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Injury-related morbidity and mortality have been one of the most common causes of loss in productivity
across all geographic distributions. It remains to be a global concern despite a continual improvement in
regional and national safety policies. The establishment of trauma care systems and advancements in
diagnostics and management have improved the overall survival of severely injured. A better under-
standing of the physiopathological and immunological responses to injury led to a significant shift in
trauma care from “Early Total Care” to “Damage Control Orthopedics.” While most of these algorithms
were tailored to the philosophy of “life before limb,” the impact of improper fracture management on
disability and societal loss is increasingly being recognized. Recently, “Early Appropriate Care” of ex-
tremities has gained importance; however, its implementation is influenced by regional health care
policies, available resources, and expertise and varies between low and high-income countries. A review
of the literature was performed using PubMed, Embase, Web of Science, and Scopus databases on articles
published from 1990 to 2020 using the Mesh terms “Polytrauma,” “Multiple Trauma,” and “Fractures.”
This review aims to consolidate on guidelines and available evidence in the management of extremity
injuries in a polytraumatized patient to achieve better clinical outcomes of these severely injured.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Polytrauma is a leading cause of death in young individuals aged
less than 40, and the management of these patients continues to be
a significant challenge.1 The prevalence of extremity injuries in a
polytraumatized patient is as high as 60%.2 Management of these
patients begins at the trauma site and should always follow a
continuum of care through the prehospital phase, emergency care,
and primary operative management. Care of a Polytrauma patient
with extremity injuries should be in linewith the Advanced Trauma
Life Support (ATLS) protocol and should include all the ABCDEs of
the primary survey. Considerable evidence and consensus have
been achieved on resuscitation of these critically injured. However,
the appropriate method and time of fracture stabilization in Poly-
trauma patients has been long debated and has witnessed a con-
stant change. This is mainly because of the developments achieved
in the understanding of the systemic inflammatory response to
trauma and advancements in diagnostics and the discovery of
biomarkers to assess the severity of the traumatic insult and its
jasekaran).
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physiological recovery.
Besides, the decision on the choice of management is deter-

mined by several factors, including soft tissue loss, neurovascular
damage, hemodynamic stability, severity and location of extremity
injury, and the physiological reserve of each patient. Also, the co-
ordination and technical competence of the multidisciplinary
trauma team is of paramount importance in making timely de-
cisions inmanaging these patients. Delayed definitive management
of extremity injuries leads to increased complications such as
infection, nonunion, or even failure in limb salvage. On the other
hand, early radical surgery can result in higher mortality, and
therefore striking the right balance between the two is essential to
achieve the benefits of early mobilization. This review article
highlights the current updates in the diagnosis and management of
extremity injuries in a polytraumatized patient.
2. Epidemiology of extremity injuries

The cause of Polytrauma injuries may vary from low energy falls
in the elderly to high energy trauma in young.3 While Road traffic
accidents and falls from height are the leading causes, natural ca-
lamity related polytrauma and ballistic injuries are not uncom-
mon.4,5 In a retrospective analysis of 24,885 multiple trauma
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patients, Banerjee et al. reported a prevalence of upper extremity
injuries in 21.8% compared to 19% of lower extremity injuries and
17.7% who had both upper and lower extremity injuries. Amongst
the upper extremity injuries, the Clavicle (10.4%) was the most
commonly affected bone followed by Radius (9.9%) and Humerus
(7.4%). Amongst lower extremity injuries, the Femur (16.5%) was
the most common bone, followed by Tibia (12.6%) and Foot/Ankle
(5.8%).2

Despite a well documented high prevalence of extremity frac-
tures in Polytrauma, missed injuries in these critically injured pa-
tients vary from 45% to 81% and are primarily musculoskeletal.6

Unfortunately, up to 20% of these missed orthopedic injuries
required surgical fixation. With the implementation of ATLS
guidelines, the rate of these missed injuries has come down
significantly. Pape et al. observed a decreasing trend of missed
pelvic and hip fractures in his review of polytrauma patients across
three decades following routine usage of anteroposterior pelvic
radiograph.7 Risk factors for missing injuries include a higher Injury
Severity Score >15, altered mental status, a Glasgow Coma Scale
(GCS) score <8, a stay in the intensive care unit, and need for
emergency surgery.7 A high index of suspicion is required to di-
agnose all injuries efficiently, and the importance of a carefully
performed tertiary survey cannot be overemphasized.

3. Diagnostic protocol and imaging techniques in extremity
injuries

Diagnostic evaluation and management of Polytrauma must go
hand in hand, and errors in sequential management have been
reported to increase mortality rates in Polytrauma. Gruen et al.
reported an error-relatedmortality of 2.4% in trauma, whichmainly
included failure to secure or protect an airway and delayed control
of hemorrhage.8 Investigation in Polytrauma following a primary
and secondary survey consists of a chest and pelvis plain radio-
graph and possibly a CT at the discretion of the trauma team
considering the hemodynamic status of the patient. Following the
pioneering work of Enderson et al. tertiary survey within 24 h of
injury by a physician who is not involved in the initial evaluation
has become a part of Polytraumamanagement.9 The tertiary survey
typically includes a complete physical examination, a review of all
prior imaging, and blood reports followed by further imaging. Hand
and foot injuries are the most common to be missed despite a
careful tertiary survey.

A discussion on other imaging modalities such as Focused
Assessment with Sonography for Trauma (FAST), CT (whole-body
versus selective), and Angiogram is beyond the scope of this review
article. However, it is worth mentioning that vascular injuries may
go undiagnosed, especially in a hemodynamically unstable patient.
While angiography is the gold standard diagnostic tool, an ankle-
brachial pressure index (ABPI) < 1 is a non-invasive tool indica-
tive of peripheral vascular injury. However, in patients with ex-
tremity injuries and hemodynamic instability, its sensitivity is
questionable.10 Recently, Montorfano et al. proposed a FAST D
protocol, where the presence of flow and the aspects of the Doppler
waveform of the dorsalis pedis artery (DPA) and posterior tibial
artery (PTA) of the injured lower limb (2PFD) were assessed and
found to have a sensitivity and specificity of 100% when compared
to standardized Color Duplex Doppler (SD) evaluation.11 However,
the overall high accuracy of 98% for Doppler Ultrasound (DUS) is
overshadowed by the time and expertise required in diagnosing
vascular lesions.12

Stevens et al. recommended an orthopedician to do a stan-
dardized tertiary evaluation starting from upper to lower extrem-
ity.6 It involves a systematic assessment of osseous,
musculotendinous, and ligamentous injuries, followed by a
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neurovascular examination, and finally, the inspection of the pelvis
and spine to reduce the chance of missed injuries, which seems
practical and can be performed easily.

Our practice is to use a FAST scan for an initial assessment in all
polytrauma patients followed by a whole-body CT scan in patients
with positive or inconclusive findings. Our protocol is that an un-
stable patient always goes to Operation theatre and not to the CT
scan. Apart from a tertiary survey by an orthopedic surgeon, a
standardized survey by a team of the intensivist, anesthesiologist,
neurosurgeon, orthopedic and plastic surgeon is a part of our
routine and this has led to a decline in the incidence of missed
injuries and helped in making appropriate decisions.

The development of standard imaging and diagnostic protocols
with the efficient and safe use of available technology including
whole-body CT is needed. Such protocols should incorporate the
variations encountered in different population groups and
geographical areas.

4. Hemorrhagic shock and resuscitation

The pathophysiology of hemorrhagic shock, which contributes
up to 50% of all mortalities in trauma, has only been recently un-
derstood.13 At the cellular level, hemorrhagic shock leads to
insufficient oxygen delivery to meet the tissue demand resulting in
a transition from aerobic to anaerobic metabolism. The resultant
accumulation of lactic acid, oxygen radicals, and release of damage-
associated molecular patterns (DAMP) set up a systemic inflam-
matory response. Hypovolemia and vasoconstriction cause hypo-
perfusion, resulting in end-organ damage and multiple organ
dysfunction syndromes (MODS) in those who survive the initial
vascular insult. Adaptive changes include the formation of hemo-
static plugs through the activation of platelets and the coagulation
cascade. The initial concept of aggressive fluid administration to
normalize blood pressure has been detrimental due to the
dislodgement of these clots, which is familiarly known as the “pop
the clot” phenomenon.14

Military physicians developed Damage Control Resuscitation
(DCR) measures after witnessing the benefits of whole-blood based
transfusion. They noted a significant reduction in dilutional coa-
gulopathy by replacing crystalloids, with whole blood. The primary
aim of preventing or reversing coagulopathy through the DCR
approach includes permissive hypotension, lesser usage of crys-
talloids, and liberal usage of plasma and platelets.15 The goal of
permissive hypotension is to maintain systolic blood pressure (SBP)
of 80e90 mmHg to ensure end-organ perfusion until major
bleeding is brought under control in the initial phase following
trauma.16 However, the ill-effects of decreasing the intracerebral
perfusion pressure in severe traumatic brain injury (TBI), has been
well documented. In patients with severe TBI (GCS �8), mainte-
nance of a mean arterial pressure �80 mm Hg is recommended,
which approximately equates to the restoration of a palpable radial
pulse.17

The conventional DCR strategy of rapidly transfusing 1e2L of
crystalloids followed by RBC transfusion has been renewed to a
1:1:1 policy of transfusing plasma, platelets, and RBCs. In the
Pragmatic Randomized Optimal Platelet and Plasma Ratios
(PROPPR) trial, improved survival at 3 h post-admission and a
reduction in mortality caused by exsanguination in the first 24 h
was observed in the 1:1:1 group compared to the 1:1:218.
Improvement in survival rates and rapid hemorrhagic control has
been achieved by the early administration of a balanced ratio of FFP,
PLTs, and RBCs in multiple studies.19,20 A meta-analysis assessed
three prospective studies and seven retrospective observational
studies that compared different fluid administration strategies in
trauma patients. The quantitative synthesis indicated that initial
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liberal fluid resuscitation strategies might be associated with
higher mortality when compared to restricted fluid strategies, both
in RCTs and observational studies in trauma patients. However, the
authors cautioned that the available studies are subject to a high
risk of selection bias and clinical heterogeneity21,22.

Our practice is blood-based resuscitation as described by the
PROPPR trial and maintenance of a mean arterial pressure �80 mm
Hg. This strategy has led to improved survival and better outcomes
in our patients.

Future research should concentrate on methods for quantifying
the amount of blood loss, especially in blunt trauma. Also, appro-
priate interventions, devices, and biomarkers for assessing tissue
perfusion and ischemic risk should be developed.23 Similarly, large
scale validation of resuscitation strategies is needed across different
population groups to improve the existing protocols.
5. Endpoints of resuscitation, and predictive models of
complications in polytrauma patients

Various laboratory markers have been used heterogeneously to
assess the severity and recovery of the traumatic insult. They can
broadly be classified into markers of tissue hypoxia, and trauma-
related coagulopathy. The serum lactate level is an indicator of
anaerobic metabolism and is the most widely used parameter to
monitor tissue hypoxia. While reduced lactate levels and good
lactate clearance represents the restoration of peripheral blood
Fig. 1. A 23-year-old gentleman diagnosed with closed fracture shaft of the right femur (a), c
left distal radius (d), and traumatic brain injury-Right frontal lobe contusion with SAH righ
Serum lactate was 1.7 mmol/L. He underwent external fixator application for the right fem
femur (h) and tibia fractures (i) and both upper limb fractures (j,k) and achieved a good ou
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flow, lactate metabolism can also be influenced by alcohol con-
sumption, chronic renal failure, metabolic diseases, medication,
sepsis, seizures, CO-poisoning, strenuous exercise, and respiratory
or hepatic failure. Calculation of Base deficit is yet another measure
of acidosis and has been used to quantify the severity of hemor-
rhagic shock. A Base deficit of (6e10 mmol/L) is considered as
moderate shock beyond which the risk of coagulopathy increases
tremendously.24 Biomarkers for trauma-related coagulopathy
include fibrinogen level, D dimer level, platelet count, Prothrombin
time, and activated partial thromboplastin time. Real-time moni-
toring of coagulopathy using critical administration threshold
(CAT), the assessment of blood consumption (ABC) score, and other
dynamic platelet function tests (diamond of death) such as
thrombelastography (TEG) and ROTEM (Rotational Thromboelas-
tometry) are now available in advanced trauma centers.25

These parameters have also been used to predict outcomes of
initial resuscitative measures and therefore used for timing the
definitive surgical interventions. Vallier et al., in the “Early Appro-
priate Care” (EAC) protocol, recommend definitive fracture fixation
within 36 h on achieving the following parameters of lactate
<4.0 mmol/L, pH � 7.25, or base excess (BE) ��5.5 mmol/L.26

Halvachizadeh et al. compared various scaling systems that used
different combinations of parameters to assess physiological states
of coagulopathy, acidosis, and soft tissue injuries. The polytrauma
grading score (PTGS; shock, coagulation, and ISS), was found to be
superior to the clinical grading scale (CGS; acidosis, shock,
losed fracture right tibia (b), closed fracture both bone right forearm (c), closed fracture
t parietal region (e). On arrival his vitals were stable, GCS was E4, V5, and M6 (15/15),
ur and tibia fractures on day 1. Subsequently, he underwent definitive fixation of right
tcome.
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coagulation, and soft tissue injuries), and the modified clinical
grading scale (mCGS) in predicting late complications, sepsis, and/
or pneumonia. On the other hand, the early appropriate care pro-
tocol (EAC; acid-base changes) was a good predictor of
hemorrhage-induced early mortality but not for late complications.
Authors have mentioned that the prediction of complications is
more precise after using values that cover different physiological
systems (coagulation, hemorrhage, acid-base changes, and soft
tissue damage) when compared with using values of only one
physiological system (e.g., acidosis)27.

In our practice, we use a combination of hemodynamic stability,
acid-base markers (serum lactate and base deficit) along with other
physiological markers (PT, INR, platelet count, fibrinogen) for
assessing the adequacy of resuscitation. Patients who show
adequate response to resuscitation with improvement. in clinical
parameters and with moderate severity of the injury as determined
by ISS score are taken up for definitive fixation. Patients who are
poor responders and borderline patients with severe systemic in-
juries and patients in extremis are managed according to principles
of damage control orthopedics.

Future recommendations include validation of recent techno-
logical advancements like dynamic platelet function tests on out-
comes in polytrauma patients. Various predictive models should be
Fig. 2. A 41-year-old gentleman diagnosed with traumatic brain injury-Subarachnoid hemo
closed bilateral shaft of femur fracture (c,d) and closed both bone fracture right leg (e). On ar
He underwent external fixator application for pelvic injury (f), bilateral femur fractures (g,h)
distension and was diagnosed with ileal perforation with closed-loop small bowel obstruc
Subsequently, definitive fixation of both femur (k,l) and tibia fractures (m) were performed
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validated in different populations for large scale applications in
routine clinical care. The advent of Artificial Intelligence and
patient-specific genomics present exciting opportunities for
developing new markers for assessing the adequacy of resuscita-
tion and development of patient-specific management protocols
based on individual differences in response to injury.28
6. Traumatic brain injury (TBI) and extremity injury
management

In patients with coexisting extra-cranial injuries and TBI, the
disruption of the blood-brain barrier potentiates the entry of pro-
inflammatory cytokines, and therefore, the brain is more suscep-
tible to secondary insults, like ischemia, hypotension, sepsis, sei-
zures, or surgical interventions.29 The high incidence of
neurological deterioration (48%) and coagulopathy (55%) and
chances of hypotension following orthopedic intervention which
might further worsen cerebral edema warrants a severe debate
between “Early Total Care” and “Damage Control Orthopaedics.30

The risk of secondary brain damage due to intraoperative blood
loss, inflammatory responses, hypotension, hypoxia, and coagul-
opathy outweighs the advantages of early fixation for extremity
fractures (prevention of soft tissue damage, callus formation, joint
rrhage with extradural hemorrhage right parietal lobe (a), APC type 2 pelvic injury (b),
rival, vitals were stable, GCS was E4, V4, and M5 (13/15), serum lactate was 4.6 mmol/L.
, and tibia fracture (i) on day 1. On day 5, the patient became unstable with abdominal
tion (j). Emergency laparotomy was performed with ileal resection and anastomosis.
. The patient achieved a satisfactory outcome.
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stiffness, and fat and pulmonary embolism) in TBI.31 Townsend
et al. reported an 8-fold increase in the risk of intraoperative hy-
potension during fixation of long bones within 2 h of admission and
2-fold within 24 h of admission. 74% of these patients experienced a
low cerebral perfusion pressure of <70 mm Hg and this risk lasted
even longer than 24 h which warrants a delay of 24 h between
injury and fracture fixation to prevent hypoxia, hypotension, and
low cerebral perfusion pressure.32 Contrary to these publications,
few authors have recommended early fracture fixation in patients
with TBI as it simplifies treatment while delayed fixation worsens
outcomes. Smith and Cunningham reported extended hospitaliza-
tion with increased ICU stay and more pulmonary and neurologic
problems in patients with delayed fracture fixation33. Starr et al.
reported an increased incidence of pulmonary, cerebral complica-
tions, and mortality in delayed fixation34. Lu et al reported their
findings of metaanalysis of fourteen studies on the timing of ex-
tremity fracture fixation in patients with Traumatic Brain Injury.
They reported no statistically significant association between fix-
ation timing and mortality, the incidence of adverse neurologic
events, pneumonia, ARDS, and ICU length of stay. On the other
hand, they reported that delayed fracture fixation results in
extended ICU stay, pulmonary complications, neurological wors-
ening, nonunion, and malunion.31 Thus management of extremity
fracture with concomitant TBI should depend on the physiological
reserve, the severity of brain injury, hemodynamic stability at
presentation, nature of extremity injury, and if general condition
permits, early definitive fixation should be the norm rather than
the exception. (Figs. 1 and 2).

7. Chest injury and extremity injury management

Patients with chest injury are at a higher risk of developing
Fig. 3. A 45-year-old lady was diagnosed with bilateral hemopneumothorax with multipl
fractures (d). On arrival, her vitals were stable, serum lactate was 2.6 mmol/L, pH was 7.34, a
femur (f), bilateral ICD insertion (g), and Right sacroiliac joint (h) as per EAC protocol with
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ARDS, and it is pertinent that DCO or EAC measures be applied
appropriately to prevent the “second hit” in Polytrauma (Fig. 3).
While early and overzealous definitive fracture fixation increases
the risk of ARDS, delayed fixation increases the rate of pulmonary
complications. In a retrospective review of 106 patients with
multiple injuries, who underwent early intramedullary nail femur
fixation, Pape et al. observed an overall reduction in morbidity in
those with lesser severity of chest injury compared to an increased
risk of both ARDS and death in severe chest injuries.35 Their
recommendation of alternate methods of fixation or delayed nail-
ing in those having severe chest injury (Abbreviated Injury
Scale > 2), stands valid considering the increased levels of inflam-
matory markers (IL-6 and Elastase) following intramedullary
reaming observed by Giannoudis et al..36 However, Charash et al.
and Bone et al. recommended early femur fixation in Polytrauma to
avoid pulmonary and other complications.37,38

Given these controversies, the quantification of the severity of
chest trauma was thought to allow the prediction of complications
and allow better management of polytrauma patients with a chest
injury. Subsequently, the availability of scoring systems regarding
chest trauma like Thoracic Trauma Severity (TTS) has improved the
prediction of complications.39 Pape et al. published recommenda-
tions regarding fracture management in polytrauma patients. They
advocated a staged surgical approach for fracture stabilization
instead of simultaneous multiple fracture fixations within 24 h of
injury in unstable patients at risk and definitive fracture fixation in
stable patients based on individual patient physiology rather than a
“window of opportunity”.40 Considering the benefits of early frac-
ture fixation in polytrauma patients with chest injury with reduced
complications and mortality, definitive fracture fixation should
probably continue to be performed on stable polytrauma patients
with a chest injury.
e rib fractures (a), pelvic injury (b), closed shaft of left humerus (c) and right femur
nd base excess was �0.3 mmol/L. She underwent definitive fixation of the humerus (e),
in 36 h.
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8. Abdominal injury and extremity injury management

Abdominal injuries constitute one of the most common causes
of uncontrolled bleeding in trauma. Humeral shaft fractures have
been associated with a higher chance of other upper extremity and
lower extremity injuries in motor vehicle collisions. They also serve
as a predictor for concomitant abdominal injuries, especially that of
the liver.41 Similarly, lower extremity fractures are frequently
associated with intraabdominal injuries in pedestrians.42 The high-
energy mechanisms related to these injuries result in pelvic
disruption and acetabular fractures. Proximal femoral fractures are
commonly present along with these injuries. Utmost care is
essential to diagnose and manage these highly unstable abdominal
injuries and pelvic fractures in this case are usually managed by
external fixators accompanied by diagnostic laparotomy or pelvic
packing to avoid rapid exsanguination. Early internal fixation can
be deleterious and definitive surgery is best delayed and performed
only in stable patients.43 The open abdomen is a relatively new and
increasingly common strategy for the management of abdominal
emergencies in both trauma and general surgery for the prevention
andmitigation of abdominal compartment syndrome. The use of an
abbreviated laparotomy can reduce mortality associated with
conditions such as abdominal compartment syndrome; however,
the resulting open abdomen is a complex clinical problem44.
Another concern is the perception of cross-contamination of elec-
tive open surgical approaches, which might mandate an obligatory
Fig. 4. A 18-year-old male diagnosed with grade 2 splenic laceration, intraperitoneal bladd
rami fracture and closed diaphyseal fractures of the left femur (b) and tibia (c). On arrival, p
(15/15) with absent breath sounds on the left side chest. Serum lactate was 7.2 mmol/L. Aft
splenectomy and external fixator application for the left femur (d) and tibia (e) fractures on d
performed later.
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delay of stabilizing major fractures after abdominal wall closure.
However, a postponement over three weeks has been proven to be
associated with a worse surgical outcome, especially regarding
reduction quality in pelvic and acetabulum fractures.43,45 Further,
Glass et al. reported a significant decrease in clinically relevant
surgical site infections, following definitive early fracture fixation,
including long bones, pelvic ring, acetabular fractures, and spinal
fusions, even in the presence of an open abdomen when compared
with delayed fracture fixation.44 Similarly, Vallier et al reported that
early definitive fracture fixation including spine fixations are safe in
polytrauma patients as part of the “Early Appropriate Care” pro-
tocol26. Because of the benefits of early fracture fixation on pul-
monary function and overall mortality, early fracture fixation
should probably continue to be performed on carefully selected
stable patients with an abdominal injury (Figs. 2 and 4).
9. Open extremity injuries

Irrespective of the zone of injury, the management of any open
extremity involves simultaneous stabilization (temporary/defini-
tive) and debridement. Bacterial contamination can be as high as
70% in open injuries, and antibiotic prophylaxis must be initiated
much earlier.46 The timing of surgical debridement and recon-
structive procedures has been controversial.47 No significant dif-
ferences were noted in 10-day infection rates when patients
undergoing debridement within 6 h were compared to those
er rupture with diaphragmatic hernia left side (a) with left superior and inferior pubic
atient showed bradycardia, blood pressure of 114/60 mm Hg, GCS was E4, V5, and M6
er resuscitation, bladder and diaphragmatic hernia repair along with ICD insertion (f),
ay 1 were performed. Definitive fixation of the left femur (g) and tibia fractures (h) was
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between 6 and 72 h in a prospective, double-blind study.48

Currently, it is recommended to perform debridement within
24 h of injury.49 Cimbanassi et al. published the results of the 11th
trauma update consensus conference held in Milan, Italy. The
overall consensus was that “In open fractures, early debridement
within 24 h should be recommended and early closure of most
grade I, II, IIIa performed. In mangled extremities, limb salvage
should be considered for nonelife-threatening injuries, mostly of
upper limb”46. While meticulous surgical debridement plays an
important role in preventing the risk of infections and nonunions,
its extent and adequacy are beyond the scope of discussion here. An
orthoplastic approach is recommended in all these injuries
(Fig. 5).50

Recently, Mauffrey et al. had summarised current evidence-
based strategies to minimize the risk of infection in fractures.51

These include.

1. Early Initiation of systemic antibiotic coverage directed at Gram-
positive organisms

2. Addition of Gram-negative coverage for type III open fractures.
3. High-dose penicillin for fecal or potential clostridial contami-

nation (farm injuries).
4. Avoidance of Fluoroquinolones as they offer no advantage

compared with cephalosporin or aminoglycoside and also
because they have a detrimental effect on fracture healing and
higher infection rates in type III open fractures.

5. Continuation of antibiotics for 72 h in type III open fractures,
following injury but not beyond 24 h after the achievement of
soft-tissue coverage.
Fig. 5. A 40-year-old gentleman diagnosed with type 3b open side swipe injury right elbow
stable, GCS was E4, V5, and M6 (15/15), serum lactate was 2.5 mmol/L. He underwent exter
definitive fixation of right elbow injury on day 1 (f, i). Subsequently, he underwent definiti
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6. Once-daily aminoglycoside dosing as a safe and effective mea-
sure for types II and III open fractures.

Based on this evidence, they recommend patients with type I or
II open fractures to receive a first-generation cephalosporin
beginning with a 2 g intravenous (IV) loading dose, then 1 g IV
every 8 h for three doses (24 h). Alternatives in Penicillin allergy is a
900-mg loading dose of clindamycin and then 900 mg q 8 h � 3
(24 h). Type III open fractures should receive either a third-
generation cephalosporin or a first-generation cephalosporin in
addition to aminoglycoside for three days. Patients with possible
fecal type contamination should also receive penicillin prophylaxis
to address Clostridia. Although it is impossible to eliminate infec-
tious complications, these guidelines can optimize the outcomes.
10. Fixation strategies in open extremity fractures associated
with polytrauma

While the primary aim is to provide adequate mechanical sta-
bility with minimal complications, fixation strategies of open
fractures vary depending on the overall physiological condition of
the patient, type, and pattern of fracture, the degree of bone loss,
soft tissue condition, type of soft tissue coverage needed, and level
of contamination. Skeletal stabilization should be undertaken
quickly, especially in the setting of the vascular deficit, and it must
be designed to allow future soft tissue reconstruction.52 External
fixation, especially half unilateral pin frames, is the workhorse for
skeletal stabilization in open fractures as it provides a swift ver-
satile method of providing stability without the need for additional
(a,b) and Open floating knee injury right lower limb (c,d). On arrival his vitals were
nal fixator application for the right femur and tibia fractures (e) and debridement and
ve fixation of the right femur (g) and tibia fractures (h) and achieved good outcome.
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exposure or periosteal stripping.53 However, their use as a means of
definitive management is no longer recommended. Recently, a
meta-analysis comparing the management of open tibial fractures
showed no difference in the rate of nonunion and infection with
external fixation when compared with internal fixation methods.
However, there were statistically significant differences in the rates
of malunion and the need for further surgery, favoring the use of
internal fixation as definitive treatment.54 The external fixator can
be used as a temporary stabilization method with conversion to
internal fixation at an appropriate time (Fig. 5).

Primary internal fixation can be considered if soft tissue cover
could be achieved within 48e72 h. The choice of plate or nailing
depends on the location of the injury. Periarticular injuries with or
without articular surface involvement can be managed by plating.
In the case of lower limb diaphyseal fractures, IM nailing either as a
primary or secondary procedure is the method of choice for
definitive fixation. The choice of reamed or unreamed nail is still a
matter of debate. Both show comparable outcomes in terms of
infection rates, risk of nonunion, and rates of reoperation. Recent
advances include plate assisted nailing of Type III B diaphyseal tibia
fractures, which allows greater cortical contact aiding fracture
stability and is not associated with an increased rate of deep
infection or nonunion.55,56
Table 1
Current recommendations and future research in management of extremity fractures in

Parameters Current recommendations

Diagnostic protocol and
imaging techniques

C Use of ATLS guidelines and incorporating a tert
preferably by an orthopedician to reduce the risk of mi

C Use of whole body CT and other imaging protocols
reducing radiation hazard to the patient

Endpoints of
Resuscitation, and
predictive models of
complications

C Combination of hemodynamic stability, acid-base mar
lactate and base deficit) along with other physiologic
(PT, INR, platelet count, fibrinogen) for assessing the
resuscitation

Traumatic Brain Injury
(TBI) and Extremity
injury management

C Extended hospitalization with delayed fracture care i
stay and more pulmonary and neurologic problems in
with delayed fracture fixation along with increased fr
related complications like non union and malunion

C In hemodynamically stable patients early definitive fix
performed whereas in unstable patients management
follow principles of DCO

Chest Injury and Extremity
injury management

C Quantification of the severity of chest trauma by scor
like Thoracic Trauma Score can help in the prediction
complications and allow better management

C Staged surgical approach for fracture stabilization
simultaneous multiple fracture fixations within 24 h
unstable patients and definitive fracture fixation in sta
based on individual patient physiology

Abdominal Injury and
Extremity injury
management

C Early fracture fixation improves pulmonary function
overall mortality risk in carefully selected stable patie
abdominal injury

C Low risk of clinically relevant surgical site infections a
fixation in presence of open abdomen

Open Extremity Injuries C Early debridement within 24 h is recommended and e
of most grade I, II, IIIa can be performed

C Early Initiation of systemic antibiotic coverage direct
positive organisms based on current evidence-based
minimize the risk of infection in fractures

C Skeletal stabilization should be undertaken quickly,
the setting of the vascular deficit, and it must be desi
allow future soft tissue reconstruction

C Use of unilateral half pin external fixators as a means
management is no longer recommended

C Primary internal fixation can be considered if soft
could be achieved within 48e72 h
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11. Author’s preferred management of extremity fractures in
polytrauma

Our treatment protocol for extremity fractures associated with
polytrauma is based on the following considerations: hemody-
namic stability, the physiological reserve of the patient, and asso-
ciated injuries. Early definitive fixation is preferred for isolated long
bone diaphyseal fractures of lower extremities in hemodynamically
stable patients with a good physiological reserve. In borderline and
hemodynamically unstable cases or patients with low physiological
reserve, in patients with multiple lower extremity diaphyseal
fractures and periarticular fractures, we prefer rapid primary sta-
bilization using an external fixator initially followed by the defin-
itive fixation once the patient’s general condition improves,
preferably within two weeks. In the case of multiple lower ex-
tremity diaphyseal fractures, we prefer to fix the fractures around
the hip and femur first, followed by other lower extremity fractures.
This enables us for the early mobilization of the patient in bed and
simplifies the care of the patient. Although no suggestions have
been made for the management of multiple lower extremity frac-
tures, we avoid multiple simultaneous intramedullary nailing
procedures and follow a staged protocol especially in case of
borderline patients. In the hierarchy of Polytrauma with extremity
polytrauma patients.

Future research

iary survey
ssed injuries
safely while

C Development of standard imaging and diagnostic protocols with
efficient and safe use of available technology

kers (serum
al markers
adequacy of

C Validation of recent technological advancements like dynamic
platelet function tests on outcomes in polytrauma patients

C Validation of predictive models of outcomes in polytrauma
patients in different populations for large scale applications

C Advent of Artificial Intelligence and patient-specific genomics for
developing new markers for assessing adequacy of resuscitation

C Developing patient-specific management protocols based on in-
dividual differences in response to injury by the use of patient-
specific genomics and artificial intelligence

ncreases ICU
patients

acture

ation can be
should

C Newly developed strategies of treatment like “Early Appropriate
Care” needs to be validated across large and heterogeneous
population groups before their large-scale application across
different geographical areas

C Development of Clinical Decision Support Tools that can help in
choice and timing of surgical interventions in polytrauma
patients with varying patterns of injury

C Development of validated scoring systems and prognostic
indicators with the help of precision medicine

C Validating theoretical beliefs of a complex interplay of pro and
anti-inflammatory cytokines during the treatment of poly-
trauma patients for developing treatment algorithms

C Identification of specific immunological markers associated with
the development of complications and poor or good outcomes

ing systems
of

instead of
of injury in
ble patients

and reduces
nts with an

fter fracture

arly closure

ed at Gram-
strategies to

especially in
gned to

of definitive

tissue cover
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fractures, the priority of fixation of upper extremity fractures
generally follows the axial and lower extremity injuries. Routinely,
upper extremity fractures are managed after the definitive stabili-
zation of lower extremity fractures. The current recommendations
for management of extremity injuries in polytrauma patients and
the future research areas are summarised in Table 1.

Future recommendations in extremity fracture management in
polytrauma:

1. The strategy of management of polytrauma patients is evolving
rapidly. The newly developed strategies of treatment like “Early
Appropriate Care” needs to be validated across large and het-
erogeneous population groups before their large-scale applica-
tion across different geographical areas.

2. The advent of various Clinical Decision Support Tools in other
fields of medicine encourages further research in the case of
polytrauma patients to develop such tools that can help in
choice and timing of surgical interventions in polytrauma pa-
tients with varying patterns of injury.28

3. With rapid advances in identifying immunological markers, the
development of validated scoring systems and prognostic in-
dicators with the help of precision medicine could be the next
step in improving the care of polytrauma patients.28

4. Current research in the field of immunological markers associ-
ated with injury is targeted on validating theoretical beliefs of a
complex interplay of pro and anti-inflammatory cytokines
during the treatment of polytrauma patients for developing
treatment algorithms. With the help of bioinformatics tools like
topological data analysis might improve the phenotyping of
injury patterns, precision diagnosing, and treatment
planning.57,58

5. Identification of specific immunological markers associated
with the development of complications and poor or good out-
comes needs to be researched more extensively.28
12. Conclusion

The management of the extremities in polytrauma patients is
determined mainly by hemodynamic stability and the presence of
life-threatening associated injuries. Damage control resuscitation
has been successful in achieving hemodynamic stability much
earlier than traditional measures. With reliable, measurable pa-
rameters available for assessing physiological recovery from sys-
temic traumatic insult, early definitive management of extremities
is favorably considered for reaping the benefits of mobilization and
ambulation. Future research should be directed towards identifying
precision methods and utilization of big data and artificial intelli-
gence in improving the management and outcome of polytrauma
patients.
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