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Chapter
Vascular Trauma

Krzysztof Szaniewski, Tomasz Byrczek and Tomasz Sikora

Abstract

Trauma is a leading cause of death and disability in young adults in developed
countries with the high impact on future patient quality of life and productivity.
The traumatic injury of the vessels is one of the most dangerous types of injury,
requiring a fast and reliable diagnosis and, in vast majority of cases, immedi-
ate surgical treatment. In this chapter, the authors describe various types of
vascular injuries according to injury types and locations. The prehospital care
algorithms in patients with vascular trauma are proposed with the emphasis on
bleeding control techniques and transportation technique to the nearest hospital.
In the next subsection, the various peripheral vascular injuries of specific body
areas are described. The truncal vessel trauma is discussed in the next subsec-
tion, focusing on fast diagnosis and decision on surgery. In the last subsection,

a problem of iatrogenic vascular injury is described due to a rapid increase of
minimally invasive techniques in which a vascular injury, as a complication of
therapy, may occur.

Keywords: vascular trauma, vascular injury, peripheral vessels injury, truncal vessels
injury, iatrogenic vascular trauma, aortic injury

1. Introduction

Trauma has become a leading cause of death among young adults in indus-
trialized nations. In the United States in 2010, trauma was the cause of death
in 63% of patients aged 1-24 years and 42% of the patients in the ages 25-44.
Furthermore, trauma results with lowered patient’s productivity with high
economic impact. A vascular trauma incidence is estimated between 1.6 and 2%
in adults during peace and between 6 and 12% during war. Most of the civil-
ian casualties are injured by penetrating objects like firearm bullets, blades, or
machine parts. In Europe, where access to firearms is limited, most of the pen-
etrating vascular injuries result from criminal acts (e.g., knife stabbing), traffic,
and labor accidents [1, 2].

2. Prehospital care in patients with vascular injury
2.1 On-site emergency procedures and medical transport

Fast initial diagnosis, patient’s vital signs stabilization together with effective
bleeding control, and quick transport to the hospital are crucial factors influencing
future prognosis.

After the evaluation of the overall security condition on trauma site (traffic
accident, disaster site, explosion area), it is important to predetermine a possible
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trauma mechanism in order to predict possible vascular injury as well as collateral
damage of the adjacent tissues [2].

The next step is the patient examination. After the initial evaluation of vital
signs and recording the state of a victim’s consciousness (GCS), a CABC rule should

be applied (Table1).

After CABC, a trauma extent assessment as well as medical examination are
performed (SAMPLE) (Table 2). The medical examination should cover all body
areas in direction from head to toe including the patient’s back and extremities.

The aim of that procedure is to find any eventual collateral damage which can be
life-threatening. The additional information from other victims or witnesses should
be gathered, if possible [3].

After the finishing of medical examination, the patient should be qualified to

one of the following groups:

1.LOAD & GO—victim in extremely severe condition. Only a basic set of medical
procedures is performed necessary to support life. The transport has a priority [4].

2.STAY & PLAY—all necessary procedures may be performed on-site. The
transport follows the initial care.

During the transportation, especially with unstable patient in severe condition, the
information to the admitting center (ATMIST scheme) should be sent (Table 3) [5].

The portable ultrasound devices are helpful in fast initial diagnosis of the inju-
ries of large vessels of the chest or abdomen with the use of eFAST protocol (chest,

pericardium, and abdomen) [6].
Below we propose a procedure of prehospital care in vascular trauma:

1. Initial examination, CABC, SAMPLE
2. Control of the visible external bleeding
3. Evaluation of possible internal bleeding(s)
4.Intravenous access (intramedullar), fluid supply, hypovolemic shock treatment
5.Bleeding control specific to the vascular injury area
6. Medical transport and ATMIST
2.2 Specific procedures of bleeding control according to area of the injury
Vascular injury of the extremities:

¢ Direct wound compression.

C Control bleeding—the bleeding controls a visible and life-threatening hemorrhage
A Airways—secure the airways and evaluate possible obturation causes
B Breathe—ventilation rate, volume, and effectiveness
C Circulation—central and peripheral circulation assessment, blood pressure, capillary flow, and skin
perfusion
Table 1.

CABC rule in prehospital care of the patient.
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S Symptoms (bleeding, ischemia, shock, fractures, wounds, etc.)
A Allergies (drugs, food, chemicals (e.g., disinfectants), materials (plaster dressing, etc.))
M Medicines—recently used or prescribed medicines
P Past—medical history and pregnancies
L Lunch—Ilast meal, time, and volume
E Event—what has happened
Table 2.

SAMPLE rule in the examination of the victim of an accident.

A Age

T Time of the event

M Mechanism

I Injuries

S Symptoms

T Treatment (already performed)
Table 3.
ATMIST algorithm.

e Limb elevation.

o Compression dressing.

Tourniquet: usually applied on arm or thigh, less often in distal areas (fore-
arm, below the knee) usually 8 cm above the suspected vascular lesion. An
effective modification of that technique is to apply two tourniquets, one
high on the limb and the second 8 cm above the wound. Then the first one is
released, while the second stays closed [3, 7].

Packing of the bottom of the wound with sterile gauze with continuous
compression.

Hemostatic dressings and substances: in the form of dressing, powder or
foam—usually a 3-5 min time is needed to initiate coagulation between a
dressing and injury site [3, 8].

Vascular injuries in the connection areas (armpits, groins):

* Direct compression.
* Compression dressing.

* Specific compression systems.

o JETT (Junctional Emergency Treatment Tool).

o SAM Junctional Tourniquet: the systems which are applied on inguinal

or axillary regions where traditional compression system application is
limited [9, 10].
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Neck vasculature lesions:

* Direct compression.
» Compression with contralateral hand.

¢ Hemostatic media.

Vascular injuries of the head:

* Direct compression.
¢ Haemostatic suture of the skin vessels.

Vascular injury of the chest:
* Direct compression.
* Occlusive dressing.

* Emergency thoracotomy.

Vascular injury of the abdomen:
* Occlusive dressing.
* Hemostatic foams
o Abdominal aortic and junctional tourniquet (AAJT)
o Resuscitative endovascular balloon occlusion of the aorta (REBOA) [11, 12]

Vascular injury of the pelvis:
* Pelvic belt.

¢ Hemostatic foams.

2.3 Hypovolemic shock and fluid therapy

Patients in hypovolemic shock with controlled external bleeding should be
administered with 500-1000 ml of crystalloids, with a constant blood pressure
control. Blood pressure may be maintained near to normal values. In patients where
there is no possibility to control the external or internal bleeding, crystalloids
volume should allow to maintain the systolic blood pressure on the perfusion level
(80-90 mmHg) to prevent anaerobic metabolism in supplied tissue. Exceptionally
in patients with the traumatic lesion of the central nervous system, the systolic
blood pressure should be maintained on higher levels of 100-110 mmHg, which
secures cerebral perfusion pressure on the level of 60 mmHg [13].

3. Peripheral vascular injury

Isolated vascular injury of the extremities is the most common vascular injury
type during the peace in high-volume trauma center in Europe. The incidence rises
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in highly urbanized area due to traffic and labor accidents and varies between 1 and
2% of total number of traumatic patients admitted to the ER [14]. In our center, the
incidence of the vascular trauma among all traumatic patients was 3% in a 5-year
period (2014-2018). In the upper limbs, the regions of elevated risk are the armpit,
the medial part of the arm, and the ulnar fossa due to a superficial position of the
vascular structures. In the lower limb, attention should be focused on injuries of
the groin, the medial thigh area, and the popliteal fossa. The ligation of the artery
in vascular injury below the brachial bifurcation or knee trifurcation usually has no
risk of the peripheral limb ischemia.

The vascular damage may be caused by penetrating object (like knife blade, a
part of a machinery, steel rod, etc.) or may have been an effect of the blunt trauma
with the force acting directly on the vessel wall or by the surrounding tissues like
bone fragments or luxated joints. Penetrating injuries, mostly with low energy
character, constitute 70-90% of cases [15]. Blunt vascular trauma may be the effect
of the vessel contusion and secondary thrombosis, which is often a result of the
knee joint or upper arm luxation and dislocation of the humerus/tibia causing the
blunt trauma.

According to an extent of the wound, in penetrating vascular injury, various
clinical manifestations may occur, from puncture wound with minimal bleeding
and minute signs of the peripheral ischemia to a large laceration of the skin with
life-threatening hemorrhage.

3.1 Diagnosis

The on-site evaluation and diagnosis was described earlier in this chapter; in
hospital, the physician after gathering information from the medical emergency
service team should also try to obtain information from the patient especially about
the traumatic mechanism and possible time of eventual ischemia. The mechanism
of injury has a prognostic value. High-energy injuries (penetrating or blunt)
have elevated risk of vascular damage, and the risk of amputation is higher in
high-energy blunt trauma. Collateral damage of surrounding tissues and adjacent
structures may require separate intervention (e.g., orthopedic surgery), or in the
case of extensive polytrauma, complex interdisciplinary approach with advanced
life support techniques.

It is generally agreed that after 6 hours of the limb ischemia, irreversible changes
occur in the nervous and musculatory systems, though it is important to precisely
evaluate the onset time. The time may be counted from the injury time or if the
ischemic process is iatrogenic (e.g., tourniquet, pressure dressing) from the time in
which the blood flow was stopped.

Concomitant diseases and patient’s medical history are also important (arte-
riosclerosis, cardiac diseases, diabetes), as well as medications are prescribed,
especially ASA and VKA.

3.2 Medical examination

The decision of immediate surgery, especially when active bleeding is con-
cerned, is crucial at the first minutes of examination, due to a high mortality rate
in the case of misdiagnosis. A vast majority of victims presenting “hard signs” of
vascular trauma require an immediate operation with sensitivity above 90%; on the
other hand, if no “hard sign” is present (Table 4) (Figures 1 and 2), the vascular
trauma probability is very low [16].

“Soft signs” are not so specific in the prediction of the vascular injuries, and
immediate open repair usually is not necessary. A single soft sign increases a chance
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Hard signs Soft signs
Active pulsatile bleeding Pulse deficit
Rapidly expanding hematoma Neurological deficit
Pulselessness Paleness of the extremity
Acute ischemia Nonexpanding hematoma
Vascular thrill —
Bruit —

Table 4.

Hard and soft signs of vascular trauma.

of vascular injury in 10%, and two or more soft signs can have a vascular injury rate
of 25% [17, 18] (Figure1).

The pulse and extremity blood supply should be evaluated in the first place.
A physical examination and the pulse palpation of all extremities should be
performed.

The bleeding should be stopped as soon as possible by the use of compres-
sion dressing and tourniquet or if the situation allows temporary shunting of the
damaged artery or vein. The vessel clamping or ligation can be done only in the
last resort, when the patient’s life is directly at risk. If the damaged vessel is clearly
visible and ischaemic symptoms occur, the patient should be referred to vascular
surgery in order to perform emergency revascularization. After the bleeding
control, the focus should be directed on the chances of the limb salvage. The MESS
score is the most popular tool in assessment of the extremity salvage chance [cite

- -

Figure 1.
A typical “havd sign” of the blunt vascular injury of the groin.
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Figure 2.
The algorithm of the management of the peripheral vascular injury patient.

mess]. Afterwards, if ischaemic signs are present, the limb condition should be
rated according to TASC II categorization. Quite often there is no sign of active
bleeding, especially in young patients where even a total intersection of femoral or
brachial artery does not end with massive hemorrhage due to a vessel end contrac-
tion and thrombosis [18-20].

Ankle-brachial index (ABI) or arterial pressure index (API) is a useful adjunct
to physical examination. ABI value <0.9 has 87% sensitivity and 97% specificity in
the assessment of vascular trauma, reaching 95% of sensitivity when focused on big
arterial trunks. ABI value below 0.9 is an direct indication for further imaging as
US, CT angiography, or MRI. On the other hand, ABI value >0.9 with no signs of the
orthopedic injury allows to release the patient from ER, with the further referral to
outpatient clinic in the next few days for reassessment of eventual delayed presenta-
tion of vascular injury [21].

3.3 Treatment

In the first option of treatment, especially in patients presenting with TASC II
and III category , the treatment of choice is an open repair. Both stumps of the dam-
aged vessels should be identified and clamped.

After the thrombectomy and vessel stump preparation, an anastomosis is
performed. The best option is end-to-end anastomosis without any conduit;
however that option is only possible in directly cut vessels where the surgeon is able
to mobilize vessel stumps from the surrounding tissue very often soaked with the
blood and tissue liquids. If there is any tension between arterial or venous stumps,
the better option is to make a conduit, preferably from autologous vein. Reversed
great saphenous vein (GSV) graft is the most popular choice; however, there are
other possibilities like small saphenous vein and basilic or radio-cephalic vein.
However, SSV and other peripheral veins are more difficult to harvest and may have
insufficient diameter.

If the vein is not available, the surgeon faces a decision whether to use a
homologous material (if available) like frozen bovine graft or frozen homograft
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Surgical material

Autologous vein GSV, SSV, RCV, BV

Frozen bovine graft

Homograft

Silver-coated prosthesis (Braun, Intergard)

PTFE

Rifampin-soaked Dacron

Table 5.
Material for grafting in vascular injury.

or to use synthetic prosthesis. If the synthetic prosthesis has to be used as a
conduit, the most infection-resistant option available on shelf should be utilized
(Table 5).

The endovascular modality is limited only to cases with preserved continuity
of the vessel, which can be visualized only in CT angiography, and we recommend
that option to patients with TASC I category (viable limb). Usually endovascular
approach is effective in arterial puncture with pseudoaneurysm formation or arte-
rial thrombosis in cases of isolated blunt trauma mostly in popliteal and axial region
or in cases of arm luxation (Figures 3-5).

Plisizigiezie 5255 i

X1

Figure 3.
Blunt trauma of the popliteal fossa resolved by the endovascular approach. (a) thrombosis of the popliteal artery,
(b) vestored flow in the vessel
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Figure 4.
The pseudoaneurysm sac successfully closed by biothrombin injection (arrow) [22].

Figure 5.

The pseudoaneurysm of the right axillary artery successfully resolved by trans-catheter thrombin injection.
(a) a CT scan of the lesion, (b) arteriography image of the lesion before the injection, (c) a balloon catheter
occluding the aneurysm “jet”, (d) angiographic image of the axillary artery after the treatment [22].
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4. Truncal large vessels trauma
4.1 Thoracic aorta injury

The traumatic damage of the thoracic aorta is usually an effect of traffic acci-
dents or sudden fall resulting from acceleration-deceleration mechanisms. Less
often it is a result of the penetrating injury like knife stabbing or gunshot. In that
case the damage of the aortic wall is usually complete with massive hemorrhage
into mediastinum or pleural cavity, which is in most cases fatal. In blunt trauma,
the most common site of injury is the descending aorta left from subclavian artery
ostium and below the aortic ligament. In most cases, the intimal tear occurs result-
ing in acute dissection progressing downwards to the visceral arteries and to the
aortic bifurcation. Sometimes we can observe almost complete aortic wall tear,
pseudoaneurysm formation in the chest and progressing dissection.

The computed angiotomography is a routine examination which allows to
diagnose the thoracic aorta injury with high accuracy and has become a standard
procedure in chest injuries. If there is no possibility of CT scanning, a transesopha-
geal ultrasound can be used however in a very limited fashion.

From the beginning of the century, a thoracic endovascular stent-graft implan-
tation (TEVAR) has become a routine procedure in salvaging patients with aortic
injury, decreasing a perioperative mortality from 70% to 15-30%. If open surgical
procedure has to be performed, a chance of survival drops dramatically to 15-20%.
The open repair usually requires high aortic clamping, and the risk of the neurologi
cal deficit resulting from spinal cord ischemia is significantly higher than during
the TEVAR. In TEVAR, however, the risk of spinal cord ischemia is also significant
(23%), especially in cases when the graft fabric covers the ostium of the left subcla-
vian artery (LSA) and suppresses the collateral circulation from internal mammary
artery (LIMA) to the intercostals. If the patient is in stable condition, a surgeon
can bypass the left subclavian ostium, by performing a carotid-subclavian conduit
preserving the flow in LSA and LIMA. Another popular neuroprotective option is
the drainage of the cerebrospinal fluid to reduce the pressure from eventual spine
edema. In many centers that procedure is performed routinely during TEVAR or
open repair when LSA closure is necessary [4, 23, 24].

4.2 Large veins of the chest

The rupture of the large veins in the chest is usually fatal, and patients do no
reach the hospital. However, if the patient’s condition allows for medial thoracot-
omy with sternotomy to expose superior vena cava, there is a chance to control the
bleeding and after the patient stabilization to reconstruct the damaged vessel. There
are some reports of successful endovascular treatment of vena cava injury [25-27];
however all concern iatrogenic injuries.

4.3 Abdominal aorta and iliac arteries

Abdominal aorta injuries result more often from penetrating mechanism than
from blunt trauma. The location of the vessel makes it relatively resistant for blunt
injury. If blunt aortic injury occurs, it is usually a part of extensive polytrauma
with spine fracture and multiple adjacent organ damage. An exception may be an
abdominal aortic rupture during blunt trauma of the abdomen without any col-
lateral damage, which can occur during a car accident or a fall. More frequent are
penetrating injures being a result of a criminal act or labor accident. The patient
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usually presents symptoms of hypovolemic shock, and the first steps should be
done to stabilize the vital signs and blood pressure and secure the adequate volume
of blood and plasma. The CT scan is a standard procedure confirming an initial
diagnosis with visible hematoma in retroperitoneal space. The REBOA procedure
(Figure 6) is useful during patient stabilization and preparation to surgery or
endovascular repair. In open repair a medial abdominal access is used to expose the
aorta for clamping and vascular reconstruction usually by the use of polyester or
PTFE graft [28]. Less often a simple suture of patch from polyester or autologous
vein is used. If there is additional collateral damage like intestine tear, hepatic or
renal injury or pelvic fracture, it can be done simultaneously. In cases of isolated
aortic damage, usually resulting from penetrating mechanism, an endovascular
stent-graft implantation (EVAR) is an effective option.

Blunt iliac artery injuries usually result in pelvic polytrauma with multiple frac-
tures of the pelvis and possible damage of the bladder, uterus, intestines and ureter.
In most cases an interdisciplinary approach of specialized trauma team is necessary,
and a vascular surgeon’s job is to restore the blood flow stopped by thrombosis of
the iliac artery or to stop the bleeding and to perform the vascular reconstruction. In
cases of hypogastric artery injury, the vessel ligation is the most common solution.
In common iliac artery or external iliac artery injury, a reconstruction with the use
of artificial bypass is the first choice. The venous grafting has a limited application
due to not sufficient diameters of available veins. In cases in which an infection risk is
elevated, silver knitted grafts are the most popular option. The isolated blunt external

Figure 6.
REBOA technique in salvaging the patient with an aortic rupture.
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iliac artery above the inguinal ligament resulting in its thrombosis and chronic limb
ischemia in young patients resulting from a bike accident were reported [29].

Penetrating external iliac artery injuries especially in the region of inguinal
ligament, known as death triangle injury, are challenging cases where fast decision
of surgery is life-saving. The bleeding control in that region is difficult and possible
only by direct compression or by modified REBOA procedure when the balloon is
opened in the common iliac artery. The open repair is a gold standard because most
of the injuries result from a knife stabbing or gunshot, and endovascular endograft-
ing has a limited application.

4.4 The injury of the inferior vena cava and iliac veins

A penetrating injury of the inferior vena cava usually produces a large retro-
peritoneal hematoma having a tendency to self-cease with the drop of the blood
pressure and compression produced by the hematoma. That condition is however
unstable, and the patient may die suddenly among the symptoms of irreversible
hypovolemic shock. Urgent surgical exploration is necessary to seal the rupture in
the vein wall. As much as possible the VCI should be exposed to find the rupture,
and after the compression of the inflow and outflow site, suture it or reconstruct
by the use of artificial graft (usually PTFE). Recently, there have been reports of
successful treatment of the VCI ruptures by the use of covered stents or stent grafts
however in majority concerning iatrogenic damage [14, 30-33].

The blunt injury of IVC is a very rare condition, with a prevalence of 1% of all
blunt abdominal traumas resulting in dissection, pseudoaneurysm formation, or
IVC thrombosis. In the literature there are single reports in the management of IVS
blunt injuries usually catheter-directed techniques [16, 34, 35].

4.5 The injury of the carotid arteries and jugular vein

The penetrating injuries of the carotid arteries and jugular veins are mostly
resulting in a stabbing effect or an effect of the gunshot. The bleeding control in
the case of open wound of the neck is a crucial element of the further success.

In the case of the venous injury, a direct compression on the ruptured vessel is
usually sufficient to transport the patient to the operation room and to perform
exploration and vessel reconstruction. The problem occurs in the case of arterial
damage with high-volume blood outflow. Too much compression may lead to severe
neurological deficits so pressure should be administered only to stop the bleeding.
Additional wound packing may also be helpful. In our opinion every penetrating
vascular injury of the neck should be surgically explored in order to prevent a
secondary damage as uncontrolled hematoma expansion leading to neurological
and respiratory deficits which is supported by the data from the literature [36, 37].
The unstable patients are qualified to immediate surgery, while the stable ones after
fast-track imaging in order to localize the exact lesion location should also undergo
surgical exploration (Figure 7).

Blunt injury of the cervical vessels is a relatively rare condition with prevalence
<0.1% and however related to increased mortality and morbidity due to a cerebral
infarction. The symptoms of the cerebral ischemia may occur up to 72 h after an
accident due to an embolisation from the local vessel thrombosis or dissection. The
CT angiography scans should be performed in all patients suffering the injury of
the neck in stable condition without signs of rapidly developing hematoma in order
to exclude a sub-intimal dissection or thrombosis which can be a source of embolic
material. In these patients an endovascular option is a good solution for covering a
damaged area with a closed cell stent or stent-graft.
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Figure7.
Left carotid artery injury with the compressing hematoma (arrow).

5.Iatrogenic vascular injury

In the recent years, in the development of mini-invasive and endovascular
techniques, an increase of iatrogenic vascular injuries is observed. A most com-
mon complication of the vascular access in endovascular approach is hematoma
and pseudoaneurysm in the access site [22, 38]. The rate of these incidents varies
between 0.5 and 1.0% and recently was decreased by the use of various vascular
sealing systems. A perforation or tear of the arterial wall not in the access site is
the second very frequent complication of the endovascular procedure. The typical
location of the perforation is iliac arteries, when during the approach to the target
lesion (coronary arteries, carotid arteries, abdominal aorta) a hydrophilic guidewire
perforates the vessel typically in the location of arteriosclerotic plaque [5, 39]. If
the guidewire perforation is noticed quickly, usually it has no consequences besides
small extravasation which may require a low-pressure balloon inflation to seal the
leak. Sometimes, however, the perforation is not noticed, and some larger bore
devices (balloons, stent-graft parts) may be pushed outside the arteries producing
alarge diameter tear in the arterial wall. If there is no possibility to seal the leak by
the use of stent-graft, the only solution is to open the low-pressure balloon inside
the vessel and urgent laparotomy or thoracotomy.

In open repair, the iatrogenic traumatic vascular trauma has been observed mostly
during orthopedic repositions, general surgery procedures, gynecology, and neuro-
surgery. After an introduction of the laparoscopic techniques at the beginning of the
last decade of the XX century, an incidence of unintentional rupture of the large ves-
sels in abdominal and pelvic region during the introduction of the trocars increased.
That type of the injury may have very dramatic outcome, with massive and rapidly
increasing hematoma especially when the abdominal part of vena cava or iliac veins
are concerned. In that case only an instant conversion and pressure packing may stop
the bleeding and save the patient. After a bleeding control is achieved, the vascular
reconstruction may take place which is very often limited to pacing a vascular suture
on the vein; less frequently the patch, bypass or ligation is needed [40-42].

13
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When arterial vessels are damaged, a massive bleeding is not so often; in
some cases, one can observe a pseudoaneurysm formation, vessel thrombosis, or
retroperitoneal hematoma which also requires an urgent surgery; however, the
symptoms are not so dramatic and chances are better. In that case, a vascular recon-
struction usually ends with suturing the damaged artery. Sometimes, a thrombec-
tomy is performed, with more extensive reconstructions with patches or bypasses.
In the pelvic region, when hypogastric artery is damaged, very often a ligation of
the vessel is one of the options.

Injuries of the hepatic arteries or vascular structures of hepatic ligament are less
frequent and cause mostly by thermal mechanism during electrocoagulation [43].

Vascular injury during the orthopedic surgery is not a frequent complication with
an incidence of 0.05-0.1%. However due to a large number of procedures performed,
it concerns patients in almost every hospital in which total hip and knee arthroplasty
is performed, as well as urgent repositions of the spine and long bones of the extrem-
ities with stabilization by the use of external or internal material [44, 45]. During
the hip or knee replacement, the mechanism of injury is usually indirect, resulting
from torsion and elongation forces resulting in intimal tear and vessel thrombosis.
In rare cases the misplaced fixation screws of the acetabulum caused active bleeding
or thrombosis of external iliac artery. During the open repositions, the mechanism
is usually directly caused by a stabilization material and fixation screws resulting in
arterial damage. In that case, the time of diagnosis is crucial, especially when iliac,
femoral, or brachial arteries are involved. In some cases like popliteal artery throm-
bosis after a total knee replacement, an endovascular option is possible. However,
in most cases, an arterial reconstruction is the only possible solution. Repositions of
the bones of forearm and below the knee have a significantly lower risk of ischaemic
complication due to the anatomic reasons, but an active bleeding or pseudoaneu-
rysms may occur. In that area, however, a ligation of the single main arterial trunk
like radial or tibial artery usually has no ischaemic consequences.

6. Conclusions

Vascular injuries are not a frequent condition; however, they are one of the most
dangerous and challenging cases for medical personnel in the field of proper diag-
nostics and therapy. In the vast majority of cases, regardless of whether they concern
civilian or warfare victims, there are penetrating injuries resulting in massive bleeding
or limb-threatening ischemia. The implementation of proper treatment already at the
prehospital stage is an essential factor for the patient survival and the limb salvage.

Fast initial assessment of the patient’s condition based on the CABC algorithm,
adopting an appropriate transport strategy (Load & Go or Stay & Play), application
of bleeding control techniques adequate to the area of injury, and early prevention
of hypovolemic shock are the key factors for prehospital treatment.

Due to the rapid development of minimally invasive techniques in various fields
of medicine (cardiology, neurology, abdominal surgery, urology), the number of
iatrogenic vascular injuries increased. Despite the low incidence of such events,
iatrogenic injuries are quite common due to high volumes of minimally invasive
procedures performed and require the involvement of a vascular surgeon.

The vascular trauma is very often a part of polytrauma requiring the interdisci-
plinary trauma team of various specialists to perform a wide range of operations in
one time such as vascular reconstructions together with reconstructive orthopedics
or reconstruction of the urinary tract. The vascular trauma patients and especially
patients with polytrauma should be transported to specialized trauma centers with
the high reference level.
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