy plus laparotomy) extended debridement and dressing of wounds, angiosurgical operations, and coloplasty. Out of the total casualties admitted in the hospital more than 50 percent of the patients suffered from blast injuries. Injury types in Conventional explosive were – Blunt trauma, penetrating trauma, inhalation injury, thermal injury and burns. They had however relatively less primary blast injury.

In enhanced blast devices in vehicles or enclosed spaces Primary blast injury and pressure-related effects predominated over blunt trauma. Primary Blast Injuries occured most frequently in the  middle ear, lungs, large bowel which resulted from blast wave contact (dynamic pressure changes at air-water interfaces) and  Blast loading which includes high frequency stress wave and Low frequency shear wave.

It has being noted that Primary blast injuries occur most frequently in air-filled organs, and results from blast wave dynamic pressure changes at air-fluid interfaces

Injury Distribution of the blast were prolific in the Ear where the tymphanic membrane ruptured due to dynamic overpressure. There was temporary neuropraxia of receptor organs and dislodgement of ossicles. The Lungs often suffered pulmonary contusions with multifocal haemorrhages. Pulmonary C-fiber receptor injury caused vagal nerve-mediated cardiogenic shock.
Gastrointestinal Tract injuries were ruptures primarily in colon.
The structural Transformation

Trauma associated with haemorrhage is a significant challenge with accounts for 30% to 40% of all fatalities which ranked second only to central nervous system injury as a cause of death .However haemorrhagic death is a preventable cause of death which occurs typically within 6 to 24 hours of injury. Haemorrhage being a leading cause of death for combat casualties, catastrophic haemorrhage is rarely a prehospital combat medical problem as it tends to cause death before medical care can be provided.

In civilian environments such casualties can be reached in the hospital in a matter of minutes but in a battlefield scenario it can take hours to transport casualties off the battlefield. Even if the transport distances are small, the hazardous environments of the battlefield prevent the medical help to reach the wounded.

Hence it is important for the medicos to understand the available options for treating haemorrhagic patients efficiently and quickly. At the same time the blast trauma creates some important challenges for the medicos which lead them to find non-conventional solutions. First and the foremost concern are the preoperative preparation and prioritization of the sequential operative intervention. Even it might seem that the damaged area is small, the damaged area may be deep and it requires definite medical attention. The main goal of the damage control should be to restore the normal physiology of the patient rather than to restore his normal anatomy .This is needed for poly traumatic casualties-for example for a patient with a combination of abdominal, vascular and thoracic injury prioritization of the interventions is absolutely advisable.

The rapid transformation of the civil hospital into a military on to provide the effective medical care of the wounded patients seems to be one of the most important issues.

We hope to describe our experiences and analyze the effectiveness and outcomes of the surgical treatment and care of blast and other combat injuries at our civil hospital.  

The Patients and the methods

Since the war activities lasted from August 8, 2008 to August 12, 2008, the military medical divisions initially provided the primary medical care directly in the battlefield. The second stage of medical care was given by the Gori military hospital which was the nearest hospital to the war zone.Our hospital (Gudushauri National Medical Center) was third –stage qualified and specialised surgical center because of it 70 km distance from the battle field.It took about 1 hour of transportation time to reach our hospital.

Our hospital has 220 beds .It have various units of basic surgical services, critical care and emergency care departments.During the war all the units were converted for the care of the wounded patients and we used war medical doctrine concerning massive disasters and armed conflicts.The emergency department performed triage and stabilization of the patients.In addition, critical and intensive care units were extended for critical patients operated in Gori and as well as in our hosptal.

The management of the patients were based on the well known rules .The lightly wounded patients were sent to out patient department where the first surgical process took place under local anaesthesia. The management of  patients with chest and abdominal penetrative injuries was carried out according to the Advanced Trauma Life Support principles.Patients with cavity penetrative wounds, as well as wounds on other parts of the body with liable haemodynamic were sent directly to the operation room where they were operated and stabilised.The stable patients went on to have further investigations like x-rays, ultrasound and computed tomography scan and then were watched.

From August 10 to August 12, Gori was occupied and had to be evacuated and our hospital had to take up the objective to provide the first line of treatment also. During this period damage control principles were prioritized  such as haemorrhage control, liver packing and abdominal tamponade.Gastrointestinal tract resection without formation of anastomoses and other temporary interventions were done. Main surgical interventions were then performed in other hospitals or in our center later on. It gave us the opportunity to empty the hospital and to provide new admission to an extensive number of new wounded patients. The total number of new patients was 739.This number included Georgian troops, civilians and captives of war.486 patients were treated in the out patient department and 253 were treated in the inpatient department. The localization of trauma and associated statistics are given in the following tables.
	Type of Trauma
No.

	Gunshot injuries
	92

	Blast and Shrapnel injuries
	102

	Other types of damages
	27

	Somatic Damage
	32

	Total No. Of inpatient
	253


Trauma Localizations

	Extremities
	100

	Head trauma
	69

	Abdominal cavity trauma
	22

	Chest trauma
	20

	Spinal column trauma
	5

	Multitrauma
	5

	Casualties not wounded
	32

	Total
	253


Operations carried out in the surgery department.

	Removal of foreign bodies from the neck region
	6

	Isolated thoracotomy,pulmorrhaphy 
	2

	Splenectomy,resection of small intestine,colostomy
	18

	Combined op.
	9

	Extended debriment and out patient
	11

	Angiosurgical operations
	4

	Coloplasty
	2

	Total operations performed
	52


Results

One patient with trauma in the head died instantly after admission. Another patient who was operated died in another hospital. There were however no other operative and postoperative mortality and no major complications.
Lessons Learned from the Blast Injuries
A brief Overview-

Blast injuries are divided into four classes: primary, secondary, tertiary, and quaternary.
· Primary injuries

Primary injuries are caused by blast overpressure waves, or shock waves. These are especially likely when a person is close to exploding ammunitions, such as a land mine. The ears are most often affected by the overpressure, followed by the lungs and the hollow organs of the gastrointestinal tract. Gastrointestinal injuries may present after a delay of hours or even days. Injury from blast overpressure is a pressure and time dependent function. By increasing the pressure or its duration, the severity of injury will also increase.

In general, primary blast injuries are characterized by the absence of external injuries; thus internal injuries are frequently unrecognized and their severity underestimated. According to the latest experimental results, the extent and types of primary blast-induced injuries depend not only on the peak of the overpressure, but also other parameters such as number of overpressure peaks, time-lag between overpressure peaks, characteristics of the shear fronts between overpressure peaks, frequency resonance, and electromagnetic pulse, among others. There is general agreement that spalling, implosion, inertia, and pressure differentials are the main mechanisms involved in the pathogenesis of primary blast injuries. Thus, the majority of prior research focused on the mechanisms of blast injuries within gas-containing organs/organ systems such as the lungs, while primary blast-induced traumatic brain injury has remained underestimated. Blast lung refers to severe pulmonary contusion, bleeding or swelling with damage to alveoli and blood vessels, or a combination of these.It is the most common cause of death among people who initially survive an explosion.

· Secondary injuries

Secondary injuries are due to people being injured by shrapnel and other objects propelled by the explosion. These injuries may affect any part of the body and sometimes result in penetrating trauma with visible bleeding. At times the propelled object may become embedded in the body, obstructing the loss of blood to the outside. However, there may be extensive blood loss within the body cavities. Shrapnel wounds may be lethal and therefore many anti-personnel bombs are designed to generate shrapnel and fragments.

Most casualties are caused by secondary injuries.Some explosives, such as nail bombs, are deliberately designed to increase the likelihood of secondary injuries. In other instances, the target provides the raw material for the objects thrown into people, e.g., shattered glass from a blasted-out window or the glass facade of a building.

· Tertiary injuries

Displacement of air by the explosion creates a blast wind that can throw victims against solid objects. Injuries resulting from this type of traumatic impact are referred to as tertiary blast injuries. Tertiary injuries may present as some combination of blunt and penetrating trauma, including bone fractures and coup contre-coup injuries. Young children, because they weigh less than adults, are at particular risk of tertiary injury.
· Quaternary injuries

Quaternary injuries, or other miscellaneous named injuries, are all other injuries not included in the first three classes. These include flash burns, crush injuries and respiratory injuries.
Traumatic amputations quickly result in death, and are thus rare in survivors, and are often accompanied by significant other injuries. The rate of eye injury may depend on the type of blast. Psychiatric injury, some of which may be caused by neurological damage incurred during the blast, is the most common quaternary injury, and post-traumatic stress disorder may affect people who are otherwise completely uninjured.
Our personal experience with blast injuries

Injury types in Conventional explosives were with – Blunt trauma, Penetrating trauma, Inhalation injury, Thermal injury and Burns. They had however relatively less primary blast injury. In Enhanced blast devices in vehicles or enclosed spaces primary blast injury and pressure-related effects predominated over blunt trauma.
Primary blast injuries occured most frequently in the Middle ear, Lungs Large Bowel which resulted from blast wave contact (dynamic pressure changes) at air-water interfaces and blast loading which includes-

· High frequency stress wave and

· Low frequency shear wave

It has being noted that Primary blast injuries occur most frequently in air-filled organs, and results from blast wave dynamic pressure changes at air fluid interfaces.
Injury Distribution of the blast were as prolific in the Ear where -
· The tymphanic membrane ruptures due to dynamic overpressure 

· Temporary neuropraxia of receptor organs and 

· Dislodgement of ossicles occurred 

The Lungs often suffered -
· Pulmonary contusions – multifocal haemorrhages

· Pulmonary C-fibre receptor injury caused vagal nerve-mediated cardiogenic shock 

Injuries in Gastrointestinal Tract  were primarily ruptures in colon.
Conclusions
In conclusion we suggest some principles of surgical management of war injuries, which are as follows:

· Correct structural transformation of civil hospital into the military one, which is provided with modern equipment and highly qualified personnel.

· Correct triage for right surgical treatment of patients. 

· Fast evacuation and transportation of heavily wounded patients to the stage of specialized surgical care.

· Limited laparotomy with intra abdominal packing for temporary haemostasis is the effective method and the choice procedure in critical situations.

· Isolated primary blast injury is almost never seen, unless under experimental conditions. More frequently and therefore of more relevance to this review, is the combined primary blast injury associated with secondary and tertiary blast injury leading to combined penetrating and nonpenetrating injuries.
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