
ABSTRACT
Damage Control Surgery (DCS) is a
three-phase team-based approach to
maximal injury penetrating abdominal
trauma. In Phase I, the hypothermic,
coagulopathic, acidotic, hypotensive
casualty undergoes a proactively
planned one-hour time limited
laparotomy by an appropriately trained
surgical trauma team. In phase II –
physiological stabilization takes place
in the Intensive Care Unit. In phase III
– definitive repair occurs. DCS is
extremely resource intensive but will
save lives on the battlefield. A military
DCS patient will perioperatively
require fourteen units of blood and
seven units of fresh frozen plasma - half
the blood stock of a light-scaled FST.
Two DCS patients will in one day,
exhaust this FSTs oxygen supply. We
know that hypothermic patients with an
iliac vascular injury (initial core temp
<34°C) suffer four-fold increases in
their mortality, yet we cannot heat our
tents above 20°C during a mild British
winter. Our primary casualty retrieval
is excessively slow. A simple casevac
request has to go to too much ‘middle-
management’ before a flight decision is
made. In Vietnam, wounded soldiers
arrived in hospital within twenty-five
minutes of injury. In Iraq in 2005, that
figure is over one hundred and ten
minutes. We use support or anti-tank
helicopters that are re-roled on an ad-
hoc basis for the critical care and
transport of our sickest patients. We
still do not have a dedicated all-weather
military helicopter evacuation fleet
despite significant evidence that
intensive care unit level military
evacuation is safe and eminently
achievable in both in the primary and
secondary care setting. Should we not
be asking why?

PART ONE: DAMAGE
CONTROL SURGERY
Introduction
Optimal surgical treatment of
haemodynamically unstable patients with
penetrating abdominal trauma in wartime
remains a controversial subject. During the
Boer War (1899-1902), these wounds were
considered universally fatal. Liver packing

for trauma, thought by many to be a very
recent development, had in fact first been
described in 1908, but the practice was
soon discontinued due to problems with
infection(1). WWI saw some improvement
in mortality with the introduction of the
principles of formal laparotomy. ByWWII, a
laparotomy was mandatory for penetrating
abdominal wounds: indeed, it was during
WWII that military surgeons recognized the
importance of swift abdominal surgery for
the sickest patients. This avoided complex,
prolonged and often futile operations being
undertaken on patients with very high
mortality(2). Such patients were also
considered un-transportable for seven days
after surgery, since half would die.

In the Western Desert in 1942, Watts
sensibly stated that the war surgeon “must
evacuate the wounded with all possible speed,
both to clear the unit and restore its
mobility…that he must wherever possible, avoid
procedures that will prevent the early
evacuation of the patient”(3). In the calmer
years after the Second World War, general
surgery moved more towards ‘definitive
laparotomy’ and orthopaedics moved to the
concept of ‘early total care’(4). These
approaches consisted of immediate
haemorrhage control followed by definitive
injury repair – if physiological stability was
maintained.This tactic still works extremely
well today with small-calibre subsonic
round handguns that produce non-
cavitating low energy transfer wounds.

By the mid to late 1980s, surgeons in the
continental USA noted that ‘street
weapons’ and the wounding patterns they
produced, had begun to alter. The use of
high-velocity long-barrelled weapons such
as assault rifles and altered ammunition –
often designed to bring down large game
animals – became commonplace. Much
greater energy transfer occurred from these
super or hypersonic rounds.The magnitude
of the intra-abdominal cavitation also
caused severe tissue destruction, shock-
wave rupture of gas filled intestine at sites
remote from the wound track and multiple
solid organ damage(5).

The maintenance of physiological
stability during resuscitation, surgery and
beyond of the severely injured patient
became a significant problem. Large
amounts of (often cold) crystalloid and
blood were required to prevent the onset of
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hypovolaemic shock. An inability to replace
adjunctive clotting factors led to platelet
and coagulation factor washout. This was
compounded by core hypothermia, with its
own insidious influence on those few
platelets and clotting factors that remained.
Finally, inadequate tissue perfusion resulted
in a severe metabolic acidosis. This lethal
triad of acidosis, hypothermia and
coagulopathy would often manifest as non-
surgical bleeding (i.e. from everywhere)
after three to six hours of attempted
definitive laparotomy. Second-hit phenomena
from gut reperfusion or the prolonged
surgery were also implicated in the
development of systemic inflammatory
response syndrome (SIRS). This frequently
went on to multiple organ failure (MOF)
including its adult acute respiratory distress
syndrome (ARDS) component.

In 1983, Harlan Stone re-introduced the
concept of rapid packing and termination of
the laparotomy when intra-operative
coagulopathy became clinically apparent(6).
In the late eighties, there were many reports
of this packing technique as an initial
approach to severe hepatic injury and other
intra-abdominal haemorrhage problems.
Ten years later Rotondo coined the phrase
‘Damage Control Surgery’(7). ‘Damage
Control’ was a naval term. It described the
techniques required to prevent a badly
damaged ship from sinking after major
penetrating injury to its hull. These
principles kept the ship afloat and
maintained mission integrity(8). Typical
procedures included stuffing mattresses
into gaping holes, extinguishing local fires,
dogging down watertight doors to limit
flooding and damage spread. This allowed
the ship to continue to fight, with
appropriate allocation of scarce resources,
until a feasible plan could be formulated for
later definitive repair.

This first paper reported on a series of 46
patients with major penetrating abdominal
injuries that required laparotomy and
emergent transfusion of more that 10 units
of packed red blood cells for perioperative
exsanguination. 22 patients underwent
definitive laparotomy (58% mortality) and
24 underwent damage control laparotomy
(55% mortality)(7). This was not a
significant difference. However, in a subset
of 22 patients with major vascular injury
and two or more visceral injuries
(‘maximum injury subset’), survival was
markedly increased in those who underwent
damage control surgery (77%, 10 of 13)
versus those who underwent definitive
laparotomy (11%, 1 of 9). This was a
significant result (p<0.02). A continual
application and refinement of these
principles has led to an updated publication
from the same group, where for a matched
population set, survival for DCS in their
urban level 1 trauma centre is now 90%(9).

What is Damage Control
Abdominal Surgery?
DCS is still misunderstood by many. As
originally described, it was a three-phase
team approach to maximal injury
(penetrating) abdominal trauma. A pre-
operative, often pre-hospital, decision point
termed ‘DCS Ground Zero’ has recently
been added to the original three phases. In
phase 0, the actual need itself for the DCS
approach is identified. This involves a
clinical and biochemical estimation of the
magnitude of the injury (Table 1). DCS 0
mandates truncated on-scene times,
notification of the trauma team and rapid
transport to the appropriate hospital; these
‘scoop-and-run’ times being measured in
minutes, not hours. Militarily, this injury
estimation, with subsequent DCS 0
activation, could take place at point of
wounding or at Regimental Aid Post (RAP)
level. This would then immediately and
directly activate the helicopter-based
incident response team (IRT).

DCS initiation leads directly to phase I,
where the hypothermic, coagulopathic,
acidotic, hypotensive casualty undergoes a
proactively planned one-hour time-limited
laparotomy by an appropriately trained and
resourced trauma surgical team, then to
phase II – intensive care unit physiological
normalization and finally phase III –
definitive repair (Table 2). Damage Control
Surgery (DCS) is thus a civilian concept,
but with a strong military pedigree.
However, the logistic implications of this
DCS approach are profound. Peri-
operatively the typical civilian DCS patient
requires 22.7 units of packed red blood
cells, 9.2 litres of crystalloid, 5.4 units of
fresh frozen plasma, 7.5 units of platelets (at
a total calculated infusion rate of 16.5
litres/hour7. They then require 31 hours
ventilation on an ICU and a second
operation that lasts on average 4.3 hours
before returning to an ICU or HDU for
several weeks. This pragmatic approach to
rapid surgery and physiological stabilization
without initial anatomic reconstruction has
found favour with other specialities –

Table 1 – DCS Triggers

DCS Phase 0 – Initiation:
Haemodynamic instability
Multiple life threatening or torso

penetrating injuries
Severe liver trauma or combined injury
Profound shock (class IV)
Injury severity scores (ISS) greater than 35
Arterial pH <7.2
Serum lactate >5mmol
Coagulopathy PT >50% normal
Hypothermia -core temperature < 34°C
Mass casualty situation (TASC)
Multiregional injury e.g.

- Vascular/hollow viscus
- CNS/orthopaedic
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thoracic surgery, neurosurgery and
orthopaedic surgery. Can we apply these
novel approaches to the care of our multiply
injured soldiers in our UK Field Surgical
Teams (FSTs) and Field Hospitals?

UK Military Medical facilities are defined
by NATO Rôle. Rôle 1 implies Medical
Officer led pre-hospital care at the
Regimental Aid Post level. Rôle 2 facilities
represent the first point of possible surgical
intervention and are generally subdivided
into light manoeuvre Rôle 2 units (eg 16
Close Support Medical Regiment Air
Assault Surgical Groups and the
Commando Forward Surgical Groups) and
Rôle 2+ (or E for enhanced). An established
UK Rôle 2+ surgical facility can be seen as
an entry level hospital in a generally stable
environment, but it is not a full (Rôle 3
100+ beds, burns team, neurosurgery)
Field Hospital. Our hospitals in Shaibah,

Iraq and Helmand, Afghanistan are good
examples of 25 bedded R2+ units.
Diagnostic modalities at R2+ will include
chest x-ray and FAST ultrasound scanning
(Fig 1). A CT scanner is now in place in
Iraq but not currently in Afghanistan –
although this is planned. Rôle 4 implies a
large, static base area evacuation hospital
with definitive care facilities.

Damage Control Thoracic
Surgery
It is well recognized that young military
general surgeons are performing
progressively fewer thoracotomies in
training. A UK FST will not routinely have
a thoracic surgeon: An orthopaedic and
general surgeon being the usual
composition. Fortunately, most penetrating
chest wounds can be managed by chest
drainage and appropriate resuscitation.
Those that stabilize with such treatment are
likely to survive; those that do not generally
die. Mattox(10) clearly identified the
indications for emergency thoracotomy
(Table 3).

Normal casevac times will mean that
those with major vessel injury injuries are
unlikely to reach the FST alive. Major

Table 2 – Damage Control Surgery

DCS Phase I - Techniques
Patient - resuscitation throughout surgery
Exsanguination - Aortic cross-clamping
Major vessel tears - simple ligation/bypass
Liver lacerations - packed
Small intestinal perforations - stapled shut
Colonic perforations - tied off with tape
Arterial injuries - lateral repair, shunted or ligated +

fasciotomy
Venous injuries - ligated
Bladder trauma - catheterized and drained
Pancreatic bed leaks - multiply drained
Peritoneal soilage - copiously irrigated
Abdomen - temporarily and rapidly closed
Visceral swelling - plastic sheet or iv-fluid bag closure
Length of stay - ≤ 1 hour

DCS Phase II – Techniques:
Patient - intubated and ventilated in ICU
Resuscitation - blood and blood component

transfusion
Acidosis - reversal
Coagulopathy - FFP, VIIa, cryoprecipitate, platelets
Hypothermia - multiple rewarming devices
Monitoring - central venous and pulmonary

wedge pressure catheters
Tertiary survey - computerized tomography
ICU treatment of bleeding - interventional angiography
Length of stay - 24 - 48 hours

DCS Phase III – Techniques:
Patient - physiologically maximally

optimized
Definitive repair - planned re-laparotomy
Bowel injuries - re-anastomosed
Urological injuries - repaired over stents
Arterial injuries - vessels repaired
Nutrition - enteral feeding tubes placed
Missed injuries - identified and treated
Theatre time - 4 - 5 hours
Extended ICU stay - tracheostomy
Length of ICU stay - proportional to original injury

(mean 9 days)
Survival (US Level 1) - 50%

Indications:
Major vascular injury at the thoracic

outlet
Trauma already constituting a degree of

thoracotomy
- loss of chest wall substance requiring

debridement and closure
Massive air leak
Tracheobronchial injury,
Oesophageal injury
Great vessel injury
Continuing haemothorax - 1.5L

immediate, >300ml/hr after
Mediastinal injury
Air embolism

Contraindications:
Haemothorax < 1L
Thoracoabdominal injury where

laparotomy has priority
Tension pneumothorax
Pneumomediastinum

Figure 1. FAST scanning with the Sonosite 180.

Table 3 – Emergency Thoracotomy
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bronchial injuries can be managed simply
with double chest tube drainage, ventilation
and casevac to Rôle 3+/4. Significant hilar
and mediastinal injuries however will
present a significant challenge to the
inexperienced. It is well said that ‘anyone
can open a chest; it is what to do once in there,
that really matters’. Oesophageal suture,
patch repair of the intrathoracic descending
aorta, or suture of a pulmonary vein are all
probably not best suited as a first time
surgical experience in the isolated FST.
Cardiopulmonary bypass facilities will not
be available - even at Rôle 4.

Damage control thoracic surgery (DCTS)
is therefore possible in the FST – even on
light scales. As with abdominal DCS,
minimal life-saving surgery is undertaken,
the operation time is kept to a minimum
(‘abbreviated thoracotomy’) and planned
definitive surgery is undertaken at a later
date. The fundamental surgical techniques
of DCTS are however technically
demanding (Table 4). These practical
techniques are taught on the Royal College
of Surgeons’ Definitive Surgical Trauma
Skills Course (12). UK FSTs carry two
thoracic sets. Immediate rearwards casevac
by a skilled aeromedical evacuation team of

this very seriously ill patient on termination
of surgery is then the pragmatic next step.
RAF CCAST teams currently carry out this
role.

Damage Control Neurosurgery
Neurosurgery in modern conflict operations
is undertaken by generalists, coalition force
partner or host nation support. UK military
CT scanning facilities are extremely rare.
Many injuries will be from road traffic
accidents and may be non-focal. General
management of all patients with traumatic
brain injury has certain basic principles
(Table 5). Continuous monitoring of mixed
jugular venous bulb oxygen saturation
(JvO2) and focal brain oxygen tension
(PbrO2) are possible(13) although
transcranial doppler ultrasound and
saturation monitoring are becoming the
more accepted techniques. These
interventional techniques are not available in
the forward FST.

The early surgical principles of damage
control neurosurgery (DCNS) relate well to
penetrating military-type injury and DCS in
general (Table 6). Prevention of secondary
brain injury is the key. As in abdominal
surgery, swelling may follow the injury and
surgery. This can be treated, to a degree, by
removal of a large bone flap (decompressive
craniectomy) following evacuation of the
haematoma. This bone flap may be placed
intra-abdominally but extra-peritoneally (or
in a sterile plastic bag) for safe keeping in
transport. Dural expansion using
pericranium, temporalis fascia, synthetic
dura or fascia lata may also help to control
secondary rises in ICP when the brain
swells. DCNS also has the ability, although
often not the resources, to take place
concurrently with DCS elsewhere.

DCNS for extradural and intradural
haematomas has the best results when
surgery is performed emergently. In South
Australia, the rural mortality for extradural
bleeding was 12.7% and the metropolitan
mortality 9.7%(14). If the time from blown-
pupil to surgery is less than 90 minutes for
extra-dural bleeds and 240 minutes for sub-
dural bleeds(15), the mortality rate is
significantly decreased. Burr holes must be
of sufficient size to allow for complete
evacuation of the haematoma (the four-into-
one technique). The critical decisions are
often whether to observe or transfer when
CT is unavailable, and whether to operate or
transfer in the remote setting. Mannitol, or
hypertonic i.v. solutions, can be used to
reduce critical rises in ICP. DCNS is an
integral part of DCS and has its own specific
indications (Table 7). A UK FST carries two
basic neurosurgery sets. Initial DCNS is
therefore possible forward (Fig 2). For
DCNS-ICU, continued critical care and
prevention of secondary brain injury, the
patient will have to be casevaced rearwards.

Table 4 - DCTS Surgical Techniques

Rapid emergency thoracotomy
Non-anatomically stapled lung resections
Pulmonary tractotomy (the bleeding wound tract is opened

between long clamps and the raw edges with air leaks or
bleeding vessels stapled or rapidly sutured)

Circum-hilar rotation for lung haemorrhage control
En-masse lobectomy
Skin staple closure of cardiac wounds
En-masse closure of chest wall muscles
Patch closure of thoracic wounds (using an iv fluid bag)
Towel clip chest closure
Vascular damage control (ligation, shunt, graft)
Temporary thoracic cavity packing for diffuse bleeding (11)

Table 5 – Secondary Injury Prevention

Traumatic brain injury – General principles:
ICU control of intracranial pressure - ICP <20mmHg
Cerebral perfusion pressure optimized - CPP >70mmHg
Correction of hypoxia - PaO2>13Kpa
Controlled ventilation - PaCO2 4-4.5 KPa
Coagulopathy - factor replacement
Hypovolaemia - cell transfusion
Epilepsy prevention - prophylaxis
Core and cerebral temperature - taut control

DCNS – Surgical Principles:
Intracranial bleeding - emergent arrest and control
Adequate early exposure - 4-into-1 burr hole technique
Intracranial haematomas - evacuation
Compound wounds - limitation of contamination
Bone/metal fragments - surgical debridement
Infection control - early antibiotic therapy
Infection prevention - primary dural and scalp closure
Post-surgical swelling - decompressive craniectomy

Table 6 - DCNS – Principles
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Damage Control Orthopaedic
Surgery
In Europe and North America, the
principle of adapting the orthopaedic
surgical management of the multiply
osseous- injured patient to their individual
biological state has been termed Damage
Control Orthopaedic Surgery (DCOS).
The alternative is early total care (ETC)
where every bone is fixed at the initial
theatre session. Concern was raised in the
early nineties by several authors that this
approach caused a significant increase in
the intensity of the postoperative
inflammatory response in the multiply

injured patient.This applied particularly to
(reamed) intramedullary nailing of the
femur and was manifest by an increased
rate of acute respiratory distress syndrome
post-operatively(16). ETC for single limb
injuries still remains the accepted norm
however for most patients.

If DCOS is triggered, external fixation of
long bone fractures is performed as the
emergency procedure of choice. This
applies particularly to the femur (17,18).
There are a number of basic DCOS
techniques (Table 8). Primary operation
time using DCOS is short (around 25% of
comparable ETC times) and minimises
blood loss. DCOS averages 33 minutes per
fracture whilst ETC averages 133 minutes
(19). Overall, DCOS takes an hour (62.9
minutes) per patient whilst ETC takes over
four hours (232 minutes). This is
important, as in the same study 84% of
DCOS patients also required DCS, DCTS
or DCNS (14 laparotomies, 13
craniotomies, 3 thoracotomies). The
average DCS time was 87 minutes(19).

In common with standard DCS
protocols, all patients are then transferred
to the ICU for ventilation and
physiological normalization. When this has
been achieved, conversion surgery is
performed: Femoral external fixators are
removed and intramedullary nails placed –
most authors preferring the unreamed
approach(17,19). Joint fractures are
managed by open reduction and internal
fixation. Wounds undergo final
debridement and if primary repair is not
possible, plastic surgical closure.
Laboratory parameters that are used to
guide the timing of this conversion surgery
should include; C-reactive protein
<11mg/dl, platelet count > 100 000 L
and P02/FIO2 ratio less than 280. In one
study(19), the number of days on a
ventilator after ranged from 1 to 26 with a
mean of 9.0 days. The predicted mortality
for the group as a whole using TRISS
survivorship methodology was 39.3%. The
actual mortality was significantly lower at
20% validating this DCS/DCOS approach.

DCOS is the also current treatment of
choice for the severely injured,
haemodynamically unstable patient, who
has an unstable pelvic ring injury(20). DCOS
mandates the use of a pelvic sling in the
resuscitation area followed by immediate
pelvic external fixation and pelvic packing.
Specific clotting factors such as FactorVIIa
may also be useful(21). Adjunctive
angiographic embolization can then be
undertaken as the patient stabilizes.

Every UK FST should have a consultant
orthopaedic surgeon. Current military
strength is twenty tri-service orthopaedic
consultants and nineteen specialist
registrars. The Hoffmann II external
fixator is now on all FST scalings. DCOS

Figure 2. DCNS on Op Herrick IV Craniotomy for unihemispherical GSW, suction
debridement, fascia lata dural patch closure.

Remote location emergency
craniectomy:

Probable extradural haematoma
GCS less than 8
Dilating pupil
Hemiparesis
Sustained bradycardia
Systemic hypertension
Trauma centre >90 minutes away

Table 7 - DCNS – Remote Location Surgery

DCOS – Surgical techniques:
Femoral fracture - rapid unilateral frame external fixation
Unstable pelvic ring # - external fixation +/- pelvic packing
Junctional zone bleed - foley catheter tamponade
Articular fracture - external fixator bridge
Fracture reduction - approximate alignment
Femoral neck fracture - percutaneous k-wire fixation
Pin site skin tenting - wide skin incisions
Soft tissue damage - rapid primary debridement
Contamination - pulsed jet lavage
Infection control - appropriate antibiotics
Compartment syndrome - wide area fasciotomy
Soft tissue coverage - temporary dressing
Wound management - vacuum drainage packs

Table 8 – Damage Control Orthopaedics
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Damage Control – General
Logistics
Damage control is a popular ‘sound bite’ term
and as such, it has been embraced by some
military planning staff. They conceptualise
man-portable damage control surgical teams
with numbers as low as four or five people in
such a team. Is that practicable? What are the
realistic military implications, applications and
logistics of DCS? Our American military
colleagues have already embraced battlefield
DCS but have coined the term ‘Tactical
Abbreviated Surgical Control’ (TASC). This
equates to ‘DCS if possible, but with
awareness of the tactical situation’(22).

Blood
Forward or ‘light-scaled’ UK (Rôle 2+) FSTs
carry 25 units of packed red blood cells
(PRBCs). Ten O negative and fifteen O
positive - infused without cross match and at
clinical risk. Is this enough? Ninety-two
patients underwent DCS in the US 31st
Combat Support Hospital in Iraq in 2004.
The average transfusion requirement per
patient was 12 units of PRBCs, 7 units of
Fresh Frozen Plasma (FFP) and 2.5 units of
whole blood(23).The main UK 25 bed Rôle
2 +/3- hospital in Helmand Province,
Afghanistan currently holds 90 units of
PRBCs, 16 units of FFP, 6 of Cryo-
precipitate and four 4.8mg vials of Factor
VIIa. Without immediate re-supply, two
DCS/DCOS patients will completely exhaust
the forward FST’s transfusion resources and
three (or four) patients severely injured
patients will empty the larger unit. DCS is not
possible without perioperative blood
transfusion. Can two isolated tents in the lee
of a desert sand dune truly be seen as a
sustainable DCS or TASC facility?

In the Korean War, physicians were
attached to mobile blood transfusion units.
These supported FSTs and proved extremely
effective. US Military Medical planners again
talk of mobile Blood Augmentation Units
(BAUs)(24). These would be mobile on
Humvee or other wheeled vehicles and would

carry several blood refrigeration units and a
freezer. It would carry PRBCs, FFP (rich in
factors V and VIII), and adjunctive blood
clotting products. Its two-man team could
cross match and acquire blood locally if
necessary. This modular BAU would then
locate with an FST (FST BAU) to produce a
significant uplift in resuscitation capability
over the isolated FST. For UK Forces, blood
provision forward, with complete and
accurate cold chain integrity still seems
logistically difficult.

Another solution may be to use frozen
blood as supplied by our Dutch (NL)
coalition partners.Their sole plant in Leiden,
NL produces thirty-six units of glycerol
suspended red cells a week – at maximal
capacity this can be increased to fifty-four
units. Frozen blood can be held in -80ºC
ultra-freezer storage for up to ten years. This
frozen blood can then be held as a reserve for
our fresh blood stocks. Fresh blood is still
required as there is a significant time penalty
in the thawing and washing process – two
hours for the first unit and one hour thirty
minutes for each subsequent unit. Three
technicians using three thawer/washers can
produce three units of saline/AS3 suspended
red cells every two hours. Once thawed, this
blood has a shelf life of fourteen days. Units
of platelet rich plasma and fresh-frozen
plasma can be produced in thirty-five minutes
– although these expire within six hours.The
whole NL blood unit with its modular ultra-
freezers, generators, thawers and washers
occupies two small iso-containers – not a light
scale option. The UK does not currently
possess this technology. Forward, our best
low-technology solution to blood and blood
products may still be the live donor panel (Fig
4).

Figure 3. Two surgeon DCOS on a multiply limb-injured
casualty.

Figure 4. Live donor panel during Operation Telic I.

forward, that is; proximal vascular control,
rapid debridement, lavage, skeletal
stabilization of long bones and temporary
wound cover before transfer is thus achievable
with current resources (Fig 3).

Oxygen
Oxygen is required for DCS. A forward
FST or ‘Light Surgical Group’ carries
fourteen ‘F’ sized cylinders (or equivalent)
of oxygen – 19,000L. Each heavy cylinder
contains 1360L of O2. A patient who
undergoes any DCS will require
postoperative ventilation and if there is blast
or other lung injury, relatively high
concentrations of O2 may be required. To
give one patient 100% O2 (10 l/min) for 24
hours requires ten ‘F’ cylinders. With
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careful husbandry, we only have the O2 for
no more than two seriously injured DCS
patients, without full resupply and assuming
no other casualties, over a single 24-hour
period. Even if we accept a minimum and
possibly sub-optimal O2 percentage of
50%, treating three casualties, our oxygen
will run out at 17 hours. Newer and
considerably lighter carbon fibre and
aluminium cylinders are now available; UK
forces are still awaiting their delivery.

Oxygen concentrators are now much used
and are carried by larger units such as 16
Close Support Medical Regiment Air
Assault Surgical Groups or 25/50 bed field
hospitals (BMH Helmand). Using zeolite
chambers, they remove nitrogen from the
ambient air. The portable oxygen
concentrators used by the British Army
(DevilBiss 515KS) can provide 93%±3%
oxygen at flow rates of 1-5L/min up to
1500m altitude. Between 1500 and 3000m
the base concentration figure drops 4% to
89%. These units are not recommended or
tested for use over 3000m or at operating
temperatures outside a 10 to 35° range. At
10 l/min requirements, they can only
produce 45% O2. Oxygen provision
forward thus remains logistically difficult.

Laboratory and ICU Support
On light scales, X-ray imaging, especially
for chest films will not be available. Hand
held ultrasound for blunt abdominal
trauma assessment (FAST) using the
Sonosite 180 will be. Postoperative care of
the surgical patient in the ICU is based on
vital sign, invasive and laboratory
monitoring (PT, haematocrit, lactate,
electrolytes). It is broadly similar between
rôle 2+ and 3 facilities although UK FSTs
cannot currently measure lactate levels on
their ISTAT machines. UK FST ICUs do
not have fibre-optic bronchoscopic, or
haemofiltration capabilities. The availability
and resupply of non-modular items such as
linear bowel staplers and modern external
fixators remains a consistent problem
forward.

Temperature Control
Hypothermia kills; yet simple forward
patient warming remains a significant
problem. Hypothermia reduces myocardial
contractility and increases myocardial
irritability. It induces coagulopathy and left-
shifts the oxygen-haemoglobin dissociation
curve. Hypothermic patients with iliac
vascular injury (initial core temp <34°C)
have four-fold increases in mortality. If by
the end of surgery, their core temperature is
still less than 35°C, that mortality is
increased forty-fold(25). In military
operations, hypothermia remains an
independent predictor of: operative
management of injuries, DCS laparotomy,
increased blood and Factor VIIa use and

overall mortality(33). In larger units,
thermoregulation within the complex is
relatively easy. In small units, single
Dantherm hot-air heaters may be all that is
available. These often have to be moved
through the complex to be near the patient.
Even on Salisbury Plain in 2007, we
struggle to bring small-unit complex
temperatures even into the 20°C+ range.
27°C is the ideal.

Individual patient heaters such as Bair-
Huggers (hot-air blankets) and fluid
warmers (Hotline) can be used but the
surgeon cannot operate through an over
patient warming blanket. We have
purchased ourselves, the new
copper/carbon-fibre matrix Inditherm
under patient warming mattresses. These
are currently being trialled, but our present
solution to intra-operative heat loss is to
have dedicated under patient Thermarest
inflatable mattresses and to wrap the rest of
the patient in medical tinfoil (Critiwrap).
Conversely, in Afghanistan and Iraq in
summer, the problem is complex cooling.
Our laboratory in Helmand, Afghanistan is
currently non-functional between 1130 and
15.30 hrs local as even with two industrial
air-conditioners, the ambient lab
temperature exceeds 36ºC.

PART TWO: CRITICAL
CASUALTY CARE
Primary Casualty Retrieval: A
Lesson from Vietnam
This is still painfully slow. A casevac request
has to go through too many layers of
command.We have no dedicated (Red Cross
marked and medically equipped) rapid
retrieval vehicles. As a historical illustration,
9,000 patients were admitted to the 24th
Evacuation Hospital in Vietnam from
October 1968 to July 1969. 4,780 required a
major surgical procedure under anaesthesia
(15 per day). 100 (2.1%) patients arrived in
the emergency room alive with spontaneous
respiration and detectable heartbeat, but
died. All of these patients arrived in hospital
within 45 minutes of wounding. The
remainder arrived, on average, within 25
minutes of injury(26). In 2006, in
Afghanistan and Iraq, we, that is the UK and
US military, simply cannot match this 40-
year-old gold standard. Average pre-hospital
times on Operation Telic 4 were 1 hour and
49 minutes(27). On Operation Herrick 4 the
average pre-hospital time was 7 hours, for
the T1 subset this was 3 hours 9 minutes.
There seems little point in providing high-
technology in-hospital care when our
patients still take several hours to travel a few
miles to us.

DCS and Critical Patient
Transfer:
Once we have performed our DCS-I forward
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– what then? We have a patient who is
paralysed, intubated and ventilated – on 50%
O2. A patient who remains cold, acidotic and
coagulopathic. A patient who requires
invasive monitoring, frequent laboratory
investigations and who has an ongoing
requirement for warmed blood and clotting
factors.We can hold one (or two) such patient
forward for no more than 48 hours before we
run out of drugs. For a 25-bed hospital at
maximal stretch, this could be extended to
two patients for 4 days before drug and nurse
exhaustion. How should we respond to this
challenge? Is a four to six hour road journey
in the back of an antediluvian wheeled
ambulance (Fig 5) fair on the patient or
accompanying combat medical technician?

others shortly after arrival at their first
destination(30). These were indeed
remarkable results.

Our Australian colleagues (31) in this
century have already noted that DCS is
uniquely suited to their home, overseas and
military environment. They have extensive
civilian experience of extended critical patient
transfer over geographically wide areas. This
has prepared them for their recent
deployments to East Timor and Bougainville.
The Australian Defence Force (ADF) FSTs
are mandated to perform life-saving and initial
wound surgery only. Their typical patient
casualty flow is medic first aid at point of
wounding, S70 – Blackhawk helicopter close
support casevac to the FST for DCS (if
appropriate) and immediate post-operative
care in the ICU. Rapid Blackhawk transfer
from the FST-ICU within 12 hours to a
staging airfield e.g. Dili, then Dash 7 to
Darwin for definitive surgery. If sub-speciality
care is necessary then internal commercial
flights are arranged to Perth, Adelaide or
Brisbane. Commercial flights were used by the
UK on Op Telic.

ADF military planners note that the clear
challenge here is the ability to provide ICU
level retrieval from the forward operating FST
rearwards. These patients are cold, intubated,
ventilated and unstable. They have therefore
moved on from delayed transport of
abdominal injuries and use specialized
aeromedical retrieval teams, which include
doctors trained in aviation medicine. This
mirrors their home practice. They quote
“Intensive care unit level military evacuation is
eminently achievable”. As in Vietnam, the
ubiquitous C-130 Hercules undertakes this
role well.Their 737-700 (VIP Fleet) planes are
also used but these have obvious tactical
limitations as they lack basic air-defence
suites.

The US Marines used en-route care
transportation teams during Operation Iraqi
Freedom.These personnel were embedded in
their Forward Resuscitative Surgical System
(FRSS) until needed for transport(32). Similarly
during Operation Telic I in 2003, 16 Close
Support Medical Regiment embedded an
RAF Critical Care Transport Team into the
FST of each Air Assault Surgical Group (Fig
6).This worked well and remains the basis of
our current model in BMH Helmand,
Afghanistan and on a smaller scale, in SF
operations. A CCAST team, including a
consultant anaesthetist, ICU nurse, medic-
notekeeper and equipment support
technician, all experienced in aeromedical
care, now live opposite our ICU. This allows
for a seamless transition between traditional
post-operative hospital-based ICU and
CCAST ‘intensive-care-in-the-air’. DCS
Phase II then takes place in the CH-47 or C-
130 in-transit. Once in the robust Rôle 3
facility (200 bed) or the UK – DCS Phase III
begins.

Figure 5. Battlefield ambulance transfer of patient with
penetrating chest injury.

Is 1968 in South East Asia the level of care
and capability we need to return to? In
Vietnam between 1965 and 1966, the USAF
Pacific Air Force tactically casevaced 150,000
patients - 40% direct battle casualties - within
theatre within South East Asia. The aircraft
used were mainly the C-118, C-130, C-123
and C-7A. There were only seven in-flight
deaths. All seven were moribund, carried on
special flights, and in six cases, directly
accompanied by a physician. In the first 6
months of 1967, 66,000 patients (7,328 in
May alone) were tactically airlifted within the
Pacific theatre.There were no in-flight deaths.
Their dictum was “if a patient can be moved at
all, he can be moved by air”(29).

Concerning strategic airlift or medevac,
between 8 July 1968 and 7 September 1968
alone, 9,000 patients were casevaced out of
Vietnam. 4,824 were direct battle casualties, of
these - 3,479 were flown to Japan and 1,531
from Japan to the continental United States.
Large C-141 jet aircraft were used.
Fragmentation devices accounted for most
injuries. 13% were evacuated from Viet Nam
within 2 days of injury and 39% in less than 4
days. Of the wounded, 40% had fractures,
14% vascular injuries, 6% amputations: 17%
had chest injuries, 12% abdominal injuries,
8% head injuries, 4% burns. 7% (293
patients) were designated as critically ill before
or during flight. Four patients died, one
moribund patient died in flight and three
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We should of course recognize that there
might still be some situations where we will
not have immediate air superiority or there
is a significant asymmetric anti-aircraft
threat (eg man-portable shoulder launched
anti-aircraft weapons) In this case, we might
still have to hold our ICU patients forward.
Do we need to increase the blood, oxygen
and ancillary holdings of our FSTs –
perhaps using our own version of the FST-
BAU or NL-Frozen concepts? This could
make them slightly heavier and potentially
less manoeuvrable, but with a greatly
increased capacity.

In the modern battlespace, the ultimate
answer might be to replace our RAPs and
forward FSTs completely with a robust,
rapid and dedicated all-weather-aircraft
casualty evacuation system. We have
unfortunately gone backwards in terms of
our evacuation timelines.With echoes of Da
Nang, Khe San andTan Son Nhut, is it time
now for the RAMC to roll out the Critical
Care Transport Squadrons of its Medical
Air Cavalry Regiments?

SUMMARY
DCS is a life-saving but logistically
intensive technique that requires seamless
embedded critical patient transfer team
back up. If resourced and used
appropriately, it will save lives on the
battlefield. We could perform this surgery
forward at rôle 2+ but rôle 3+ is the better
environment. In manoeuvre warfare we
should seek to replace these forward FSTs,
as soon as possible, with a dedicated all-
weather VTOL airframe carrying an
integrated physician-led casualty evacuation
service.
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