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Key Points

» Interventional radiology in damage control setting
of the hemodynamically unstable trauma patients is
an aggressive and time-restrained algorithm priori-
tizing saving life of the exsanguinating trauma
patient.

e DCIR aims to control hemorrhage by any possible
means to save life in an extremely time-conscious,
aggressive and minimally invasive manner.

e The hybrid trauma room containing an angiography
suite/operating room is a developing program
around the world in the attempt to build new facili-
ties to best hemorrhage control of DCIR treatment
in severely injured trauma patients.

e The choice of materials, embolic agent, and the
operator expertise are critical to the success of
DCIR.

* DCIR belongs to a teamwork effort to maintain the
patient alive in a very time-conscious procedure,
and all decisions should be shared with the trauma
team.

57.1 Introduction

The improvement of the acute trauma care workflow per-
formed by a trained multidisciplinary team [1] and the
increasing role of interventional radiology (IR) have been
changing the management of severely injured patients [2].
Hemorrhage control is time critical, and delaying the opera-
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tive intervention increases the mortality risks [3]. The hem-
orrhage control should occur as soon as possible [4], in a
time-consciousness protocol to reduce coagulopathies and
secondary compartment syndromes’ risk [4-6].

Damage control interventional radiology (DCIR) is an
aggressive and time-restrained algorithm that prioritizes sav-
ing life of the severely traumatized patient with ongoing
hemorrhage [1] focusing on hemodynamically unstable
patients. Different from DCIR, conventional emergency
interventional radiology (CEIR) focuses on hemodynami-
cally stable patients; however, both groups require distinct
approaches, methods, and strategies.

The prompt and rapid endovascular strategies in trauma
occasions (PRESTO) algorithm addresses and manages the
trauma of severe acute hemorrhaging patient from the moment
of arrival to the trauma bay until initial completion of hemo-
stasis [1]. This algorithm is based on the motto “Start soon and
finish sooner” and aims to shorten the timing of interventional
radiology (IR) activation when compared to CEIR. It also
relies on the rapid completion of hemostasis in hemodynami-
cally unstable patients, specifically tailoring the damage con-
trol. The PRESTO/DCIR algorithm can successfully manage
severely injured patients and can increase survival rates [2].

The term “damage control” is derived from the US Navy
and describes the capacity of a ship to absorb damage and
maintain mission integrity [7]. The concept of “damage con-
trol surgery” was developed in the early 1980s to reduce
mortality in exsanguinating patients with coagulopathy [8].
In the management of traumatic hemorrhage, the risk of
death is increased by a vicious cycle of hypothermia, coagu-
lopathy, and metabolic acidosis known as the triad of death.
The “damage control” approach reduces the mortality rate in
severely injured patients [9—13]. It is a multistep strategy that
aims to restore normal physiology over restoring normal
anatomy in hemodynamically unstable patients, controlling
but not definitively repairing the injury. Definitive surgery
would only occur once all physiological parameters were
corrected and normalized [14].
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DCIR focuses on hemodynamically unstable patients and
aims to control hemorrhage by any possible means to save
life in an extremely time-conscious, aggressive, and mini-
mally invasive manner. According to PRESTO/DCIR [1], all
procedures from catheterization to the final visual confirma-
tion of embolization are to be completed within a 10-min
window for each targeted vessel. The goal of DCIR is not to
reach a perfect distal embolization but rather to contain the
ongoing bleeding in the fastest way to maintain or re-
establish normal hemodynamic values.

The DCIR also develops a crucial role in the presence of
arterial hemorrhage after damage control laparotomy.
Sometimes the arterial hemorrhage could not be controlled
by correction of coagulopathy, and it requires an adjunctive
endovascular intervention procedure such as transarterial
embolization [15-18].

57.2 Principles, Tools, and Techniques of IR
in the Setting of Trauma

It’s important to record that DCIR belongs to a teamwork
effort to maintain the patient alive in a very time-conscious
procedure and all decision should be shared with the trauma
team group. As in damage control surgery, the DCIR could
be a multistep strategy that aims to maintain the patient alive
over restoring normal anatomy, sometimes controlling but
not definitively repairing the injury.

The choice of materials, embolic agent, and the opera-
tor expertise are critical to ultimate success. Smaller
blood vessels typically require femoral access with a 5F
sheath, distal catheterization with microcatheters, fol-
lowed by deployment of microcoils, gel-foam slurry,
beads, and glue, based on operator familiarity. In hemody-
namically unstable trauma patients, the entity of trauma is
usually bigger, and the IR must be more aggressive to
save the life of the patient by rapidly controlling exsan-
guinating hemorrhage. An organ may be sacrificed as life
matters most [1], and a balance needs to be struck between
precision and suboptimal embolization [19-22]. As the
procedure should be done in the shortest time possible,
the expertise of IR and the ability with material play a
crucial role.

Larger vessels (such as proximal internal iliac and
splenic arteries) typically require femoral access with 5F

or 6F sheaths followed by deployment of larger coils or
Amplatzer plugs [23, 24]. For other arterial injuries, the
placement of covered stent grafts is a valid option and
usually requires sheath access that can be obtained,
depending on the location of the injury, from either the
femoral or brachial artery. Usually, femoral access is pref-
erable because stent grafts require sheaths up to 7F or 8F
and should be placed over the stiffest wire possible to
allow for better support during deployment. The choice of
self or balloon-expandible stent grafts depends on the
type and the localization of the vascular lesion. Self-
expandible stent grafts are more flexible and can be
tracked easily through tortuous anatomy; they can con-
form to different diameters of a single vessel and should
be oversized to reach an outward radial force for good
vessel wall apposition. They also have higher resistance to
crushing or deformation in mobile areas of the body and
are produced in a greater range of diameters and lengths;
for these reasons, they are more frequently used. Balloon-
expandable stent grafts are ideal for immobile and well-
protected areas of the body, such as renal, mesenteric,
common iliac, and subclavian arteries, as well as ostial
lesions. In addition, these stent grafts have higher preci-
sion in deployment compared to self-expanding stent
grafts [23, 24].

When severely injured patients are hemodynamically
unstable, the DCIR suggest abandoning any time-consuming
procedure in favor of another for the sake of patient survival.
Placing a temporary balloon catheter will maintain sufficient
blood flow and pressure, whereby providing the physician
enough time to assess and consult with trauma team whether
to continue the IR procedure or not. It’s important to remem-
ber that for an aortic balloon occlusion, it’s necessary vascu-
lar access with sheaths up to 12Fr. During DCIR procedure,
the operator is expected to reassess each maneuver every
5 min. In this setting, failing or time-consuming procedures
(>5 min) should be discontinued and replaced by alternative
procedures [1].

The use of a hybrid trauma room containing an angiogra-
phy suite/operating room is the future trend to better DCIR
treatment. A time rigorous and specifically designed proto-
col for hemodynamically unstable patients is crucial to suc-
cessfully control time and consequently increase survival
rates.
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Case 1. Mediastinal Hematoma The right bronchial artery was super-selectively
Male 77 years old hemodynamically unstable with mediasti- entered, and the embolization was performed with
nal hematoma with arterial blushing from the right bronchial ~ Glubran (Figs. 57.3 and 57.4).

artery. The mass effect of the hematoma determined atrial

compression and atrial fibrillation (Figs. 57.1 and 57.2).

Figs.57.1 and 57.2 Mediastinal axial CT with and without contrast

Figs.57.3 and 57.4 Super-selective entering the right bronchial artery with microcatheter 2.7Fr. After embolization, imaging showing the
occluded vessels
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Case 2. Axillary Injury The angiography confirms the left axillary injury. A
Male 48 years old, hemodynamically unstable trauma cover stent was placed to correct the axillary lesion.
with pneumothorax and axillary artery injury.

Case 3. Pelvic Fracture with Arterial Bleeding from Left

Hypogastric Artery angiography confirms blushing from left obturator artery,

super-selective catheterization was quickly performed,
Female 68 years old with a pelvic and femoral fracture. and the pseudoaneurysm was occluded with Glubran.
CT after pelvic packing shows arterial blushing. The
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Case 4. Pelvic Fracture with Arterial Bleeding from
Hypogastric Artery

Female 38 years old with pelvic fracture. The angiogra-
phy shows blushing from right obturator artery; quick
embolization was performed with Glubran.
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Case 5. Hepatic Injury firms the right hepatic blushing. Quick embolization was

Male 50 years old, hemodynamically unstable after performed with Glubran. The patient developed a hepatic
motorcycle polytrauma. The axial CT scan shows arterial —abscess that was drained; no hepatic dysfunction was
blushing in the S7 hepatic segment. The angiography con-  observed later.
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Case 6. Splenic Embolization shows a grade IV spleen lesion. The angiography con-
Male 66 years old, hemodynamically unstable poly- firms CT found. Quick embolization was performed with
trauma, after falling from the second floor. Axial CT scan  proximal splenic artery plug.
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Case 7. Extremity Vascular Injuries blushing from deep femoral arterial with arteriovenous
Male 30 years old, hemodynamically unstable polytrauma fistula. The branch was embolized with Glubran. The
after a free fall. The angiography confirms the arterial X-ray shows the Glubran occluding the vessel.
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Case 8. Blunt Traumatic Thoracic Aortic Injury

Blunt thoracic aortic injury after a car accident in a
hemodynamically unstable patient. Thoracic endovascu-
lar aortic repair (TEVAR) was performed.
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