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Abstract

Principles of care in the polytraumatized patient have continued to evolve with advancements in technology. Although hemorrhage |

has remained a primary cause of morbidity and mortality in acute trauma, emerging strategies that can be applied pre-medical facility
as well as in-hospital have continued to improve care. Exo-vascular modalities, including the use of devices to address torso
hemorrhage and areas not amenable to traditional tourniquets, have revolutionized prehospital treatment. Endovascular
advancements including the resuscitative endovascular balloon occlusion of the aorta (REBOA), have led to dramatic improvements
in systolic blood pressure, although not without their own unique complications. Although novel treatment options have continued to
emerge, so too have concepts regarding optimal time frames for intervention. Though prior care has focused on Injury Severity Score
(ISS) as a marker to determine timing of intervention, current consensus contends that unnecessary delays in fracture care should be
avoided, while respecting the complex physiology of certain patient groups that may remain at increased risk for complications.
Thromboelastography (TEG) has been one technique that focuses on the unique pathophysiology of each patient, providing
guidance for resuscitation in addition to providing information in recognizing the at-risk patient for venous thromboembolism.
Negative pressure wound therapy (NPWT) has emerged as a therapeutic adjuvant for select trauma patients with significant soft
tissue defects and open wounds. With significant advancements in medical technology and improved understanding of patient

physiology, the optimal approach to the polytrauma patient continues to evolve.
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1. Hemorrhage control

Severe trauma results in the death of over 5 million persons
annually, and is projected to surpass 8 million annually by
2020.1" Hemorrhage accounts for up to 35% of these traumatic
injuries, second only to central nervous system injuries.””! The
lethality of various bleeding patterns was emphasized from the
wars in Iraq and Afghanistan. In the study by Eastridge et al, 976
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of the 4596 premedical treatment facility battlefield fatalities
were classified as potentially survivable, with 90.9% of those
deaths associated with hemorrhage. They concluded that
strategies to mitigate hemorrhage must be implemented to
combat casualties with potentially survivable injuries.!®! Further-
more, a 7-year analysis of vascular injury from the war in
Afghanistan showed an 18% rate of vascular injury, more than §
times that of past wars.!*!

The strategies to combat hemorrhage can largely be stratified
into two approaches: (1) the exo-vascular, and (2) the endo-
vascular. The use of tourniquets in preventing combat casualties
was studied by Kragh Jr. et al,'’! who found that tourniquet-use
was strongly associated with survival if shock was absent, and pre-
hospital use was associated with fewer deaths than ED usage.
Furthermore, they concluded that speed of successful application
was vital and the morbidity risks minimal.l®! New external devices
for hemorrhage control have been developed for military and
civilian use. These include the Junctional Emergency Treatment
Tool (JETT™, Greer, SC), an external device that wraps around
the pelvis and can apply external pressure to the thigh and groin in
regions where tourniquets cannot be placed. The Combat Ready
Clamp (CRoC™, Harriburg, NC) is an additional device that can
apply direct pressure over regions not amenable to tourniquet use,
including the axilla and neck. In a study by Theodoridis et al, the
JETT and CRoC were applied in 37 and 29s, respectively, and
were able to occlude arterial flow in a mean of 545.1° Other devices
such as the XSTAT (Wilsonville, OR) provide hemorrhage control
through injecting rapidly expanding sponges into a wound cavity.
Similarly, the development of ResQFOAM™ (Waltham, MA), an
in-situ forming polymeric foam that rapidly expands through
actively flowing blood and compresses the injury, has gained
widespread interest. This material can be removed at the time of
definitive surgical repair, and is currently undergoing a multicenter
clinical trial (REVIVE).[”]
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Endovascular techniques were initially focused on age-related
disease and not applied to the trauma setting until the 1970s.18710!
In 2008, the first report on diagnostic and therapeutic
endovascular capabilities in the management of acute wartime
injury was published, demonstrating high success rates with
minimal complications (3%).1'*! As the clinical applicability of
endovascular techniques evolved, the emergence of the resuscita-
tive endovascular balloon occlusion of the aorta (REBOA) gained
widespread use. First reported in the Korean War, this technique
gained broader applicability in the early 2010s for torso
hemorrhage.['? In a systematic review by Morrison et al, pooled
analysis demonstrated an increase in mean systolic pressure by
53mm Hg following REBOA use.!'3! However, several studies
have reported episodes of device-related morbidity, femoral
arterial complications, and balloon-related embolic events.
Overall, the morbidity rate in the literature has been reported
at 3.7%, with overall procedure-related arterial injury, ampu-
tation, and non-fatal embolic events rates at 2.9%, 0.8%, and
0.5%, respectively.!'3! This remains an exciting technique that
may continue to gain widespread utility with increased
experience and advancing technology.

2. Timing of surgery

Fracture fixation strategies continue to evolve with an improved
understanding of patient physiology. Prior to early staged
management, 'l it was believed that with Injury Severity Scores
(ISS) of 40 and above, early fixation of long bones would improve
outcomes.*! Additionally, it was unclear whether the method of
definitive fixation or injury pattern played an important role
(Table 1).1"*"'8! The literature appeared to suggest two options:
(1) fix all major fractures acutely,''” or (2) use external fixators in
up to 40% of patients.*®! Currently, there is general consensus
that unnecessary delays in fracture care should be avoided, while
respecting that some patients may be at increased risk for
complications. However, the vast majority of studies published
after Scalea et al’s recommendations!'* continue to respect ISS,
with higher ISS patients selected for delayed definitive fixation. As
previously discussed,?" this trend seems to be independent from
the conclusion made by the given author and the particular
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approach (Table 1). In a recent study, a group of improving
borderline patients that had initial definitive surgeries developed
complications attributable to the injuries, which underscores the
need for a higher awareness of patient condition.!*?!

Multiple attempts have been made to improve patient
assessment before surgery. O‘Toole et al. were among the first
to describe the value of a defined resuscitation protocol. They
suggested a defined endpoint of resuscitation (admission lactate
level of 2.5 mmol/L),/**! similar to previous recommendations.**!
Vallier et al. were the first to utilize a database to develop a
score.”! Although multiple scores for perioperative assessment
have been developed, only 4 are applicable prior to initial surgical
care. The first includes 5 cascade systems (coagulopathy, acid-base
changes, indicators of acute hemorrhage, body temperature, and
soft tissue injuries) with different thresholds. This system was not
substantiated by a database!”! and was later modified by a
different group.””! An additional score used three different
parameters indicative of the acid-base status (pH <7.25, base
excess < 5.5, lactate >4 mmol/l)."*®! The final assessment utilized a
nationwide trauma registry whereby a deductive calculation
revealed admission BP< 90 mm Hg, NISS of > 50 points, or mass
transfusion (pRBC >15) to be predictive of complications.
However, none of these scales were validated in patient groups
outside of their respective studies, but have been recently evaluated
in a separate database (n=3668, ISS >16). The Receiver
Operating Characteristic (ROC) analysis revealed a difference in
the prediction for early (e.g., death from hemorrhage) versus late
complications (e.g., sepsis). For early complications, the combina-
tion of shock, coagulation, and soft tissue injuries (area under the
curve [AUC] 0.77) was superior to acid-base changes alone (AUC
0.67; Fig. 1). Late complications were predicted reliably when a
similar combination was used. Acid-base changes alone, however,
had no predictive value. It appears that early clinical assessment
may predict both early and late complications if the score uses
multiple functional pathways.*”! Interestingly, general surgeons
found a similar result, though this may be of limited use to
orthopaedists as their study included penetrating trauma patients
without fractures and head injured patients.*%!

These advances have led to a more flexible approach to fracture
management (Table 2). The intraoperative reassessment in the

Adaptation of patient selection according to the Injury Severity Score before and after 2000.

Mean ISS (points)

Mean ISS (points)

Author year Definitive surgery <24h ETC/EAC Definitive surgery>24h DCO/SDS. Comment

Johnson, 1985 49 53 subgroup analysis: patients with ISS > 40
Bone,1989 31.8 31.3 randomized study

Charash, 1994 25/27 24/29 compares chest / no chest injury, ISS

Bosse, 1997 n.a. n.a. compares nail vs plate

Bone, 1998 n.a. n.a. compares nail vs plate

Carlson, 1998 n.a. n.a. compares reamed vs unreamed nailing
Scalea,2000 16,8 26,8 Introduction of staged management concepts
Nowotarsky, 2000 n.a. n.a. 29 (range, 13 to 43)

Taeger 2005 304 37.3 ISS difference: 6.9 points

Pape,2007 23.3 29 ISS difference: 5.7 points

Morshed, 2009 27.2 32.3 ISS difference: 5.1 points

0'Toole, 2009 27.4 36.2 ISS difference:8.8 points

Nahm, 2011. 28.8 36.4 ISS difference:7.6 points

Steinhausen, 2014 23.5 31.1 ISS difference: 7.6 points

Dukan, 2019 n.a n.a. focus on Patients with ISS 16-25 (borderline)

DCO = damage control orthopaedics, EAC = early appropriate care, ETC = early total care, n.a. = not available, SDS = safe definitive orthopaedic surgery.
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Figure 1. Comparison of different published scoring systems. The colors mark different pathophysiological pathways within the scoring systems. The size of the
bar in each color marks the number of parameters that were listed for each given scoring system. CGS = Clinical Grading Scale, EAC = Early Appropriate Care,

mCGS = modified Clinical Grading Scale, PTGS = Polytrauma Grading Scale.

presence of multiple fractures'*” has also been discussed and
appears to be widely used. Although previous recommendations
were strictly based on phases following certain time frames from
injury (“window of opportunity” during day one surgery>%),
currently, the patient‘s response to resuscitation is assessed and
included in the decision making and the selection of techniques
for early fracture fixation.

3. Spectrum of coagulopathy in trauma: Acute
trauma-induced coagulopathy vs. venous
thromboembolism?

Traumatic injury is the leading cause of mortality worldwide and
continues to increase with each passing decade.*'**?! Hemor-

rhagic shock and traumatic brain injury remain the most
common killers for the traumatized patient,® but venous
thromboembolic events (VTE) can result in death in hospital or
subacutely after hospital discharge.®*3%! The spectrum of
coagulopathy demands dynamic management from time of
injury to full recovery as providers must address hypocoagul-
ability in a bleeding patient and limit hypercoagulability in a
resuscitated patient at risk for life-threatening VTE. Historically,
the international normalized ratio (INR) measured hypocoagul-
ability (>1.0) and hypercoagulability (<1.0) and platelet levels >
100,000/p.L indicated clotting could occur.
Thromboelastography (TEG) was introduced in the mid-
20th century®® and creates a graphical representation of
the coagulation cascade including clot initiation, formation,

A static (window or opportunity) to a dynamic surgical approach.

Static approach: Pre-2005

Three surgical phases Surgery (day-1)
Life/limb saving proceedures
Unstable pelvis

Major extremity fractures

Intermediate (days 2—4) Reconstructive (days 5-15)

Avoid fixations Conversion to definitive fixation

Dynamic approach: 2020

Three surgical phases Surgery (day-1)

Less time dependent constraints
Completion of resuscitation
Life/limb saving procedures

Perform fixations according to physiological reserve

Intermediate (days 2—4)
Physiology based decision-making
Day-2 and thereafter

Complete initial temporary fixations

Reconstructive (days 5-15)
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Figure 2. Sample TEG tracing. The R-value reflects clotting factor activation via initial fibrin formation. The K value is a time interval from the R until a predetermined
level of clot firmness is reached and represented contributions of both fibrinogen and platelets. The Alpha Angle is generated by a tangential line from horizontal x-
axis to the point when cross-linking occurs as the tracing begins to flatten out. A larger angle indicates larger clot formation as the angle reflects the amount of
fibrinogen being converted to fibrin. The maximum amplitude simulates the platelet contribution to the final point of coagulation. The LY-30 is the percent of the clot

that has lysed at 30 min.

strength, and eventual fibrinolysis (Fig. 2). Rapid thromboelas-
tography (r-TEG) provides results within 20 min with only a
small blood sample and allows for guided transfusion of blood
products in the acute resuscitative phase. A series of almost 2000
trauma patients demonstrated that r-TEG could replace
traditional laboratory tests including prothrombin time (PT),
partial thromboplastin time (PTT), INR, platelet count, and
fibrinogen levels.®”! A single-center, randomized, prospective
trial of resuscitation guided by traditional lab values versus TEG-
guided transfusion demonstrated 20% mortality in the TEG-
guided group compared to 36% mortality by conventional lab
tests; TEG-guided resuscitation resulted in less use of fresh frozen
plasma (FFP) and platelets.*® TEG-guided resuscitation for forty
patients with severe pelvic injuries changed the ratio of packed
red blood cells (PRBCs) to FFP to platelets from 1:1:1 to
2.5:1:2.8.°%

As the patient transitions from the resuscitation phase into the
treatment and recovery phases of trauma, focus generally shifts to
VTE prevention and hypercoagulable states. Elevated TEG mA
values greater than 65 on hospital admission have been
associated with increased odds of VTE and the odds ratio
further increases in a stepwise fashion when TEG mA values
exceed 69 and 72.1%! For patients who underwent massive
transfusion protocol on arrival in the prospective PROPPR trial,
a 13% VTE rate was documented with early (<12 days) and late
(>12days) events. For early VTE, most occurred within 72h of
admission and increased risk was seen with transfusion of plasma
or cryoprecipitate, development of sepsis, or associated pelvic or
femur fracture. Late VTE was more common with increasing age
and use of dialysis.[*!] The effects of surgical treatments in the
early phase after trauma may also impact coagulability as the
intraoperative blood losses and perioperative repletion alter the
coagulation factors. In a prospective study of patients with pelvic
and acetabular fractures, TEG mA values increased at 24h for
patients undergoing closed reduction techniques compared to
those patients who required open surgical approaches, with
thought that increased surgical blood losses may protect from
postoperative hypercoagulability.!**!

The knowledge and experience surrounding TEG now
provides a rapid assessment of the patient’s coagulable state.

TEG has become a new standard to guide resuscitation and
elevated mA values on admission have been associated with
increased risk for VTE. Prospective studies evaluating serial TEG
values beyond admission and in the resuscitative phase may
provide more insight into the prediction of VTE events.

4. Negative pressure wound therapy in polytrauma
patients

Negative pressure wound therapy (NPWT) has become a staple
treatment in polytrauma patients with severe soft tissue injuries.
Although the mechanism of action is not universally agreed upon,
proposals include: (1) angiogenesis to promote wound healing;
(2) the removal of excess interstitial fluid or edema; (3)
mechanical stress to tissues enhancing tissue growth and
expansion; and (4) increasing the tensile strength of wounds to
prevent dehiscence. In addition to other studies analyzing skin
blood flow, Timmers et al*¥! reported marked increases in
cutaneous blood flow to intact skin treated with NPWT. Suh et al
performed a swine study that demonstrated that NPWT can be
remarkably effective in dealing with dead space.**! The data
demonstrated a significant decrease in wound drainage and a
significant increase in skin perfusion. They also demonstrated an
increase in the tensile strength of the wound at both 7 and 21
days, which may explain the significant decrease in wound
dehiscence following NPWT use in high risk fractures.™*!
Several studies have demonstrated that NPWT can decrease the
infection rate following severe open fractures. In a prospective
randomized trial of significant open fractures, Stannard et al
demonstrated that NPWT for a short period of time and then
obtaining closure or coverage of the wound showed significant
improvements regarding infection rates. NPWT for long periods
in an attempt to avoid the use of flap coverage did not show an
improvement in infection rates.'**! Parrett et al demonstrated the
infection rate was unchanged by the use of NPWT following
Type IIIB tibia fractures. However, they documented a decrease
in the use of free flaps from 42% to 11%.1*”! An additional
prospective randomized trial showed a decrease in infection when
used as incisional NPWT following high risk fractures.!**! A
recent meta-analysis demonstrated a decrease in infections,
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hospital stays, and amputations with NPWT use.**! Grant-
Freemantle et al demonstrated a decreased likelihood of deep
infection and less flap failure in the NPWT group compared to
conventional dressings for open fracture treatment.*’!

Although NPWT is promising, some studies have failed to
demonstrate a clinical benefit. In a multicenter, randomized
controlled trial of conflict-related extremity wounds, Alga et al®”!
failed to demonstrate quicker wound closure or a reduction in
wound complications with NPWT. In a multicenter, prospective
randomized clinical trial of centers in the UK, the WOLLF trial
failed to demonstrate a significantly better Disability Rating
Index or fewer deep surgical site infections with NPWT as
compared to standard dressings for open lower extremity
fractures.®" Similarly, a multicenter, randomized investigation
comparing incisional NPWT with standard dressing for lower
extremity fracture did not demonstrate fewer infections at 30 or
90 days postsurgery between groups.>*!

Polytrauma patients often have severe soft tissue injuries as
well as many other challenges that make infection and wound
healing challenges a major problem. NPWT has become a key
weapon in the battle to overcome these. However, the literature
does not currently support the routine use of NPWT or incisional
NPWT, and NPWT should be appropriately utilized for patients
with high-risk soft tissue injuries.

5. Conclusions

Polytraumatized patients represent a unique, challenging cohort
of patients to treat. The introduction of novel external and
internal modalities for hemorrhage control, in addition to the
expanding use of NPWT has provided new therapeutic
adjuvants. Additionally, evolving concepts on timing of inter-
vention coupled with the use of methods including TEG to assess
the unique pathophysiology of this cohort of patients have
contributed to continued progress in the principles used to guide
treatment.
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