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a b s t r a c t

The principles of fracture management in patients with multiple injuries continue to be of crucial
importance. Early treatment of unstable polytraumatized patients with head, chest, abdomen or pelvic
injuries, with blood loss followed by immediate fracture fixation (Early Total Care -ETC) may be asso-
ciated with secondary life threatening posttraumatic systemic inflammatory response syndrome (SIRS).
Development of SIRS is typically a function of the type and severity of the initial injury (the “first hit”).
Immediate Fracture fixation, using reamed nails or plates, in such unstable patients with multiple in-
juries is subsequently defined as the “second hit” and may be associated with development of acute
respiratory distress syndrome (ARDS) and multiple organ failure (MOF), with relatively high morbidity
and mortality.

The other alternative for long bone fracture fixation in unstable polytraumatized patients is based on
immediate treatment of life threatening conditions related to the injuries, followed by the initial use of
minimally invasive modular external frames for long bone fractures and is called Damage Control Or-
thopedics (DCO) and is widely accepted. In order to refine the DCO concept and to avoid an overuse of
external fixation, the “Safe Definitive Surgery” (SDS) concept has been introduced, which is a dynamic
synthesis of both strategies (ETC and DCO). The SDS strategy employs clinical parameters and includes
repeated assessment of patients. The following paper is going to summarize historical backgrounds and
recent concepts in treatment of polytraumatized patients.

© 2020
1. Introduction

Polytraumatic conditions are frequently life-threatening situa-
tions that require a special approach. The principles of fracture
management in patients with multiple injuries, including head,
chest, abdominal or pelvic injuries with blood loss, continue to be
of crucial importance. The management of severely injured patient
with fractures has changed over the last decades. In the early 70s
long bone fractures were mainly stabilized by traction.1 This
concept was associated with numerous complications such as
at, Bar-Ilan University, Ramat

@yahoo.com (G. Volpin).
pulmonary infections, atrophy of the musculature and thrombo-
embolic complications due to prolonged immobilization.2

Bone and coauthors published a prospective randomized study
including 178 multiply injured (ISS > 18) patients and compared
the clinical outcome after early (<24 h) and delayed (>48 h)
femoral fracture fixation.1 In this marked publication early total
care (ETC) strategy has been associated with less pulmonary com-
plications and reduced length of stay on intensive care unit and
hospital. Early fracture fixation resulted in early mobilization,
avoided nutritional depletion and long drug therapy and reduced
wound infections.3,4 Thus, ETC has become a standard approach in
polytrauma in the 80s and early 90s. This strategy was further
stimulated by advances of osteosynthesis techniques and implants
over these decades.

Several authors, however; criticized that early fixation might be
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detrimental for several patient groups.5,6 This method of combined
surgical procedures may lead to development of an additional,
secondary life-threatening inflammatory response reaction, which
can cause an excessive inflammatory reaction known as the “sec-
ondary hit".7e10 ETC in unstable poly-traumatized patients may
significantly increase the severity of this systemic inflammatory
response (SIRS) and may lead to development of acute respiratory
distress syndrome (ARDS) and multiple organ failure (MOF), car-
rying a relatively high incidence of morbidity and mortality.5,11,12

Later it became clinically evident that definitive stabilization of
all fractures in all severely injured patients was inadequate, and the
management of major fractures changed to a more selective
method called damage control orthopedics (DCO).13,14 It has been
widely accepted that one should differentiate between those pa-
tients who can tolerate prolonged surgical procedures and those for
whom this is not advisable.8 Nowadays, the “Damage Control Or-
thopedic” (DCO) strategy is widely accepted in treatment of un-
stable severely injured patient. The basic principles of DCO include
initial stabilization of life-threatening conditions related to the
injury with fixation of long bone fractures using modular, mini-
mally invasive external frames and then, only after a few days of
metabolic and respiratory recovery, proceeding with the definitive
management of the fracture fixation.

This paper describes the basic pathophysiologic aspects of sys-
temic inflammatory response syndrome (SIRS), various clinical
conditions and the results of treatment of such patients with
multiple injuries as well as the current discussion and treatment
options.
2. Pathophysiological conditions of trauma

The Injury Severity Score (ISS) is often used in studies to define
polytraumatized patients. Traditionally, the ISS has been calculated
by taking the squares of the worst abbreviated injury scale (AIS)
score from the three regions with the worst injuries neglecting the
physiology of the patients.15,16 Considering the above mentioned
issue an international expert panel proposed a new “Berlin Defi-
nition” of polytrauma.17 The physiologic parameters used in this
definition can be obtained from routine laboratory and physiologic
monitoring. The definition implies the following parameters:

� Two injuries that are greater or equal of 3 on the AIS and one or
more additional pathological conditions

� Hypotension (systolic blood pressure � 90 mmHg)
� Unconsciousness (GCS score � 8)
� Acidosis (base deficit � �6.0; Lactate level > 2.5 mmol/l)
� Coagulopathy (PTT � 40 s or INR � 1.4)
� Age (�70 years)

Further clincal studies will show whether this uniform defini-
tion more closely defines the critically injured patient
(polytrauma).

Blunt trauma is usually associated with injuries in the extrem-
ities (especially long bone fractures and pelvic fractures) and the
trunk (thorax, abdomen, spine). Therefore, the initial assessment of
severely injured patient must contain the “Four Vicious Cycles”
(hemorrhagic shock, coagulopathy, hypothermia, and soft tissue in-
juries). These cycles are known to induce permeabily changes in
vessels and organs and lead to immunological and functional (e.g.
liver and lung function) alterations.18 It has been shown that these
parameters appear to be feasible for use in the decision making
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process in the emergency room. Systolic blood pressure
(<90 mmHg), the need for catecholamine therapy and shock index
are good clinical marker for hypovolemia (hemorrhagic shock). The
critical value for hypothermiawas described as a body temperature
below 33 �C.19 Hypothermia may be a reason for a heart rhythm
disturbance, cardiac arrest or coagulopathy. The dynamic plateler
function tests, such as Rotational Thromboelastometry (ROTEM)
are used to predict tranfusion requirements and mass transfusion.
The depletion of plateletes below 90.000/ml on the first post-
traumatic day may indicate the developlent of the Disseminated
Inravascula Coagulopathy (DIC).18e20 Soft tissue injuries are com-
mon in blunt trauma patients. The term “Soft Tissue Injuries” in-
cludes not only extremity injures or contusions, but also additional
associated thoracic-, abdomnial-, and pelvic injuries with an
Abbreviated Injury Score (AIS) of 3 and more.21 These injuries are
known to stimulate the systemic inflammatory response syndrome
and alterate the immine function.

Using the parameters of these cascades four classes of patients
have been described based on their clinical status: stable, border-
line, unstable, and in extremis. This classification system may be
used to grade the critically injured patients according to their
physiology and define the treatment strategy. Stable patients and
borderline patients who improve with resuscitation measures can
safely undergo definitive treatment of the major fracture. Unstable
patients, and those in a critical condition (in extremis), should not
undergo a prolonged surgical procedure and therefore should be
treated initially only by life saving procedures, followed later by the
damage control approach (DCO).

The principle of DCO is to avoid worsening of the unstable
polytraumatized patient’s condition that can result from the “sec-
ond hit”, a phenomenon caused by early major orthopedic pro-
cedures. The basic principles of DCO consist of immediate
treatment of life-threatening conditions in such patients and pri-
mary, minimally invasive external fixation of long bone fractures,
followed by metabolic and respiratory stabilization of the patients.
After a few additional days of metabolic and respiratory recovery,
the definitive fracture management and fixation is performed.
Post-traumatic systemic inflammation is considered to be a sterile
inflammation that is triggered by released endogenous intracellular
components. The exact origin of systemically measured inflam-
matory markers is still unknown. One may hypothesize there is a
systemic spill over of locally released cytokines. Others postulated
that Damage Associated Molecular Patterns (DAMPs) such as
HMGB-1 are locally released and gain access to the systemic cir-
culation stimulating inflammatory pathways (e.g. Toll-Like Recep-
tor 4 (TLR-4)) and activation of immune cells and endothelial
cells.21e23

The development of this hyper-inflammatory reaction is man-
ifested in the activation of the immune system, triggering increased
secretion of pro-inflammatory cytokines such as interleukin-6 (IL-
6) and IL-8.8,10,24 The increase in pro-inflammatory cytokines is
evident soon after the injuries occur (6 h) and usually lasts for
24e72 h and is statistically significant for IL-8 and IL-6 as illustrated
in Fig. 1.1 and 1.2.24The cytokine response is clinically evident by
fever, leukocytosis, hyperventilation and tachycardia. The duration
and intensity of this reaction depends on the severity of the trauma.

In patients with severe injuries this increase is significantly
higher and (Fig. 1.2) may persist even longer.7e9,24 In such patients
the “second hit” inflammatory reaction, following ETC procedures,
may aggravate the initial acute systemic inflammatory reaction
syndrome (SIRS). It may lead to development of acute respiratory



Fig. 1.1. Means (±SE) of levels of pro-inflammatory cytokines in injured and control groups immediate after trauma, demonstrating significant rise in level of IL-8 and IL-6 as
compared to the other pro-inflammatory cytokines (*p < 0.01) (
After Volpin et al.
[24] Int Orthop. 2014; 38:1303e9).

Fig. 1.2. Means (±SE) of levels of pro-inflammatory cytokines in severe and moderate trauma and in control groups immediate after trauma, showing significant higher levels in
severe trauma cases as compared to moderate trauma cases and controls (*P < 0.01) (After Volpin et al. [24] Int Orthop. 2014; 38:1303e9).

Fig. 2. ARDS in a patient with head and abdominal injuries and fractures of both femurs and Lt tibia, 24 h following ETC -initial life saving procedures and then by intramedullary
nails of limb fractures (Fig. 2A) vs ARDS of another patient 24 h following DCO- initial life saving procedures and external fixation of his long bone fractures, and only after additional
4e5 days of metabolic and respiratory stabilization, followed by definitive treatment by intramedullary nails of limb fractures (Fig. 2B).
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distress syndrome (ARDS- as illustrated in Fig. 2) and multiple or-
gan failure (MOF), which carry relatively high morbidity and mor-
tality.24e27 This is very important, as fracture management in
unstable patients with multiple injuries continues to be of crucial
74
importance.28e31

Patients with various orthopedic injuries present a distinct
pattern of serum cytokine levels. Significant increased serum levels
of pro-inflammatory cytokines IL-6 and IL-8 and low levels of anti-
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inflammatory IL-4 are observed in severely injured patients.24,32,33

The higher levels of pro-inflammatory cytokines in injured patients
are associated with the reported inflammatory state in reaction to
injury. This is very important, as fracture management in patients
with multiple injuries, particularly in those with high ISS continues
to be of crucial importance.24

The massive secretion of pro-inflammatory cytokines usually
induces upregulation of anti-inflammatory cytokines such as IL-4
and regulatory cytokines such as TGF-beta, and IL-10, which
together decrease the severity of the inflammatory reaction, as an
effort by the body to attenuate the inflammatory activity.8,11,24 An
imbalance between the early systemic inflammatory response and
the later compensatory anti-inflammatory response may be
responsible for organ dysfunction and increased susceptibility to
infection.8,11,24 Large studies analyzing the genetic response
demonstrate that in severe blunt trauma, the genomic response is
consistent with simultaneously increased expression of genes
involved in the systemic inflammatory, innate immune, and
compensatory anti-inflammatory responses, as well as in the sup-
pression of genes involved in adaptive immunity.22 Moreover,
systemic complications, such as multiple organ failure, differ only
in the magnitude and duration of this genomic reprioritization.22

The causes and effects of changes in the balance of pro-
inflammatory and anti-inflammatory cytokines due to injury
should be examined further, including an evaluation of the role of
genetic polymorphism in inducing hyper-inflammation. Our pre-
liminary results provide an indication for the involvement of ge-
netic factors, such as polymorphisms in certain genes (e.g. TLR9)
that regulate the immune response in accelerated hyper-
inflammation in response to injury in individuals with severe or-
thopedic trauma.24,32,33 Based on our earlier findings it was
suggested that high serum levels of these cytokines can be used as
potential reliable biomarkers for predicting the development of
systemic inflammatory response syndrome (SIRS) in patients with
multiple trauma.24 Secretion of large amounts of pro-inflammatory
cytokines and decreased levels of anti-inflammatory cytokines
during the acute phase of trauma, mainly in unstable poly-
traumatized patients, may lead to the development of systemic
inflammatory response syndrome (SIRS).

It has been also suggested that the long-term effect of hyper-
inflammation may be involved in development of acute stress
psychological reactions to trauma.32e35 Significant increase levels
of various cytokines in the synovial fluid of patients with rheu-
matoid arthritis as well as patients with osteoarthritis, supporting
the concept of a pro-inflammatory process in the pathogenesis of
Fig. 3. Demonstrating early total care of patient No 1,with head and abdominal injuries, treat
development of marked ARDS 24 h after operations, as presented in Fig. 2A.
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osteoarthritis and inflammatory joint diseases and in patients
with36e38 and in patients aseptic loosening of large joint
prostheses.39
3. Our experience

From 1995 to 2011 there were 196 polytraumatized patients
with various body injuries associated with pelvic fractures and/or
femoral and/or tibial shaft fractures treated in our hospitals. Pa-
tients were grouped according to treatment strategies for stabili-
zation of the femoral shaft fracture as follows: Group A - 99 patients
treated with early total care (ETC) and intramedullary nailing (IMN)
within 24 h of injury (Fig. 3); Group B- 97 patients treated with
temporary external fixation (Fig. 4) as a bridge to IMN (DCO surgery
beginning in 2005). The outcomes of their treatment were analyzed
retrospectively in this study.
4. Results

The groups were comparable regarding age, gender distribution
andmechanism of injury. ISS was slightly higher in group B (DCO)e
32.2 compared to group A (ETC) �28.6. Thoracic, abdominal and
head injuries were found in a significantly higher number of pa-
tients admitted to the DCO group from 2005 (24.2%) as compared
with the ETC group (12,4%). The patients in the DCO group required
significantly more fluids (14,2 L) than those in the ETC group (8,2 L)
and blood (2,2 vs. 1,3 L, respectively) in the first 24 h. Mean oper-
ative time was 40 min for External Fixation and 110 min for IMN.
There was a significantly higher incidence of ARDS in ETC
group�18.2%, compared with the DCO groupe 8.6%. The incidence
of multiple organ failure (MOF) was significantly higher in the ETC
group e 12.1% as compared with the DCO group e 7.4%. There were
three unexpected deaths and two cases of conscious worsening in
patients with head injuries in the ETC group. No delayed union and
non-union were found.

Various clinical cases of unstable polytraumatized patients, with
long bone fractures, are presented in Figs. 5e9, including torn
popliteal artery (Fig. 5), pelvic fractures treated initially by Ganz’s
clamp followed later by ORIF (Fig. 6), combined pelvic fractures
with severe perineum injuries (Fig. 7), combined chest and kidney
injuries with multiple fractures (Fig. 8) and combined multiple
fractures of pelvis’ clavicula, wrist and tibial fractures treated ac-
cording to the principle of Safe Definitive Surgery (SDS) as illus-
trated in Fig. 9.
ed by initial intramedullary fixation of fractures of both femurs and Lt tibia, resulting in



Fig. 4. Demonstrating patient No 2, with head and abdominal injuries and fractures of both femurs and Rt tibia, and Lt forearm fractures. He was treated initially by craniotomy and
laparotomy followed by external fixation of his long bone fractures, resulting in development of a very mild ARDS 24 h after external fixation injuries operations. After additional
few days of successful metabolic and respiratory recovery the 2nd patient was treated by removal of external fixators followed by intramedullary nails of his lower limbs’ fractures
and ORIF of the forearm.

Fig. 5a. Demonstrating a 22-year-old male that was injures on RTA. He had chest and abdominal injuries, including hemopneumothorax chest with fracture of ribs of his right died
treated by chest drainage, and lacerated tears of the kiver treated by laparotomy. In addition, there were fracture dislocation of the right knee with a tear of the popliteal artery and
segmental fracture of the both tibia and left femur, as observed by CT angiography (upper raw). The patient was treated initially by debridement and exploration of the popliteal
artery of the right knee and suture of the torn part of it and by trans-knee external fixator of the Rt leg and then by debridement, fasciotomy and external fixation of the Lt femur
and external fixation of the Lt tibia (lower raw). The patient was hospitalized in the ICU and was treated by fluids. Fresh frozen plasma, and IV Heparin.
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Fig. 5b. 3 days following the popliteal artery repair we noticed beginning of necrosis of the Rt foot and leg. He was treated by few embolectomies of the artery and by IV Heparin,
but with no success and we had to perform above knee amputation of his right leg (upper row). Following that he gradually improved. On the 6th day we removed the EF of his left
femur and performed closed reduction and IMN of the femur (lower row), but due to his condition during anesthesia we had to leave the external fixator of his left tibia.

Fig. 5c. On the 9th day after injuries he had a further improvement in his condition. He was then been operated and exchange of his EF and closed intramedullary nailing of his left
tibia were done. After few weeks an AK prosthesis was implied and he was successfully treated in physiotherapy.
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5. Discussion

The findings of this study showed despite higher ISS there is a
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significant reduction in the incidence of general systemic compli-
cations (ARDS, MOF) in the DCO group in comparison with the ETC
group. Modification of the treatment protocol from ETC to DCOwas



Fig. 6. Demonstrating a patient with unstable condition following road traffic accident with liver and spleen injuries and “open book” fracture of the pelvis (6.1), treated initially by
Gantz’s clamp and closure of the pelvis (6.2 and 6.3) and enable to continue the surgical treatment of the abdominal problems. He was treated by open reduction and internal
fixation after 2 successful additional weeks of metabolic and respiratory recovery.

Fig. 7. A 62 y old mail was hospitalized 6 h after car incident. On admission he was unstable hemodynamically with severe hemorrhagic shock. He was consensus, pale and had SBP
of 50 mmHg, tachycardia (160/minute), initial Hgh 40 gr./l, pH 7.22, lactate 8.2, BE -15, HCO3 - 12.8 and PO2 - 24, indicating severe acidosis. He was treated immediately by DC
resuscitation, permission of hypotension and tranexamic acid. He had fractures of the pelvis with severe opening of the symphysis pubis and Rt iliosacral joint dislocation (upper
row-red arrows) with a large laceration of his perineum (middle row). After 3 h his SBP increased to 80 mmHg. We started with damage control surgery-close down and single plate
fixation of the symphysis pubis, packing of the pelvis and colostomy and debridement of the wounds of the perineum. All surgeries were done within 45 min. The DC resuscitation
continued with hemostatic resuscitation (RBC, fresh frozen plasma, thrombocytes in ratio of 1:1:1). After two days the blood gas analysis (BGA) was: pH 7.42, lactate 3.8, BE- �6.7.
After 5 days the BGA was-pH 7.36, lactate 1.5, BE - 0.5. The perineum injury was treated few times with repeated debridement and then by vacuum assisted closure (VAC) of the
wounds (middle row). After 7 days we performed posterior ilio-sacral fixation by two plates and screws, through a lateral windows approach (lower row).
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Fig. 8a. A 33 Y old male was admitted after a car accident as a driver. At reception he was conscious, contactable, and oriented, but unstable hemodynamically with BP of 80/60,
pulse 110 and saturation 100%. On arrival he had massive hematuria. Total body CT demonstrated contusion of both lungs with right hemopneumothorax, (upper arrow) and
rupture of his Rt kidney with subcapsular hematoma (lower arrow). There were also multiple fractures of the Rt lower leg, as follows: fracture of the femoral shaft, comminuted
supracondylar intraarticular fractures of the distal femur and fracture of the patella (upper row) and comminuted fracture of his Rt ankle (lower row).

Fig. 8b. The patient was intubated on arrival and treated initially urine catheterization and by fluids, blood and antibiotics, followed by closed reduction and trans-bridging external
fixation from upper femur to tibia (upper row). Chest CT and radiographs taken two days after the injury, showed significant lung contusions that compromises the lung function
mild hemothorax (upper row). The ankle fractures were treated initially by closed reduction and POP slab. 6 days later, following gradual metabolic and respiratory improvement, he
was operated upon-the external fixator systemwas removed followed by closed IMN of the Rt femoral shaft, ORIF by plate and screws of the fracture of the distal femur, and ORIF of
the fractured Rt ankle (lower row).

G. Volpin, R. Pfeifer, J. Saveski et al. Journal of Clinical Orthopaedics and Trauma 12 (2021) 72e82

79



G. Volpin, R. Pfeifer, J. Saveski et al. Journal of Clinical Orthopaedics and Trauma 12 (2021) 72e82
not associated with any increased rate of local complications such
as pin-tract infections, delayed unions or non-unions. Primary
external fixation does not stimulate any inflammatory reaction.
Reaming during intramedullary nailing of long bones is associated
with development of the “second hit” phenomenon.40 External
fixation is a safe procedure for achieving rapid, temporary rigid
stabilization in unstable patients with multiple injuries. The
average time for external fixation is 35minwith blood loss of 90 cc,
as compared with intramedullary nailing of the femur which re-
quires 130 min and results in 400 cc of blood loss.14 Pape described
similar observations of an increase in the incidence of multiple
organ dysfunction (MOF) of 46% in patients treated within the first
two to four days (ETC) after the initial trauma, in comparison with
an incidence of 15.7% in patients with late definitive treatment
(DCO after 5e8 days), who had a similar injury severity score.40,41

There is a lower rate of complications in the DCO group despite
higher ISS in comparison with the ETC group. DCO surgery appears
to be a viable alternative for polytraumatized patients with femoral
shaft fractures. There is no evidence that early or late definitive
fixation of long bone fractures in unstable polytraumatized patients
has any beneficial or detrimental effects on survival.

The patients that are suitable to ETC following resuscitation are
those who are stable hemodynamic, have stable oxygen saturation
and have lactate level of less than 2.5 mmol/l without coagulation
disturbances, and have normal body temperatures and normal uri-
nary output of more than 1 cc/kg/hour. The patients who do not
respond well to resuscitation should be treated initially with life-
saving surgery only and planning should proceed according to
their specific condition with definitive treatment only after 5e10
days. At-risk patients requiring ETC include those patients with
aortic rupture, chest and abdominal solid organ injuries, coagulop-
athy, hypoxia and severe intracranial injuries, epidural hematoma,
tension pneumothorax, unstable burst cervical or thoracolumbar
injuries, dislocation of the kneewith damage to the popliteal artery,
compartment syndrome and open fractures of limbs.

However, in compound fractures with displacement of the
pelvis with symphysiolysis that results in continuous bleeding and
unstable hemodynamic condition, it is possible to use simple
temporary stabilization with bed sheets or a special brace initially
for closure of the pelvis, followed by either Ganz’s anti-shock pelvic
clamp42 that can be applied quickly in the emergency room or by
initial external fixation systems in the operating theater (Fig. 6).
The definitive open reduction and fixation of pelvic fractures can be
done after 1e2 weeks, depending on the patient’s metabolic re-
covery following the polytrauma (Fig. 6.7). Primary external fixa-
tion in such patients is a safe procedure. Therefore, the current
recommendation for long bone fracture fixation in patients with
multiple injuries is to use a modular, minimally-invasive external
frame (Figs. 5e7). The basic principles of DCO involve stabilization
and control of the injury and then, only after a few days of meta-
bolic and respiratory recovery, definitive management of the frac-
ture fixation.

Over the last decade several publications indicate adverse ef-
fects of the damage control strategy.43 Large databases demon-
strate high incidence rates (up to 40e50%) of temporal external
fixation in multiple injured patients and postulate an uncritical use
of damage control orthopedic strategy.43 Authors pointed out that
the overzealous use of the external fixation may increases the
length of stay in the ICU and hospital, raises the costs and affects
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the rates of local infection and non-unions. Moreover, recent
studies describe that early definitive treatment in multiply injured
patients is associated with advantageous results.44e46 Vallier and
coauthors published a new protocol for “Early Appropriate Care”
(EAC) has been developed.47 In severely injured patients with
femoral fractures and injuries of pelvis, acetabulum and spine,
parameters associated with systemic complications were re-
evaluated. This study revealed that acidosis (lower pH and slower
improvement) was associated with pulmonary complications.47

Authors pointed out, that the identification of the hemorrhage
and aggressive resuscitation improve the acidosis and reduce the
morbidity and mortality. Therefore, early definitive treatment can
be performed once the patient has been adequately resuscitated. In
the further study by the same study group the Early Appropriate
Care (EAC) protocol (using lactate, pH, BE, and adequate resusci-
tation before surgery) was used to define low-risk and high-risk
patients for systemic complications after early (<24 h) and late
stabilization (>24 h).44 This publication revealed that early treat-
ment in lower-risk group was associated with fewer complications.
Among the high-risk group, no differences between early and
delayed treatment were found. Authors pointed out that patients
with adequate resuscitation can tolerate early definitive treat-
ment.44 The same research group have demonstrated in a recent
retrospective study that early definitive management (within 24 h
of injury) of mechanically unstable fractures of the pelvis, acetab-
ulum, femur and spine resulted in shorter ICU and hospital stays
and fewer complications and ARDS, after adjusting for age and
associated injury types and severity. Authors suggested to prove
these data in a further prospective analysis.48

Systematic reviews, however, revealed that lactate level alone is
not reliable measure to define status of the patient. Recent dis-
cussions indicate that the decision making in the initial phase after
trauma cannot be dichotomic (ETC versus DCO), but rather must
focus on patient physiology and dynamics. Unreflected use of either
approach alone does not respect patient clinical status and might
be potentially harmful. Moreover, both concepts do not consider
the dynamics of the clinical course (preclinics, operations, com-
plications, etc.). Factors such as rescue time, type and severity of the
injury and surgical interventions affect patients physiology.
Therefore, a “Safe Definitive Surgery“ (SDS) concept has been
introduced, which is a dynamic synthesis of both strategies (ETC
and DCO).49

This concept does not rule out the use of ETC or DCO, but rather
put it in perspective of the clinical situation considering the dy-
namics of the clinical course. Due to repeated reevaluation and
assessment of the patients regarding their physiology, dynamic
classification and adaptation of the treatment strategy is possible.
Thus, advantages of both strategies (DCO or ETC) can be combined,
which allow a safe definitive surgery in each situation. Another
advantage of this approach is a better adaptation of the surgical
strategy to regional differences and preclinical systems. Patients
injured in an urban area are subjected earlier to a surgical inter-
vention (e.g. ETC), than patients from sparsely populated regions.
The physiological condition can worsen during the operation. The
dichotomic approach (ETC versus DCO) do not respect this dy-
namics. In the other hand, in a territorial states the rescue time
might be prolonged. In this scenario, the initial assessment and
further clinical evaluation require a special consideration of soft
tissues and patients physiology as well (Fig. 9).



Fig. 9. Safe Definitive Surgery Concept: Case presentation: 53 years old male patient was hit by a cable car and sustained injuries on upper and lower extremity, unstable thorax and
pelvic pain. At the arrival in trauma day the patient was hemodynamically and respiratory stable (RR120/75 mmHg, HR 100 bpm), GCS of 15 points, no signs of coagulopathy and
hypothermia. Diagnoses: 1. Fracture clavicle right; 2: serial fracture of the ribs; 3: Lung contusion right; 4: APC II Pelvic ring injury left; 5: lower leg fracture right. 6: fracture of distal
radius right).

Table 1
Our recommendations.
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6. Conclusion

Treatment strategies in severely injured patients have changed
over the last decades. Initial assessment includes the dynamic
response to resuscitation and evaluation of the “Four Vicious
Cycles” (hemorrhagic shock, hypothermia, coagulopathy and soft
tissues). The main goal is the stabilization of major fractures as
early as physiologically safe; “Safe Definitive Surgery” (SDS)
concept has been introduced, which is a dynamic synthesis of
both strategies -Early Total Care (ETC) and Damage Control Or-
thopedics (DCO)). This concept does not rule out the use of ETC or
DCO, but rather put it in perspective of the clinical situation
considering the dynamics of the clinical course. Due to repeated
reevaluation and assessment of the patients regarding their
physiology, dynamic classification and adaptation of the treat-
ment strategy is possible (Table 1).
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