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Damage control—The goal posts have not only shifted but we are
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For decades we have been fascinated and frustrated by the
complexity of postinjury inflammatory response and our limited
ability to provide an explanation through the principles of
immunology. Basic science discoveries provided little direction
for therapeutic interventions, which has seen trauma scientists
and practicing surgeons moving further apart. Measuring inter-
leukins from batched samples of polytrauma patients’ sera and
retrospectively correlating with the already recovered or dead
individuals’ outcomes has not lead to any targeted or patient
specific therapy [1]. The association between the early postinjury
concentrations of IL-6 (the ubiquitous non-specific proinflamma-
tory cytokine) and systemic inflammatory response related
complications after polytrauma has provided an attractive but
clinically unproven link that popularised damage control surgery
especially in the musculoskeletal system [2].

Three recent discoveries and concepts are shaping the way we
understand response to injury and surgery today. None of these
concepts are new and they have already withstood at least a
decade of scientific challenge. They are gradually solidifying a view
of postinjury inflammatory response with potential for advanced
therapeutic strategies. The concepts are overlapping, mutually
complementary and provide a logical framework.

The first overarching concept has challenged the self and non-
self (SNS) fundamental principle of the immune system. While the
SNS principle is simple and seemingly straightforward it fails to
explain many physiological situations in medicine (lactation,
puberty, childbearing) and offers no explanation for the seemingly
“septic” state of the non-infected blunt polytrauma patients
without any open wounds or surgical interventions. Martzinger
proposed a new theory for the fundamental principle of the
(innate) immune system [3]. Retaining some of the basics of the
SNS and response to infections her principles are based on the
intact versus injured/stressed/dangerous self. Our innate immune
system (antigen presenting cells) responds to the self in danger
rather than the non-self. This explains how certain microorgan-
isms are “non-pathogenic”, such as why some of the living donor
transplants do better even with major histocompatibility complex
(MHC) mismatch than cadaver kidneys with MHC match. Most
importantly, the injured self provides a perfect explanation for
polytrauma patients’ systemic inflammatory response syndrome
(SIRS), which is primarily driven by the danger signals (the
building blocks and organelles released from injured -cells)
recognised by innate immune cells’ toll-like receptors. Most of
our knowledge of cellular and humoral functions of later steps of
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the inflammatory response is still applicable but the crux of the
process has been refreshed.

The second key discovery involves the application of this
principle scientifically to trauma care. Hauser’s work identified
that structural and functional elements of mitochondria instigate a
florid inflammatory response and end organ damage in animal
models and in clinical scenarios [4]. Mitochondria (ancient
bacterium endosymbioid in our cells) have their own double
stranded circular bacterium type DNA, which is recognised as a
danger signal when exposed to the innate immune system. To date
mitochondrial DNA (mtDNA) is one of the most frequently
investigated and probably one of the best described danger
associated molecular patterns (DAMPs). We know that higher
concentrations and longer presence in the circulation is associated
with worse outcomes [5]. It is both a marker and the instigator of
sterile postinjury inflammation. MtDNA after trauma is released by
cell necrosis and also by an active process when even intact
functioning mitochondria can be expelled from stressed cells
responding to major trauma [6]. Basically, mitochondria and their
products can turn as an enemy within our body (“Trojan horse”
analogy), while they are supposed to be our essential organelles in
energy homeostasis in heightened catabolic state of polytrauma.

Trauma research has lead other surgical groups to investigate
DAMPs and describe previously exclusively infection-associated
pathomechanisms like neutrophil extracellular trap (NET) formation,
which happens as part of the sterile inflammatory response to injury
[7]. The framework of NETs is basically extracellular DNA (DAMP),
which is now described in the pathomechanism of a wide range of
rheumatological conditions, heart disease, stroke and cancer.

Danger molecules and NETs offer attractive prognostic and
therapeutic opportunities. The elimination of cell free DNA and
NETs with naturally existing DNase can control the inflammatory
process at the very beginning. It has been applied successfully in
neonatal respiratory distress and in cystic fibrosis. Blocking toll-
like receptors is also a therapeutic option to harness overzealous
postinjury inflammation.

Should the presence and the magnitude of these DAMPs in
polytrauma patients’ circulation guide the timing of our inter-
ventions? Based on the third major discovery, very unlikely. This
simplifies the care for the injured.

The large multicentre effort to describe the genomic response to
severe injury (Glue grant) provided us with valuable new insights
into trauma care [8]. A large prospective cohort of traumatic shock
patients with severe tissue injury wereresuscitated ina standardised
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fashion and had blood samples at set time points from injury to 28
days. These studies practically ruled out the possibility of the
frequently feared “second hit”, which was the conceptual driver of
damage control orthopaedics. Genes influencing postinjury inflam-
mation are completely up or down-regulated in response to major
injury and literally cannot get worse due to a surgical intervention.
This leaves inadequate resuscitation as responsible for clinical
deterioration and requiring abbreviated surgery. As long as a patient
is properly resuscitated and their homeostasis preserved, the
magnitude of surgery, the length of the surgery in the initial phase
cannot be a negative factor to optimal recovery. Early total care in
judiciously resuscitated patients has been proven to lead better
outcomes [9,10]. Obviously these principles do not apply to “in
extremis”, dying patients but very much to those responding to
resuscitation and do not deteriorate during surgical care.
Polytrauma is a disease with unique clinical presentations but the
pathophysiological processes underneath are applicable to less acute
clinical conditions in surgery and medicine. The principles of
haemostatic resuscitation, massive transfusion ratios, and damage
control surgery were described in an environment in which the
underlying science was not well understood. In the light of the present
understanding there is a much greater role for early total care and a
lesser role for damage control surgery than was previously the case.
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