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PREFACE

Itis with great pleasure that | welcome the completion of Volume 2 of War Surgery: Working with
Limited Resources in Armed Conflict and Other Situations of Violence. As did Volume 1, this second
volume has benefited from numerous remarkable professional collaborations and scientific
contributions under the joint authorship and review of Drs Christos Giannou, Marco Baldan
and Asa Molde. |feel certain that it will provide a new point of reference for health professionals
engaged in providing lifesaving services in often hazardous environments.

Most fortuitously, the publication of Volume 2 coincides with the 150th anniversary of the
founding of the International Committee of the Red Cross. The historical importance of this
anniversary for professionals engaged in war surgery cannot be overstated. In 1863, a group
of Swiss citizens created the International Committee of Geneva for the Relief of Wounded
Soldiers, which heralded the dawn of a new consciousness regarding the fate of the
wounded left incapacitated on the battlefield. The history of the ICRC and the Red Cross/Red
Crescent Movement is intimately interwoven with the development of war surgery, both as a
professional discipline and as an ethos in times of armed conflict.

The ICRC's future will be shaped by its commitment to continuous learning and to the
enhancement of the professionalism of humanitarian action. This new manual bears testimony
to the dedication of Red Cross and Red Crescent surgeons in articulating and sharing their
experiences to prepare a new generation of professionals equipped and empowered to be
the future standard-bearers for war surgery.

Since the publication of Surgery for the Victims of War in 1985, the ICRC has accomplished a great
deal - although much remains to be done - in defining the appropriate treatment protocols for
the management of the war wounded when working in resource-poor settings: a continuous
exercise of updating and expanding relevant and appropriate knowledge to help save lives
and alleviate suffering in spite of the prevailing and often dire conditions.

Consequently, this manual is first and foremost accountable to the people and communities
it seeks to serve. In addition, in the pursuit of protecting and assisting the victims of armed
conflict and other situations of violence, the ICRC insists on the safeguarding of medical
neutrality and accessibility of medical care to those in need as a fundamental message of
the International Movement of the Red Cross and Red Crescent and of all humanitarian work.
Indeed, to use the words of the Health Care in Danger campaign: “It's a matter of life and death”.

Peter Maurer

President
International Committee of the Red Cross
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INTRODUCTION TO VOLUME 2

INTRODUCTION TO VOLUME 2

Volume 1 of this manual has been well received by its target audience: surgeons
of the Red Cross/Red Crescent Movement and other humanitarian agencies, and
civilian and military colleagues working in austere, constrained and at times hostile
environments. While Volume 1 dealt with general themes and topics, the challenge
of Volume 2 lies in applying the same logic to the management of actual wounds in
specific organ systems.

Different socio-economic and tactical contexts call for different “surgeries” for the
victims of war as described in Sections 1.3 and 6.5 in Volume 1. No one model of
organization of surgical care can meet the demands and constraints of very different
contexts. The context may be military or civilian and involve a wealthy industrialized
society, an emerging economy, or a low-income country. The constraints are related
to security; efficiency of pre-hospital care and patient evacuation; the supply of
medicines and consumables and the repair and maintenance of equipment; and of
course the availability of human resources, both in terms of numbers and technical
competency. All too often, while facing a barrage of war casualties, hospital staff find
themselves working in conditions bereft of the resources necessary to provide optimal
patient care. It is under these circumstances that the application of appropriate clinical
techniques and protocols employing appropriate technology come to the fore in
fulfilling their lifesaving potentials given the constraints — material and human.

Inevitably, the techniques described are not those of the latest developments as
performed by specialists working in an academic setting. Many are a throwback
to what was expected of a general surgeon one or two generations ago. That such
techniques are still scientifically valid today is a tribute to our predecessors and
they still form the basis of good surgical practice in many countries where, even in
peacetime, resources are limited and working circumstances precarious.

As mentioned, this manual is geared to the needs of the trained general surgeon
working more or less in isolation in a rural hospital where referral of patients to
more sophisticated facilities — far away in an inaccessible major city - is impractical
or impossible. It also recognizes the great variety of technical competency and
professional experience of its readers. This is why, for example, the operative details of
both chest tube drainage and a thoracotomy are described.

The surgical management of the various organ systems of the body is subdivided into
surgical subspecialties, such as neurosurgery, maxillo-facial surgery, ophthalmology
and otorhinolaryngology, chest and vascular surgery, and orthopaedics. The general
surgeon will usually have only a passing knowledge of the procedures required to
deal with trauma affecting these different organ systems. Nonetheless, a great deal
can be done by applying simple and basic techniques well within the competency of
the general surgeon. The operations described are those that have proved successful
in the experience of ICRC surgeons and other colleagues working in similar conditions.

1
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More sophisticated procedures, particularly of reconstructive surgery, do indeed
require the expertise of the specialist, and are not dealt with in this book.

We hope that well-trained specialist surgeons working in resource-poor settings will
also find this ICRC experience useful and relevant, since the constraints of limited
resources mean that the surgeon must accept that he cannot fully utilize his capacities
and expertise, owing to a lack of diagnostic equipment and therapeutic means, such
as blood for transfusion.

Moreover, the limits of the surgery that can be performed are most often determined
by the level of anaesthesia, post-operative nursing care and physiotherapy available.
In this respect too, the surgeon working in a resource-poor environment carries a
particular responsibility and must, for instance, be able and willing to personally make
the patient cough and breathe deeply and get the patient out of bed and walking
and exercising.

Volume 2 of this manual deals with trauma specific to armed conflict. Blunt injuries
also occur during war, but will only be mentioned to indicate what distinguishes them
from injuries caused by projectiles and blast.

The chapters fall into a similar pattern. They start with the particularities of ballistics
as applied to the organs of that region, and include a brief overview of the relevant
epidemiology and the most important clinico-pathological presentations. These
sections are followed by a description of the paraclinical investigations using the
appropriate level of technology as is warranted by ICRC experience. Pre-operative and
operative procedures, according to ICRC protocols, are then explained. Basic patient
monitoring with limited means and post-operative care and physiotherapy complete
the management sequence. The most common complications close the chapter.

As expressed in the Introduction to Volume 1, the authors hope that colleagues facing
the challenge of treating the victims of armed conflict and other situations of violence
under precarious and, at times dangerous, circumstances will find this book useful.

Christos Giannou Marco Baldan Asa Molde

Senior ICRC surgeon, Senior ICRC surgeon, Senior ICRC surgeon,

former ICRC head surgeon  former ICRC head surgeon former Coordinator of
ICRC surgical programmes,
and former Vice-President
Swedish Red Cross Society
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Please note:

Three annexes have been added to Part F to facilitate the reading of this Volume. They
include a short summary of wound ballistics, the Red Cross Wound Score, and the
ICRC antibiotic protocols. Including them in Volume 2 allows for a quick reference. For
detailed explanations, the reader should refer to the relevant chapters in Volume 1.

The manual, a film on the treatment of anti-personnel landmine injuries, and ICRC
brochures dealing with physiotherapy techniques, the application of plaster-of-Paris
and bone traction, and polypropylene technology for prostheses are included in
the DVD attached to this volume. The disk also contains several downloadable files
— annexes for the home care of spinal injury patients — written in simple English that
can be translated and adapted for use in the everyday practice of home-care teams.

Cross references to topics presented in Volume 1 are given as references to a specific
chapter or section without repeating the mention of Volume 1.

Many readers of this book are not native English speakers. Consequently both style
and vocabulary have been chosen with this readership in mind and certain well-
known abbreviations have been spelt out. Unless stated otherwise masculine nouns
and pronouns do not refer exclusively to men, for the manual is gender neutral. Any
use of trade or brand names is for illustrative purposes only and does not imply any
endorsement by the ICRC. No patient was photographed without consent - explicit
or implicit.

This volume supersedes and replaces several ICRC publications that will no longer
be available. The knowledge and experience expressed in these works form the
continuing basis of ICRC surgical protocols.

« Surgery for Victims of War, by Daniel Dufour, Soeren Kromann Jensen,
Michael Owen-Smith, Jorma Salmela, G. Frank Stening, and Bjorn Zetterstrom.
Second edition edited by Robin Gray; third edition revised and edited by Asa Molde.

« Amputation for War Wounds, by Robin M. Coupland.
« War Wounds with Fractures: A Guide to Surgical Management, by David |. Rowley.

The authors have not received any outside remuneration for this manual and declare
no conflict of interest.

13
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BLAST PHENOMENA

Basic principles

Weapons systems can act at a greater and greater distance from the victim.
Explosive devices have become the major weapons deployed in contemporary warfare.
Fragments from explosive devices have become the most common mechanism of wounding.

An open-air bomb explosion consists of three phases: positive-pressure shock wave; negative-
pressure suction wave; and blast wind.

A.1  Short history of the weapons of war
and armed conflict

From traditional face-to-face combat using bare fists, sticks and stones, knives, swords
and spears, other “hand-energized” weapons that struck at a distance came into
being: the sling-shot, javelin and bow and arrow. The invention and propagation of
gunpowder triggered off a revolution in warfare with the development of weapons
that act at an even greater distance: explosive devices and the rifle.

The evolution of warfare has in certain respects largely been based on such
technological developments that have engendered a wide variety of tactical
combat situations and greatly affected the numbers of casualties and the types of
wounds incurred.

Advances in the technology of modern high-order explosives and especially their
delivery systems constitute one of the major factors that allow combatants to
overcome more readily the “natural inhibition” against killing fellow human beings.' 23
These developments have given rise to an enormous variety of combat scenarios from
massive artillery and aerial bombardment of urban areas to the widespread use of
landmines, the “perfect” remote and indiscriminate weapons that do not even require
the perpetrator to pull a trigger.

Practically speaking, the result of this evolution has been the change in the
preponderant wounding mechanism in the last 100 years from bullets to fragments or
“shrapnel’, which now cause up to 80 % of the injuries seen in wars between classical
armies. Guerrilla warfare still results in a higher incidence of gunshot wounds (see
Section 5.5).

Fragments are the result of various explosive mechanisms and systems: aerial bombs,
artillery or mortar shells; rocket-propelled and hand grenades; landmines and
improvised explosive devices.

Sections 3.3.6 and 3.4.8 in Volume 1 discuss the wound ballistics of fragments. However,
in addition to the production of fragments, explosive devices also have a primary blast
effect that causes lesions with particular characteristics. Part A of Volume 2 is devoted  Figure A.1

to blast injuries. Collection of various munitions.

1 John Keegan. The Face of Battle. London: Jonathan Cape Ltd; 1976.

2  Lt. Col. Dave Grossman. On Killing: The Psychological Cost of Learning to Kill in War and Society. New York, NY: Little,
Brown and Co.; 1995.

3 Joanna Bourke. An Intimate History of Killing: Face-to-Face Killing in Twentieth-Century Warfare. London: Granta
Books; 1999.
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Figure A.2

Civilian and military-grade plastic explosives.

ICRC

Figure A.3

Irregular fragment removed from a
victim’s body.

Figure A.4

Friedlander curve: pressure-time relationship
of a blast wave in open air without obstacles in
its path. The area under the curve is the total
impulse per unit area.

Positive-pressure shock wave: a pulse of peak
overpressure that travels through the ambient
medium - air, water or the ground. Only high-order
explosives cause an overpressure shock wave.

Negative pressure or rarefaction phase:
a suction wave, again only occurring with
high-order explosives.

Blast wind: phase of dynamic overpressure
with the mass movement of heated air and
combustion products. This is produced by both
high- and low-order explosives.
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A.2  Munition composition

Explosives are described as either high- or low-order and provoke different patterns
of injury. Low-order explosives include gunpowder, small bombs such as pipe bombs,
and “Molotov cocktails” (petroleum based). High-order explosives can either be
improvised using simple substances available commercially, such as fertilizer and
diesel fuel, or specifically manufactured. The latter can be for civilian use, for example
quarrying, building dams and other large civil engineering projects, or “military-grade”,
and include TNT, dynamite, Penta, and plastic explosive (PE4, C4, Semtex). Munitions
normally use a combination of specialized high-order explosives.

All munitions contain an explosive train: a series of components that are designed
to ensure the explosive charge functions in the required way at the required time.
In a gun or rifle it is a low-explosive train, where a primer is struck that produces a
flash igniting the propellant contained in the cartridge case. The burning propellant
produces gases in a restricted volume thus causing a high pressure to build up. This
pressure acts on the base of the bullet and accelerates it through the barrel (Figure 3.6).

The high-explosive train in a bomb or explosive device has three basic serial
components: the primer or detonator, a booster charge, and a final main charge that
produces the desired effect and is the principal determinant of destructive power.
The bomb casing holds the components of the device together. It may be purposely
designed to break up into projectiles (pre-formed fragments of modern weapons,
100 - 500 mg in weight and 2 - 3 mm in diameter) that increase the probability of
hitting a person and are more lethal than ordinary irregular fragments. Otherwise, the
casing breaks up irregularly.

A.3  Open-air bomb explosion

The detonation of an explosive is an exothermic* chemical process that converts the
explosive charge into high-pressure gases in an extremely short time, measured in
microseconds.’

In an open-air bomb explosion, part of the energy from the gases produced ruptures
the casing, imparting high kinetic energy to the resulting fragments; their initial
velocity may be up to 2,000 m/s. Another part produces heat in the form of a fireball,
as well as sound, light and smoke. The remaining energy causes the gases to expand
rapidly, compressing the surrounding air to produce a blast or shock wave - a pressure
pulse - that spreads out spherically in all directions from the point of origin. This blast
wave expands faster than the speed of sound and has three components.

Peak blast overpressure

Pressure

g~ Atmospheric
\ / pressure

L | |
Positive pressure Negative pressure
phase phase

Blast wind

Time

4 An exothermic chemical reaction converts the energy in chemical bonds into heat, in contradistinction to an
endothermic reaction that absorbs heat.

5 For alow-grade combustion, such as occurs with the gunpowder in a bullet cartridge, this process is about
200 - 400 m/s, relatively slow. For a high-grade combustion in the case of military munitions, the conversion
takes place at a speed up to 9,000 m/s or more.
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A.3.1 Positive-pressure shock wave

The positive-pressure shock wave is a moving peak of high pressure and density
travelling at supersonic speed at first, as high as 3,000 - 9,000 m/s, but decreasing very
quickly with distance. It is of very short duration - in the order of milliseconds - but of
very rapid onset, and reaches its maximum pressure load almost instantaneously. This
high-pressure peak, in the order of hundreds of bars also decreases rapidly as the
wave moves away from the source of the explosion (inversely proportional to the cube
of the distance). Its leading edge in air is called the “blast front” and is visible because
of the way it refracts light (Figure A.5). The overpressure of the blast front provokes a
shattering effect, also known as brisance. Tissue damage depends on the magnitude
and duration of the peak overpressure: the impulse.

A.3.2 Negative-pressure suction wave

The passage of the positive component is followed by a negative pressure trough, a
relative vacuum, which sucks in air and debris. The pressure differential is much less
than the positive phase, but can last three to ten times as long, and during its first
phase it has more destructive energy than the positive peak.

A.3.3 Blastwind

The rapidly expanding gases from the explosion displace an equal volume of air
and, together, produce a blast wind. This mass movement of air creates a “dynamic
overpressure” that travels immediately behind the shock wave, but at a much lower
speed. Nonetheless, it can reach several hundred km/h (approximately 100 m/s). It
is of lower amplitude than the shock wave, but lasts much longer and travels much
further. This dynamic overpressure knocks over or scatters any object shattered by the
brisance effect of the shock wave.

A.4 Effects due to the environment

The propagation of the blast wave can become very complicated in the presence of
obstacles or when channelled along streets, corridors, or through pipes and tunnels.
Like sound waves, a blast shock wave flows over and around an obstacle and will affect
someone sheltering behind. On the other hand, obstacles can also create blast wave
turbulence immediately behind them with the formation of relatively safe areas, which
is why sometimes people close to explosions survive with relatively minor injuries,
or none at all, while those further away suffer more serious injuries or are killed. The
wearing of body armour protects against penetration of fragments but not against the
overpressure shock wave.

Blast waves hitting a wall perpendicularly exert much greater pressure than those
hitting surfaces at an angle. In addition, the perpendicular wave is compressed and
reflected back by the wall, causing an amplification of the waves and creating a region
of more intense pressure. Thus, a blast in an enclosed or confined space (building,
bus, etc.) results in additive reflections of the pressure wave rebounding off the walls;
the amplified overpressure is much higher and the impulse lasts longer (Figure A.6).
This has an important influence on mortality and on the severity of injury among the
people inside. In addition, an explosion in an enclosed space increases the likelihood
of the building collapsing.

In underground and underwater explosions the shock wave travels more rapidly and
much further because sound has a higher velocity in the denser medium. The radius
of lethal injury is about three times greater in water explosions than in air, and injuries
at the same distance are more severe.

6 In physics the correct term is Newton per m?, which has its own unit, the Pascal. In ballistics and meteorology,
the term bar is used. One bar equals 100 kilopascals and is approximately equal to atmospheric pressure at sea
level. In non-scientific layman’s language, this is the equivalent in this specific case of hundreds of kg/cm?2.

7 Harrisson SE, Kirkman E, Mahoney P. Lessons learnt from explosive attacks. J R Army Med Corps 2007; 153:
278 - 282.

Figure A.5

Explosive detonation. Note the blast front
indicated by the arrow.”

Pressure

<«——— Blast overpressure

Positive pressure phase

Atmospheric
pressure

Time

Figure A.6

Typical pressure - time relationship of a blast in

an enclosed space.
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Figure A.7

Disc incorporated into an
explosively-formed projectile.
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A.5 Specific explosive devices

A number of variations on basic ordnance have been developed to fulfil specific
military demands. A short, non-exhaustive list follows.

A.5.1 Enhanced-blast explosive devices

With a thermobaric or fuel-air weapon a first small detonation spreads out explosive
material as a fine aerosol that mixes with atmospheric oxygen, which is then triggered
to produce a second explosion. The disseminated explosive aerosol creates a much
larger area of propagation of the shock wave and the initial overpressure lasts longer
and reaches further than in an ordinary explosion. In addition, the consumption of
atmospheric oxygen in the explosion causes death by asphyxiation. There are few
survivors within the range of the primary blast.

A.5.2 Shaped-charge explosives

In these weapons, the explosive device is constructed in such a way as to amplify the
blast overpressure and brisance effect and to channel it into a tight trajectory. The
blast wave thus extends as a cone rather than as a sphere starting from a point. The
blast overpressure has a devastating effect within the cone, but very little damage is
caused outside it. One type of anti-tank mine (ATM) is equipped with a shaped charge.

An explosively-formed projectile is a particular type of shaped charge incorporating
a disc that is deformed on detonation into an aerodynamically efficient metal slug
that can go through armour. Such projectiles are used in manufactured ATM and,
increasingly, have been deployed as improvised “roadside bombs” against tanks
and armoured personnel carriers. Once they break through the armour they cause
devastating wounds in the individuals they hit, with relatively minor blast injury to
those nearby.

A.5.3 Improvised explosive device (IED)

As the name implies, these are home-made bombs. The explosive material may be
military munitions (mortar or artillery shells, or landmines) or commercially available
products. IED are used by insurgent groups and non-State actors and factions, and
include a great diversity of types, small and large, and are more-or-less efficient: pipe
bombs, car bombs, roadside bombs, booby-traps, etc.

A.5.4 Dense inert metal explosives (DIME)

This device mixes tiny particles of an inert heavy metal, such as tungsten, together with
the explosive; thus the fragments are incorporated into the explosive itself rather than
derived from the casing, which is made of a material with little fragmentation effect.
The result is the creation of a shower of “microfragments” on detonation producing an
increased brisance from a relatively low initial blast yield. These microfragments are
highly lethal at close range, but the effects fall off very rapidly and the lack of casing
fragmentation limits injury to others nearby. Survivors typically present traumatic
amputations or severe soft-tissue injuries and retained heavy metal dust, which may
be a source of toxicological concern.?

8 The data concerning the toxicity of tungsten is limited and contradictory and mostly confined to chronic
exposure. Acute intoxication is rare but may present with nausea and the sudden onset of seizures, coma and
encephalopathy, and acute tubular necrosis. Carcinogenic potential is a possibility. Treatment is supportive and
symptomatic. Please see Selected bibliography.
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A.5.5 Landmines and unexploded ordnance (UXO)

A landmine constitutes a particular explosive device that is legally defined by the
method of activation. Whether industrially-manufactured or improvised, a mine is
activated by the victim. An anti-tank or anti-vehicle mine is “designed to be detonated
or exploded by the presence, proximity or contact ... of a vehicle “° An anti-personnel
mine is defined as “designed to be exploded by the presence, proximity or contact of
a person”.

Anti-personnel mines have been banned by an international convention, which has
changed the military doctrine of many countries.’® Nonetheless, APM continue to
be used during some conflicts, albeit far less frequently and in far smaller quantities
than before.

Other unexploded ordnance and abandoned explosive ordnance also litter battlefields
long after combat has ceased: these are the infamous explosive remnants of war
(ERW)." Cluster munitions “release explosive submunitions each weighing less than
20 kilograms",'2 which in many cases do not explode as they should and constitute a
form of UXO. The same can be said of booby-traps.'®

M. Baldan / ICRC

Figures A.9.1 - A.9.3

Cluster munitions.

Observers and data collection systems are usually not capable of distinguishing
between different types of mines and UXO, and all these weapons constitute a danger
for civilian populations and clearance experts well after the cessation of hostilities.
The mechanism of injury and clinically important sequelae are the same for bombs,
landmines and UXO.

Chapter 19 deals more broadly with the primary blast effects of explosions and expands
on Section 3.1.4. Chapter 20 considers anti-tank mines, while Chapter 21 develops
Section 3.1.3 and discusses in detail the specific example of anti-personnel landmines.

9  Convention on Prohibitions or Restrictions on the Use of Certain Conventional Weapons which May be
Deemed to be Excessively Injurious or to Have Indiscriminate Effects, Protocol Il on Prohibitions or Restrictions
on the Use of Mines, Booby-Traps and Other Devices. Geneva, 10 October 1980, as amended on 3 May 1996.

10 Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-Personnel Mines and on
their Destruction, 18 September 1997. As at 31.12.2012, there were 160 States Parties to this Convention.

11 Protocol on Explosive Remnants of War (Protocol V to the 1980 Convention), 28 November 2003.

12 The Convention on Cluster Munitions, 30 May 2008, has banned the use of cluster ammunitions. As at
31.12.2012, there were 77 States Parties to this Convention.

13 “Booby-trap”is defined as “any device or material which is designed, constructed or adapted to kill or injure
and which functions unexpectedly when a person disturbs or approaches an apparently harmless object or
performs an apparently safe act’, according to the 1980 Convention on Conventional Weapons (Protocol Il).

M. Baldan / ICRC

Figure A.8

Unexploded ordnance.
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EXPLOSIONS AND PRIMARY BLAST INJURIES

Basic principles

A single explosion can produce many victims suffering a variety of injuries.

A single victim may present all four types of blast injury; fragment wounds usually predominate.
Few casualties survive significant primary blast injury.

Deafness should be suspected in confused or unresponsive patients.

Blast lung can develop insidiously up to 48 hours after exposure and is often fatal.

19.1 Introduction

Explosions can be caused by various events.
« Physical-mechanical: exploding pressure cooker.

« Exothermic chemical: conventional military-type explosion transforming a chemical
compound - solid or liquid — into a large quantity of gas in an exothermic reaction,
as seen in bombs, shells, mines and incendiary bombs (napalm, white phosphorus).

+ Nuclear: fission or fusion device, atomic and hydrogen bombs.

Non-conventional chemical weapons may or may not involve a conventional detonation
that bursts open a container spreading out a toxic chemical substance. A radiological
dispersal device, a so-called “dirty bomb’, works in the same way, with a conventional
explosive surrounded by radioactive material that is spread out by the explosion; it is not
a nuclear device. This chapter deals only with conventional weapons.

Explosive devices have been given different names, usually indicating the means
of delivery: letter, pipe, car or aerial bomb; artillery or mortar shell; cruise missile;
hand grenade and rocket-propelled grenade; and landmine. Some, such as military
ammunition, are industrially manufactured; others are “home-made” and are
known as improvised explosive devices. Whether an explosive device is industrially
manufactured or improvised makes little qualitative difference in the physics of the
explosion and the clinical results of its blast effects.

Blast injuries are commonly categorized into four types
1. Primary, due to direct pressure effects.
2. Secondary, due to fragment projectiles.

3. Tertiary, due to the blast wind.

4. Quaternary, or miscellaneous: burns, toxic gases, etc.

See also Section 3.1.4.

Most of the clinical discussion of this Chapter pertains to primary blast injury.

19.2 The single bombing incident

The great difference between the individually-held assault rifle and an explosive
device is in the number of victims that can be produced by a single combatant during
asingle incident. The range of scenarios using explosive devices during armed conflict
is thus far more varied than with simple firearms, and injuries due to the different blast
effects of explosions have become more common in modern warfare. However, few
single bomb explosions have a preponderance of primary blast effects (USS Battleship
Cole in Aden harbour, 2000, was one recent example of this).
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Figure 19.1

Fireball and plume of dust and smoke arising
from a bombing.

Figure 19.2

Building collapse: the frequent result of
a bombing.
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In wartime, most medical services and facilities — whatever the level of resources -
are prepared and expect the arrival of large numbers of casualties, which they deal
with to the best of their capabilities. Even the civilian population learns to take
certain protective measures and violence is expected. However, the single bombing
incident in an urban environment, taking the system by surprise, results in a number
of characteristic problems. General confusion reigns: there is often panic and hysteria
among survivors and bystanders. Coordination and communication between
armed forces or militias, police, fire-fighters, and first-aid or paramedical teams and
ambulances are usually insufficient. In addition, the lines of communication are often
cut or overburdened and become non-functional.

If there is structural collapse of a building, delayed rescue and evacuation of patients
with a heavy death toll is common. Injuries may also occur among rescuers. Evacuation
of most casualties is done by private means: taxis, private cars, or manually-borne
stretchers, in a crowded urban environment where the streets are blocked by road
traffic. The closest hospitals are invariably flooded with the early arrival of patients
with relatively minor wounds: the “reverse triage” phenomenon (see Sections 7.7.8
and 9.13).

Most fatalities are immediate and located at the scene. About one half of all the
survivors arrive at hospital within the first hour, giving an approximate indication
of the total number of wounded. Most survivors, however, are not severely injured
and the majority can be treated as outpatients. Late neurological and psychological
sequelae among survivors are common and may overlap with the signs and symptoms
of post-traumatic stress disorder (PTSD).

The limbs, head and neck are the most commonly injured areas, particularly in people
who are only superficially wounded. Only about 10% of the survivors admitted to
hospital have critical injuries.
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19.3 Epidemiology

The general epidemiology of armed conflict as described in Chapter 5 applies. Most
war wounds are the result of fragments from some sort of explosive device, but most
wounded survivors have been injured beyond the radius of the primary blast effect.
Indeed, within this radius the density of primary and secondary fragments is so great
that lethal injuries are caused by both primary blast effect and fragments. However,
many different tactical situations exist. This section describes some epidemiological
observations from single bomb explosions where casualties are close enough for all
four mechanisms of injury to come into play.

Blast event: multiple mechanisms, multiple casualties,
multiple body regions hit.

With bomb explosions there is a potential for multiple casualties and multiple wounds
in the same patient. Most explosions create mixed injuries with fragment injuries
predominating. The number of casualties and the ratio of different kinds of injuries
are determined by a number of factors:
« power of the explosion (magnitude and duration of peak overpressure);
- distance of people from the blast point and their degree of personal protection;
« environmental conditions of the spread of the blast wave

- topography and relief of the terrain;

- presence of buildings and other obstacles;

- meteorological conditions;

- confined space;

- presence of water;'
- tactical situation — crowded street or market place, or other public space, etc.

19.3.1 Mortality

“La mort était due a la grande et prompte dilation [sic] d'air.”

(Death was caused by the great and immediate expansion
of air.)

Pierre Jars2 1758

Casualties may suffer total body disruption or fireball carbonization. Some bodies may
show no recognizable external sign of penetrating or blunt injury - there are many
anecdotal reports from World Wars | and Il of dead soldiers found on the battlefield
without any external signs of injury.

1 People who are partially submerged in water when subjected to a blast explosion, for example, suffer very
different injuries to the under-water and above-water body parts.

2 French physiologist who was the first to correctly determine the expansion of gas as the primary effect of a blast
explosion. Cited in Hill JF. Blast injury with particular reference to recent terrorist bombing incidents. Ann R Coll
Surg Engl 1979;61:4 - 11.

Figure 19.3

Total body carbonization of a mother and two
children following a bomb explosion.
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Table 19.1 gives a short list of various contemporary single bomb incidents and the
different tactical situations: open space, confined space, “ultra-confined” space of a
bus, building collapse, etc.

Immediate Hospitalized Critical
Event Type deaths (% | Injured p(% ) Critically injured* (%) mortality Remarks Reference
mortality) (%)
Bologna railway | Confined space; Partial collapse with Brismar &
station, Italy, partial building 73 (25%) 218 181 (83 %) 25(10%) 11(44%) | stonesfrom the buildingas | Bergenwald,
1980. collapse. secondary missiles. 1982.
Beirut US Open air, large .
Marine barracks, | bomb; building 234 (68 %) 112 f86 (d77 . d 19 (17 %) 7 (37 %) All evacuated to ship. TFrykbir3889(
Lebanon, 1983. collapse. referred onward. epas, :
Paris metro, Confined space; Large number of severely Rignault
France, small home- 13 (5 %) 255 205 (80 %) 40 (16 %) 7 (18 %) injured; small blast in & Deligny,
1985 — 86. made bombs. crowded confined space. 1989.
High rate of primary
Civilian bus Sn;;lél\ccg.nt:ﬁurled blast injuries: perforated Katzetal
Jerusalem, win dow; dlosed 3(5%) 55 29 (53 %) 8(31%) 3(37.5%) ear drums 76 %; blast 1989 M
Israel, 1988. L ) lung 38 %; abdominal blast ’
Bomb inside bus. L
injuries 14 %.
Fatalities primarily in
. 2,000 kg bomb Teague,
Federal Building o~ collapse zone: out of 361
Oklahoma City, Ee”’“(')'zgl“; 2‘;’ 166(21%) | 592 | 83(14%) 52(9%) 5(10%) | inside building 163 dead rjfl?:n&;e
USA, 1995. . UPEN space, (45%) and 156 injured (88%
building collapse. . etal., 1996.
of total casualties).
. Confined space; All dead had severe
USS Battleship ’ L
Gol, Adlen no collapse of' orthopaedlc injuries; 64@01‘ Langworthy
superstructure; 16 (30 %) 39 All evacuated. 11(27 %) 1(9.1%) survivors had orthopaedic
harbour, Yemen, i iniuries: perioheral d etal., 2004.
2000 efficient injuries; peripheral woun
: fire-fighting. thrombosis up to 72h later.
Fatalities: multiple blunt,
Khob.arTovx.Iers, 20kg bomb.; N gl.ass. and fqrglgn bod){ Thompson
Saudi Arabia, open space; 19 (5%) 555 66 (16 %) 24 (6 %) 0 injuries; 27 % injured during
g . etal., 2004.
2001. building collapse. rescue and evacuation
or clean-up.
Shopping ) . ,
. 1(8%) Efficient pre-hospital and | Torkki et al.,
centre Helsinki, |  Open space. 5 (4%) 161 66 (41%) 13 (20%) o .
Finland, 2002. (1 DOA*¥) dispatch system. 2006.
- Small confined 11/12 survivors with
Sl o space. Bomb fracture / dislocation Zafar et al
bomb Karachi, ) 24 (67%) 1" 11(100%) 2 (18%) xrx . !
) next to and calcaneus and bones of foot: 2005.
Pakistan, 2002. " o
below bus. 'pied de mine" effect.
Shusbombings. | 56(1%) | 208 | 121(58%) 17(8%) g | esilnEbisbainedzs
an “ultra-confined space”.
lsrael : i',%iiﬂ}i’;i‘e 207% | 25 | 101(40%) 35 (13%) 9(29%) | Relatively lethal scenario. | <ol
2002 -2003. e g ’ " | etal., 2009.
4 ggem“bfrf’ga:e 26(8%) | 305 | 12039%) 25 (8%) 5(1.5%) Least lethal scenario.
Large numbers with
Madrid train superficial injuries and Turégano-
bombing, Spain, | Confined space. | 177 (8.6 %) 2,062 512 (25 %) 72 (14%) 14(19.5 %) emotional shock: not Fuentes
2004. hospitalized but burden etal., 2008.
on triage.
London
transport Good pre-hospital triage.
bombings: Confined space, Large number of walking | Aylwinetal.,
3underground | small explosions. =l e <) AU 25 wounded nevertheless 2006.
trains + 1 bus, hospitalized.
UK, 2005.

* Injury Severity Score (ISS) > 15.
**DOA: dead on arrival.

**¥ \fictims were French engineers; evacuated within 24 hours by order of French authorities.
Table 19.1 Major contemporary single bomb incidents: a partial list. References are to be found in the Selected bibliography.

30




EXPLOSIONS AND PRIMARY BLAST INJURIES

Explosions with very high rates of immediate death have certain characteristics,
whatever the source or means of delivery (car bomb, aerial bombardment, etc.):
- very powerful explosion — the larger the bomb, the greater the destructive effects;
- explosion in a confined, closed space — mortality can reach 50% or higher;
+ building collapse - very few survivors amongst those crushed and trapped by
the rubble;
- ignition of secondary fires.

Explosions in confined spaces are particularly devastating, with an overall higher
mortality rate. Survivors have more severe injuries with a higher incidence of primary
blast injuries, including a predominance of blast lung and burns affecting a large body
surface area.?

Most fatalities present multiple trauma and are due to total body disruption, injuries
to the skull and brain, rupture of one of the solid abdominal organs, blast lung and
traumatic amputation.*

Most bombings, however, generate a large number of casualties with relatively
superficial wounds that do not require hospitalization, as shown in Table 19.1.
Accurate and efficient triage permits quick identification and treatment of severely-
injured patients, thus lowering the critical mortality rate.

19.3.2 Survivors

Amongst survivors, as is the case with other weapons systems, most injuries due to
explosive blast and requiring surgery involve the limbs. Up to 85 % of hospitalized
patients have musculoskeletal injuries.

Many patients suffer multiple injuries caused by a wide variety of blast effects, covering
a whole spectrum of trauma. Representative of this are the injuries recorded following
the bomb attacks against the Madrid trains in 2005; only 512 patients among more
than 2,000 casualties were deemed seriously injured enough to be recorded in this
study (Table 19.2).

Body region Patients wounded Injuries

Head, neck and face 340
Brain and skull 41
Neck 8
Tympanic perforation 240
Eye injuries 95
Maxillo-facial fractures 48
Other face 14

Chest 199

Abdomen 28

Limbs 71

External 263
Shrapnel wounds: non-penetrating 21
Burns 89

Table 19.2 Distribution of injuries according to body regions, Madrid railway bombings 2005.¢ Patients with
superficial bruises, transient hearing loss, and/or emotional shock only were excluded. Many
patients suffered more than one injury; therefore, the total number of injuries exceeds the
number of patients.

3 Leibovici D, Gofrit ON, Stein M, Shapira SC, Noga Y, Heruti RJ, Shemer J. Blast injuries in a bus versus open-air
bombings: a comparative study of injuries in survivors of open-air versus confined-space explosions. J Trauma
1996; 41: 1030 - 1035.

4 Hill JF. Blast injury with particular reference to recent terrorist bombing incidents. Ann R Coll Surg Engl 1979; 61:
4-11.

5 The critical mortality rate concerns patients with an Injury Severity Score greater than 15.

6 Adapted from Turégano-Fuentes F, Caba-Doussoux P, Jover-Navalén JM, et al. Injury patterns from major urban
terrorist bombings in trains: the Madrid experience. World J Surg 2008; 32: 1168 - 1175.
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19.4 Pathogenesis and pathophysiology

Although four different categories of blast injury are described, they often coexist in
a single patient.

19.4.1 Primary blast injury: barotrauma

Primary blast injuries are due to the direct effects of over- and under-pressure caused
by the shock wave: i.e. barotrauma. These injuries are usually confined to a relatively
small area around the point of explosion.

The peak overpressure induces surface compression and deformation waves upon
hitting the body and interacts with the tissues to produce two types of energy: stress
and shear waves.

A stress wave passes longitudinally through the tissues. When it reaches a plane
between two tissues of differing density part of it is reflected and part continues,
creating pressure differentials. These are particularly acute at air-solid (e.g. ear), air-
fluid (e.g. hollow viscera, lung alveoli) and fluid-solid interfaces of delicate structures
(e.g. blood vessels).

The air-fluid interface is exceptionally sensitive. The positive pressure stress wave
rapidly compresses air in any isolated pockets. With the negative pressure phase
the air re-expands violently, rupturing the surrounding tissues. This causes spalling,
presenting an effect much like that of air bubbles in boiling water.

Shear waves propagate transversely to tissue interfaces, similar to the deceleration
forces seen in a motor vehicle collision. Contiguous tissues with different densities
are accelerated and decelerated at different rates creating a shearing action
that overstretches natural tissue elasticity and causes tearing and disruption of
attachments. This is especially prominent in solid organs and organs with an elastic
anatomic fixation, such as the mesentery of the bowels, the tracheo-bronchial tree or
the placenta.

Primary blast effects include specific injury to various parts of the body.

Ear

Rupture of the tympanic membrane is the most common injury, but does not depend
only on the absolute blast overpressure. The orientation of the head, i.e. the external
auditory canal acting as a corridor for the passage of blast pressure, is an important
consideration. Transitory sensorineural deafness (neurapraxia of the receptor organs)
is very frequent. Degloving of the cartilage of the external ear may also occur.

Lung

Lung injuries carry the highest morbidity and mortality. The alveolar-capillary septum
is the typical air-fluid interface where spalling may occur. Alveolar air is compressed
by the positive pressure wave and, with the negative phase, the alveoli burst. Inertial
shearing occurs at the attachments of the tracheobronchial tree.

The disruption of peripheral alveoli may lead to the formation of subpleural
cysts and tearing of the visceral pleura. Pneumothorax, haemopneumothorax,
pneumomediastinum and/or surgical emphysema may result.

The increase in air pressure in the alveoli, above that of the fluid pressure in the
vascular tree, produces rupture of this membrane with intra-alveolar haemorrhage
and oedema, and alveolar-venous fistulas; the negative pressure phase may induce
systemic air emboli.
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The resultant oedematous and haemorrhagic lungs (hepatization or “wet lung”
syndrome) are stiff and heavy: up to 2 — 3 times their normal weight. As in blunt
injury to the lungs, alveolar haemorrhage and oedema cause ventilation-perfusion
disequilibrium (intrapulmonary shunt) and decreased lung compliance, resulting in
hypoxia and greater effort to breathe.

Furthermore, the positive pressure wave can deform the bony thoracic cage causing
fractures of the ribs that may lacerate the lungs or compress the lungs between the
sternum and vertebral column resulting in direct pulmonary contusion, characterized
by the haemorrhagic stripes on the lung surface.

Hollow viscera
Any perforation due to the direct effect of the pressure wave is usually immediate and
most commonly affects the ileo-caecal region or colon.

Less common are delayed perforations that develop insidiously in stages owing to
a process of intramural haemorrhage and/or mesenteric ischaemia, both leading to
infarction, necrosis and gangrene of the affected site. Pathological studies on rats have
shown the injury to begin in the mucosa and then migrate toward the serosa.? Necrosis
begins 6 hours after injury and perforation after 48 hours, usually occurring between
day 3 and 5 in human clinical studies. As a consequence, and unlike projectile injury,
any serosal injury due to primary blast seen at operation indicates that the entire
intestinal wall is involved and requires debridement and repair.

Solid organs
Ischaemia, infarction or haemorrhage often occur; complete rupture of the liver,
spleen or kidney is rarely seen in survivors.

Musculoskeletal system

Brisance can fracture long bones; the blast wind that follows the shock wave then
strips away the soft tissues. One possible result in victims close to the blast epicentre is
traumatic amputation, which usually occurs at the upper third of the tibia. Abdominal
evisceration is also seen. Massive soft-tissue wounds are frequent.

Eye
Rupture of the eye globe and open fracture of the orbital ridge are possible.

Head and central nervous system

Direct blast overpressure causes diffuse axonal injury, and coup-counter-coup injury
as well as fractures of the skull. Petechial haemorrhages with brain oedema are seen.
Cerebral vasospasm that can last for up to a month may occur and some authors have
reported pseudoaneurysms of the cerebral vessels following the vasospasm.

Pathological changes of secondary neurodegenerative effects at the molecular and
cellular levels may continue for hours or even days after exposure. Various metabolic

7  Adapted from Hill JF, 1979.

8 TaticV, Ignjatovic D, Jevtic M, Jovanovic M, Draskovic M, Durdevic D. Morphologic characteristics of primary
nonperforative intestinal blast injuries in rats and their evolution to secondary perforations. J Trauma 1996;
40 (Suppl.): 594 - 599.

Figure 19.4

Alternating phases for lung haemorrhage and
vascular air emboli.

Normally, the intravascular fluid pressure is
greater than the air pressure in the alveoli. This
intravascular pressure reacts less to the changes
due to blast than the alveolar air.

With peak pressure, the alveolar-capillary
membrane ruptures and intravascular fluid
enters the alveolar space: fluid to gas phase
causing “forced” haemorrhage and oedema.

With negative pressure, intra-alveolar air is
pressed into the capillaries: gas to fluid phase
causing “forced” air embolization.”

Figure 19.5

Traumatic amputation of the lower legs through
the tibia.
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Figure 19.6

X-ray showing glass shards in the tissues.
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and neuroendocrine effects as demonstrated by certain biochemical markers have
been observed.”'°" Late residua have been reported in survivors with even mild brain
trauma and can prove debilitating.

Autonomic nervous system

The blast wave can stimulate the pulmonary C-fibre receptors of the vagus nerve
located in the alveolar septa, thus activating the “pulmonary defensive reflex” of
a pronounced vagal state: a triad of apnoea, bradycardia and hypotension. The
result is the paradoxical condition of profound shock with bradycardia, rather than
compensatory tachycardia, as well as the absence of compensatory peripheral
vasoconstriction. A loss of skeletal muscle tone is also a feature of this vagal
nerve-mediated response, which can reach extreme levels of temporary flaccid or
spastic paralysis.’? '3

19.4.2 Secondary blast injury: fragment wounds

Projectiles may be primary fragments, derived from the casing or bomb contents, or
secondary missiles: objects mobilized by the blast wind or arising from environmental
debris (glass shards from shattered windows, wood splinters, soil and stones).

Fragment wounds within the radius of the primary blast effect result in more severe
injuries; the cavitation effect described for projectiles is compounded by blast-driven
debris and delayed thrombosis of small vessels.

19.4.3 Tertiary blast injury: blast wind

The blast wind can displace people, throwing them against objects, or mobilize large
objects in the environment which then strike people, causing blunt trauma. Brisance
and the blast wind can cause building collapse with subsequent entrapment and
crush injuries as well as head trauma, traumatic asphyxia, fractures and spinal injury.

19.4.4 Quaternary or miscellaneous blast injury

The fireball of the explosion may reach 3,000° C causing flash burns; it may also set fire
to the environment, as when a building goes up in flames. Most affected are the face
and hands because clothing offers some protection, although it often also catches
fire. The combination of blast effect and a burn injury affecting more than 30% body
surface area is usually fatal.

The blast can let off toxic gases, including carbon monoxide, leading to asphyxia.
Inhalation of dust, smoke and other contaminants can also affect respiration.

19.5 Clinical presentations and management

Most patients suffer from a combination of the four blast injury mechanisms. The
clinical presentation and basic management of soft-tissue fragment wounds are
covered in Chapters 10 and 11 and those of specific anatomic regions are the subject
of the remaining chapters of this Volume. This section describes only primary blast
injury. Pure primary blast injury is rare, except from explosions in an extremely
confined space, as well as underwater and fuel-air explosions. The environment and
the particulars of the event should alert the surgeon to the possibility of primary
blast injury.

9  Cernak |, Savis J, Ignatovic D, Jevtic M: Blast injury from explosive munitions. J Trauma 1999; 47: 96 — 104.

10 Cernak |, Savic J, Zunic G, Pejnovic N, Jovanikic O, Stepic V. Recognizing, scoring, and predicting blast injuries.
World J Surg 1999; 23: 44 - 53.

11 Cernak |, Wang Z, Jiang J, Bian X, Savic J. Ultrastructural and functional characteristics of blast injury-induced
neurotrauma. J Trauma 2001; 50: 695 — 706.

12 Guy RJ, Kirkman E, Watkins PE, Cooper GJ. Physiologic responses to primary blast. J Trauma 1998; 45: 983 - 987.

13 Irwin RJ, Lerner MR, Bealer JF, Mantor PC, Brackett DJ, Tuggle DW. Shock after blast wave injury is a vagally
mediated reflex. J Trauma 1999; 47: 105 - 110.
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19.5.1 General concussion syndrome: resistance to resuscitation

Russian surgeons in Afghanistan and, more recently, US surgeons in Iraq and
Afghanistan have described patients with mixed patterns of blast injury, largely due
to anti-tank and anti-personnel landmines in the first case and improvised explosive
devices in the latter. Separated by over twenty years, the clinical descriptions are
eerily similar.

The condition manifests itself clinically as haemorrhagic shock that is resistant to
aggressive fluid resuscitation after haemorrhage control. Hypotension may be
constant or recurrent after a temporary positive response, but haemodynamic stability
cannot be maintained. Mortality is high.'*

The cause has been ascribed to a combination of barotrauma to the central and
autonomic nervous systems and hormonal and metabolic changes, including the
inflammatory cascade. The condition may be so severe that some authors have spoken
of a“general concussion syndrome”'® '¢

19.5.2 “Shell shock” and the “bewildered” walking wounded

Survivors of the sudden flash, sonic boom and neural barotrauma of an explosion
can experience what was once called “shell shock”. Wind of shot, vent du boulet,
soldier’s heart, combat fatigue, reflex paralysis, air concussion, shell concussion, blast
concussion,'” are all terms that were used in the past to describe similar conditions
- nowadays they would be considered extreme forms of PTSD.

The patient appears disorientated and dazed and does not respond well to questions
during the clinical examination in spite of having an intact eardrum. However, mild
blast neurotrauma may also be combined with a defect in hearing. In a civilian
population subjected to an isolated bombing event there is probably also a subjective
psychological element of horror, fear and disorientation - “psycho-emotional shock” -
in addition to physiological somatic changes.

Bradycardia and hypotension may set in and persist in the absence of an obvious
cause. Severe cases can go into convulsions or paralysis, including paraplegia. A
possible extreme vagal state may even be falsely diagnosed as death: very slow pulse,
unrecordable blood pressure, very slow respiration or even absence of respiratory effort.

Most such signs and symptoms are usually transient and resolve in minutes to
hours after exposure. Observation for four to six hours after blast exposure is
usually sufficient. Management is conservative and supportive: maintaining good
oxygenation and observation of the patient for any signs of increased intracranial
pressure. Physical effort should be minimal during recuperation with a gradual return
to everyday activities; treatment is symptomatic, e.g. paracetamol for headache. Long-
term neurological and psychological effects are common.

The incidence of mild blast neurotrauma is probably
greatly underestimated.

14 Nelson TJ, Clark T, Stedje-Larsen ET, Lewis CT, Grueskin JM, Echols EL, Wall DB, Felger EA, Bohman HR. Close
proximity blast injury patterns from improvised explosive devices in Iraq: a report of 18 cases. J Trauma 2008;
65:212-217.

15 Nechaev EA, Gritsanov Al, Fomin NF, Minnullin IP, eds. Mine Blast Trauma: Experience from the War in
Afghanistan. St Petersburg: Russian Ministry of Public Health and Medical Industry, Vreden Research Institute
of Traumatology; 1995. [English translation: Khlunovskaya GP, Nechaev EA. English publication: Stockholm:
Council Communications; 1995.

16 Bryusov PG, Shapovalov VM, Artemyev AA, Dulayev AK, Gololobov VG. Combat Injuries of Extremities. Moscow:
Military Medical Academy, GEOTAR; 1996. [Translation by ICRC Delegation Moscow]

17 Various denominations and references cited in Clemedson C-J. Blast injury. Physiol Rev 1956; 36: 336 — 354.

Figure 19.7

The walking wounded: dazed, disoriented,
and frightened.
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19.6 The ear and ruptured tympanum

Almost all persons closely exposed to a significant blast suffer functional perceptive
deafness and some dizziness at the time of the explosion; the inner ear can suffer
damage at a pressure insufficient to rupture the tympanum. Most recover rapidly with
a return to normal hearing within a matter of minutes or hours.

Apart from transient sensorineural deafness and dizziness, perforation of the tympanic
membrane is the most common organic injury and occurs at the lowest blast pressures.

It is rare for a casualty to have an intact tympanum yet suffer other serious injury. An
otoscopic examination on its own, however, is insufficient to rule out the possibility.
Consequently, the otoscopic examination must be assessed in correlation with other
signs and symptoms, particularly of the respiratory system, to determine which patients
require continued observation in hospital.

Please note:

In a mass casualty situation, amidst the inevitable confusion, the performance of an
otoscopic examination is not a simple procedure to carry out in the emergency room.
The ear should be kept clean and dry until proper assessment is possible.

An otoscopic examination on its own is insufficient to rule
out other serious injury, but should be conducted for all
blast victims including the unconscious.

Rupture of the tympanic membrane is manifested by deafness, tinnitus, otalgia, and ear
discharge. The surgeon may have to resort to writing notes in order to communicate
with the patient.

19.6.1 Management

Dazed but stable patients with a ruptured eardrum do not require a chest X-ray,
providing there are no respiratory symptoms or other clinically significant injuries.
They should however be observed for four to six hours.’

Initial treatment of a ruptured tympanic membrane is conservative (see Chapter 28).
Most heal spontaneously.

19.7 Blastlung

The lungs are the second most commonly injured organ following exposure to primary
blast, but the leading cause of late blast mortality. The diagnosis of blast lung injury
(BLI) is made on a clinical basis and confirmed by chest X-ray.

19.7.1 Clinical presentations

There are three major clinical presentations of respiratory insufficiency in blast victims.

1. Severe respiratory distress with bloody, frothy sputum and rapidly deteriorating
level of consciousness shortly after exposure, often within minutes.

The condition is immediately life-threatening and the prognosis grave whatever
the treatment. In a mass casualty situation where resources are limited, these
patients are classed as “expectant” (Category IV).

2. Progressive respiratory insufficiency developing insidiously over time, often
with a full-blown picture only after 24 - 48 hours, and resembling pulmonary
contusion from blunt trauma.

18 Ashkenazi |, Olsha O, Alfici R. Blast injuries: letter. N Engl J Med 2005; 352: 2651 — 2652.
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The patient may present at first with mild haemoptysis or persistent cough,

and progresses to dyspnoea and tachypnoea with air hunger and cyanosis,
tachycardia and hypotension. Moist crepitations are heard in both lung fields.
Blood may be found in the endotracheal tube or naso-gastric tube aspirate and
petechial haemorrhages seen in the walls of the larynx. Particular attention
should be paid to the oxygen saturation by pulse oximetry; a decrease is an early
sign of BLI. The condition can rapidly evolve to a fatal outcome and is the major
cause of delayed deaths.

3. Late development of acute respiratory distress syndrome (ARDS) due to a
mixture of physiological insults from multiple pathologies: primary blast,
inhalation of smoke and toxic gases, hypoxia, haemorrhage and resuscitation
with large quantities of crystalloids and coagulopathy, sepsis, fat embolism, etc.

Signs of pneumothorax, haemothorax, pneumomediastinum (retrosternal crepitus on
pressure) and surgical emphysema should be sought in all cases.

19.7.2 Chest X-ray and pulse oximetry

Any patient subjected to explosive blast and suffering the slightest respiratory sign or
symptom, should have a radiograph taken of the chest and be held under observation
for 4 - 6 hours, including pulse oximetry.

The first X-ray may be clear because clinical symptoms appear before radiological signs.

Patients with a normal X-ray, but still showing clinical signs or symptoms of pulmonary
effects after 6 hours, should have a repeat X-ray performed and remain hospitalized
under observation.

The slightest respiratory sign or symptom calls for a chest
X-ray and observation for six hours, including pulse oximetry.

Positive X-ray findings are usually observed within 4 hours if there is BLI and show
as pulmonary opacities: infiltrates that are classically described as a “bihilar butterfly”
pattern. Typically, these reach a maximum at 24 — 48 hours and resolve slowly
over 7 days in survivors. Progression of infiltrates after 48 hours indicates ARDS
or pneumonia.

Figure 19.8

Bilateral “butterfly” pulmonary infiltrates :
central consolidation, compatible with lung
contusion is seen in the chest X-ray.
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19.7.3 Assessment of patients with suspected lung injury

Of the three clinical presentations mentioned above, immediate respiratory
distress and ARDS are self-evident. The diagnostic problem lies with the insidious
development of BLI and, therefore, begs the question of how long to keep patients
under observation.

The real world scenario of actual time elapsed since exposure to the blast resembles
the following picture.

1. Casualties of an explosion are transported to the hospital, and reach it with
some delay.

2. Confusion in the emergency reception is common during the triage of mass
casualties and results in more time passing by.

3. All dazed but stable patients without clinically significant injury are classed
Category lll and sent off to a holding area, with further passage of time.

4. These patients usually have minor wounds and bruises; many have sensorineural
deafness or even a ruptured eardrum. They still need to be examined properly,
which results in further delay. They are often also frightened and require some
calming down before discharge can be considered.

By this time, the scenario is well into the first couple of hours after exposure, if not
more. Any patient who does have pulmonary injury, and who did not have symptoms
originally, will start presenting some symptoms before reaching the point of discharge.
Re-examination in the holding area will send this patient into the hospital.

19.7.4 Patient management

Not all patients suffering from BLI require intubation and mechanical ventilation;
only severe cases presenting respiratory distress or progressing insufficiency with
hypoxaemia do. Treatment of blast lung is challenging even with the aid of mechanical
ventilation; high ventilation pressures increase the risk of air embolism or tension
pneumothorax and should be avoided. If mechanical ventilation is available, the
simplest recommended protocol is permissive hypercapnoea, and high-frequency,
high-oxygen flow by means of a small naso-gastric tube inserted into the trachea,
made easier by a tracheostomy. Tidal volumes should be decreased (5 - 7 ml/kg
instead of 8 — 10) and peak airway pressure kept low.

Any pneumo- or haemothorax should be treated immediately; some surgical teams
introduce bilateral prophylactic chest tubes.

The usual situation when working with limited resources is that intubation with
mechanical ventilation is not available and only supportive treatment can be instituted:
supplemental oxygen;

suctioning of blood and secretions;

tracheostomy in severe cases to facilitate suctioning, which also reduces the effort
of breathing;

meticulous fluid balance to ensure tissue perfusion, while keeping i.v. crystalloids
to a minimum to decrease lung oedema;

control of chest-wall pain if present — i.v. analgesics, intercostal nerve block;

regular change of position, including prone; and

« good chest physiotherapy.

Positioning of the patient can be done as a clinical test. The lateral position with the
unaffected or less affected side up allows for better ventilation and less bleeding into
the good lung. On the other hand, gravity may augment the blood flow to the lower
injured lung, increasing the bleeding and oedema. The test is performed with the
good side up first: if the condition of the patient is improved, it is maintained. If not,
the position is reversed.

A dilemma arises in patients with BLI complicating other injuries accompanied by
haemorrhage and shock. The treatment protocols tend to contradict each other.
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In this case, hypotensive resuscitation may be employed since excess i.v. fluids tend

to increase pulmonary oedema, but only for a short period of time (see Section 8.5.4).

Prolonged hypotensive resuscitation, over 2-3 hours, has a very negative outcome
and should be avoided.”

In the absence of other life-threatening injuries, any surgery requiring general
anaesthesia should be postponed for 24 - 48 hours until the patient’s condition
has stabilized.

Delay general anaesthesia for 24 — 48 hours.

Local, regional or spinal anaesthesia, or ketamine without muscle relaxation and
intubation is advised. Where resources are limited, the only operating theatre
ventilation to be used is “bagging” the patient, gently.

In case of general anaesthesia, resort to gentle bagging of
the patient.

The usefulness of corticosteroids has not proven conclusive and is not recommended
by ICRC surgeons.

19.8 Arterial air embolism

Systemic air emboli to the brain and myocardium are rapidly fatal. The diagnosis is
usually missed. In survivors, sudden death may occur, especially at the initiation of
positive pressure ventilation, whether manual or mechanical.

Rupture of the alveoli and alveolar-venous shunts may
cause systemic air embolism.

Blunt or barotrauma to the head must be excluded before pronouncing a diagnosis of
air embolism, and air bubbles in the retinal vessels sought. Embolism may also affect
the spinal cord or intestine.

Should the diagnosis be made, some authors recommend placing the patient in
the left lateral recovery position, tilted 45°, with the legs higher than the head. This
position is described as resulting in the trapping of any air in the right side of the heart
and distributing any air bubbles to the lower extremities rather than to the head.

If air embolism does not kill, then, according to a few published reports, the cardiac
and neurological effects gradually resolve.

19.9 Visceral injury

Rupture of solid organs (liver, spleen or kidney, testicles) from primary blast injury
is rarely seen in surviving patients. Far more common presentations are secondary
(projectile) or tertiary (blunt and crush) blast injuries.

Children are more susceptible to abdominal blast injury than adults. Not only is the
abdominal wall smaller and thinner, offering less protection, but the liver and spleen
are proportionately larger organs and more vulnerable to blast and blunt trauma.

Immediate perforation of the intestine due to primary blast offers the clinical picture
of an acute abdomen. The main clinical problem is late perforation with delayed

19 Garner J, Watts S, Parry C, Bird J, Cooper G, Kirkman E. Prolonged permissive hypotensive resuscitation is
associated with poor outcome in primary blast injury with controlled hemorrhage. Ann Surg 2010; 251:
1131-1139.
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Figure 19.9

Trauma to the brain, orbit and eye globe.
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diagnosis; in addition, the existence of serious injuries to other body regions may
distract the clinician.

With open air blast, the ileo-caecal region is most often affected. Any serosal injury
from blast trauma seen on laparotomy indicates full-thickness pathology of the
intestinal wall and requires debridement and repair. In the colon and rectum, diversion
is probably a wiser choice because of the risk of thrombosis in the intestinal wall
following blast injury.

Abruptio placentae has been reported following explosions. The placenta is separated
from its uterine attachment by a shearing effect. Pregnant women exposed to blast
should be admitted for 24 hours for monitoring of the feetus and the occurrence of
any bloody vaginal discharge.

19.10 Eye and maxillo-facial injuries

Rupture of the eye globe, serous retinitis, retinal detachment, and hyphaema have all
been reported, as well as air embolism to the central artery of the retina. Fractures of
the orbit, with possible injury to the optic nerve, as well as to the frontal and maxillary
paranasal sinuses are possible. Secondary injury of the eyes and eyelids from shattered
glass is far more common.

Treatment follows standard ophthalmology protocols according to the lesion (see
Chapter 29).

A possible complication of eye contusion from blast is the delayed onset of cataract,
usually revealing itself after some weeks.

19.11 Other injuries

Burns incurred in combination with primary blast effects are much more serious and
have a worse prognosis than those without. Patients suffering burns affecting more
than 30% body surface area and primary blast injury rarely survive, even in specialized
centres that commonly deal with even more serious burn injuries. Circumferential burns
may require a full fasciotomy and not just escharotomy (see Section 15.6.1).

Combined blast and fragment wounds are more liable to sepsis and thrombotic
phenomena. This is particularly true of anti-personnel landmines (see Chapter 21).

19.12 Removal of unexploded ordnance

An exceedingly rare but disconcerting case is the patient presenting with a retained
live munition. A projectile has hit and penetrated the body, but not exploded. The
cases reported in the literature usually deal with mortar or RPG grenades with the tip
in the body and the rest of the munition protruding out. The patient may be moribund
or not - the projectile may not have struck a vital organ.

It is obvious that only specifically qualified people are capable of dealing with the
munition itself. Such specialists have presented an appropriate protocol.?’ The hospital
staff must create the conditions for the safe removal of the projectile while treating
the patient and protecting themselves.

The following steps are recommended.
« Local military authorities must be notified.

« The munition itself should not be touched or manipulated in any way.

20 Lein B, Holcomb J, Brill S, Hetz S, McCrory T. Removal of unexploded ordnance from patients: a 50-year military
experience and current recommendations. Mil Med 1999; 164: 163 - 165.
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In a mass casualty situation, such patients should be put in the expectant
category (IV) and moved to an isolated part of the hospital.

An ad hoc operating theatre should be organized in a secluded and protected
part of the hospital to keep to a minimum any damage in the event of premature
detonation. The ambient temperature should be kept constant and the theatre
located away from any source of vibration, such as an electric generator.

The walls of the theatre must be lined with sandbags.
Staff should use body armour if available.

Manipulation and movement of the patient is kept to a minimum, closed cardiac
massage should not be employed.

The only diagnostic imaging to be used is plain radiography.

Ketamine, regional or spinal anaesthesia should be used. Oxygen should be
excluded from the theatre.

Electrocautery, a defibrillator or any other electrical equipment should not be used.

The munition should be removed en bloc with the surrounding tissues. The surgeon
should dissect without metal instruments coming into contact with the munition.

Once the round is removed, the patient can be transferred to a more appropriate
operating theatre if necessary for completion of the operation.

Depending on the type of munition, the specialized military personnel deal with it
in place or remove it elsewhere.
Summary of major clinical considerations

» Serious primary blast injuries are uncommon in survivors; fragmentation
injuries predominate and most patients have relatively minor wounds.

+ Nonetheless, primary blast injury should be looked for and excluded in all
persons exposed to blast.

« Many patients suffer from combined blast trauma due to different blast effects;
fragment wounds incurred within the radius of primary blast are more severe.

« Perforation of the tympanic membrane is common, but not indicative of the
presence of other serious injuries.

- The unresponsive and confused patient usually cannot hear, and may or may
not have suffered head injury.

» The diagnosis of blast lung is based on clinical observations and confirmed by
plain chest X-ray.

« Abdominal primary blast injury may present as an acute abdomen, or be
delayed until the onset of peritonitis.

- The occurrence of mild traumatic brain injury due to primary blast is
underestimated and many survivors suffer long-term psychological and
neurological sequelae similar to PTSD.
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INJURIES DUE TO ANTI-TANK MINES

Basic principles

For people inside a vehicle hitting an anti-tank mine the type and severity of injuries depends on
whether the armour of the vehicle is penetrated or not.

All kinds of fractures, as well as spine injuries, may be incurred.

People travelling in an open vehicle such as a lorry — a common mode of civilian transport in low-
income countries — that hits an anti-tank mine may suffer fractures to the legs or be thrown out
onto the ground.

20.1 Introduction

An anti-tank mine contains a large amount of explosive, 7 kg and more, and requires
a larger weight (110 - 350 kq) to set off the explosion than an anti-personnel mine.
If the fuse is damaged the pressure required may be less. Some are manufactured
purposefully to penetrate armour as described in Part A.5.2.

Unlike the deployment of anti-personnel mines, the use of anti-tank landmines is not
prohibited, but is nonetheless constrained by treaty."

2 e ANTI-VEHICLE
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Figure 20.1 Figure 20.2

Explosion of an anti-tank mine on a road during Collection of anti-tank mines.
mine clearance.

20.2 Epidemiology

Most epidemiological studies do not differentiate between anti-tank and anti-
personnel mines when referring to“injured by mines”. In addition, reports dealing with
the major tank battles of history do not, and probably cannot, discriminate between
the casualties seen when armoured vehicles were hit by an anti-tank mine, a cannon
shell, rocket-propelled grenade (RPG) or “Molotov cocktail”.

One of the very few reports that do make the distinction between ATM and APM
comes from Kuito, Angola, in 1995.2 Although APM accounted for the vast majority of
incidents, injuring more people in total, the few ATM accidents were much deadlier.
Greater explosive power and large numbers of passengers account for the greater
number killed and injured by a single ATM incident than by an APM.

1 Protocol on Prohibitions or Restrictions on the Use of Mines, Booby-Traps and Other Devices (Protocol II).
Geneva, 10 October 1980, as amended on 3 May 1996.

2 Chaloner EJ. The incidence of landmine injuries in Kuito, Angola. J R Coll Surg Edinb 1996; 41: 398 - 400.
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Figure 20.3

Blast impulse and vehicle acceleration
causing injuries within a vehicle striking an
anti-tank mine.

a. Deformation of the floor of the vehicle.

b. Parts of the body submitted to the direct
transmission of the blast impulse and axial
load to the bones of the skeleton ().

c. Parts of the body that strike the interior of the
passenger compartment upon acceleration of
the vehicle - acceleration-deceleration effects
that are similar to what occurs in a motor
vehicle crash (—»).

Figure 20.4

Acceleration of the vehicle may cause
passengers to be flung against the top or sides
of the compartment and any passengers riding
on top or in an open entry hatch may be thrown
out onto the ground.
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20.3 ATM effects on an armoured vehicle

An armoured vehicle is constructed with thick, reinforced sides and undercarriage. A
tank is the prime example. Armoured personnel carriers have less armour protection,
and even the metal body of a civilian vehicle can be regarded as a type of “armour”,
although a weak one. When a vehicle runs over an ATM, which is usually buried, or
is struck by a roadside bomb or an improvised explosive device (IED), which usually
results in a directed open-air explosion, a number of phenomena come into play.
Whether the armoured shield is penetrated or not is primordial in determining the
type and extent of injuries to the crew members.

Penetration of the armour is the single most important
factor in determining the lethality and extent of injuries to
persons inside a tank after an ATM explosion.

20.3.1 Non-penetration of the armour

The shock wave of an ATM explosion does not enter the passenger cabin, it simply
reflects off the armour or at the soil-air interface of the buried explosion. The
detonation does result in two distinct physical phenomena that both transmit kinetic
energy to the vehicle. The rapid expansion of the explosion gases imparts an impulse
to the vehicle that can deform or even rupture the floor or result in the destruction
of the various parts of the vehicle. The explosion also excavates a crater; a large
quantity of soil is then projected at a very high velocity towards the vehicle imparting
another impulse and causing its rapid acceleration. In addition, loose contents of the
compartment are accelerated which turns them into secondary missiles.
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The intense vibration of the metal carriage of the vehicle amplifies the noise of the
explosion, which may cause acoustic trauma. Damage to the fuel tank may result in its
ignition and explosion.

Attempts to decrease these effects include placing sand bags on the floor of the
vehicle or reinforcing it, and wearing body armour.

20.3.2 Penetration of armour

Armour undoubtedly confers a great deal of protection. However, when it is penetrated,
the results are more complex. Besides all the effects described under non-penetration,
primary fragments from the mine and secondary fragments from the armour itself
turn into projectiles and the rupture of the armour allows hot gases to penetrate
the passenger compartment. The effects are compounded by possible ignition and
explosion of the ammunition carried by the vehicle. However, even with penetration
of the armour, primary blast effects within the passenger compartment are minimal.

In the case of an armour-piercing mine or projectile there is, in addition, a high-velocity
and high-temperature “jet flow” comprising gases, melted metal, flames and the toxic
by-products of the explosion. The temperature of this jet flow may reach 900 - 1,000° C
or more.

C. Giannou /ICRC

Please note:

Similar considerations apply to a ship hitting an underwater mine. The impulse is
propagated through an armoured protective shield into an enclosed space: the
classically described “deck slap”. Penetration, again, multiplies the effects.

20.4 Clinical presentations

Tertiary blast effects predominate with non-penetration of the armour. Only
penetration of the armour by an ATM can cause all four types of blast injuries to a
greater or lesser extent.

20.4.1 Injuries without penetration of the armour

Victims inside a vehicle that has not been penetrated suffer particularly from closed
and open fractures of the limbs, skull and spine.

Fractures of the limbs present a wide spectrum of severity: about half are closed and
half open, and one-third are bilateral. Of particular note is the classically-described
“pied de mine": the foot is transformed into an intact bag of skin containing the
shattered bones of the foot.? These injuries tend to primarily affect the calcaneus.

3 Ramasamy A, Hill AM, Phillip R, Gibb |, Bull AMJ, Clasper JC. The modern “deck-slap” injury — calcaneal blast
fractures from vehicle explosions. J Trauma 2011; 71: 1694 - 1698.

Figure 20.5

Penetration of the armour: the same effects
result from a rocket-propelled grenade or

a shaped-charge anti-tank mine breaching

the armour: fragments from the armour and
weapon, residual jet material from the weapon.
The difference is one of degree.
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Figure 20.6
Pathogenesis of “pied de mine” injury.

- zones of primary direct impulse transfer
and axial load.

- zones of indirect shearing of bone.
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Although these injuries are usually described in relation to military vehicles, they have
also been seen in a civilian context. For instance, among the 57 passengers travelling
in pick-up trucks in Namibia, all wearing footwear and standing upright when their
vehicle hit an ATM, injuries included 22 closed and 29 open calcaneal fractures.* The
same may happen to passenger-carrying lorries, a commonly-used mode of transport
in low-income countries; the victims are frequently thrown out of the vehicle and onto
the ground.

In a suicide car bomb attack in Karachi, Pakistan, a vehicle was driven into a bus, hitting
the side and undercarriage. The shock wave was transferred upwards into the confined
space through the open windows resulting in a large number of deaths. Amongst the
survivors, almost all suffered from a ruptured tympanum owing to barotrauma and
the fracture-dislocation of the calcaneus and other bones of the feet and ankles owing
to the impulse transfer.

Civilian vehicles also hit anti-tank mines.

In addition to various limb injuries, the impulse transfer and upward acceleration of
the vehicle after an ATM explosion can create an axial spinal load that results in lumbar
burst fractures, with or without paraplegia, or a fracture-dislocation of the cervical
vertebrae, usually fatal.

Other injuries may include penetrating wounds due to loose objects becoming
secondary missiles and acoustic trauma from the high intensity of noise.
20.4.2 Injuries with penetration of the armour

Penetration of tank armour is frequently lethal because the resulting ignition of
ammunition and fuel carbonizes the bodies of the occupants. This is especially the
case with an armour-piercing munition and the resultant high temperature “jet flow”".
Otherwise, primary- and secondary-fragment injuries predominate.

Summary of blast effects in an armoured vehicle hitting an anti-tank mine

- Without penetration of the armour, the main cause of injury is impulse transfer
and displacement of persons inside the vehicle.

« With penetration, fragments from the armour are the main cause of injury.
« Loose objects can cause penetrating injuries.
« High-intensity sound waves can cause acoustic trauma.

- Damage to fuel tanks or ammunition can cause burns.

4 Jacobs LGH. The landmine foot: its description and management. Injury 1991; 22: 463 - 466.

5 Zafar H, Rehmani R, Chawla T, Umer M, Mohsin-e-Azam. Suicidal bus bombing of French nationals in Pakistan:
physical injuries and management of survivors. Eur J Emerg Med 2005; 12: 163 - 167.
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Basic principles

The widespread use of anti-personnel mines has resulted in a humanitarian challenge for
entire societies.

The victims are often civilians and many casualties occur well after the conflict is over.
Anti-personnel mines produce three patterns of injury.

Blast mines are designed to cause a traumatic amputation.

The final level of amputation might be much higher than what is seen initially.

Proper debridement and delayed primary closure is necessary for good healing.

Physiotherapy is an essential part of the treatment and must start immediately post-operatively.

Physical and psychological rehabilitation and life-long provision of artificial limbs is necessary for
the socio-economic integration of the victims.

21.1 Introduction: the humanitarian challenge

“The worldwide epidemic of landmine injuries is a classic example of a pathology that
is not simply biological in scope; like all epidemics, in their causes and consequences,
it is a social, economic, health, and political event, which particularly targets the
innocent, the weakest, and the least prepared.”

Anti-personnel mines (APM) are a distinct subset of explosive devices and are amongst
the most noxious of weapons systems. The wounds they cause are horrendous, and
their effects reach far beyond the individual victim: they have profound repercussions
on public health and society at large.

Even if soldiers attempt to respect the fundamental rules of international humanitarian
law governing the conduct of hostilities, the intrinsic nature of anti-personnel mines
leads to excessive suffering and indiscriminate effects. Anti-personnel mines do not
distinguish between civilians and combatants. They do not obey orders to cease
and desist; do not respect ceasefires, peace treaties, post-conflict reconciliation or
democratic elections.

P. Dutoit / ICRC

“The indiscriminate use of landmines does not gain
any durable military advantage and does not obey the
principles of military necessity or opportunity.”

Salim Ahmed Salim, Secretary-General of the Organization of African Unity

G. Diffidenti / ICRC

The humanitarian consequences of the deployment of anti-personnel mines in
contemporary warfare are widespread. Landmines render whole regions useless for
human habitation and activity, causing population displacement and demographic
pressures that destabilize neighbouring regions. As many small mines are water
resistant, cleared areas are often re-polluted by floating mines during floods or the
rainy season. Their presence frequently compromises post-war reconstruction and
development in societies that all too often are already desperately poor.

In some countries, they kill and injure more civilians - women fetching water, children
gathering firewood, pastoralists and farmers at work in their fields — than combatants,
and continue to do so long after a ceasefire. Caring for the victims of anti-personnel
mines challenges every part of a public health care system and the problem is most
acute in the countries least able to bear the burden. Although the Mine Ban Convention
provides for mine clearance and medical assistance, much must still be accomplished

ICRC

Figures 21.1.1 - 21.1.3

Landmines contaminating
civilian environments.

1 Giannou C. The Worldwide Epidemic of Landmine Injuries. Geneva: ICRC; 1995.
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T.Gassmann / ICRC

Figure 21.3.1

Fragmentation stake mine in field with tripwire
detonation mechanism.
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Bryusov et al.

in this regard and many of the challenges of the humanitarian consequences of APM
remain. The humanitarian repercussions of landmines are detailed in Annex 21.A.

This chapter is a detailed elaboration of Section 3.1.3.

21.2 Mechanism of injury

An anti-personnel mine is a small bomb, containing between 8 and 500 g of explosive
and, by definition, is set off by the victim. It is conceived as an “anti person” weapon
and comes in two main types: blast and fragmentation. The main mechanisms of
injury are the primary blast effect, penetrating fragments, and the thermal reaction;
exactly what can be expected from a small explosive device.

21.2.1 Blast mines

Blast mines are usually buried or laid on the surface of the ground and are activated by
contact with a pressure plate. The casing is plastic, metal or wood. Blast APM are designed
so that their detonation causes at least a foot injury in an infantryman wearing a combat
boot or bursts the tyre of a vehicle. The great majority are industrially manufactured;
some armed groups have produced improvised or“home-made” mines. Injury is caused
by what amounts to a miniature and extremely localized explosive blast.

Bryusov et al.

Figure 21.2.1 Figure 21.2.2

Blast mine. Mechanism of detonation of a blast mine.

21.2.2 Fragmentation mines

These mines scatter metal fragments on detonation. They are set off by the victim
hitting a tripwire or fuse. Different types have different modes of operation: held
on a stake just above the ground; bounding up into the air 1 m before exploding; or
spewing out fragments over a defined arc in a chosen direction, i.e. directional mines
of the “Claymore”-type. With the first two, multiple metallic fragments derived from
the outer casing or the contents are projected at 360° and are lethal up to a radius of
about 25 m depending on the type. Directional mines usually include metal spheres
or cubes and may be lethal up to a distance of 150 m.

The wounds produced are the same as those caused by any other fragmentation
device, such as a grenade, mortar shell, etc.

ICRC

Figure 21.3.2 Figure 21.3.3
Activation of a fragmentation mine by hitting Directional fragmentation mine.
a tripwire.
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21.3 Clinico-pathological patterns of injury

As a subset of blast injuries, the same general factors affect the pathological patterns

and severity of injury:

+ type of mine;

« amount and type of explosive material;

- distance from or contact with the device and position of the victim at the moment
of explosion;

- the environment, in this case any means of protection worn by the victim (special
boots, flak jacket, etc.).

As described in Section 3.1.3, ICRC surgeons have defined three different clinico-
pathological patterns of injury based on their clinical field experience.? These three
patterns are important in determining requirements for hospital resources and long-
term rehabilitation. Mine amputees need both in far higher proportions than do the
non-amputee mine-injured or, more generally, other war-wounded.

ICRC
ICRC

Figure 21.4.1 Figure 21.4.2
Pattern 1 injury. Pattern 2 injury.

21.3.1 Pattern 1injury

The victim steps on the pressure plate of a blast mine: the foot or leg is blown away
causing a traumatic amputation, with varying degrees of penetrating injuries and
burns to the contralateral leg, perineum and buttocks, abdomen, chest or arm.

The severity of the injury, as well as the level of traumatic amputation, is a function
of the amount of explosive material relative to the body mass of the victim and the
position of the foot at the moment of contact. If the explosive charge in the mine is
large enough, it will kill outright; but the usual intent is simply to maim.

2 Coupland R. M., Korver A. Injuries from antipersonnel mines: the experience of the International Committee of
the Red Cross. BMJ 1991; 303: 1509 - 1512.

ICRC

Figure 21.4.3
Pattern 3 injury.

Figure 21.5

Bilateral pattern 1 injury.
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Figure 21.6

Pattern 2 fragmentation mine wounds.

Figure 21.7.1

Pattern 3 injury: amputation of the hand and injuries to the chest and face.
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21.3.2 Pattern 2 injury

The victim detonates a fragmentation mine by hitting a tripwire or fuse and the
resulting explosion scatters metal fragments in the same manner as any explosive
device. In another instance, someone may be injured by fragments when standing
near a person or an animal, such as a cow taken out to pasture, who steps on a blast or
fragmentation mine. The fragments may hit any part of the body and their penetration
can be superficial or deep depending on the distance of the victim from the explosion.
They can tear a body to shreds at close proximity, or cause a traumatic amputation,
especially within the radius of primary blast effect, but this is less common than with
pattern 1 injuries.

21.3.3 Pattern 3 injury

Manipulation of a mine causing its detonation may injure combatants laying mines,
mine-clearance personnel, peasants touching a mine while planting rice in a paddy
field, or curious children playing with a mine, especially the small and fascinating
“butterfly” mine (Figure 3.3.3).

Victims suffer amputation of the fingers or hand, with varying degrees of penetrating
injury and burns to the face, neck and chest; many are blinded. The presence of face
burns affecting the airway increases mortality by a factor of three. Survivors have
handled very small mines; a large amount of explosive material inevitably proves fatal.
The same mechanism of localized blast injury is at work in patterns 1 and 3.

G. Goonetilleke

Figure 21.7.2

The victim is blind and has suffered amputation
of both hands.
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21.4 Epidemiology

Epidemiological studies on the use of landmines are by and large divided into
two categories; the first deals with the general public health and socio-economic
consequences; the second with the more purely medical aspects.

21.4.1 Definitions, classifications and data collection

Data on landmines are confusing because of the problem of definitions. Whether
industrially-manufactured or improvised, a mine is activated by the victim. Devices
activated by an individual are classed as anti-personnel mines, while those that
require the weight of a vehicle are considered anti-tank or anti-vehicle mines. The
various explosive remnants of war — unexploded ordnance, especially cluster-
bomb submunitions — cause injuries in a similar fashion and their clinical effects are
indistinguishable from those due to mines. In many cases it is impossible for doctors
and nurses, or the patient, to understand whether the device was a mine or an UXO.
Similarly, many hospital records do not distinguish between anti-personnel and
anti-tank mines.

The most important challenge that has rendered the epidemiological study of the
effects of landmines and ERW difficult has been the paucity of consistent, reliable
data. Many attempts have been initiated to correct this since the signing of the Mine
Ban Convention in 1997. Several organizations and government agencies have played
a role in developing the necessary data collection systems to remedy this and to
contribute to a better understanding of the multiple medical and socio-economic
effects of landmines and the explosive remnants of war.?

21.4.2 Consequences of the tactical use of landmines

The pattern of landmine use in international wars, local wars, and guerrilla wars differs.
The armies of States tend to place them along borders or front lines; guerrilla warfare
knows no such limitations: there are no front lines and landmines are often placed
more randomly.* However State armed forces can also deploy mines and cluster
munitions by aircraft and artillery which can result in widespread lethal contamination
beyond border areas and front lines. Thus, the proportion of landmine and ERW
casualties out of the total number of wounded in any conflict varies according to the
type of military activity and the nature of the terrain. Table 5.3 shows a number of
examples in different conflicts.

In the ICRC surgical database described in Annex 5.A, the victims of landmines or
ERW account for 18 % of those admitted to ICRC-run hospitals.” Table 5.4 shows the
percentages for different hospitals, ranging from 0 to 63 %, according to the tactical
characteristics of combat in the different conflicts. The efficiency of pre-hospital care
and evacuation must be taken into account when considering these hospital statistics;
field mortality can be very high and reach 30 - 40 % or more in some contexts.

In most contemporary conflicts, during the actual fighting, the majority of victims of
landmines are military, the proportion of civilian casualties varying according to the
country. One example was the conflict in Bosnia-Herzegovina, where most minefields
were laid along front lines that remained fairly stable. Civilians generally fled these
areas. Of the 2,807 known to have been killed or injured by mines between 1992 and
1995, 2,076 (74.0 %) were soldiers on military duty, 99 of whom were soldiers demining

3 Contributions have come from the International Campaign to Ban Landmines (ICBL) through its annual
Landmine Monitor report; the Geneva International Centre for Humanitarian Demining through its
International Management System for Mine Action (IMSMA) deployed in many affected countries; the World
Health Organization which prepared a standard reporting format for IMSMA; UNICEF; the Centers for Disease
Control and Prevention; and the ICRC. The ICRC has organized data collection registries in Afghanistan and
Bosnia-Herzegovina. At present the primary reference on landmine and ERW casualties is the “Landmine
Monitor” report of the ICBL.

4 International Committee of the Red Cross. Anti-personnel Landmines: Friend or Foe? A study of the military use and
effectiveness of anti-personnel mines. Geneva: ICRC; 1996.

5 One shortcoming of this database is the lack of differentiation between APM and ATM; however, most of the
patients are considered to be victims of anti-personnel mines because of the nature of the conflict.
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Figure 21.8

ICRC Peshawar Hospital study 1992 - 93:
activities of mine victims (N = 600).”
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(3.53%); 611 (21.8%) were civilians and 120 (4.3 %) were of unknown status.® The
most malicious aspect of mine warfare, however, is that after a conflict is over most
casualties are civilians and people involved in mine clearance.

21.4.3 Effects on civilians post-ceasefire and post-conflict

Several studies undertaken by ICRC staff demonstrate this particularly pernicious
consequence of the widespread use of APM on the civilian population. The ICRC
Sarajevo Database shows that after the Dayton Agreement was signed in December
1995, there was a dramatic change in the kind of victim injured by landmines. Of the
1,055 people listed as killed or injured between 15 December 1995 and 31 December
1998, 822 (77.9 %) were civilians, 131 (12.4 %) were military (29 of whom were involved
in demining) and 102 (9.7 %) were of unknown status. Thus, the percentage of civilian
casualties rose from 21.8 % during the war to 77.9 % in the immediate post-war period.
This can be explained by the fact that a large number of people resumed pre-war
activities, in particular farming, and many travelled to areas where heavy fighting
had taken place, in order to assess damages or return to their homes. Mine incidents
increased greatly during the first six months following the war, while later, as people
became more knowledgeable about the threat, they decreased.

Another example followed the fall of the regime in Kabul, Afghanistan, in 1992, which
allowed the return of many refugees from Pakistan. The number of mine-injured
admitted to the ICRC Peshawar hospital doubled from 50 to 100 per month. Eighty-
five per cent of the patients had been engaged in non-military activities (Figure 21.8)
and 78% said they had only recently returned to Afghanistan. The ICRC surgical
team in the Jalalabad University Hospital, in Afghanistan just across the border from
Peshawar, also noted a sharp increase in landmine injuries from 35 % to 60 % of all
war-wounded, after the repatriation of large numbers of refugees to nearby rural areas
in early 1993. Children and adolescents were particularly at risk — while playing and
fetching firewood or water, or because of simple curiosity — indeed the percentage of
children among the victims often rises in the post-conflict period in many countries.
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These scenarios are repeated time and again in many countries that have witnessed
the widespread use of landmines. Victims are still being killed and injured every year
in the minefields dating from the Second World War in el-Alamein, Egypt. Similar
incidents due to mines and UXO from World Wars | and Il are reported in Europe almost
every year.

The true extent of the problem of landmines is not known. However, the simple
number of landmines or casualties is an inadequate criterion for judging the severity
of the problem in a particular country or region, and says nothing about the total
humanitarian effects. Annex 21.A underlines the socio-economic consequences of
landmines and the effects on mine clearance, relief, and health programmes.

6 ICRC Landmine Victim Database, Sarajevo.
7 Jeffrey SJ. Antipersonnel mines: who are the victims? J Accid Emerg Med 1996; 13: 343 - 346.
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21.4.4 Mortality

The tactical use of APM has serious and long-lasting effects. The use of mines over
wide regions of rural countryside, far from urban centres and communications, means
that a large number of casualties are alone when they suffer injury. If they happen to
be accompanied, their companions must be exceedingly careful when rushing to the
rescue, for they too will be entering the minefield and risk being killed or injured. The
number of people who die in isolated rural areas is seldom known.

Various community-based public health surveys have estimated that the death rate
in the field reaches 50% and more in certain countries (e.g. Mozambique, Angola, or
Somalia). Almost all ICRC surgical teams working in Afghanistan or Sudan over a period
of many years returned from their assignment with stories of patients who had taken
10 to 15 days, or more, to reach the hospital. Survival rates can improve, however, with
the implementation of appropriate and cost-effective community-based first aid and
pre-hospital trauma systems. In the former Yugoslavia, the ICRC Sarajevo database
shows a mortality rate of only 17 % and in contexts where evacuation is very efficient
and of short duration even lower figures are to be found.

The lethality of APM is formidable, especially in formal minefields where mixed
ATM and bounding fragmentation APM are used, as is shown in Table 21.1 by the
figures for the Iranian border, the Guantanamo Bay military base in Cuba, and the
Greek-Turkish border.

Place Total Total dead / (ase fatalityrate/ | Hospital Sl
injured | (Dead in the field) | (Field mortality rate) | mortality
Iran 1988 — 2002 6,765 2,840 2% = ML
Monitor
llam, Iran 1989 —1999 | 1,082 394 36.4% - Jahunlu et al., 2002.
Papadakis
Greece 1988 — 2003 40 (21) (52.5%) 0 etal,, 2006,
Guantanamo Bay, Cuba 0 0 Adams &
1967 - 88 2 (14 (51.9%) 2% | Sehwa, 1988,
Afghanistan Andersson
1980 - 94% 1265 699 2% - etal, 1995.
(ambodia Andersson
1978 - 94% 3 136 31% - etal, 1995.
Bosnia-Herzegovina Andersson
1992 - 94% 195 7 % - etal, 1995.
Mozambique Andersson
1980 - 94% 17 8 42% - etal, 1995.
Mozambique .
1980 — 93* 251 120 48% - Ascherio et al., 1995.
Afghanistan .
2001 — 2002 1,636 154 9.6% = Bilukha et al., 2003.
LI 5,471 939 17.2% ~ | Bilukhaetal, 2008
2002 - 2006 ! ) Ve
Chechnya 1994 —2005 | 3,021 687 22.7% — Bilukha et al., 2006.
. _ x s Meade &
Sri Lanka 1996 — 1997 328 (45 DOA*¥) (13.7 %) 3.9% Mirocha, 2000.

¥ Based on a cluster survey of households performed in 1994.

** DOA: Dead on arrival at the hospital. The total number of dead in the field was unknown.

*** Hospital mortality based on 283 patients reaching hospital alive.

Table21.1 Case fatality rates in selected countries. Includes landmines (APM, ATM), cluster munitions,
other UX0. Dead in the field and field mortality rate do not include later hospital mortality.
Source references are to be found in the Selected bibliography.

The ICRC in-hospital mortality rate for APM victims is 3.7 %; the same as for patients
wounded by other weapons. It increases to over 6% in the case of those who suffer
traumatic amputation due to APM. However, the longer the patients have spent on
the road, the lower the hospital mortality rate: “automatic triage” of the most severely
wounded takes place, as they do not live to reach medical care (see Section 5.8.4).
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Pattern 3
9.4%
(30)
Pattern 1
28.8%
(92)
Pattern 2
61.8%
(197)
Figure 21.9

Distribution of patterns of APM-injury, Mongkol
Borei Hospital, Cambodia, January — August
1991:N=319.

Pattern 1: traumatic amputation of lower limb.
Pattern 2: dispersed fragment wounds.

Pattern 3: traumatic amputation of the hand.
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21.4.5 Survivors

Patients surviving both the injury and delays in transport arrive with a large variety
of wounds presenting one of the three clinical patterns. Figure 21.9 shows the
distribution for 319 patients treated by an ICRC team at the Mongkol Borei Hospital,
Cambodia, during the first 8 months of 1991.

These different patterns of injury explain the enormous variety of wounds seen
(Table 21.2). Out of the pattern 1 group of lower-limb traumatic amputations,
72 % had transtibial amputations and 25 % transfemoral; four patients had bilateral
amputations: two above and two below the knee.

The number of head and torso injuries was probably higher, but casualties with such
wounds often die on the way; hospital-based statistics can only give a partial picture
of the full spectrum.

Anatomic region Percentage
Head & neck 7.8
Thorax 13.5
Abdomen 12.5
Genitalia 1.6
Upper limbs 15.1
Lower limbs 843

Table 21.2 Anatomic distribution of injuries, Mongkol Borei Hospital, Cambodia.

The noxious nature of APM as a weapon system creating excessive suffering is best
illustrated by a report covering the years 1979 — 2010 at the ICRC prosthetic centres
in Afghanistan, a country that has witnessed widespread use of landmines for three
decades: out of a total of 37,337 amputees, 79.6 % were due to APM.

21.4.6 Hospital resources and workload

Landmine victims require a disproportionate amount of hospital resources. In the
ICRC’s experience, the average stay in hospital for a patient with a bullet or shrapnel
injury is two weeks; for all mine-injured patients three weeks, and for a mine amputee
it rises to almost five weeks. This means a much heavier workload for the nursing staff
and demands more time and effort on the part of physiotherapists.

As demonstrated in Table 5.22 and Figure 5.8, persons suffering from APM injuries
undergo more operations than those injured by other weapons; many require eight
or more operations because of burns, necrosis of the tissues, and infection. It should
be noted that the traumatic amputation of a limb qualifies immediately as a Grade 3
wound according to the Red Cross Wound Score.

Blood transfusion requirements from ICRC studies show the same trend: 27.9% of all
landmine-wounded patients require blood transfusion, whereas only 15% of patients
suffering bullet and 13.1% presenting fragment wounds do (Table 8.3). For landmine
amputees, the figure shoots up to 75%. Another way of putting this is refer to average
blood transfusion requirements for 100 wounded: bullet and fragment-injured patients
need 40 units or less; landmine-injured 100 units; and landmine amputees require 300 units.

21.5 Blast mine injury: pathogenesis
and clinical implications

The pathology of traumatic amputation due to anti-
personnel blast mines is unique.

The most common are pattern 1 injuries at the level of the tibia and this is used as the
prime example for the discussion in this section.
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It is the close contact with a body part at the time of explosion that makes blast
mine injury so particular. These wounds are the “perfect” example of the dirty and
contaminated war wound. The blast tears through the tissues, driving soil, grass,
gravel, metal or plastic fragments of the mine casing and pieces of shoe and bone
fragments of the shattered foot, up into the leg. Therefore, a classic pitfall for the
inexperienced surgeon is to underestimate the extent of tissue damage and the
quantity of contaminants.

Blast mine injury: the “perfect” example of the dirty and
contaminated war wound.

The overpressure of the blast wave compresses and shatters the contact foot. The
subsequent stress waves are propagated through bone, blood vessels and the soft-
tissue planes of the entire length of the limb. These stress waves cause fractures in the
bones. In the next immediate phase, the blast wind provokes a torsion of the fracture
sites that causes the foot to be torn away.

At the same time the muscles of the leg are pushed up and out in what can be
described as an “umbrella” effect. The localized shock wave of the explosion gases
strips the periosteum and attached muscles from the remaining bone: the umbrella
opens. All the muscles then drop down: the umbrella closes. The superficial muscles
(gastrocnemii) are thrown out further and suffer less damage than the deeper
muscle layers of the anterolateral compartment and the soleus. The fascial planes are
separated out proximally causing irregular and variable skin loss.

Figure 21.10.1

Typical pattern 1 injury with large amount of
explosive. Note the “umbrella” effect of the skin
and muscles being pushed up and out. The
deeper tissue planes suffer greater damage than
the more superficial ones.
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Figure 21.10.2

Traumatic amputation of the left leg with injury
to the other leg: note the proper application of a
pneumatic tourniquet.
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Figure 21.11.1

Pattern 1 injury, small amount of explosive.
Note that the calcaneus is completely shattered
while the forefoot and attachment of the
Achilles tendon are intact. The damage to the
deep tissues around the end of the tibia rises
proximally beyond the level of damage to more
superficial tissues.

Figure 21.12.1

Radiograph showing multiple foreign body
fragments and air driven up along the
fascial planes.

Figure 21.12.2

Blast effect propagated along fascial planes:
far-reaching contamination and contusion of
the tissues.
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The same umbrella effectis seen in the foot setting off a mine containing a small amount
of explosive; the dorsum and heel are often spared, while the sole is severely damaged.

ICRC

Figure 21.11.2 Figure 21.11.3
Pattern 1 injury completely destroying Radiograph showing complete destruction of
the calcaneus. the calcaneus and closed transverse fracture of

the other leg.

The final open wound takes the circular form of the limb, with only skin tags and
tendon ends dangling below. The spared structures that were pushed up and away
have fallen back down, covering over and masking the extensively damaged deeper
tissues. The deepest penetration of the blast wind takes place along the “weak” spaces
of the limb: areolar tissue around neurovascular bundles and fascial planes - thus
the damage extends far beyond the level of the traumatic amputation. Haematoma,
oedema fluid, and in the event of infection, pus, can track proximally through these
weak spaces.

In addition, the heated gaseous products of the detonation not only vaporize the
contact foot, but can also cause coagulative necrosis of the bone ends and the soft
tissues. This coagulation of the vessels may effectively stop the bleeding. However,
burns of the skin and muscles occurring within the primary blast radius are particularly
nasty and difficult to treat.

Taking everything into consideration, the required level of surgical amputation is,
therefore, higher than is apparent to the inexperienced eye.

The required level of surgical amputation is higher than is
apparent to the eye.

21.5.1 The effect of body size and footwear

Many surgeons have witnessed the difference in severity of injuries seen in various
patients who have detonated the same type of mine. This can be explained by
considering that the extent of tissue destruction depends on the distance or gap
between the explosion and the core mass of the body and on the quality of the footwear.

Russian surgeons have performed laboratory studies comparing the results of different
sized feet — therefore different body height - in contact with a blast mine.® Longer legs
provide a greater gap between the mine and the body mass and result in a lower level
of traumatic amputation. This “distance” proves to be the most effective protection
against the shattering brisant effects of a blast mine. It also explains the much greater
severity of injury suffered by children.

8 Nechaev etal, 1995.
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As a consequence, ordinary shoes offer little protection; they only minimally increase
the gap between the foot — and therefore the body mass — and the mine, but on the
other hand augment the secondary fragments that may be propelled into the proximal
tissues. Paradoxically, the wearing of footwear may actually increase the transfer of
energy to the tibia.? One example comes from Thailand where soldiers wearing army
boots who were injured by APM all suffered transfemoral amputations, while only
29% of those wearing tennis shoes or sandals at the time of injury were amputated.’®
Specialized gear worn by mine-clearance personnel certainly offers greater protection,
but much trial and experimentation remains to be accomplished.

21.5.2 More proximal lesions

The more proximal parts of the limb (the blast wave can cross the joints) suffer an
irregular zone of tissue contusion and cellular concussion whose limits are difficult to
determine. During the first three days after injury, tissue oedema becomes marked
and may lead to proximal compartment syndrome.

Blast wave effect: microscopic tissue

Level IV . . .

disturbance and circulatory disorders.

Blast wave effect: proximal tissues contused;
Level llI rupture in vessel walls with thrombotic

phenomena.

Brisance effect: remaining tissues of the
Level Il amputation stump are separated, lacerated
and frequently burnt.

Brisance effect: traumatic amputation with

Level .
crush and complete avulsion of the foot.

Nechaev et al.

ICRC

The stress waves propagated through the column of blood in the vessels of the limb
can provoke variable levels of fissuring of the tunicae intima and media, leading to
thrombosis, as well as contusion of the muscles with subsequent compartment
syndrome.

9  Trimble K, Clasper J. Anti-personnel mine injury; mechanism and medical management. J R Army Med Corps
2001;147:73 -79.

10 Traverso LW, Fleming A, Johnson DE, Wongrukmitr B. Combat casualties in Northern Thailand: emphasis on
land mine injuries and levels of amputation. Mil Med 1981; 146: 682 - 685.

Figure 21.13.1

Levels of injury after a traumatic amputation.

Figure 21.13.2

The blast effect has caused a traumatic
amputation of the right foot and splitting of the
skin on the proximal lower leg.
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Figures 21.14.1 - 21.14.3
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Blast-induced thrombosis and compartment syndrome.

An extreme case of thrombus propagation: note the “tense” appearance of the muscles of the calf. On palpation, they felt “hard and full’, denoting
compartment syndrome. Proximal dissection revealed tissue contusion and thrombosis up to the popliteal vessels. Not all patients suffer as extensive
damage as this, but the example indicates the need for a close examination - thorough palpation - of the proximal segments of the limb to diagnose
any increase in tissue tension. Some patients may then require simple fasciotomy, others a more proximal level of amputation.
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Similar lesions as those seen with primary air blast trauma may occur in the organs
of the torso (primarily contusion of the heart and lungs and haematomas of the root
of the mesentery) and the central nervous system, depending on the strength of
the explosion.

ICRC EXPERIENCE

ICRC surgeons and colleagues from Russia, Sri Lanka and Iraq have reported
anecdotal incidences of sudden death hours or one to two days following
resuscitation and surgery for a traumatic amputation due to APM. No presence
of airway or torso injury was observed in these patients.

Some surgeons have presumed that fat or thrombotic emboli lead to the
sudden death. There is no conclusive evidence-based reason for the occurrence;
however, this might be an example of what has been described as the “general
concussion syndrome” mentioned in Section 19.5.1 under primary blast injury.

In some contexts, colleagues have taken to administering steroids to patients
suffering from APM traumatic amputation; again, not evidence based. This
practice is not followed by ICRC surgeons.

21.6 Clinical presentation and management

The management of APM injuries poses a challenge to the entire chain of casualty care,
from pre-hospital first aid through to physical and psychological rehabilitation.

21.6.1 First aid

Pre-hospital care in cases of APM injury is often rendered difficult and dangerous by
the prevailing circumstances: the patient is in the middle of a minefield! It is important
for first aiders to understand that the last thing to do is to rush to the assistance of the
wounded, thus putting themselves in danger. Someone should go for specialized help
to assist with the extraction of the injured person."

However, the first aider can do much to assist the victim in situ. The casualty is often
conscious and can be “talked through” a series of measures to be undertaken.

A simple protocol for the first aider is proposed.
1.  Keep calm.

2. Reassure the person that help is on the way.

11 Itis not within the competency of the authors or the ICRC to describe the procedures of victim extraction, and
the reader should seek the expertise of mine clearance agencies or military specialists. Furthermore, these
first-aid guidelines may not apply to military paramedics.
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3. Tell the casualty not to move about; there is a risk of setting off another mine.

4, Ask the casualty to remove a shirt or other appropriate piece of clothing and pack
it into the open wound and apply pressure. Any overt haemorrhage usually ceases
after a few minutes and the effort keeps the casualty occupied and focused.

Often, the larger vessels in the depth of the wound have been coagulated by the
heat of the explosion or have retracted and gone into spasm: packing and direct
pressure is most often sufficient. Trying to improvise a tourniquet under these
conditions is usually self-defeating.

5. Throw the person bottles of water and instruct to take numerous small sips.
6. The same can be done with simple analgesics, if available.

Once extracted from the mined area, the basic principles of first aid apply. Packing
the open wound of a traumatic amputation, applying a compressive bandage, and
raising the limb are usually sufficient to stop any haemorrhage. A proximally-placed
and sufficiently tight tourniquet is very painful after some time and, while stopping
the bleeding, creates total ischaemia of the distal part of the limb by shutting off all
collateral circulation.

ICRC EXPERIENCE

Lay persons — horrified by the aspect of a traumatic amputation — often attempt
to place an improvised tourniquet even if there is no ongoing haemorrhage.
Usually, the tourniquet is not placed correctly. If not tight enough, it closes off
venous return but does not shut down arterial perfusion, which might lead to
exsanguination. A tight tourniquet high up on the leg and left on for many hours
without being loosened can transform a traumatic amputation of the foot into a
surgical amputation of the whole limb at thigh level. ICRC surgical staff have all
too often witnessed such tragedies.

R. Coupland / ICRC

Figure 21.15
The subject of the hospital management of a field tourniquet is dealt with in 1gure

Inappropriate tourniquet applied at the knee

Section B.9.1. for a traumatic amputation of the foot and
left on for more than 12 hours. The patient
21.6.2 Emergency room care subsequently developed gas gangrene.

Examination

As with all trauma patients, the initial examination and resuscitation are based on the
ABCDE algorithm (see Chapter 8). It is important to recognize the aforesaid patterns
of APM injury to avoid missing any hidden injuries. Pattern 3 is most likely to produce
injuries that affect the airway and breathing (Figure 21.7.1).

As with all fragment injuries, close examination for small penetrating wounds is
mandatory. This is particularly the case in pattern 1 where meticulous examination of
the genitalia and perineum are called for; a small entry wound may easily go unnoticed
and small fragments can readily reach into the pelvis or peritoneal cavity.

One must never forget the possible primary blast damage suffered “at a distance”.

ICRC

Resuscitation

Patients suffering APM wounds frequently are injured in remote rural areas with  Figure 21.16

exceedingly long evacuation times. Dehydration and tissue oedema compound  Pattern 1 injury with burns and wounds in the
the effects of any original haemorrhage and require adequate resuscitation prior to ~ Perineumand penetration of the abdomen.
surgery. In addition, the proximity of the blast may induce “resistance to resuscitation”

(see Section 19.5.1). Furthermore, the extremely contaminated nature of these wounds

means that sepsis is a constant danger. Antibiotics should be administered as soon as

possible. The ICRC protocol calls for penicillin and metronidazole.

The surgeon must take into account the pattern of injury and any associated injuries
to determine management strategies.
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Figure 21.17

Scrubbing of a highly contaminated
APM wound.
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21.7 Surgical management of pattern 1
traumatic amputations'?

It is the traumatic amputation of patterns 1 and 3 due to blast mines that poses
the greatest technical challenge to the inexperienced surgeon and where war
surgery differs most from civilian trauma and even from the rest of war trauma. An
understanding of the pathology is essential.

The general topic and operative surgical details of amputations and disarticulations
are dealt with in Chapter 23. This section deals with the specificities of blast-mine
amputations, and of pattern 1 in particular. The most common such injury involves
a transtibial below-knee amputation and this operation is taken as the basis
for discussion.

21.7.1 Preparation of the patient

Given the highly contaminated nature of these wounds, the affected limbs should be
thoroughly scrubbed with soap and water and a brush after induction of anaesthesia.

Scrub the limb clean and use a pneumatic tourniquet.

21.7.2 Level of amputation and surgical technique

Surgery involves performing a formal amputation above the irregular and soiled
traumatic amputation stump, transforming it into a clean, properly-moulded
surgical one.

The surgical amputation must excise all dead and
contaminated tissue.

The surgeon must remember the pathology of the “umbrella” effect: deeper muscle
layers suffer greater damage than more superficial ones and distal skin is still viable.
Thus, an amputation level based on civilian trauma knowledge would be too radical
with respect to the superficial tissues and not radical enough with respect to the
deeper tissues. In addition, primary blast effects may produce tissue oedema and
compartment syndrome far proximal to the open wound.

Do not forget to check for proximally-extending
compartment injury.

In practice, and as a rule of thumb:

- destruction of the foot up to the malleoli usually results in amputation through the
middle third of the tibia;

- injury to the lower third of the tibia leads to an amputation through the
upper third;

« traumatic amputation at the level of the middle or upper third of the tibia invariably
involves knee disarticulation or a transfemoral amputation.

The surgeon should begin by closely examining the wound, grasping the skin
remnants, muscle and tendinous tags of the traumatic stump, and pulling them up
and out (opening the “umbrella”) to fully expose the depths of the wound in order to
determine properly the extent of muscle injury at the deepest tissue planes.

Pull the “umbrella” open to observe the depth of injury.

12 Large parts of this section are based on the brochure by R. M. Coupland, Amputations for War Wounds. Geneva:
ICRC; 1992.
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Please note:

It may be very difficult to ascertain precisely the distal border of viable muscle tissue
because of the blast effect. The surgeon should follow the guideline of the 4 Cs: colour,
consistency, contractility, and capillary bleeding (see Section 10.5.5). In case of doubt,
it is better to err on the radical side.

It is appropriate to first perform excision of the soft tissues and then plan the bone
section as distal as possible. In practice, this often means raising unconventional skin
flaps as determined by the injury, taking into account any burns. As much skin as
possible should be retained: any excess can be excised at delayed primary closure.
The bone is cut and vessels and nerves sectioned according to standard techniques.

21.7.3 Classical approach to amputation

The surgeon removes all dead, devitalized and contaminated tissue and amputates
“as distal as possible through viable tissue” using techniques resembling civilian
amputations, while taking the specific pathology into consideration.

Skin flaps are raised and then pulled back once more to expose the damage to
the deep muscles, all of which are cut across obliquely proximal to this level. This is
particularly important in the anterolateral compartment of the leg; tissue damage can
extend a good deal more proximal to what is at first observed and usually requires
cutting the muscles short. They are not of great use for stump closure at DPC, which is
based more on posterior muscle flaps. The irregular tissue damage and swelling of the
sectioned muscles may render closure difficult. It is all too easy to underestimate the
extent of muscle swelling post surgery.

21.7.4 “Umbrella effect” and myoplastic amputations

The principle of a myoplastic amputation involves leaving the muscle intact rather
than cutting across its fibres. The whole muscle is dissected out; only the distal tendon
attachment is sectioned. The umbrella effect that spares the superficial muscles makes
myoplastic amputations particularly suitable for APM injuries.

The intact muscle and overlying skin form a myoepithelial
flap: particularly useful after the umbrella effect of
APM amputations.

ICRC surgeons have found three myoplastic amputations to be appropriate and
effective. The operative details are to be found in Chapter 23.

The soleus myoplastic amputation is well suited to a patient with irreparable damage
to the foot if the leg is unaffected. It is performed through the middle third of the tibia.

The medial gastrocnemius myoplastic amputation is most commonly performed
when the injury extends above the malleoli. Since the gastrocnemius muscle is not
contained in a tight compartment and has a proximal blood supply, the muscle
and overlying skin tend to be spared injury. Should the medial gastrocnemius have
suffered damage, the lateral is available; and should both have been injured, then an
above-knee amputation or disarticulation is usually necessary.

The vastus medialis myoplastic amputation is suitable when the injury is confined
to the lower leg but a successful transtibial amputation is not possible. A pitfall in
transfemoral amputations after blast-mine injury is that contaminants may be pushed
up and oedema fluid, haematoma or pus track up proximally around the large sciatic
nerve. The surgeon should examine the fat in the track of the divided for any sign of
contamination or haematoma that may require excision.
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21.7.5 Other operative considerations and DPC

The standard operative protocol applies: removal of the tourniquet and definitive
haemostasis; copious irrigation; leaving the wound wide open; and application of a
large, bulky dressing. After 4 — 5 days, the dressings are removed in the operating
theatre and the wound inspected under anaesthesia.

Leave the stump open for DPC.

Once the wound is clean, the surgeon can proceed to delayed primary closure.
However, mine-induced amputations are notorious for a high incidence of wound
infection and multiple operations. Re-amputation in a seriously sick and toxic patient
with multiple injuries is a delicate endeavour.

Blast stress waves cause demyelination of major peripheral nerves high up above the
Figure 21.18 level of traumatic amputation. Severe and disabling pain in the long term is more
Rinsing of the clean amputation stump. common in amputees injured by APM than from other causes. With good analgesia,

physiotherapy and stump care can begin immediately to decrease this risk.

21.7.6 Other pattern 1 injuries

The contralateral limb is often injured in pattern 1 injuries. Some wounds may be large,
others small. Unlike small soft-tissue wounds due to ordinary fragments, which often
do not require debridement because the body’s defence mechanisms are capable
of dealing with the damage and contamination (see Section 10.8.1), all blast-mine
fragment wounds should be debrided. Soil, mud, leaves or other contaminants are
habitually found in these wounds.

In the case of traumatic amputation of one limb and extensive injury to the other, the
surgeon may decide to perform serial debridements. A large fasciotomy should be part
of the operative procedure. As with all serial debridements, this is time-consuming
and uses up even more hospital resources.

Figure 21.19

Removal of a piece of the mine casing
and mud from superficial wounds of the
contralateral limb.

21.8 Special features of mine-blast injury to the foot

Certain anti-personnel mine injuries to the foot do not result in complete traumatic
amputation because of the very small quantity of explosive material. Instead, there
is wide and deep soft-tissue injury to the sole of the foot, a mini-umbrella effect and
perhaps loss of one or several toes.

Figures 21.20.1 and 21.20.2

Complex mine-blast injury to the foot without
traumatic amputation.

ICRC
ICRC

Meticulous serial debridements every 2 — 3 days are often necessary if there is to be
any hope of saving the foot. Dissection under tourniquet control is performed to
identify and excise all necrotic tissues without sacrificing important viable structures.
Decompression fasciotomy may need to be carried out across the anterior surface of
the ankle joint and up into the anterolateral compartment of the leg. Drains should be
placed in pockets of exudative oedema.

Reconstruction is difficult and is usually not possible if the patient presents more than
24 hours after injury because of infection. Split or full-thickness skin grafts to resurface
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the sole often break down and it may be difficult to identify the pedicle vessels of local
rotation flaps. Specialist techniques are often required.” The topic of “limb salvage
surgery’; and the burden that the attempt to save the foot may create is dealt with in
Section B.5.1.

More often than not, the appropriate recourse for the general surgeon with limited
resources is to perform an amputation through the lower third of the tibia and send
the patient for prosthetic fitting. It may not be easy to convince the patient of this,
especially if he can still “wiggle the toes"

21.9 Special features of mine-blast injury to the hand:
pattern 3

Some patients will suffer complete traumatic amputation of the hand, others of one or
several fingers. The primary blast effects described previously also pertain here.

In the hand, it is even more imperative to retain important anatomical structures if any
function is to be preserved. Again, meticulous and conservative serial debridements are
carried out and only grossly necrotic tissues excised bit by bit . Decompression by carpal
tunnel release is recommended and may have to be extended up into the forearm.

Afluffy loose dressing that maintains what remains of the hand in a functional position
is applied, supported by an anterior splint. The arm should be kept raised by a sling
hung over an appropriate device such as an i.v. stand.

21.10 Surgical management of pattern 2 injuries

The management of pattern 2 injuries due to fragments follows the same rules
and procedures as for those caused by other fragmentation devices. As mentioned
previously, these wounds tend to be more severe if sustained within the radius of any
primary blast effect. The management of fragment wounds in the various parts of the
body is the topic of the other chapters in this volume.

ICRC

13 Tajsic NB, Husum H. Reconstructive surgery including free flap transfers can be performed in low-resource
settings: experience from a wartime scenario. J Trauma 2008; 65: 1463 — 1467.

Figure 21.21
Mine-blast injury to the hand.

Figures 21.22.1 and 21.22.2

Pattern 2 injury and some of the fragments
removed during wound excision.
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21.11 Physical and psychological rehabilitation

Successful surgical treatment of mine victims is only one step; then come the problems
of the physical and psychological rehabilitation and social and economic reintegration
of amputees. Although the immediate effects of draining hospital resources are
considerable, the long-term consequences of rehabilitation costs and replacement of
prostheses, loss of income and socio-economic dependency are debilitating to the
individual, the family, and society as a whole. This is particularly true in low-income
countries that have been the main theatres of contemporary mine warfare.

Figures 21.23.1 and 21.23.2

Mine-injury survivors at play and at work.

ICRC
ICRC

A full discussion of physical rehabilitation, psychological support and socio-economic
reintegration is to be found in Section 23.10.

21.12 Conclusion: the humanitarian challenge

At the beginning of this chapter mention was made of the worldwide epidemic of
landmine injuries. Political, social, economic and healthcare initiatives are necessary
to overcome the humanitarian effects of anti-personnel mines and the other explosive
remnants of war. The international treaties banning APM and cluster munitions contain
initiatives to address these issues.

Four levels of a public health approach to meet the challenges of APM

1. Primary action: stop deployment of APM.

2. Secondary action: mine-risk education and the detection, marking and
clearance of known mine fields.

3. Tertiary action: good treatment of the injured, from first aid and evacuation
to surgery and post-operative care.

4. Quaternary action: physical and psychological rehabilitation, fitting of
appropriate prostheses, and socio-economic integration of the victims.

These measures are crucial to help the most vulnerable overcome the effects of the
lethal remnants of war.
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ANNEX 21.A Humanitarian repercussions of landmines™

The general effects of anti-personnel landmines are direct, indirect and widespread
and remain long after a conflict has ended: disabled individuals, handicapped families,
and mutilated societies. The humanitarian effects described apply to all lethal
remnants of war: anti-tank mines, unexploded and abandoned ordnance and cluster
munitions, as well as to anti-personnel mines.

Landmines infesting agricultural land and water sources result in a severe loss of
income for farmers, displacement of families forced to leave their homes, an increase
in the rate of malnutrition and a rise in the incidence of water-borne diseases due
to lack of access to safe drinking water. Mines cause a surge in casualties amongst
returning refugees or displaced persons and their repatriation may be delayed or
totally compromised. If roads are affected, the resumption of normal commercial
activity, the provision of emergency relief supplies and rural immunization campaigns
by mobile teams are all blocked.

g
e
(V)
Figure 21.A.1 Figure 21.A.2
Boys on the way to school past a minefield, Village near Prilep, Kosovo.

Lumesh-Kanjamba village, Angola.

These socio-economic repercussions can destabilize the fragile economies of post-war
societies and, thus, after a civil conflict, exacerbate political tensions when the aim is
to achieve national reconciliation.

The response to these humanitarian effects must comprise preventive, curative, and
rehabilitative measures. These must include mine clearance, marking of mined areas
and mine-risk education to warn populations at high risk of the prevailing danger, as
well as medical assistance for the injured.

T. Mayer / ICRC

Figure 21.A.3 Figure 21.A4
Minefield near Kabalo, Katanga province, Mine clearance near Angkot village,
Democratic Republic of the Congo. Battambang province, Cambodia.

Assistance begins with access to the wounded, evacuation and transportation of
patients, and proper first aid. It involves correct surgery, physiotherapy, psychological
support, and the fitting of an artificial limb when needed. Vocational training and
social and professional reintegration are essential, but not always available. Working
and living aids are all too often forgotten as well: special toilets for amputees, ramps

14 Based on C. Giannou. Mine Information System and the Humanitarian Factors Determining the Severity of
Landmine Infestation. Geneva: ICRC; 1997; presented at the signing conference of the Convention to Prohibit
Anti-personnel Landmines, Ottawa, September, 1997.

Figures 21.A.1 and 21.A.2

Minefields infesting a civilian environment.

Figures 21.A.3 and 21.A.4

Marking of mined areas and mine clearance are

essential.
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for wheelchair access, specially adapted agricultural tools, sturdy wheelchairs for
uneven terrain, etc.””

The true extent of the problem in any given country is simply not known. No one knows
exactly how many landmines, anti-tank or anti-personnel, still litter the old and current
battlefields of the world, not to mention unexploded submunitions, bombs, and other
ordnance, all representing a danger to civilian populations. However, the absolute
number of devices is in fact of little consequence. Whether a square kilometre of rural
area contains 10 mines, 1,000 or 10,000 is not important; it is still one square kilometre
of farmland that cannot be used to grow crops to feed families. The number of mines
is of greater significance for mine-clearance teams.

The simple number of landmines, therefore, is an inadequate criterion for judging the

severity of the problem in a particular country or region, and says nothing about the

humanitarian effects. Some factors that determine these humanitarian effects, and

the burden they impose on fragile societies, are given below. They must all be taken

into account whenever a society deals with the consequences of mine warfare.

1. Mortality and morbidity:

- number of killed and wounded;

« amputees — according to type of mine; need for artificial limbs and long-term
investment in physical and psychological rehabilitation.

2. Capacity of the health system to deal with the needs:

« access to the wounded, first aid, transportation;

- hospital infrastructure, qualified personnel, adequate medical supplies;

- physiotherapy, prostheses, rehabilitation, social and economic reintegration.

3. Civilian mined areas:
« land use of affected areas - residential, agricultural, industrial;

« booby-trapped neighbourhoods and outskirts of cities and villages;

percentage of farming or pastoral lands mined compared to those still
available for economic activity; livestock lost; water sources infested, riverbanks
rendered inaccessible;

regions containing mineral resources; electric projects and pylons.

4. Percentage of civilian population affected in socio-economic terms:
« loss of income;
« debt incurred following mine accidents;

- obligation to change residence because of the presence of mines.

5. Public or community programmes disrupted because of mines:
- repatriation of displaced persons or refugees;
« rural immunization campaigns;

- access to schools.

6. Population density compared to density of mines laid.

15 See:Hobbs L, McDonough S, O'Callaghan A. Life after Injury: A rehabilitation manual for the injured and their
helpers. Penang, Malaysia: Third World Network; 2002.
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7. Transportation infrastructure affected:
- roads, airstrips, ports;
- transport of relief supplies and operational consequences;

« resumption of commercial activity.
8. Indigenous mine clearance capacity.

9. Security concerns:
» ongoing conflict or post-conflict situation;
» new mines being laid;

+ banditry, which can disrupt mine-clearance work.

10. Method of laying mines:
« by irregular forces or classically trained army;

- minefields marked and fenced off or not;

- existence of maps indicating mined areas;

- remotely delivered mines (cannon, helicopter, etc.) or hand placed.
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Basic principles

Nowadays war wounds of the limbs seldom kill.

Limb wounds constitute the main surgical burden in hospitals treating the war wounded.
Injury to the limbs is a significant source of morbidity and disability.

Limb salvage as opposed to early amputation is very difficult in resource-poor settings.
Debridement and delayed primary closure are the basis of surgical treatment.
Fasciotomy is an important adjunct to the surgical treatment of many conditions.

Initial holding of fractures should be simple using splints, plaster-of-Paris (POP) or traction.

B.1 Introduction

The management of war wounds of the extremities, more than in any other body
system, requires a change in the mindset of the surgeon when working with limited
resources. This is often difficult, especially for the trained orthopaedic surgeon.

ICRC

Figure B.1

This patient has a fracture but that is not his
primary problem.

Limited resources usually mean “operating theatres of doubtful sterility and lack of
adequate equipment and human resources making operative treatment of fractures
impossible in many ... health care facilities” Often this state of affairs is further
complicated by the inappropriate training received by doctors from low-income
countries in sophisticated hospitals in the wealthier parts of the world where “only casual
reference to conservative fracture treatment”is made in standard textbooks. Frequently,
the resultis“doctors resorting to procedures that are either ill-suited to the local situation
or to which they are not particularly conversant nor competent to perform.”

All surgeons working in armed conflict should know the
basic techniques of wound and fracture management.

Part B addresses the management of war wounds of the limbs by non-specialist
surgeons using largely conservative techniques and methods. It is intended as a
practical guide, whether or not the surgeon has had special training in orthopaedic
trauma. Because limb wounds are so common during armed conflict, all surgeons
must have some knowledge of basic fracture management.

1

Museru LM, Mcharo CN. The dilemma of fracture treatment in developing countries. Int Orthop 2002; 26:
324-327.
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B.2 Wound ballistics

It is in the limbs that all the classical phenomena of wound ballistics described in
Chapter 3 are fully encountered. Specific ballistic effects affecting bones, blood vessels
and nerves are discussed in separate chapters.

The commonest wounding agent in most modern combat is the fragment, whose
non-aerodynamic irregular shape causes ballistic instability, with an early transfer of
kinetic energy. All fragment injuries have the same wounding profile: a cone of tissue
destruction which is greatest at the surface.

Primary blast waves produce a significant transfer of kinetic energy that can avulse soft
tissues and open up fascial planes allowing severe contamination by fragments and
other foreign matter. The wound resembles a mass of poorly vascularized oedematous
tissue and foreign debris. Infection and compartment syndrome are significant
occurrences. These wounds are more severe than those caused by simple fragment
penetration incurred beyond the primary blast effect. Clinical examination, identifying
the presence of haematoma and oedema, allows the surgeon to differentiate the high-
energy fragment blast wound from a low-energy simple fragment injury.

Mangled limbs and traumatic amputations in war wounds are almost exclusively
seen with primary blast injury. Anti-personnel landmines cause a particular type of
proximity blast trauma.

Bullets produce wounds of very different shapes. Each specific bullet exhibits a unique
wounding profile, which also differs according to the bullet’s velocity at impact. An FMJ
bullet must hit the body at more than 600 m/sec to tumble in the tissues and produce
a significant temporary cavity. Whether there is an exit wound and at what stage of the
wounding channel the exit takes place play significant roles in determining the size
and shape of the lesion.

The wide variety of projectiles and impact velocities and blast effects means that one
can only describe general characteristics of wound ballistics. The permanent wound
channel that actually confronts the surgeon may assume various shapes (punctate,
cigar-like, conical or flask-like), and the damage be more or less extensive.

B.3 Epidemiology

As in all epidemiological studies on war surgery, the problem of definitions surfaces
when dealing with wounds in the extremities, multiple wounds, wounds of the limbs
and soft tissues: all these terms have been used. The full definition of anatomic regions
and descriptive pathological categories is not standardized, although attempts have
been made in the surgical literature (see Section 5.6.2).

Any study specific to wounds of the limbs or bony pelvic girdle can be described in
terms of the anatomic structures injured: the Types ST, F, V, and VF of the Red Cross
Wound Score for example.

B.3.1 Mortality

Historically, open fractures and major soft-tissue war wounds of the limbs were
accompanied by a high mortality rate from sepsis. In a previous era, amputation
was considered the treatment of choice for war wounds with fractures. Times have
changed and gangrene, tetanus and invasive haemolytic streptococcal infection are
no longer the perils they once were, although they are still encountered in patients
suffering from neglected and mismanaged wounds (see Chapter 12).

ICRC studies have shown that with a minimum of first aid, fluid resuscitation and
antibiotics, and even without surgery, many fatal outcomes can be prevented,
although disability in these patients remains high.? It is estimated that up to 40 - 50 %

2 Coupland RM. Epidemiological approach to surgical management of the casualties of war. BMJ 1994; 308:
1693 - 1696.
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of the relatively minor wounds affecting the soft tissues and bones can be safely
treated with appropriate first-aid measures alone, thus easing the burden on hospital
facilities and saving scarce resources and operating time.

In contemporary armed conflict, peripheral haemorrhage is the main cause of death
from limb wounds, although it is also amenable to first-aid measures. However, as
mentioned, in resource-poor contexts where first aid is not available and evacuation
long and difficult, infection is still a killer.

B.3.2 Incidence

Wounds of the limbs account for 50 — 75 % of all injured patients presenting at hospital
during armed conflict (Table 5.6). This percentage increases where body armour is
worn by soldiers, anti-personnel mines are widely deployed, and long evacuation times
“triage out” the most severely injured. Although no longer a major cause of mortality,
injuries to the soft tissues and bones of the limbs constitute the greatest burden on
surgical workload because of their sheer volume (Tables 5.8 - 5.11). They also are the
most significant contributor to long-term disability, an important consideration in
low-income countries with few resources for services such as physical rehabilitation
and socio-economic reintegration.

The lower limbs are injured more often than the upper, usually in a ratio of 1.5:1 to 2:1.
This can reach 4:1 if anti-personnel blast mines are widely used. In addition, fractures
are present in one-quarter to one-half of all extremity wounds; again, the widespread
use of APM increases their frequency.

A particular, if extreme example, comes from an ICRC hospital that received 1,033 war-
wounded patients from Afghanistan over a three-month period in 1984 — 85. Fragment
injuries accounted for 49.2 % of the wounded patients; gunshot wounds for 22.4%
and APM injuries for 28.4%. Table B.1 shows the anatomic distribution of injuries. The
relatively low number of head injuries is explained by the delay in evacuation for many
patients, and the 4:1 ratio of lower- to upper-limb injuries by the extensive use of APM
in combat. The mechanism of injury accounts for important differences in the type of
tissue injury (Table B.2).

Anatomic region injured Percentage
Head 4.6
Upper limb 213
Lower limb 87.1
Thorax 8.9
Abdomen 13.6
Spine 0.8

Table B.1 Anatomic distribution of wounds in 1,033 patients, ICRC Peshawar hospital 1984 — 85. Percentage
of total number of regions injured; many patients suffered multiple injuries.?

Tissue injury Total series GSW Fragment APM

Soft tissues of limbs 73% 67.1% 74.9% 70.4%
Bone 39.1% 59.1% 19.6% 62.8%
Intrathoracic 7% 7.4% 8.6% 3.7%
Intra-abdominal 11.2% 10.4% 13.8% 75%
Brain 25% 0 47% 0.7%
Other 3.6% 26% 3.7% 4.1%

Table B.2 Distribution of wounds according to tissue type in 1,033 patients, ICRC Peshawar hospital
1984 — 85. Percentages represent incidence of specific tissue injury; total is more than 100 %.*

3 Trouwborst A, Weber BK, Dufour D. Medical statistics of battlefield casualties. Injury 1987; 18: 96 — 99.
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In this series, wound excision accounted for 73 % of the operations and amputations
for 13.6 %, largely owing to the high number of mine injuries. Furthermore, APM caused
injury to major nerves and blood vessels in over 50 % of the patients injured by them.

B.3.3 Combined bone and vascular injuries

One-quarter to one-half of projectile wounds in the extremities involve open fractures
and the major arteries are injured in 0.5% - 1.5 % of the patients. Many limb wounds
with fractures and severe soft-tissue damage, with and without arterial injury, can be
complicated by compartment syndrome.

Combined injuries of bone and vasculature are notorious for resulting in loss of limb.
During World War Il when all arterial injuries were ligated, the amputation rate reached
60% in arterial injuries associated with fractures, but only 42% in isolated arterial
injuries.* Surgeons working with the US armed forces in Viet Nam implemented
arterial repair leading to failure and amputation in 33% of combined injuries versus
only 5% in isolated arterial injury.®

More specific epidemiological considerations are to be found in the various Chapters
of Part B.

B.3.4 Classification systems

The severity of limb wounds is determined by a combination of factors: extent of
soft-tissue injury; gravity of bone comminution; presence of major arterial injury;
and certain physiological parameters. Assessment of the severity has given rise to a
number of classification systems.

The Gustilo-Anderson classification endeavours to define guidelines for the treatment
of open fractures by taking into account the soft-tissue injury and adequacy of soft-
tissue coverage as well as the fracture. The Ganga Hospital Open Injury Severity Score
is a refinement of the Gustilo-Anderson Classification. The Mangled Extremity Severity
Score (MESS) takes into account a number of physiological parameters in addition to soft-
tissue and bone injury, in an attempt to predict the success of limb salvage procedures.
Originally, the basis for these classification systems was blunt civilian trauma, and, as has
often been mentioned in this manual, there are substantial differences between civilian
and combat trauma. Nonetheless, some surgeons have adapted them and they are
often used for patients suffering the trauma of war. The reader is referred to the Selected
bibliography for details on these classification systems.

Red Cross Wound Score

It is for war wounds in the extremities that the RCWS has proven to be of greatest
prognostic value (see Sections 4.5, 5.10.4 and 5.10.5). The entry, exit, cavity and
fracture parameters offer a good estimate of the effective transfer of kinetic energy
in terms of tissue damage. In the case of the extremities, the Vital = Haemorrhage
parameter is more of a physiological one, putting the life or limb of the patient at risk.

B.4 Emergency room care

B.4.1 Initial examination

Priority goes to the life-threatening conditions of the ABCDE paradigm: the only
pertinent parameter in the limbs is peripheral haemorrhage due to a lesion in a
major blood vessel. Control of peripheral haemorrhage is an emergency and requires
immediate intervention by means of a compressive bandage, tamponade, proximal
digital pressure or a pneumatic tourniquet.

4 DeBakey ME, Simeone FA. Battle injuries of the arteries in World War II: an analysis of 2,471 cases. Ann Surg 1946;
123:534-579.

5 McNamara JJ, Brief DK, Stremple JF, Wright JK. Management of fractures with associated arterial injury in
combat casualties. J Trauma 1973;13:17 - 19.
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Fractures of the limbs are rarely life-threatening; however, a careful assessment must
be made of the probable blood loss. Whether closed or open, bleeding from fractures
may be considerable, reaching about 500 ml from the humerus and 300 ml from the
radius/ulna, 1,000 - 2,000 ml from the femur and 750 ml from the tibia-fibula. These
figures refer to bleeding from the bone itself, and do not take into account vascular or
other injury. A casualty with multiple fractures can easily sequestrate enough blood
in the fracture haematomas to go into hypovolaemic shock. Blood loss from extensive
soft-tissue and bone wounds is frequently underestimated.

An injured limb, whether there is a fracture or not, should be splinted if this has not
already been done during pre-hospital first aid, except in the case of very minor
wounds. The vascular and nerve supply of the limb should be assessed and wounds
covered by a sterile dressing before a splint is applied. Splints should be simple and
effective. The arm may be bandaged to the side or put in a sling or on a padded wire-
splint. The leg can be immobilized by one or several padded wire-splints or a Thomas
splint. A splinted limb allows for optimal X-ray examination.

Tetanus toxoid, antibiotics and analgesia should be given, as per protocol.

Mismanaged wounds that have been closed primarily should have their sutures
removed.

Figure B.3

Primarily sutured wound: fever, oedema, and the telltale signs of gas gangrene. All sutured wounds
must be opened.

B.4.2 Complete clinical examination

The surgeon should look for entry and exit wounds, any swelling - haematoma,
oedema - and fractures, and check the distal vascular and neurological status. It is
important to keep in mind that:

small entry and exit wounds can co-exist with extensive internal injury;
compartment syndrome is an ever present possibility and danger;

a wound in the groin or axilla may constitute a junctional trauma with injury to a
major vessel in the root of the limb;

wounds in the buttocks, thighs, or perineum can be associated with intra-
abdominal injury;

wounds of the upper arm and shoulder can be associated with intra-thoracic or
neck injury;

« patients are not injured while standing in the “anatomic position”;

« projectiles do not always travel in straight lines inside the body.

Junctional trauma is discussed in Part D. The root of a limb and the adjacent region of
the torso are the site of injuries that usually involve a major vessel emanating from the
thorax or pelvis. The anatomic site does not allow for the placement of a tourniquet,
making bleeding control problematic and usually involving entry into a torso cavity.
Early diagnosis of the condition is essential. Life-saving haemorrhage control is the

Figure B.2.1

This traditional splint was placed pre-hospital.

Figure B.2.2

Kramer wire-splint.
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first step; concomitant measures to preserve the limb come second. Fractures and
major soft-tissue injury of the junctional region can be extremely difficult to treat and
damage-control procedures are indicated in such cases.

Clinical diagnosis of injuries to the joints is based on the anatomic location of the
wound, loss of function, and aspiration of intra-articular blood. A reverse arthrocentesis
test may be helpful: under full aseptic precautions a solution of methylene blue is
injected by syringe into the joint and exits through any wound.

B.4.3 X-ray evaluation

X-rays are not required as a routine and judgement is necessary to determine which
patients really need them; an important consideration when resources are scarce. If
radiography is readily available, then all patients with limb wounds should be X-rayed
after initial stabilization, except for cases with through-and-through soft-tissue wounds.
The joints above and below any fracture site should be included and two views taken.
For injuries in junctional areas, the proximal body region should also be X-rayed.

Note should be made of deformation or fragmentation of a bullet (“shower of lead”)
denoting massive transfer of kinetic energy to the soft tissues (see Section 10.2).
Furthermore the presence of intrafascial or intramuscular air in healthy tissues some
distance from the wound is usually due to temporary cavitation or blast effect and not
clostridial infection (see Section 10.2 and Figures 10.6 and 21.12.1).

Intra-articular air or foreign bodies indicate penetration of the joint. The surgeon
should remember that many foreign materials are not radio-opaque.

B.5 Surgical decision-making

When dealing with projectile trauma, many authors, including those writing this
manual, contrast “civilian” with “combat” wounds. Many authors contrast “civilian”
with “military” or “combat” projectile wounds, including those writing this manual.
The differences involve context and working conditions as well as wound pathology.
It is more appropriate, and a better use of ballistics knowledge, to speak of energy-
transfer wounds. Low-energy transfer wounds are found in both situations and
the conservative approach developed by civilian surgeons is probably the most
appropriate for most patients. On the other hand, medium- and high-energy transfer
projectile wounds require the more aggressive attitude of classical war surgery.

Not all war wounds are equal.

Patients do not present with wounds labelled “low-" or “high-energy transfer”.
A number of clinical signs assist the surgeon in evaluating the extent of tissue damage
and the necessity for surgical treatment. Some telling clinical landmarks are listed
below and many can be given RCWS equivalents even before surgery.

« Any wound with actual or possible vascular compromise requires exploration,
whatever the extent of soft-tissue and bone damage.

« Injuries with entry or exit wounds exceeding 2 cm in diameter should be debrided.

« Alimb that is swollen and tense to palpation denotes the presence of significant
haematoma and/or oedema and is a good indication of soft-tissue damage
requiring debridement.

« A wound that is frankly infected, no matter how small, requires surgery.

« Bullet fragmentation on X-rays (M = 2 according to the RCWS) indicates a high level
of kinetic energy transfer with severe soft-tissue damage requiring debridement.
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« Comminuted fracture with displaced fragments on X-rays (F = 2 according to the
RCWS and therefore a Grade 2 or 3 wound) also indicates a significant transfer of
kinetic energy necessitating surgery.

Low-energy transfer wounds

Wound excision is not required for punctate superficial soft-tissue wounds due to
fragments (see Figures 10.15.1 and 10.15.2). These injuries can be described as Grade
1 soft-tissue wounds according to the RCWS. Neither is debridement necessary for
wounds with uncomplicated fractures without displaced bone fragments and with an
entry and exit wound less than 2 cm wide: Grade 1, Type F1 wounds. Projectiles lodged
in the bone or in the fracture haematoma of such wounds do not need to be removed.

R. Coupland / ICRC

These injuries are equivalent to the low-kinetic energy handgun wounds regularly
seen and often treated conservatively in civilian practice. At most, minimal excision of
the devitalized skin margins to assist drainage is sufficient. Otherwise, non-operative
management consists of simple wound cleansing and dressing, tetanus prophylaxis
and a course of penicillin. The wounds are left open to heal by secondary intention.

The routine “over-debridement” of such wounds uses up scarce material resources and
operating time, fills the wards unnecessarily, and places more burden on the nursing
staff. The exception is wounds due to anti-personnel mine fragments whose degree of
contamination with organic material is such that excision is mandatory.

Another exception is a low-energy wound in a joint; any metallic foreign body should
be removed, the joint washed out, and the synovium and/ or capsule closed.

Medium- and high-energy transfer wounds

Larger RCWS Grade 1 wounds (greater than 2 cm entry or exit) and Grades 2 and 3
require surgical exploration and consideration for the management of the entire limb
since soft-tissue injury is usually extensive, the neurovascular bundle is at greater risk,
and fractures tend to be more comminuted.

Figures B.4.1 and B.4.2

Low-energy wound with no evidence of
haematoma or oedema formation.

Figure B.5

Medium-energy wound of the right gluteal
region.
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B.5.1 Limb salvage versus amputation

Whether to try to save a limb or proceed with amputation
is one of the most difficult decisions in orthopaedic trauma.

Certain wounds in the extremities are near-traumatic amputations in their own right:
extensive loss of soft tissue, severely comminuted bone, and section of the neurovascular
bundle. There is little room for discussion when faced with such an injury.

There are, on the other hand, less extensive injuries that nonetheless put the limb in
danger and present the surgeon with the dilemma of “limb salvage”. This is also often
the case with crush injury or because of the prolonged and inappropriate use of an
improvised field tourniquet. Of course, the life of the patient has priority and a limb
might have to be sacrificed to preserve life.

Saving a limb may require an inordinate amount of work and resources to obtain
an unpredictable functional result. Multiple operations to salvage the limb mobilize
extensive resources and their inherent complications increase morbidity and consume
even more resources. Sophisticated reconstructive procedures are not simple and
necessitate specialized training. Even in the hands of experts, failure is common. In
a military context the decision to proceed with early amputation may be easier to
assume than in a civilian one.

Cultural concerns are also important. Many ICRC surgeons have had to “negotiate” an
amputation with family and clan members. The individual surgeon must determine the
best policy to follow according to the resources available - including the availability
of physical rehabilitation services and prostheses — while taking into account the
cultural context, yet never forgetting that the priority is to save life rather than limb.
Even this last statement must be qualified; in some societies, people prefer death to
the physical mutilation of an amputation and the wishes of the patient and family
must be respected.

Figure B.6

High-energy multiple gunshot wounds of the
left leg. Salvage of the limb can be problematic.

V. Sasin / ICRC

B.5.2 Damage control for limb injuries

When faced with a patient suffering the lethal triad of hypothermia, acidosis and
coagulopathy, abbreviated operations should be the rule. It must be kept in mind that
“damage control is a principle, a treatment mode applied to severely-injured trauma
patients with deranged physiology, to restore the physiology rather than the anatomy
...itis all about physiology”®

Although usually employed for life-threatening abdominal or thoracic injury, several
examples can be given for wounds of the limbs. A prime case is a temporary vascular
shunt in a haemodynamically unstable patient. Another is a patient requiring an
emergency laparotomy or thoracotomy and suffering numerous shrapnel injuries
to the limbs “ranging in size from 2 to 6 cm in diameter and up to 5 - 8 cm deep.
[The wounds are] quickly packed with the patient in the left or right lateral decubitus

6 Balogh ZJ discussion of Scannell BP, Waldrop NE, Sasser HC, Sing RF, Bosse MJ. Skeletal traction versus external
fixation in the initial temporization of femoral shaft fractures in severely injured patients. J Trauma 2010; 68:
633 - 640.
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positions. The patient is then positioned in the supine position and laparotomy and/or
thoracotomy initiated”. The shrapnel wounds are dealt with at an opportune moment.”

The same logic underlies delayed or serial debridement in the treatment of certain
patients, as in the example of our Afghan colleagues dealing with severe APM injuries
described in Section 18.1. When faced with the traumatic amputation of one leg and
extensive injury to the other, the shortage of blood for transfusion compelled them
to a simple washing and dressing of the “intact” limb after completion of the surgical
amputation. Debridement of the remaining leg was undertaken the next day after
provision of blood and stabilization of the patient.

B.6 Patient preparation

First, and foremost, is patient hygiene. Except for those with catastrophic bleeding,
all patients should be showered before entering the operating theatre. Then, under
anaesthesia in the OT, the affected limb and the wound should be scrubbed clean with
soap and water and rinsed, and excessive hair shaved if necessary.

Wash the patient; wash the wound, with soap and water
and a brush.

Positioning of the patient on the operating table and draping should allow proper
exposure for any vascular exploration or for wounds on the posterior surface of
the limbs.

All limb wounds can be debrided under ketamine anaesthesia, a few under local
anaesthesia. Spinal and intravenous regional anaesthesia may prove useful at delayed
primary closure.

B.6.1 Theatre use of a tourniquet

Apart from minor injuries, limb wounds can best be debrided under a tourniquet
to provide a bloodless field and minimize blood loss. However, the proper use of a
tourniquet cuts off all blood supply to a limb causing tissue anoxia; it makes it difficult
to assess tissue viability, and adds to any pre-existing ischaemic injury. Its use in
general should be as short as possible and, especially in vascular trauma, limited to the
time necessary for proximal and distal control of the bleeding vessel; it should then be
released to allow the collateral circulation to the distal part of the limb to resume. The
use of a tourniquet in the elderly with probable atherosclerotic changes, as well as in
patients with sickle-cell disease, has given rise to some debate. In general, the benefits
nevertheless appear to outweigh any hypothetical risks.

An operative tourniquet is a surgical instrument and should be treated as such. An
Esmarch bandage, used to exsanguinate a limb prior to elective surgery, can be used
as a tourniquet; but it is difficult to apply to the appropriate pressure. Over- and under-
tightening are common pitfalls; practice and experience help determine the correct
tightening and applied pressure.

By far the preferable option, if available, is a pneumatic tourniquet which works on the
same principle as a sphygmomanometer and is provided with cuffs of different sizes.
An ordinary blood pressure cuff can often be used as a tourniquet for children or on
the upper limb of a thin patient. Although automatic tourniquets are commercially
available, the most common type is hand-powered using a sphygmomanometer bulb
or bicycle pump for inflation.

Proper care and use of a pneumatic tourniquet is described in Annex B.1.

7 Almogy G, Belzberg H, Mintz Y, Pikarsky AK, Zamir G, Rivkind Al. Suicide bombing attacks: update and
modifications to the protocol. Ann Surg 2004; 239: 295 - 303.
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Figure B.7.1

Entry wound on anterior aspect of thigh.

Figure B.7.2

The skin and deep fascia are widely incised to
decompress the tissues and gain access to the
depths of the wound.
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B.7 Surgical treatment

The key principles of wound excision and delayed primary closure, as described
in Chapter 10, take soft-tissue and skeletal wounds of the limbs as their basis. This
Section only aims to emphasize a few essential practical points.

B.7.1 Initial wound excision

Wound excision is best performed in a systematic sequence, layer by anatomic layer,
from the skin through the soft tissues down to the periosteum and bone.

1. Debridement of the skin wounds themselves should be conservative. Access
to the wound track is through generous skin incisions in the long axis of the
extremity, with deviation in the usual manner if the incision crosses a flexion
crease. Deep fascia must be divided throughout the length of the incision
to allow adequate exposure and decompression of the tissues (see also
Figures 10.9.1 - 10.9.4).

2. The open exposed wound now allows proper finger exploration of its contents.
The surgeon should wear two pairs of gloves and beware of sharp fractured
bone ends. The wound cavity is often filled with haematoma and pulped muscle,
bone fragments, debris and foreign material.
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Foreign bodies removed from

war wounds at a US hospital in

Viet Nam, 1965 - 668

« bullets and shell fragments

« pieces of clothing

« grass and leaves

« sand and stones

« nails, nuts, bolts and screws and
pieces of wire

- pieces of tin can

« glass fragments

. grease

« insects (dead and alive) and worms

- water buffalo faeces

Figure B.7.3

The exposed wound cavity.

3. Muscles are debrided in the routine manner and all foreign material removed. The
volume of damaged muscle in the permanent wound channel after all temporary
effects have subsided is difficult to judge. Inexperience on the part of the surgeon
leads either to inadequate surgery, infection and repeated debridements or to an
overestimation of the amount of non-viable muscle and over-excision of the wound.

4. Fragments of cortical bone without any attachment should be discarded and the
fractured bone ends aligned.

5. A major blood vessel should be repaired, shunted, or ligated.

6. The cut ends of a severed nerve should be tagged with a coloured non-
absorbable suture and fixed to a nearby muscle to prevent retraction. It should
not be repaired primarily.

7. Damaged parts of tendons are excised and loose frayed edges trimmed. The cut
ends are tagged and fixed as when dealing with nerves. Any repair should be a
delayed procedure.

8. After haemostasis at the completion of surgery, the surgeon should check
that there is adequate decompression of all compartments that might be
under tension. A formal fasciotomy extending throughout the entire anatomic
compartment may be required.

Figure B.7.4

Unattached fragments of cortical bone
are removed.

9. The wound should then be irrigated by the simple pressure of a gently squeezed
plastici.v. bag or by the gravity-flow from a hanging bag, or by using a large
syringe: up to 9 L for a large Grade 3 wound, 6 L for a Grade 2, and 2 - 3 L for
Grade 1 wounds.

Different solutions have been used historically (hydrogen peroxide, Eusol and
Dakin solution, diluted povidone iodine, benzalkonium chloride and Castile soap)
and considerable controversy surrounds their use. Many delay wound healing and
are deleterious to the remaining healthy tissues, accounting for the rebound effect
of increased wound bacterial counts 48 hours after irrigation.’ This also occurs with
normal saline, but much less than with other irrigation solutions.

Simple normal saline or potable water remain the best irrigation solutions and
most readily available.

10. Any fractures are then stabilized with an initial method of bone immobilization.

8 Adapted from Keggi KJ, Southwick WO. Early Care of Severe Extremity Wounds: A Review of the Vietnam Experience
and Its Civilian Applications. AAOS Instructional Course Lectures, Vol. XIX: 183 — 203. St. Louis, MO: C.V. Mosby
Co.; 1970.

9 Owens BD, White DW, Wenke JC. Comparison of irrigation solutions and devices in a contaminated
musculoskeletal wound survival model. J Bone Joint Surg Am 2009; 91: 92 - 98.
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Figure B.7.5

The wound is left open without any suturing
and covered with a large bulky dressing.

Figure B.8.1

Wound dressing at DPC showing dried blood

and serum and giving off the “good bad odour”

of a clean wound.
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11. The wound should afterwards be left open to drain, not sutured primarily or
packed tightly. It is finally dressed with a layer of fine mesh gauze in contact with
the raw surface and a bulky non-occlusive dressing of loose, fluffed dry gauze
and absorbent cotton wool held in place with an elastic bandage providing
gentle compression.

12. Even in the absence of a fracture, the limb may be immobilized in an appropriate
splint to help reduce pain and oedema.

Never close war wounds primarily.

B.7.2 Initial post-operative care

The limb is kept elevated and physiotherapy commenced the day after wound
debridement.

Constant vigilance must be maintained to make sure the onset of vascular complication
or infection is quickly detected. Severe increasing pain that is out of proportion with
what can be expected requires immediate intervention. Pain on passive flexion or
extension of the fingers or toes is the single most sensitive sign of compartment
syndrome requiring re-operation. Signs of acute infection also demand immediate
inspection of the limb in the theatre.

If sanguineous exudate seeps through the dressing the wound should not be exposed:
an overdressing with more gauze and cotton should be performed, removing the
soiled dressings if necessary but not the last compress in contact with the wound.
Otherwise, the dressing should be left intact until return to theatre for DPC.

B.7.3 Second operation: delayed primary closure

Soft-tissue oedema should have more or less settled within 5 days following
debridement: the optimum time for delayed primary closure. A clean wound ready for
DPC presents a final gauze compress sticking to the fibrin of the raw surface. Upon its
removal, the muscle contracts and bleeds.

Figure B.8.2

Clean wound ready for DPC.
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Many wounds and open amputation stumps often have a particular ammoniacal
odour that can lead the inexperienced surgeon to believe that infection is present. ICRC
surgeons have called this the “good bad odour” that is due to the products of serum
protein degradation. It is quite normal and should not be confused with the “bad bad
odour” of an infective process. In addition, wounds are sometimes covered by a yellowish
film when bandages are taken down in the theatre. However, the distinction must
be made between the yellowish colour of fibrin and that of pus. DPC must never be
performed over pus but the presence of fibrin will not adversely affect healing.

Old lesson for new surgeons

The surgeon must learn the difference between the “good
bad odour” of a clean wound and the “bad bad odour” of an
infected one.

It is usually sufficient to close the skin alone with large, widely-spaced interrupted
sutures; the deeper tissues collapse into place. A drain may have to be placed if there
is any dead space. If the wound cannot be sutured without tension, skin grafting and/
or a local rotation skin flap should be used. It may be possible to partially suture the
wound; the defect should then either be grafted or left to heal by secondary intention.
Skin grafting may be performed immediately or delayed for several days, depending
on the anatomy of the specific wound.

If the wound is infected or further necrotic tissue has become apparent, it should be
re-excised, any loose bone fragments removed, and the wound left open again. The
patient returns to theatre for DPC 4 - 5 days later. The tendency for the inexperienced
surgeon is to re-visit the wound every day or so. This usually increases trauma to the
wound, delays healing, and exposes the patient to nosocomial infection.

At the time of the second operation, a decision can be made about the best method
for the definitive fixation of fractures.

One major exception to performing DPC: the hospital is so overwhelmed with new
patients arriving on a daily basis that there is no opportunity to re-operate the old
patients for DPC. The Orr-Trueta method of POP casting of the limb after debridement
is particularly useful in this situation and the wounds heal by secondary intention (see
Section 22.8.3).

B.7.4 Definitive post-operative care

Nursing care and physiotherapy continue, as well as observation for any signs of
infection. The patient should be mobilized with crutches unless on skeletal traction.
Exercises to maintain muscle mass and joint mobility are important. Proper nutrition
and patient hygiene must never be neglected.

Drains should be removed as soon as possible, usually within 24 — 48 hours. A clean,
dry wound requires no change of dressing until removal of sutures as per routine.

If a large cavity not amenable to flaps or grafting persists, the wound should be left
to granulate until such a time as skin grafting or a rotation flap can be performed.
Repeated dressings with honey or sugar have been used throughout history to
enhance the formation of granulation tissue and many ICRC teams have resorted to
this technique; it is especially useful in cases of chronic infection (see Section 22.9.7
and Annex 22.D). Although much of the evidence is anecdotal, several clinical studies
have been reported.

Superficial infection with Pseudomonas aeruginosa is common and can easily and
cheaply be treated with dressings of acetic acid (diluted vinegar). Other superficial
infections not amenable to surgery cede quickly with a change of dressing with a
supersaturated saline solution, especially suitable in preparation for skin grafting (see
Section 15.7.2).
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B.8 Topical negative pressure and vacuum dressing

Topical negative pressure has been used since the 1940s as a method of wound
management. Experimental studies show that there exists a different metabolic
environment for tissues under a vacuum and this apparently has a positive effect on
wound healing by stimulating angiogenesis and formation of granulation tissue; in
addition it causes physical shrinking of the soft-tissue wound. The technique was
originally designed for chronic wounds, but it has been employed in the management
of almost any kind of wound or skin ulcer: pressure sores, stasis and diabetic ulcers,
necrotizing fasciitis, wounds with exposed bone, the open abdomen, securing skin
grafts, etc.

Recently, vacuum assisted wound closure (VAC) has been used extensively by military
forces in Afghanistan and Iraqg, as an adjunct to and not a replacement for proper
wound debridement. A vacuum dressing closes off the wound and protects it from
the ambient environment. It is essentially the equivalent of the “bulky absorbent
dressing” of standard ICRC care. Both prevent patients from “fiddling” with the wound
and provide a barrier to bacterial contamination from other patients and hospital staff.
Both also drain the inflammatory exudate, although the VAC is more efficient in this.

However, some authors have cautioned against its use in the management of wounds
caused by blast injury. Patients have become septic and their deteriorating condition
only improved when the VAC device was removed and the wounds opened.”

Another disadvantage is that commercially available vacuum-dressing devices are, at least
for the time being, prohibitively expensive, particularly the constant low-flow suction
apparatus. Low-cost alternatives have been improvised. ICRC surgical teams have had only
sporadic experience with this method and cannot comment on this technology yet.

Figures B.9 i : .
Improvised vacuum-assisted dressing. d

h Y .
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B.9 Crush injury of the limbs: rhabdomyolysis

Crush injury results from persistent excessive pressure to a body part, usually the legs
but the arms and trunk can also be the site of injury. It is most often seen in persons
caught in the wreckage after a motor vehicle crash and after natural catastrophes such
as earthquakes when people are trapped under rubble and debris. Bombardment
leading to the structural collapse of a building is the wartime equivalent.

“A crush injury is a direct injury resulting from crush. Crush
syndrome is the systemic manifestation of muscle cell
damage resulting from pressure or crushing.”

|. Greaves et al.”

10 Marsh DJ, Abu-Sitta G, Patel H. Letter: The role of vacuum-assisted wound closure in blast injury. Plast Reconst
Surg 2007; 119: 1978 — 1979. [d0i:10.1097/01.prs.0000259773.52889.68]

11 Greaves |, Porter K, Smith JE. Consensus statement on the early management of crush injury and prevention of
crush syndrome. J R Army Med Corps 2004; 150: 102 - 106.
920
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The degree and length of compression and the size of the muscular mass involved
determine the seriousness of the injury. Crush syndrome comprises the systemic
manifestations of rhabdomyolysis after reperfusion of the affected body part,
subsequent to the release into the general circulation of electrolytes and the toxic
products of muscle destruction. It presents as hypovolaemic shock and acute renal
failure, often complicated by arrhythmias and cardiac arrest, sepsis, acute respiratory
distress syndrome, disseminated intravascular coagulopathy, and psychological
trauma following the extraction from debris.

Certain pseudo-crush syndromes are frequently encountered. The most common is
the inappropriate and prolonged application of an improvised occlusive tourniquet,
which can result in similar metabolic changes in the ischaemic limb.

ICRC EXPERIENCE

Unfortunately, the mistreatment of prisoners and/or civilians during armed
conflict and other situations of violence occurs all too often, in contravention
of human rights law and international humanitarian law.'?'® Severe beatings

— equivalent to repeated blunt injury — with forced dehydration can also lead to
a pathology similar to crush syndrome with renal failure.™ >

The main objectives in the treatment of crush injury are to prevent the injury from
turning into crush syndrome, and to salvage the limb.

Compartment syndrome is a closely related but distinct clinical entity where the
capillary perfusion pressure in a closed space is less than the tissue pressure, resulting
in local compromise of the circulation and viability of the tissues. It is one of the
possible complications of crush injury.

Crush injury is discussed in greater detail in Annex B.2.

B.9.1 Extended tourniquet use: pseudo-crush syndrome

Similar pathological changes to crush injury occur if an improvised occlusive
tourniquet is left on for more than six hours. Release of the tourniquet may result in
ischaemia-reperfusion injury. Close clinical examination of the limb is necessary to
determine if the occlusion has been complete, unfortunately all too often the case.
In this instance serial incisions are made to inspect the muscles for viability; they are
usually necrotic and amputation above the level of tourniquet application is required
(see Figures 7.3.1 and 7.3.2).

The dilemma arises in occlusive tourniquet application between two and six hours
duration. Should an attempt be made to spare the limb, every precaution must be
taken to lessen the development of a pseudo-crush syndrome with myoglobinuria
and renal failure. Diuresis must be forced and the urine made alkaline before the
staged removal of the tourniquet, as with classical crush injury. Fasciotomy should be
performed for any tourniquet left on for more than two hours.

B.10 Compartment syndrome and fasciotomy

Compartment syndrome is most often seen in the lower leg, but can also affect any other
closed anatomic space or body cavity. Compartment syndrome in a limb usually occurs
with less severe trauma than crush injury, but if neglected or inadequately treated can
lead to similar systemic effects as with crush syndrome as the muscles undergo necrosis.

12 The 1948 Universal Declaration of Human Rights and the 1984 Convention Against Torture and Other Cruel,
Inhuman or Degrading Treatment or Punishment.

13 Common Article 3 of the 1949 Geneva Conventions.

14 Bloom A, Zamir G, Muggia-Sullam M, Friedlander M, Gimmon Z, Rivkind A. Torture rhabdomyorhexis
- a pseudo-crush syndrome. J Trauma 1995; 38: 252 - 254.

15 Francgois Irmay, ICRC surgeon, Sjambok injuries, Une forme particuliére de crush syndrome. (Sjambok injuries,
a particular form of crush syndrome.) Doctoral thesis N° 10002, Geneva Faculty of Medicine, 2 December 1998.
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Figure B.10.1

Compartment syndrome of the forearm.
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Figure B.10.2

Aetiology

Compartment syndrome of a limb can result from a number of causes:

- multiple fractures in a single limb — more commonly in closed, but also possible
after an open fracture — especially of the tibia;

anti-personnel blast mine injury;

multiple small fragments provoking a large intramuscular haematoma plus primary
blast effect;

any delay in limb reperfusion after vascular injury;

crush injury;

burn injury, particularly an electrical burn;

cold exposure;

snake bite;

fracture of any bone when the patient suffers from a coagulation defect or is
receiving anticoagulant therapy;

- prolonged forced position on a hard surface, also noted after mistreatment of prisoners.

latrogenic causes include prolonged application of an occlusive tourniquet or tight
plaster cast and extravasation of an i.v. drip or intra-osseous infusion.

Pathogenesis

A vicious cycle sets in: tissue oedema in a tight closed space causes a rise in
compartment pressure gradually leading to a compromise of the microcirculation
with consequent tissue hypoxia. The hypoxia and by-products of cell death cause
further oedema. When the compartmental pressure rises high enough, occlusion of
the macro-circulation supervenes. The resultant ischaemia affects all vital structures
in the compartment, including muscles, nerves, blood vessels and lymph channels.

Clinical picture

By far the most common occurrence of compartment syndrome is in the lower leg.
The earliest and most important clinical sign of compartment syndrome in a limb is
excessive pain out of proportion with the stimulus, especially on passive extension or
flexion of the toes or fingers. The muscles become tense, swollen and hard and other
signs of ischaemia appear including pallor and paraesthesia. The pulse may remain
normal for some time.

Treatment

Decompression must be performed without delay if there is
any suspicion of compartment syndrome.

Compartment syndrome is a surgical emergency and fasciotomy should be carried out
as soon as the suspicion of its existence arises.

H. Nasreddine / ICRC

Figure B.10.3

Compartment syndrome of the forearm with viable muscles. Necrotic muscles following compartment syndrome of the forearm.
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If compartment syndrome is fully established at fasciotomy and the muscles are found
to be necrotic, they should be excised and treatment instituted by the anaesthetist in
theatre as for crush syndrome, including a bolus injection of sodium bicarbonate and
mannitol to prevent acute renal failure.

The fasciotomy incisions should be left open for delayed
primary closure.

The limb should always be elevated afterwards. Delayed primary closure after
subsidence of oedema and re-establishment of normal circulation is standard
procedure. Infection is common and amputation is often the final result.

B.10.1 Fasciotomy of the foot

The four compartments of the foot are decompressed through three dorsal incisions.
The medial incision follows the lower border of the first metatarsal and extends up
to the medial malleolus; it goes through the tough and thick plantar fascia. This
decompresses the medial compartment and, by dissection, the central plantar space.

The lateral incision is made between the fourth and fifth metatarsals, decompressing
the central dorsal space and, by lateral extension through the fascia into the lateral
compartment. The final middle incision is performed between the second and third
metatarsals to enter the central dorsal space and continued down into the central
plantar space all the way to the plantar fascia.

C. Giannou / ICRC

B.10.2 Fasciotomy of the lower leg

Adequate decompression involves all four compartments of the lower leg through
two generous skin incisions. The fascial incisions should include the entire length of the
respective fascia. The greatest error lies in making incisions that are too short.

The posterior compartments are best approached through a single incision extending
from the knee to the medial malleolus, 2 cm posterior to the palpable postero-medial
edge of the tibia. The deep fascia is incised to open the superficial compartment, the
medial gastrocnemius and soleus muscles are pulled down and the fascia over the
deep posterior compartment opened. Care must be taken not to injure the posterior
tibial artery, tibial nerve or saphenous vein. This incision can be extended proximally
to provide access to the popliteal vessels.

Incision for access to deep posterior compartment

|

Superficial posterior compartment

Figures B.11.1 and B.11.2

Incisions for fasciotomy of the foot.

Figure B.12.1

Medial fasciotomy incision.
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Figure B.12.2

Anterolateral fasciotomy incision.
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Access to anterior compartment

Interosseous septum  Access to lateral compartment

N. Papas / ICRC

The anterior and lateral fascial compartments are approached through a single
longitudinal incision extending from the knee to the lateral malleolus, 2 cm anterior
to the shaft of the fibula, thus overlying the anterior intermuscular septum separating
the two compartments. A nick is made in the deep fascia of one compartment and
then the other, and the fascia slit open proximally and distally with long round-ended
scissors. Care is taken to avoid the peroneal artery.

Lateral Anterior Deep posterior
compartment compartment compartment

N

/

Superficial posterior

N. Papas / ICRC
N. Papas / ICRC

compartment
Figure B.12.3 Figure B.12.4
Decompression of the lateral and superficial After opening the lateral compartment, the
posterior compartments. skin flap can be rotated to gain access to the

anterior compartment. The deep posterior
compartment is accessed through the
superficial compartment.

B.10.3 Fasciotomy of the thigh

There are three compartments to decompress in the thigh - anterior, posterior, and
the adductor - requiring two incisions. A lateral incision beginning at the greater
trochanter and extending to the lateral condyle of the femur is carried down to split
the fascia lata, allowing entrance into the anterior compartment. Subcutaneous
dissection downwards allows for an incision just behind the fascia lata and the lateral
fascial septum, affording entry into the posterior compartment.

The adductor compartment can be entered by the standard incision for access to the
femoral vessels.

B.10.4 Fasciotomy of the forearm and hand
There are two aspects to fasciotomy in the forearm: the volar and the dorsal.

Volar compartments

A curving S-incision is made from the medial epicondyle across to the radial flexors
and back to the ulnar end of the flexor crease. This is then carried across to the mid-
palm immediately to the ulnar side of the thenar crease. The fascia over the flexor
carpi ulnaris is incised and the muscle retracted medially; then the superficial flexor
muscles are retracted laterally to reveal the fascia over the deep flexors. Each muscle
is decompressed by a generous longitudinal incision of its sheath. Care is taken not
to injure the ulnar artery or nerve, located between the flexor carpi ulnaris and the
deep flexors.
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Ulnar artery and nerve Median nerve Fascia separating superficial

/ and deep flexors

Superficial and Ulnar artery and nerve

Flexor carpi ulnaris
P deep flexors

N. Papas / ICRC

Dorsal compartment

A dorsal midline incision from the elbow to the wrist is carried down through the deep
fascia to expose the extensor compartment. Each muscle has its own fascial sheath,
which requires individual decompression. Two dorsal incisions of the hand between
the second and third and fourth and fifth metacarpals complete the decompression.

F.Plani / C.H. Baragwanath, S. Africa

B.10.5 Closure of fasciotomy incisions

The closure of a fasciotomy incision involves only the skin, leaving the fascia open.
Closure of a forearm fasciotomy after 4 - 5 days and subsidence of oedema is usually
not difficult. The same can be said for“prophylactic”fasciotomy of the lower leg during
vascular repair.

There are many examples in the lower leg where such delayed primary closure is
difficult, if not impossible, because it results in undue tension with subsequent
necrosis of the skin edges. Split-skin grafting to cover the defect is one possibility.

Special skin-stretching devices exist, but are expensive and not always available. There
are several other ingenious methods that have been developed and described over
the years: skin taping, shoelace suture, etc. (see Selected bibliography). The basic idea
is to induce stretching of the wound edges - skin and underlying subcutaneous tissue
combined - until direct suture is possible.

Figure B.13.1

Volar fasciotomy of the forearm.

Figure B.13.2

Decompression of the dorsal aspect of the

forearm and hand.
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B.11 Reconstructive surgery of the limbs

War wounds, like other major trauma, often require major reconstructive surgery to
obtain a reasonable functional result. Lack of surgical expertise, adequate facilities
and time often limit the extent to which this type of surgery can be performed.

Nevertheless, there are occasions when appropriate reconstructive surgery is indicated
and can be performed effectively, even where resources are limited. A certain number
of basic techniques of reconstructive surgery are relatively simple and well within the
ability of most general surgeons.

Three groups of patients and operations can be described.’®

1.

Primary emergency reconstruction performed as part of initial surgery.

In the limbs this concerns exposed blood vessels that have been repaired. A skin
or muscle flap should be mobilized to prevent desiccation of the artery. The
latissimus dorsi muscle can cover the axillary and brachial vessels; gracilis the
femoral; and the gastrocnemius used for the popliteal vessels.

Delayed primary reconstruction performed at the time of DPC.

Significant soft-tissue loss often prevents simple approximation of the wound
edges without tension, or approximation of the wound edges may be possible
but a large dead space underneath makes direct suture inappropriate. Skin
grafts or flaps are required to close the defect. Exposed avascular areas such as
bone without periosteum or tendon without paratenon also require a flap for
wound closure.

If the decision is made to apply an external fixator at DPC, simultaneous
soft-tissue reconstruction can be performed and the pins placed so as not to
interfere with the flap. Myoepithelial flaps, incorporating skin, fascia and muscle,
are preferred.

The knee joint and upper third of the tibia are best covered by a medial
gastrocnemius muscle flap. The soleus muscle is suitable for the middle third of
the tibia. The muscles should be mobilized by first releasing them at the level of
the Achilles tendon.

Wounds exposing the lower third of the tibia are the most difficult to manage
since no local flap is available for coverage. For the general surgeon, a cross-leg
flap is a major undertaking necessitating at least two stages and prolonged
immobility of the patient. The subject is dealt with in greater detail in

Section 22.8.3.

An abdominal skin flap is suitable for defects of the forearm, hand and wrist;
wounds of the latter can also be covered by a groin flap.

Late elective reconstruction.

These procedures are usually undertaken three to six months after complete
soft-tissue healing and may concern complicated wounds for which
sophisticated reconstructive surgery is the only solution and special training
essential. Examples include release of severe burn contractures and tendon
transfer for nerve lesions. These are beyond the scope of this manual. Some
simple procedures may include scar revision or replacement of split-skin grafts.

The reader is referred to standard surgical texts for operative details of the
various techniques.

16 Adapted from Coupland RM. The role of reconstructive surgery in the management of war wounds. Ann R Coll

Surg Engl 1991;73: 21 - 25.
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ANNEX B.1 Pneumatic tourniquet

A pneumatic tourniquet should be treated with as much respect as any surgical
instrument; jarring, blows and shocks will damage the aneroid gauge. All parts should
be inspected before use for leaks or loose connections. Regular calibration of the
aneroid pressure gauge can be accomplished by hooking it up to the mercury column
gauge of an ordinary sphygmomanometer. The pressure in the tourniquet is raised

to 100 mm Hg on the aneroid gauge and then released into the mercury column line.

This is repeated at 200 and 300 mm Hg. An inaccurate gauge should be discarded
and replaced. An inflated cuff should not undergo pressure changes with time: this
indicates a leak.

The use of a pneumatic tourniquet in-theatre is simple and straightforward, but a
certain number of essential principles must be followed.

1. The position for a tourniquet is the thigh or upper third of the arm. The site of
cuff application is covered with a layer of cotton wool three times the width of
the cuff. This padding should be carefully applied and be free of folds or wrinkles.

2. Aswide a cuff as possible is placed at the point of maximum circumference of
the limb to spread the pressure exerted and decrease tissue damage. When
wrapped around the limb, its length should exceed the circumference of the
limb by at least 10 cm.

Its size should be adapted to the anatomy of the patients, especially for those
of very thin or very stout build. In an obese patient it may be necessary for an
assistant to grasp the fatty flesh just distal to the site of application and pull
down the tissues before applying the cotton wool layer and cuff.

3. The tourniquet, cotton and cuff, is then sealed off with plastic sheeting to
prevent soaking with blood.

4. The cuff should be steadily inflated to the minimum amount necessary to create
a bloodless field. This is usually 50 - 70 mm Hg higher than the systolic pressure
for the upper limb. Because of the large muscle mass of the thigh, the pressure
needs to be greater: double the systolic pressure as measured in the arm.

5. The time of application and release of a tourniquet is recorded and the surgeon
reminded periodically of ischaemia time. This is the responsibility of the entire
OT team.

6. Inflation time of the tourniquet should be kept to a minimum. Different sources
cite one, two or three hours. Three hours is a maximum, but most operations
should require less than one and a half hours.

7. The tourniquet should be released before the end of the operation, the viability
of remaining tissues confirmed and haemostasis accomplished.

8. Unless life-saving, tourniquets should never be applied to both legs at the
same time.

9. Bilateral tourniquets should not be deflated simultaneously, but an interval of
a few minutes allowed between the two because of the “autotransfusion” of
sequestrated blood that occurs.

10. The limb always swells after tourniquet use; the distal circulation should
be confirmed after the final dressing and bandage have been applied, and
monitored in the postoperative period as should be the standard for all
limb injuries.

T. Gassmann / ICRC

Figure B.1

Example of an adult-size pneumatic tourniquet.
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ANNEX B.2 Crush injury

Crush injury is most often seen after natural disasters such as earthquakes. It also
occurs during armed conflict when buildings collapse on the occupants after
bombardment. The extraction of the surviving victims may easily be delayed, bringing
all the consequences of dehydration and hypothermia in its wake.

B.2.a Pathology and pathophysiology

Continuous pressure on a body part for at least four hours or severe compression for
as little as one hour causes physical disruption of the muscle fibres: acute traumatic
rhabdomyolysis; and this occurs independently from any ischaemia. Although the
pathology is muscular in origin, the trauma may also have caused fractures and
crushing of bone.

The breakdown of a large muscle mass liberates enormous amounts of myoglobin, uric
acid, potassium and other products of muscle destruction. However, these substances
do not enter into the general circulation until the compression is released and the
limb revascularized: reperfusion injury.

The resulting hyperkalaemia can be rapidly fatal and is the major cause of early
mortality. Post-traumatic oedema develops in the injured limb owing to the
sequestration of a large quantity of intravascular fluid. Hypovolaemic shock can occur
in the absence of adequate fluid intake and is the second most common cause of early
death. The myoglobinaemia and uric acidaemia lead to blockage of the renal tubules
and acute renal failure, which is the main cause of delayed death. Other conditions
leading to delayed death include coagulopathy, secondary haemorrhage, and sepsis.

B.2.b Pre-hospital presentation and care

Depending on the time spent under compression and any other injuries, hypothermia
and dehydration are often prominent. Typically the victim appears generally well, often
without complaint of pain until after extraction, and then suddenly decompensates
after release of the compression. This is due to reperfusion hyperkalaemia and
hypovolaemia. A strong analgesic or ketamine just prior to extraction is indicated; the
pain can be excruciating.

Precautions to be taken before extraction of a crush victim:
« fluid intake;
- application of a tourniquet;

« strong analgesia.

Early intake of fluids before extraction should be undertaken, especially if extraction
is delayed. These should be given orally if the patient’s condition permits and
intravenous fluids are not available. If i.v. fluids are available, an immediate bolus of
20 ml per kg of normal saline should be given (1,500 — 2,000 ml in an adult), followed
by 10 — 15 ml per kg per hour of half-isotonic saline (see below) until extraction. Delay
in fluid resuscitation is the main overall cause of death.

The use of a tourniquet is obvious in the case of a trapped haemorrhaging limb or
where extraction of the patient from under rubble and debris can only be achieved
with a field amputation under ketamine anaesthesia. In the more common closed
crush injury where extraction is possible without resorting to amputation its use
is open to controversy. While the limb is under compression there is no need for a
tourniquet. If one is to be applied, it should be done just prior to extraction to prevent
the immediate “reperfusion storm’, and to allow sufficient i.v. fluids to be given if this
has not been possible beforehand. Evacuation time to the hospital should be taken
into account in the application of any tourniquet as a general rule.
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B.2.c Clinical picture and emergency room care

Persons crushed under rubble often suffer multiple injuries. Initial examination
follows the standard ABCDE paradigm and the usual resuscitation measures should
be instituted.

The crushed limb itself may suffer closed injury, present an open wound, or be frankly
mangled. In the first two cases the condition may mimic flaccid paralysis with a mosaic
pattern of sensory loss and the condition misdiagnosed as spinal injury.

The limb is greatly swollen and tense but the oedema is not pitting at first, being
entirely confined beneath the deep fascia. The skin is shiny or bruised and may present
blisters. The pulses are usually present even in the presence of severe oedema.

Passage of a urinary catheter is essential to monitor the urine. Due precautions should
be taken if the pelvis is involved in the crush injury.

Analgesia, tetanus and antibiotic prophylaxis are given according to protocol.

B.2.d Medical treatment of crush injury

Patients suffering crush injury should be cared for in an intensive care unit with access
to a proper laboratory, rarely available in the field. Optimum fluid therapy requires
measurement of the central venous pressure and a full complement of laboratory
analyses.” An intensive nursing unit with a minimum of laboratory analyses, preferably
including serum electrolytes, is usually all that can be organized where resources are
limited (see Part F).

The specific situation of the individual hospital determines to what extent the
following protocol can be respected. Renal failure, however, is all too often the result
and, in the absence of dialysis, usually leads to a fatal outcome.

Hospital resuscitation with i.v. fluids should begin before removal of any tourniquet,
the release of which should be staged: the tourniquet is released then immediately
reapplied and the procedure repeated several times before final definitive removal, to
prevent overwhelming hyperkalaemia.

Main objectives of medical treatment of crush injury:
« prevent hyperkalaemia;
« overcome hypovolaemia;

« prevent crush injury from becoming crush syndrome.

The aim in the management of patients suffering crush injury is to overcome
hypovolaemia and prevent renal failure by adequate fluid resuscitation, forced diuresis
and alkalinization of the urine. Good clinical observation of the patient is essential to
avoid overloading the circulation and precipitating pulmonary oedema.

The quantity, colour and pH of the urine should be monitored every hour. In
addition, serum electrolytes should be measured every six hours, if available. Fatal
hyperkalaemia is the most significant event, particularly in the first few days and in
the most severely injured.

Oedema accumulates in the injured tissues as a third space sequestration; therefore
the amount of i.v. fluid administered should be greater than the urinary output. To
maintain the proper diuresis of 300 ml per hour requires approximately double
the amount of i.v. fluids, which can be up to 12 litres per day. Fluid intake should
be adapted to the clinical response of the individual patient. If close laboratory
monitoring is not available, i.v. fluids should be limited to 6 litres of per day while
monitoring the urine output.

17 Laboratory analyses to properly care for a major crush injury should include at least full blood count, urea and
electrolytes, creatinine kinase, lactate, amylase, liver function tests, clotting tests and blood grouping and
cross matching.
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The regimen of fluid therapy is a sequential “cocktail”.'®

1. A bolus of normal saline 20 ml per kg body weight administered as quickly
as possible.

2. Thisis followed by 10 — 15 ml per kg per hour of half-isotonic saline: normal
saline diluted with glucose 5% to achieve 75 mEqg/I NaCl (approximately half-
and-half saline-glucose).

Alternatively, and to avoid contamination of the sterile i.v. fluids, one bag

of normal saline and one of glucose 5% can be given simultaneously if two
appropriate veins are available, or one litre of normal saline is alternated with
one litre of glucose.

3. 50 mEq of sodium bicarbonate is added to each second or third litre of the
half-isotonic saline to keep the urinary pH above 6.5. If one of the alternative
methods is employed, 100 mEq is added to a litre of the glucose solution.

The repetition of bicarbonate administration is titrated to the urinary pH. It can
usually be tapered off after 36 hours.

4. If diuresis is successful and urine output exceeds 20 ml per hour, 50 ml of 20%
mannitol (10 g) should be added to each litre of infusion (1 - 2 g per kg per day,
total 120 g) at a rate of 5 g per hour.

Mannitol protects the renal tubules, promotes the excretion of potassium, and
decreases the pressure in the crushed muscular compartments.

5. Calcium gluconate 10% (10 ml) or calcium chloride 10% (5 ml) should be added
daily to counteract the effects of hyperkalaemia on the heart.

6. Insulin with hypertonic dextrose in water is given to shift potassium from the
extracellular back into the intracellular space according to the results of serum
electrolyte analysis.

7. Recently, paracetamol (acetaminophen) in therapeutic doses (500 mg) has been
shown to be protective of renal function in myoglobinaemia; clinical studies in
humans are currently under way."

8. Crush injury patients usually develop acute anaemia and ultimately require
numerous blood transfusions.

The fluid regimen should continue until visible evidence of myoglobinuria disappears,
denoting the end of active rhabdomyolysis, usually by 60 hours.

In spite of these measures, many patients develop acute renal failure. The prognosis
then usually depends on the availability of haemodialysis or peritoneal dialysis.
B.2.e Surgical management

Surgical treatment is limited and fraught with problems and complications.? 2!

If the crush injury is open, surgery is warranted under two conditions.

« A severely mangled extremity or infection endangering the life of the patient calls
for immediate amputation through healthy tissue without releasing a tourniquet if
it has been applied.

- If the limb is salvageable, the surgeon should proceed with immediate fasciotomy.

18 Adapted from Sever MS, Vanholder R, Lameire N. Management of crush-related injuries after disasters. N Engl J
Med 2006; 354: 1052 - 1063 and Vanholder R, Sever MS, Erek E, Lameire N. Rhabdomyolysis. J Am Soc Nephrol
2000; 11: 1553 - 1561.

19 Boutaud O, Moore KP, Reeder BJ, Harry D, Howie AJ, Wang S, Carney CK, Masterson TS, Amin T, Wright DW,
Wilson MT, Oates JA, Roberts LJ Il. Acetaminophen inhibits hemoprotein-catalyzed lipid peroxidation and
attenuates rhabdomyolysis-induced renal failure. Proc Nat Acad Sci 2010; 107: 2699 — 2704.

20 The use of succinylcholine for intubation in these patients is to be avoided for up to a year after injury because
it can cause massive release of potassium and cardiac arrest.

21 Adapted from: Michaelson M. Crush injury and crush syndrome. World J Surg 1992; 16: 899 - 903.
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If the crush injury is closed, surgery is also warranted under two conditions also.

« There is a line of demarcation of ischaemic gangrene indicating irreversible tissue
necrosis that requires amputation at that level.

» The distal pulses and capillary filling are absent, denoting compartment syndrome
and imminent gangrene requiring fasciotomy.

Should fasciotomy be performed, excision of all necrotic muscle must be radical.
Haemostasis from bleeding muscle may be difficult and the best sign of viability
is contraction on pinching or electrical stimulation with diathermy. Usually serial
debridements are required and infection all too often sets in.

Otherwise, fasciotomy and debridement of bruised skin over a closed crush injury
should not be performed. In this respect, crush injury differs from simple compartment
syndrome; even the extensive myonecrosis of crush injury is not an indication for
surgery. The elasticity of the skin withstands internal pressure very well; even contused
it provides a barrier to infection.

Please note:

Some authors have argued that the early application of a tourniquet and amputation
of a crushed limb should prevent crush syndrome by removing the reperfusion insult.
However, there is no conclusive evidence to support the performance of amputation
as a prophylactic measure.

There are many reports in the surgical literature that demonstrate salvage of even
severely crushed limbs which eventually recover full function, but only when dialysis
is available to care for renal failure. In conditions of limited resources two thirds of the
patients die within a week.

The surgeon faced with a patient suffering from severe crush injury must consult with
the patient and family and fully explain the situation in order to best determine the
procedure to follow.

B.2.f Further care

Elevation of the limbs is apparently not well tolerated and results in increased pain.
Furthermore, such elevation does not appear to assist in the resorption of oedema.
The patient is best left with the legs straight and flat. In addition, physiotherapy for
the limbs should focus only on maintenance of muscle mass and tone, since passive
movement of the joints is very painful. After 10 — 14 days the pain subsides and passive
and active movements can be commenced.

Extreme caution is required for the nursing care of any open wounds. Infection
frequently supervenes and often results in loss of the limb.
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Chapter 22

INJURIES TO BONES

AND JOINTS'

1

Large parts of this chapter are based on the brochure by David I. Rowley, Professor of Orthopaedic and Trauma
Surgery, University of Dundee: War Wounds with Fractures: A Guide to Surgical Management. Geneva: ICRC; 1996.

103



WAR SURGERY

104

22.
22.1

22.2

22.2.1
22.2.2
22.2.3

223

22.3.1
22.3.2
2233
2234

224
2241
2242

225

22,51
22.5.2
2253
2254
2255

226

22.6.1
22.6.2
22.6.3
22,64
22.6.5
22.6.6
22.6.7

22.7

22.7.1
22.7.2
22.7.3
2274

22.8

22.8.1
22.8.2
2283

22.9

22.9.1
229.2
2293
2294
2295
22.9.6
229.7

22.10

22.10.1
22.10.2
22.10.3
22.104

INJURIES TO BONES AND JOINTS
Introduction

Wound ballistics

Kinetic energy
Bone-projectile interface
Joints

Epidemiology
Anatomic distribution
Type of fracture

Joints

Red Cross Wound Score

Management of war wounds with fractures

Primary wound debridement
Delayed primary closure

Methods of bone immobilization: surgical decision-making

Plaster-of-Paris

Traction

External fixation
Damage-control orthopaedics
Internal fixation: osteosynthesis

Wounds involving joints

Joint debridement

Wound closure

Joint immobilization

Infected joints

Pelvi-abdominal injuries and the hip joint
Arthrodesis

Pseudo-arthrosis arthroplasty

Hand and foot injuries

Examination

Surgical exploration and debridement
Immobilization

Delayed primary closure

Problematic cases
Malunion

Non-union

Chronically exposed bone

Bone infection

Wound management

Antibiotics for established bone infection
Surgical treatment

Preparing the patient

Radiography

Excision of the sinus

Dressing the wound and follow-up

Bone grafting

Indications for bone grafting
Donor site and types of bone graft
Follow-up of bone grafting
Complications of bone grafting

ANNEX 22. A Plaster-of-Paris

ANNEX 22.B Traction

ANNEX 22. C External fixation

ANNEX 22. D ICRC chronic osteomyelitis study
ANNEX 22.E Bone grafting

105

105
105
106
108

109
109
109
110
110

112
112
114

114
116
116
118
120
120

121
121
121
122
122
122
122
123

123
123
123
125
125

125
126
126
126

127
128
128
128
129
129
130
131

131
131
132
132
132

133
145
156
163
166



INJURIES TO BONES AND JOINTS

Basic principles

The soft tissues of the wound must be properly debrided.
Simple temporary stabilization of fractures is applied at initial debridement.

Definitive fracture fixation is envisaged at delayed primary closure.

The simplest method of bone immobilization that provides for fracture consolidation is preferred.

Physiotherapy should start immediately post-operatively.

22.1 Introduction

Limb injuries constitute the bulk of surgical work during armed conflict and fractures
are present in a large number of them. It is thus essential that the general surgeon
have a good knowledge of basic fracture management.

A fracture is often best described as a soft-tissue injury
complicated by a break in a bone.

22.2 Wound ballistics

The basics of wound ballistics with respect to bone are dealt with in Section 3.4.5.
Bone tissue is significantly denser and harder than soft tissue and less elastic; it does
not simply deform, it breaks. Within the shooting channel, the exact point where the
missile hits the bone is of overriding importance. During the narrow, phase 1 channel,
an FMJ bullet simply punches a hole in the bone. During temporary cavitation, severe
comminution results.

“The surgeon is confronted with the wound and a
knowledge of ballistics is useful but very limited in the
practical management of an individual case. A knowledge
of ballistics gives an understanding of possibilities [of
management]; nothing more.”

A. Molde, R. Gray?

22.2.1 Kineticenergy

The key element determining the amount of tissue damage is the effective transfer
of kinetic energy, which depends on several factors: the total energy available; the
composition of the bone; and the duration of contact between projectile and bone,
which is inversely proportional to the projectile’s velocity. Thus a slow travelling FMJ
bullet in stable flight may cause more damage than one with a much greater velocity
because its contact with the bone lasts longer allowing it to transfer a greater amount
of energy. The interaction between bone and bullet may cause the bullet to tumble,
deform or even fragment.

The point in the wounding channel where the bullet comes into contact with bone is
crucial, as demonstrated in the clinical cases depicted in Section 3.4.5. This explains
the existence of small or large exit wounds.

Furthermore, and of great clinical importance, low-energy transfer wounds present
little soft-tissue injury and relatively little contamination with bacteria and foreign

2 Molde A, Gray R. Letter to the Editor. Injury 1995; 26: 131.
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Figure 22.1

The effect of increased hydraulic pressure in the
bone marrow of a long bone: bone fragments
are dispersed in all directions.

Figure 22.2

Drill-hole fracture in the cortical bone of the
lower tibia and fibula.
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matter. High-energy transfer wounds are characterized by the vacuum created by
cavitation with severe bacterial contamination, and present massive soft-tissue injury.
As is often the case the very worst are the wounds caused by anti-personnel mines
where the energy of the local blast effect is added to the penetration of fragments
and foreign debris.

22.2.2 Bone-projectile interface

Projectiles must reach a threshold velocity that leads to sufficient energy density in
order to penetrate tissue; otherwise, they simply bounce off the body. For bone, this
is approximately 40 — 60 m/s. The penetration depth of a projectile in bone and the
effective transfer of kinetic energy depend on the degree of projectile retardation
by the tissues: the “push” of the bullet versus the resistance of the bone. The main
factors influencing the resistance are the ratio of hard cortical versus soft cancellous
bone and the state of bone mineralization. Thus, soft osteoporotic bone is more
easily penetrated than healthy bone, but, owing to its lower resistance, less energy is
transferred by the projectile.

Long bones

Long bones of the limbs are heterogeneous. The diaphysis has a relatively thick wall
that is dense and brittle and may be compared to a fluid-filled rigid-walled tube: bone
marrow surrounded by cortical bone. Therefore, the boundary effect comes into play
if the diaphysis is affected by the temporary cavity (see Section 3.4.3). Cavitation
generates an increase of the hydraulic pressure in the marrow that spreads in all
directions and fractures the bone, thus propelling bone fragments in the direction of
the travelling projectile and in the opposite direction.

The bone fragments are propelled to the edge of the temporary cavity. Then, when
the cavity collapses, soft-tissue elasticity causes the bone fragments that retain their
soft-tissue attachment to regroup around the fracture site. Other fragments become
enclosed in pockets of damaged soft tissues and appear to lie some distance from
the permanent wound channel, as though at the end of their own wound channel.
However, the amount of kinetic energy transferred to each bone fragment is insufficient
for them to create their own independent track outside the temporary cavity. Bone
fragments do not act as secondary projectiles and remain within the confines of the
temporary cavity. This has been confirmed by high-speed photography. Nevertheless,
even though they do not become secondary missiles, bone fragments can injure a
nearby neurovascular bundle included within the range of the cavity.

Fracture of the diaphysis at the site of temporary cavitation is accompanied by
comminution; periosteal stripping is highly localized and confined to about 5 cm from
the fracture ends. The major fracture ends undergo devascularization of the Haversian
system and are often dirtied and black in colour. Numerous haemorrhages occur in
the bone marrow.

Within two weeks, osteoneogenesis begins from the periosteum with a proliferation
of osteoblasts and is significant in attached bone fragments. Unattached fragments,
however, undergo avascular necrosis and are later absorbed by osteoclastic activity.
These fragments are a prime source of infection.

Another result of cavitation seen in long bones is fracture “at a distance”, without a
missile actually striking the bone. A large temporary cavity can accelerate a large
mass of muscle; the compression wave at the edge of the cavity can bend and snap a
diaphysis, usually resulting in a simple transverse or spiral fracture.

Fractures of the cortex may be minor: drill-hole or divot fractures, seen especially if
the bone is hit during the phase 1 narrow channel. Often, longitudinal spiral fractures
extend proximally and distally from the main fracture and are a function of the load on
the bone: whether the person is standing on both feet or with one foot on the ground
as when running, or carrying a heavy weight such as a backpack with ammunition.
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Figure 22.3.1 Figure 22.3.2

Radiograph showing divot fracture of the fibula. Divot fracture: the entire thickness of only one
cortex is fractured. A small piece of bone is
broken off from the main shaft, occasionally
accompanied by a non-displaced fracture
extending from the divot.

N. Papas / ICRC

Figure 22.4.1 Figure 22.4.2
Butterfly fracture of the tibia. Double butterfly fracture.

Spongy and porous metaphyseal bone reacts differently; it more readily absorbs
energy and accommodates cavitation better. In a low-energy transfer wound, the
projectile simply crushes the bone in front of it forming a “drill-hole fracture” or,
occasionally, a large-fragment fracture. High-energy transfer wounds on the other
hand develop three distinct zones.® The first is composed of the defect of the
wound track where the bone has been crushed. The second extends for about 3 cm
and consists of multiple cancellous fragments that have retained their soft-tissue
attachment. Finally, and reaching up to 9 cm from the track, there is a zone of fracture
lines with minimal displacement. These drill-hole or localized comminuted fractures
withstand a physiological load without further fracturing better than similar fractures
in the diaphysis.

3 Robens W, Kiisswetter W. Fracture typing to human bone by assault missile trauma. Acta Chir Scand 1982;
508 (Suppl.): 5223 - 5227.
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Figure 22.5

Drill-hole fracture through metaphyseal bone
hit during the narrow phase 1 channel. The
entry is usually the same size or slightly less
than the diameter of the bullet and the edges
of the exit are funnelled outwards. The diaphysis
of a long bone reacts in the same way (see
Figure 22.2.).

Figures 22.6.1 and 22.6.2

Intra-articular metallic fragment.
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Entry Exit

Flat bones

Flat bones include the scapulae, sternum, iliac fossae and the skull. They are mostly
diploe cancellous bone with an absence of marrow and therefore suffer no hydraulic
pressure effect; a bullet creates a hole with a little fissuration fracture. Injury is due
only to direct crush by the projectile. A bullet entry wound is more or less circular,
depending on the angle of impact. Its exit is usually a funnel-shaped defect.

22.2.3 Joints

A projectile passing into a joint can damage bone, cartilage, ligaments and menisci,
largely through direct crush or laceration. Infection can easily cause chondrolysis and
destruction of the joint.

Lead fragments in soft tissue are rapidly isolated by avascular scar tissue. In synovial
fluid, lead dissolves and can cause plumbism: generalized lead poisoning (see
Section 14.3). Lead is also well known for causing a strong chemical arthritis.

F. Plani / ICRC

Furthermore, any metallic fragment inside a joint causes serious direct physical
trauma to the articular cartilage because of its shape and volume. This can lead to
degenerative arthritis.
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22.3 Epidemiology

22.3.1 Anatomic distribution

Although much has been written about the anatomic distribution of war wounds,
there have been only a few studies on the distribution of fractures among the different
bones in the limbs. Fractures occur in one-quarter to one-third of all limb wounds and
the lower limb is injured about twice as often as the upper. However, the incidence of
fractures in the upper and lower limbs is relatively equal. This is probably due to the
smaller volume and more exposed position of the skeleton of the upper limb.

I USA: World War II USA: Afghanistan and Iraq
Number Percentage of total Number Percentage of total

Shoulder: clavicle, _ _ 35 50
scapula

Humerus 545 23% 106 14%
Forearm 428 18% 107 14%
Hand = = 144 19%
Total upper limb 973 40% 392 52%
Femur 668 28% 107 14%
Lower leg 775 32% 173 23%
Foot = = 86 1%
Total lower limb 1,443 60 % 366 48%
Total 2,416 100 % 758 100 %

Table 22.1 Comparison of the distribution of open fractures among US forces during World War Il and in
Afghanistan and Iraq.*

22.3.2 Type of fracture

The great majority of fractures are open, as is to be expected. Closed fractures in
combat are usually due to tertiary blast effect and anti-tank landmines. Vehicle
collisions and other accidents are also common non-combat causes.

Fracture Closed Open Total Perc;gie:g:&ets)pen
Clavicle 6 7 13 53%
Scapula 4 28 32 87%
Humerus 16 106 122 86%
Forearm 23 107 130 82%
Hand 20 144 164 87%
Total upper limb 69 392 461 85%
Femur 16 107 123 86%
Lower leg 45 173 218 79%
Foot 27 86 13 76%
Total lower limb 88 366 454 80%
Total 157 758 915 82%

Table 22.2 Distribution of open and closed fractures among US troops in Iraq and Afghanistan
(Joint Theater Trauma Registry October 2001 — January 2005).*

It should be noted that the tibia is the most commonly fractured bone in combat and
often the most difficult to treat and the most prone to complications.

4 Adapted from Owens BD, Kragh JF Jr, Macaitis J, Svoboda SJ, Wenke JC. Characterization of extremity wounds in
Operation Iraqi Freedom and Operation Enduring Freedom. J Orthop Trauma 2007; 21: 254 - 257.
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22.3.3 Joints

Even fewer reports deal specifically with injuries to the major joints. One such study,
from the war in the former Yugoslavia, gives an incidence of 18.2% joint injuries
(339 patients) out of a total of 1,860 casualties with limb wounds treated in a large
military hospital. The knee and elbow were the most common joints injured and also
the most common sites of associated neurovascular injury.

Joint injured Percentage distribution of total joint injuries
Knee 46.6 %
Elbow 20.1%
Hip 10.4%
Shoulder 9.8%
Ankle 8.9%
Wrist 4.2%

Table 22.3 Incidence of major joint injury in 339 patients, in the former Yugoslavia.®

22.3.4 Red Cross Wound Score

The Red Cross Wound Score takes into account the soft-tissue injury as well as the
fracture. The degree of bone damage in the version described in Chapter 4 makes
a distinction between a simple fracture, hole, or clinically insignificant comminution
(F = 1) and severe, clinically significant comminution (F = 2). Basically, these scores
correspond to either two bone fragments or more as seen at wound debridement.
However, the F parameter does not apply to the bone defect left after wound excision.
A refinement of the RCWS serves as a guide to assessing the defect.

Defect A : small and circumferentially incomplete bone defects

These drill-hole type, divot or chip-fracture defects heal well after correct debridement.
If the soft-tissue injury is minimal, a conservative non-operative approach may
be considered.

&

)

:

s
Figure 22.7.1 Figure 22.7.2
An F1 Type A fracture of the tibia without bone An F1 fracture in a child’s tibia with Type A
defect. Once the soft-tissue wound around defect. There is overall continuity of the bone
the fracture has been excised, healing usually despite the defect.

progresses smoothly.

5 Nikoli¢ D, Jovanovi¢ Z, Popovi¢ Z, Vulovi¢ R, Mladenovi¢ M. Primary surgical treatment of war injuries of major
joints of the limbs. Injury 1999; 30: 129 - 134.
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Defect B: small and circumferentially complete bone defect (<3 cm)
In these cases, the defect may be retained as it is, or the limb permitted to shorten;

the patient usually adapts to slight shortening. The extent of soft-tissue injury usually
requires debridement.

ICRC

Defect C: large and circumferentially complete bone defect (>3 cm)

Remaining periosteum may ensure some callus formation. If progress is slow as
revealed by serial X-rays, a bone graft may be considered later. The associated soft-
tissue damage is significant, and wound debridement will clearly have been required.

D. Rowley / ICRC

Defect D: large defect associated with circumferential loss of bone and periosteum

The capacity for bone regeneration in such fractures is limited. Even after a bone graft,
healing may take months or years. Management options depend on which bone is
injured - and the ultimate compromise of function — as much as on the actual bone
defect. A severely mangled extremity calls for a choice between attempted limb
salvage or amputation (see Section B.5.1).

H. Nasreddine / ICRC

Figures 22.8.1 and 22.8.2

A bullet has produced circumferential bone
loss (F2), but the defect is small: Type B. All the
periosteum is usually present in such wounds
and must be retained during surgery.

Figures 22.9.1 and 22.9.2

There is gross comminution and bone loss
that will lead to a Type C defect. Many of the
fragments will be found to be loose, but some
will still have good periosteal attachment and
should be retained.

Figures 22.10.1 and 22.10.2

Two examples of a Type D defect: in this
case, the soft-tissue loss is considerable and
the extent of bony tissue loss such that the
osteogenic potential is very small, even with
bone grafting.

1
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22.4 Management of war wounds with fractures

The image of the fracture as seen on an X-ray is only one aspect of the wound
complex.“Treat the wound, not the weapon”is a well-known aphorism in war surgery
(see Section 3.2.1). One may well add: “treat the wound, not the X-ray” The first and
essential step to bone healing and the recovery of function is correct treatment of
the soft-tissue wound. Furthermore, “cure” is not dependent on the radiological
appearance of consolidating bone. The patient is not “cured” until some degree of
function compatible with the extent of the wound is restored.

Old lesson for new surgeons

Treat the wound, treat the wound, treat the wound
... then treat the bone.

The management of war wounds with fractures includes a number of standard steps.

1. Transformation of a contaminated war wound into a clean one by
meticulous debridement.

2. Reduction and immobilization of the fracture at the initial wound debridement
by the simplest and least invasive method possible.

3. Transformation of a clean wound with an open fracture into a closed one by DPC.

4. Definitive method of fracture immobilization decided at DPC and dependent
on many factors, including the specific bone injured and the extent of the soft-
tissue wound - and the skill and expertise of the surgeon.

5. Restoration of optimal physiological function possible through physiotherapy
and physical rehabilitation.

Initial temporary bone immobilization at primary
debridement; definitive bone immobilization at delayed
primary closure.

22.4.1 Primary wound debridement

The surgeon’s essential concern should focus on wound excision, not on the method
of fracture immobilization. The extent of soft-tissue excision should not be influenced

by the risk of exposing bone; dead muscle and fat do not protect underlying bone and
do not preserve function.

As mentioned repeatedly in this manual, all unattached cortical bone fragments
should be removed no matter how large. These are all avascular and retaining themin
the wound will only result in infection that destroys even more bone. Any fragments
still attached to soft tissue should be preserved.

Old lesson for new surgeons
Be radical with bone.

Be conservative with periosteum.

The surgeon should inspect the ends of major fragments of cortical bone, while
avoiding further stripping and soft-tissue damage as much as possible.

« If clean and stripped bare, the bone ends should not be cut back but laid down in
the periosteal and muscle bed.
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« If dirty and not stripped of soft tissue, the contaminated bone ends should be
scraped and curetted clean.

- If dirty and stripped, the dirty cortex is removed with bone nibblers (rongeur)

and the medullary cavity gently curetted until fresh bleeding bone and firm
marrow appear.

D. Rowley / ICRC
D. Rowley / ICRC

Figure 22.11.1 Figure 22.11.2

Left thigh with entry and exit wounds. Cortical bone fragments without periosteal
attachment removed at wound debridement.

4
L
o
Figure 22.11.3 Figure 22.11.4
After wound excision, the skeletal traction over- Five weeks after wound excision, bone healing
distracted the bone ends. This was corrected by has occurred from the intact periosteum and
adjusting the weight. callus is visible.

As much periosteum as possible should be retained, since it is the periosteum that
generates new bone. Because projectile trauma to the periosteum is usually very
localized, most of the periosteal sleeve can be salvaged in the great majority of patients.

H. Nasreddine / ICRC

Figures 22.12.1 and 22.12.2

Osteoneogenesis proceeding from the sleeve of periosteum remaining after wound excision.

A case can be made for retaining loose pieces of intra-articular cancellous bone in a
low-energy and relatively non-contaminated metaphyseal fracture after curettage of
the contaminants. Multiple fragments of the extra-articular metaphyseal bone should

be curetted back until firm marrow is reached. These metaphyseal fragments closely
resemble a bone graft.

Avoid creating unnecessary bone gaps.
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Correct bone excision is difficult: excising too much is as great a risk as too little. In
inexperienced hands, the quest for a clean wound may result in an unnecessary bone
defect and, consequently, to a lasting loss of function.

Except in wounds presenting very extensive destruction, it is usually possible to reduce
the fracture and align approximately the major bone fragments, thus maintaining a
semblance of the bony architecture. The first debridement is the optimal occasion to
achieve alignment. It becomes more difficult with time because soft tissues adhere to
the bone ends as part of the healing process, no matter how the fracture is immobilized.

There is no need to mobilize muscles to cover exposed bone at primary wound excision
as it only increases soft-tissue damage and can compromise drainage.

A first temporary method of fracture immobilization is chosen. After initial wound
debridement and before attempting DPC, most fractures can safely be immobilized
with a plaster-of-Paris posterior slab or by skeletal traction.

A decision about the method of definitive bone
immobilization can wait until attempted DPC.

22.4.2 Delayed primary closure

A clean wound is closed by direct suture or skin grafting. Small wounds with a deep
cavity, in which direct suture would create tension, may be left to heal by granulation
and secondary intention. In some cases, a rotation flap or another reconstructive
procedure may be necessary (see Section B.11). If skin closure proves impossible, the
fracture may still be covered by nearby muscle at the second operation. This applies
particularly to the tibia.

At second operation: close a clean wound.

If in any doubt: debride again and leave it open.

An infected wound or one containing obvious necrotic tissue should be redebrided
and left open for another five days: primary debridement was clearly insufficient.

In either case - successful DPC or redebridement - the bone and periosteal defect
are re-assessed. The sleeve of periosteum is palpated and observed: some continuity
should remain except in very extensive injuries. The bone defect is categorized
according to the parameters described in Section 22.3.4 and a method of definitive
bone immobilization chosen.

22.5 Methods of bone immobilization:
surgical decision-making

Factors to consider for good bone immobilization:

« functional result, not X-ray result;

« choice of method with lowest risk of complications;

- simplicity of technique, taking into account surgical skill and experience;
« simplicity of nursing care;

- reduction of hospitalization time, i.e. early discharge;

- expense.
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There is no single and ideal method of fracture immobilization that fits all situations and
all patients. The principal methods are plaster-of-Paris, skeletal traction and external
fixation; each one has its advantages and disadvantages (Tables 22.4; 22.5 and 22.6).
Internal fixation — osteosynthesis — should not be used in the primary treatment of war
wounds with fractures. The surgeon must determine the most appropriate method by
taking into account several factors:

« the specific bone injured and any possible compromise of function;

« the nature of the fracture and resultant bone defect;

. the extent and nature of the soft-tissue wound;

- the quality of post-operative nursing care and physiotherapy available.

Perhaps the most important factor is the experience and expertise of the surgeon.

Advantages Disadvantages
Inexpensive Fresh supply necessary
Easy to apply Bulky

Little or no special equipment necessary
Least invasive method
Allows for other surgical options

Joints immobilized

Flexible Poor access to wounds
Good temporary measure and definitive treatment Not satisfactory for large wounds or burns
Rapid bone healing Too tight = tourniquet
Early mobilization of patient on crutches Too loose = non-union

Shortening and malunion common with comminuted
fractures

Poor patient hygiene and comfort (particularly in hot
and humid climates)

Early discharge from hospital

Table 22.4 Advantages and disadvantages of plaster-of-Paris.

Advantages Disadvantages

Not appropriate in absence of good nursing care
Good temporary measure and physiotherapy
Constant monitoring of weights and axis of traction

Possibility to revert to other techniques Requires special frame

Rapid bone healing Difficult bone alignment, but more common after

closed fractures
Good access to wounds of anterior aspect of thigh Poor access to wounds of posterior aspect of thigh
Allows for mobilization of joints Patient immobilized in bed

Not appropriate in case of military necessity of
evacuation (use Thomas splint, POP slab or external
fixation instead)

Table 22.5 Advantages and disadvantages of skeletal traction.

Advantages Disadvantages
Invasive technique

Good access to wounds Risk of injury to neurovascular bundle and tendons
Risk of oedema

Secure immobilization for maintaining limb length and

for bridging disorganized joint gzt sl

(an reduce bone gap if limb shortening acceptable Time required for application

Early joint movement Delayed-union and non-union

Early mobilization of patient Infection of pin sites

Early discharge Mechanical difficulties with equipment

Possibility of bone grafting after soft-tissue healing Expensive

In a civilian context material may be lost if patients are
discharged while still fitted with external fixation

Facility of military evacuation

Table 22.6 Advantages and disadvantages of external fixation.
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Figures 22.13.1 -22.13.3
Fashioning of a POP long leg back slab.
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The specific bone injured has a particular clinical significance as regards functional
outcome when considering fracture reduction and immobilization. The lower limbs
require stability and equality of length for proper weight bearing (a small amount
of shortening in the injured limb is acceptable). In the upper limb, some shortening,
rotation and angulation are acceptable.

Avoiding complications has higher priority than rapid patient mobilization, especially
when severe war wounds are treated by a non-specialized surgeon. Simple methods
of treatment are best.

Whatever the method of bone immobilization chosen, good physiotherapy will give
the best results. Mobilization of the patient and the injured limb must be encouraged.

22.5.1 Plaster-of-Paris

The use of plaster-of-Paris is a simple non-invasive technique for constructing a
moulded support for a limb. The effective use of POP, in whatever form, is a manual skill
that must be learnt and practised. A previous generation of general and orthopaedic
surgeons was well versed in its use. Today, this is often no longer the case. The basic
techniques include the making of a back slab or posterior splint and a complete
cylindrical cast and its variations.

The indications for plaster-of-Paris treatment include:

- initial temporary bone immobilization for most patients;

« definitive immobilization after soft-tissue healing for certain bones;
« management of nerve palsies (see Section 25.8.1);

« primary treatment of closed fractures.

In the great majority of cases after the initial wound excision, a POP splint is the most
suitable choice for temporary bone immobilization. The exceptions are the femur and
most fractures of the humerus.

Once the open fracture has been converted into a closed one, a POP cast best permits
controlled weight-bearing for the tibia, and gives good support to the bones of the
forearm. The major disadvantage is the immobilization of the nearby joints and the
main advantage the rapidity of fracture consolidation.

A POP splint is an excellent method for initial
bone immobilization.

Exceptions: the femur and most fractures of the humerus.

Details on the use of POP are to be found in Annex 22.A. Different techniques are
described in the Plaster of Paris and Limb tractions — ICRC physiotherapy reference
manual included in the DVD attached to Volume 2 of this manual.

22.5.2 Traction

Traction can be applied to a limb by various means:
« the weight of the body part itself;

- adhesive taping applied to the skin; or

« a pin through a bone.

Itis the optimal method for managing most femoral and humeral fractures, especially
in the hands of the non-specialized surgeon. The technique is simple and safe with
few complications, provided it is carefully supervised by the surgeon or a well-trained
physiotherapist. The minimal invasiveness of traction permits resorting to other
techniques in the event of complications or difficulty.

Physiological or functional traction is employed for fractures of the clavicle by means of
a triangular or figure-of-eight bandage and for the humerus by a cuff-and-collar sling.
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Skin traction is the preferred method of treatment for a fracture of the femur in
children and the elderly. When used for femur fractures in adults it is applied in-line
and usually supported by some form of splint (e.g. Thomas splint, see Figure 22.B.9).

Figure 22.14.1

Frame for unilateral skin traction of the femur made out of locally-available materials.

Skeletal traction is the best choice for:
- initial immobilization of most femoral and some tibial and humeral fractures;
. definitive immobilization of fractures of the femur;

« definitive immobilization of particularly difficult fractures of the tibia near the knee
and of the humerus near the elbow.

Skeletal traction is the most suitable method of
immobilization for femoral fractures.

The larger force applied in skeletal traction is transmitted along the axis of the limb via

a pin, pulley and a weight. The direction of the pull is altered by adjusting the position
of the pulley.

N. Papas / ICRC

Figure 22.14.2

Gallows traction from a beam.

Figure 22.15

Traction for a femur fracture is applied through a
tibial pin with the knee in almost full extension,
which acts as a focus for the force applied by a
weight. The position of the pin is such that the
force is applied in a uniform direction along the
axis of the limb irrespective of the position of
the leg and is not affected by the position of the
knee. The knee can therefore be flexed through
90° by removing the horizontal support under
the leg while still in traction (see Figure 22.B.24).
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Figures 22.16.1 and 22.16.2

Two patients undergoing treatment by
skeletal traction with manufactured and
improvised frames.
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The principal disadvantage of skeletal traction is prolonged confinement of the patient
in bed, and the demands put on nursing care and physiotherapy. The main advantage
is the rapidity of fracture consolidation.

Application of the different traction techniques is described in Annex 22.B and in the
Plaster of Paris and Limb Tractions — ICRC physiotherapy reference manual included in the
DVD attached to Volume 2 of this manual.

22.5.3 External fixation

The concept of external fixation is deceptively simple: a rigid frame mounted across the
fracture site and attached to the bone with pins. However, it is a specialist technique
and presents a number of practical difficulties. Many surgeons have improvised
external fixators by using transfixion Steinmann pins embedded in a POP cast or
bamboo external bars.

In a resource-poor context, the role of external fixation is limited. Indications for its use
do exist, however, and ICRC surgeons have defined them according to the phase of
treatment, nature of the injured tissues, and general patient management.

At initial wound debridement
In ICRC practice, the indications for application of an external fixator at initial wound
debridement are restrictive and fall into several categories.

1. Fixation due to significant soft-tissue injury.

- Protection of an arterial anastomosis (e.g. fractured femur with concomitant
injury of the femoral artery).

- Fractures with extensive burns.
2. Fixation due to the bony injury.

« Extensive and unstable bone comminution, usually resulting in a large bone
defect (some Type C and most Type D bone defects) where it would be difficult
to hold the fracture by any other means. This is especially the case in the
absence of a soft-tissue scaffold: the most common occurrence being in the
distal third of the tibia. Another example is a humeral fracture with extensive
soft-tissue and bone loss where external fixation can be used to shorten the
bone since restoration of humeral length is not essential to salvage useful
arm function.

+ Severely disorganized joint.
« Pelvic disruption, if binding with a bedsheet proves unsatisfactory.
3. Fixation for patient care.

- Patient who has already lost one leg, as part of limb salvage for the severely
injured remaining limb.
« Polytrauma or unconscious patient, to ease nursing care and assist in patient

mobilization or movement.

In a non-ICRC context, one can add the military necessity to evacuate the wounded,
although the time-tried method of the Thomas splint or simple plaster cast is always
an alternative possibility.
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At attempted DPC

If wound closure by suture cannot be performed owing to an extensive injury that

necessitates further surgical care, a posterior POP-slab or skeletal traction can be

usefully replaced by an external fixator. Important examples are wounds that require:

- skin grafting or a reconstructive flap for closure;

« serial debridements in an effort to save the limb (see Section 10.8.2);

- repeated debridements and sequestrectomies for an infected and unstable fracture,
usually the case with neglected wounds presenting late.

External fixation is rarely necessary at initial wound
debridement. Further surgical care is by far the most
common indication for external fixation in the practice of
ICRC surgeons.

Once wound closure has been accomplished and there is no further need to access
the wound, the fixator can often be removed and replaced by a POP cast or by traction.
This should be done as soon as soft-tissue healing permits, in order to promote
fracture consolidation.

Figure 22.17

Patient with external fixation to allow for skin
grafting of the wound.

R. Coupland / ICRC

Remove the external fixator as soon as access to the soft
tissue wound is no longer necessary.

Late indications

Late indications for the application of external fixation are mostly limited to factors

concerning the bone:

- failure of conservative treatment (e.g. interposition of soft tissue at the fracture site
of a femur in traction, a rare occurrence in ballistic wounds);

« reduction and positioning for bone grafting;

- operative arthrodesis;

« limb lengthening - a very specialized technique.

The application of an external fixator can be difficult and can lead to many complications
when working in an austere environment. Many orthopaedic surgeons used to working
in sterile conditions have never seen these complications. As pointed out before, there
are simpler and safer methods of fracture immobilization, especially for the non-specialist
surgeon. Furthermore, there is rarely a need to apply external fixation at initial wound
excision where the wound has priority over the method of bone immobilization.

ICRC maxim: “The more experienced the war surgeon, the
less use of external fixation.”

A detailed description of external fixation is to be found in Annex 22.C.
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22.5.4 Damage-control orthopaedics

In addition to the pathophysiological changes typically seen in the patient treated

by a damage-control approach, recent laboratory studies have shown that severe

soft-tissue injury initiates a deleterious systemic inflammatory response of its own.
This is especially the case in the presence of blood loss, ischaemia, necrosis and/or

infection, and prolonged fracture manipulation. As a consequence, the management

of major fractures with extensive soft-tissue trauma has adopted a “multi-stage”
approach in contemporary practice, rather than an “early total care” one where every

bone is definitively fixed at the initial theatre session. Some orthopaedic surgeons

have therefore described the use of external fixation as a damage-control approach

as compared to internal fixation. However, in a shocked patient going into the lethal

triad of hypothermia, acidosis and coagulopathy, immobilization by a POP back slab or
skeletal traction takes far less time and effort than placing an external fixator.

Basically the principles of the staged management of injury to bone —“ primary, rapid,
temporary fracture stabilization ... followed by ... secondary definitive management
once the acute phase of systemic recovery has passed”® — remain exactly the same
as those of the time-tested classical treatment of war wounds with fractures. Indeed,
staged management - debridement followed by DPC - is part-and-parcel of the
treatment of all war wounds with fractures whatever their severity and whatever the
physiological status of the patient.

22.5.5 Internal fixation: osteosynthesis

Internal fixation should never be used for initial bone immobilization in war wounds.
In the context of ICRC hospitals and wherever resources are scarce and working
conditions precarious it is not an option to be considered at any stage, because of the
high risk of dangerous bone infection.

Several reports from the US army in Viet Nam and the Soviet army in Afghanistan
demonstrated the very high infection rate (50 - 80 %) when internal fixation was used
as a means of primary treatment. Its use was “categorically forbidden”in one instance.”

Internal fixation should not be used in the primary
treatment of war wounds with fractures.

F. Plani / ICRC

Figure 22.18.1 Figure 22.18.2
Pus pours out of the wound; the plate Infected plate-and-screw fixation of a war
and screws should be removed. wound replaced by external fixation during

wound redebridement.

In selected patients, whose wounds have healed fully without any occurrence
of infection, who have been evacuated to a specialized centre with experienced
surgeons and where the proper equipment and operative facilities and excellent

6 Hildebrand F, Giannoudis P, Krettek C, Pape H-C. Damage control: extremities. Injury 2004; 35: 678 — 689.

7 Dedushkin VS, Keggi KJ. Orthopaedic aspects of the Afghan War: the Soviet experience. Tech Orthop 1995; 10:
225 -230.
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nursing care are available, internal fixation for war wounds may be successfully used as
a late secondary procedure. Clinical trials of such conversion to internal fixation of war
wounds with fractures treated by splinting for 10 — 14 days are under way. If external
fixation has been used, the pins are removed and a two-week “pin holiday” observed
before internal fixation. Under these conditions internal fixation does not constitute
primary treatment.

22.6 Wounds involving joints

The knee and elbow are the most frequently injured major joints, after the hands
and feet. Associated injury to the neurovascular bundle is often seen in the shoulder,
elbow, hip and knee.

Articular cartilage has no direct blood supply; its nutrition comes from the synovial
fluid. An intact and well vascularized synovium is therefore essential for the survival of
damaged cartilage.

While diagnosis of a joint injury is usually obvious with a gunshot wound, it can be
difficult to establish in patients with multiple small fragment wounds. A fracture of
the shaft of a long bone may also have a fracture line that runs into the nearby joint.
Radiography is very useful; aspiration producing blood is pathognomonic.

22.6.1 Joint debridement

The same principles of bone excision apply to penetrating joint injuries, with one
exception: removal of the projectile is an essential part of the debridement. Small,
unattached bone and cartilage fragments should also be removed while no effort
should be spared to preserve the synovium, just as important as the periosteum in the
case of long bones. It is best to operate on joints using a pneumatic tourniquet and
with the limb draped in a way that permits mobilization of the joint during operation
to facilitate exposure.

If the entry wound is small, the joint should be opened through a separate standard
arthrotomy incision. For large wounds, the joint toilet can be done through the
wound itself, and extended if necessary. The entry wound should be debrided as
usual and the joint washed out thoroughly with saline to remove any foreign material
and debris, loose bone or cartilage fragments, and blood clots. All recesses must be
carefully explored to make sure that no damaged tissue or foreign body is left behind.
Debridement of the synovium itself should be very conservative.

Peri-articular fractures involving a joint surface with comminution and displaced
fragments are difficult to treat, especially in war wounds for which internal fixation
is contraindicated. Large osteochondral fragments should not be removed, but an
attempt made to push them back into place. A “bag of bones” held together by the
capsule may gain some joint congruity and useful function, even as a pseudo-arthrosis,
especially if early active movement is encouraged. Movement helps cartilage nutrition,
and some moulding of the osteochondral fragments occurs. If no infection intervenes,
the position should simply be accepted. Infection requires removal of the large
fragment. Arthrodesis is an alternative for certain joints.

22.6.2 Wound closure

In relatively minor injuries, a small entry hole and/or incision in the synovium should
be sutured with an absorbable stitch, with or without the placement of a drain,
preferably of the closed suction type. If this is not available, a closed system consisting
of a catheter and sterile urine bag may be used. The drain should be removed within
24 hours. The joint capsule, ligaments and skin must be left open for DPC.

If the synovium cannot be closed directly, the capsule or muscle around the wound
may be mobilized to cover the defect. Again, the rest of the soft-tissue wound should
be left open for DPC.
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Figures 22.19.1 - 22.19.3

Close the synovium or cover the joint with surrounding
soft tissue.

In severe wounds with a large amount of contamination, the synovium must be left
open and the joint covered with a single layer of moistened gauze. The dressing is
completed with fluffed gauze, and an elastic bandage applied without too much
tightening. DPC is then performed as usual and the soft tissues mobilized to close
the synovium.

Continuous joint irrigation with antibiotics is not advised; it only helps to
introduce infection.

22.6.3 Jointimmobilization

After initial debridement, most joints can be immobilized in the position of function
using a well-fitting posterior-slab. Some injuries in the knee and most injuries in the
hip require skeletal traction.

At the second operation, ifimmobilization with POP is continued — whether a slab or a
split cast — the joint should be mobilized cautiously, both passively and actively, after
a week. Certain cases may best be treated by external fixation bridging the joint, or by
a continuation of skeletal traction.

E. Winiger / ICRC
E. Winiger / ICRC

Gunshot wound of the knee joint treated by external fixation.
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22.6.4 Infected joints

If infection ensues, the joint must be re-operated. Dead tissue and debris are removed
and the joint copiously irrigated and left open for drainage. The antibiotic cover
should be reviewed and, since cartilage imbibes the synovial fluid, the local instillation
of antibiotics may prove useful, but not in the form of continuous irrigation. Old and
neglected wounds of a joint with established infection should be treated in the same
way. Control of infection can be difficult.

A severely infected joint may threaten the life of the patient if a large joint is
involved and its removal may be the only way of achieving healing. Pseudo-arthrosis
arthroplasty may be performed later (see Section 22.6.7).

22.6.5 Pelvi-abdominal injuries and the hip joint

Injuries to the abdomen or pelvis may involve the hip joint and cause contamination
with intestinal contents or urine. After laparotomy, exploration of the joint through
an arthrotomy is called for. The joint is irrigated, debrided and drained, and skeletal
traction applied. Attention must be paid to the vascular supply of the head of the femur.

22.6.6 Arthrodesis

Normal limb function might be irretrievable following a serious wound of a joint
because of instability or severe pain; surgical fusion is an effective way of countering
both. The decision to perform arthrodesis is made only after complete healing of the
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soft tissues and consolidation of the remaining bone so that the full extent of tissue
loss can be determined.

The joint must be opened and any remaining cartilage cleaved off with an osteotome
so that two flat bony surfaces oppose each other in order to fuse. The joint is held in
the appropriate position by means of an external fixator applied across the joint so
as to press the bones together. Compression arthrodesis takes about eight weeks for
consolidation. A simpler but less controllable alternative is to encase the joint in a
cylindrical cast.

Operative arthrodesis is quite suitable for the ankle or knee where stability is of
paramount importance, and for the wrist and joints of the fingers, but technically very
difficult at the shoulder, elbow and hip, where it should be avoided if at all possible.

22.6.7 Pseudo-arthrosis arthroplasty

In industrialized countries with the necessary facilities, a difficult wound causing
disorganization of a joint can be dealt with by replacement with an artificial one.
Where such resources are unavailable, the best that can be hoped for is a pseudo-
arthrosis arthroplasty: a false joint that affords some movement. The entire joint is
excised and raw bone ends opposed; mobilization is started early so that a false joint
results and not an arthrodesis.

Creation of a pseudo-arthrosis is a valuable last resort for difficult wounds of the
hip, shoulder and elbow and surprisingly good function can be obtained. It is not
appropriate for the knee or ankle, where arthrodesis is to be preferred.

22,7 Hand and foot injuries

Hand and foot surgery is a subspecialty of orthopaedic surgery and many of the usual
techniques are not relevant to war injuries treated by a general surgeon. Nonetheless,
patience and time taken for meticulous debridement frequently give good functional
results, better than is often expected. Wounds of the feet caused by anti-personnel
mines in particular can be very difficult to manage; amputation must often be
resorted to.

22.7.1 Examination

Injuries to the hands and feet are common in cases of multiple wounds but are often
the last to receive attention; other conditions threatening the life of the patient or
major fractures take precedence.

When the time comes for dealing with the hand or foot, examination should not
be hurried. Proper assessment of the many complex structures demands patience.
Thorough examination should be performed for finger or toe movement and sensation.
The presence of soft-tissue damage, including tendons, neurological defects and
vascular injury must be clearly recorded to allow correct exploration.

22.7.2 Surgical exploration and debridement

Wound exploration should be performed under adequate anaesthesia, with
tourniquet control, and only in the theatre; a minor-looking wound can hide damage
to important deep-seated structures. The wound should be thoroughly scrubbed with
soap and water and a brush to remove in-driven dirt and debris and then irrigated
with saline to clear the operative field.

Severe injuries to the hands and feet are best treated by a regime of serial debridement:
a conscious decision on the part of the surgeon to debride as conservatively as possible
and return the patient to theatre after 48 hours (see Section 10.8.2). The attempt to
preserve delicate structures and function requires time and therefore depends on the
hospital workload. A massive influx of casualties does not allow for such individualized
and time-consuming treatment.

Figure 22.20.1

Gunshot wound of the hand with near total
destruction of the second metacarpal.
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Figure 22.20.2

Meticulous serial debridements of the wound.

H. Nasreddine / ICRC

Figure 22.20.3

Clean and granulating wound; however, the
index finger is non-functional due to loss of
bone (see-through hole) and the tendons.
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The hands and feet contain relatively little soft tissue but the vascularization is excellent.
Consequently, wound excision should be conservative, maintaining as much soft
tissue as possible for closure. A minimal amount of skin edge should be excised and
all viable skin saved, including that from an amputated finger or toe, which should be

wrapped in a humid gauze compress and kept in the blood bank refrigerator for later
use as a skin graft.

Hand incisions should follow skin creases. Fasciotomies (volar carpal ligament, interosseous
and lumbricals, etc.) allow better access to deep structures and release tension from
oedema; a very important factor in the cramped confines of the compartments of the
hand. In the foot, longitudinal incisions between the metatarsal heads are best.

Never try to reach the palm of the hand or sole of the foot
from the dorsal side.

Fractured bones are cleaned with copious irrigation, curettage and a bone nibbler;
unattached fragments have usually already fallen out of the wound. The bone
segments are then aligned and attempts made to retain the length of the second
and fourth metacarpals in order to maintain the bony structure of the hand. Only
irretrievably damaged digits need be amputated.

H. Nasreddine / ICRC
H. Nasreddine / ICRC

Figure 22.20.4 Figure 22.20.5

The non-functional finger has been sacrificed to Final result at DPC.
provide adequate skin cover.

Through-and-through bullet injuries of the tarsus often require repeated curettage.
Anti-personnel mine injuries to the feet contain dirt and foreign material and crushed
particles of bone; the wounds readily become infected and frequently require multiple
operations. In the end, amputation is often nevertheless necessary.

Severed nerves and tendons should be trimmed, tacked down or tagged, and duly
recorded in the operative notes. No attempt at repair should be made at primary

operation; rather only once healing of the wound has occurred and there is no
evidence of infection.

Damaged nerves should be tagged and recorded but not
repaired primarily.

Injured tendons should be trimmed but not
repaired primarily.

At the end of wound excision, the tourniquet is released and the viability of the
remaining tissues confirmed. Major bleeding vessels are treated by ligation, small
ones by pressure tamponade. The wound is again copiously irrigated.

Wounds should be left open and covered with well-fluffed gauze. The fingers should
be splayed apart with compresses or small pieces of sterile sponge.
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22.7.3 Immobilization

The hand or foot should be kept elevated and the joints splinted with a POP slab. The
ankle should be maintained at 90° of dorsiflexion.

The presence of open wounds in the hand does not prevent immobilization in the
“safe position” and a bulky dressing fitted into the palm can help maintain it (see
Figure 15.13). Unaffected digits should be left free to move, unless used to “buddy-
splint” an isolated injured finger. The tips of all the digits must be left exposed to
monitor the adequacy of the circulation.

22.7.4 Delayed primary closure

Delayed primary closure of wounds in the feet is performed after 5 days, but for the
hands already after 3 — 4 days owing to their good blood supply. Often, the extent of
skin loss is such that skin grafting is required. To reduce the risk of graft contraction, a
full thickness or pedicle graft is advised.

C. Pacitti / ICRC

The hand is an exception to the rule concerning internal fixation: this is one of the
few places where it is permitted to place a metal foreign body: Kirschner wires for
immobilization of the metacarpals or phalanges or to bridge a gap while awaiting
bone grafting. The hand should be supported in a cock-up splint or cast for 2 weeks
and then vigorous physiotherapy begun.

22.8 Problematic cases

When working in resource-poor settings, surgeons are often faced with wounds
that are weeks or even months old. As a result, complications are common. The
major problems encountered are malunion, non-union, chronically exposed bone
and osteomyelitis.

Many of the techniques required to deal with these problems belong to specialized
areas of orthopaedic and reconstructive surgery and even sophisticated and specialist
procedures often fail and result in a worse situation. Only if reasonable function cannot
be obtained with conservative treatment should surgery be advised, always taking into
account both the surgeon’s expertise and the level of nursing care available. Before
embarking on it, the surgeon should ask whether there is any simpler alternative
including the referral of a patient to a more adequate facility offering the required
expertise. The decision must be made on a case-by-case basis in full consultation with
the patient and family.

The more complicated the procedure, the more
complicated the complications.

Figures 22.21.1 and 22.21.2

Reconstruction of the soft tissues of the
hand using a pedicle skin graft from the
abdominal wall.
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Figure 22.22

Atrophic pseudo-arthrosis following a gunshot
wound of the tibia. The fibula blocks any
movement at the site of the pseudo-arthrosis.
The functional result is acceptable.
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22.8.1 Malunion

Most cases of malunion can be prevented by correct reduction of the fracture,
whatever method of bone holding is chosen. Some old fractures present with well-
established malunion. The question is whether to accept the degree of deformity
present or to attempt a correction.

Correction of a malunion involves refracturing of the bone and sometimes requires
a bone graft as well. External fixation may be needed for proper alignment of the
new fracture.

22.8.2 Non-union

Non-union of fractures is common. Infection is a major cause, resulting from
inadequate surgery or neglect as seen in old untreated wounds, and must be brought
under control before anything else is attempted.

Preventable causes
Soft-tissue interposition may occur between fracture ends; in fresh cases, the wound
should be explored and the fracture reduced.

Traction may have been too strong and the bone ends distracted; this should have
been prevented by proper monitoring and correction of the traction weight.

External fixation is often very rigid and, as a result, delayed union and non-union are
common. Conversion to a POP cast with weight-bearing mobilization is a simple and
often successful technique.

Non-preventable causes

Extensive bone defect due to the original injury and debridement is the major non-
preventable cause. Large bone gaps can fill in if a sufficient periosteal sleeve remains

and the patient is well fed; malnutrition is common in patients with old, neglected

wounds and must be corrected.

Management

No radiological evidence of union after three months in the lower limb and two
months in the upper, or less than 50% union after six months all qualify as delayed
union and call for freshening of the fracture site and insertion of a bone graft.

In most cases, external fixation is required to maintain alignment for bone grafting.
To give the graft the best chance of “taking’, the wound should be clean with a good
local blood supply, and free of haematoma accumulation. In ideal circumstances, the
soft-tissue wound has already healed; an open technique (Papineau) can be used
for a clean and granulating wound. For the operative details of bone grafting, see
Annex 22.E.

22.8.3 Chronically exposed bone

The bone often remains exposed in war wounds, particularly if infection supervenes.
The most common and problematic example involves the tibia; common because of its
subcutaneous nature and problematic because of its vascular supply and the frequent
loss of a considerable surface area of periosteum. The patient usually presents with
an unhealed fracture and a draining wound; or an exposed dry bone with necrotic
periosteum and sequestra.

First and foremost, it is the wound not the bone that must be dealt with. The surgeon
must remove all non-viable tissues and sequestra and embedded foreign material,
and drain any fluid collections and dead space.
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On occasion, a patient with an old wound “performs” a sequestrectomy as an
“assistant” to the surgeon. Patients often play and fiddle with their wounds and,
sometimes, sequestra are extruded in this fashion. The patient hands over a
bone fragment to the surgeon on the morning round and the wound infection
clears up soon afterward.

Normal functioning of the limb encourages and improves circulation; muscle action
serves as a secondary pump preventing venous stasis and oedema formation and
encouraging lymph flow. Physiotherapy, exercises, and weight-bearing are essential
factors in promoting circulation and healing.

If the patient is well fed and the wound is cleaned up and well vascularized, the wound
tends to heal by itself, albeit by secondary intention and after a prolonged period
of time.

“Healing cannot be imposed; it must be cultivated.”

PW. Brown?

Many surgeons attempt to speed up this healing process. They resort to a number
of techniques to cover exposed bone and close the soft-tissue wound: relaxation
incisions; drilling holes in the cortex or shearing off the cortex with a bone chisel
to promote the growth of granulation tissue and then skin grafting; and local myo-
epithelial and cross-leg pedicle flaps. Some do succeed, but the operations are often
complicated and subject the patient to numerous anaesthesias — and the results are
often disappointing.

For the tibia, a simple method that has often proven its worth is to enclose the lower
leg in a POP cylindrical cast without a window: the Orr-Trueta technique.® The cast is
applied well contoured and in close contact with the limb, with minimal padding since
oedema has already subsided. A walking heel is added and weight-bearing begins
immediately. Healing occurs by secondary intention under the cast. Any necrotic
cortical bone becomes separated and sloughed off and is found embedded in the
padding when the cast is removed after six weeks. There is a high incidence of bony
union and closure of the soft-tissue wound in a relatively short period of time.

22.9 Boneinfection

Bone infection complicating fractures is a common problem. War wounds with
fractures become infected because they present late, are mismanaged, or because
inadequate surgery leaves dead bone in the wound after debridement. Basic principles
apply, especially concerning the use of antibiotics. The general topic of neglected
or mismanaged wounds and the role of biofilm in chronic infection are dealt with
in Chapter 12. The difficulty of controlling chronic post-traumatic infective osteitis or
chronic osteomyelitis should not be underestimated.

Antibiotics are of little value when sequestra are present.

8 Brown PW.The fate of exposed bone. Am J Surg 1979; 137: 464 — 469.

9 H.Winnett Orr (1877 - 1956), an orthopaedic surgeon with the US Army, pioneered the technique of plaster cast
treatment of war wounds during World War I. Josep Trueta i Raspall (1897-1977), a Catalan surgeon, developed
a modification of the technique and popularized its use during the Spanish Civil War. Subsequently, as a
political refugee in the United Kingdom he became a professor of orthopaedic surgery at Oxford University and
contributed through his teaching to fracture management during World War Il. The two rank among the giants
of modern war surgery. The technique has been adapted by E. Dehne and A. Sarmiento in more recent times,
and is often used by ICRC surgeons. See Selected bibliography.
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The widespread prevalence of HIV/AIDS in many countries experiencing armed
conflict favours the occurrence of infection and complicates its treatment. Needless to
say, the overall management of the patient and availability of medical care, especially
antiretroviral drugs, must be taken into account when deciding on surgical procedures,
namely their number, extent, degree of sophistication, and chances for improved
survival. There is no point in putting a patient through multiple anaesthesias and
operations at the risk of pushing the patient “over the edge”into a terminal condition.

22.9.1 Wound management

The well-established principles of wound management, as often repeated in this
manual, also apply to infection of the bone.

- Surgery is essential to remove all foreign material and dead tissue, including
devascularized bone, and to disrupt the biofilm of chronic infection.

- Antibiotics alone do not eradicate bone infection.

Recurrence of infection after initial surgery usually means that a sequestrum
remains in the wound.

To overcome chronic bone infection the patient must be
well fed and the wound well vascularized.

Immobilization is important. In the presence of infection, external fixation is often
the best choice as it allows access to the wound for repeated sequestrectomies and
wound care.

22.9.2 Antibiotics for established bone infection

Patients who arrive with infected wounds, because of late presentation or
mismanagement in a previous facility, require antibiotic protection from invasive
streptococcal and clostridial infection in conjunction with wound excision. A
distinction should be made between this well-established prophylaxis and the
treatment for recurrent, pyogenic infection of bone.

In both cases, antibiotics are only a supplement to surgery; dead bone and biofilm
compromise the vascularity of the wound and antibiotics cannot reach the pathogenic
bacteria. The combination of benzyl penicillin plus metronidazole in heavy doses,
according to the ICRC protocol, is recommended as an inexpensive and safe treatment.

If pyogenic infection persists despite the apparent removal of all dead and foreign
material, or if the patient first presents with systemic signs of spreading sepsis, then
a good empiric combination is cloxacillin, metronidazole and gentamycin. This is
especially the case where bacteriological culture and sensitivity are not available.

Locally applied antiseptics or antibiotics are not of proven value. The usefulness of
antibiotic-impregnated beads or cement remains controversial and they are seldom
available where resources are limited.”®

22,9.3 Surgical treatment

This manual makes a distinction between two clinical presentations.

- Early bone infection in neglected or mismanaged wounds or following the failure
of initial debridement for which the patient must undergo several re-excisions is
dealt with in Section 12.3.

« Chronic bone infection may present weeks, months or even years after injury and
often even after apparently successful treatment: i.e. true chronic osteomyelitis.
This usually presents as consolidated bone with a persistent discharging sinus,

10 Antibiotic beads were originally impregnated with gentamycin. More modern versions, and impregnated bone
cement, use vancomycin and tobramycin, apparently with greater success.
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and a sequestrum lodged at the bottom serving as a nidus whose removal is
required before healing will occur. This condition is the subject of the remainder of
this Section.

22.9.4 Preparing the patient

In low-income countries, patients with a chronically discharging sinus are often

malnourished. The haemoglobin must be checked and the nutritional status corrected.

An antihelminthic may be indicated in addition to a high protein diet and iron and
vitamin supplements. Patient hygiene is important and the burden of potentially
pathogenic commensal organisms should be reduced: besides general showering, the
skin of the affected limb should also be scrubbed clean with copious soap and water
and a brush.

22.9.5 Radiography

Appropriate X-rays of the affected bone in two planes are essential; stereotactic
localization employing radio-opaque markers is very useful in the absence of
sophisticated radiography (see Section 14.4). A sinugram helps outline the cavity that
contains the sequestrum properly. The sinus can be surprisingly long.

Performing a sinugram

The surgeon must perform the sinugram in person and in cooperation with the X-ray
technician. The equipment is simple: standard X-ray cassettes and lead aprons; 50 %
diluted solution of urological contrast medium; a Foley catheter (CH 8 or 10); and
two syringes.

1. The patient and X-ray cassette are positioned and the radiographer sets the
exposure appropriately. Once the contrast medium is injected, there may not be
time to make adjustments.

2. The surgeon wipes the wound clean and inserts the Foley catheter into the sinus
for a few centimetres. The balloon is inflated slightly in the tight confines of the
sinus to prevent back-flow of contrast medium.

3. The surgeon then gently but firmly injects a few millilitres of dilute contrast
medium through the catheter. No contrast medium should leak out onto the
skin, dressings or X-ray cassette.

Should the sinus opening be too small for the insertion of the Foley, the surgeon
can apply a syringe without the needle to the opening with pressure. The dye is
then injected while trying to prevent it from leaking out. The technician takes an
antero-posterior picture.

4. The surgeon inspects the X-ray: if it does not show a sinus adequately, a little
more contrast is injected and another film taken. When the sinus is shown clearly,
the lateral film is taken.

Figure 22.23

Old GSW of the tibia; a chronic sinus has opened
and closed and is now “pointing”.

Figure 22.24

Patient X: a sinugram showed that the sinus was
associated with a cavity containing a sequestrum.
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Figures 22.25.1 and 22.25.2

Patient Y: methylene blue has been injected into
asinus and has stained the target sequestrum in
the metacarpal.
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22.9.6 Excision of the sinus

Sequestrectomy cannot be achieved by simply scraping the sinus with a curette. The
piece of dead bone in the depths must be found and removed; the operation should
be planned according to the sinugram. The sinus is often very small; to explore the
wound properly may involve making a partially healed wound bigger. A secondary
incision through healthy tissue may be necessary to reach and remove all the
sequestra. The procedure may have to be repeated until all dead bone is removed.

The operation is best performed under a pneumatic tourniquet. The injection of
methylene blue into the sinus assists in the identification of the tract and the surgeon
should make a mental note of adjacent major nerves and vessels.

=y
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The sinus is dissected out until the bottom is reached, where the bone fragment is
to be found. If possible, the sinus tract should be completely excised. If the sinus
communicates with a joint, a formal arthrotomy must be combined with sinus excision.
The joint capsule is closed at the end of the procedure.
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Figure 22.25.3 Figure 22.25.4
Patient X: the sinus tract has been excised and Patient X: resolution of the infection and
the bone fragment removed. consolidation of the fracture has followed.

The wound should be left open to granulate and subsequently accept a skin graft, or
be allowed to close spontaneously by secondary intention.

Please note:

Sinus excision with sequestrectomy is not always a simple operation. Frequently, the
bone fragment is surrounded by very strong, new cortical bone formation at the
end of the sinus. Very good surgical instruments are needed (different-sized sharp
chisels) to gain access to the sequestrum. While a bone such as the tibia is easily
accessible, the femur is not: ICRC surgeons sometimes recommend not operating on
patients suffering from a deep sinus of the femur because of the difficulty and trauma
associated with sequestrectomy, unless acute symptoms are present.

If a wound continues to discharge pus, dead bone has been left behind and another
attempt at sequestrectomy is called for. Repeated dressings and changing antibiotics
will not suffice.
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22.9.7 Dressing the wound and follow-up

The ideal ward dressing for a deep cavity left after excision of a sinus is cheap, non-
toxic, antibacterial and easy to apply. A daily sugar dressing after rinsing with saline
fulfils these criteria; honey is even better, but more expensive and not always available.
This method effectively cleans wounds and promotes the formation of granulation
tissue. When the exudate has stopped, a simple dry dressing changed every 3 - 4 days
is all that is needed.

Once infection has been eliminated around an unhealed fracture, there may be rapid
in-growth of callus, especially around small defects. Therefore, bone grafting should
not be envisaged until four to six weeks after complete healing.

ICRC EXPERIENCE

Over a number of years, ICRC delegates noted a specific clinical problem in the
eastern region of the Democratic Republic of the Congo. Many patients with
chronic osteomyelitis, either haematogenous or post-traumatic, spent months
or even years in hospitals, operated on or not, and received various antibiotic
cocktails. The prolonged disability and social cost of such patients were a
tremendous drain on their families.

A simple protocol was instituted to confirm the management described in the
ICRC brochure War Wounds with Fractures by Professor David Rowley:

» short-term peri-operative antibiotics;

- proper and aggressive sequestrectomy;

- daily sugar dressings;

« good nutrition;

- early physiotherapy.

At a mean post-operative follow-up of 13.7 months, 71 patients out of 168
admitted to the protocol could be traced (patient tracing is very difficult in
conflict-affected areas). Thirty-six of these patients (50.7 %) had excellent to
good overall results with regard to their pre-treatment disability. Forty-six
(63.4%) had excellent to good results in terms of clinical cure of the infection.
A full description of the clinical protocol is to be found in Annex 22.D.

22.10 Bone grafting

As with soft-tissue reconstruction, there are simple basic techniques for bone grafting
that are well within the competency of a general surgeon, and other more specialized
ones that should be left to the expert.

22.10.1 Indications for bone grafting
1. Non-union and primary bone defects.

Some Type C and most Type D bone defects, according to the RCWS, require a
graft. This is just as true for the metacarpals as for the tibia or femur, in order to
regain as good a function as possible.

Timing is important. For Type D defects, the requirement for a bone graft is
usually obvious from the very beginning and can be performed as soon as the
soft-tissue wound is well healed. In cases of non-union, the need for grafting
is apparent once sufficient time has elapsed to confirm insufficient progress in
fracture consolidation.

The bone ends must be refreshed with bone nibbling forceps until red specks
appear (Haversian vascular system) and any fibrous tissue at the fracture site
excised. Care should be taken to preserve any remaining periosteum. A bone
graft then fills in the fracture site.
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2. Correction of malunion.

The fracture site must be exposed; this is often a bloody procedure given the
growth of dense fibrous tissue during wound healing. The new cortical bone is
refractured and then the fragments realigned and a bone graft put in.

3. Infected non-union and post-sequestrectomy bone defects.

Infection can result in non-union and the removal of large sequestra required to
eradicate the infection can create a sizable gap between bone fragments.

The cleaning of an infected non-union and preparation of a subsequent
bone graft is a prolonged exercise. Bone grafting should not be performed
earlier than six months after infection has been controlled and full soft-tissue
healing accomplished.

22.10.2 Donor site and types of bone graft

The donor site from which cancellous bone chips are harvested will usually be the
iliac crest on the same side as the injured bone. Cancellous bone stimulates bone
formation: it is both osteo-conductive (the acellular matrix serves as a scaffold for
new bone deposition) and osteo-inductive (cells and substrates carry and produce
chemicals such as growth factors that stimulate bone formation). Cortical bone does
not have the same properties.

Cortical grafts and bicortical grafts, consisting of cancellous bone sandwiched
between two cortices, can also be taken from the ilium. These are required when more
complicated surgery such as mandibular reconstruction is involved.

The operative details of bone grafting are described in Annex 22.E.

22.10.3 Follow-up of bone grafting

Once the graft has been placed, the patient should be gradually mobilized with
increasing weight-bearing to stimulate callus formation.

An X-ray taken soon after grafting gives a better baseline of bone radiodensity than
pre-operative films. A successful “take” of the graft shows no radiographic change for
the first two weeks; it then becomes increasingly dense. Resorption or infection of the
graft, on the contrary, is revealed by loss of radiodensity.

The time required for bone union is variable and should be estimated primarily on
clinical grounds, as for a fracture. If after some weeks the X-ray shows that all the graft
has simply resorbed without having exerted its stimulatory effect on bone healing, the
grafting procedure will have to be repeated.

22.10.4 Complications of bone grafting

There are a number of complications related to bone grafting; infection is the most
common. When pure cancellous bone grafts become infected, they simply dissolve.
Cortical bone grafts, on the other hand, can become the nidus of later infection and
require active removal.

If donor site infection is suspected, the surgeon should not hesitate to open the
wound, wash it thoroughly and leave it open to heal by granulation. Haemorrhage
and haematoma formation at the donor site requires opening of the wound and
tamponade to achieve haemostasis.
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ANNEX 22. A Plaster-of-Paris

Bone immobilization techniques using plaster-of-Paris are simple, effective,
inexpensive and versatile. Certain basic rules and conditions must be respected
and, like all manual techniques, require practice and close attention to detail. POP is
particularly suited to surgeons working where resources are scarce.

The reader is referred to standard textbooks and to the ICRC brochure included in the
DVD attached to Volume 2 of this manual for the elementary principles of the use
of plaster-of-Paris. This Annex covers topics and techniques that ICRC surgeons have
found to be useful and appropriate.

General principles

In general, a POP splint or cast should include the joints above and below the fracture
site, which should be immobilized in their functional position. For the lower limb, the
knee is flexed to 15° and the ankle kept at 90°. In the arm, the elbow is kept at slightly
more than 90° of flexion and the hand should be immobilized in the safe position. The
unaffected fingers and toes should be kept free to allow a full range of movement of
metatarso-phalangeal, metacarpo-phalangeal and interphalangeal joints.

Swelling occurs in a limb within the first 24 — 48 hours after a fracture, severe sprain,
wound or operation. The bandages holding a POP splint in place should not be
wrapped too tightly. Tight bandaging can produce a tourniquet effect and impair
circulation, especially over the front of the ankle or the tibia where it can cause partial
or full thickness skin loss.

Immediate splitting or bi-valving of a complete cast for a fresh closed fracture is a basic
tenet of the use of plaster-of-Paris. The cast and the underlying padding and bandages
should always be split down to the skin. Excessive pain, out of proportion with the
extent of the wound, calls for the removal of the splint or cast and inspection of the
limb. In this chapter, it is taken for granted that the fractures under discussion are open.
No complete cast should be applied until oedema and haematoma have resorbed.

22.A.a Equipment

The basic materials and tools needed to perform satisfactory POP techniques are
simple, easily acquired, and undemanding to maintain.

T. Gassmann / ICRC

Figure 22.A.1 Figure 22.A.2
Plaster shears. Cast spreader.
&
i~
Figure 22.A.3 Figure 22.A.4
Cast breaker. Oscillating saw.

1. Plaster-of-Paris bandages come in several standard widths: 2.5, 10, 15 and 20 cm.
They should be kept in airtight containers because plaster absorbs moisture and
quickly becomes crumbly. Wet hands or damp rolls of plaster should not be put
into the container. Modern commercial bandages come individually wrapped in
waterproof plastic. Some hospitals produce their own using POP powder in bulk,
and gauze bandages.
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Figure 22.A.5

Materials: four 15 cm rolls of plaster; stockinet or
cotton padding; and gauze or elastic bandages.
Two slabs - each eight layers of plaster thick - are
prepared. The length of the slabs is measured on
the patient’s good limb, from the tip of the toes
to just below the greater trochanter.
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2. Stockinet of various widths corresponding to the sizes of the limb.

3. Plaster wool, also known as cellulose padding, or unbleached cotton wool
(10 and 15 cm widths).

4. Adhesive and non-adhesive orthopaedic felt.

5. Kramer wire splints or strips of wood or metal for reinforcing plaster and for
making a POP bridge-cast over wounds that need to be dressed.

6. Walking heels: either commercially manufactured or improvised from old vehicle
tyres, hard wood or plaster shaped as a 5 cm cube. The axis of the walking heel
should be just in front of the intermalleolar plane.

7. Plaster knives, shears, scissors and spreaders, a scalpel blade, and a large screwdriver,
useful for spreading, opening and levering plasters.

8. Electric oscillating plaster saw: theoretically, the oscillating blade does not cut soft
matter that vibrates and, therefore, should not cut skin. However, skin closely
pressed to the cast or adherent to hardened dressings soaked in blood can be cut
quite severely. It should also be used with great caution over bony prominences.
It cannot be used on plaster that is not yet dry.

9. Smooth metal or rubber strips 5 cm wide are useful for splitting a complete cast
following application. The strip is placed along the length of the limb before
the cast is applied. The cast is then split with a knife cutting down on the strip
without danger of cutting the skin. The strip is pulled out after the plaster is cut.

If strips are not available, the simplest method to split a wet cast is to cut
through the plaster with a scalpel blade, then complete the cut through the
cotton wool padding and bandages with shears.

The techniques used for POP can also be employed using newer materials, such as
fibreglass, polyurethane, etc.

22.A.b Initial temporary immobilization

A POP splint is most useful as the initial temporary holding method after wound
excision. In the upper limb, it can be applied for fractures of the forearm and hand and,
when combined with a sling, for some cases of the humerus. In the lower limb, it can
be used for the tibia and the foot. The only long bone not suitable for plaster splinting
is the femur.

The application of a POP posterior splint for the tibia is described here; the same
principles and basic technique apply to the upper limb. There are two simple methods
for fashioning a posterior splint. The first employs a single multilayered slab that is
applied posteriorly from gluteal crease to the tips of the toes. The “figure-of-eight”
technique using two slabs that cross behind the knee or elbow joint uses less material,
and creates a splint that is lighter and stronger, and is described in the following series
of photographs.
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Figure 22.A.6

The stockinet is applied to the leg over the wound dressing.

D. Rowley / ICRC

Figure 22.A.8

The first wetted plaster slab is applied so that it encloses the fifth toe and
lateral border of the foot, passes posteriorly over the heel and is moulded
over the calf. It continues behind the knee to end on the medial aspect of

the thigh.

D. Rowley / ICRC

D. Rowley / ICRC

Figure 22.A.10

The second slab is applied in the same fashion, but starting over the
first toe and medial border of the foot, crossing over the first slab in the

popliteal fossa, and finishing on the lateral aspect of the thigh. The figure-
of-eight or X-crossing of the two slabs in the popliteal fossa is the key to

giving this lightweight posterior splint its strength.

Figure 22.A.12

Gauze or elastic bandage is gently but firmly applied to keep the slabs in
position; it should not be too restrictive.
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Figure 22.A.7

Padding is applied over the stockinet to pressure points at risk: the
malleoli, heel, patella and head of the fibula.

D. Rowley / ICRC

Figure 22.A.9

The slab should take the configuration shown.

D. Rowley / ICRC

Figure 22.A.11

Any excess plaster is trimmed; simply folding it back results in an
uncomfortable, lumpy cast.

D. Rowley / ICRC

Figure 22.A.13

The back slab is held until the plaster has set with the knee flexed to 15°
to prevent rotation: the easiest way to ensure this is by placing a one-litre
plastic bag of i.v. fluid under the knee. The ankle joint is immobilized in
the neutral position: 90° to the axis of the tibia to avoid plantar flexion.
The finished edges should be smooth and not dig into the skin. The limb
and finished back slab are raised on a pillow. A POP-calendar is written on
the bandaging with a felt marker-pen to record dates of application and
further treatment: DPC on such and such a day, etc.
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Initial splinting of specific fractures
Similar slabs are employed for other bones. The reader is referred to standard
orthopaedic texts for the details.

J. Stedmon / ICRC

ICRC

Figure 22.A.14 Figure 22.A.15
Long arm slab for fractures around the elbow Forearm slab for fractures of one bone in
joint or of both bones of the forearm: elbow the forearm, or for the wrist or hand. Injured
in slightly greater than 90° flexion, forearm fingers should be included in the splint in
in neutral pronation-supination, wrist flexed the “safe position” (Figure 15.13). Unaffected
depending on level of fracture. fingers are left free to allow a full range

of movement.

22.A.c Definitive immobilization

After DPC, the limb can continue to be immobilized with a POP splint if oedema is still
present or visual inspection of the wound is required. If the splint is retained, it can be
taken down after 10 days for suture removal and replaced with a cylindrical cast.

The use of POP for definitive fracture holding entails the use of a cylindrical cast, bridge
cast, or spica. This definitive cast requires no more padding than absolutely necessary,
namely to protect the pressure points, since oedema should have settled by then and
the cast does not need to be split since no further swelling is to be expected.

A special case: external fixation of the tibia should be replaced with a POP cylindrical
cast as soon as possible, especially if access to the wound for further surgical care is no
longer necessary. The cast permits mobilization of the patient with load-bearing on
the fracture site, which is a potent stimulus to bone consolidation.

External fixation of the tibia should be converted
to a cylindrical cast as soon as soft-tissue coverage
has been accomplished.

As a general rule, the skin should be thoroughly washed and dried before the
application of a permanent cast. Plaster bandages should be applied by rolling them
out, without tension, each bandage covering one-half of the previous bandage. The
palm of the hand, not the tips of the fingers, should be used to hold or mould wet
bandages, to avoid creating pits that can create pressure sores.

Methods of definitive POP immobilization
A complete cylindrical cast or spica can be applied to both the upper and lower limbs.
Other modifications can also be usefully employed.

« Foot: boot-cast.
- Tibia: full-length leg cast from the gluteal crease to the toes.
« Tibia: Sarmiento patella-tendon-bearing (PTB) cast — a special type of walking cast.

« Femur: “Chinese splints” or a functional brace with knee hinges to be applied after
traction and once bone consolidation has reached the stage of allowing partial
weight-bearing aided by crutches.
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« Hip spica: applied once the soft-tissue wound has healed and the fracture is “sticky”.
Also a useful method in infants over the age of six months and as an alternative to
gallows traction.

+ Hand or the forearm: especially if only one bone is fractured.

« Shoulder (thoraco-brachial) spica: useful if the shoulder is likely to be ankylosed,
for arthrodesis, or for proper alignment of fragments in a fracture of the humeral
neck. It is not easy to fashion, and a simple alternative if alignment can be ensured
is a back slab extending from the acromion to below the flexed elbow and held in a
cuff-and-sling.

. . . . . . . Figure 22.A.16
Spicas are not easy to fashion and a hip spica requires a special table, which can 9

Shoulder or thoraco-brachial spica: shoulder
nonetheless be made locally.

abduction, flexion and rotation; elbow in 90°
flexion; forearm in full supination.

ICRC

Figure 22.A.17

Application of a hip spica on a locally-made table using a bicycle seat and aluminium tubing.

D. Odhiambo Ngota / ICRC
D. Odhiambo Ngota / ICRC
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Figure 22.A.18 Figures 22.A.19 and 22.A.20
Locally-made spica table. Hip spica: hip in 30° flexion, 10° abduction and 10° external rotation;

knee in 15° flexion.

22.A.d Tibia: Sarmiento tibial cast "

Casting of the tibia is by means of either a long leg cast, from the groin to the toes, or
the Sarmiento patella-tendon-bearing cast. Rather than the immediate application of
a Sarmiento PTB-cast, a long-leg cast can be applied for the first two weeks and then
replaced with a Sarmiento cast, which is preferred because it permits knee movement.

The Sarmiento PTB-cast is moulded around the patellar tendon, distal patella and
upper third of the tibia, where it is closely shaped to the tibial condyles anteriorly and

slightly flattened in the popliteal fossa.

gntly pop Figure 22.A.21

Materials: five 15 or 20 cm and two 10 cm
plaster bandages; two rolls of padding
and stockinet.

11 Dr Augusto Sarmiento, orthopaedic surgeon at the University of Miami School of Medicine, has specialized in
fracture healing by non-operative methods and functional fracture bracing.

in
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Figure 22.A.22

The patient sits on the end of the bed with the
leg hanging vertically, the foot not touching the
floor, thus allowing gravity to align the bones
and relaxing the quadriceps muscle. Stockinet is
put on from the toes to 15 cm above the knee.

D. Rowley / ICRC

Figure 22.A.25

The upper third of the central part is moulded
around the tibia in front and indented by both
thumbs into both sides of the patellar tendon. It
is flattened at the back in the popliteal fossa.

Figure 22.A.28

The plaster is allowed to set.
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Figure 22.A.23

The stockinet is covered with padding, paying

special attention to the vulnerable bony
pressure points.

Figure 22.A.26

The cast is left to set enough to retain the
moulded shape with the ankle kept at 90°
flexion. The two 10 cm plaster bandages are
then applied up to the superior pole of the
patella and moulded over it.

D. Rowley / ICRC

D. Rowley / ICRC

Figure 22.A.24

The central part of the cast over the tibia is
fashioned first by applying two 15 or 20 cm
plaster bandages.

Figure 22.A.27

While the plaster is still wet, the stockinet is turned
down so the patella remains covered. The plaster
in the popliteal fossa is trimmed to two finger-
breadths below the level of the popliteal flexion
crease, low enough to allow 90° of knee flexion
without the edge of the cast rubbing on the
tendons. The finished shape should encompass
the femoral condyles when the knee is flexed.
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Figure 22.A.29 Figure 22.A.30
The sole is reinforced; a rubber walking-heel The finished Sarmiento PTB-cast seen from
may be added. the front.

N. Papas / ICRC

22.A.e Post-traction support of the femur

Many patients who have undergone skeletal traction as a definitive holding method
for fracture of the femur require no further support once they are out of bed and
moving on crutches. Some, however, do better with the physical and psychological
support provided by “Chinese splints” or a hinged brace.

“Chinese splints”

“Chinese splints” — named after traditional bamboo splints - offer the simplest
method. Two straightforward plaster shells which do not overlap are held onto the
leg by bandages. They provide comfort and soft-tissue support, and a small degree of
positional control. They also give useful proprioceptive feedback to the contracting
muscles during exercise, thus making physiotherapy more effective. The “Chinese
splints” are worn until the fracture becomes immobile on firm stressing.

D. Rowley / ICRC

Figure 22.A.31

The finished cast seen from the side. The knee
should flex to 90° and fully extend.

Figure 22.A.32

Principle of the Sarmiento PTB short leg cast:
the knee can be fully flexed and extended while
the cast provides good support to the tibia.
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Figure 22.A.33

Two simple slabs are moulded to the thigh
while the plaster is setting.
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Figure 22.A.34 Figure 22.A.35
The slabs are held in place by bandaging. Locally-made knee hinges join a simple
below-knee POP cylinder to a thigh cylinder.
See Appendix.

Femoral hinged brace

The alternative is a femoral cast brace with hinges at the knee. The bi-pivotal hinge
permits normal movement of the knee, controls rotation and angulation of the
fracture, and provides vertical support.

There are two components to a femoral brace: 2 circular casts and 2 hinges. A standard
below-knee walking cast and a well-moulded plaster thigh piece are fashioned and
then connected by means of hinges, medially and laterally. The moulding of the
plaster to the soft tissues is the most important part of the procedure; the casts are
applied without padding. Hinges may be bought or made locally out of aluminium or
plastic. The centre of rotation of the hinges should be in the same plane, and in line
with the joint line.

22.A.f Definitive immobilization with an open wound

A complete cylindrical cast may be applied before the wound has fully healed. For
small wounds some surgeons cut a window in the POP to allow for dressings
(Figure 22.A.36). However, the soft tissues tend to bulge out and rub on the edges of
the window creating “window oedema”. To prevent this, the removed piece of plaster
should be put back in place and secured with an elastic bandage to diminish swelling.
Indeed, small wounds can be enclosed in a complete cast without any window or
dressing changes and allowed to heal by secondary intention, and this method is to
be preferred (Orr-Trueta technique, see Section 22.8.3). Larger wounds that do require
dressing changes will benefit from a bridge-cast.
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Figure 22.A.36

A below-knee cast with windows cut out so

that wounds can be dressed. Note the “window
oedema”. The size of the wounds does not justify
the creation of a window.

D. Rowley / ICRC

Tibia bridge-cast
A variation of a cylindrical cast is a bridge-cast, which allows access to the wound
while maintaining bone immobilization: a low-technology alternative to external

fixation for the tibia. It is most useful for the tibia, but can also be used for the humerus
or elbow joint.

1. Onecircular plaster cast is applied to the lightly-padded thigh, knee and leg to
just above the wound with the knee at 15° of flexion.

2. Asecond circular cast is applied from just below the wound down to the foot,
with the ankle at a right angle.

3. With the upper and lower fragments thus under control, traction or correction of
any angulation can be carried out easily, if necessary.

4. The two circular casts are then joined together by two or three Kramer wire

splints or metal bars, which are secured to the POP casts by circumferential turns
of a plaster bandage.

Figure 22.A.37
Constructing a bridge-cast:
a. upper cast placed first;

b. lower cast placed second.

N. Papas / ICRC

An ICRC physiotherapist, Fernando Vega, developed a sliding-sleeve mechanism
as a bridging piece that can be manufactured locally. The sliding sleeve allows for
distraction or compression or slight alteration of the fracture site and is locked in place
with a simple nut and bolt.

Figure 22.A.38

A Vega bridge-piece can be manufactured
locally. See Appendix.

ICRC
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Figures 22.A.39 and 22.A.40

Bridge-cast applied to the leg with a wound
that still requires change of dressings and
skin grafting.

F. De Simone / ICRC
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Figure 22.A.41 Figure 22.A.42
Patient walking with a Vega bridge-cast. Radiograph showing a Vega bridge-cast in place.

22.A.g Managing patients in POP

Initially, any limb immobilized in POP should be elevated when the patient is sitting
or lying down and the state of the limb carefully monitored to detect compromise of
the distal circulation that might lead to compartment syndrome and ischaemia (see
Section B.10). Even a dressing stiff with dried blood may be sufficient to restrict the
circulation. Any complaint of pain or numbness should be taken seriously and any
suspicion of circulatory problems requires immediate opening of the splint or splitting
of the cast, cutting the bandaging, padding and dressings down to the skin and
levering the cast open. If there is no improvement, fasciotomy and decompression of
all compartments are called for.

Check the distal circulation.

An X-ray should be taken to check the alignment of the fracture after the application
of a cast. If it is satisfactory, weekly films should be taken for two weeks and then
monthly to union. Malposition of bone fragments must be corrected in order to avoid
malunion; the cast must be removed, the fracture reduced correctly, and a new cast
applied. X-rays are only an adjunct to good clinical examination of the patient, however.
Clinical union of a fracture is defined as X-ray evidence of progressive callus formation
and clinical evidence that healing is taking place. Radiological union takes longer than
clinical union and the patient does not have to wait for this to start weight-bearing.
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In fractures of the lower limb, weight-bearing results in rapid bone healing and
patients should be encouraged to get out and about with crutches as soon as possible;
mobilization should begin after the POP is completely dry, which takes about 40 hours.
In addition, the patient should fully mobilize the free joints and undertake isometric
exercises to maintain muscle tone while wearing a cast. Active and passive movement
of the joints and development of muscle tone should also be encouraged after removal
of the plaster cast. Without motivated physiotherapy the physical rehabilitation of an
injured limb is very slow and the functional result poor.

Move the patient and the joints as soon as possible
- and encourage the patient to do the same.

22.A.h Complications of POP

“Plaster disease”

The application of a plaster cast with the joints immobilized invariably results in
joint stiffness, muscle wasting and osteoporosis. Isometric exercises while wearing
the cast, early weight-bearing and the use of functional braces, and post-removal
physiotherapy reduce these phenomena to a minimum and promote a rapid retrieval
of function.

Malunion and non-union

Malunion and non-union never result from the proper use of a POP cast. They are due
to poor technique. Malunion is caused by inadequate reduction of the fracture. Non-
union is due to excessive movement at the fracture site because of too much padding,
an insufficient quantity of plaster bandages, or poor quality bandages.

Skin problems

Patient hygiene is an important consideration and the presence of a splint or cast
prevents washing. The skin under the plaster becomes dry and scaly since shed
epithelium cannot be washed off and may become a focus for dermatitis, maceration
of the skin, rash and infection. Thorough washing of the limb prior to wound excision
and again before application of a cast can diminish if not entirely prevent skin problems.
Patients discharged wearing a cast and managed on an outpatient basis also suffer
these problems when the cast becomes wet and breaks down. The patient should be
instructed on how to protect the cast at home and on how to ensure personal hygiene
of the rest of the body while wearing it.

A sensation of burning or rubbing under the cast might indicate the development of
a sore. The cast should be removed, the skin condition dealt with, and a cast reapplied.
Correct technique with adequate padding over bony pressure points (heel, malleoli,
head of the fibula and olecranon) is essential to prevent the formation of sores.
Excessive padding does not compensate for poor technique, but rather results in an
ill-fitting cast with lack of immobilization and undue movement.
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APPENDIX

These items may be manufactured locally or ordered from an ICRC operational
delegation in a country which is the scene of an armed conflict.
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All measurements remain the same except for A, which may be 4, 6, 8 or 10 cm,
depending on the height of the patient.
Figure 22.A.43

Polycentric joint for a knee hinge.
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All measurements remain the same including angles except A: 6, 10, 15, 20 or 30 cm
depending on the height of the patient and the size of the wound.

Figure 22.A.44
Vega bridge-piece.
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ANNEX 22.B Traction

Traction is an ancient technique: a simple sling has been used for fractures of the
humerus since time immemorial. Skin traction by means of a Thomas splint was the
standard care for fractures of the femur during World War I. Skeletal traction proved to
be the safest and simplest method for mass treatment of femur fractures in World War II.
A noted advantage was that the technique was readily mastered by the extra-medical
personnel recruited to serve and who had had no previous experience of orthopaedics
in their civilian practice: general practitioners, obstetricians, paediatricians, etc.

Traction may be applied in several forms: physiological, cutaneous and skeletal.

22.B.a Biomechanical principles of traction

The basis for traction treatment lies in the concept of ligamentotaxis. The limb can
be visualized as a cylinder of soft tissues pulled and elongated by the traction force,
which then pulls and moulds the bone fragments into place until callus has formed
and is sticky enough to maintain length.

Ligamentotaxis: traction applies a force to the soft tissue
of the limb, not to the bone.

The elongating force opposes the tone in the muscles surrounding the fracture site,
thus enabling the bone fragments to be slowly pulled into alignment as the muscle
tone is overcome. The elongating force may be applied either via a physiological force
(weight of the limb), adhesive tape (skin traction) or a pin (skeletal traction) depending
on how much force needs to be applied.

22.B.b Traction techniques

Physiological traction

Physiological or functional traction is used for fractures of the clavicle or humerus and
relies on the weight of the arm and gravity to reduce and immobilize the bone within
its soft-tissue sleeve. For the clavicle a simple triangular or figure-of-eight bandage
is sufficient. For the humerus, the arm is kept suspended in a narrow wrist cuff-and-
collar sling; the elbow should not be supported in the sling, only the distal part of
the forearm. A very light POP U-slab may be added for extra protection. Physiological
traction suffices for both initial and definitive fracture immobilization.

Figure 22.B.1

Ligamentotaxis: the leg can be compared to
a balloon with solid fragments in it. Pulling
the balloon by traction moulds the fragments
into place.

Figure 22.B.2

Physiological traction of the humerus.
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Figures 22.B.3 and 22.B.4
Strapping of the humerus.

Figures 22.B.5 and 22.B.6

Gallows traction in a frame.
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Skin traction

Skin traction is indicated for fractures of the femur in infants and children and frail
elderly patients requiring a small amount of traction. Application of adhesive strapping
requires proper degreasing of the skin with tincture of benzoin or ether. Both initial
and definitive immobilization can be ensured.

For infants below 12 - 15 kg of body weight (usually less than three to four years of
age), it is applied in the form of “gallows traction” on both legs, which are hung up
above the patient with hips in 90° flexion, allowing ease of bowel toilet and nursing
care (Figures 22.B.5 and 22.B.6). For older children and the elderly, the lower limb is left
lying flat on the mattress: in-line extension Figure 22.B.7. Up to 5 kg of traction can be
applied, provided the patient has healthy skin.

N. Papas / ICRC

Figure 22.B.7 Figure 22.B.8

In-line extension skin traction. “Airplane-wing” splint to prevent rotation of the
limb during in-line extension.

Skin traction can also be used for fractures of the femur in adolescents and young
adults, usually in conjunction with a Thomas splint or one of its modern variations.
Adding a POP back slab and plaster bandaging around the sidebars of the Thomas
splint created the “Tobruk splint” It is an inexpensive and useful technique for
evacuation and transfer of patients if external fixation is not used.
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Skeletal traction
A pin is placed in the bone to act as a focal point for the application of traction.

Skeletal traction is used for:

« fractures of the femur;

- some fractures of the distal humerus around the elbow;

- fractures of the tibia, particularly around the knee joint or in the distal third.

Skeletal traction is the most common method of fixation used for the femur when
working with limited resources, both as initial and as definitive bone holding. The leg
is supported by means of a Braun-Bohler frame or one of its modifications; always a
golden opportunity for surgeons and physiotherapists to test their inventiveness. It can
be converted to external fixation if required. Subsequent to skeletal traction, “Chinese
splints” or a POP functional hinge-brace may be applied.

22.B.c Pin placement

The limb should be washed, prepped and draped as for any operation. Local
anaesthesia can be used to place the pin or, if a debridement is to take place at the
same time, general anaesthesia.

The pin should always be placed from the side most at risk, dissecting out the
neurovascular bundle to protect it. This means the lateral aspect for the tibia, and the
medial for the femur, calcaneus and olecranon.

For the femur, the best site is the upper tibia, 2.5 cm distal to and 2.5 cm posterior
to the tibial tubercle. There is minimal muscle insertion at this site and the knee can
be bent without distorting the traction force. If skeletal traction is used when the
patient’s growth plates are still open, the pin should be placed in the distal femoral
metaphysis and inserted from medial to lateral, 2.5 cm proximal and anterior to the
epicondyles (Figure 22.B.12). If possible it should be done with the knee in flexion so
that the fixation of the tendons of the vastus lateralis and fascia lata is in the stretched
position, thus allowing easy extension. If not, active flexion is very difficult.

1. Askinincision 1.5 cm long is made on the lateral side of the lower leg.

2. The muscles of the antero-lateral compartment are gently pushed down with
an artery forceps to expose the bone, thus avoiding injury to the common
peroneal nerve.

3. Using a hand drill and a 3.2 mm bit with a guard to protect the soft tissues, the
tibia is perforated from lateral to medial. To counteract the natural tendency
of the leg to turn inward, the drilled hole should be angulated to exert a slight
external rotation

Bone drilling should be done slowly and gently; excessive speed produces heat
and compression causing thermal bone injury and making the pin site prone to
infection. The use of a power drill should be avoided.

4. A4 or5mm Steinmann or Denham pin on a hand chuck or “T"-handle is slowly
inserted down the predrilled hole until it emerges.

5. The medial incision is performed where the tip of the pin appears under the skin.
The skin incisions are extended if necessary to relieve any tension around the pin.
They should never be sutured.

6. Abow or stirrup is positioned over the pin. The bow rotates freely on an oiled
bearing avoiding any rotation of the pin itself in the bone, which would lead to
pin loosening and subsequent infection.

Figure 22.B.9

Thomas splint.

Figure 22.B.10

Steinmann pin in position in the tibia. It has
been inserted from the lateral side.

Figure 22.B.11

Bohler-Steinmann stirrup.
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Figure 22.B.12

Traction pin placed in the femoral metaphysis
and an empty vial used as a pin guard.

Figures 22.B.13 - 22.B.15

Classical and modified Braun-Bohler traction

frame; improvisation by ICRC physiotherapists.
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7. A pin guard fashioned from a cork or an empty medicine vial — the pointed tip
pushed through the rubber diaphragm - is placed to protect both patient and
staff from injury. Gauze impregnated with a dilute antiseptic solution is placed
over the pin sites and covered with a bandage to prevent the patient from
fiddling with the pins.

The pin site should be checked every day for tenderness, firmness in the bone and
inflammation of the surrounding skin. The gauze should not be allowed to adhere to the
pin or skin and the dressing should be changed every two or three days unless the gauze
becomes soaked with exudate. The site should be cleaned with normal saline or a dilute
antiseptic and kept free of any encrustation that prevents exudation around the pin.

A power drill or hammer should not be used for
pin insertion.

Please note:

Two sorts of pins are available: the smooth Steinmann pin is stronger but has a
tendency to slide in the bone, which is not the case with the threaded Denham pin.
If the Denham is used, it should be colour-coded so that on removal the surgeon
remembers to unscrew and not just pull. In addition, since pins are reused when
working in a resource-poor setting, the tips need to be sharpened regularly.

22.B.d Managing traction of the femur

In war wounds reduction of the femur fracture is relatively easy because the damaged
muscles around the fracture site have been excised resulting in a loss of soft-tissue
volume. The pulling effect of the muscles on the proximal and distal bone fragments is
therefore decreased and there is rarely any interposition of muscle between the bone
fragments as frequently occurs after blunt trauma. Also unlike blunt trauma where
the femur is often stripped of periosteum, in projectile injuries the damage to the
periosteum remains localized and a sleeve is usually retained; consolidation time of
the fracture in well-treated war wounds is usually shorter than with blunt injury.

As a general rule, traction of the femur should begin with 1 kg per 10 kg body weight.
This force counteracts muscle contraction and, after a few days, the muscles relax.
Consequently, the traction weight can quickly be decreased accordingly. Monitoring
of the fracture site is important to avoid distraction of the bone ends due to
excess weight.

A counterforce must be applied to prevent the weight simply pulling the patient down
the bed and is achieved by raising the foot of the bed so that friction and gravity resist
the pull. Measures must be taken to prevent the development of bedsores.

Position of the leg in traction

In any fracture, different forces are at work on the proximal and distal bone ends. The
proximal fragment takes up a position determined by the balance of forces of the
muscles that remain attached to it. The distal fragment takes up a position determined
by gravity if not held in check. For traction to succeed, the distal fragment must be
aligned with the proximal fragment and then the two held in this position.

A Braun-Bohler frame is most suitable for fractures of the lower two-thirds of the
femur. The position of the traction cord can be varied through a system of pulleys
to maintain the traction force along the axis of the limb. The frame elevates the limb
and fine adjustments can be made by placing padding under the thigh. Foam pads
are excellent; they are versatile, cheap and washable. Care must be taken to correct
posterior sagging, a common occurrence in these fractures. The femoral component
of the frame should be adjustable to take into account differences in patient height
and therefore length of the femur.
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The Braun-Béhler frame is not very well adapted to holding a fracture of the upper
third of the femur. In such fractures, the powerful psoas and gluteal muscles flex and
abduct the proximal fragment. To align the distal fragment with this flexed proximal
fragment both the hip and the knee are flexed to 90° as shown in Figure 22.B.18, thus
minimizing the effect of the muscles on the proximal fragment. The position need only
be maintained for four to six weeks and presents the advantage that the knee and hip
can easily be mobilized when the limb is lowered onto a standard traction frame. This
consideration applies particularly to closed fractures of the femur and is much less
relevant with projectile wounds. A standard Braun-Bohler frame should be used first
and, if found to be inadequate, changed to the position described.

D. Rowley / ICRC

Figure 22.B.16

Preparation of a Braun-Bohler frame.

Figure 22.B.17

Patient on skeletal traction.

Figure 22.B.18

A modified traction frame with a series of
pulleys to treat a high femoral fracture. The
hip is flexed 90° permitting the alignment of
the distal fragment with the flexed proximal
fragment. The position of the kneg, flexed to
allows the joint to be fully exercised.

90°,
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Figure 22.B.19

Alternative method to a Braun-Bohler frame for
a proximal femur fracture.

Figure 22.B.20

Traction ward in an ICRC hospital.

Figure 22.B.21

Controlling the traction and position of
the patient.
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Monitoring of the patient and nursing care

Management of a patient in traction is an active process. Dedicated nursing and
physiotherapy staff are important; understanding what traction can achieve is
essential for its successful management.

A special “traction ward” can be created and is usual practice in ICRC hospitals. Ideally, a
mobile X-ray machine is available. If not, a bed on which wheels and a traction system
can be fixed is of great assistance in moving patients about and bringing them to the
X-ray department, which should be situated close to the traction ward to allow easy
access without having to alter the position of the limb. If radiography is unavailable
or proves too onerous, monitoring should be pursued by clinical palpation of the
fracture site.

The position of the patient and the limb in traction should be checked several times a
day for the first two weeks, as alignment may easily alter. The overall alignment of the
limb should be verified while looking from the foot of the bed: the mid-inguinal point,
the knee and ankle joints, and the second toe should all lie in the same plane.

X-rays should be taken within 24 hours of traction application to act as a baseline,
and repeated weekly thereafter for the first three weeks. Good position and alignment
should be obtained as early as possible because as the wound heals the soft tissues
adhere to the bone fragments thus preventing later adjustment of the position. After
one week the muscle pull will have been overcome and the X-ray will show whether
the bone fragments are properly aligned. If not, traction weight may be added or
removed and padding under or around the limb applied. The position must be
checked and adjusted repeatedly until a satisfactory outcome is achieved. After the
first month, it is sufficient to take films once a month until union.
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Figure 22.B.22 Figure 22.B.23
Post-debridement X-ray with over-distraction of ~ The weight was corrected. Proper alignment
fracture ends. and good osteoneogenesis at five weeks.

Radiography verifies the position of the fracture. Weekly clinical assessment checks
bone healing; the weight is temporarily removed and the fracture site palpated
and stressed.

Cleaning and dressing of the pin site should be basic nursing care, as is attention to
the skin and bowels, and are all a vital part of the treatment of a patient in traction.

Mobilization of joints

Early exercises to maintain muscle tone and movement of joints are important.

Movement of the joints by temporarily removing the weight should be encouraged
as soon as patient comfort permits, usually after one week. However, if the soft-tissue
wound is large, active physiotherapy can be painful and may hinder wound healing.

Good analgesia assists good physiotherapy.

Mobilization of the patient in bed

The patient must be monitored for the development of bedsores and kept mobile while
bedridden; at the same time the alignment of the limb must be maintained. The foot of
the bed should be kept raised on blocks to avoid the shearing force of the patient sliding
down the bed and the bed linen should be kept as wrinkle-free as possible.

An overhead ring or bar or sling attached to the foot of the bed helps patients lift
themselves up off the bed, assists in the use of the bedpan and relieves pressure zones.
The patient can sit up after a few days. As part of the exercise routine, patients should
raise their bodies up from the bed on straightened arms.

Removal of traction and mobilization out of bed
Radiological consolidation always follows clinical consolidation and should not be a
determining factor.

There is no need to wait for full radiographic continuity
before mobilizing a patient out of bed.

Figure 22.B.24

Mobilization of the joints of a patient in
skeletal traction.
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Figure 22.B.25

GSW to the thigh. X-ray on admission, before
debridement. Note the loose bone fragments.

Figures 22.B.28 and 22.B.29

Calcaneal pin and traction of a tibial fracture
with the level of the pulley ensuring that the
line of pull is along the axis of the limb.
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Removal of traction and mobilization of the patient out of bed can start as soon as the
fracture is “sticky”, usually after four to five weeks; it is not necessary to wait for clinical
union. The decision to withdraw traction should be made solely on clinical grounds,
and only confirmed by X-ray evidence of progressive callus formation.

The weight is temporarily removed from the traction cord and the surgeon rotates the
limb to see if it moves all in one piece, and then passively raises it to check whether such
movement causes any pain. The fracture site is gently palpated for discernable callus
formation and stressed by gentle pressure and bending. Finally, the patient is asked
to actively raise the limb. If this can be achieved without pain, the examination has
proven positive and the traction can be discontinued. In the absence of radiography
facilities, this careful clinical examination alone must suffice.

D. Rowley / ICRC
D. Rowley / ICRC
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Figure 22.B.26 Figure 22.B.27

X-ray after debridement. X-ray at five weeks: good calcification was
present and the traction removed.

The patient should stay in bed for one more week after discontinuation of traction,
during which time the joints are mobilized and muscles strengthened. The patient
sits on the edge of the bed and flexes the knee up to 90° (compared to the 30° on
the Braun-Bohler frame) and reinforces the quadriceps by raising the leg against
gravity. When muscle tone has recovered, the patient can get out of bed supported
on crutches, but without weight-bearing. In principle this would mean keeping the
foot off the ground; in practice some degree of weight-bearing always occurs once the
patient puts the foot down. This is not important since the pain feedback mechanism
prevents putting too much weight on the limb. Gradually, more and more weight
is shifted onto the limb as the patient’s confidence builds up and pain recedes with
increasing consolidation of the fracture.

Certain fractures may need some form of POP support, for example a transverse
fracture developing a small and fragile callus. “Chinese splints” or a functional brace
will help. The earlier the mobilization, the more likely the need for some form of
external support.

22.B.e Skeletal traction of the tibia

A 3 mm Steinmann pin is inserted through the calcaneus, the entry site lying 2.5 cm
below the medial malleolus. The soft tissues are carefully and bluntly dissected with a
haemostat to avoid injury to the posterior tibial artery. Strict adherence to the protocol
for pin insertion is particularly important since infection in the calcaneus is difficult to
eradicate. The traction weight is 0.5 kg per 10 kg body weight. Patient management
continues as for the femur.

D. Rowley / ICRC
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22.B.f Skeletal traction of the humerus

Some fractures of the humerus, particularly around the elbow, are difficult to reduce
and hold by physiological traction through a cuff-and-collar sling. Skeletal traction is
an alternative to external fixation for these patients. A thin Steinmann pin or Kirschner
wire is introduced into the olecranon from the medial side, dissecting out the ulnar
nerve. Traction weight should begin with 2 kg in an adult and reduction checked twice
during the first week by radiography; the weight should be adjusted accordingly.

A.Molde / ICRC

22.B.g Complications of traction

Poor results associated with skeletal traction itself, rather than due to the severity of
the original wound, are the result of poor technique and failure of proper supervision
or adequate physiotherapy.

Delayed union and non-union

There is no simple answer regarding when a femoral fracture is “united”and estimations
are always approximations. A fracture is usually “sticky” after 4 weeks and clinically
united at 7 — 8 weeks. Full radiological union before 10 weeks is unusual. In penetrating
injury these timeframes are usually shorter than the ones the surgeon sees in blunt
trauma; this is largely due to the difference in the extent of periosteal stripping.

The monthly radiographs usually show progressive callus formation from four weeks
onwards; no callus after eight weeks is a bad sign. Undue fracture mobility after eight
weeks associated with lack of callus progression on the X-ray, qualifies as delayed
union. This is a rare occurrence in projectile fractures of the femur and is usually the
result of infection.

If the fracture is “sticky” but not progressing, the patient should be mobilized in a
functional brace or cast to provide the stimulus for bone healing.

Malunion

Fractures of the upper third and lower third of the femur are the most common sites
for malunion while under traction treatment. In the proximal third, flexion exerted by
the psoas muscle has usually not been overcome, although this is more common with
closed fractures than with war wounds. In the case of the lower third, the fracture sags
into the traction frame creating a posterior angulation because of the pull from the
gastrocnemii; this can be lessened by knee flexion and padding.

Such malunion can be prevented by careful supervision and regular control X-rays. In
general, 10° angulation in any direction is acceptable in adults, although it is usually
possible to obtain a better result than this. Valgus deformity in the lower limb is more
serious than varus because the leg is normally oriented inwards.

Figures 22.B.30 and 22.B.31

Skeletal traction of a fracture of the humerus.
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Pin track infection
Pain around the pin often indicates deep infection; it should be taken seriously. By
contrast, inflamed skin around a firm and painless pin is only a superficial infection.

If the pin is firm but the skin red, tender and adherent, the pin site should be opened
with a knife and forceps to provide for drainage and irrigated daily with a dilute
antiseptic solution. The pin must be kept free from the skin. Antibiotics are only
necessary if there is a spreading cellulitis.

If the pin is loose, the pin track is infected and the pin must be removed. Under
anaesthesia in the operating theatre, the pin is taken out and any pus released. The
track should be curetted. If there is evidence of a ring sequestrum, indicated by a circle
of dense white bone around the pin on the X-ray, the track should be over-drilled and
curetted. If dead bone is retained, chronic infection will follow.

Infected pins must be removed.

A new pin should be inserted if traction is to be continued. For the femur, if the tibial
tuberosity is lost as a site, a femoral or calcaneal pin is the next best choice. As a
last resort a pin can be inserted into the distal tibia, taking care to avoid the lateral
malleolus of the fibula and passing behind the tibialis anterior tendon.

Muscle wasting and bedsores

As with “plaster disease’, lean body mass is lost during the immobility in bed imposed
by skeletal traction. Exercises help maintain muscle mass and attention should always
be paid to nutrition.

Bedsores are caused by prolonged immobility coupled with shearing forces between
bone and the overlying skin and subcutaneous fat, and exacerbated by loss of body
mass. The patient must be kept mobile while in bed and taught to raise the body
frequently. The development of bedsores indicates the need to change the method
of bone immobilization.

Depression
Psychological support of the patient is also essential. Many people, especially the
young, do not easily tolerate bed confinement for weeks on end.
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APPENDIX

INJURIES TO BONES AND JOINTS

Two examples of Braun-Bohler frames that can be manufactured locally.

Figure 22.B.32
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A
Main frame
Different sizes according to patient height (cm).

Measurements Large Medium Small
A 100 88 76
B 68 50 48
C 36 32 30
D 34 28 28
E 20 15 13
F 28 23 14
G 28 24 14

Figure 22.B.33
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Figures 22.C.1 - 22.C.6

Basic elements of an external fixator set.

Figures 22.C.7 and 22.C.8

Improvised external fixators.
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ANNEX 22.C External fixation

The concept of an external fixator is relatively simple and straightforward. Screws
or pins are placed into the bone proximal and distal to the fracture site, which are
then joined together to create a metallic “exoskeleton” that bridges the fracture and
maintains the length and position of the bone.

External fixation is a specialist’s technique, although it is implemented by general
surgeons in ICRC practice. The technique requires considerable skill and experience
on the part of the surgeon both to make the constructs and to follow up the patient. A
rather wide range of elements is necessary, although a basic set of instruments can be
defined. The best system is one that is easy for the non-specialist to use and includes
the smallest number of components.

22.C.a Equipment

A number of commercial systems of different sizes are available. Many surgeons
have incorporated Steinmann pins in a plaster cast; others have improvised simple
systems using wood, bamboo or metal components joined with plaster bandages or
bone cement. The easiest system to apply for the non-specialist is one that allows free
placing of the pins, the positions not being determined by the frame.

Many other elements exist for the specialist surgeon.

T. Gassmann / ICRC

Figure 22.C.1 Figure 22.C.2
Schanz screws or Steinmann pins, all commonly External tubes or bars, the length depending on
referred to as“pins”: either self-drilling (pictured the bone to be held.

here) or requiring pre-drilling by a smaller-sized bit.

T. Gassmann / ICRC

Figure 22.C.3 Figure 22.C.4
Pin-to-tube clamps. Tube-to-tube clamps.
8
é
=
Figure 22.C.5 Figure 22.C.6
Instruments needed to place the screws or pins: Hand chuck.

soft-tissue guard.

ICRC
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22.C.b Pin placement and insertion

The wound should be carefully studied beforehand to decide on the sites for placement
of the pins in order to obtain both axial and rotational alignment of the fracture. The
tibia, humerus and bones of the forearm require at least two pins proximal and two
distal to the fracture site; the femur requires three and three.

Pins should be inserted at right angles to the long axis of the bone and should not
pierce muscle or tendons. They should not be inserted into the wound itself; if this
cannot be avoided, another method of bone immobilization should be chosen.

Pins should not be inserted into the wound itself.

Each pin must traverse both cortices of the bone to ensure the stability of the fixator.
However, the distal cortex must only just be perforated; if pins penetrate too far beyond
they may cause muscle tethering, damage to nerves, or even injury to an artery.

The placement of external fixation pins follows a similar protocol to that for a traction
pin. For each pin the following steps are taken.

1.

2.

A 1.5 cm incision is made in the skin parallel to the long axis of the limb.

Using a hand drill and a small calibre drill bit, both cortices are drilled through while
using a special guard to protect the soft tissues. The depth of the pin hole - thickness
of the soft tissues superficial to the bone plus the diameter of the bone — can be
measured using a special gauge, thus giving an indication of the length of pin required.

Please note:

A power drill should be avoided, because of the risk of overheating and
compression (see 22.B.c).

A Schanz screw of a calibre larger than the drill bit is screwed into the bone by
T-handle or hand-chuck until the measured depth has been reached.

The surgeon should pay attention to the resistance felt as the Schanz screw passes
through the bone: initial resistance of the first cortex, yielding as the pin passes
through the marrow; and resistance again when the second cortex is reached.
Once this second resistance is felt, three half-turns of the T-handle are usually
sufficient to pierce the second cortex.

Please note:

A self-drilling Schanz screw exists that does not require pre-drilling. The same
principles for its insertion apply, except that the pin-hole depth cannot be
accurately estimated and the surgeon must pay particular attention to feel the
change in resistance when traversing the cortices.

Figure 22.C.9

Incorrect placement of pins using an improvised
fixator; the skin is under tension and the pin is
going through the wound.

Figure 22.C.10
Placing the pin with a hand drill.

Figure 22.C.11

Using a special guard to protect the soft tissues.
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4. The procedure is repeated for each Schanz screw. Any skin tension around the
pins must be released by extending the incision.

5. The Schanz screws are joined to side tubes by pin-to-tube clamps. The tube
frame should be close to the skin but allow sufficient room for access to
the wound.

6. The pin sites are covered with separate gauze compresses. The “dead space”
between the skin and tubes is filled with fluffed gauze dressing held in place
with an elastic bandage.

22.C.c Construction of the frame

Two possible constructs of an external fixation frame are possible depending on the

expertise of the surgeon.

Modular technique

Two pins joined by a tube are placed in each major bone fragment creating two

separate modules. The two tubes are then joined by a third cross-tube, loosely held.

The two modules are manoeuvred, the tubes serving as handles, to reduce the fracture
and the cross-tube tightened in position. A second long tube may be added between

at least the most proximal and most distal pins to assure greater rigidity of the device
sometimes three or all four of the pins can be held by the second tube.

D. Rowley / ICRC

D. Rowley / ICRC

F. De Simone / ICRC

Figure 22.C.12

Modular technique: two pins are placed in each
major fragment and the pins joined with short
tubes creating two separate modules.

Figure 22.C.15

Mono-axial side-tube method: the four Schanz
screws are well-aligned in a row.
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Figure 22.C.13 and 22.C.14

Modular technique: the two modules are manoeuvred into position aligning the bone, both
axially and rotationally, and the two short tubes joined together with a cross-tube. A second
tube may then be applied to make the device more rigid.

Mono-axial side-tube method

’

The pins are placed well aligned in a row and all the pins held by a single long tube.

This method requires experience on the part of the surgeon.

The tube is prepared with four pin-to-tube clamps. The first Schanz screw is inserted
into the main bone fragment, 2 — 3 cm from the proximal joint, and then passed
through a pin-to-tube clamp. A second screw is similarly placed through a clamp into
the second main fragment, also 2 - 3 cm from the distal joint. Slight traction by an
assistant will distract the fracture allowing complete manual reduction. The pin-to
tube clamps are tightened to secure the reduction. The axial and rotational alignment
of the main bone fragments is checked. The remaining two screws are now inserted
through the remaining clamps, one in each fragment. Another pin-to-tube clamp is
attached to each screw and a second tube may then be added if required.
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External fixator applied to the tibia

Being a subcutaneous bone the tibia is readily accessible and application of a fixator
is relatively uncomplicated. At least four pins are required: two above the fracture site
and two below. A single pin on one side cannot provide adequate stability; if there is
not room for two, a pin may be placed in the tarsus or an alternative method of bone
holding should be chosen.

The anterior crest of the tibia is the ideal site for pin placement as there is little soft
tissue and the fixator does not catch the other leg during walking. The pin should
engage two-thirds of the bone shaft; more superficial placement can lead to the pin
tearing out of the bone. The fixator should not be applied from the lateral side through
the antero-lateral compartment.

External fixator applied to the femur

The femur is surrounded by a voluminous muscle mass and dissection down to the
bone for pin placement is far more difficult than for the tibia. Proper posterolateral
placement of the pins is important to avoid tethering any muscles and impeding joint
movement. Three pins are required proximal to the fracture site and three distal.

R. femoris

Medial intermuscular septum

T

V.intermedius

V. lateralis

/
—

-

Lateral intermuscular septum Plane of dissection

R. Coupland / ICRC

i
|

™

Figure 22.C.16

Incorrect and correct engagement of the pin in
the anterior crest of the tibia.

Figure 22.C.17

Correct plane of dissection for the placement of
pins in the femur.

Figures 22.C.18 and 22.C.19

Correct pin placement postero-laterally.

Figure 22.C.20

Incorrect pin placement tethering the quadratus
femoris muscle.
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External fixator applied to the humerus

The humerus is readily accessible in the lateral groove between the biceps and triceps
muscles. Two pins are required proximal and two distal to the fracture site. Care must
be taken not to injure the radial nerve that passes around the bone or go too far
beyond the second medial cortex where the brachial artery lies.

H. Nareddine / ICRC
H. Nareddine / ICRC
H. Nareddine / ICRC

Figure 22.C.21 Figure 22.C.22 Figure 22.C.23

Gunshot wound of the humerus: X-ray on Post-debridement radiograph; the fracture was Correction of the alignment by means of
admission prior to debridement. held in a POP back slab and cuff-and-collar sling. external fixation; healing in progress.
Figures 22.C.24 and 22.C.25

Application of external fixation to the humerus.

H. Nareddine / ICRC
H. Nareddine / ICRC

Figure 22.C.24 Figure 22.C.25
Functional result: extension. Functional result: flexion.

22.C.d Management of the patient in external fixation
After application of an external fixator the limb should be elevated.

A control X-ray is taken as soon as possible to confirm bone alignment. Malunion can
be avoided by early adjustment of the construct under light anaesthesia, if necessary.
Adhesions around the fracture site and oedema render late adjustment much less

effective. Accepting poor alignment defeats much of the purpose of applying an
external fixator.

The pin sites should be cared for as described for a traction pin, an essential aspect if
the fixator is to be maintained for a lengthy period of time. Mobilization of the joints
should start as soon as possible, soft-tissue wound permitting. Weight-bearing is
usually painful at first, but should be encouraged nonetheless.
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As ageneral rule, once the soft tissues have healed and the open fracture has converted
to a closed one, the fixator can be removed and a POP cylindrical cast applied. This
concerns the tibia in particular and usually means removal of the fixator after two to
five weeks, depending on the method of soft-tissue closure. Early removal of the pins
can be painful and should be carried out in the operating theatre under short general
anaesthesia; the pin tracks should be curetted and dressed.

External fixators should be removed and replaced with
plaster casts as soon as possible.

22.C.e Complications

As with any invasive technique using specialist technology, complications are many.
The more serious and frequent are described here.

Infection of pin tracks and pin loosening

Most early infections of pin tracks are secondary to residual contamination or infection
in the wound itself. Lymphatic drainage from the area of the wound often adversely
affects the proximal pins. The other major cause is poor technique of pin insertion
leading to damage to the bone and surrounding soft tissue. Meticulous technique
and pin site care are essential. Infection leads to loosening of the pin, and is revealed
by discharge and pain at the pin site and undue discomfort on weight-bearing.
Radiotranslucency around the pin is a late sign. A possible late sequel is pin-induced
osteomyelitis and a “ring” sequestrum of the bone around the pin site.

An infected pin site is managed according to whether the pin is firm or loose (see
22.B.g). A loose pin means bone track infection and it should be removed. Under
anaesthesia the track should be curetted and a new pin inserted in a new site. Whether
pin repositioning is possible depends on the fracture site and the design of the
construct; the whole fixator may have to be reapplied. Multiple infected and loose
pins call for a different method of immobilization.

Eventually, all pins loosen and become infected as a normal consequence of weight-
bearing; another good reason for removing the fixator as soon as possible.

Delayed union and non-union
The rigidity of bone immobilization with external fixation has a negative influence on
the speed of fracture consolidation.

A potent stimulus for periosteal osteoneogenesis is multi-axial micromovement at
the fracture site. Any inhibition of this movement also inhibits callus formation. A
special frame to stimulate callus formation must be installed if the fixator is to be left
in place for a prolonged period. The frame can be partially destabilized along the axis
of the bone (“dynamization”) to provide axial compression and micromovement at
the fracture site, but places great stress on the bone-pin interface and the pins often
become infected and loosened. Dynamization requires much more sophisticated
equipment and expertise; again highlighting the importance of early conversion to a
weight-bearing plaster cast.

External fixation is most useful in those wounds where non-union is likely anyway
because of severe comminution associated with a large bone defect and loss of
periosteum. Such fractures usually require a bone graft in any case.

Injury to nearby structures

Proper placement of the pins involves a good knowledge of the anatomy of the
limb. Proper technique will avoid injury to major nerves and blood vessels. A
pseudoaneurysm, presenting late, is one well-known complication.

Tethering of tendons and muscles by the pins prevents joint movement, thus defeating
one of the main advantages of external fixation.

Figure 22.C.26

All four pins are loose as indicated by the
bone resorption around them. The periosteal
reaction around the lowest pin is most proba
associated with infection.

bly
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Figure 22.C.27

Correct positioning of the pins and complete
flexion of the knees.

R. Coupland / ICRC

Figure 22.C.28

Incomplete flexion of the knee: incorrect
positioning of the Schanz screws.

R. Coupland / ICRC

Mechanical problems with the device
As with any apparatus consisting of numerous elements, with time and use some

components may no longer function properly. These should be discarded and
replaced; often a very expensive exercise.

ICRC EXPERIENCE

In the 1980s and early 1990s, there was widespread use of external fixation by
ICRC surgeons who spent an average of three months on mission. This rapid
rotation did not allow for a correct follow-up, and most surgeons were unaware
of the complications that their successors had to deal with. After a clinical study
demonstrated the high rate of complications and failure of treatment, the use of
external fixation was radically reduced.

In conclusion, external fixation is not an easy option in conditions of war surgery. It
should only be used when there is no reasonable alternative.
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ANNEX 22.D ICRC chronic osteomyelitis study

In the province of South Kivu in the Democratic Republic of Congo, after many years
of warfare, ICRC delegates noticed the presence of hundreds of patients suffering from
chronic osteomyelitis; most of them had old war wounds. The majority had languished
for months and years in hospitals or at home, receiving various antibiotic cocktails
and dressings; some underwent surgical operations from time to time, whenever
they could afford treatment. Neglect and mismanagement were the rule rather than
the exception.

Conducting clinical studies in the precarious conditions of an active war zone is
difficult and, at times, dangerous, both for the patients and hospital staff. The ICRC
surgical department recognizes and admits the many shortcomings in this study and
report. Nonetheless, simple means and appropriate technology helped improve the
lives of some of the victims of this conflict.

Material and methods

Between March 2007 and December 2008, an ICRC surgical team treated 168 patients
suffering from either haematogenous or post-traumatic osteomyelitis according
to a standard protocol based on a previous ICRC study and publication.’? Inclusion
criteria included symptoms for more than three consecutive months, active purulent
discharge or abscess collection in an extremity, and X-ray changes compatible with
chronic osteomyelitis (sequestration, cavitation, presence of a foreign body). Patients
requiring an amputation as primary or delayed treatment were excluded. Seventy-one
patients were available for follow-up.

Surgical protocol

The aim of surgical debridement was to remove all necrotic bone and saucerization
down to bleeding bone (“paprika sign”) when required, but not necessarily with a
5 mm margin of healthy bone, in an attempt to minimize bone destabilization. Special
attention was paid to removing all biofilm by curettage and irrigation of the wound
with saline solution under moderate pressure.

F. De Simone / ICRC

Figure 22.D.1 Figure 22.D.2

Pus pouring out of the sinus. Sequestrectomy and excision of the sinus.

Manifest or possible bone instability was managed conservatively by a POP cylindrical
cast and joint spanning hinges or a Vega bridge-cast where indicated. External
fixation was used only on patients coming back for bone grafting. No internal fixation
was employed.

Available healthy muscle tissue was mobilized to cover as much of the exposed bony
bed as possible and to fill in any dead space. The wounds were left open and dressed.

12 David I. Rowley. War Wounds with Fractures: A Guide to Surgical Management. Geneva: ICRC; 1996.
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Dressing protocol

The operative dressing was removed on post-operative day 2. The wound was dressed
using generous amounts of granulated brown sugar and dry compresses. Sugar
dressings were repeated on a daily basis after thorough rinsing of the wound with
normal saline to remove the previous day’s sugar. This routine was continued until
the wound healed by secondary intention or a split-thickness skin graft was applied.

F. De Simone / ICRC

Figure 22.D.3 Figure 22.D.4
Granulated sugar dressing of the wound. Granulated sugar fills the wound.
&
)
g
Figure 22.D.5 Figure 22.D.6
Healthy granulation tissue. Healing wound after 8 weeks of sugar dressings.

Most early complications were mild and transient and possibly related to the chemical
activity of the sugar: itching or burning sensation around the wound. More rarely, a
true contact dermatitis was observed, which always subsided after the sugar treatment
was discontinued; or a fungus colonization of the surrounding skin developed and
was successfully treated by an antimycotic cream.

Antibiotic protocol

Intra-operative cultures of superficial and deep tissues and also of sequestra if
present were routinely obtained. The initial antibiotic protocol consisted of parenteral
gentamycin and cloxacillin for 24 hours, followed by 4 weeks of oral cloxacillin. Culture
results showed a high level of multiple-resistance, so the protocol was simplified to
a 24-hour course of parenteral benzyl penicillin and metronidazole aimed only at
controlling any bacteraemia related to the surgical trauma.

Only patients showing poor progress were given additional antibiotics according to
laboratory culture and sensitivity. However, in general, it was found that bacteriological
studies were seldom of clinical usefulness. Many bacteria had developed in vitro
multiple-resistance that had little consequence on clinical results in vivo. The duration
of treatment was not systematic but based on the clinical response, as was the choice
of second-line antibiotics.
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Post-operative care

Early physiotherapy sessions were established for all patients, to maintain or increase
joint mobility and muscle tone and progressively load the affected limb. Patients were
fed a calorie- and protein-rich diet, for the first time in months in many cases.

Follow-up results

Average length of hospital stay was 12 weeks (range 1 - 48 weeks) and no patient
was discharged with active infection. Mean follow-up was 13.7 months (range
5 - 28 months) for the 71 patients who could be traced. Isolated geography and
security constraints made follow-up of more patients impossible.

Forty-six patients (63.4 %) had excellent to good results in terms of clinical cure of
their infection at follow-up. Thirty-six (50.7 %) had excellent to good overall results
with regard to their pre-treatment disability.

The association between functional outcome and the following variables were found
to be statistically significant: age (the younger, the better), aetiology (haematogenous
better than penetrating injury), and Cierny-Mader type (A host better than B host).'®
There were no statistically significant associations between clinical cure of the infection
and any of the variables.

13 The Cierny-Mader classification of long bone osteomyelitis is based on the anatomy of the bone infection
and the physiology of the host. Cierny G, Mader JT, Pennick H. A clinical staging system of adult osteomyelitis.
Contemp Orthop 1985; 10: 17 - 37.
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Figure 22.E.1

Figure 22.E.2
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ANNEX 22.E Bone grafting

The iliac crest is used as a donor site because a generous amount of cancellous bone
can be harvested and it is easily accessible. The exact site depends on how much bone
graft is required. For defects smaller than 4 cm, the anterior iliac crest may be used.
Where larger quantities are needed the posterior iliac crest is preferred. And, for a very
large quantity, both sides of the pelvis can be used. Each cancellous bone chip should
be about the size of a fingernail, 1 cm?.

22.E.a Harvesting the graft

The patient is placed in a lateral or prone position.

1. For a small graft, the incision goes backwards from the anterior superior iliac
spine for 6 — 8 cm. For larger grafts, the incision begins at the posterior iliac spine
and proceeds forwards along the crest for 8- 10 cm.

2. The muscles on the external surface of the crest are cut by knife. With a
periosteal elevator, 1 cm of muscle is gently scraped from the bone.

3. Asharp osteotome is inserted parallel to the crest and the outer cortex cut
through along the entire length of the incision.

ICRC

4. The osteotome is then placed perpendicular to the crest and both outer and
inner tables are cut through creating a small flap of cortical bone along the
entire length of the exposed crest. Elevating this flap gives access to the
cancellous bone and marrow between the two bony tables.

ICRC
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5. Using a narrow bone gouge or osteotome, cancellous bone chips are removed
from above downwards. Smaller bits can be harvested with a bone curette.
Excessive force should be avoided to prevent breaching the inner table and
sacroiliac joint.

Figure 22.E.3

ICRC

6. The harvested chips are kept in a swab soaked with blood and not immersed in
saline, which kills bone cells and may remove humoral stimulating factors.

7. The wound in the iliac crest is closed by “shutting the flap”: the lid is sutured back
to the periosteum with absorbable sutures.

Figures 22.E.4 and 22.E.5

ICRC
ICRC

8. Adrain, preferably of the suction type, is placed in the subcutaneous tissues for
24 hours and the skin incision closed.

These wounds are always painful post-operatively.

22.E.b Placing the graft: closed wounds

The patient’s position is re-arranged and a pneumatic tourniquet placed on the limb
and inflated.

It is preferable to approach the fracture site through a new incision away from the
original wound; this carries less chance of infection and avoids the fibrous tissue of
wound healing. Once the fracture is exposed, the bone ends are freshened by excision
of adherent fibrous tissue and nibbling by a rongeur. Care is taken not to remove
periosteum. The bone fragments are aligned and an external fixation device is best
placed at this time, if necessary.

The site is then irrigated and the tourniquet released and haemostasis secured. The
harvested bone chips are firmly packed in and around the defect. In case of continuous
oozing of blood, the wound is closed over a suction drain that should not be left for  Figure 22.E.6

more than 24 hours. Usually the wound is simply closed without drainage. Placing the graft.

ICRC
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Figure 22.E.7

Immobilization using external fixation.

Figures 22.E.8 and 22.E.9

Example of a successful take of bone grafting.
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22.E.c Placing the graft: open wounds

The same techniques are used for harvesting and applying the graft, but in an open
wound. This method is most relevant to grafting the tibia.

The graft site may be covered by a muscle or skin-and-fascia flap if available, by far
the preferred technique. Otherwise the limb is encased in a complete cylindrical cast,
without a window, and kept away from prying fingers and eyes (Orr-Trueta technique,
see Section 22.8.3). Under the cast, the graft site remains moist.

An alternative is the Papineau technique: leaving the wound open and the graft
exposed. To be accepted, the graft must be kept clean and moist and regularly cleared
of encrustation and any rejected chips. This involves a great deal of very good nursing
care and careful wound dressings. As the wound heals, the bone chips are incorporated
into the granulation tissue and eventually the surface may close spontaneously by
secondary intention or accept a skin graft.

22.E.d Bone immobilization

Whether an open or a closed technique is used, the grafted fracture must be held by an
appropriate method for at least four weeks. This is an important indication for external
fixation. Depending on which bone is grafted, the Orr-Trueta method of encasing the
limb in a complete cast can also be of benefit.

F. De Simone / ICRC
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Chapter 23

AMPUTATIONS AND

DISARTICULATIONS'

1

This Chapter should be read in conjunction with the relevant sections of Chapter 21 on anti-personnel landmine
injuries. Parts are based on: Coupland RM. Amputations for War Wounds. Geneva: ICRC; 1992.
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AMPUTATIONS AND DISARTICULATIONS

Basic principles

Keep the patient and family informed - obtain consent to amputate.

The soft-tissue injury usually determines the level for amputation or disarticulation.
Debride all dead and contaminated tissue; salvage as much viable tissue as possible.
Leave enough muscle to cover the bone and produce an appropriate stump.
Perform delayed primary closure without tension.

Physiotherapy should begin immediately post-operatively.

Physical rehabilitation and socio-economic reintegration are the ultimate aims of patient treatment.

23.1 Introduction

The surgeon must take into consideration a number of factors when deciding
whether to amputate and at what level the amputation should be performed. Local
rehabilitation services may offer only a small variety of prostheses; limited availability
of intensive nursing care may dictate earlier amputation so as to save life; imperfect
surgical experience and lack of proper suture material and vascular instruments may
make vascular repair ill-advised. In some cultures, amputation will not be accepted at
all even if the patient’s life is at risk; or not at the appropriate level: the surgeon must
“negotiate” centimetres of stump length with family, friends and clan members, or the
local military chief.

Surgical judgement is particularly delicate when trying to salvage a severely injured
limb; repeated and complicated operations, prolonged hospitalizations, sepsis, and
even fatal complications can be the outcome. On the other hand, an amputee is a
patient for life; not only must artificial limbs be replaced on a regular basis, but a
high percentage of patients develop anatomic complications in the stump and
psychological problems that must be dealt with. Furthermore, most amputations
during armed conflict affect young and healthy adults in the prime of their productive
life. The resulting impairment, especially in a country without the resources to offer
efficient physical rehabilitation and produce affordable prostheses, is a burden
on the patient, the family and society at large. Physical rehabilitation and socio-
economic integration programmes and vocational training are sorely lacking in many
low-income countries.

Consultation with a colleague is essential to reach the decision to amputate; a second
opinion is invaluable. This can create a dilemma for the lone surgeon working all on
his own.

Under the best conditions, not only is the surgeon not alone but he works together with
a “team” including a physiotherapist, a prosthetist, a prosthetic technician and social
worker when dealing with an amputee patient. This team should assist the surgeon,
not only in deciding on the optimal hospital amputation policy but also on the optimal
type of amputation or disarticulation for each kind of patient. The available technology
and skills of the local physical rehabilitation centre are fundamental considerations.
Needless to say, these considerations apply to all amputations whatever the cause,
and the hospital should have a predetermined “amputation policy” If the nearest
centreisin afar distant capital city, then the surgeon must consult the prosthetic team
there to establish such a policy.
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The surgeon has three aims when performing a primary amputation for war wounds.
1. Excision of all dead and contaminated tissue.
2. Preservation of a stump suitable for the performance of delayed primary closure.

3. Fashioning of a stump appropriate for the fitting and prolonged use of
a prosthesis.

An“ideal” stump should meet a number of criteria in order to fulfil the third objective:

- end-bearing, so that little weight is transferred to the prosthetic socket;

« sturdy and well padded with ample muscular soft tissue to distribute the shearing
stresses of weight bearing evenly;

« balanced, so that agonist and antagonist muscle groups counteract each other to
prevent joint deformity or contracture;

« painless.

Please note:

The DVD that accompanies this manual includes the ICRC film Anti-personnel Mine
Injuries: Surgical Management. It describes the general principles of amputation for
war wounds and for mine injuries in particular.

23.2 Epidemiology
The incidence and frequency of amputation for war wounds varies greatly and is
dependent on a number of factors.

- Widespread use of anti-personnel mines: numerous patients suffer pattern 1 and
pattern 3 injuries.

Long delay in evacuation of casualties with little or no first aid: patients with
projectile wounds often arrive at hospital with a putrid and gangrenous limb.

Use of modern body armour: the limbs are disproportionately exposed to injury.

Follow-up period: in certain contexts where limb salvage can be attempted, the
incidence of late amputation after failure of reconstructive surgery or because of
other complications (chronic infection or pain) can be considerable.

Until the last century amputation was the most common treatment for open fractures
in war wounds. In some very austere environments where only very limited medical
means are available, this is still the case.

During World War II, US, German and Soviet troops fought on different terrain and
under different tactical considerations, with varying capacities for the rapid and
efficient evacuation of the wounded to proper hospitals. The causes of all major
amputations performed highlight the consequences of these differences.

Severe trauma Vascular injury Gas gangrene and other infections
USA 68.6% 19.5% 11.9%
Germany 64.3% 6% 29.7%
Soviet Union 16% 5% 79%

Table 23.1 Cause of all major amputations during World War Il in different armies.?

The majority of amputations, as with simple wounds, concern the lower limb; transtibial
amputations account for about 50 % of the total.

2 Adapted from DeBakey ME, Simeone FA. Battle injuries of the arteries in World War Il. Ann Surg 1946; 123:

534 -579.
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23.3 Surgical decision-making

23.3.1 Permission to surgically amputate

Different societies take differing views of body integrity and the image of the self.
Patients may prefer to keep a useless limb or even to die from their wounds rather than
suffer amputation. In some cultures the patient alone does not decide on operation.
As mentioned, the extended family or clan must be consulted and the amputation,
and even the stump length, discussed with them.

23.3.2 Indications for amputation

In a number of patients, the pathology and decision are obvious: traumatic
amputation. These are more frequent during conflicts where weapons that combine
blast and projectile effects, such as anti-personnel mines and sophisticated improvised
explosive devices, are widespread.

Other cases call for surgical judgement regarding whether or not to amputate.
The following indications are based on the experience of ICRC surgeons and only
offer guidance. The surgeon’s decision must take into account the actual working
circumstances, including availability of blood for transfusion, level of post-operative
and physiotherapy care, accessibility of prostheses and physical rehabilitation: in short,
the hospital’s “amputation policy”

The following are general indications for amputation for war trauma.

1. Severe tissue damage: mangled, grossly contaminated wounds (see
Section B.5.1). The great majority of all cases proceeding to amputation concern
open fractures of the tibia.

2. Vascular injury: cases with established ischaemic gangrene; unrelieved
compartment syndrome with necrosis of the muscles affecting two or more
compartments of the limb (see Section 24.5); or vascular injury in addition to
severe tissue damage (see Section B.5.1).

3. Multiple injuries: patients with other wounds that are life-threatening and have
priority for treatment before any consideration of limb salvage, especially if
this involves vascular repair even if temporary shunting is used. Amputation or
disarticulation can be considered damage control surgery in these patients.

4. Secondary haemorrhage: patients for whom bleeding is uncontrollable by
other measures.

5. Overwhelming infection: pyrexia, toxaemia, anaemia and a putrid, gangrenous
limb. However, anaerobic cellulitis or myositis confined to a single muscle
group can sometimes be managed by excision and extensive decompression of
muscle compartments.

6. Continued chronic infection: a limb that is persistently painful and functionally
useless. The wound itself is not life-threatening but repeated attempts at
corrective surgery fail and “heroic efforts” may actually cause the patient harm.
Some patients even prefer an amputation and prosthesis for a limb that is
painless and functionally useless.
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23.3.3 Clinico-pathological types of “vascular injury and severe
tissue damage”

The expression “vascular injury in addition to severe tissue damage” above is very
general and ambiguous, as is a “mangled, grossly contaminated wound”. All war
wounds are contaminated and many can be described as mangled, but not all are
candidates for amputation in modern surgery.

The scheme below provides a guideline to aid decision-making, based on a clinico-
pathological description of various war wounds using the Red Cross Wound Score.
These injuries can all be described as:

« V =H, vascular injury;

» Grade 2 or 3;

« with extensive fracture comminution (F2);

« and bone defect Type C or D.

”

Guidelines for the management of “vascular injury and severe tissue damage
1. If there is also transection of major nerves, then amputation is advised.

2. Evenif the nerves are intact, other life-threatening injuries (V =N, T or A) that
rule out proper attention to vascular repair also require amputation.

3. However, if in the presence of other injuries reperfusion of the limb can be
readily ensured by temporary shunt and fasciotomy, and immobilization
of the fracture easily accomplished, and close observation of the limb is
possible over the next 24 — 48 hours, then limb salvage is worth trying.

4. Even if reperfusion can be assured, if soft-tissue loss is so severe that it
precludes relatively simple procedures for closure, then the surgeon is
probably best advised to proceed to amputation.

5. If revascularization fails or severe sepsis occurs, then amputation is the
best course.

23.3.4 Damage-control procedures

In patients with multiple severe injuries the setting of correct priorities for the various
operations is essential. The precarious physiological state of the patient may require
a damage-control approach. This may involve disarticulation through the knee joint
rather than a transfemoral amputation; abbreviated laparotomy and washing and
dressing only of a traumatic amputation stump after ligature of the major vessels
pending proper debridement after stabilization, etc. Again, the ABCDE paradigm of
life-threatening injuries should serve as a guide (see Section B.4.1).

23.3.5 Level of amputation

Length in an amputation stump is most important in the lower limb: the longer the
bone stump, the less effort is required when walking. Energy expenditure and oxygen
consumption increase as the level of amputation rises in the limb.

The most severe soft-tissue injury, not the bone injury, usually dictates the level of
amputation, which should be at the lowest possible level of viable tissue compatible
with good and durable prosthetic fitting. Although the longest stump level is best
for the patient’s gait, length should not be gained at the expense of poor stump
healing. The best length should be decided in consultation with the prosthetist and
physiotherapist.

Moreover, a fracture proximal to the amputation level is not an indication for a more
proximal amputation; the fracture should be immobilized and amputation carried out
at the level of soft-tissue injury, as would be the case in a fracture of the femur and a
transtibial amputation, for example.
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General principles for amputations and disarticulations
« In general, the longer the stump, the better.

» Good muscle coverage of the cut bone end is essential.
» When possible, it is always preferable to preserve a joint.

- Disarticulations create end-bearing stumps and should be preferred to more
proximal transosseous amputations, if the prosthetic technology is available.

» Disarticulations are much preferred to more proximal amputations in the
young, when the growth plates are still open.

« A fracture in a bone proximal to the site requiring an amputation should
be fixed with available methods; the amputation should not be performed
through the fracture site as an expedient.

» Skin grafts work on stumps that are well-padded with soft tissue: not when
placed directly over bone or thin fibrous tissue.

23.4 Classical surgical procedure: initial operation

The aim at the initial amputation is to excise all dead and contaminated tissue in
preparation for DPC. Some mangled extremities require several debridement-
amputations, often because of infection; this is especially the case after APM injury.
Two surgical approaches are possible: the classical procedure as described in this
Section and myoplastic amputations described in Section 23.6.

23.4.1 Preparation of the patient

Ketamine is the preferred anaesthetic. Spinal anaesthesia may be used in a
haemodynamically stable patient. In extremis, amputations can be performed under
infiltration of a local anaesthetic.

The initial amputation should be performed under a tourniquet. However, muscle
retracts back in relation to the skin and bone after removal of the tourniquet and
this should be kept in mind when deciding on the level of bone section. It should be
released prior to the end of the operation for proper haemostasis.

Use a pneumatic tourniquet for surgery.

23.4.2 Soft tissues

The surgeon must usually resort to “flaps of opportunity” as determined by the injury
rather than standard amputation flaps; no attempt should be made to define formal
flaps at the initial operation. This entails excision of all damaged soft tissues first and then
planning the bone section as distal as feasible. To allow as much leeway as possible to
accomplish DPC and fashion a sturdy and painless stump fit for a prosthesis, the surgeon
should save all viable skin and muscle distal to the bone section, however irregular the
remaining tissue. Excess bone and soft tissue can always be excised at DPC.

R. Coupland / ICRC

Figure 23.1

The limbs are scrubbed with soap and water
and a brush.

Figures 23.2.1 and 23.2.2

The injury often determines the anatomy of the

skin flaps.
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Figure 23.3

The skin flap has been raised and excess
subcutaneous fat is being trimmed.

Figure 23.4

The surgeon is filing down the edge of the cut
bone. Note that the muscles have been cut
obliquely across the fibres.

Figure 23.5

The major vessels are separated out and
ligated individually.
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Do not attempt to fashion definitive flaps at the
first operation.

Salvage as much viable tissue as possible; any excess can
be removed at DPC.

The skin flaps are raised and the edges and subcutaneous fat trimmed. Muscles are
cut back obliquely across their fibres. If a specific muscle can be retained in its entirety,
this is preferable and the muscle should be detached at its distal tendinous insertion.

Please note:

A muscle that s cut across its fibres swells considerably during the next few days owing
to simple inflammatory oedema. Flaps that approximate at the primary operation may
only do so under tension at DPC. Should the soft-tissue wound then break down, it
will leave the bone end exposed and require further bone shortening. This swelling
does not occur if the muscle is dissected out intact; hence the rationale underlying
myoplastic flaps (see Section 23.6).

23.4.3 Bone

Bone section is planned as distal as possible after excision of the damaged soft tissues
and should be compatible with the remaining quantity of viable muscle to cover the
bone end after the 4 — 7 day delay to DPC. At the end of the operation, the skin and
muscle should approximate easily, without tension, over the bone end.

Bone is cleared of muscular and fascial attachments and periosteum up to 1 cm
proximal to the level of transection. The bone is sectioned preferably with a Gigli
saw and the wire cooled by rinsing with normal saline during the procedure. Cutting
a thin bone (fibula, radius or ulna) with a bone-cutting forceps or rib cutter tends to
splinter the edges and causes proximal spiral fractures. All cut bone ends must be
filed down and rounded, leaving no sharp edges or bone spurs. Bone wax must not
be used as it favours infection in these contaminated wounds. In children, covering
the cut end of the bone with a periosteal flap is recommended, to prevent exuberant
bone growth.

The sharp anterior border of the tibial crest should be bevelled and the fibula cut at
least 1 — 2 cm shorter than the tibia. The radius and ulna are divided at the same level,
if possible.

23.4.4 Blood vessels

Named vessels are transfixed and doubly ligated and the artery and vein
ligated separately.
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23.4.5 Nerves

The technique of “traction neurectomy” is applied to all named nerves and to any
obviously visible cutaneous nerves. To reduce the risk of a painful neuroma, gentle
traction is applied to the nerve, which is divided as high up as possible with a fresh
scalpel blade. The end is then buried in a muscle so situated that it is not subjected to
pressure from the prosthetic socket.

Nerves should be neither crushed, nor ligated, nor injected; the surgical trauma is more
likely to favour the production of a painful neuroma. Neither should an accompanying
artery be ligated or cauterized; simple gentle pressure applied with a compress for a
few minutes - not rubbing and swabbing — usually suffices to control any bleeding.
The exception may be a relatively large vessel accompanying the sciatic nerve in some
patients; the artery should be carefully dissected free and ligated at a different level
than the section of the nerve.

23.4.6 Haemostasis, irrigation, dressing

The tourniquet is removed and haemostasis assured. The wound is irrigated with
copious amounts of normal saline or potable water under the simple pressure
of squeezing an i.v. bag, or gravity-flow by hanging up the bag. The stump is then
dressed as usual with a bulky absorbent dressing to soak up the exudate. Bandaging
should be firm, but non-constricting.

Itis notadvisable toinsert a few tension sutures to hold a large compressive tamponade
between the flaps to prevent retraction of the skin. This only impedes drainage and
promotes strangulation of muscle and skin that will always become oedematous.

The stump should not be closed primarily.

23.4.7 Post-operative care

The limb should be kept elevated in bed to reduce oedema and the stump kept in a
position to prevent joint contractures (see Section 23.9). Great attention should be
paid to post-operative pain and adequate analgesia administered. This helps initiate
appropriate physiotherapy to maintain muscle tone and keep remaining joints mobile,
which should be commenced immediately, before delayed primary closure.

The original dressing should not be changed until delayed primary closure. If it
becomes excessively soaked with exudate or blood, it can either be “over-dressed”
with more absorbent cotton and a bandage, or have the outer layers taken down
- without exposing the wound itself — and a new bulky dressing applied.

However, any signs or symptoms of infection require taking the patient back to theatre
for wound revision, not simply a change of dressing on the ward. Amputations due to
APM are particularly susceptible to wound infection and multiple debridements.

Figure 23.6

Copious irrigation of the amputation stump.
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Figure 23.7

Delayed primary closure by suture of an
amputation stump.

Figure 23.8

Delayed primary closure by skin grafting of an
amputation stump.
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23.5 Delayed primary closure

Attempted DPC takes place on the fifth post-operative day, as per routine. A good
amputation wound presents a healthy, bleeding muscle surface that contracts as the
last compress is removed.

The aim of DPC is not merely to close the wound but also, and especially, to fashion a
suitable stump with a sufficient padding of muscular soft tissue. Although the surgeon
may be constrained by whatever soft tissues remain and have to make do with “flaps
of opportunity’; long posterior flaps give the best possible stumps.

If good judgement has been used during the initial operation, and infection has been
avoided, shortening of the bone will not be necessary. Otherwise, it may have to be
sectioned until soft-tissue cover can be assured.

The remaining muscles are approximated and fixed over the cut bone end, using one
of several methods. Of these, the simplest and most commonly used procedure is to
pull a muscle over the bone end and suture it securely to the periosteum or muscle
and fascia on the opposite side. Another method - particularly good for the thigh,
upper arm or forearm - is to suture residual muscles to their antagonists over the bone
end, thus creating a physiological tension in the stump: physiological myoplasty.

The skin flaps are then fashioned, cutting away any excess, and sutured.“Dog ears”and
redundant, excess skin should be removed entirely. The fascia may be closed separately
with interrupted sutures, to provide a mobile flap of skin over subcutaneous fat at the
end of the stump.

Haematoma collection must be avoided. This is best accomplished by meticulous
haemostasis and the placing of drains if necessary, suction or simple Penrose, in
the intermuscular spaces and subcutaneously. Drains should be removed after
24 - 48 hours.

Skin grafting over the exposed muscle may be necessary if the remaining skin is
insufficient or retracts after the initial operation and the bone cannot be shortened
without impairing prosthesis fitting. It should never be attempted over bare bone or
cartilage. Otherwise, surgical revision of the stump is preferable.
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Basic principles of amputation technique

« Operate under a tourniquet.

- Salvage all viable soft tissue at the initial amputation.

« Raise the skin flaps separately.

« Clear muscular and fascial attachments up to 1 cm proximal to bone section.
- Cut all bones with a Gigli wire saw, not with bone-cutting forceps.

« File smooth cut bone ends.

« Do not use bone wax.

« Suture-ligate all major vessels; arteries and veins separately.

« Transect major nerves under gentle traction with a sharp new blade.
- Do not ligate or cauterize vessels accompanying major nerves.

« Always perform delayed primary closure.

« Drains should be placed during DPC only if necessary and removed within
24 - 48 hours.

» Physiotherapy should begin as soon as possible, even before DPC.

« The limb should be positioned so as to prevent joint contractures.

23.6 Myoplasticamputations

As mentioned, muscle that has been cut across its fibres swells greatly before DPC. This
is especially the case in young men with bulky muscle groups. An intact muscle belly
is relatively unaffected by oedema and swells little, if at all; it is soft and pliable and
readily holds sutures. The muscle is dissected out in its entirety and the distal tendinous
insertion cut. If mobilized along with its fascio-cutaneous covering, the result is a
myoepithelial flap. The flap is pulled over the cut bone end at DPC and fixed in place.

Three common myoplastic amputations use the following muscles:
« soleus (Figures 23.9.1 - 23.9.9)

- medial gastrocnemius (Figures 23.10.1 - 23.10.11)

» vastus medialis (Figures 23.11.1 - 23.11.9).

They are particularly well-suited to the “umbrella effect” of APM traumatic amputations
(see Sections 21.5 and 21.7.4) and are recommended by ICRC surgeons in any
weapon-related amputation.
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Figures 23.9.1 - 23.9.9

Soleus myoplastic amputation.

R. Coupland / ICRC

Figure 23.9.1

A patient with traumatic amputation of the left foot by APM. There appeared to be little damage to
the rest of the leg.
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Figure 23.9.2 Figure 23.9.3
Equal anterior and posterior skin flaps have The tibia section in process, a little below the
been raised. The muscles of the anterolateral level of muscle section. Note the cutting angle
compartment were contused (the dark muscle of the Gigli wire saw to produce bevelling of the
held in the forceps). The muscle section was anterior edge, which was then filed smooth. The

made proximal to this. fibula was cut 2 cm shorter, again with a wire saw.

R. Coupland / ICRC
R. Coupland / ICRC

Figure 23.9.4 Figure 23.9.5

The amputation at the end of primary The soft tissues approximated easily at the end

surgery. The intact soleus was the only muscle of initial surgery, but were not sutured closed.
remaining distal to the tibial section.
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Figure 23.9.6 Figure 23.9.7
A bulky gauze and cotton wool dressing The original operative dressing during removal
was applied. showing the gauze with dried exudative serum.
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Figure 23.9.8 Figure 23.9.9

The stump was clean and ready for DPC and
the soleus myoplasty was sutured to the
periosteum of the anterior tibial edge.

The skin flaps were closed independently. A
bulky dry dressing was applied over the closed
stump. The sutures were removed after 12 days.
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Figures 23.10.1 - 23.10.11

Medial gastrocnemius myoplastic amputation.

R. Coupland /ICRC

Figure 23.10.1
A patient with an APM traumatic amputation of the left leg.
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Figure 23.10.2 Figure 23.10.3
The medial gastrocnemius was intact and The tibia and fibula were sectioned by Gigli wire
undamaged (indicated by the surgeon’s left saw, bevelled and filed smooth.
index finger bluntly dissecting the muscle free).
The soleus and muscles of the anterolateral
compartment were contused.
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Figure 23.10.4 Figure 23.10.5
The soleus and anterolateral muscles were divided The medial gastrocnemius has been sectioned
just above the level of the bone section and at the Achilles tendon and the remainder of the
separated from the intact medial gastrocnemius. limb removed.

184



R. Coupland / ICRC

Figure 23.10.6

The belly of the gastrocnemius easily covered
the end of the tibia.

R. Coupland / ICRC

R. Coupland / ICRC

Figure 23.10.8

The transected muscles have swollen, yet the
intact gastrocnemius belly has swollen much less.

Figure 23.10.10
The skin flap readily covered the myoplasty.
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Figure 23.10.7

At DPC the gauze dressing adhered to the fibrin
coagulum on the surface of the muscle, which
contracted and bled.

Figure 23.10.9

The gastrocnemius myoplasty easily covered
the tibial section from medial to lateral. It was
sutured to the anterolateral periosteum.

Figure 23.10.11

The fascial undersurface of the muscle
may be scored if necessary to allow for its
elongation and to release any tension.
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Figures 23.11.1-23.11.9

Vastus medialis myoplastic amputation.
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Figure 23.11.1 Figure 23.11.2
A patient with traumatic amputation of the left Damage to the mangled limb was so severe
leg (field dressing) and a mangled right limb that an above-knee amputation was decided
from an APM explosion. in addition to the amputation of the left leg.
Standard equal “fish-mouth” skin incisions were
made commencing at the upper border of
the patella. Care was taken not to extend the
incision into the vastus medialis muscle.
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Figure 23.11.3

Dissection reveals the round belly of the vastus medialis.
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Figure 23.11.4 Figure 23.11.5
The V. medialis was separated from its insertion The intact V. medialis has been reflected up, the
into the quadriceps tendon by reflecting down other muscles having been cut slightly below
the distal skin. The surgeon’s left index finger is the proposed level of bone section.

shown here deep to this muscle.
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Figure 23.11.6

The femur was sectioned by Gigli wire saw
where the shaft begins to flare into the
condyles, while the assistant kept the soft
tissues clear of the saw.

R. Coupland / ICRC

The femoral vessels were clamped and transfixed individually and the sciatic nerve
gently pulled and cut with a fresh blade. The intercompartmental fat around the sciatic
nerve and vessels was excised because it contained contaminants.
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Figure 23.11.7 Figure 23.11.8
The tourniquet was released and haemostasis The patient returned to theatre after five
achieved. The intact V. medialis easily covered days for DPC. Some exudate had reached

R. Coupland / ICRC

the bone section. The open stump was irrigated the dressing surface but was dry by this
with saline and dressed. time. The stump was clean and ready
for closure.

Figure 23.11.9

The vastus medialis myoplasty was sutured

to the lateral thigh muscles and fascia in both
limbs. It could also have been sutured to the
periosteum. The skin flaps were sutured closed.
The dressings were changed after six days and
the skin sutures removed after 12 days.
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Figure 23.12

Oedematous guillotine amputation stump.
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23.7 Guillotine amputation

Guillotine amputation is only indicated as a last resort and in extreme situations such
as emergency extraction of a victim under rubble or in a vehicle wreck. In a critically ill
patient, a disarticulation is preferable as a more rapid and less bloody damage-control
procedure.

Guillotine amputation should not be performed as a
routine operation.

The skin, fascia and muscle are cut in one fell swoop:“coup de maitre”; the old-fashioned
amputation knife was used for this purpose. The bone is cut at a slightly higher level,
vessels and nerves dealt with as usual but at the same level.

If performed too low, the guillotine amputation may miss dead muscle; if too high,
it usually results in an amputation that is more proximal than necessary. Retraction
of the blood vessels makes control of bleeding more difficult. In addition, wound
closure is rendered more complicated because of retraction of the skin, particularly
if amputation takes place through a muscular mid-calf or mid-thigh. The resultant
significant oedematous swelling of the muscles always requires revision of the stump
after healing in order to fit a prosthesis. This procedure is to be avoided as much
as possible.

23.7.1 Management of an open guillotine stump

If, for whatever reason, the surgeon is faced with an open guillotine stump, further
management will depend on timing and the state of the wound.

1. If received within 48 hours, a clean stump should be re-amputated at the correct
level, salvaging all viable soft tissue. The stump is left open, and DPC performed
5 days later.

2. Iflater than 48 hours and still clean, the stump should be left as it is. Dressings
are performed every 2 — 3 days and the limb kept elevated. The patient will
require secondary amputation after 2 weeks, once inflammatory oedema has
subsided. Again, the stump is left open and DPC performed another 5 days later.

3. Ifthe guillotine amputation stump is infected, the patient should undergo
re-debridement of the wound to remove the remaining necrotic tissue. This may
have to be repeated several times. The wound is left open, and delayed primary
closure performed when clean.
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23.8 Specificamputations and disarticulations

For the technical operative details of different amputation levels the reader is referred
to standard textbooks of orthopaedic surgery. The following Section deals only with

those aspects relevant to the management of war wounds where resources are limited.

23.8.1 Foot amputations

A few patients suffer trauma limited to the forefoot, the calcaneus and its soft-tissue
covering being preserved. Several levels of amputation-disarticulation are described.
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Figure 23.13.2 Figure 23.13.3
Partial foot amputation and some common Possible solution for correction of the calcaneus
problems: skin trauma and calcaneus tilt due to tilt: arthrodesis of the ankle by means of screws
muscle imbalance. or Steinmann pins.

In communities where many people still go barefoot or farmers work in muddy fields
and rice paddies, a Syme amputation, which is an end-bearing stump, is often much
preferred by the patient. Amputation at a higher level involves the use of footwear
or crutches or a prosthesis. The operation preserves limb length and the epiphyseal

growth plate, and good simple prostheses can be fitted to a Syme’s stump for
protection and aesthetic reasons.

N. Papas / ICRC

Figure 23.13.1

Partial foot amputations.

a. Amputation across the metatarsal shafts.

b. Tarso-metatarsal disarticulation.

Figure 23.14.1

Syme’s amputation.
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Figures 23.14.2 and 23.14.3

Syme’s amputation and a simple improvised
repair of the prosthesis.

Figure 23.15.1

From the prosthetist’s point of view, these are
overly-long and -short stumps.

Figure 23.15.2

The ideal stump length: somewhere in the
middle third.
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ICRC EXPERIENCE

The Syme amputation was extensively used in Cambodia and Viet Nam owing to
the widespread use of small blast mines that damage the forefoot, and because
most patients were farmers working in rice fields, unhappy with artificial limbs
that would get stuck in the mud.

Patients with these various foot amputation-disarticulations are often able to
walk short distances without a prosthesis. Many, however, cannot bear full body
weight on the stump; transtibial amputation is an alternative that may give better
functional results.

23.8.2 Transtibial amputation

Transtibial amputation is by far the most common amputation performed for war
trauma. With a good but simple prosthesis, it allows the patient a high degree of
physiological function.

The level of bone section is very important for the proper biomechanics of walking:
12 — 14 cm below the tibial tuberosity, with a minimum of 5 cm, is the classically
defined level. In reality, this equates to 2.5 cm of bone length for every 30 cm of body
height. Most transtibial amputations are through the proximal third of the tibia, but
midshaft amputations can also be fitted easily and correctly. Consultation with the
prosthetist allows the surgeon to choose the most appropriate level for the available
prosthetic technology.

\_,/"-\

Short stump Long stump

<« 1/3 —p|4— 1/3 —p|4— 1/3 —»
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The anterior crest of the tibia must be bevelled
and the fibula cut 1-2 cm shorter than the tibia.
All sectioned bone ends must be filed smooth.

The availability of soft-tissue flaps depends on the original trauma, of course, and
the surgeon may have to improvise with whatever tissues remain in order to cover
the weight-bearing surfaces properly. The muscles of the anterolateral compartment
usually suffer the greatest damage and close attention should be paid to their viability.
The surgeon should not hesitate to cut them back as they are of little use for covering
the bone ends.

A long posterior flap including the gastrocnemius muscle mass is best for covering the
bone end. Excess soleus should be pared back obliquely, or removed entirely, to avoid
a bulbous stump. Too much soft tissue is almost as common a surgical error as too little;
it results in an overly long stump, the so-called “elephant trunk” stump. As mentioned,
a myoplastic amputation — myoepithelial flap of the intact medial gastrocnemius,
dissected out from the muscle mass by sacrificing the soleus — offers excellent coverage.

Very short tibial stump

In some patients with an amputation high through the upper third of the tibia the
remaining tissues are inadequate to cover the stump properly. In addition, the short
fibular stump is no longer held in place by the interosseous membrane attaching it to
the tibia and the strong pull of the lateral collateral ligament tilts the fibular head, which
sticks out in abduction. ICRC prosthetists advise removing the head of the fibula in
such cases. Removal of the head solves this problem and also reduces the bony volume
that requires muscle cover, permitting easier closure of the stump without tension. No
increased instability of the knee has been observed, once a prosthesis has been fitted.

Post-operative positioning and physiotherapy

After a transtibial amputation, the normal tendency is to flex the knee; measures must
be undertaken to prevent the development of a flexion contracture. The limb should
be kept elevated on a pillow or Braun-Bohler frame to decrease oedema, but with no
flexion of the knee. A POP back slab may assist in achieving this in the immediate post-
operative period if a Braun-Bohler frame is not used and may then be applied only at
night later on, if necessary. The patient is instructed to keep the knee in extension on
a pillow, to lie prone in bed as often as possible, and to avoid hanging the leg over the
side of the bed or over the hand-piece of the crutches.

23.8.3 Knee disarticulation

Primary knee disarticulation can be performed at the initial operation as a damage-
control procedure, to minimize surgical trauma and blood loss in haemodynamically
unstable patients. It can be performed quickly and without any sectioning of bone
and be converted to a transfemoral amputation at a second operation.

Whether a knee disarticulation should be a permanent and definitive procedure
depends almost exclusively on the prosthetic expertise and technology available. For
many years, ICRC surgeons have performed transfemoral amputations rather than
through-knee-disarticulations and it is only recently that the ICRC has developed the
specific components for the proper fitting of such a prosthesis.

Advantages and disadvantages

Much controversy surrounds the recourse to disarticulation where there are no
adequate prosthetic services. If such services are available, then the through-knee
disarticulation offers a better functional outcome compared to an amputation. On the
other hand, cosmetic concerns may arise — and they are common - given the resulting
prominence of the femoral condyles and the different height of the centre of the knee
in the intact limb when compared to the artificial one. This can also affect physiological
function. In children, conservation of the lower epiphysis is a definite advantage.
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Figure 23.16
Operative technique for knee disarticulation.
a. Outlining the anterior and posterior flaps.

b. The anterior flap has been raised exposing
the patellar tendon, which is cut through.

c. The cruciate ligaments have been sectioned.

d. The patellar tendon has been sutured to
the remainder of the cruciate ligaments;
the menisci have been removed.

e. Anterior and medial view of the stump.

f. The stump has been closed and a drain put
in place.

Figures 23.17.1 and 23.17.2

Typical knee disarticulation stump.
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M. King Volume 2 adapted

ICRC

The great difficulty in a knee disarticulation is to maintain sufficient soft-tissue
coverage. A flap of skin and subcutaneous fat alone is not adequate for an end-of-
stump weight-bearing prosthesis unless a sort of padding can be provided by the
prosthetic socket using a special foam liner.? If this is not available, the surgeon should
contemplate the procedure only if the trauma permits the fashioning of a posterior
muscle flap that is fixed anteriorly to the periosteum.

Operative technique
Various techniques have been described for the through-knee disarticulation. They all
cause a certain extent of surgical trauma.

It is not necessary to remove the articular cartilage.

The ICRC experience of both surgeons and prosthetists suggests using the simplest
technique. If the wound allows for it, an anterior skin flap is raised, providing stronger
skin than that of the popliteal fossa. The best soft-tissue padding is provided by a
gastrocnemius flap, again the wound permitting; otherwise the calf muscles are cut at
their proximal insertions. The patella is kept but the menisci removed. The remaining
articular cartilage is left as it is. For delayed primary closure it is essential to prevent drying
of the exposed cartilage by applying a wet compress dressing. Closure is accomplished
by suturing the patellar tendon to the cruciate ligaments and posterior capsule; the
posterior muscle flap is sutured to the anterior periosteum; and the skin is closed.

Knee disarticulation should only be performed if the
surgical expertise exists and after discussion with the
prosthetic team.

ICRC

3 ICRC prosthetic workshops use ethyl-vinyl-acetate.
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23.8.4 Transfemoral amputation

The loss of the knee results in much more effort and expenditure of energy and oxygen
consumption in walking because the prosthesis bears the weight in the groin instead
of the stump. The femoral stump should be kept as long as possible, with a minimum
of 10 cm from the greater trochanter. Managing a very short stump requires close
consultation with the prosthetist.

cm

0
2 60° Abduction pronounced due to insufficient adductor brevis

70° Moderate abduction antagonized by adductor longus
30
25
78 Slight abduction: adductor magnus maintained

45

Oedematous swelling of the transected muscles can be considerable. As many intact
muscles should be retained as the trauma permits, especially a vastus medialis flap
in amputations near the knee. Physiological myoplastic stumps with suturing of the
fascia of antagonistic muscle groups to each other is standard.

In amputations of the proximal third of the femur, the surgeon must attempt to
salvage whatever can be kept of the antagonistic muscle groups and try to create a
residual limb dynamically balanced between adductors and abductors. There might
not be sufficient muscular mass to achieve this. The surgeon should aim at least for a
good, firm soft-tissue padding of the bone end.

As mentioned in the case of an APM injury, fat surrounding the sciatic nerve should be
excised if contamination is present.

Post-operative positioning and physiotherapy

After a transfemoral amputation the natural tendency is to flex, abduct and externally
rotate the hip. To counteract this as much as possible a pillow should not be placed
under the stump; a lateral cushion helps prevent abduction. The patient must be
instructed in the proper positioning in bed (extension and adduction) and should be
encouraged to adopt the prone position for as long and as often as possible. The loss of
adduction capacity calls for specific exercises to reinforce the remaining musculature.

Figure 23.18.1

The longer the transfemoral stump, the better
the functional result. The shorter the stump,
the greater the abduction force and the energy
required for walking.

Figure 23.18.2

Good left stump, poor right stump: not enough
soft tissue covering.
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E. Dykes / ICRC

R. Sidler / ICRC

Figures 23.19.1 and 23.19.2

Hip disarticulation: a mutilating procedure.

Figure 23.20

The Krukenberg procedure: rehabilitation
exercises are a first step towards socio-economic
reintegration of the patient.

194

23.8.5 Hip disarticulation and hemipelvectomy

These mutilating operations are fortunately rarely encountered in war trauma.
Associated injury to the pelvis and abdomen is usually so severe that most patients
succumb. If it does need to be performed, usually because of severely infected and
unsuccessfully managed more distal amputations, sufficient soft-tissue cover is
required and as much of the pelvic bone structure retained as possible.
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23.8.6 Arm amputations

The general rule is to keep the upper-limb stump as long as possible, to provide the
longest possible “paddle” that is stable and painless. A short below-elbow amputation
is better than an above-elbow stump. The radius and ulna are sectioned at the same
level and antagonistic muscle groups sutured together. Of greatest importance is the
functional position of the remaining part of the limb: 90° flexion of the elbow and
supination of the forearm to enable whatever manipulation of objects is possible. In
the upper arm, no effort should be spared to salvage the head of the humerus, which
serves as a support for a prosthesis.

ICRC EXPERIENCE

During the civil war in Sierra Leone in the 1990s, a number of people suffered
bilateral amputation of the hands. Specialized ICRC surgical teams performed

a sophisticated reconstructive operation, the Krukenberg procedure, on

11 individuals. The operation was originally described by a German surgeon
shortly after World War | to deal with patients involved in mine clearance who
had lost both hands and were blinded by the explosion. The radius and ulna are
separated to form a pincer or “chopsticks” mechanism for holding small objects.
Flaps of skin are mobilized on the lateral and medial aspects of the forearm

and then rotated to face each other on the separated bones, providing better
sensation so that the blind patient can read large Braille script. The patients in
Sierra Leone were not blind, but the procedure allowed better proprioception in
the holding mechanism. The patients were able to hold objects, feed themselves
and attend to their personal hygiene on their own after the operation, as

well as wear a simple prosthesis. Prolonged pre-operative physiotherapy and
psychological preparation proved to be essential.

Whatever the amputation, close consultation between
surgeon, prosthetic technician and physiotherapist is
mandatory to ensure the best result for the patient.
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23.9 Post-operative care

Overly constrictive bandaging of amputation stumps can easily compromise the blood
supply to the skin over the anterior surface of the tibia. Gentle but firm compression
helps control oedema and decreases pain.
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Measures should be taken to counter the reflexive position taken by the stump to avoid
the development of joint contractures. Physiotherapy of residual joints should begin
immediately to keep them free from contractures and retain full movement, even before
DPC is performed. General exercises should also begin to prepare the patient for walking,
and specific exercises taught to strengthen the remaining muscles of the amputated limb.

The level of immediate post-operative pain is apparently related to the prevalence of
chronic pain later on. Good analgesia not only results in greater patient comfort, but
also permits earlier and more effective physiotherapy.

Sutures can usually be removed on the twelfth post-operative day.

23.10 Patient rehabilitation

Treatment of the patient is not over until rehabilitation is complete. This may entail
reconstructive surgery involving specialist techniques, which are beyond the scope
of this publication; physiotherapy continuing long after surgery; the fitting of a
prosthesis; and subsequent vocational training to help the patient regain as active
and independent a role as possible in the community.

Treatment is not complete until the patient is fitted with
a prosthesis and achieves socio-economic reintegration.

Figures 23.21.1 and 23.21.2

Figure-of-eight elastic bandaging of
amputation stumps.

The size of the elastic bandage should

be adapted to the stump: for a transtibial
stump 8 - 10 cm wide, and for transfemoral
10 - 15 cm wide.

The bandage should be wrapped from the

tip of the stump to always end at the lymph
nodes proximal to the oedema (popliteal fossa
or groin) and pressure should be greater distal
than proximal.

The layers should overlap about half of the
bandage width at each turn, with the bandage
staying smooth and free of wrinkles.

The bandage can be worn even in the presence
of a small wound on the stump.
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W. Krassowski / ICRC

Figure 23.22

The importance of physical rehabilitation: mine
victim at the Clcuta prosthetic limb-fitting
centre (Colombia).
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Once healing has been established, firm bandaging helps decrease oedema and
maintain the shape of the stump. The physiotherapist is the person closest to the
patient and best placed to determine if the stump is ready for fitting. This was usually
considered to be after three months, but fitting of a prosthesis can be performed much
earlier (6 — 8 weeks after skin closure), depending on the prosthetic centre’s workload
and expertise. This has become the routine practice in ICRC centres. An immediate
temporary prosthesis fitted within a few days of operation is seldom available where
resources are really limited.

The manufacture of prostheses requires a specialized workshop and trained technicians.
The fitting of a prosthesis and the coaching of the patient in its use and maintenance
are essential elements in physical rehabilitation and are among the major reasons for
the economic burden that a prosthetic centre represents for the health system of a
low-income country. On the other hand, a fitted patient is less of a socio-economic
burden than an unfitted one.

Each prosthesis must be individually fitted and replaced every three years or every
two years for persons living in rough terrain; every 6 — 12 months for a growing child.
Prostheses are expensive items and the cost of the technology used in rich countries
is beyond the reach of most people. A child injured at the age of 10, with a life
expectancy of another 40 to 50 years, will need 25 appliances during his or her lifetime.
Even with simple technology, at approximately 100 US$ per transtibial and 250 US$
per transfemoral prosthesis, this amounts to a prohibitive sum in countries where
average per capita income may be 15 to 30 US$ a month. It is easy to understand why
most people can only afford crutches.

Producing sufficient numbers of prostheses, crutches and wheelchairs, to meet the
needs of thousands of war amputees, yet not create long-standing dependence on
imported materials, is a challenge. The ICRC has focused its efforts on polypropylene:
a synthetic product that is inexpensive, easy to handle and store, does not require
chemical additives, can be recycled, and is produced in many low-income countries.
In addition, the material is impervious to water and ambient humidity, an important
factor in many tropical countries. It has proven well adapted to the fitting of thousands
of amputees in countries with only limited resources.

For a description of ICRC physical rehabilitation programmes and prosthetic workshops
please refer to the brochure on the DVD.

Regular follow-up is necessary to monitor the evolution of the shape of the stump
and the occurrence of any complications. Patient compliance with the use of the
prosthesis and his or her psychological state and socio-economic integration must
also be attended to. Chronic pain and depression and substance abuse are common
problems and require appropriate interventions.

In spite of significant efforts, many problems persist: prostheses break; the technology
for local repair is often not available and city-based workshops are far away and
transport expensive. Furthermore, working and living aids developed for industrialized
societies are frequently not appropriate for poor rural settings and even simpler
locally-developed ones are sorely lacking.*

In addition to the physical trauma of the loss of limb, the psychological trauma of a
radical change in self-image, especially for young adults, can seem unbearable to the
individual involved. It often elicits a kind of grief response, analogous to that which
occurs after the death of a close relative or friend.

Amputees often have to provide for their family, or suffer from social stigmatization
for being disabled. Unemployment, divorce, poor marriage prospects, and social
ostracism are just some of the afflictions that follow the original physical insult. Much
remains to be done in terms of psychological and socio-economic support of war
amputees around the world.

4 See:Hobbs L, McDonough S, O'Callaghan A. Life After Injury: A Rehabilitation Manual for the Injured and Their
Helpers. Kuala Lumpur, Malaysia: Third World Network; 2002.
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There are a number of simple and efficient measures of psychological support that can
be implemented in the hospital and the rehabilitation centre: rehabilitated amputees
can be asked to visit new hospital arrivals, preferably from the same village, clan or
group, depending on the social context. The amputee can be invited to the centre
while still in the early post-operative stage to be informed about socio-economic
reintegration and shown others in training. In many ICRC centres, a large percentage
of the technicians and workers are themselves amputees, demonstrating by example
the possibility of gainful work and employment.

23.11 Complications and stump revision

Many patients suffer from a number of complications, early and late, from minor
skin irritation to wound infection and necrosis. The most common include a painful
neuroma, phantom and residual pain, redundant soft tissue, bone spurs and
heterotopic ossification; and later the occurrence of low-back pain and degenerative
joint disease due to faulty gait.

Patients should be examined by the surgeon together with the prosthetist and
physiotherapist. What might appear to be an “inadequate” stump to the surgeon may
only be a small difficulty in the fitting of the prosthesis for the prosthetist, certainly not
worthy of submitting the patient to further surgery. Revision surgery should only be
contemplated if the prosthetist requests it in order to provide a functional prosthesis
satisfactory to the patient’s needs.

Examination should be systematic and begin with the history of the trauma, use of a
prosthesis if any, and assessment of the general condition of the patient. Examination
of the stump should also be systematic and include a plain X-ray.

Length
Shape
Stump status Mobility of joint(s); contractures

"Choke" syndrome, i.e. tight proximal fit of a prosthesis and loose distally, creating venous
obstruction

Irritation, infection

Blisters, ulcers
Skin (allosity
Epidermal cyst
Other

Free and supple

Adherent, sensitive

Scar -
Pressure point

"Dog ears"

Too much ("elephant trunk")
Too little

Atrophy, fibrosis

Other

Muscle and subcutaneous fat

Soft tissue

Presence of neuroma

Heterotopic ossification

Length

Bevelling of anterior edge of tibia
Length of fibula

Osteomyelitis

Bone

Osteophyte
Other

Table 23.2 ICRC protocol for the examination of an amputation stump.
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Figures 23.23.1 - 23.23.8

Examples of some common complications.

H. Nasreddine / ICRC

Figure 23.23.1

Infection of the wound.

H.Tarakhchyan / ICRC

ICRC

Figure 23.23.4

Adherent scar.

Figures 23.23.7 and 23.23.8

H. Nasreddine / ICRC
H.Tarakhchyan / ICRC

Figure 23.23.2 Figure 23.23.3
Globular stump and “dog ears” of the scar. Invagination of the scar.

H.Tarakhchyan / ICRC

ICRC

Figure 23.23.5 Figure 23.23.6

Very short stump. Non-bevelling of the anterior crest of the tibia.

ICRC

The fibula is longer than the tibia and shows an osteophyte formation at its tip that is eroding the skin and causing local infection of the scar. In
addition there is an osteophyte of the tibia causing pain.
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Simple surgery can often resolve many problems that inhibit the proper use of a
prosthesis, such as a painful neuroma, an osteophyte, or a poor scar requiring revision.
Other conditions may require a revision of the bone section or length, or complete
revision of the stump to provide adequate muscular cover of the bone ends.

23.11.1 Painful neuroma

A painful neuroma is probably the most common surgical complication after
amputation; it is entirely organic in origin. The patient complains of a sharp, clearly
localized pain, like an electric shock, caused by pressure at a specific point of the
stump. On gentle palpation a hard, mobile swelling is identified, at times the size of an
olive. Palpation of the swelling exacerbates the pain, which is described as the one the
patient feels with the prosthesis.

The treatment: under local, regional or general anaesthesia, depending on the patient’s age
and the presence of any other pathologies requiring surgical care, the swelling is dissected
out and the nerve stump cut shorter by a fresh scalpel blade. The nerve end should be
implanted in a muscular mass away from the pressure exerted by the prosthetic socket.
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23.11.2 Phantom limb sensation and pain

The loss of a limb radically changes the psychological self-image of the patient,
but a great deal of the physiological and anatomic image remains intact, so much
so that the patient perceives the continued presence of the amputated limb. The
person maintains a complete “body map”imprinted in the higher brain centres. Many
phantom sensations are not painful and their occurrence should be explained to the
amputee as a normal reaction post-injury. Persons with a congenital absence of a
limb or amputation occurring in early childhood do not experience phantom limb
sensations and pain.

The incidence of phantom limb pain varies greatly among published reports. Much
confusion arises from a poor diagnostic definition; it must be carefully distinguished
from residual limb pain due to definite organic causes. Phantom limb pain is a
multifactorial condition; peripheral, spinal and psychological elements all play a part.
The intensity of the pain also varies widely from simple discomfort to incapacitating.
Some patients complain of a form of causalgia with feelings of burning and throbbing.

Treatment first and foremost involves the elimination of organic causes of residual
limb pain such as a neuroma, nerves entrapped in the surgical scar, or an osteophyte.
The results of treatment of true phantom pain have been disappointing and many
approaches have been tried, some with measured success in a number of - but
by no means all patients. These include tricyclic antidepressants (amitriptyline),
anticonvulsants (carbamazepine), opiate analgesics and tramadol, and various
anaesthetic blocks and local counter-irritants. No surgical interventions have proven
effective. Some positive results have been reported with acupuncture and hypnosis.
Psychological support from family, friends and prosthetists, and the attending
physician plays an important role.
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VASGULAR INJURIES
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VASCULAR INJURIES
Introduction
Wound ballistics and types of arterial injury

Epidemiology
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VASCULAR INJURIES

Basic principles

The basic principles for the management of injury to peripheral blood vessels are straightforward
and emphasize a number of points made throughout this manual. In addition to pre-hospital

control of haemorrhage and rapid evacuation, they include:
« definitive haemorrhage control;

- resuscitation;

- early arterial repair;

- coverage of the arterial repair with appropriate soft tissue;
- repair of venous injury when possible;

- fasciotomy in most cases;

- proper wound care, stabilization of any fractures, and physiotherapy.

24.1 Introduction

Exsanguination from wounds in the limbs is the most frequent cause of preventable
death on the modern battlefield. Although this primarily concerns the pre-hospital

first-aid phase, its importance in hospital surgical care cannot be underestimated.

Major vascular procedures in the limbs have become commonplace in modern surgical
practice; however, when faced with an influx of mass casualties, vascular repair may
consume an inordinate amount of theatre time. Simple ligation and accepting the risk
of amputation may be the most appropriate clinical decision.

24.2 Wound ballistics and types of arterial injury

In most cases, the elongated elastic structure of arteries causes them to “flee” a
projectile. It is not uncommon for the surgeon to find that the only intact structures
traversing a large wound cavity are the neurovascular bundle and/or tendons.

Wound ballistics can be translated into several different pathological types of arterial
injury:

- transection or avulsion;

- lateral laceration or punctate wound;

- contusion, with or without intimal disruption and thrombosis;

- isolated vasospasm;

« pseudoaneurysm and arteriovenous fistula.

Figure 24.1

Types of arterial trauma.

a.

Section of the artery with spasm of the
cut ends.

Lateral laceration: the lesion remains open.

. Lateral laceration or rupture of the entire

arterial wall: pulsating haematoma leading to
a pseudoaneurysm.

. Contusion, intimal damage and spasm

leading to thrombosis.

. Contusion and rupture of the media causing a

true aneurysm.

. Combined arterial and venous injury:

arterio-venous fistula.
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Figure 24.2

Artery in proximity to the wound channel of a

fragmenting FMJ high-kinetic energy bullet.

a. Vessel close to straight narrow channel: no
lesion, the vessel “flees” the bullet.

b. Involvement in temporary cavitation: arterial
avulsion or contusion depending on the
distance from the centre of the cavity.

c. Laceration of the artery by bullet fragment.
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Complete transection or avulsion

Most lesions of blood vessels are due to direct contact with the projectile:i.e. laceration,
whether by a low- or high-kinetic energy missile. In addition, a near-miss by a high-
energy projectile at the point of temporary cavitation in the shooting channel may
cause the artery to be avulsed by the severe stretch to which it is subjected.

A complete transection or avulsion of the artery is accompanied by loss of tissue and
microscopic damage to all layers of the arterial wall in a variable length of the vessel,
up to 2 cm and more at both cut ends.

A frank transection of the artery provokes a reactive temporary vasospasm of the
retracted cut ends. Shortly thereafter, the spasm eases and haemorrhage ensues.

Lateral laceration or punctate wound

In a lateral laceration or a punctate wound, vessel continuity remains intact but a
portion of the wall is torn open or punctured. A small shrapnel fragment, a piece of a
fragmented bullet, or a spicule of bone may occasionally puncture and remain stuck in
the vessel wall, thereby creating a tamponade effect. In most cases, a lateral laceration
stays open: there is no retraction and no spasm and immediate haemorrhage ensues,
which may result in a pulsating haematoma and, as the extravasated blood forms an
enlarging and slowly organizing clot around the orifice, in a pseudoaneurysm. If there
is a concomitant injury to a vein, a communicating channel may be created between
the two: i.e. an arterio-venous fistula (A-V fistula).

Arterial contusion and intimal detachment

Arterial contusion can be due to temporary cavitation but occurs when the vessel is
at a distance from the track of a high-energy missile, in contrast to the near-miss. The
artery is stretched and compressed against the wall of the temporary cavity causing
adventitial haemorrhage first, then breaks in the tunica media, and finally disruption
of the intima with or without the prolapse of an intimal flap. Microscopic changes
have been described up to 2 cm in both directions into apparently normal arterial wall.
Minor degrees of contusion may give no clinical signs and heal spontaneously.

In symptomatizing lesions, the contused segment may suffer from spasm or intimal
damage that provokes deposition of fibrin leading to thrombosis of the vessel over
time; it may take several hours for the fibrin to completely obstruct the vessel. Finally,
a true aneurysm may develop by herniation of the media through a weakened spot in
the external tunica elastica and adventitia.

Blast injury, whether from a bomb explosion or an APM, can provoke massive intimal
injuries resulting in thrombosis of the vessel. In addition, the zone of injury may not be
apparent at primary surgery and only fully declare itself after 24 hours by a blow-out
of an anastomotic repair.

Arterial contusion may also be due to blunt crushing trauma with no external wound.

Arterial spasm

Arterial spasm, a reflex contraction of the vessel wall, may result from projectile-
induced cavitation or a blunt injury. The diagnosis can only be made on angiography
or surgical exploration to exclude contusion, and on an arteriotomy to exclude an
intimal flap. A high degree of suspicion is necessary and the surgeon should not be
content with “spasm” as an explanation for ischaemia.
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24.3 Epidemiology

Hospital mortality after vascular injuries frequently depends on associated trauma
to other body regions, hence the maxim: “sacrifice a limb to save a life". By the time
the life-saving laparotomy has been completed, the viability of a limb may have been
compromised beyond recuperation by the cumulative time of shock and ischaemia.

24.3.1 Relative incidence of peripheral vascular injuries

Although 50 - 75% of major war wounds involve the limbs, only 1 - 2% include
injury to major vessels. This figure rises to 5% and more where modern body armour
is used extensively, offering greater protection to the torso, and in conflicts where
anti-personnel mines are widely deployed. One ICRC surgical team working on the
Cambodian-Thai border in 1988 during a conflict that witnessed the widespread use
of landmines received 94 war-wounded patients in a three-month period; 13.8 %
suffered vascular injuries to the lower limb.’

In most past studies, the major arteries of the lower limb are injured almost twice as
often as those of the upper limb. This is to be expected, given that the surface area of
the lower limbs is twice that of the upper limbs. However, the brachial artery is usually
the most often or second-most often major peripheral artery injured; probably owing
to its very superficial anatomy and the normal activities of a combatant that increase
its exposure.

The relative incidence of isolated major venous injuries is not as well documented.
Nevertheless, again there is a preponderance of injuries to the veins of the lower limb.

24.3.2 Combined arterially-associated injuries

As is to be expected the anatomy of certain regions lends itself more readily to
combined injuries to the artery and vein and concomitant fracture of the bone. This is
particularly the case for the popliteal artery and vein, the axillary artery and brachial
plexus, and the femoral vessels and femur.

Vein (%) Nerve (%) Bone (%)
USA | USSR 15
Artery | Lebanon Viet Nam | Afahanistan | Afoianistan/ | USA USSR USA USSR
N=550 | y_ g - Iraq Viet Nam | Afghanistan | Viet Nam | Afghanistan
N=936 | N=194 n
N =585

Axillary o 34 50 35 92 40 27 20
Brachial 19 36 6 71 55 34 38
lliac 23 4) 50 57 12 17 8 33
Femoral 39 45 38 47 19 37 23 55
Popliteal 82 52 74 38 37 45 40 55
Alllimb || 35 45 34 o B 30 7
injuries

Table 24.1 Incidence of arterial lesions in combination with other local injuries. Major peripheral vessels only;
forearm and lower leg excluded.?

The forearm and lower leg are usually excluded from such analyses since the anatomy
is such that combined injury to the vessels, nerves and bone is exceedingly common.

Invariably, in most studies, injuries to the artery together with the vein or nerve exist
in almost half the cases, and with fracture of the bone in about a third to almost a half.

1 Fasol R, Irvine S, Zilla P. Vascular injuries caused by anti-personnel mines. J Cardiovasc Surg 1989; 30: 467 — 472.
2 Lebanon: Zakharia AT. Cardiovascular and thoracic battle injuries in the Lebanon War. Analysis of 3,000 personal
cases. J Thorac Cardiovasc Surg 1985; 89: 723 - 733.
USA Viet Nam: Bowen TE, Bellamy RF. Emergency War Surgery NATO Handbook, 2nd US Revision. Washington D.C.:
United States Department of Defense; 1988.
USSR Afghanistan: Brusov PG, Nikolenko VK. Experience of treating gunshot wounds of large vessels in
Afghanistan. World J Surg 2005; 29 (Suppl.): 525 - S29.
USA Afghanistan / Irag: White JM, Stannard A, Burkhardt GE, Eastridge BJ, Blackbourne LH, Rasmussen TE. The
epidemiology of vascular injury in the wars in Iraq and Afghanistan. Ann Surg 2011; 253: 1184 - 1189.
205



WAR SURGERY

C. Giannou / ICRC

43% ——»
55% ——»

25% ———>»
40% —%

<+— 45%
<+— 80%

0% —»

<+— 50%

“— 75%

70% —4>

Figure 24.3

Average amputation rates after arterial ligation

(combination of sources).
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24.3.3 Amputation rate after vascular injuries

Several classic studies of vascular wounds in World War |, Korea and Viet Nam, have set
the modern standard. Until the Korean War, ligation of a severed artery was the primary
treatment, although a few surgeons had already tried to practise vascular repair. The
most often quoted statistic is taken from the well-known World War Il study by DeBakey
and Simeone.? Out of 2,471 vascular injuries, only 81 (3 %) were repaired primarily, with
an amputation rate of 35%. Among the remaining patients treated by arterial ligation,
the amputation rate in survivors was 49 %. With greater mastery of arterial repair, the
amputation rate decreased to 10 - 13 % amongst US troops in Korea and Viet Nam and
Soviet soldiers in Afghanistan; current rates stand at about 5 %.

The amputation rate for arterial injury has thus fallen drastically in the last 100 years.
This has been a function of a number of factors: faster evacuation and earlier surgery;
improved availability of first aid and control of haemorrhage; blood transfusion, better
resuscitation and anaesthesia; and antibiotics. Particularly noteworthy has been
increasing surgical expertise in the accomplishment of vascular repair.

Artery World War II: ligation Viet Nam: repair
Axillary 3% 5%
Brachial 27% 6%
Common iliac 54% 1%
Common femoral 81% 15%
Superficial femoral 55% 12%
Popliteal 73% 30%

Table 24.2 Amputation rates of major arterial injuries: “ligation era” versus “repair era".*

Nonetheless, ligation is stilla common technique for dealing with peripheral vascular injuries,
owing to the large number of lesions of vessels distal to the elbow or knee. In contemporary
conflicts, 50% or more of the injuries to all arteries still undergo simple ligation.>

24.3.4 Amputation versus limb salvage

Shock, the state of the patient’s collateral circulation, and concomitant fracture play
important roles in determining the outcome: amputation or limb salvage.

Major clinical reasons for an amputation in patients with vascular injury include:

- delay in diagnosis and revascularization;

- inability to perform vascular repair where extensive soft-tissue damage renders
coverage of the vessels difficult;

- infection;

« crush injury, and

« compartment syndrome.

Loss of certain major nerves as well often results in such a degree of functional loss
that the patient is better off with a prosthesis than with a debilitating and painful limb
(see Sections B.5.1 and 23.3.3).

The critical period before irreversible nerve and muscle damage due to acute ischaemia
occurs is 6 — 12 hours. After 12 hours, reperfusion comes too late in most cases if the
collateral circulation has been insufficient to maintain viability. At the ICRC hospital in
Peshawar, Pakistan (1989 - 91), where war-wounded from the conflict in Afghanistan
were treated, the amputation rate for patients revascularized within 12 hours of injury
was 22 %; it reached 93 % for those undergoing surgery after 12 hours.®

3 DeBakey ME, Simeone FA. Battle injuries of the arteries in World War II: an analysis of 2,471 cases. Ann Surg 1946;
123:534 - 579.

4 Adapted from Rich NM, Baugh JH, Hughes CW. Significance of complications associated with vascular repairs
performed in Vietnam. Arch Surg 1970; 100: 646 - 651 and DeBakey and Simeone, 1946.

5 White JM, Stannard A, Burkhardt GE, Eastridge BJ, Blackbourne LH, Rasmussen TE. The epidemiology of vascular
injury in the wars in Iraq and Afghanistan. Ann Surg 2011; 253: 1184 - 1189.

6 Gosselin RA, Siegberg CJY, Coupland R, Agerskov K. Outcome of arterial repairs in 23 consecutive patients at the
ICRC-Peshawar Hospital for War Wounded. J Trauma 1993; 34: 373 - 376.
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The importance of collateral circulation is unquestionable. It consists of two elements:
pre-existing named vessels in known collateral systems, which are more or less robust
depending on the anatomical region; and multiple unnamed muscular branches that
proliferate and form anastomoses with one another to create a “midzone” network. If
these two systems “open up” sufficiently and early enough, the viability of the limb is
preserved. Vascular injuries to the upper limb are associated with a higher limb salvage
rate than injuries to the lower limb, probably because of its collateral circulation. The use of
atourniquet cuts off this collateral circulation. If applied inappropriately and if not released
regularly during a long evacuation, it compromises the viability of the limb even further.

Numerous authors have reported the difference in amputation rates when the injury
comprises a combined fracture and vascular lesion as compared to an isolated arterial
injury (see Table 24.2). During World War II, when almost all lesions were ligated, the
amputation rate was 60% in combined injuries and 42 % in isolated arterial wounds.
In Viet Nam when arterial repair was used, the failure rate was 33 % for a combined
injury and 5% for an isolated arterial lesion. A concomitant bone fracture probably
indicates a greater release of kinetic energy locally with increased surrounding soft-
tissue damage and disruption of the collateral circulation. A similar tendency has also
been observed when there is concomitant venous injury that cannot be repaired.

24.3.5 Missile emboli

As discussed in Chapter 14, missile embolism is an exceedingly rare phenomenon that
is only ever reported for individual cases. More cases have been described following
civilian violence than in the military literature. The Vietnam Vascular Registry recorded
only 22 such cases among approximately 7,500 casualties with vascular lesions,
representing an incidence of only 0.3%. All but three of these 22 cases had been
wounded by small fragments from anti-personnel landmines, mortars or grenades.

Certain criteria must be met for embolism to occur. The missile must be of small
enough calibre — usually a fragment - and its kinetic energy sufficiently low at the
point of injury. Furthermore, the affected vessel must be ample enough, or the lesion
implicate the heart or an arterio-venous fistula.

The diagnosis is not always obvious and the embolization may occur years after
the injury.

24.3.6 Red Cross Wound Score

Peripheral vascular injury proximal to the knee and elbow can result in life-threatening
haemorrhage. Thus, in the RCWS a lesion in one of these vessels is scored V = H.

The results of an ICRC study on 73 patients with lesions in the femoral or popliteal
arteries, with and without a concomitant fracture, are shown in Figure 24.4. Although
the numbers do not allow for a statistically significant result, the tendency is obvious
and stands to reason. Arterial lesions in large wounds with fractures tend to resultin a
higher amputation rate and mortality.

Number of patients
25 _
20
154
104
A .
0 ]
1TH 1 HF 2H 2 HF 3H 3 HF
Type and Grade of wound
o Death [l Amputation Limb survival
S

Figure 24.4

ICRC study of mortality and amputation by
wound Type and Grade. Lesions of the femoral
or popliteal vessels qualify as a Type H wound.
The presence of a clinically significant fracture =
Type F wound. Grades are 1, 2 and 3 according
to the size of the wound.
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24.4 Emergency room care

Catastrophic external haemorrhage from peripheral vessels is the first C in the
C-ABCDE paradigm but should have been dealt with by first aid in the pre-hospital
setting (see Section 7.7.3). Otherwise, the patient does not survive to reach hospital. It
should be noted that both arterial and venous haemorrhage may lead to shock.

As specified in Section 8.5.2, blind clamping in the depths of a bleeding wound must
never be attempted. Proximal digital pressure, packing of the wound and a compressive
dressing, or pneumatic tourniquet can all be used to control haemorrhage temporarily
in the ER until the patient is brought to the operating theatre. Only if a bleeding vessel
can be clearly seen may direct control be obtained with haemostatic artery forceps.

External bleeding can be controlled temporarily,
while dealing with the airway or breathing or
internal haemorrhage.

In the emergency room, after examination and control of the airway and breathing,
and exclusion of internal haemorrhage, the other signs of peripheral vascular injury
must be sought. In all limb injuries, a high degree of suspicion regarding vascular
damage is essential. A small piece of muscle may block off a wound, preventing blood
from exiting and creating a contained haematoma.

Analgesia, antibiotics and tetanus prophylaxis should be administered as per protocol.

24.4.1 Pneumatic tourniquet

The use of a pneumatic tourniquet in the ER is of great value in an open bleeding
wound, until proximal and distal control can be obtained in the theatre. However,
a tourniquet should not be used for a wound with a self-contained haematoma or
isolated signs of ischaemia as it cuts off the collateral circulation that may be the only
thing maintaining viability of the distal tissues.

24.4.2 Paraclinical investigations

If available, arteriography may be performed in a stable patient where the signs of
ischaemia are inconclusive or to define more accurately an arteriovenous fistula or
pseudoaneurysm. This is best undertaken by the surgeon in the operating theatre
with a single injection of 20 ml of full-strength contrast material in the proximal part
of the vessel. If the proper X-ray equipment (mobile machine, C-arm fluoroscopy)
is not available in theatre, then the surgeon must go with the patient to the X-ray
department and make certain that there is no delay. The common femoral artery can
be cannulated percutaneously with a fine 18 gauge needle and the contrast material
rapidly injected. A plain radiograph is taken after a delay of 2 seconds for the mid-
thigh, 3 seconds for the distal thigh, and 5 seconds for the calf.

An ultrasonic Doppler probe, if available, is a useful adjunct to careful clinical
examination, especially of more occult vascular injuries. Not only can peripheral blood
flow be ascertained, but the ankle-brachial index (ABI) can be calculated. A manual
blood pressure cuff is slipped around the ankle and a Doppler probe placed over both
the dorsalis pedis and posterior tibial arteries, and the highest occlusion pressure is
measured. This value is then divided by the highest brachial systolic blood pressure to
give the ABI. Any index less than 0.9 in an otherwise healthy patient is highly suggestive
of arterial injury. In the absence of a Doppler probe, a simple stethoscope may be used
to try to pick up the posterior tibial pulse, after resuscitation of the patient.
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24.5 Diagnosis and surgical decision-making

Major arterial lesions can be difficult to diagnose in the presence of shock and multiple
injuries. On the other hand, the signs of arterial injury may be evident and include the
following “hard signs”:

- active haemorrhage;

« large, expanding haematoma;

« pulsatile haematoma with a bruit or thrill (pseudoaneurysm);

«“machinery” murmur (arteriovenous fistula);

signs of acute distal ischaemia, especially absence of pulses after

patient resuscitation.

The classical six Ps of acute distal ischaemia

« Pain - Paraesthesia
- Pallor « Poikilothermia’
« Paralysis « Pulselessness

The presence of one or more of these evident signs associated with a missile track that
passes close to a major peripheral vessel calls for operative exploration.

The signs of acute distal ischaemia can be ambiguous. Normal pulses do not exclude
vascular injury; the collateral circulation may maintain the distal pulse. In addition and
especially subsequent to cavitation effects, intimal disruption and ensuing thrombosis
may be delayed. A cold, pulseless limb with mottling of the skin and cyanosis may also
be present in a patient after exposure to a cold environment, crush injury or shock
— whatever the cause. However, the absence of distal pulses once the patient has been
resuscitated is considered a “hard sign” of arterial damage. The clinical indicators of
peripheral circulation must always be evaluated by comparing the injured and intact
limbs. Asymmetrical pulses, capillary filling, skin temperature, etc. are all indicative of
compromised peripheral circulation.

It is difficult to make a diagnosis before resuscitation to
a systolic pressure of 90 mm Hg and comparison must
always be made with the intact limb.

Absence of “hard signs’, or only incomplete signs of ischaemia when the projectile
trajectory is close to a major vessel, warrant observation, not surgical intervention. So
do the “soft signs” of:

- small stable non-pulsatile haematoma;

« motor or sensory deficit of an adjacent nerve;

« shock unexplained by other injuries;

« history of haemorrhage that has ceased.

A patient with an obvious vascular injury should go directly to the operating theatre
without delay. Although there is no time limit beyond which arterial repair is absolutely
contraindicated, the best results are obtained when blood flow is re-established
within 6 hours of injury.2 The existence of good collateral circulation often determines
the success rate of arterial repair or the consequences of ligation. The presence of
shock is a complicating factor. Another factor is severe tissue damage that may lead
the surgeon to decide on amputation rather than vascular repair and limb salvage (see
Section 23.3.3).

7 Poikilothermia: varying temperature, term used for cold-blooded animals that cannot regulate their body
temperature and take that of the surrounding environment. Here, the ischaemic limb becomes cold and the
skin temperature approaches that of the ambient air.

8 Burkhardt GE, Gifford SM, Propper B, Spencer JR, Williams K, Jones L, Sumner N, Cowart J, Rasmussen TE. The

impact of ischemic intervals on neuromuscular recovery in a porcine (Sus scrofa) survival model of extremity
vascular injury. J Vasc Surg 2011; 53: 165 - 173.

Figure 24.5

Ecchymosis in association with a bullet track
close to the popliteal artery.

Figure 24.6

Obvious vascular injury: frank ischaemic
gangrene following GSW.

Figure 24.7

Always compare both limbs for signs
of ischaemia.
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Figure 24.8

The muscles of more than two compartments
were found to be necrotic.

Figure 24.9

Vascular clamps.
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It can be difficult if not impossible to differentiate partial ischaemia with some
collateral blood flow but developing compartment syndrome on the one hand from
complete ischaemia on the other. The clinical evaluation of irreversible ischaemic
muscle and nerve damage is usually not possible, except where there has been much
delay. In ambiguous presentations fasciotomy should be performed first to assess
muscle viability: colour, texture, and contractile response to pinching and electrical
stimulation using diathermy. If the muscles are viable, repair is undertaken.

The most difficult situation is to be found below the knee. If only the muscles of
the antero-lateral compartment are found to be nonviable, they are debrided and
vascular repair performed. If the muscles of two or more compartments are nonviable,
amputation should be undertaken.

“Look and see”is wiser than “wait and see”.

Arteries should be repaired whenever possible; however, those of the forearm and
lower leg below the popliteal may be ligated if injured in isolation and if the distal limb
remains well perfused. Ideally, if both forearm arteries are damaged, at least one and
preferably both should be repaired. In the lower leg, at least one of the two posterior
arteries should be repaired along with the anterior tibialis.

Major venous injury may be more difficult to diagnose than arterial injury. The only
signs may be dark and steady bleeding from a wound or, in a closed wound, a massive
haematoma. Acute venous insufficiency usually presents within 24 hours as massive
oedema in a cool, bluish limb. Later, chronic insufficiency manifests itself with the
signs of venous stasis: oedema, skin discolouration, and even ulceration.

Neurological symptoms must be sought during the examination. However, other
neurological signs may be the result of ischaemia, compression of a nerve by an
expanding haematoma, or compartment syndrome - not of direct nerve injury.

24.6 Surgical management

The most effective procedure to stop haemorrhage is a
ligature around the vessel.

24.6.1 Preparation of the non-specialist

Vascular surgery takes time. The general surgeon who does not perform vascular
surgery on a regular basis must prepare for it with a thorough revision of vascular
anatomy and the incisions for exposure of major vessels. The basic techniques of
arterial suture are straightforward, as are simple damage-control procedures.

24.6.2 Preparation of the operating theatre

Vascular instruments are special and specific: DeBakey, Blalock and Satinsky vascular
and bulldog clamps, etc. They can be improvised to a certain extent: non-crushing
intestinal clamps or ordinary haemostatic forceps with plastic intravenous-giving
lines placed over the blades can be used. Vascular sutures are monofilament, very fine,
and inserted on a non-traumatic eyeless needle. If vascular monofilament suture is
not available, fine braided silk passed through subcutaneous fat to lubricate it may
be used.
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Other appropriate supplies include:

vascular loops or umbilical tapes or a Penrose drain to improvise a
Rummel tourniquet;

Fogarty or ureteric catheters of different sizes;

« heparin;

- and contrast material if possible.

These should all be prepared by the theatre staff before the operation begins. Good
lighting and good assistance greatly facilitate the attempt at vascular repair.

Figures 24.10.1 and 24.10.2

Rummel tourniquet: a tape is passed through a
rubber tube or catheter.

N. Papas / ICRC
T.Gassmann / ICRC

24.6.3 Preparation of the patient

The positioning and draping of the patient for proper vascular exposure is important;

proximal control may require opening the chest or abdomen for “junctional zone”
injuries (see Section D. 6). The skin of the uninjured leg should be prepared at the

same time for the harvesting of a vein interposition graft if necessary.

Anaesthesia is as usual. The patient must first have been properly resuscitated: vascular
surgery is time-consuming and the patient must not be pushed into the lethal triad of
hypothermia, acidosis and coagulopathy in the attempt to save a limb. The availability
of blood for transfusion can determine the extent of time devoted to limb salvage.

24.6.4 Surgical techniques for arterial trauma

Major arteries should be repaired whenever possible. The basic principles comprise:
control of haemorrhage;

exposure and control of the vessels, proximally and distally;

maintenance of the patency of the vascular tree;

preparation of the vessel;

repair or reconstruction of the artery;

covering the artery with appropriate soft tissue;

wound debridement and stabilization of any fracture;

- fasciotomy.

Please note:

Early fasciotomy may be performed even before vascular repair if there is a delay
in limb reperfusion. Some surgeons do this as a routine once haemorrhage has
been controlled.
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Figure 24.11

Generous incision for exposure of the vessels.

Figure 24.12

Proximal and distal control of the vessel using
vascular clamps and improvised Rummel
tourniquets using Penrose drains.
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Control haemorrhage.

The pneumatic tourniquet is inflated if necessary or distal and proximal digital
pressure over the artery is applied by an assistant. A pneumatic tourniquet may
be applied even in cases without overt haemorrhage, but should not be inflated
until the very moment it is needed.

Expose the vessel.

Proximal exposure of the major vessels is accomplished through a generous
incision safely above the site of injury and preferably through healthy tissue.

Distal exposure can usually be obtained at the site of the injury; otherwise, a
separate incision is performed in the anatomic line of the vessel, again through
healthy tissue.

Control the vessel.

The exposed proximal and distal parts of the vessels are controlled with vascular
clamps or Rummel tourniquets. If a pneumatic tourniquet has been applied, it
can now be removed.
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4. lIsolate the injury.

The site of injury is attacked directly. The vessels are dissected free and their
sectioned ends picked up with bulldog clamps or some other non-crushing
clamp. Otherwise, a paediatric Foley catheter may be introduced and the
balloon inflated to occlude the vessel.

5. Maintain the vascular tree.

The proximal end of the artery is checked for free forward-bleeding by releasing
the bulldog and vascular clamps. Likewise, adequate back-bleeding from the
distal segment is confirmed.

Thrombectomy should be performed by gently passing a Fogarty or ureteric
catheter, depending on what is available. The catheter should be inserted
carefully as it can easily damage the intima during its introduction or if the
balloon is over-inflated.

Heparinized saline (5 - 10 IU/ml saline®) is injected proximally and distally:

20 - 30 ml in each end for the lower limb, 10 - 20 ml in the upper. It helps
prevent clot formation in the static column of blood while repair is undertaken.
In ICRC surgical practice it is not given systemically.

In the absence of a Fogarty catheter the vessel should be milked from proximal
and distal ends towards the site of injury to manually squeeze out any thrombus.
When combined with repeated injections of heparinized saline, or even plain
saline, this should dislodge and evacuate any thrombus.

A ureteric catheter may be preferable to a Fogarty. It has a balloon for
thrombectomy and can also be used to inject the heparinized solution.

6. Prepare the vessel.

The ends of the injured vessel are debrided back to a level of healthy tissue. For
arteries, the debridement must remove a further 2 - 3 mm of adventitia so that
the exposed healthy ends show only the elastic tunica media which alone is
capable of holding sutures.

Repair, anastomosis, or an interposition vein graft is undertaken, depending on the
extent of injury. However, no repair of any sort should be undertaken unless it can be
covered by viable soft tissue.

9 Concentrations of heparin used by different surgeons vary widely, from 5 to 100 IU/ml. There is no universal standard.
Even many basic surgery reference texts mention only “heparinized saline” without specifying a concentration.
Should heparin be used, protamine should be available as an antidote: 1 mg protamine/100 IU sodium heparin.

Figure 24.13

The sectioned ends are held in bulldog clamps.

Figure 24.14

Thrombus removed from the damaged vessel.
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Figure 24.15.1

Lateral laceration of an artery.

Figure 24.15.2

Repair of lateral arterial laceration with a vein
patch graft. Two stay sutures may be placed at
both ends first for better control of the vessel.
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24.6.5 Repair, anastomosis and grafting

Lateral laceration

Direct repair by suture is possible only for small, clean-cut lacerations of large arteries,
except if there is a risk of stenosis. Sutures should be inserted T mm apart and about
1 mm from the wound edge using continuous 5/0 — 6/0 synthetic vascular suture.
Lacerations of significant small- or medium-sized arteries or cases where direct suture
of a debrided artery would result in stenosis are better repaired with a venous patch
graft. Some surgeons prefer resection of the injured segment and anastomosis in all
cases, as they find this procedure more expeditious.

Complete transection or avulsion

Direct anastomosis is usually possible for low- and some medium-energy wounds
(e.g. laceration by a knife, fragment from a hand grenade, some revolver bullets).
Defects of up to 2 - 4 cm - depending on the artery — can be treated with direct
end-to-end anastomosis by mobilization of the vessel. The injured artery is dissected
proximally and distally for up to 10 cm to provide slack and ensure an anastomosis
without any tension on the suture line. The surgeon should not sacrifice important
collateral branches or pull joints into severe flexion in an attempt to perform an end-
to-end anastomosis. Larger defects usually require a vein graft.

Arterial contusion

Intimal damage is usually too extensive to allow for resection and anastomosis.
Resection back to healthy tissue and replacement with a vein graft is the operation
of choice.

Arterial spasm

It is very dangerous to diagnose arterial spasm on simple clinical grounds. The vessel
must be inspected directly and an arteriotomy performed to observe and confirm
the integrity of the intimal surface, to make certain that no prolapse of an intimal
flap has occurred. Local application of warm saline or injection into the adventitia of
papaverine or lidocaine may help in relieving the spasm.

Many diagnosed arterial spasms are in reality intimal
detachments: the only way to find out is to “open and look”.
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24.6.6 Operative technique

Arterial anastomosis

The ends of the artery should be cut slightly obliquely (spatulation) but not as much as
for the ureter. A continuous suture of very fine monofilament synthetic material (5/0 or
6/0) is best for the anastomosis. Two or three interrupted lateral stay-sutures may be
used to control the proximal and distal ends. Interrupted sutures should be used for
smaller calibre arteries such as the radial, ulnar or tibial or in children. There should be
no tension on the arterial anastomosis and no stenosis of the arterial lumen.

=
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Figure 24.16.1

Direct anastomosis of an artery.

Interposition vein graft

More extensive damage requires replacement by an interposition saphenous vein
graft taken from the opposite limb so as not to compromise venous return in the
injured extremity. Most arterial damage associated with missile wounds affects a
large segment. Even after proximal and distal dissection, the cut ends still cannot be
sufficiently approximated without tension and therefore a vein graft is necessary.

The saphenous vein graft should be harvested from the
uninjured limb.

The appropriate length of the long saphenous vein should be dissected cleanly and all
branches tied carefully. If this is not available, the lesser saphenous vein or one from
the upper limb are second choices.

Spasm of the graft can be reversed by gentle dilatation with saline or blood injected
by a syringe. The vein segment must be reversed to avoid obstruction to flow from any
venous valves. When put in place the graft must not be twisted, and too long a graft
can result in a kink; both can lead to thrombosis. The artery-graft anastomoses are
accomplished in the fashion described above for direct anastomosis with a continuous
monofilament suture. Spatulation of the vein involves a small longitudinal incision.

P. Zylstra / ICRC

Figure 24.16.2

Excision of traumatized arterial segment with
end-to-end anastomosis. Note the spatulation

of the arterial ends.
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Figure 24.17.1

Interposition vein graft.
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Figure 24.17.2

End-to-end vein graft anastomosis after
resection of the segment of injured artery and
spatulation of the ends: a = artery; v = vein graft.

For interposition grafts some surgeons use a synthetic prosthesis. ICRC surgeons
believe that in contaminated war wounds it is best to avoid a graft of synthetic
material, which in any case is seldom available when working with limited resources.
An autogenous vein graft is best.

Please note:

Children grow and so will their blood vessels: it is therefore preferable to repair all
transected arteries with an interposition vein graft and to use interrupted sutures
rather than a continuous one to avoid stenosis in the long term.

The final stitch

Before completing the last stitch of the repair, the distal clamp is removed momentarily
to fill the segment with blood and remove any air. Once the final stitch is tied, the
distal clamp is released first (lower pressure), then the proximal.

In any arterial anastomosis, bleeding through the suture line after release of the clamps
often occurs and should be controlled by gentle pressure packing for up to 10 minutes
if necessary.’® Additional sutures usually only result in more bleeding through the new
needle holes. Figure-of-eight or mattress sutures should only be used if the bleeding
continues after pressure packing.

24.6.7 Finishing the operation

Debride the wound

After arterial repair or vein grafting, the wound is debrided and irrigated as usual and
left open for delayed primary closure. During debridement, additional vascular and
neural injuries should be looked for in the vicinity, especially if the primary damage
has been inflicted by fragments which tend to be numerous.

Provide soft-tissue coverage

The repaired vessel should be covered with soft tissue: fascia or a muscle rotation flap
if necessary (see Section B.11). The latissimus dorsi can cover the axillary and brachial
vessels, and the gracilis muscle, among others, can be used for the femoral vessels.
The gastrocnemius is suitable for the popliteal. However, to prevent thrombosis
excessive compression of the vessel should be avoided. As mentioned, failure of soft-
tissue coverage leads to failure: either thrombosis or desiccation of the repair and
secondary haemorrhage.

No repair of any sort should be undertaken unless
it can be covered by viable soft tissue.

10 This is the time for a cup of coffee or tea; it is best if the surgeon leaves the table, otherwise most surgeons
cannot resist “having a look”.
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Fasciotomy

The following are particular indications for fasciotomy:"

- delay of more than 4 hours between injury and restoration of flow;
prolonged period of hypotension or shock;

obvious oedema pre-operatively or developing during or after the surgical
procedure;

combined venous and arterial injury in major vessels;

massive associated soft-tissue injury;

arterial ligation or obvious failure of the repair;

isolated major venous injury.

Please note:

Waiting for the end of the operation to perform a fasciotomy may compromise the
repair by allowing venous congestion and poor outflow, or even muscle necrosis,
to occur. As mentioned, fasciotomy may be performed once the vessels have been
isolated and clamped and before vascular repair.

Based on their experience, ICRC surgeons recommend
performing a distal fasciotomy in all cases of vascular injury.

Control the repair

Distal perfusion of the limb — pulses and capillary filling - should be checked before
the surgeon leaves the operating theatre. Re-exploration and confirmation of the
patency of the anastomosis is best performed now rather than hours later. If the
facilities are available and a pre-operative on-table arteriogram has been performed,
it may be repeated immediately upon completion of primary surgery.

24.7 Post-operative care

Circulation peripheral to the vascular repair must be checked regularly. Close
observation is necessary for any signs of haemorrhage or ischaemia (denoting
thrombosis of the anastomosis), infection, or compartment syndrome if fasciotomy
was not performed primarily.

The limb should be splinted and maintained slightly elevated to improve venous
drainage. Active isometric muscle exercises should begin on the first day after
operation, whilst immobilization in bed is required until delayed primary closure of
the soft-tissue wounds.

ICRC surgeons do not administer systemic anticoagulants (heparin or warfarin) or
platelet antagonists (aspirin).

24.8 Damage control and temporary shunt

In the past, the standard technique for dealing with an exsanguinating patient was
simple ligation of the artery. This is still a possibility for an inexperienced surgeon and
the safest haemostatic procedure.

Modern trauma surgery makes wide use of a technique that was the basis for the
first attempts at arterial anastomosis at the beginning of the 20th century and is very
useful for the general surgeon operating with limited resources: a temporary shunt to
bridge the gap in a major artery.

11 Adapted from du Plessis HIC, Marais TJ, van Wyk FAK, Mieny CJ. Compartment syndrome and fasciotomy. S Afr J
Surg 1983;21: 193 - 206.

217



WAR SURGERY

N. Papas / ICRC

Figures 24.18.1 and 24.18.2

Temporary shunt held in place by ligatures.
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Indications for a temporary shunt

Rather than performing an anastomosis or vein graft, some situations call for a

temporary shunt as a damage-control approach:

+ a haemodynamically unstable patient with multiple injuries;

» a large soft-tissue wound where the anatomy renders debridement difficult owing
to the position of the neurovascular bundle;

« a wound with a major fracture (see below);

« a surgeon who is simply not confident enough to complete the repair at the
first operation.

Some surgeons even advocate the routine use of a temporary shunt whenever a
vein graft is to be used. Temporary shunting allows immediate perfusion of the limb
- and a better appreciation of the viability of the tissues during a long and tedious
debridement — before vascular repair is undertaken or while the saphenous vein is
being harvested and prepared for grafting.

In addition, during a multiple casualty incident when the rules of triage apply, the use
of a shunt may be advantageous. In a true mass casualty influx of patients, with the
possibility and even the probability of more casualties arriving the next day, and the
next, a temporary shunt may not be the best of choices.

Technique
Distal embolectomy with a Fogarty catheter, the instillation of heparinized saline into
the distal vascular tree, and fasciotomy should all be performed beforehand.

To construct a temporary shunt, a sufficiently long piece of i.v. line or other appropriate
material (endotracheal suction catheter, naso-gastric tube, paediatric feeding tube,
T-tube, etc.) is cut and filled with heparinized saline. This shunt is passed into the
proximal and distal ends of the artery, without debriding the arterial ends, and kept
in place by thick ligatures or Rummel tourniquets. However, when blood begins to
flow through the shunt the tube bends and pulsates and simple ligatures often prove
inadequate. Therefore, another tie should be placed around the middle of the shunt
and fixed to the surrounding tissues. When the time comes for repair, the ligatured
ends are debrided appropriately.

F.Plani/ C.H. Baragwanath, S. Africa

A temporary shunt may be left in place for up to 48 hours or more, until definitive
repair can be performed at a second operation after stabilization of the patient or
once the surgeon feels confident enough to do it; or after transfer of the patient to a
better equipped and staffed hospital.

A temporary shunt as a damage-control procedure, rather than ligation, can also
benefit a major vein; the shunt permits good outflow of blood from the damaged
limb during a critical period.

12 Chapter 9 deals with the triage of mass casualties. However, a distinction should be made between a
“multiple casualty incident” where the hospital resources are stretched, but every patient can still be treated
to the maximum capacity of the hospital, and a “mass casualty influx” where the hospital facilities are by
definition overwhelmed.
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24,9 Complexlimb injuries: concomitant arterial lesion
and fracture

Arterial injury combined with a severe fracture presents a therapeutic challenge
and leads to a relatively high rate of amputation. Appropriate priorities for surgical
treatment must be decided: reperfusion comes before fracture immobilization. In
theory, a vascular anastomosis may be disrupted by orthopaedic manipulation and,
therefore, the argument has been made to stabilize the bone first. This is a theoretical
danger more than a real life one. What is more significant is the tension or slack at the
anastomotic line when the limb is finally stabilized at its proper length.

Reperfusion of the limb has priority over
fracture immobilization.

Two clinical situations present themselves.

« The first involves relatively stable fractures in which minimal manipulation and
discrepancy in limb length is anticipated: immediate vascular repair and a distal
fasciotomy before fracture immobilization is not problematic. Afterwards the bone
is held either by external fixation, gentle skeletal traction, or a POP posterior splint.

« The second comprises unstable severe dislocations or fractures, which may include
segmental bone loss, or massive soft-tissue destruction and contamination. Distal
fasciotomy and a temporary shunt to restore perfusion of the limb is a useful first
step, to be followed by bone fixation (usually external fixation) and debridement of
the wound. Definitive repair of the artery is undertaken when final limb length has
been established. These multiple stages may be performed at the same sitting or
during different sessions depending on the haemodynamic stability of the patient.

A musculofascial flap should separate a vascular repair from the fracture site.
Concomitant nerve injuries are very common, but primary repair is not indicated;
tagging of the cut ends is recommended to help identify them later when performing
delayed repair (see Chapter 25).

24.10 Specific arteries

Junctional trauma is of special concern in that the major artery to the upper or
lower limb involves two body regions in a place where proximal digital pressure
or the application of a tourniquet is difficult if not impossible: the groin and axilla.
A Foley catheter threaded into the missile tract and then inflated may help contain
haemorrhage (see Section D.6).

24.10.1 Axillary and brachial arteries

The arm is abducted and an infraclavicular incision made from the middle of the
clavicle to the distal edge of the pectoralis major along the deltopectoral groove.
The dissection is continued between the deltoid and pectoralis major to expose the
clavipectoral fascia and pectoralis minor, which are divided to access the axillary
vessels and nervous plexus. A temporary shunt is a useful procedure while preparing
for the repair. The brachial artery is exposed by an incision in the medial groove
between the biceps and triceps.

24.10.2 Inguinal region

Rapid laparotomy and clamping of the external iliac artery assures proximal control in
the groin. This can also be accomplished by a straightforward vertical incision placed
halfway between the anterior superior iliac spine and the pubic tubercle and cutting
through the inguinal ligament. Distal control of the femoral vessels does not always
stop back-bleeding because of the position of the deep femoral artery. The intact
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Figure 24.19

Inverted Y-repair at the femoral
artery bifurcation.

Figure 24.20

Medial incision for access to the popliteal
fossa. The dotted red line is the medial
fasciotomy continuation.
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femoral artery should be dissected proximally up to the site of injury, inspecting the
deep femoral along the way.

A temporary shunt is an excellent procedure to control haemorrhage and maintain
perfusion of the limb whilst the anatomy is recognized; dissecting out the femoral
vessels in the midst of a haematoma is not a simple matter. Ligation of the
superficial femoral artery is a possibility, if necessary, since the deep femoral ensures
limb perfusion.

Injury at the bifurcation of the femoral artery presents an exceedingly difficult
challenge. It is best to join together, side-to-side, the cut ends of the superficial and
deep vessels, thus forming a common trunk that can accommodate an interposition
graft, known as an inverted Y-repair.

24.10.3 Popliteal fossa

The popliteal artery is probably the most difficult to access and repair — and the results
of repair the worst. Poor collateral circulation and a cramped anatomy combine to
make popliteal injuries the most prone to result in amputation. A fasciotomy should
always be performed even as a first step and as part of surgical exposure.

To gain access to the popliteal vessels, two incisions are commonly used: medial and
direct posterior. In the first, the knee is flexed 30 - 45°. The incision begins medially in
the lower thigh in the groove between the vastus medialis and sartorius and is carried
down through the deep fascia behind the femur. It is then continued down as the
medial fasciotomy incision to allow for wide exposure of the fossa — if a fasciotomy was
performed first, the incision can be extended proximally to expose the vessels.

The direct posterior approach is a curved S-incision centred on the crease of the knee.
However, the anatomy is confining and separate fasciotomy incisions are required.

Please note:

If the surgeon has some experience in vascular surgery and as an alternative to
direct repair or grafting, the popliteal artery can be ligated proximally and distally to
exclude the damaged segment and an extra-anatomic bypass performed using along
saphenous vein graft.

24.11 Venous injury

Major veins should be repaired rather than ligated whenever possible in order to
re-establish a more normal inflow and outflow of the circulation to the limb. An
inadequate venous return increases the peripheral pooling of blood, which results
in greater blood loss. In addition, oedema formation and compartment pressure are
increased, which in turn readily lead to compartment syndrome.

Seventy-two hours appears to be the critical period for maintaining venous return
flow in a major vein, this gives enough time for the development of venous collateral
circulation. Failure to maintain it beyond this period is usually of little consequence.
Recanalization of a thrombosed vein often occurs spontaneously later on. Both
fasciotomy and temporary shunting of the vein are a useful adjunct.
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Direct suture of a lateral laceration is often possible because of the large diameter
of the main venous trunks; usually only minimal debridement back to viable tissue
is necessary. In extensively damaged major trunks, a venous patch graft or an
interposition graft is required to avoid excessive stenosis. The ends should be slit
longitudinally (spatulation) to allow for a comfortable anastomosis, which need not
be as tight as for an artery.

Ligation of a vein is always a possibility.

While ligation presents an increased risk of deep vein thrombosis and pulmonary
embolism, reportedly no such risk accompanies repair of a major vein.

24.11.1 Specific veins

Certain major veins are particularly prone to complications after ligation: the popliteal
in particular, where amputation may prove necessary even after successful arterial
repair. The veins of the lower leg below the popliteal, and the forearm, however, may
be ligated with impunity.

In veins proximal to the profunda femoris (common femoral, external iliac and
common iliac) ligation may lead to acute venous insufficiency with massive oedema
and the risk of venous gangrene, or the development of chronic venous insufficiency
later on. The superficial femoral vein may need to be sacrificed to repair the common
femoral or external iliac because the saphenous is usually of insufficient calibre.

Similarly, massive soft-tissue injury of the lower limbs can easily disrupt venous return
to such an extent that it compromises the viability of the limb or results in chronic
venous insufficiency.

24.11.2 Combined arterial and venous injuries

The vein should be repaired or shunted first to allow for free return when arterial flow
is re-established. Otherwise there is the danger of venous pooling and stasis with
subsequent thrombosis in the capillary bed. The exception is the carotid artery, which
can be considered a central artery (see Section 30.8.3).

In combined injuries, repair the vein before the artery.

After repair of a vein and artery, a flap of muscle should be placed between the two to
prevent the ulterior formation of an arterio-venous fistula.

For a difficult wound, simultaneous venous and arterial shunts may be performed.
A fasciotomy is mandatory and best performed early in the operation.

24.12 Arterio-venous fistula and pseudoaneurysm

An arterio-venous fistula or pseudoaneurysm may occur acutely, but are more
frequently seen in patients presenting late or in cases of missed diagnosis. They tend
to occur more often with low-energy small fragment wounds.

Arterio-venous fistula

If an A-V fistula is encountered, it should be excluded or repaired, although there is a
place for conservative non-operative management, depending on the condition of
the patient and the experience of the surgeon. Should the limb be viable and show no
signs of ischaemia, an A-V fistula may be allowed to “mature’, rendering the surgical
approach easier and giving time for the full development of collateral circulation; or
allowing for referral to a skilled vascular surgeon if possible.

Figure 24.21

Repair of an arterio-venous fistula using double

interposition vein grafts.
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Figure 24.22

Contrast scan showing concomitant A-V fistula
and pseudoaneurysm.

Figure 24.23

Pseudoaneurysm of the brachial artery just
above the cubital fossa.
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Adequate exposure for proximal and distal vascular control is essential.
« An A-V fistula in unimportant vessels can be simply excised and the vessels ligated.

« A small fistula in a more important vessel can be divided and the holes in the artery
and vein oversewn, with a vein patch graft if necessary. Quadruple ligature in these
cases is an old but effective technique should the vessel walls be too flimsy to
hold sutures.

- Afistula in a significant vessel should be excised and the artery and vein repaired by
interposition vein grafts; primary anastomosis is seldom possible without tension.

A flap of soft tissue must be placed between the repaired
artery and vein.

Pseudoaneurysm

A lateral arterial laceration in a confined space may result in bleeding that is contained
by the clot, which then becomes organized and transformed into a pseudoaneurysm;
the patient presents with a pulsating haematoma.

g

A.Weldu / General Army Hospital Addis Ababa

As always, vascular control above and below the aneurysm must be secured. After
clamping the vessel, the aneurysm is opened and the hole in the lumen identified.

« If the hole is small and the wall of the vessel healthy, simple suture or a vein patch
can be performed.

- If the hole is big and/or the vessel wall soft, resection of the damaged segment and
replacement with interposition of a vein graft is best.

« If resection is not possible, the pseudoaneurysm should be excluded by ligation
proximally and distally and an extra-anatomic bypass constructed using a vein graft
(Figure 24.24).

Again, initial conservative management to allow the organization of the clot may be
the appropriate option, as long as there are no signs of ischaemia.
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24.13 Complications

The ultimate complications are infection with secondary haemorrhage or thrombosis
of the repair leading to ischaemia and amputation.

24.13.1 Infection

Infection of the wound is the most common complication and often leads to the
breakdown of an arterial repair and haemorrhage or thrombosis. Additional repair
should not be performed in the infected site; proximal and distal ligation and resection
of the infected arterial segment is mandatory. Occasionally it may be possible to
reconstruct the arterial supply in an extra-anatomic location to maintain viability of the
limb; otherwise amputation is all too often the only means of achieving haemostasis.

24.13.2 Thrombosis

Thrombosis of an anastomotic suture line can be due to infection but is usually due to a

technical error that should have been identified before ending the primary operation.

Such errors include:

- inadequate arterial debridement;

- residual distal arterial thrombus;

- severe stenosis at the suture line;

« twisting, kinking, or external compression of a vein graft.

The corrective is to re-operate and perform a new repair.

A non-iatrogenic cause is the impossibility to perform a venous repair because of the
specific anatomy of the vein, which results in insufficient venous return and acute
venous congestion.

A second type of stenosis develops gradually over weeks or months, and is due to
intimal hyperplasia at the suture line. A bruit at the site of repair may be heard and the
diagnosis is confirmed by angiography. A new anastomosis or graft may be necessary
if the stenosis is symptomatizing and producing an ischaemic contracture.

Figure 24.24

Extra-anatomic repair after excision of an
infected repair.
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INJURY TO PERIPHERAL NERVES

Basic principles

Nerve injuries are often missed in severely injured patients.
Diagnosis is frequently made only during operation, on direct visualization of the lesion.

Primary repair of a sectioned nerve should not be undertaken - ends should be marked with
a suture.

Conservative treatment is called for in most injuries — not many require exploration and repair.
Few old injuries are amenable to surgery — proper patient selection is essential.

Physiotherapy is essential to maintain muscle viability and to avoid contractures.

25.1 Introduction

Injuries to peripheral nerves occur more often than is commonly realized. Although
not life-threatening, they are a major cause of long-term disability. In a low-income
country, this will have a particularly adverse socio-economic impact on a person’s life.
The results of nerve repair are mediocre and few cases are amenable to surgery.

25.2 Wound ballistics

Nerves are less fragile than most structures and, like arteries and tendons, tend to “flee”
a passing projectile. They are lacerated if struck directly, more frequently by a jagged
fragment than by a bullet. It is not uncommon to find a small fragment embedded in
a nerve trunk and causing a partial section. However, most lacerations of peripheral
nerves in war wounds are caused by the jagged bone ends of fractures.

The effects of temporary cavitation on the other hand are seen more frequently.
Cavitation can easily stretch or distort a nerve and provoke neurapraxia or axonotmesis:
a “lesion-in-continuity”. Furthermore, the contusion effect on the nerve sheath may
lead to softening of the epineurium and longitudinal tears; this is important in terms
of surgical nerve repair.

Peripheral nerves are probably the only structure in the body affected by the true
sonic shock wave of a high-velocity bullet, as distinct from the pressure wave of the
temporary cavity (see Section 3.4.6). Short-lived neurapraxia beginning several hours
after injury appears to be the only clinical effect. A similar phenomenon may result
from primary blast injury.

25.3 Pathophysiology

Projectiles can produce any of the three classical categories of peripheral nerve injury.

Neurapraxia (nerve concussion or conduction block)

Some demyelination may occur, but the axons remain intact. There is a transient
functional loss - physiological paralysis — with spontaneous full recovery. When
recovery of nervous conduction takes place, motor and sensory functions return at
the same time.

Axonotmesis (intrathecal rupture of axons)

The nerve sheath remains intact but the axons and their myelin sheath are damaged.
Wallerian degeneration of the axons distal to the injury occurs, as well as intraneural
fibrosis at the sites of axonal rupture. After an initial period of about ten days, the
damaged proximal axons proliferate and grow down into the distal tubules at a very
slow rate: approximately 1 — 2 mm per day. Proliferating axons and intraneural fibrosis
create a fusiform neuroma-in-continuity in the trunk of the nerve.
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Recovery may be full, slow and partial, or may not occur at all. In the last instance,
the neuroma completely blocks nervous conduction; recovery is only possible with its
surgical removal followed by repair or grafting. Otherwise, recovery occurs in stages:
first in the muscle group closest to the site of injury, last in the peripheral skin areas.
In all cases, once the axonal fibres reach the motor and sensory end organs there is a
three-week delay before their activation occurs.

Neurotmesis (anatomical division of the nerve)

Division of the nerve trunk may be partial or complete, but all layers — sheath and
axons - are affected. The nerve sheath also suffers longitudinal tears extending
from the site of division. As with axonotmesis, proliferation of new fibres occurs in
the proximal cut end while Wallerian degeneration occurs distally. In addition, the
Schwann cells of the distal end proliferate forming a slight bulb. The severed ends
retract like those of an artery, while both proximal and distal proliferations try to meet
in the plane of division. However, the gap is filled with an organizing haematoma
which creates a fibrous tissue obstacle: a neuroma.

In complete division of a nerve, terminal neuroma formation is normal and cannot
be prevented. In the particular case of a sectioned nerve in an amputation stump,
regenerating axons attempt to re-enter the distal nerve stump, whose absence results
in the creation of a terminal neuroma that may prove painful. A partial lesion of the
nerve creates a lateral neuroma. In both conditions - terminal and lateral neuroma -
spontaneous recovery is just about impossible; surgical resection and repair is the only
hope for some recovery of function.

Lesions may exhibit a mixture of neurapraxia,
axonotmesis, and neurotmesis.

Recovery and nerve regeneration after repair

Recovery after nerve repair or grafting is less satisfactory than with axonotmesis;
some intraneural fibrosis takes place in the suture line no matter how accurate the
surgery, and is increased by any suture-line tension, local inflammation or sepsis. In
addition, proliferation of axons into the distal segment is never perfect and creates
misallocation between axons and end organs, particularly noticeable in mixed motor-
sensory nerves. The rate of nerve regeneration and motor and sensory end organ
activation are the same as for axonotmesis.

Perineural fibrosis

A projectile coming to lie next to a nerve may provoke post-traumatic perineural
fibrosis that causes nerve entrapment and compression leading to chronic neurological
problems. Entrapment of the nerve in a callus can result in the same conditions. Both
may require surgery for relief.

25.4 Epidemiology

Peripheral nerve injuries commonly occur in projectile trauma to the limbs, but do
not always involve major trunks. They are rarely isolated but more often found in
conjunction with vascular injury and fractures, and more frequently in the upper than
the lower limb.

Except when concomitant with vascular injury, the incidence of nerve injuries is poorly
documented and the frequency of neurapraxia is usually not recorded. Indeed, a large
majority of patients demonstrate “lesions-in-continuity”: contusion due to stretch
or compression resulting in neurapraxia or axonotmesis. Spontaneous recovery
of function occurs in many of these patients, a recovery often more complete than
could be hoped for by surgical management. Thus, experience has taught surgeons
to be very conservative in the treatment of these nerve lesions; not many require
exploration and repair.
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A number of factors influence the results of surgical nerve repair:

extent of injury (incomplete versus complete transection; need to graft a defect);
specific nerve involved (mixed or pure motor/sensory nerve);

aetiology;

presence of associated injuries (vascular or fracture);

interval between injury and surgical repair;

efficiency of physiotherapy before repair;

age and general condition of the patient;

type of repair employed;

availability of diagnostic and operative equipment (electromyography, operating
microscope or loupe, etc.);

skill of the surgeon.

25.4.1 Red Cross Wound Score

The RCWS does not include a category for lesions of peripheral nerves. The Wound
Score attempts to correlate ballistic effects with the extent of permanent tissue
damage, rather than with physiological parameters.

Nonetheless, one study was carried out on post-operative peripheral nerve recovery
following war injuries using the Abbreviated Injury Scale (AIS) and the RCWS. A
statistically significant relation was obtained between the functional nerve recovery,
the AIS and the scoring for fractures of the RCWS.'

25.5 Clinical picture

When facing a patient in a life-threatening condition, peripheral nerve injury is of the
lowest priority and diagnosis is often missed. The arrival of large numbers of wounded
patients and limited personnel, the inability to communicate with a patient in a coma,
in shock or in pain and distressed, a lack of reliable diagnostic means, and poor clinical
routine are among the other factors leading to a missed diagnosis.

The complete examination of the limb involves a neurological examination, which
may be difficult to carry out given the presence of significant soft-tissue and vascular
injuries and fractures. The patient’s condition permitting, assessment of peripheral
nerve function should be performed as accurately as possible prior to initial wound
exploration. The distribution of motor and sensory loss should be sought and the
degree of loss — partial or complete — assessed, as well as the state of the relevant
reflexes. Nerve transection should never be assumed on clinical grounds alone; it can
only be correctly diagnosed by direct visualization during operation.

Insufficient perfusion following arterial injury or severe
muscle damage may mimic neurological deficit due to
nerve injury.

Symptomatizing extraneural lesions

Volume-occupying lesions such as a pseudoaneurysm or A-V fistula may lead to
pressure on or stretching of a nerve resulting in severe pain and progressive loss of
neurological function. This is especially the case when they occur in a confined space
such as the popliteal fossa or anterior compartment of the lower leg, the axilla, elbow,
or volar compartment of the forearm. Similarly, a compartment syndrome creates
pressure on a nerve causing local ischaemic changes (see Section B.10).

1 Micovic¢V, Stanci¢ M, Eskina N, Tomljanovic¢ Z, Stosi¢ A. Prognostic validity of different classifications in
assessment of war inflicted nerve injury. Acta Med Croatica 1996; 50: 129 - 132.
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25.6 Surgical management

Different scenarios must be discussed when dealing with injuries to peripheral
nerves: the acute primary surgery stage and the delayed stages, where careful patient
selection is of the utmost importance.

25.6.1 Primary surgery

Nerve injuries are usually noted incidentally during wound excision. If injury has been
diagnosed pre-operatively, an attempt should be made to inspect the appropriate
nerve during operation, without however dissecting through healthy tissues. The
degree of damage should be recorded.

One of two situations will be revealed: either the identified nerve is transected or not.

Transection of the nerve: neurotmesis

If there has been complete division of the nerve, the ends are identified but not
resected. They should be tacked down with non-absorbable monofilament sutures to
separate but adjacent areas of healthy soft tissue at different levels while maintaining
the correct rotation as much as possible. Tacking the severed ends prevents fibrotic
retraction of the nerve, thereby maintaining the proper length for eventual repair;
and placing them away from injured soft tissue and bone helps avoid excessive
neuroma formation.

Figure 25.1

Complete division of the radial nerve. Only a
thin strand of epineurium remains to join the
two severed ends.

An alternative technique is to approximate the cut ends with two non-absorbable stay
sutures to maintain the correct rotation of the nerve and then enclose the injured
site in an inert tube of some sort (silastic or silicone catheter) to prevent adhesions
forming to surrounding damaged tissues.

Primary nerve repair is contraindicated in war wounds.

Nerve repair is contraindicated at the primary stage for a number of reasons.

« There is always a risk of infection in a contaminated war wound, which would
render any repair useless and only make subsequent surgery more difficult.

- Extensive dissection to mobilize a nerve for suture without tension may spread
contamination and infection.

« The extent of the damage to the nerve is not macroscopically apparent. It is
impossible to determine the exact amount of injury with the naked eye; only
with time will a proper delineation of the proximal neuroma and distal glioma
become obvious.

« The injured nerve sheath is friable: contusion leads to longitudinal tears and
softening of the epineurium. With time, fibrosis of the epineurium makes it stronger
and better able to sustain suturing.
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« Nerve repair is time-consuming and tedious work. When faced with the patient’s
more severe acute injuries — and other patients - nerve repair is not a priority.

There is one exception: primary repair in the acute phase can be successfully
accomplished if the injury is due to a broken shard of glass or a stab wound. This “clean
cut”wound can also be closed immediately and not undergo delayed primary closure.

Non-transection of the nerve: lesion-in-continuity

A contused nerve may exhibit neurapraxia or axonotmesis, which cannot readily be
distinguished by observation at operation. A conservative approach is warranted and
any decision to repair should be deferred.

Please note:

Whether transected or not, exposed nerves should be covered with muscle or fat to
avoid desiccation, just like blood vessels and tendons.

Post-debridement and DPC

Routine follow-up examination of any limb injury after wound debridement should
include an assessment of the circulatory and neurological state of the extremity. An
injury may have been missed during wound excision. While a vascular lesion may
require immediate re-exploration, there is no rush with a missed nerve injury.

Whether or not a nerve lesion was recognized during debridement, a careful
examination should be made and the exact sensory, motor, and reflex status recorded,
to form a baseline for observation of the evolution of the patient’s condition.

The surgeon may seek out a missed nerve injury during DPC, but not by opening
up healthy tissue planes. If the injury is located, it should be handled as at wound
debridement. The same logic applies to delayed primary closure as to debridement:
neither the nerve nor the wound are ready and in an optimal state for repair. Any
nerve repair should be deferred until full wound healing.

The aim of surgery at the primary stage — debridement
and DPC - is to obtain uncomplicated wound healing with
minimum scarring, not nerve repair.

25.6.2 Delayed primary suture of a transected nerve

A nerve known to be transected should be repaired when the wound is healthy and
clean and once acute inflammation has subsided, but before irreparable damage
has occurred to the motor end plate. Optimally, this is between 3 and 6 weeks post-
DPC. However, surgery can wait for up to 3 months, provided certain nursing and
physiotherapy protocols are respected.

During this period, the extremity should be kept warm and covered with padding
to protect against trophic changes and splinted in a neutral position of relaxation to
prevent overstretching of the muscles. Gentle mobilization of the joints and massage
of the muscles help prevent contractures. If available, galvanic stimulation of the
paralysed muscles by the physiotherapist assists in maintaining their viability.

Contractures must not be permitted to develop.
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25.6.3 Surgical decision-making: delayed operation or not

Most patients with nerve injuries have suffered a lesion-in-continuity: it is best to wait
before deciding on surgical intervention because the majority will recover spontaneously.
Some show no improvement at all. Many patients will present with old and healed
wounds with a persisting neurological deficit: few cases, however, are amenable
to surgery. To a large degree prognosis is determined by the status of the supplied
tissues pending nerve recovery or surgery, and the same practices of nursing care and
physiotherapy to maintain the tissues healthy apply as for delayed primary suture.

The surgeon must remember

» Most lesions-in-continuity do not require surgery: the majority
heal spontaneously.

« Very few old injuries are amenable to surgery.

- Correct patient selection for surgery is essential to avoid disappointment when
operations are not possible or unlikely to be successful.

The decision to operate on an injured nerve has one of two aims: to improve motor
and sensory function or to alleviate neural pain.

Restoration of function

Neurapraxia is common and axonotmesis will heal with time. In the latter case, the
expected interval before recovery can be estimated by measuring the distance from
the likely site of injury to the first muscle group innervated by the nerve: regeneration
rate is about T mm a day, and the subsequent reactivation of the muscle end plate
takes 3 weeks. If no improvement occurs within 6 — 12 weeks with expectant treatment,
operative treatment should be considered.

The most widely used diagnostic tool to study motor-fibre injury is electromyography
(EMG). This is rarely available when working with limited resources, but in any case it is
of no use in the first weeks after injury because Wallerian degeneration requires time
to produce the changes of denervation. The primary function of EMG is to help in the
selection of patients who may benefit from surgery in the later stages of recovery.

In the absence of EMG, the surgeon should opt for operative exploration. A severed
nerve may have been missed; or extensive neuroma formation may have developed.
In some cases the nerve may have become entrapped in fibrous tissue, especially
adjacent to a repaired blood vessel, or a consolidating callus. Neurolysis, freeing
the nerve from the surrounding tissue, may improve the condition and follows the
same principle as vascular access: proximal and distal control of a normal part of the
nerve trunk and careful dissection down to the abnormal part of the nerve at the
site of the fibrous adhesions. The freed nerve is then placed in a new bed of healthy
adjacent muscles.

Regular assessment of significant functional impairment after peripheral nerve injury,
such as foot or wrist drop, should continue even months after injury. Occasionally,
neurolysis, excision of a neuroma, or nerve repair can eventually result in the
restoration of some function.

Post-injury pain relief

Surgery may be required to alleviate neuropathic pain. Conditions amenable to simple
surgery include:

« release of a nerve entrapped in fibrous tissue or a fracture callus

- removal of a bone or projectile fragment lodged in a nerve trunk;

- resection of a painful neuroma, especially in an amputation stump.

Pain may also be iatrogenic, the result of inadvertent nerve ligature or badly applied
external fixation.

More complex chronic pain syndromes are initially treated with medication (see
Section 25.9.1).



C.Giannou / ICRC

INJURY TO PERIPHERAL NERVES

25.7 Surgical technique of nerve suture

Nerve repair is properly a specialist technique requiring equipment and materials
that are not usually available in resource-poor settings. Whether for primary or
secondary repair, it is best to use an operating microscope, loupe or magnifying
glasses; sometimes the latter can be improvised. Intra-operative electrophysiological
measurements of function - standard in modern neurosurgery — are not often
available either. Monofilament nylon suture produces the least foreign body reaction
and is best: size 8/0, otherwise the smallest available (6/0 vascular suture material). As
for all anastomoses, there should be no tension on the suture line.

Direct anastomosis of cut nerve ends is possible for a gap up to 2 - 3 cm; defects
greater than 6 cm require a nerve graft, an even more specialized technique. Defects
between 3 and 6 cm can sometimes be overcome by mobilizing the nerve proximally
and distally.

Extra length can be gained with some nerves by transposition to a different anatomic
position to shorten its course: the prime examples are the ulnar nerve from the back
to the front of the elbow and the radial in the upper arm. In addition, the humerus
can be shortened to match the radial nerve: this is often possible because the nerve is
nearly always injured in relation to a fracture. The head of the fibula may be levelled off
to gain length for the peroneal nerve. Slight flexion of the joints helps for the median,
radial, tibial and peroneal nerves.

Regional anaesthesia and the use of a tourniquet facilitate the operation.

Operative technique

1. Access to the healthy nerve trunk proximal and distal to the site of injury usually
involves an extended incision through healthy tissue. The nerve should be
mobilized by careful dissection following the healthy nerve trunk down through
the dense scar tissue that often surrounds the site of injury. Trying to identify the
injured nerve in the midst of tough fibrous tissue is difficult and frequently leads
to greater damage to the nerve.

2. The proximal neuroma and the distal glioma are trimmed with a new scalpel
or razor blade in a“salami slicing” manner - shaving thin slice after slice — until
healthy bulging nerve bundles and oozing blood from the cut surfaces appear.
Scissors should not be used: besides cutting, they also crush the tissues.

It is best to slice the nerve on a firm flat surface such as that provided by the
wooden board used in split-skin grafting. Any excess scarred epineurium is
delicately dissected away with fine vascular or ophthalmic scissors.

3. Two interrupted stay sutures (4/0) are placed to approximate the stumps and
appose groups of nerve bundles and any small blood vessels on the nerve
surface without rotating the nerve.

Figure 25.2

Direct suture of a sectioned nerve after
mobilization of the two ends.

Figure 25.3.1

Trimming the neuroma with a razor blade.

N

Pure
nerve
Mixed fibrous ~ fibres
] tissue and
Fibrous nerve tissue
tissue
Figure 25.3.2

Successive sections of the neuroma are sliced

off until healthy nerve fibrils are reached.

Figure 25.4

Stay sutures should pick up the
epineurium only.
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4. The repair is then completed with the finest sutures available picking up the
epineurium only. The number of stitches should be kept to a minimum (3 to 6) as
long as the apposition of the nerve ends is accurate.

Figure 25.5

Repair is accomplished with fine sutures taking
up the epineurium only.

C. Giannou / ICRC

5. If alateral neuroma is encountered, only the injured part should be resected and
then repaired as a loop - a difficult and rarely successful procedure.

Figure 25.6

Loop-repair of lateral neuroma.

C. Giannou / ICRC

6. Finally, the nerve should be positioned in a suitable bed of nearby healthy tissue,
usually between two muscles or embedded in a muscle.

Nerves must be differentiated from tendons, at times a difficult task at operation. A
nerve is yellowish and more flexible; the cut end bulges out with fibrils and the surface

is marked by fine vessels. A tendon glistens a bluish-white and is more rigid and firmer;
the cut surface is wood like.

Tendon repair in war wounds should also be a secondary procedure but the operative
technique differs from nerve suture.

Nerve b

Tendon

N. Papas / ICRC

N. Papas / ICRC

Figure 25.7 Figures 25.8.1 and 25.8.2

Differentiating a sectioned nerve from a tendon. Two techniques for repair of a tendon. Use of a hypodermic needle to control the tendon.
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25.8 Post-operative care

Many long-term pathological changes occur after nerve injuries that influence
the management and clinical outcome. The limb must be protected against these
changes for nerve regeneration to be successful after the spontaneous recovery from
axonotmesis or the repair of neurotmesis. Paralytic disuse of the limb impairs the
distal circulation causing the skin to become blue, cold and thin, and the nails brittle.
It also results in the formation of peri-articular adhesions around immobile joints. In
addition, paralysed flaccid muscles become overstretched owing to the activity of
their antagonist muscle groups.

After about three weeks, with the onset of degeneration, the paralysed muscle fibres
no longer react to faradic stimulation but still respond to galvanic stimulation. The
degenerating muscle fibres are then slowly replaced by fibrous tissue if muscle
stimulation is not maintained.

The basis of post-operative care is physiotherapy, to prevent muscle atrophy and
tendon shortening and maintain mobility of the joints to prevent contractures. First,
the limb should be placed in a padded POP splint for three weeks in a position that
relaxes the nerve to a maximum, after which the joints should be gradually extended
over a period of several weeks. Active and passive joint movements are then
commenced. Limbs held in immobilization for the treatment of a concomitant fracture
require mobilization of the proximal and distal joints. Massage of the muscles and
galvanic stimulation, if available, should be continued. The limbs must be protected
against minor trauma and trophic changes. Patients must be instructed to perform the
exercises by themselves and to protect anaesthetized skin.

The patient should be followed up, and an EMG performed if available, every three
months until recovery is confirmed. Long-term follow-up is difficult in circumstances of
limited resources and a full year is required to know if nerve suture has been a success.

25.8.1 Splinting for nerve palsies

Splints to prevent contractures and deformity from nerve palsies can be applied in
many situations: when external fixation or traction is used after primary surgery;
while awaiting nerve suture or recuperation after repair; and as a palliative measure
for irremediable injury.

Splints should be simple:

+ a well-padded POP-slab to prevent wrist-drop for radial nerve palsy;

small improvised aluminium finger-splints to prevent clawing of the fingers in ulnar
nerve lesions;

adhesive tape to hold the thumb in apposition during the night for median

nerve lesions;

night-splint to hold the foot at right angles in sciatic and lateral peroneal

nerve lesions.

Splints should be removed several times a day to allow for exercises that ensure a
full range of limb movements. Dynamic splints such as a metal cock-up wrist splint
or drop-foot spring are particularly useful and may be available at a prosthetic and
orthotic workshop.
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25.9 Post-trauma sequelae

Irremediable neurological deficit is the all too frequent outcome of nerve injuries.
Nonetheless, partial compensation often occurs by adjacent muscle groups taking
on some of the lost motor function so that the ultimate functional result is better
than might be expected. Resorting to nerve grafting is often disappointing: it is a
difficult specialist procedure with uncertain results. Tendon transfer operation may
be considered in selected patients in case of hand or foot drop after a spontaneous
healing period of 18 months. On the other hand, a simpler solution for foot drop is
arthrodesis, especially if a dynamic splint is not available.

Sensory trophic changes may lead to chronic leg ulcers, infection and osteomyelitis
which, as all such chronic conditions, may best be managed by amputation if a proper
prosthesis is available and the patient can be persuaded to accept the operation.

25.9.1 Post-injury pain syndromes

Various chronic pain syndromes are frequent after missile trauma to peripheral nerves;
more so in mixed nerves than in purely motor ones. Their treatment differs according
to cause and type of pain: medication, nerve block, physiotherapy, or surgery. Painful
neuromas and phantom limb pain are dealt with in Section 23.11.2. Some forms of
neuropathic pain are usually amenable to simple surgery (see Section 25.6.3).

A number of chronic complex pain syndromes can only be diagnosed by detailed
clinical examination and various tests, including EMG. The most common is causalgia?
due toincomplete injury or a small fragment embedded directly in a nerve. A reaction
may occur within hours to a few days and cause paroxysms of severe burning pain and
autonomic changes. At first there is exaggerated skin vasodilatation and hyperhydrosis,
followed by vasoconstriction and dryness of the skin, and finally trophic changes in the
skin and nails. The pain can become so severe that it causes insomnia and the patient
cannot endure the least manipulation of the injured limb. An embedded fragment
should be removed, while true causalgia is treated medically at first with opiates and
then by repeated local anaesthetic injections. The autonomic alterations are relieved
by a diagnostic sympathetic block, confirming the need for surgical sympathectomy if
resistance to medication grows.

More complex pain syndromes (re-innervation pain, de-afferentation pain, etc.) are
mostly treated with medication. Many cases are resistant to treatment. Repeated
nerve blocks may be attempted, along with physiotherapy. Depression, insomnia and
anxiety may complicate the clinical picture, especially in chronic cases, and are best
treated with psycholeptics. Psychological support of the patient is crucial.

2 Also known as complex regional pain syndrome Type Il (CRPS Il) or reflex sympathetic dystrophy and causalgia.
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Basic principles

Head, face, and neck injuries present very different clinical challenges.

The basic principles of head, face and neck surgery are well within the capacity of the

general surgeon.

Historically, wounds to the head and neck account for anywhere between 10 and 20 %
of war-wounded patients, even though these regions account for only 9 — 10 % of
body surface area. A soldier in the prone position exposes only 25 % of the projected
body surface area, but the face constitutes a large proportion of this. The wearing of
body armour can influence the relative ratios of anatomic distribution, as can the type
of combat. Trench warfare and tank battles, where crews expose the upper part of the
body to gain better vision, and urban militia warfare with the widespread deployment
of snipers, all tend to increase injuries to the head, face, and neck.

The discrepancy in the definition of anatomic regions to be found in much of the
surgical literature is described in Section 5.6.2. Wounds in this region are usually
grouped together under the general heading “head and neck”. The original ICRC
surgical database also used this grouping. Rarely are the categories of head, face, and
neck presented separately. Table 5.12 shows two studies concerning fatalities where
the categories are distinct.

The distinction is important because head, face, and neck injuries present different
clinical challenges. Trauma to the brain kills by several mechanisms: organ destruction
incompatible with life; asphyxia due to the comatose state; uncontrolled increase in
intracranial pressure; and late infection. Injury to the neck is primarily a problem of
the airway, and secondarily of exsanguinating haemorrhage; bleeding in the neck
may also compromise the airway if there is external pressure from a haematoma.
Lethal face injuries are almost exclusively caused by compromise of the airway, whose
obstruction can be due to less than severe haemorrhage.

Recently the distinction between head, face and neck injuries has been made more
regularly. US casualties in Afghanistan and Iraq between October 2001 and January
2005 comprised 1,566 patients suffering 6,609 wounds, 30 % of which were to the
head, face and neck. Table C.1 gives the anatomic distribution of the wounds. The
results demonstrate that the wearing of sophisticated body armour distorts the
classical anatomic distribution of wounds.

Body region Percentage Accumulated percentage by region
Head 8%

Eyes 6%

Face 10% 30%

Ears 3%

Neck 3%

Thorax 6%

Abdomen 1% 7%

Extremities 54% 54%

Table C.1 Anatomic distribution of wounds in 1,566 patients, US armed forces in Afghanistan and Iraq,
2001 -2005.

1 Adapted from Owens BD, Kragh JF, Wenke JC, Macaitis J, Wade CE, Holcomb JB. Combat wounds in Operation
Iraqi Freedom and Operation Enduring Freedom. J Trauma 2008; 64: 295 — 299.
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Figures C.1.1 and C.1.2

Injuries well within the competency of the
general surgeon.

242
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Wounds to the head, face, and neck not only present very different clinical problems,
but also varying degrees of lethality. This is brought out clearly in Table C.2, another
study from the US engagement in Iraq covering seven months in 2004, which also
separates superficial from vital wounds. Three hundred and thirty-four soldiers
suffered a total of 834 battle injuries to the head, face and neck, but only 19 died of
their wounds.

Site of injury Number of wounds | Mortality .rate for Died of wounds RTD*
(N=834) the site (n=60wounds) | (n=296wounds)

Head 25% (n=212) 13.7% 48% (29) 23%

Face 65 9% (n = 540) 3.7% 33% (20) 68 %

Neck 10% (n=282) 13.4% 18% (11) 9%

* RTD = Returned to duty within 72 hours, the equivalent of a superficial, non-vital injury.
Table C.2 Analysis of the distribution of head, face and neck battle wounds.?

Most facial wounds received in battle were not significant; the mortality rate was only
3.7% and most patients returned to duty quickly. The few serious injuries, essentially
those resulting in an airway that was difficult to control, represented 33 % of total
deaths; the relatively high percentage being due to the sheer numbers. Head and
neck battle wounds both had a mortality rate of over 13 %. The head, however, is
more exposed to injury than the neck, thus accounting for the much greater absolute
number of wounds and of casualties who died of their wounds.

The vast majority of traumatic brain and maxillo-facial injuries worldwide is due to
blunt trauma, and mostly the result of motor vehicle crashes. These occur in times
of armed conflict as well. For the management of such injuries the reader is referred
to standard surgical texts. This Part deals primarily with penetrating injuries and the
specific characteristics of the wounds caused by the weapons of war.

C.1  The general surgeon and the head, face and neck

The general surgeon will usually have only a passing knowledge of the techniques
and procedures of neurosurgery, maxillo-facial surgery, ophthalmology, and
otorhinolaryngology.? Nonetheless, the same solid scientific principles that underlie
the treatment of war wounds in general can also be applied to projectile injuries of
this region and are well within the competency of the general surgeon. The chapters
in this Part describe these principles as adapted to the head, face, and neck and the
basic procedures required to treat these injuries.

The general surgeon working with limited resources must
combine the work of a neurosurgeon, ophthalmologist,
ENT and maxillo-facial surgeon, at times in the

same patient.

F. Hekert / ICRC

2 Adapted from Wade AL, Dye JL, Mohrle CR, Galarneau MR. Head, neck, and face injuries during Operation Iraqi
Freedom II: results from the US Navy-Marine Corps Combat Trauma Registry. J Trauma 2007; 63: 836 — 840.

3 In this manual both ORL (otorhinolaryngology) and ENT (ear, nose and throat) are used.
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Basic principles

Neurotraumatology is not neurosurgery.
Many patients with cranio-cerebral injuries survive with a satisfactory quality of life.

Most cranio-cerebral war wounds are open injuries, which minimizes the risk of
intracranial hypertension.

Keeping the airway open is a priority, if necessary by tracheostomy.

Wounds must be debrided to remove dead tissues and bone fragments.

Projectiles found during debridement should be removed; others should be left where they lie.
The dura should be closed watertight after brain debridement, if necessary with a fascial graft.

Care of the comatose patient requires a great deal of effort and is essential for a satisfactory outcome.

26.1 Introduction

Head trauma in times of war may be penetrating or closed. Closed head injuries
can result from blunt trauma, as seen in civilian life, and after exposure to explosive
blast. Penetrating wounds to the head caused by projectiles are the hallmark of war
neurotrauma. They produce direct localized brain injury along the missile tract; by
contrast, an equivalent release of energy from a blunt blow would provoke diffuse and
widespread neuronal injury. Many patients suffering projectile head wounds survive
to reach hospital and, after surgical treatment, do very well. This phenomenon has
been known since times immemorial.

“And in making the incision you must separate the

flesh from the bone where it is united to the membrane
(pericranium) and to the bone, and then fill the whole
wound with a tent (retractor), which will expand the
wound very wide next day with as little pain as possible;
and along with the tents apply a cataplasm, consisting of a
mass (maza) of fine flour pounded in vinegar, or boiled so
as to render it as glutinous as possible.”

Hippocrates (ca 460 - 377 BCE)'

It should also be noted, as an introduction, that neurotraumatology is not the same as
neurosurgery. The general surgeon with limited resources should not despair and take
afatalistic approach: “the patient has a brain injury and there is not much | can do”. On
the contrary, a great deal can be done for many patients with severe head wounds by
following a few basic principles of neurotraumatology, which is not the same thing as
operating on a brain tumour - the domain of neurosurgery.

26.1.1 The general surgeon and neurotraumatology

All too often the blood-brain barrier is not only an anatomic and physiological one in
the body of the patient, but also a psychological one in the mind of the surgeon. There
is nothing “sacred” or “magical” about the brain, although it is a very sophisticated
organ. Some patients survive and live very well even after losing part of their brain
following injuries that “appear to render the use of the frontal lobes questionable™,
and not only the frontal lobes.

1 OnInjuries of the Head. Part 14, translated by Francis Adams. Internet Classics Archive, Massachusetts Institute
of Technology.

2 DentCT. Surgical notes from the military hospitals in South Africa: bullet injuries of the head.”A humane war".
BMJ 1900; 1 (2043): 471 - 473.
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Figure 26.1.1

Low kinetic energy tangential impact.

Figures 26.1.2 and 26.1.3

Tour du casque: a bullet has penetrated the left
parietal scalp and come to rest at the crown of
the skull.
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Not too long ago, trepanation for an intracranial haematoma was part and parcel of
the normal repertory of operations that a general surgeon could and was expected to
perform, and little thought was given about entering the cranium. Surgical training
has changed in many countries, such skills now being taught only to the specialist,
but the technical competency required to make a burr hole is well within the ability
of the general surgeon. Furthermore, most penetrating war wounds that the surgeon
encounters among survivors require a simple debridement of the brain. The same basic
surgical principles that apply to other soft tissues also apply here: once again they are
within the technical competency of the general surgeon. There are, however, specific
points to take into consideration when debriding the brain, but they are easily learnt.

This chapter deals primarily with cranio-cerebral wounds due to projectiles. There are
excellent texts that deal with closed head trauma and, in the present manual, this
pathology is mentioned only to make the comparison with penetrating war wounds.
Nonetheless, the operative technique of burr-hole trepanation is included (see
Annex 26.A). Closed blast neurotrauma is dealt with in detail in Chapter 19; here only
a summary of significant clinical points is made.

26.2 Mechanisms of injury and wound ballistics

Ballistic research related to cranio-cerebral wounds is particularly difficult because
of the lack of an adequate experimental model. Both the skull and the face are
constituted of a mixture of heterogeneous bony structures and soft tissues. The
juxtaposition of these very diverse tissues means that the same projectile, following
different trajectories only millimetres apart, can create lesions that vary greatly.

Survivable injuries are usually caused by low-energy missiles, particularly small
fragments, or by bullets at the end of their trajectory or ones that have lost much
of their kinetic energy through ricochet. A low-kinetic energy missile results mostly
in direct crush and laceration. The development of any temporary cavitation within
the cranium causes severe axonal tear and vascular disruption. The ballistic behaviour
of foreign bodies mobilized by blast or “rubber-coated bullets”, actually steel balls
covered by a layer of rubber, is that of fragments.

26.2.1 Behaviour of the bone

The skull is a closed box whose walls comprise a vault and a base. The vault is a bony
envelope whose thickness varies with site, age, and the individual. The base of the
skull has a complex structure with many foramina and air sinuses; in some areas the
bone is very thin and delicate and in others very thick and dense.

Different outcomes are possible when a projectile strikes the skull, according to the
angle of impact and the bone’s elastic reaction.

1. Bone remains intact: tangential wound.

The projectile, almost always a bullet, strikes the head at such an acute angle of
impact that it ricochets off the skull producing transitory depression of the bone
without a fracture. It is equivalent to a sudden blunt blow to the head and may
cause contusion of the underlying brain.

Sometimes, the bullet may remain within the soft tissues of the scalp and
proceed circularly, even going right around the head (/e tour du casque), and
then exit or not (see Figures 26.16.1 and 26.16.2).
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Fracture of the bone: tangential wound.

If strong enough, the tangential whack on the skull breaks the bone, yet there
is still no penetration of the brain substance by the projectile.? Splinters of
fractured bone may be driven into the brain. The fracture itself is not clinically
important — the underlying brain injury is.

Open fracture: tangential wound.

However, an even stronger blow creates an open fracture with a single entry-exit
wound; the brain suffers direct laceration and the wound is often “spectacular’,
with extrusion of pulped brain substance and haematoma.

Skin, hair, bone fragments, even the cloth from a head covering can be driven
into this kind of wound.

Perforation of the bone and penetration into the brain: penetrating wound.

The projectile perforates the bone and becomes lodged within the cranial cavity
because the available kinetic energy is not sufficient for the missile to pass
through and exit.

Clinically, the most common presentation is this superficial penetration wound
that resembles a“burr-hole” trepanation.

Perforation of the bone and hemispheric through-and-through wounds.*

Unilateral transfixation involves only one cerebral hemisphere; a very severe
wound that few people survive.

In bilateral transfixation the projectile crosses the midline affecting both
hemispheres; rarely seen by the surgeon because the injury is highly lethal.

Multiple irradiating linear fractures are common with through-and-through
wounds because of the propagation of the percussion wave through the diploe
of the skull.

N. Papas / ICRC

Figure 26.1.7 Figure 26.1.8

Unilateral hemispheric transit caused by high Bitemporal through-and-through injury: the
kinetic energy bullet: the injury is entirely thin temporal bone offers little resistance to
due to a narrow phase 1 shooting channel, the bullet.

cavitation begins at the exit.

6.

Penetrating wounds of the base of the skull.

These occur either by a direct hit or by the irradiation of a fracture from an entry
wound to the vault. Direct injuries often implicate the upper vertebral column
and face.

Figure 26.1.4

Higher kinetic energy tangential impact.

Figure 26.1.5

Tangential penetration: one entry-exit.

Figure 26.1.6

Perpendicular angle of impact: perforation of
the bone and a penetrating injury.

N. Papas / ICRC

N. Papas / ICRC

N. Papas / ICRC

3 The energy required to break the skull is 100 - 150 joules; the equivalent of a free fall from 1 - 1.5 m.

4 The surgical literature can be somewhat confusing. Some authors call these “perforating” wounds, whereas all
penetrating injuries have in effect “perforated” the skull. In this manual, the terms “transit”, “transfixation”, or
“through-and-through” are used.
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26.2.2 Behaviour of the brain

The most important prognostic factor is injury to the vital centres, even the smallest
lesion of which will bring about rapid death. The cranium can be compared to a closed
bony envelope containing a homogeneous fluid medium that does not accommodate
any sizeable cavitation. An expansion of the cerebral volume quickly reaches a limit
because the elastic displacement of brain tissue is constrained by the rigid skull. When
stretched beyond bearing, and owing to what is known as “boundary effect’, the skull
literally explodes (see Figure 3.26).

Any temporary cavitation in the limited boundary of the
brain results in major damage that is incompatible with life.

Contrary to most arteries elsewhere in the body, the cerebral arteries are held in place
relatively rigidly by their surroundings and withdraw little or not at all as the projectile
passes by. There are few survivors with direct injury. Slight injury to these can result in the
formation of a false aneurysm or an arterio-venous fistula; there are also few survivors.

26.2.3 Wearing a protective helmet

A military helmet, even if made of Kevlar®, protects only against low-energy projectiles
but high-energy ones will traverse the helmet, become destabilized, and cause more
severe injury. Even without penetration, kinetic energy is still propagated into the
head and brain as a powerful jolt, like hitting the helmet with a hammer. This is a form
of blunt trauma and may cause injury and even death.

26.3 Epidemiology

Almost half of all those killed in times of armed conflict have devastating injuries to the head
that are incompatible with life. Many, however, have penetrating injuries that are survivable
if the airway can be maintained and infectious complications avoided. These wounds
require simple procedures and, therefore, the surgeon should first of all focus on these
particular cases where a good outcome can be expected with relatively simple measures.

The most common closed injury is a simple brain concussion while the most common
penetrating wound amongst survivors is a single low-kinetic energy injury that
resembles a burr-hole trepanation. A large number of patients suffer from multiple
superficial fragment wounds and minor concussion. Explosive blast causes both
closed and severe open injuries (see Section 19.5).

26.3.1 Incidence

The formula for body surface area exposed to combat trauma gives a figure of 12%
for the head and neck, while the historical overall average of head and neck wounds
is about 15%, ranging from 4 to 24 % (see Tables 5.5 and 5.6). The use of protective
head and torso armour by soldiers tends to modify these figures. This is not the case
for unprotected civilians and irregular combatants.

In reports from military studies, injuries to the vault vastly exceed those to the base of
the skull in patients surviving to reach hospital:

- frontal, temporal and parietal regions 80 - 90 %;

- occipital 7 — 18 %;

- posterior fossa and base of the skull 0 - 5 %.

Although the vault offers much more surface area to injury, these patients are more
likely to survive.
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26.3.2 Mechanism of injury and mortality

Historically, the lethality of penetrating head wounds is close to 80 %. Between one-
half and three-quarters of those who will die do so within the first 24 hours after
injury. However, great progress has been made in reducing post-operative mortality,
reflecting improvements in field triage and evacuation, resuscitation and post-
operative intensive care as much as operative effectiveness. Hospital mortality rates
have fallen from 70 % during the Crimean and American Civil Wars, to 28.8 % in Harvey
Cushing’s hands at the end of World War 1,> to 14% during World War ll, and down to
10% for US troops in Korea and Viet Nam.

It was during this last war that a great difference was regularly observed in hospital
mortality of patients injured by bullets (presumed to be high-kinetic energy) as
compared to fragments (low-kinetic energy). In one study, post-operative mortality
was 26.4 % for gunshot wounds and 9.5 % for fragment wounds.¢ This higher mortality
rate (2.5 to 4 times) from military gunshot wounds when compared to shrapnel
fragments is confirmed by contemporary studies: 11.5% for gunshot wounds and
5.1 % for fragments.”

The propensity to increased incidence of fragment wounds in contemporary conflicts,
and therefore survivability, is brought out in Table 26.1, while guerrilla or urban warfare
(Turkey, Lebanon, and Croatia) tends to increase the percentage of gunshot wounds.

Iraq Israel | Croatia . .| Turkey

LBy ldimnn s Abdul- Iran. Brandvold | Marcikic i Erdogan

Hammon,| Haddad, | Ameen, Wahid Aarabi, etal etal Bogale, etal

1 o oy 8 o’

1971. | 1978. | 1984. 1985, 1989. 1990, 1998, 1999. 2002,

N= 2,187 219 110 500 | 379 113 197 102 374
Bullet % 16 37 10 3 1" 16 27 17 32
Fragment % 82 63 | 90 | o | 72 | T4 | e |HBmine |

35 mortar
Other or _ _ _ " *x _ _
undetermined % 2 L g 2

¥ Single fragment 86 %; multiple fragments 11%.

**Including 3 patients with in-driven stones and one with an in-driven radio antenna mobilized by blast.

*** Tangential wounds.

Table 26.1 Wounding agent in penetrating head wounds during a selected number of modern conflicts.
References are to be found in the Selected bibliography.

26.3.3 Prognosis

The lethal potential of any penetrating injury to the brain is obvious. Nonetheless,
certain factors are attended by a worse prognosis as attested by numerous
epidemiological studies. These factors can be either general with respect to all brain
trauma or specific to projectile wounds. General factors include hypoxia, age, other
injuries, complications and comorbidities, which can influence the results of the
Glasgow Coma Scale (GCS).

Factors more specific to projectile wounds include the following.
« Injury due to high-kinetic energy projectile.
« Injury of the posterior fossa or the base of the skull.

« A trajectory that involves a bilateral hemispheric transit, the projectile crossing the
midline. One exception: bilateral frontal lobe injuries.

5 Harvey W. Cushing (1869 - 1939), neurosurgeon who served with US troops in World War |, often called the
“father of modern neurosurgery”. His description of debridement of a penetrating war wound is still the basis for
contemporary practice.

6 Hammon WM. Analysis of 2187 consecutive penetrating wounds of the brain from Vietnam. J Neurosurg 1971;
34:127-131.

7 Erdogan E, Goniil E, Seber N. Craniocerebral gunshot wounds. Neurosurg Quart 2002; 12: 1 - 18.

8 Bogale, Solomon. Management of penetrating brain injury: experience in the Armed Forces General Hospital,
Addis Ababa. Personal communication, 1999.
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Figures 26.2.1 - 26.2.3
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« A trajectory that involves a unilateral hemispheric transit.
« Lesion of the lateral ventricle.

+ Intracerebral haematoma.

« Traumatic aneurysm or arterio-venous fistula.

« Air bubbles disseminated in the brain substance at a distance from the projectile
trajectory visible on X-ray. This is usually due to the entry of gas under pressure
from a shot at point-blank range or cavitation effects.

Post-resuscitation GCS

The pre-hospital GCS score is useful to monitor the adequacy of first aid and the
evolution of the patient, but itis the GCS score post-resuscitation that is truly prognostic.
Poor outcomes are associated with:

1. totalscore<8

motor score < 3

eye opening < 2

verbal response < 2

pupils: dilated or abnormal response to light

vk wnN

The relevance of the prognostic value of GCS after full resuscitation is given in Table 26.2
based on civilian gunshot injuries in South Africa, where CT scan was available.

GCS Mortality
3-5 98 %
6-10 31%
11-15 8%

Table 26.2 Post-resuscitation Glasgow Coma Scale and mortality rates.’

In addition to the GCS score, certain specific pathologies in this study were found
to be significantly related to mortality: trans-ventricular injury (100 % mortality);
bihemispheric injury (90 %); and diffuse brain oedema (81 %).

26.3.4 Red Cross Wound Score

Penetration of the meninges is considered a vital wound putting into jeopardy the
patient’s life. The notation in the RCWS is V = N. Fracture of the skull is also noted in the
F score. Of course, blunt trauma and blast injury too can be life-threatening, but the
RCWS is only applicable to penetrating wounds.

R. Coupland / ICRC

Example of the RCWS applied to a penetrating head wound: E3 X0 CO F2 VN M1.
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9 Adapted from Semple PL, Domingo Z. Craniocerebral gunshot injuries in South Africa - a suggested
management strategy. S Afr Med J 2001; 91: 141 - 145.
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26.4 Pathophysiology

26.4.1 Primary and secondary brain injury

Traumatic injury to the brain is described as being primary or secondary. Primary injury
is due to organ damage and can be direct in the case of blunt or penetrating wounds,
or indirect when due to acceleration, deceleration, and rotational forces causing
brain impacts (counter-coup) on the inner surface of the skull. Both play a part in
ballistic wounds.

Secondary injury is the result of various physiological and metabolic factors including
hypoxia, ischaemia, disruption of the blood-brain barrier, changes in cellular transport
and ionic gradients, etc. Secondary injury, which begins from minutes to days after the
primary insult, is responsible for most deaths and most subsequent dysfunction of the
central nervous system (CNS) in patients surviving to hospital.

26.4.2 Cerebral perfusion and oxygenation

The brain is a soft jelly contained within a solid, closed box. There is a normal physiological

balance between contents of the cranial cavity (brain, blood, and cerebrospinal fluid)
and the general circulation. Constant blood flow to the brain resulting in good perfusion
and oxygenation is critical to life, and is a function of this balance.

Cerebral perfusion pressure
Cerebral peripheral resistance

Cerebral blood flow =

Cerebral perfusion pressure = Mean arterial pressure — Intracranial pressure

Hypoxia is the most important factor for determining secondary brain injury, whatever
the cause of the hypoxia. Numerous studies have shown that the intensity, duration,
and number of episodes of hypoxia in the early post-injury period greatly increase
mortality and morbidity.

Therefore, the prevention of secondary brain injury by maintaining adequate cerebral
perfusion and oxygenation is the key to patient management. The actual level of
cerebral ischaemia associated with irreversible brain damage has not been defined.

Hypoxia, whatever the cause, leads to a poor outcome.

It follows that the categorization of a patient during resuscitation according to the
Glasgow Coma Scale should only be attempted once the blood pressure has been
raised to 90 mm Hg and supplemental oxygen is being administered, if available. In
practice this amounts to the patient’s post-resuscitation GCS.

26.4.3 Intracranial pressure and cerebral oedema

Oedema is the normal reaction of the brain to injury of any sort. Increased intracranial
pressure is usually associated with closed head trauma; it is rare with penetrating
injury, except for wounds with a very small opening.

Significant brain oedema only begins after 6 hours in penetrating wounds. Furthermore,
the cranium with an open wound no longer represents a closed box and damaged
brain is often extruded, thus decreasing cerebral volume.

A large open wound of the brain drastically changes
the physiology of cerebral perfusion pressure and
intracranial pressure.

After hypoxia, increased intracranial pressure is the next main factor involved in
secondary brain injury.
253
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26.5 Clinical examination

“And in addition to the appearances in the bone, which
you can detect by sight, you should make inquiry as to all
these particulars (for they are symptoms of a greater or
less injury), whether the wounded person was stunned,
and whether darkness was diffused over his eyes, and
whether he had vertigo, and fell to the ground”

Hippocrates

In the absence of sophisticated diagnostic and monitoring technology, a thorough
and systematic clinical examination is essential and remains the basis of patient
management.

The ABCDE sequence of the initial examination is the standard procedure. Any
compromise of consciousness immediately becomes an airway problem, with all the
dire consequences of hypoxia.

In blunt trauma involving the head, proper care of the cervical spine is necessary; this
is not the case with penetrating head wounds (see Sections 7.7.2 and 36.5).

Rarely is blood loss from the scalp sufficient to cause shock, except in children. The
superficial temporal artery, nonetheless, can lead to severe haemorrhage; applying
digital pressure and placing a simple clamp can be a lifesaving procedure. However,
concomitant penetrating spine injury may be the cause of neurogenic shock:
normovolaemia with hypotension (see Section 36.3.2).

Old lesson for new surgeons

Haemorrhagic shock is rarely due to blood loss from the
head. Look elsewhere.

ICRC
ICRC

Figures 26.3.1 and 26.3.2

This small wound and the underlying depressed fracture were only apparent on close palpation of the skull and after shaving the head.

The complete examination includes a meticulous palpation of the head. The difficulty
in diagnosing a small fragment entry wound in the vault has been noted (see
Figure 8.6). All lacerations of the scalp should be thoroughly palpated; this may be the
only way to discover a depressed fracture of the skull or a small entry hole.
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Old lesson for new surgeons

Small wounds may conceal severe injury: “bad things can
happen through small holes".

Once the patient is stabilized, a more complete neurological examination comprises
the parameters of the Glasgow Coma Scale, any lateralizing signs, and the status of
the cranial nerves.

26.5.1 Glasgow Coma Scale

The Glasgow Coma Scale (see Table 8.4) was originally established for patients with
closed head injury, yet it has proven a useful clinical tool for penetrating trauma as well.™
Although several studies have shown that the inter-rater reliability is poor, the GCS is
nonetheless particularly useful for monitoring the evolution of the patient’s condition,
especially if it is repeated by the same doctor or nurse. It is the post-resuscitation GCS
that should serve as the baseline, and that gives the best prognostic value.

Categorization of head injury severity"
« Minimal: GCS = 15, with no loss of consciousness or amnesia.

+ Mild: GCS = 13 or 15 with either brief loss of consciousness or impaired alertness
or memory.

+ Moderate: GCS =9 - 12, or loss of consciousness greater than 5 minutes, or focal
neurological deficit.

« Severe: GCS=5-8.
« Critical: GCS =3 - 4.

Itis the patient who presents a post-resuscitation mild or moderate severity injury and
who then deteriorates that should be the focus of the surgeon’s greatest efforts. The
pathology is usually reversible and the outcome is frequently positive.

Please note:

A decrease in the level of consciousness may be due to factors other than the head
injury: severe shock, alcohol, drugs, and medications.

26.5.2 Paraclinical investigations

Radiographs should be taken of the head and include antero-posterior and lateral
views. A CT-scan is rarely available where resources are limited.

When examining entry wounds, the inner table of the skull always appears more
fractured than the outer table, while the opposite is the case for exit wounds. Fractures
irradiating from the wounds are a sign of severe injury. However, X-rays give little
information about intracranial lesions and fractures of the base of the skull. In the
absence of an exit wound, X-rays of the head may show the position of the metallic
missile/s and thereby help estimate the projectile tract and related damage.

10 Teasdale G, Jennett B. Assessment of coma and impaired consciousness. A practical scale. Lancet 1974; 2:
81-84.

11 Adapted from Jarell AD, Ecklund JM, Ling GSF. Traumatic Brain Injury. In: Tsokos GC, Atkins JL, eds. Combat
Medicine: Basic and Clinical Research in Military, Trauma, and Emergency Medicine. Totowa, NJ: Humana Press;
2003:351 - 369.
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Figures 26.4.1 and 26.4.2 Figure 26.4.3
Knowing the location of a fragment can be of assistance in some patients. Here a fragment was In this case, a spear head has penetrated
found just under the skull. the skull.
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However, for the great majority of cases of penetrating trauma, even plain X-ray
radiography is not essential for deciding whether or not to operate, and for
operating effectively.'?

26.6 Emergency room management

The aim is to minimize secondary brain injury through standard principles of resuscitation.
Most of the mortality from head injury, apart from direct immediate organ destruction,
is associated with secondary injury resulting from hypoxia and hypotension.

More initial survivors die from secondary brain injury
than from primary tissue damage. Many of these deaths
are avoidable.

The patient may have to be intubated to maintain the airway and control breathing:
severely-injured patients (GCS < 8) require a definitive airway. Supplemental oxygen
should be administered if available.

Once a patent airway has been assured, the surgeon must ascertain whether the
patient is breathing spontaneously or not. Assisted ventilation by “bagging” the
patient may be required. The prevailing circumstances will determine how long such
manual ventilation can be maintained (see Part F.3). In a situation of triage of mass
casualties, a patient requiring ventilation to survive is classed Category IV and is
treated “expectantly” (see Chapter 9).

Maintain oxygenation, ventilation and blood pressure:
prevent brain hypoxia and ischaemia.

Ensuring optimal cerebral perfusion requires a mean arterial pressure greater than
70 mm Hg, which implies a systolic pressure of 90 mm Hg. This may be problematic if
other injuries and blood loss are pushing the surgeon into attempting hypotensive
resuscitation (see Section 8.5.4). The surgeon must perform a “therapeutic juggling
act”to try to resuscitate and maintain cerebral perfusion without provoking increased
haemorrhage in another body cavity, particularly the abdomen.

In an attempt to remedy this, some researchers have used limited quantities of
hypertonic saline, with and without dextran, for resuscitation. ICRC surgical teams
have no experience of such measures and cannot comment. No dextrose in water
should be given; it is hypotonic and increases cerebral oedema.

12 Many ICRC surgeons have had to operate without the benefit of radiography. Diagnostic imaging is not a
prerequisite for performing good war surgery.
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The bladder should be catheterized to monitor urine flow and the adequacy of
resuscitation, and to avoid irritability. Many patients have been administered sedatives
when in fact the problem has been discomfort from a full bladder. True irritability or
restlessness, not due to hypoxaemia or an overfull bladder, is treated with diazepam
or pentazocine as necessary.

A naso-gastric tube should be placed to empty the stomach and avoid vomiting and
aspiration. Care should be taken if there are fractures involving the ethmoid sinuses
or base of the skull.

Anti-tetanus prophylaxis and antibiotics should be given as per protocol.

In penetrating projectile injuries, it is rare to have to resort to mannitol or diuretics;
these should never be given as a routine in any type of traumatic brain injury and
are best administered only to buy time while awaiting urgent surgery, and only under
proper supervision. Steroids are contraindicated.”

26.7 Decision to operate

Priority for surgery is given to other life-threatening lesions involving the airway,
breathing or circulation. Life-threatening neurological lesions requiring immediate
surgery are few: for example a rapidly expanding intracranial haematoma with tentorial
herniation, but most frequently seen with blunt rather than penetrating trauma.

More than one injury: control haemorrhage elsewhere first!

As for the management of the penetrating head injury itself, this should be determined by
the nature of the injury as well as by the clinical status, but a few general principles apply.

« The initial procedure should be the definitive one to the extent possible. A damage-
control approach for difficult bleeding may have to be adopted in rare cases.

« Small, punctate wounds of the vault with no signs of intracranial space-occupying
haematoma should not be operated. The patient should be closely monitored for
any deterioration of consciousness or CSF leakage.

« Patients with a post-resuscitation GCS of 13 - 15 who deteriorate have first priority
for surgery.

« Patients with a GCS > 8 should be treated aggressively with surgery.

- Patients with a GCS of 3 - 5 should receive supportive conservative treatment
unless the condition is associated with an operable haematoma.

« Patients with a GCS 5 - 8 are the main focus of therapeutic controversy
- and frustration. Some surgeons propose to wait 24 hours, while maintaining an
adequate airway and oxygenation, and then “look see” and decide on whether
to proceed to surgery or not: improvement means operative intervention;
deterioration implies supportive treatment only.

« The nature of certain wounds - clinico-pathological type - allows for greater or
lesser degrees of surgical aggressiveness.

The surgeon should focus on patients with GCS 9 - 13.

An open head wound is often awe-inspiring, but might be much less severe than thought
at first. Post-resuscitation GCS is the best indicator of prognosis, particularly important
in setting priorities during triage of mass casualties. Most survivable wounds are classed
Category llI: they require surgery but can wait, provided a good airway is maintained.

13 CRASH Trial Contributors. Final results of MRC CRASH, a randomised placebo-controlled trial of intravenous
corticosteroid in adults with head injury - outcomes at 6 months. Lancet 2005; 365: 1957 — 1959.
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Figure 26.5

The head of the patient has been shaved and
is being washed with soap and water before
application of povidone iodine.
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26.8 Operating theatre

26.8.1 Patient positioning and preparation

The head should be entirely shaved and draped in such a fashion as to allow extension
of the scalp incision and manipulation of the head by the surgeon or anaesthetist.

For wounds of the parietal or temporal regions, the patient should be put in the lateral
position; for the occipital region and posterior fossa, lying on the face. Patients can
be placed supine; however, excessive tilting or lateral rotation of the head should be
avoided so as not to impede blood flow into and out of the brain. It may be necessary
to place pillows between the scapulae or under a shoulder.

The table should be tilted so that the head is elevated above the heart to promote
venous drainage.

26.8.2 Anaesthesia

Except in the most minor and superficial of wounds, it is best to intubate the patient if
anaesthesia resources allow. With intubation the anaesthetist must at all times control
the patient’s ventilation and oxygenation by gentle “bagging”. Controlled ventilation
prevents coughing, retching and respiratory effort, all of which raise the ICP.

Hyperventilation should be avoided except when visible signs of brain herniation
or severe oedema during operation develop. Short-term mild hyperventilation is the
best means to control increased ICP. Mannitol can also be used, provided systolic BP is
maintained above 90 mm Hg. However, as mentioned, penetrating war injuries to the
brain are open wounds and, especially in large ones, these measures are not usually
necessary. Steroids are neither needed nor advisable.

Anaesthesia with intubation can be gas inhalation or ketamine, depending on what is
available and in common use in the hospital. Contrary to old reports suggesting the
opposite, ketamine is a safe drug for anaesthesia in head trauma (see Section 17.4.1)
and can even be used under spontaneous ventilation when intubation is not available,
in which case a tracheostomy should be considered to ensure a safe airway and
control the respiration.

In extremis, local anaesthesia of the scalp, pericranium, and meninges can be
employed, aided by a sedative (thiopentone, diazepam, etc.). The brain itself has no
pain receptors.

26.8.3 Theatre equipment and instruments

A few simple pieces of equipment are of great assistance: an operating table with a
head that can be tilted up and down manually; low-power suction, electric if available
or otherwise a large syringe (60 — 100 ml); diathermy is “nice to have".

When dealing with open head injuries, the only essential
specific instrument is the bone nibbler.
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A simple set of essential instruments for neurotraumatology consists of:
+ hand drill (Hudson brace)

« cranial perforator or trephine

« burrs of different sizes and shapes: cylindrical and round

« dural elevator

« periosteal elevator

+ bone nibbler or rongeur

« Gigli wire saw and handles

26.8.4 Basic surgical management

The discussion on wound ballistics demonstrates the wide variety of projectile wounds
to the brain. However, the fundamental surgical techniques are relatively limited and
basically the same for all: trepanation, debridement of the scalp, cranium and brain,
and primary closure.

Much ado has been made about retained bone and metal fragments. Bone fragments
are more important as a cause of infection; far worse is the contamination from
skin and hair. Some metal fragments have been reported to migrate, causing more
damage, but the occurrence is exceedingly rare. Re-operation to remove retained
projectiles or bone fragments should be undertaken only if there is an associated
complication: infection, CSF leak, mass effect, or confirmed evidence of lead toxicity
(see Section 14.3). Otherwise, as elsewhere in the body, they should be left where they
are unless readily accessible.

The “burr-hole” wound is probably the most common projectile lesion of the brain
that the surgeon encounters during armed conflict. It also best demonstrates the
basic operative techniques required for almost all projectile wounds. Therefore,
the following Sections use the debridement of the “burr-hole” wound as a
demonstrative example.

14 Cushing H. A study of a series of wounds involving the brain and its enveloping structures. BrJ Surg 1918; 5:
558 - 684.

Figure 26.6

ICRC craniotomy set.
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Figure 26.7

Superficial penetration, burr-hole type: note the
“cone” of tissue destruction and the presence of
the projectile in the depth of the wound.

Figures 26.8.1 and 26.8.2

Horseshoe flap or “U"-incision: the incision is
carried down through all the layers of the scalp.
The wound itself is excised at the end of the
operation. The small horizontal cut at one end
of the flap is a release incision and permits a
slight rotation in order to close the incision
without tension. Dilute adrenaline solution may
be injected into incision.

N. Papas / ICRC

V. Sasin / ICRC

Figures 26.9.1 - 26.9.3

26.9 Cranio-cerebral debridement:“burr-hole” wound

The prognosis for many such wounds is good. The patient often remains lucid and,
depending on the exact location of the cerebral lesion, may even walk into the
emergency room. Surgical intervention should always be contemplated.

26.9.1 Wound pathology

The ballistic profile is similar to that of a fragment, or deforming or destabilized bullet
but with low-kinetic energy. The entry wound is much larger than the diameter of the
projectile and the lesion in the skull has the appearance of a punched out burr-hole,
hence the descriptive name. There is a “cone” of tissue destruction comprising pulped
brain and haematoma, hair and the skin of the scalp and bone fragments. Protrusion of
the brain outside the skull is often seen: cerebral hernia or fungus cerebri.

The penetration of the projectile into the brain may be as little as 1 cm or far deeper,
and is always more distant than any bone fragments. The rounded tip of a bullet tends
to push aside the neurons at the end of its trajectory and is therefore to be found more
distally within undamaged tissue. Metallic fragments have irregular and sharp edges
that lacerate the brain even at the end of the wounding channel as they come to a
stop. Bone fragments are always to be found within the “cone”.

26.9.2 Operative technique
The operative procedure unfolds layer by anatomic layer: scalp, bone, dura, brain tissue.

Scalp incision

Inspection of the damaged brain requires a wide exposure and two different incisions
are described: the inferiorly-based horseshoe flap or“U"-incision with the wound at its
centre or the “S"-extension incision going through the wound. Both have advantages
and disadvantages. In the practice of ICRC surgeons, the horseshoe incision is
usually preferred for large wounds; and the “S"-incision chosen for small wounds and
trepanation. The site of the scalp incision can be infiltrated with a dilute adrenaline
solution to help control bleeding.

ICRC

V. Sasin / ICRC

“S"-extension incision: all the layers of the wound are debrided first, to prevent further soiling of the brain from the scalp. The wound is then extended

in an “S”fashion and the edges widely undermined.
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The surgeon now sees a gaping hole in the skull, filled with a pulped mass: haematoma
and tissue debris. Sometimes, simply bringing down the skin flap is sufficient to release

the tension and cause the damaged tissue to “plop” out as a bloody mass.

C. Giannou / ICRC
C. Giannou / ICRC

Figure 26.10.1 Figure 26.10.2

Haemostasis is procured by seizing the galea A hole in the skull filled with a haematoma
aponeurotica — a tough, fibrous layer — with presents itself.

forceps and flipping them over to angulate

the vessels.

Bone

The dura is carefully separated from the bone with a dural elevator, since it has often
become adherent to the bone edges. Using a bone-nibbling forceps (rongeur), the
defect in the skull is carefully enlarged by biting away the damaged bone edges
piece by piece until dura is visible all around the circumference of the wound. Any
bleeding from the diploe is best dealt with using a crushed muscle patch dipped in
the dilute adrenaline solution, and is preferable to bone wax which, being a foreign
body introduced into a contaminated wound, favours infection.

ICRC

ICRC

Meninges

The ragged edges of the dura should be trimmed. Dural tears may extend for some
distance and care should be taken not to extend them further. They will need to be
closed later.

Brain
Pulped, dead brain has the consistency of yoghurt or porridge; it does not bleed, and

does not “beat” in time with the pulse. Living brain is jelly-like; it bleeds and pulsates
with the heartbeat.

Dead brain is like yoghurt; living brain is like jelly.

Debridement is performed by sucking out pulped brain and haematoma with mechanical
low-pressure suction; a large syringe with a soft Foley catheter attached is an alternative
- the technique originally used by Harvey Cushing. The wound cavity is then gently
irrigated with normal saline. Aspiration and irrigation are repeated until the cavity is clean.

Figures 26.11.1 and 26.11.2

A rongeur is used to nibble away the
bone edges to expose dura all around the
circumference of the bone defect.
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Figure 26.12.1

Irrigation using a syringe.

Figure 26.13

A tenting suture tacks the dura up to the
pericranium to control bleeding.
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Figure 26.12.2

After irrigation, the wound cavity is then aspirated using low-power suction.

Loose bone fragments, which are always to be found within the cone of tissue
destruction, are sucked out or may be picked out with a forceps. A search for readily
accessible fragments is performed by gentle finger palpation. No extra effort causing
even greater neuronal injury should be made to find and remove bone or metallic
fragments; only those that are easily accessible should be extracted.

Bony fragments and metallic foreign bodies should be
removed only if easily accessible.

The clean cavity is a glistening white and the brain tissue visibly pulsates with
every heartbeat.

Haemostasis

Haemostasis must be meticulous. For the surface of the cerebral tissue itself, which
may present capillary ooze, bipolar cautery is best, if available. Because of the folds of
the cerebral cortex, cauterization is usually easy at the top of the gyri, and very difficult
in the base of the sulci. Otherwise, gauze pledgets soaked in the dilute adrenaline
solution or warm saline are placed within the wound cavity and kept there for several
minutes under gentle digital pressure. Upon removal, the ooze has usually stopped; if
not, the procedure is repeated.

Bleeding from the very thin and delicate pia mater can be controlled by under-running
sutures, although these often cut through. It may be more practical to pick up the pia
mater together with the dura to better hold the sutures. Bipolar cautery-diathermy or
silver clips are useful to control bleeding from individual vessels, if available.

Closure of the dura

The clean and dry wound cavity is now ready for closure. Direct suture of the dural
edges is rarely possible, except in very small wounds and for dural tears. A patch graft
is usually necessary and can be taken from the pericranium, temporalis or occipitalis
fascia, galea aponeurotica or from the fascia lata if a very large patch is necessary.

The graft patch is fixed to the surrounding dura with a continuous interlocking suture
aiming at a watertight closure and using 3/0 synthetic absorbable suture or 4/0 non-
absorbable. No intracranial drain should be left in place when working with limited
resources and less than optimal hygiene.
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Figure 26.14.1 Figure 26.14.2

Small meningeal defect repaired with a Larger fascial graft.
graft taken from the temporalis fascia and
sewn watertight.

Scalp closure

Cranio-cerebral wounds are one of the exceptions to the rule of delayed primary
closure. At the end of the operation, the scalp wound is excised and sutured. The loss
of substance due to the wound debridement may render closure of the scalp incision
difficult. A release incision at the base of the horseshoe flap helps to rotate the skin for
closure. Further extension and undermining of the “S"-incision to create a rotation flap
serves the same purpose. The flap should be raised beneath the galea, which may be
scored to reduce tension on the suture line. Any bare area of pericranium due to the
rotation flap should be covered with a split-skin graft.

Except for small wounds, closure of the scalp is best performed in two layers. The
first picks up the thick and tough galea aponeurotica with absorbable material as a
haemostatic suture and to prevent wound dehiscence. The second then closes the
skin. Some surgeons close the wound in one layer, preferably using a mattress suture.
A subcutaneous drain may be left in place for 24 hours.

26.10 Tangential wounds

This is a relatively common projectile wound seen by the surgeon, testifying to
its survivability.

26.10.1 Pathology

The projectile may fracture the bone or not. The fracture may be depressed and have
produced a“V-shaped gutter” that has filled with a pulsating haematoma causing the
surgeon to think there has been penetration of the dura. Bone splinters may have
been driven deep into the brain (Figure 26.1.2), but the external appearance of the
wound does not indicate the degree of splintering. Injury to dural vessels can create
an extradural or subdural haematoma.

Figure 26.15

Scalp closure with a subcutaneous drain.
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Figure 26.16.1

Tangential gunshot injury: the forceps has been
passed through the entry and exit wounds.
Note the horseshoe flap incision that includes
both wounds.

Figures 26.17.1 - 26.17.3

ICRC

ICRC

Figure 26.16.2

The tip of the forceps points out the gutter deformity of the bone: no penetration into the brain.

9
&
o

Gunshot causing a gutter wound with penetration into the brain.

Figure 26.18

Patient A: depressed fragment of the cranium.
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The most severe tangential injury is a gaping wound, a punched-out defect with
comminution of the bone resembling a single “entry-exit’, with direct laceration and
contusion of the cerebral cortex (Figures 26.1.3 and 26.20.1 - 26.20.2).

Not all fractures or in-driven bone splinters are visible
on radiography.

With or without fracture or penetration, the impulse of the blow results in a varying
amount of contusion of the underlying cortex. The clinical examination of the wound
does not always indicate the severity of injury.

26.10.2 Indications for surgery
Indications for surgery include the following conditions.

Depressed fracture with focalizing signs

Focal signs of compression are an absolute indication to operate. Many surgeons
prefer to trephine all such injuries because of the high incidence of bone splinters
driven into the cerebral cortex. Others prefer to observe and operate only if focal signs
appear or if there is no improvement over several days.
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Figures 26.19.1 and 26.19.2

Patient B: circumscribed wound in the scalp and underlying depressed fracture.

Focal signs of a space-occupying haematoma
Trepanation and evacuation of the clot are essential, whether the haematoma is extra-
or subdural, or subcortical.

Epileptic seizures

Seizures may follow damage to the meninges by bone splinters; their removal
does not guarantee long-term relief, but is sometimes able to prevent evolution to
status epilepticus.

Single entry-exit, punched-out defect with laceration of the brain
This open wound of the brain requires debridement.

Figures 26.20.1 and 26.20.2

entry-exit.

E. Dykes / ICRC
M. Baldan / ICRC

26.10.3 Operative management

Without an indication for operation, apart from debridement of any scalp wound,
conservative treatment as for a closed head injury should be adopted. Recovery is
often spontaneous, although slow.

If trepanation is undertaken, it must be performed next to the gutter or depressed
fracture; the bone fragments are elevated and the dura inspected. It may be intact
or lacerated.

+ An intact dura overlying contused brain without actual cortical liquefaction may be
left as is.

- If the intact dura is tense and bluish, however, it should be opened and the clot
evacuated. Contused brain should be gently debrided.

« Lacerated dura should be cut clean and damaged cortex debrided by aspiration
and irrigation, and any accessible bone splinters removed.

The single entry-exit defect should be debrided, just like a penetrating burr-hole wound.

Two examples of tangential penetration: one
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26.11 Other penetrating wounds

Small fragment wounds are relatively common; transfixing wounds are rare, as the
patient usually does not survive to reach hospital.

26.11.1 Small Grade 1 fragment wounds

Fragments with just enough kinetic energy to pierce the vault of the skull and enter
the brain cause relatively little local tissue damage. They constitute a Grade 1 wound
according to the Red Cross Wound Score. Several scenarios are possible.

Single or limited number of fragments

Given that vital centres are not touched, the prognosis is good and the patient is
usually quite lucid, often walking into the emergency admissions. Since oedema and
haematoma formation are usually limited, most surgeons adopt a conservative non-
operative approach apart from local toilet and suture of the scalp wound.

Figures 26.21.1 and 26.21.2

Single retained fragment.

ICRC
ICRC

The patient must remain under strict observation, however, and any indication of
increased intracranial pressure, focalizing signs or CSF leakage dealt with aggressively.
This entails a burr-hole trepanation of the punctate entry site(s) and localized
debridement of the injured brain.

If the fragment is relatively large and located superficially, it should be removed by
trepanation (Figure 14.3).

Large number of fragments

With multiple fragments there is a cumulative effect of oedema and haematoma
formation. The level of consciousness is usually decreased; even frank coma may
ensue. This type more closely resembles a severe closed head injury.

Figures 26.22.1 and 26.22.2

X-ray and CT scan showing multiple fragments
in the frontal lobe.

M. Yacoub / Rafidia Hospital Nablus
M. Yacoub / Rafidia Hospital Nablus

If the GCS is > 8 and there is no deterioration of the patient’s condition, a conservative
approach may be adopted. In the face of a rapidly deteriorating clinical picture, the
performance of multiple burr-holes and local debridement for each entry wound may
be the only recourse left to the surgeon working with limited resources.

26.11.2 Transfixing through-and-through wounds

These are very serious injuries and often fatal; cavitation effect is quickly lethal. The
projectile also often traverses the lateral ventricle. Haematoma, bone fragments, and
oedema are found irregularly throughout the whole wound track.
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Unilateral hemispheric transfixation

The entry and exit wounds involve only one cerebral hemisphere (Figure 26.1.5). Given
the poor prognosis, only a few patients with lesions relatively high in the vault and an
acceptable GCS score proceed to surgery.

M. Yacoub / Rafidia Hospital Nablus

g g
9] 5}
Figures 26.23.1 and 26.23.2 Figure 26.23.3
GSW of the head: the entry was frontal and the exit parietal. CT-scan of a unilateral hemispheric transit

showing the narrow shooting channel.

The entry and exit wounds are debrided as usual. The long narrow track is gently
aspirated and irrigated using a catheter or naso-gastric tube. The dura and scalp are
closed without drains.

Occasionally, the projectile may traverse the entire hemisphere but not have sufficient
kinetic energy to exit the skull. The treatment is the same as for a transfixation wound.

Figures 26.24.1 and 26.24.2

Retained projectile after traversing the
entire hemisphere.

V. Sasin / ICRC
V. Sasin / ICRC

Bilateral hemispheric transfixation

The projectile crosses the midline, involving both cerebral hemispheres (Figure 26.1.6).
These injuries are rarely seen in hospital, and those that do present are usually high in
the vault and involve the frontal lobes and sinuses.

Figure 26.25

The forceps indicate the entry and exit wounds
high up in the vault.

C. Giannou / ICRC

N

Except in the case of bifrontal wounds, a simplified and abbreviated version of the
previous procedure is performed. Conservative supportive treatment is usually the
best that can be offered these “expectant” patients.
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Figures 26.26.1 and 26.26.2

Large rotation skin flap of the scalp: a split skin graft covers the bare area of pericranium.
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26.12 Trepanation

The main indication for trepanation is blunt trauma with an intracranial haematoma or
a closed depressed fracture with signs of lateralization; but it is also required for some
tangential wounds or those due to small fragments.

Please note:

As mentioned, tangential wounds and primary blast injuries can also cause a closed
intracranial haematoma.

Burr-hole trepanation is an operation well within the competency of the general
surgeon and should be included in the standard armamentarium of operative
procedures, especially for the lone surgeon working in a rural area. The operative
details are to be found in Annex 26.A.

26.13 Difficult situations

A number of difficult presentations of penetrating head injury exist. Some require the
presence of a neurosurgeon for proper treatment.

Falling bullets

In many societies, it is customary to celebrate a military victory, birth or marriage by
firing rifles into the air; even more so if the country is the scene of armed conflict. It
is not rare for the falling bullets to injure or kill bystanders. Some falling bullets have
enough energy to perforate the skull and penetrate the brain for several centimetres:
a mini-burr hole wound. The surgical management follows the same criteria as the
wounds discussed previously.

In a certain number of persons, the bullet will only just perforate the skull and become
stuck in the bone of the cranium. It must never be removed blindly. A small burr-hole
should be made next to the bullet and completed by bone-nibbling forceps to free the
projectile. Attention should be paid to the bullet tip to see whether the dura has been
penetrated or not. Any lacerated brain should be gently aspirated and the dura closed.
The anatomic site of penetration should alert the surgeon to the possibility of injury to
the sagittal venous sinus; this specific case is discussed below.

Loss of a large amount of scalp cover

A sufficient rotation flap is fashioned, based on the arterial supply reaching the scalp
from below; the flap may involve over half the scalp. Any bare area of pericranium is
covered immediately with a split-skin graft.

b
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Loss of a large amount of skull

Various synthetic materials now exist to replace large bone defects. Cranioplasty,
however, is a specialized procedure and is beyond the scope of this manual. In some
cases, the general surgeon may be able to save large pieces of the skull and replace
them later. Any dirtied edges of bone should be nibbled away. The bone should then
be washed in a saline-antibiotic solution and kept in the blood bank refrigerator, to be
retrieved and replaced once the patient is fully stabilized. Another technique is to bury
the large piece of skull in the subcutaneous fat of the abdominal wall.

In most cases, however, such bone “storing” and retrieval is not possible and the
patient will be obliged to wear a protective bicycle or motorcycle helmet or “hard
hat” afterwards.

Injury to the base of the skull

Local debridement of the wound is the only surgical procedure to undertake. The
patient should be nursed in a semi-sitting position. If otorrhoea occurs, the ear should
not be packed, but simply covered with an absorbent dressing bandaged over the ear.

Injury to a deep-seated major blood vessel

This injury is usually rapidly fatal. There may be times when the surgical evacuation of
pulped brain, haematoma and bone fragments uncovers and releases such an injury,
with ensuing heavy haemorrhage. The condition is usually beyond the competency of
the general surgeon, who may choose to take a simple damage-control approach and
pack the cavity in an attempt to stop the bleeding and re-operate 24 hours later if the
patient is still alive.

Traumatic aneurysm or arterio-venous fistula

These lesions are usually due to a fragment; a bullet tends to push blood vessels aside
or transect them completely with a rapidly fatal issue. Severe primary blast injury to
the brain may also lead to the formation of a pseudoaneurysm. In survivors, it is usually
the distal and more superficial branches of the cerebral circulation that are concerned.
Diagnosis is difficult without sophisticated technology.

When a pseudoaneurysm or arterio-venous (A-V) fistula is discovered during brain
debridement, the vessels are usually too small to be repaired with standard vascular
techniques and proper exposure usually requires the skill of a trained neurosurgeon.
The general surgeon should simply try to ligate the vessels involved and accept the
consequences or treat the patient conservatively. Either way prognosis is poor.

26.13.1 Superior sagittal sinus injury

The superior sagittal sinus is triangular in shape and lies between the two layers of the
falx cerebri. It is held rigidly open and is not compressible, unlike other major veins in
the body. The venous sinuses of the cranial cavity, the internal jugular vein, and the
superior vena cava do not have valves. Thus, the venous pressure in the right atrium
and superior vena cava are reflected in the sagittal sinus when the patient is in the
decubitus position.

A

Superior sagittal sinus
<¢—— Dura mater

<— Arachnoid

\

Arachnoid granulation

<———— Piamater

Falx cerebri

A

< Inferior sagittal sinus

Figure 26.27

Anatomy of the superior sagittal sinus.
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Major injury to the sagittal sinus is rapidly fatal owing to exsanguination and/or a
space-occupying mass effect. Patients presenting to the surgeon have usually been
injured by a falling bullet or a small fragment or spicule of bone piercing the dura of
the sinus and becoming lodged there, thus preventing massive haemorrhage.

Surgical management
Good coordination between the surgeon and the anaesthetist is essential in
manoeuvring the patient’s head and body position.

1. Ascalp flap is fashioned in preference to an “S”-incision to allow for adequate
exposure, whether for a falling bullet wound or for a depressed fracture of
the vertex.

2. One ortwo burr holes are drilled and the opening enlarged with bone-nibbling
forceps to reveal the projectile or bone splinter. In other cases, it is discovered
during brain debridement. All such “foreign bodies” should be left in situ until
preparations are made to control the haemorrhage that follows their removal.

3. Before removing the object the head and upper body of the patient should be
raised, thus decreasing the venous pressure in the sinus. However, removing the
object at this point may cause air embolism. Therefore, the wound should first
be filled with normal saline.

4. The surgeon then removes the bullet, fragment, or bone splinter and quickly
blocks the hole in the sinus with a finger, while the anaesthetist raises or lowers
the head of the patient: too low and a very impressive haemorrhage ensues; too
high and the saline is aspirated into the sinus. The equilibrium point must be
found (usually around 30° elevation) at which there is no haemorrhage and no
aspiration of saline. The surgeon can now remove the finger. Should the object
become dislodged prematurely, the same digital pressure by the surgeon and
manoeuvre on the part of the anaesthetist are necessary.

5. Dural closure is problematic. The walls of the sinus are too rigid for direct suture
and the stitches simply cut through. The following techniques can be applied:
« a patch is fashioned using a small piece of either the pericranium or temporalis
fascia; or
- ameningeal rotation flap is mobilized using a segment of the dura adjacent to
the sinus and swung around to cover the hole.

6. Whichever method is used, the patch is now securely sutured into position using
a continuous fine vascular suture. The penetration points of the needle all bleed.
The patch is therefore reinforced with a piece of crushed muscle, to release
tissue clotting factors, and held in place for 5 - 10 minutes while the surgeon,
anaesthetist, and nursing staff talk about the weather and take a deep breath.

7. Simple closure of the scalp incision follows.

If the tear in the sinus is too large for a patch graft or meningeal rotation flap, it may be
possible to stitch the underside of the scalp to the sinus. Alternatively, a damage-control
approach may be adopted: the opening is plugged with gauze, the scalp stitched over
it, and a compressive dressing applied. The patient is re-operated after 24 — 48 hours.
Otherwise, the only solution is to pass a thick ligature around the sinus, proximal and
distal to the opening, and tie it off. The surgeon must then accept the consequences,
usually minimal in the first quarter to one third of the sinus, further back often fatal.

26.13.2 Frontal sinus injury

A projectile may pass through the frontal sinus and then enter the frontal lobe of the
brain. The orbit may also be implicated. It is simplest to perform a brain debridement
directly through the shattered sinus, although a horseshoe flap centred on the supra-
orbital artery is preferred.

At the end of the brain debridement, every attempt must be made to close the dura,
using whatever graft is necessary in order to prevent ascending infection.
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The sinus itself is then scraped with a curette to remove the mucosa and swabbed with
a povidone iodine solution. The fronto-nasal ostium is packed with a small piece of
fascia. The skin wound is then debrided and closed.

In the event of a large loss of soft tissue, the sinus can be packed with gauze compresses
imbibed with povidone iodine until flaps can be fashioned at a later sitting (see
Figures 27.28.1 - 27.28.3).

Figure 26.28.1

A frontal flap has been taken down revealing
damage to the sinus and exposure of the dura
covering the frontal lobe (arrow).

ICRC

Figure 26.28.2

The dura has been closed by means of a fascial
flap stitched in place.
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26.13.3 Damage-control neurotraumatology

The practice of damage control in head trauma follows the same principles as damage
control surgery elsewhere, a function of physiology: preventing hypothermia,
coagulopathy, and acidosis (see Chapter 18). It may be successfully practised in
remote areas with the possibility of patient transfer and consists of evacuation of a
haematoma or abbreviated debridement of open brain trauma.

If patient transfer is not available, difficult to control bleeding, especially from deeply-
situated vessels, may be temporarily controlled by tamponade packing and the
operation revised 24 - 48 hours later once physiological stabilization is achieved.

In a patient with multiple injuries, the surgeon may have to perform a very rapid burr
hole to relieve ICP and incipient herniation before turning to another wound site to
stop haemorrhage. The intracranial haematoma need not be completely evacuated
at first sitting, as long as it continues to drain out. The surgeon must use judgment to
determine which condition is the more life-threatening.
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26.14 Post-operative and conservative management

Post-operative care: more “heroic” than the surgery.

Whether they are comatose or lucid, post-operative monitoring and nursing care
of patients suffering severe head injury is onerous and a great drain on time, effort,
and human resources - as is the conservative treatment of the comatose patient. The
compensation comes with seeing the recovery of many patients. The importance of
post-operative care is often underestimated. In patients with severe neurotrauma, it is
the post-operative care that is “heroic’, not the surgery.

« Close observation and monitoring.

The Glasgow Coma Scale provides a good indication of the evolution of the
patient’s condition. Clinical surveillance of intracranial pressure and post-operative
haemorrhage (clotting defect, especially disseminated intravascular coagulopathy)
should be rigorous.

Adequate airway.

Where the resources for intubation and mechanical ventilation are lacking, there is
a place for a more liberal use of a tracheostomy. A tracheostomy removes 150 ml of
dead space from the tidal volume and assists in better oxygenation of the patient
and the “blowing off” of CO,. The tracheostomy can be removed once the patient is
conscious enough to perform spontaneous active expiratory effort.

A patient with no other respiratory pathology causing poor oxygenation, as
confirmed by pulse oxymeter, and with decreased consciousness (GCS < 12) may
often benefit from a tracheostomy. A GCS of 8 or less is a definite indication.

Administration of humidified supplemental oxygen.

Semi-sitting position with the head elevated 30°.

This results in the simple hydraulic effect of aiding venous drainage from the brain,
thus decreasing ICP.

Intravenous fluids.

For the first few days of treatment, after complete haemodynamic stabilization,
intravenous fluids should be limited to Ringer’s lactate and care taken to prevent
over-hydration, which augments cerebral oedema.

Bladder catheterization.

The urine production must be monitored to assure fluid balance and avoid
irritability from a full bladder. Poly- or oliguria may indicate disturbed vasopressin
secretion which is a sign of fracture of the base of the skull.

Ocular hygiene.

The comatose patient is at particular risk of exposure keratitis and conjunctivitis.
The eyes should be swabbed daily with a moist compress to remove any secretions.
The lids should be taped shut with adhesive skin closure strips (Steri-Strips®) after
the instillation of eye ointment.

Anti-tetanus prophylaxis and antibiotics.

Analgesia, especially if there are associated injuries.

Sedation as necessary: diazepam, barbiturates.

Prevention of gastro-intestinal bleeding.

An H2-receptor antagonist or proton pump inhibitor and oral anti-acids should be
given to prevent stress ulceration.
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 Nutrition.

Feeding through a naso-gastric tube, with full precautions during insertion if
maxillo-facial fractures are present, is begun by day three; a feeding gastrostomy or
jejunostomy is necessary if the patient is unable to feed for a long time. Metabolic
demands are high: (140 % of resting metabolism in the non-paralysed patient, with
15 % in the form of proteins from day 7). The nutritional requirements as described
in Annex 15 A for burn patients are appropriate.

« Prophylaxis of deep vein thrombosis.

This is not indicated everywhere. DVT is highly contingent on diet and lifestyle and
prophylaxis is required only if the pathology is common in the community. Non-
medical measures such as pressure stockings and physiotherapy take precedence;
medication may be used if there are no contraindications but the risk of ongoing
bleeding in cranio-cerebral wounds is very great. (See Part F.2)

« Thermal control.

Severe head injury often provokes a loss of thermal control: hypothermia must
be avoided at all costs, and the advent of coagulopathy closely monitored.
Hyperthermia, by increasing cerebral catabolism, is just as dangerous, especially
in children.

- Skin and oral hygiene.
« Physiotherapy.
The lungs are kept clear and movement of the joints is maintained.

« Prophylaxis of epilepsy.

Please note:

Steroids have no role to play in the treatment of head injuries.

The regular clinical assessment of the level of consciousness is essential. Deterioration
requires re-exploration, usually to remove a new blood clot or deal with infection.

If the level of consciousness deteriorates, re-exploration
is required.

26.14.1 Prophylaxis of epileptic seizures

The development of epilepsy varies among clinical studies: up to 50% incidence
after 15 years follow-up. Early seizures occurring within 7 days are more common
than late onset. Current knowledge suggests that early prophylaxis does not prevent
late seizures.

The occurrence of epileptic seizures very early in the convalescent period causes a
radical and rapid deterioration of the patient’s condition due to secondary brain injury.
The immediate treatment is diazepam i.v.

ICRC surgeons have recently modified their treatment protocol to include one week
post-operative prophylaxis of epilepsy.'

Several medications are available for short-term prophylaxis and the choice depends
on the circumstances of the hospital.

« Phenytoin sodium intravenous

In both adults and children, a loading dose of 10 — 20 mg/kg i.v. is given (at a
maximum rate of 50 mg/minute to prevent cardio-vascular adverse effects such as
hypotension and bradycardia).

15 Protocol adopted by the Second ICRC Master Surgeons Workshop held in Geneva, December 2010.

273



WAR SURGERY

274

The maintenance i.v. dose after 24 hours for adults is 3 - 7 mg/kg given once daily.
For children up to 12 years of age, 2.5 - 5 mg/kg BID is given i.m.

Carbamazepine

Only available as tablets or suspension, which may be used as a rectal suppository.
Adults 200 mg BID initially, and gradually increased to 400 mg BID; children from
one month to 12 years, 5 mg/kg daily increasing to 10 - 15 mg/kg daily, in divided
doses. If given rectally, the oral dose should be increased by 25 %.

Phenobarbital

This common medication may be used if others are unavailable: adult loading
dose 10 mg/kg up to a maximum of 1 g, given at a rate not more than 100 mg/
minute. After 24 hours, the maintenance dose is 100 — 200 mg per day. For children
up to 12 years, an initial dose of 1 - 1.5 mg/kg BID, increased by 2 mg/kg/day, to a
maintenance dose of 2.5 to 4 mg/kg once or twice daily.

Please note:

All anti-epileptics should be withdrawn gradually to prevent precipitating a seizure. The
one-week prophylaxis protocol should be progressively decreased over another week.
Long-term prophylaxis is controversial and is not recommended.

26.15 Increased intracranial pressure

Any increase in ICP should be diagnosed early and treated aggressively. It is much rarer
in open wounds than in closed head trauma.

The first priority for the head-injured patient is complete and rapid physiologic resuscitation.
During resuscitation, and where sophisticated means of patient monitoring are not
available, no specific treatment should be directed at preventing a rise in ICP.

All treatment modalities for ICP (for example, the use of osmotic diuretics) entail
serious complications and, again in the absence of sophisticated means of patient
monitoring, can directly interfere with resuscitation.

26.15.1 Management

Treatment should begin with simple measures: supplemental oxygen, elevation of
the head, sedation, rapid co