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Abstract

Purpose of Review This article reviews vascular damage control, with a focus on the importance of immediate hemorrhage
control, indications for damage control surgery rather than definitive repair, and methods of hemorrhage control including
temporary shunting to maintain distal perfusion, simple ligation, or immediate reconstruction, as well as prioritizing temporary
or definitive vascular repair in the setting of multisystem trauma in the care of the injured patient.

Recent Findings The indications and methods of damage control surgery in vascular trauma continue to evolve. The importance
of early hemorrhage control is well known as a preventable cause of mortality related to hemorrhagic shock, but decisions
regarding the practice of damage control, including ligation, shunting, and definitive repair continue to be a subject of debate in
the literature. It is the purpose of this text to discuss the current practice of damage control regarding vascular trauma.
Summary Vascular damage control is an essential part of damage control surgery. Ligation and intravascular shunting are the
primary options and should be applied to patients requiring damage control, to those with combined vascular and bony injuries,

and for those surgeons where definitive reconstruction is beyond their skillset.
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Introduction

Damage control surgery has become an essential part of the
initial resuscitation and treatment of the critically ill trauma
patient. Since the early description of the abbreviated laparot-
omy by Stone in 1983 [1], the rapid control of exsanguinating
hemorrhage and gross contamination in patients with high-
risk injury patterns and severe physiologic derangements has
been well described [2¢¢]. In early work by Rotondo, a sub-
stantial improvement in survival was demonstrated in patients
with combined abdominal visceral and vascular injuries who
were treated in this manner [3]. Though initially described as
an innovative method of staged operative treatment after se-
vere abdominal trauma, this has been expanded to include the
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management of extra abdominal injuries, including thoracic
and vascular injuries [4¢]. As the indications and methods of
damage control surgery continue to evolve from these initial
descriptions, a critical evaluation of vascular damage control
is warranted. The focus of this chapter is to provide a detailed
discussion of damage control surgery as it relates to vascular
injury, ranging from simple compression to definitive repair.

Historical Perspective

The current treatment of vascular trauma has been shaped
not only by our experience in civilian injuries, but by the
results derived from wartime intervention. Vascular trau-
ma before and during World War II consisted predomi-
nantly of ligation and amputation, largely due to the abys-
mal medical evacuation times [5]. Although saphenous
vein bypass was described as early as 1949 [6], arterial
reconstruction after injury was not widespread until the
Vietnam War, where amputation rates were significantly
improved from the traditional 50-60% rate of limb loss
with ligation during combat to an acceptable 13% [7].
However, not all injuries are amenable to immediate arte-
rial repair, leading to the need for temporary restoration of
vascular perfusion while awaiting formal reconstruction.
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With early technical descriptions provided by Tuffier [8]
and experience reported by Makins in World War 1, the
initial concept of an implantable prosthetic shunt was to
be a temporary solution, with planned failure. The prac-
tice relied on restoration of flow allowing time for
collateralization as the shunt thrombosed and failed over
time, preventing the neuromuscular damage created by
permanent or prolonged ischemia associated with acute
arterial disruption or occlusion [9]. As shunt materials were
improved and methods of arterial reconstruction became more
widespread, modern descriptions of temporary vascular shunts
began to be reported. Once again, this progressive technique
resulted in a decrease in amputation rate with the early and rou-
tine use of temporary arterial shunts compared to conventional
treatment [10]. It was not until medical air evacuation became a
reality that the concept of temporary, removable arterial shunting
became truly useful in wartime vascular trauma. In the modem
era, this practice has been increasingly well documented [11ee,
12—-14]. Surgical intervention in civilian trauma has followed
suit, and temporary shunting is now a standard of care in damage
control treatment of vascular trauma [15¢, 16, 17¢].

Vascular Injury and Hemorrhagic Shock

According to the Centers for Disease Control, trauma is the
leading cause of death for all patients in the USA up to the age
of 45 years and is the fourth leading cause of death across all
age groups. Within this population, exsanguinating hemor-
rhage is the cause of 30—40% of trauma-related mortality
and is the leading cause of preventable death, underscoring
the need for early hemorrhage control to salvage both life and
limb. In the setting of compressible hemorrhage, this interven-
tion should be performed immediately via direct compression
or tourniquet use, as up to 56% of hemorrhage-related deaths
occur in the prehospital period. Unfortunately, up to 70% of
deaths from otherwise survivable injuries result from non-
compressible torso hemorrhage, requiring more invasive in-
tervention [18, 19].

Methods of initial hemorrhage control (and therefore
damage control) in the prehospital setting range widely.
From simple direct compression and application of topical
hemostatic agents, to proximal tourniquet application, all
are paramount in temporizing or minimizing ongoing
blood loss and mitigating the onset of hemorrhagic shock.
The widespread use of tourniquets has been a major im-
provement in trauma care in the setting of bleeding extrem-
ity injuries, again paralleling trends seen in the analysis of
wartime injuries. This intervention has the benefit of tem-
porizing ongoing hemorrhage with minimal complications
[19, 20, 21¢]. The rapid expansion of the “Stop the Bleed”
campaign across the USA aims to improve even lay by-
stander awareness and preparedness. These early methods
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of intervention are simple and widely applicable and may
prevent worsening metabolic derangements and progression
to the deadly triad of trauma: coagulopathy, hypothermia, and
acidosis.

In the hospital setting, definitive hemorrhage control
and restoration of distal perfusion become the goal. If on-
going bleeding is noted on initial evaluation, the focus
should be on immediate intervention to prevent ongoing
blood loss. Again, direct pressure must not be overlooked.
In the setting of extremity injuries, tourniquet placement,
or the need for additional tourniquets, must be evaluated.
Placement of Foley catheters or other occlusive devices
into junctional penetrating wounds for tamponade via bal-
loon inflation can also be considered. Topical hemostatic
agents may be available in the emergency department set-
ting and can improve hemorrhage control. Balloon occlu-
sive devices may also be considered in non-compressible
torso or junctional hemorrhage not amenable to other
methods of control.

The success of the above interventions will dictate the sub-
sequent treatment algorithm. Other life-threatening injuries
must be ruled out prior to discussion of definitive repair or
restoration of distal perfusion. The patient’s physiology and
overall injury burden should be rapidly assessed. Balanced
blood product transfusion should be followed as an essential
component of damage control resuscitation to optimize sur-
vival for those who present with significant vascular trauma
and hemorrhage [22, 23]. Temporizing bleeding and resusci-
tation should not delay definite operative control of the bleed-
ing source.

Indications for Vascular Damage Control

Vascular damage control should be considered in several clin-
ical situations:

*  Physiologic derangements: Patients who present in hem-
orrhagic shock with severe associated metabolic de-
rangements will require truncated operative interven-
tions in favor of damage control resuscitation in the
ICU setting with massive transfusion and aggressive
rewarming. Attempts to reconstruct or repair all asso-
ciated injuries will result in worsening of hypothermia,
coagulopathy, and acidosis.

»  Severe injury burden: In the setting of multisystem trauma
with a large injury burden requiring emergent interven-
tion, vascular damage control should be considered.
Even if the patient is stable, if definitive reconstruction is
likely to result in a physiologically deranged patient, dam-
age control should be used.

* Associated bony injury in the extremity: Patients with
mangled extremities or unstable fractures that require
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bony fixation should have temporary restoration of distal
perfusion. Ifthe patient remains stable, orthopedic fixation
can be performed. If the patient tolerates this, definitive
vascular reconstruction can then be performed.

Other considerations for damage control are related to non-
clinical factors:

* Austere environments.: In settings where the provider
skillset is insufficient or the infrastructure will not support
definitive reconstruction, temporary flow restoration will
buy time for transfer to definitive care.

*  Lack of experience: Some surgeons or facilities may not
be familiar with or capable of managing complex vascular
reconstruction, necessitating medical evacuation to a
higher level of care that offers specialty surgical
intervention.

*  Mass casualty events: When patient volume is high, re-
source allocation must be considered. Surgeons and sup-
port staff may be unable to devote hours to meticulous
reconstruction necessitating temporary measures of hem-
orrhage control and restoration of distal perfusion.

Underestimating the physiologic insult of the trauma pa-
tient, or overestimating the capabilities of the surgical team
may result in disastrous outcomes if damage control tenets are
not followed.

Methods of Vascular Damage Control

When the decision to proceed with vascular damage control
surgery is made (or forced), several options should be consid-
ered, including ligation, shunting, and packing. In a broad
sense, most venous injuries may be ligated, arterial injuries
excluding distal extremities should be shunted, and retroperi-
toneal or parenchymal bleeding should be controlled with
cautery, topical hemostatic agents, or gauze packing.
However, specific consideration should be given to anatomic
location, tolerance of ligation, and intricacy of definitive re-
pair, even at the time of the index operation.

For ease of discussion, these injuries can be divided into
arterial or venous. This can often be quickly identified preop-
eratively, on imaging, or intraoperatively when hemorrhage
control and vessel exposure are achieved. Once this distinc-
tion has been made, the decision of repair, shunting, or ligation
is dictated by the anatomic location, severity of injury, and
ability of the collateral circulation to tolerate ligation versus
the necessity for restoration of flow. Proximal and distal con-
trol should be obtained to assure reliable hemorrhage control
and assessment of injury, followed by the following decision-
making strategies.

Arterial Injuries

Arterial injuries are not only life- and limb-threatening but
also time-sensitive. The classic “six-hour window,” originally
described by Miller in 1949, highlights the importance of
timeliness regarding restoration of vascular inflow for both
survival and return to normal function [24]. This is certainly
not an absolute, but the earlier flow is restored, the better the
outcome.

Ligation

Classically, non-named arteries can be treated with simple
ligation. Of the larger, named vessels, the profunda femoris,
unilateral renal artery, bilateral internal iliac, and external ca-
rotid arteries can also be ligated in a damage control situation
[25-27]. Safe results after ligation have been reported even
with mesenteric vessels, assuming adequate collateral flow
can be assured, as with the celiac axis and inferior mesenteric
arteries [28-30]. This is unlike injury to the proximal superior
mesenteric artery, which results in significant ischemia of the
small bowel and right colon if ligated [31]. Regarding the
distal extremities, ligation should only be considered after
the bifurcation or trifurcation in the upper and lower extrem-
ities respectively. In the upper extremity, this includes the
radial or ulnar artery with an intact palmar arch [32]. In the
lower extremity, this includes vessels below the trifurcation.
Here, as long as one of the runoff vessels is patent, outcomes
in a damage control setting will be acceptable [33]. Although
ligation of more proximal extremity vessels has been reported,
significant morbidity should be expected due to the lack of
reliable collateral flow, and alternative methods of temporary
flow restoration should be used instead [5, 34, 35].

Shunt Placement

As discussed earlier in this chapter, there are vessels that will
not tolerate ligation. In the damage control setting, these ves-
sels can be temporarily reconstructed functionally with a shunt
[36°]. It is fast and requires basic materials and a minimal
technical skillset. As such, this should be part of the armamen-
tarium of any surgeon taking trauma call.

The practice of shunting has proven particularly effective
in the combat setting as a temporizing means of flow restora-
tion. This allows forward deployed surgical teams to provide
rapid damage control prior to evacuation for definitive recon-
struction. Similarly, civilian data has shown temporary shunt
placement to be an effective means of damage control, partic-
ularly in the setting of more proximal vessels that cannot be
safely ligated. Specifically, outcomes noted with common and
external iliac shunt placement result in superior outcomes
when compared to traditional ligation, resulting in a decreased
risk of amputation [37¢]. This practice has essentially replaced
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the need for ligation. As discussed above, the benefit of estab-
lishing arterial inflow also allows for complex orthopedic fix-
ation or tissue reconstruction to be carried out without con-
cerns for prolonged ischemia, or disruption of delicate vascu-
lar repair [15¢e, 16].

Mesenteric vessels have been treated similarly, in situa-
tions where simple primary repair is impossible, or ligation
is prohibitive due to the proximal nature of the injury and
subsequent risk of bowel ischemia. Successful reports in-
clude superior mesenteric artery shunting as a bridge to
definitive vein harvest and repair after the patient’s condi-
tion has stabilized [38].

Definitive Repair

A detailed description of the wide range of possible repair
techniques is beyond the scope of this review text. However,
for completeness, simple non-destructive arterial injuries may
be repaired with primary repair at the time of initial damage
control, as long as it is rapid and effective. More important is
the discussion of the operative timing for definitive recon-
struction after damage control shunting. The patient’s clinical
condition, rather than the time since initial operation, should
dictate the timing of definitive repair. Physiologic parameters
such as temperature, coagulation, and acid base status, as well
as need for ongoing resuscitation or vasopressor support, must
be considered.

Fasciotomy

The need for fasciotomy at the time of definitive repair or
damage control surgery should be considered in all patients.
A liberal approach has been shown to significantly reduce the
morbidity and mortality of muscle swelling after revasculari-
zation, showing as much as a fourfold reduction in overall
complications, including amputation [39+¢]. The longer the
ischemic insult, the more important is this consideration.

Fasciotomy after venous injury, however, should be
carefully considered. Certainly, when clinical concern for
compartment syndrome exists, compartment release is
mandatory. However, the routine use of the fasciotomy
often utilized after arterial injury may result in significant
bleeding related to elevated venous pressure due to venous
stenosis or ligation [40].

Venous Injuries

When considering damage control for venous trauma, any
complex injuries should be ligated. Aside from injuries ame-
nable to simple lateral venorrhaphy, there is little utility for
venous repair in the hemodynamically unstable patient,
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excluding a few specific circumstances that warrant brief
discussion.

Ligation

Apart from the portal vein, superior mesenteric vein,
perinephric or suprarenal inferior vena cava, right or
perinephric left renal, and bilateral internal jugular veins, al-
most all venous injuries can and should be ligated. Certainly, if
a simple repair is feasible without creating significant stenosis,
it is encouraged. However, anatomic drainage excluding those
vessels mentioned above is reliably mitigated by adequate
collateral flow. Even in cases where significant collateral flow
is not present, as in the iliac veins, the most substantial noted
morbidity with vessel ligation is typically unilateral extremity
edema, which is almost always transient. This is preferable to
a repair that results in flow-limiting stenosis due to the asso-
ciated risk of thrombosis and pulmonary embolism [41].
Should ligation of the infrarenal vena cava or iliac veins be
required, the lower extremities should be wrapped and elevat-
ed as soon as feasible to prevent complications associated with
the subsequent edema.

Shunt Placement

While shunt usage in the venous system has theoretical ad-
vantages, data supporting a definite clinical benefit of this
practice is yet to be reliably demonstrated [42]. For veins that
cannot be ligated however, this is an excellent option.

Definitive Repair

If repair is to be considered, it is important to consider the
overall injury burden, the complexity of the repair, and the
additional time required for definitive repair prior to subject-
ing the patient to additional operative time. This is perhaps
most well illustrated by the report of Stone et al. regarding the
observed mortality reduction when early ligation was used
rather than ligation after failed attempts at reconstruction
[43]. Most reports of complex venous repair demonstrate poor
outcomes regarding short-term patency, questioning the utility
of this practice [44].

Shunting Technique

Temporary vascular shunt placement is a relatively straight-
forward procedure. After identification and assessment of the
injury, proximal and distal hemorrhage control is obtained.
This is followed by evaluating the appropriateness for liga-
tion, simple repair, or temporary shunting in the damage con-
trol situation.
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Choice of Shunt

The next critical decision is choice of shunt. Ideally, the largest
conduit that the injured vessel lumen can accommodate
should be used to reduce risk of flow limitation or thrombosis.
Several commercially manufactured shunts are available, but
any sterile atraumatic tubing will suffice if the caliber is ap-
propriate. Options for use range from sterile intravenous tub-
ing, pediatric chest tubes or feeding tubes, to purpose-built
commercial shunts. At our center, for peripheral injuries, we
use Argyle (15 cm) vascular shunt kits as they are inexpensive
and provide a range of sizes (8—14 Fr) that are rapidly avail-
able in a single kit. For central injuries, non-commercial de-
vices must be utilized. Preparation is a key, and these devices
should be readily available in the trauma operating room.

Embolectomy and Heparinization

Prior to shunt insertion, all thrombus should be evacuated with a
Fogarty embolectomy catheter. For the distal extremities, we
prefer 3—4-Fr embolectomy catheters, with 5—6-Fr catheters
for larger, proximal injury locations. Once adequate back bleed-
ing and inflow are assured, local infusion of heparinized saline
(5000 U in 100 mL normal saline) can be performed via an olive
tip syringe. Although additional systemic heparinization may be
used for isolated extremity injuries, it is not necessary and
should not be used in the damage control setting. Reliable shunt
patency has been reported without the routine use of heparin.

Shunt Insertion

While many authors suggest trimming the damaged vessel, it
is our practice to leave the damaged edges intact, reserving
debridement of the affected portion until the time of definitive
repair. Because any vessel wall proximal to the ties will be
lost, there is no advantage to trimming the edges, as this will
waste vessel length. The distal end of the shunt should be
inserted and gently secured with 0-0 or 2-0 silk around the
native vessel. Care should be taken to insert the shunt directly
into the lumen without dissecting the wall. This process is
repeated with the proximal end of the shunt, and each tie is
secured to a long silk tie placed around the central portion of
the shunt to assure migration is prevented.

Shunt Evaluation

After shunt insertion, distal pulses, Doppler signals, or a con-
firmatory angiogram must be evaluated prior to leaving the
operating room to assure appropriate distal perfusion and for
establishing a baseline to monitor interval shunt patency.
Should distal perfusion be deemed inadequate, shunt position-
ing and vascular inflow and outflow should be re-evaluated

and corrected. Intraoperative angiography can be beneficial in
this setting to localize any technical complication.

Conclusion

Vascular damage control is central to the concept of damage
control surgery and resuscitation. The need for time-limited
interventions to save life and limb should be a part of the
armamentarium of all surgeons who care for the injured pa-
tient. Rapid intervention is critical for reversal of the physiol-
ogy caused by unabated hemorrhagic shock: profound meta-
bolic acidosis, worsening coagulopathy, hypothermia, and ul-
timately death. The above interventions provide a method of
rapid intervention to control life-threatening hemorrhage,
preventing this progression while maintaining distal perfu-
sion, allowing survival to definitive repair.
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