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Abstract: The management of high energy traumatism is complex and
must be done by a multidisciplinary team. In this review we have tried to
discuss and to divide the treatment in three steps, based on the moment of
performing it. Soon after the traumatism, the team performs the primary
evaluation, plans the future interventions and administer the antibiotic
prophylaxis. Secondly, the orthopaedic surgeon, together with the plastic
surgeons, and other specialists from the team, perform the first surgical
management. Last step is going to be performed especially in Gustilo-
Anderson fractures type Il and is represented by the secondary surgical

management.
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1. Introduction

Severe limb traumatisms represent a
challenge for specialists that treat those
kinds of injuries. The treatment aims to
preserve the injured limb, but the
severity of the wound may endanger the
patient’s life so that the limb
amputation becomes the lifesaving
procedure. In order to maximise the
chance of success there should be a

multidisciplinary team consisting of
emergency medicine doctors,
orthopaedic, plastic and wvascular

surgeons and intensive care specialists.
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In successive stages the team will act to
resuscitate the patient and to preserve
the limb anatomy and function.
Following high energy trauma, the first 7
days are crucial. We have summarised
general treatment principles for open
fractures and structured them into 3
notable stages.

2. Initial Evaluation

After cardiovascular and haemodynamic
resuscitation — according to Advance
Trauma Life Support (ATLS) [6] — it is of
utmost important to obtain crucial
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information about the aetiology of the
traumatism. Furthermore, the specialists
can collect data about the energy of the
trauma, exposure of the wound to
contamination factors, etc. [24]. The
wound and soft tissue lesion should be
evaluated and classified so that surgeons
can easily share information and consult
each other about the management [57]. If
an extensive wound with soft tissue defect
is present, the situation must be evaluated
directly by the plastic surgeon. Primary
evaluation should consist of vascular
assessment, neurological exam of the
peripheric nerves, soft tissue damage
estimation and fracture type classification.

First of all, we evaluate the Ilimb
vascularisation, even though those injuries
are present in only 3% of cases, they are
associated with high complication rate
and morbidity [40]. If we diagnose as soon
as possible the wound, the outcome will
be better. Vascular lesions can be evident,
massive bleeding, suggestive  for
penetrating damage of the arteries. Also,
there can be present just clinical indirect
evidence of a vascular injury such as skin
of the injured limb is paler than the other
one or there is a developing hematoma or
the artery pulse is lowered compared to
unimpaired extremity. While the situation
develops late vessel related pathology can
appear, for example pseudo-aneurysm,
thrombosis or arterio-venous fistulae.
When the patient has signs and symptoms
suggestive for vascular traumatism, the
specialist can evaluate the damage of an
artery by two methods. Doppler
echography is faster, non-invasive and
cheaper, but is more susceptible to false
diagnosis because it depends on the
person who performs it [40]. The gold

standard is the Computed Tomography
angiography, so that it is recommended to

scan any patient whose clinical
presentation is suggestive for vascular
injury [44].

For a polytraumatised patient is

important to assess the peripheric nerves
integrity. To diagnose any deficiency is
difficult to do in this context and using the
electrical stimulation is not commonly
used [44]. Based on the clinical findings
and traumatic mechanism — history taking
— those lesions can be classified using
Seddon and Sunderland classifications of
nerve injuries [3], [30]. Further
information will be collected during
primary surgical management.

Regarding the soft tissue, specialists
should assess the gross contamination
with any substance and think of possible
microbial contamination i.e. dirt -
Clostridium tetani. Some years ago, it was
thought that before any procedure, one or
more swabs should be taken from the
wound site. Even if the tests can identify
some microorganisms it is not sure that
those will cause infections. At this
moment, it has been proven that
predebridement bacterial cultures are not
useful [13], [34].

The next step is the fracture evaluation.
Based on the previous assessments,
wound dimensions, soft tissue defect,
mechanism of production, the surgeon
can classify the case using Gustilo-
Anderson scoring system. In order to
check the bone discontinuity, we must
perform a set of radiographs for isolated
fracture. Extensively check of the pelvic
bones or spinal cord must be done using
computed tomography. CT scans must be
done for every polytraumatic patient. The
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X-Rays offers further information about
the intensity of the mechanism — AO type
C fracture suggest important intensity
even when the integumentary tissue may
look just slightly injured. In this case the
multidisciplinary team should proceed
with caution because secondary soft
tissue necrosis may develop.

The method to predict the patient’s
evolution is to categorise the injuries. To
do that we use two scoring systems
Gustilo-Anderson (GA) and Mangled
Extremity Severe Score (MESS). GA has
been developed for classifying the
traumatism during the surgery, but now it
is also use as initial score system, before
operation. Using GA we can predict the
probability of infection and osseous union.
All information about the complications
must be presented to the patient prior to
any intervention, while obtaining the
informed consent. An important aspect to
be mentioned is the new GA Il B plus
which means that the vascular lesion is
present partially as at least one main
artery is intact and irrigates the injured
limb [56]. MESS is useful when we need to
choose whether to do an amputation or to
try the limb salvage surgery.

Surgical management can be adapted
for each patient individually because of
this 4-point evaluation. For the first step,
the team can choose between a damage
control therapy or a treatment option
suitable for the wound type. Even if at this
stage the patient is still in the emergency
room, the treatment has begun already.

Microbial contamination of the lesion
can appear during the wound production,
but not only, as patients are susceptible to
nosocomial infections. There are many
ways to reduce the contamination of the

wound, for example debridement and
lavage, and we will present them later in
this paper. The very first step is to start
the antibiotic therapy. It has been proven
that the infectious risk is diminished to
16.6% if the antibiotic is administered
within 3 hours since the traumatism [44].
The antibiotic therapy should start as soon
as the drug is available and the venous
route of administration is patent [27],
[51]. It has been successfully studied that
the infectious risk varies according to the
GA classification. While GA type | has a
risk of infection ranging from 0 to 2%, the
advanced ones like type Il have A 7%, B
with 10% and C 20-50% [7]. Another
research has found that GA type | and Il
fracture are more prone to develop
infections because of Gram-positive
pathogens, while GA type Ill present more
Gram-negative microorganisms [16]. The
best choice of antibiotic therapy (which
should be broad spectrum) is intravenous
Co-amoxiclav (1.2g every 8 hours) or
second generation cephalosporins —
Cefuroxime (1,5g every 8 hours), up to 24
hours after primary closure or maximum
72 hours after traumatism [43]. The
tetanus prophylaxis must be initiated in
the emergency room and it depends on
vaccination history, severity of the wound
and latest vaccination date. The two types
of prophylaxis are toxoid or
immunoglobulin, both are administered
intramuscularly.

3. Primary Surgical Management

When proceeding to the operation room
with the patient, some well selected
patients may benefit from the damage
control technique, prioritising the life-



20 Bulletin of the Transilvania University of Brasov. Series VI ¢ Vol. 13 (62) No.1 - 2020

threatening injury treatment to Ilimb
salvage procedures. An experienced
surgeon is the best person to do initial
debridement because poorly planned
incisions can affect the next reconstructive
therapeutic options and eventually the
quality of patients’ life [17].

Primary debridement should be done by
the plastic surgeons until vascularized soft
tissue is touched. The recommendation of
doing this intervention within 6 hours
from the traumatism is no longer
supported, but it must be done within the
first 24 hours [58]. It should be highlighted
that for GA type | and II, if the surgery can
not be performed in proper conditions
during the night, it can be postponed until
the morning [57]. During the first
debridement it is advised to administer
another dose of one of the above-
mentioned antibiotics plus gentamicin
(1.5mg/kg) [43]. In our practice we use
another protocol. For GA type Ill we start
as soon as possible with ampicillin/
sulbactam — begin 1.5g before surgery and
postoperative dosage 0.75g/ 6 hours —
combined with gentamicin — 80mg before
surgery and after 3mg/kg dose twice in 48
hours. If we suspect MRSA infection or
Beta lactam allergy, we use vancomycin —
15mg/kg before surgery and 10mg/kg
every 8 hours — plus metronidazole —
7mg/kg  before  surgery, followed
by7mg/kg every 8 hours — and combined
with gentamicin — 3mg/kg twice in 48
hours.

For muscle debridement the 4 “C” must
be checked: consistency, colour,
contractility and circulation [7]. During
debridement, intensive lavage of the
tissue should be done at low pressure [8]].
For lavage it is recommended to choose a

solution (normal saline) that is readily
available in large quantities and which is
also cheap because 3 litres multiplied by
the grade of the fracture are used for one
intervention i.e. for GA type Ill 3 litres
multiplied by 3 [21], [48]. Massive
contamination is a moment when the
specialist can choose the local antibiotic
therapy combined with the systemic one.
The drug of choice for local treatment has
been pearl gentamicin, tobramycin and
vancomycin; currently on the market are
present many formulations, some of them
are combinations with osteoinduction
molecules. It has been observed a
reduction by 11.9% of the risk of infection
when local therapy has been added to
certain wounds [41].

The next step is fracture fixation. Several
methods can be found while meticulously

searching  the literature. If the
cardiovascular status of the patient is
unstable, the lesion is considered

susceptible to infection or serious injured
(GA MIA-IIIC), it is preferred to use an
external fixator [17]. The position of the
external fixator should occupy less space
so that further interventions can be
performed to the wound place, for
example second debridement, skin flaps
etc. Perfect positioning requires a highly
skilled surgeon.

There are some exceptions. It has been
observed that some selected cases of Il A
shaft fractures can be managed like GA
type I, Il — intramedullary nailing being
performed during the first surgery [23].
Some papers have assessed that in tibial
shaft fracture it is better to do
osteosynthesis as soon as possible,
recommended during the first surgical
intervention. Promptly  using the



R.D. NECULA et al.: Management of the high Energy Traumatism of the Limbs 21

intramedullary  nailing has  some
advantages such as lowering the
necessity of second intervention,

lowering the risk of infection and faster
rehabilitation [25], [39]. This outcome
has been noted also in GA |l
traumatisms of the tibial shaft [23].

Regarding intramedullary nailing,
extensive  discussions have existed
whether to ream or not the medullary
channel before inserting the nail. This
debate has appeared because in theory
the endosteal circulation promotes the
bone formation and reaming inside the
centromedular channel would destroy this
source of vascularisation. While some
studies observe no difference between
reammed and unreammed [28], [38],
others have noticed a better outcome in
the reammed cohort [22], [39].

Large bone defects may be present
because of high energy traumatism.
During this stage, Masquelet technique
can be initiated by inserting the bone
spacer [55]. Bone grafting will be done
later after soft tissue healing and when
the infectious risk is lowered [37], but this
is not the subject of this review.

To diminish the ischaemia of the limb
the surgeon may need to perform
patching of a main vessel, vascular graft or
even bypass. If the patient presents signs
and symptoms of  compartment
syndrome, intercompartmental pressure
must be checked. If it is above 35-40
mmHg, the fasciotomy must be
performed.

Another lesion that can be dealt with
during the primary surgical management
is the peripheral nerves injuries. This is the
best moment to check the nerves
integrity. The gold standard treatment for

traumatic injury is the direct nerve repair
— different suture techniques [30]. If the
lesion is sharp, transecting the nerve

structure — Sunderland grade 5, the
reconstruction must be done within 72
hours from the traumatism [10].

Moreover, the perineurial repair will be
done in combination with bone shortening
so that the two ends of the nerve will not
be under tension.

Covering the soft tissue defect is a
complex topic and more opinions can be
found throughout the literature. It is
generally approved that the intervention
must be done rather sooner than later.
The wounds without underlying soft tissue
injury are better closed within the first
hours from traumatism as the infection
rate of the lesion rises from 3.5% in the
first 20 minutes to 22% after 10 hours.[7]
For GA type lll it has been shown that the
late closure of the wound is associated
with higher rates of infections [35].

The outcome the multidisciplinary team
tries to avoid is amputation of the limb,
which may be seen, in this case, as a
failure. An amputation represents a
psychological challenge for both sides, for
the patient, but also for the surgeons. The
option of performing an amputation can
be guided by scoring system, but must be
taken by judging the clinical situation,
patient’s occupation, patient’'s general
status, age etc. It has been observed that
the presence of the infection alone is not
a predictive factor for mortality or
amputation [52]. Even though it might be
seen as a failure, sometimes it is the only
method to save the patient’s life, for
example when the haemorrhage is
massive and can not be controlled or
patients  suffering from Ischaemia-
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Reperfusion injury [7]. Even if the team is
focused to treat a focal lesion, they must
not forget to check the patient’s general
status regularly. This can be done by
clinical and paraclinical examination.

The complexity of the wound generates
a wide range of complications and
because of this the fractures classified as
GA type | and Il rarely present any
problem [9]. Most of them can be avoided
by an experienced surgeon, but some of
them depend only on the patient status.
Severe traumatism can lead also to renal
insufficiency for patient that present crush
syndrome or Bywaters’ syndrome.
Rhabdomyolysis followed by
myoglobinuria have been also present
during compartment syndrome or
reperfusion of the limb [12]. A patient
who suffers from acute renal insufficiency
must be treated by Intensive Care Unit
specialists.

4. Secondary Surgical Management

If high contamination or vascular/

microvascular injury — high energy
traumatism — are present, it is
recommended to do a second

debridement surgery after 24 hours from
the first one, but not more than 48 hours
[26]. Following this step, the soft tissue
damage should be reduced and the lesion
should be covered. Some groups suggest
closing the wound or covering the one
that present also tissue defect, during the
initial intervention [31], [42]. This idea is
not generally accepted and some
specialists have observed that the best
moment to close the wound is between
72 hours and 7 days from the traumatism
[20]. British Orthopaedic Association

(BOA) and British Association of Plastic,
Reconstructive and Aesthetic Surgeons
(BAPRAS) guidelines observed the best
outcome when the tissue closure has been
done within 72 hours [2]. Over 7 days it
has been demonstrated a higher infection
risk and non-union of the fracture, so that
it should be avoided if possible [47].

Final osteosynthesis  should be
performed in approximatively same
interval as wound closure. It is preferred
to keep the external fixator for not more
than 72 hours and after that to convert to
an internal fixation method [19]. Another
study has showed that the conversion
from external to internal fixation should
be done as soon as the general status of
the patient improves or the soft tissues
quality allow intrafocal 0sseous
manipulation [36], [49]. An exception from
external to internal conversion s
represented by fractures with important
osseous defects that necessitate external
fixator  reconstruction, for example
external circular fixator llizarov [1], [39].
This conversion is done in order to
prevent several complications. Tibial shaft
fractures are more prone to non-union
compared to other area of fracture [18].
Pseudarthrosis appearance depends on
the local factors i.e. type osseous fixation
used or presence of infection. Non-union
can appear also because of some factors
that depend on the patient such as
smoking, diabetes, obesity etc.

Another aspect that should be
mentioned is the fact that a
multidisciplinary ~ team, orthopaedic

surgeons and plastic surgeons, have a
better timing when comes to closure than
just the orthopaedic team alone. While
the last team performs the definitive
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surgery at around 6 days, the combined
team needs an average of 3.5 days [54].
The experience of both specialists aids in
identifying the suitable moment earlier.

Unfortunately, not always the
amputation is done as a primary option,
but later, after several procedures aiming
to save the limb which fail to do so.
Approximatively 7% of patient with tibial
fracture GA type Il have needed
eventually an amputation [45]. Another
study has shown that up to 50% of GA
type IlIC will need an amputation
eventually [7]. MESS score over 7, over 6
hours of limb ischaemia and compartment
syndrome have been associated with high
risk of necessitating secondary
amputation [53]. When needed, the
secondary amputation must be done
within the first 72 hours since the
traumatism.

If the local vascularization does not
allow the surgeon to perform primary
closure, the negative pressure devices
have been developed to support and
protect the wound until final suture can
be done [32]. The benefits of using this
system are the improvement of local

tissue perfusion, promoting the
granulation  tissue appearance and
protection against bacteria [4], [11].

Important to highlight that there is no
evidence to support using vacuum devices
for treatment of the deep infections.
Tissue perfusion and granulation tissue
improve the local conditions allowing for
skin graft or skin flap surgery to be
performed in a facile way, fact that has
been proven on GA type IlIB [50]. Keeping
the patch under 7 days has been
demonstrated to have great outcome
especially when vacuum device s

combined with plastic surgery techniques
for covering the soft tissue or skin defect
[33]. If it is necessary to use more than 7
days the vacuum device, the patch must
be changed before the 7 days threshold,
because above this point the risk of
amputation and infection rises [29].

A study that compares between
standard wound dressing versus vacuum
patches by following the patients up to 12
months has shown no difference between
the groups [15]. Another paper states that
the patient treated with vacuum devices
undergo the final internal fixation
procedure and also the final wound
closure earlier than the other group. They
have noticed an improvement in the
rehabilitation of the patients within the
vacuum group compared to the standard
dressing cohort [5].

Correlated to open fractures can appear
complex regional pain syndrome (CRPS),
thromboembolism and renal insufficiency.
CRPS appears usually after fractures at the
level of the forearm, followed in incidence
by the tibial fractures. Some studies
estimate that up to about 30% of
compound tibial fracture present CRPS as
late complication [18].

Thromboembolism is one of the most
common complication of orthopaedic
surgery. It is estimated that pulmonary
embolism and thrombosis are present in
2% up to 58% of the patient who have
suffered a compound fracture [7]. Venous
thrombosis risk can be reduced by early
mobilisation of the patient.

Even if the treatment is prolonging with
this secondary surgical management, the
antibiotic must be administered according
to general rules, which have been
presented in primary evaluation topic. The
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therapy should be continued up to 72
hours since the traumatism [43]. Long
term administration has no advantageous
outcome as it has been showed that
continuation of therapy for 5-7 days can
affect the saprophyte flora and leave
space for exogenous bacterial flora and
nosocomial pathogens [14], [46].

5. Conclusion

To sum up, this review has divided the
treatment of the open fractures in three
consecutive steps. Primary evaluation
should be done as soon as possible after
the traumatism in order to choose the
best therapy — which injury treatment
should be prioritised — and to administer
the antibiotic drugs.

Primary surgical management consists
of debridement and osseous fixation —
temporary or final — so that it is advisable
to perform it by a multidisciplinary team —
plastic and orthopaedic surgeons. During
the primary surgical management, the
team treats also associate lesions i.e.
arterial damage by the vascular surgeon.
Patient must be periodical evaluated in
order to observe any aggravation of the
general status as soon as it happens.
Patients whose limb has been crushed or
patients presenting polytraumatism
should be admitted to the Intensive Care
Unit.

Unless any deterioration is present, the
primary surgical management can be
enough — GA |, Il or selected cases GA type
IIA. Gustilo-Anderson type 1l B or C
necessitate a two-step surgical
management.

5. Arti, H,
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