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Preface

In the modern era, we have witnessed a significant increase in trauma cases world-
wide, and there is the possibility that the number of cases will continue to increase.
Especially in developing countries, this frightening situation is mainly attributed to
terrorist incidents, warfare, and disaster-like situations including earthquakes and
transportation accidents, recreational injuries, and mass casualties. Management
and interventions need to be both expedient and accurate in order to accomplish

a primary survey of patients and effectively control life-threatening injuries. Ina
trauma case, the emergency physician should try to rule out the most severe or life-
threatening injuries first.

The primary survey involves assessing the patient’s airway, breathing, circulation,
disability, and exposure/environmental control. This “ABCDE” evaluation includes
ensuring airway patency with stabilization of the cervical spine, providing ventila-
tion support (with 5 It/min O2), ensuring the efficiency of circulation with bleeding
control, checking the patient’s neurological status (presence of neurological deficit),
and ensuring that the patient’s clothes are removed during examination. Keeping
the patient warm, avoiding hypothermia, insertion of the necessary devices such

as nasogastric and urinary catheters, and performing digital rectal examination are
important interventions in the management of the severely injured.

Physician evaluations are key to trauma management in establishing a differential
diagnosis list, which must be narrowed down to recognize injuries and treat and
stabilize patients who have sustained traumatic injuries.

Medical and surgical specialty organizations involved in trauma management come
together to establish guidelines on appropriate patient management and selection
criteria for those who will benefit from contemporary approaches such as angioembo-
lization, extracorporeal techniques, and resuscitative endovascular balloon occlusion
(REBOA) to improve clinical outcomes.

Evaluation of the patient with pelvic injuries and orthopedic cases in the ED mirrors
the evaluation of any other patient. The complexity of the approach to these cases by
performing many procedures at the same time has brought to the fore the necessity
of a team approach in trauma. Most of the time, treatment interventions must be
initiated in the ED before a definitive diagnosis is established. The priority order of
patients should be re-evaluated at the pre-hospital scene, during patient transport,
and upon hospital admission.

Approaches developed for the management of trauma must be flexible to include
different subgroups, such as infants, children, pregnant women, the elderly, patients
with disabilities, and those with significant comorbidities known before the trau-
matic injury. For example, thanks to the development of noninvasive monitoring
methods and imaging methods such as bedside ultrasonography (POCUS), surgical



interventions have become much less commonly employed for a wide range of pediat-
ric solid organ injuries in recent years. Advanced monitoring and imaging techniques
such as whole-body computed tomography (PanCT) are on the cusp of practical
usage even at the bedside.

Successful management of multiple trauma and related injuries is based on the
collaboration of emergency medicine, all other surgical disciplines, intensive care
medicine, and almost all disciplines operating in the hospital to achieve and maintain
homeostasis, which is the main theme of the book, for positive clinical results.

Hypocrates stated, “Leave the cutting of the stone to the master,” which can be
translated into current clinical practice as “you shall leave the immediate treatment
of the multiple trauma victims to the appropriate team.” Appropriate experience can
help avoid major pitfalls in trauma care and help provide optimal care for this high-
risk group.

Ozgur Karcioglu M.D.

Professor,

Department of Emergency Medicine,
Taksim Education and Research Hospital,
University of Health Sciences,

Fatih, Istanbul, Turkey

Canan Akman M.D.

Associate Professor,

Faculty of Medicine,

Department of Emergency Medicine,
Canakkale Onsekiz Mart University,
Canakkale, Turkey
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Chapter1

Introductory Chapter: How to
Contemplate the Hidden Threat
in the Management of Multiple
Trauma Patients?

Ozgur Karcioglu and Canan Akman

1. Introduction
1.1 Case presentation

Time 05.30: after the motor-vehicle accident (MVA), a 28 year-old man has been
transported to the emergency department (ED) by a taxi. The patient had been driving
the vehicle himself, his seat belt was not fastened, and he smelt alcohol. He was on the
ground next to the vehicle that had tumbled off the road at the time of the accident.

Time 05.52: the patient is taken to the ED. Conscious, trying to cooperate, agitated.

BP:100/70 mmHg, pulse: 128 bpm, respiratory rate (RR): 30 bpm, arterial O,
saturation (SaO,, pulse oximetry): 96%.

Head - neck: there is skin abrasion in the right maxillary region. There is no cervi-
cal tenderness.

Resp: breath sounds are equal. No rales, no rhonchus. Crepitus and tenderness are
detected on the right at the 10th rib level.

CVS: rhythmic, tachycardic.

Abdomen: cannot be reliably evaluated due to the patient’s agitation. Voluntary
guarding and tenderness in the right upper quadrant are noted. Bedside abdominal
ultrasonography was difficult to interpret because of overlying bowel gas and obesity.

Extremity: open, comminuted fracture 20 cm proximal to the ankle on the right
tibia and fibula. There is no pulse in the dorsalis pedis. There is external bleeding
from the wound.

At 06.00: a vascular access is opened to the patient from the left antecubital region
with an 18 G, and 500 mL of normal saline is infused.

Tetanus vaccine 0.5 mL IM and antibiotic prophylaxis are administered.

Complete blood count, blood group, and blood alcohol level are ordered, and
blood transfusion is prepared. His chest radiography and right tibia and fibula radiog-
raphies are ordered.

The right leg is irrigated with normal saline, bandaged, and splinted, and the
patient was sent to radiology suit. His tachycardia is thought to be due to pain and
agitation.

07.00: the patient returns from radiology. PA chest radiograph shows a right 10th
rib fracture and a communited, displaced fracture in the right tibia and fibula.
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BP: 90/50 mmHg, and heart rate: 130 bpm. Hemoglobin (Hb): 13.2 g/dL, and
hematocrit (Htc): 38.0%. Orthopedic consultation is requested. The patient is evalu-
ated, and hospitalization is planned for the operation. Vascular surgeon is being
consulted, and angiography is planned.

Time 07.30: BP 80/40 mmHg, and heart rate: 125 bpm.

The patient’s general condition deteriorates. He looks pale, sweaty, and cold. He
can barely cooperate. Fluid administration is continued. Hb: 6.2 g/dL; Htc 20.1%.

Considering that the patient had blood loss from an open fracture, three units of
blood were administered. Transfusion is performed. Hb is 8.5 g, and Htc is 24.5%.

While the patient is waiting for angiography, he develops hypotension and
bradycardia.

Time 09.00: respiratory and cardiac arrest are observed in the patient.
Resuscitation (CPR) is commenced. The patient is unresponsive. In the postmortem
evaluation, it was determined that the cause of death was intra-abdominal hemor-
rhage due to liver laceration.

2. Approach to multiple trauma

Trauma has long been the most common cause of death and disability in the
productive age group, childhood, and young adults (1-40 years) in the world, includ-
ing developed countries [1]. It is an enormous social problem that disables large
masses and has a significant share in healthcare costs. For the physician, it refers to a
wide range of patient groups, from life-threatening and disabling injuries to patholo-
gies that can be corrected with minor interventions.

In the evaluation of all kinds of trauma cases, a standard approach system has been
introduced and has been widely accepted all over the world, regardless of the external
appearance of the patient. This approach is known as Advanced Trauma Life Support
(ATLS), in which the patient’s care is characterized by two main parts: primary and
secondary care.

In a patient with major blunt injury, the first hour is certainly the most decisive
period for massive bleeding and shock [2]. Those inappreciable minutes can be used
to identify the victim’s clinical condition and institute specific treatments. Trauma
victims with certain criteria should be transferred to developed institutions also
called as trauma centers in some countries: penetrating injuries to head, neck, torso,
and extremities proximal to elbow and knee, flail chest, two or more proximal long
bone fractures, crushed, degloved, or mangled extremity, amputation proximal to
wrist and ankle, pelvic fractures, open or depressed skull fracture, and paralysis [3].

In this approach to trauma, the team leader is a person experienced in resuscita-
tion and is responsible for the clinical monitoring of the patient and intervention
orders. In a trauma case, the emergency physician should try to rule out the patient
by assuming the worst possible injury. Most of the time, treatment interventions have
to be initiated in the ED before a definitive diagnosis is established. For example,
in a trauma case where tension pneumothorax is suspected, needle thoracostomy is
performed without waiting for a chest X-ray or blood transfusion can be initiated
before the exact source of bleeding is identified.

The physician should recognize sources of life-threatening blood losses and resul-
tant hypovolemia. Pericardial tamponade, commotio cordis, and a pneumothoraces
are all difficult diagnoses to manage. These can present with hypotension associated
with high readings of CVP. On the other hand, hemorrhage of thoracoabdominal
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viscera is most often accompanied by low blood pressure and a low levels of CVP.
Emergent evaluation and treatment of thoracic trauma appears to be of vital impor-
tance, as is the utilization of the correct diagnostic strategy to evaluate the possibility
of intraabdominal and retroperitoneal injury [4]. Abdominal trauma is present in
approximately 25% of major trauma patients and is the leading cause of unrecognized
fatal injury in children [5]. Innovative approaches such as REBOA is mostly used in
most developed countries for a wide range of indications including major trauma or
intraoperative bleeding.

Primary survey: it is essential to first evaluate the patient with the initials ABCDE
(A: airway, B: Breathing, C: circulation, D: deficit, and E: exposure) and proceed to
secondary survey if there is no pathological finding. If any pathology is detected in
the primary examination, especially in the ABC (e.g., difficult breathing or tachycar-
dia/hypotension), resuscitation procedures for the problem must be initiated before
continuing the examination.

Secondary examination: a detailed physical examination should be performed
(from head to toe), and pathological findings should be noted, should there be no
problem in the primary examination or if an attempt has been made to solve the
detected problems. If significant bleeding or neurovascular damage is detected in any
extremity during the initial examination, immediate intervention should be carried
out. Patients are placed on a trauma board and evaluated after a cervical collar is
applied. The patient should be completely undressed before the examination, and
foreign objects and contaminated clothing should be removed from the surrounding
area. In a patient with suspected trauma, spinal injury should always be assumed until
proven otherwise, and the patient should be immobilized. It should be shown that
there is no significant injury through physical and radiological examination.

Clinicians should focus on the approach to the massively bleeding trauma patients
and on the recent advances in this aspect of care. Ways to detect life-threatening, but
“invisible” injuries should be instituted in this high-risk group of patients. Although
the patient who has open fractures and is covered in blood and screaming and
screaming due to external bleeding may seem to require urgent intervention, it should
not be forgotten that the patient who has no signs of trauma and remains silent may
be more urgent.

Hypocrates cited that “thou shalt leave the cutting of the stone to the skilled crafts-
man” which can be translated into the current clinical practice as “you shall leave the
emergency treatment of multiple trauma victims to the appropriate team.” Proper
experience can help prevent the major pitfalls in trauma care and provide the optimal
care for this high risk group.



Contemporary Approach to Trauma and Emergency Surgery

Author details
Ozgur Karcioglu™* and Canan Akman®

1 Department of Emergency Medicine, Taksim Education and Research Hospital,
University of Health Sciences, Istanbul, Turkey

2 Department of Emergency Medicine, Canakkale Onsekiz Mart University,
Canakkale, Turkey

*Address all correspondence to: okarcioglu@gmail.com

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

4



Introductory Chapter: How to Contemplate the Hidden Threat in the Management of Multiple...
DOI: http://dx.doi.org/10.5772/intechopen.1004824

References

[1] Rosen P, Barkin R. Emergency
Medicine. Concepts and Clinical
Practice. 4th ed. St. Louis: Mosby; 2000.
pp. 352-367

[2] Tonglet ML, Greiffenstein P,

Pitance F, Degesves S. Massive bleeding
following severe blunt trauma: The first
minutes that can change everything. Acta
Chirurgica Belgica. 2016;116(1):11-15.
DOI: 10.1080/00015458.2015.1136488

[3] Gross EA, Martel ML. Multiple
Trauma. Rosen’s Emergency Medicine:
Concepts and Clinical Practice. 9th ed.
Philadelphia, PA: Elsevier Inc.; 2018.
19103-2899. ISBN: 978-1-4557-0605-1

[4] Broos PL, Willaert WI. Notorious
pitfalls in the care of multi-trauma
patients. Acta Chirurgica

Belgica. 2003;103(4):346-354.

DOI: 10.1080/00015458.2003.116794 42

[5] Ernst G. Pediatric Trauma. In:
Tintinalli’s Emergency Medicine a
Comprehensive Study Guide, Editor-in-
Chief Judith E. Tintinalli. 9th ed. New
York: McGraw-Hill Education; 2020.
ISBN: 978-1-26-001994-0






Chapter?2
Pelvic Trauma

Erdal Giingor

Abstract

Pelvic trauma (PT) occurs in 3% of skeletal injuries, presents significant
challenges in trauma care. Among severe trauma patients admitted to primary care
trauma centers, 10% exhibit pelvic fractures, often resulting from high-energy mech-
anisms. Pelvic fractures frequently result from high-energy mechanisms, are often
associated with multisystem injuries, and can lead to catastrophic bleeding. There is a
risk of serious morbidity and mortality in these injuries. According to trauma regis-
tries of many countries, unstable pelvic fractures are associated with mortality rates
ranging from 8 to 32%. Their severity depends on associated nonpelvic injuries and/
or hemorrhagic pelvic injuries. Prehospital and hospital management of severe pelvic
trauma requires clear organizational and therapeutic strategies to control bleeding as
quickly as possible. Mortality rates remain high, especially in patients with hemody-
namic instability, due to rapid bleeding, difficulty in achieving hemostasis and related
injuries. For these reasons, a multidisciplinary approach is important in the manage-
ment of resuscitation, control of bleeding, and treatment of bone injuries, especially
in the first hours of trauma. Multimodal treatment approach has become the gold
standard in pelvic trauma. These include prehospital use of pelvic binders, appropri-
ate imaging strategy, and appropriate use of surgical or interventional radiological
control of bleeding.

Keywords: pelvic trauma, pelvic fractures, bleeding, shock, surgery, trauma,
emergency management

1. Introduction

The pelvis, situated at the center between the lumbar region of the abdomen and
the thighs, plays a vital role in supporting the weight of the upper body. Its struc-
ture encompasses the osseous pelvis, pelvic cavity, floor, and perineum. Besides
its weight-bearing function, the pelvis also redistributes the weight to the lower
extremities and provides anchorage for the muscles of the lower limbs and torso. It
additionally safeguards the organs within the pelvic and abdominopelvic regions.
Pelvic assessments, especially relevant in obstetrics and gynecology, are conducted
through various techniques such as the diagonal and obstetric conjugates. Despite
being rare, dislocations, hernias, and prolapses related to the pelvis are observed
across diverse patient groups [1]. The pelvis serves multiple roles, primarily offer-
ing structural support and enabling a range of movements, including standing,
walking, and running. Each segment of the pelvis contributes distinct functions,
underscoring the importance of understanding each part to fully grasp the pelvis’s
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overall roles [2, 3]. The pelvis’s bony structure is akin to a ring, comprising the
sacrum and the paired innominate bones — the ischium, ilium, and pubis [4]. It
encloses the viscera of the gastrointestinal and genitourinary systems. The primary
blood supply to the pelvis comes from the internal iliac arteries and their branches.
The venous network mirrors the arterial system, forming a plexus along the pos-
terior wall of the pelvis. Bleeding in pelvic fractures usually originates from the
venous plexus or the spongy bone, although arterial hemorrhage, which is linked to
life-threatening conditions, occurs in a substantial number of instances [5].

2. Mechanisms of pelvic injuries

The predominant causes of pelvic ring fractures are high-energy impacts, such as
falls from significant heights, sports accidents, and various forms of road traffic inci-
dents, including those involving pedestrians, motorcyclists, drivers, and bicyclists,
as well as incidents where individuals are struck by vehicles [6, 7]. Upon arrival at
emergency departments, approximately 10 to 15% of individuals with pelvic fractures
are in a state of shock, and about one-third of these patients succumb to their injuries,
leading to a recent reported mortality rate of 32% [8]. The primary reasons for these
fatalities largely involve uncontrolled hemorrhage and the physiological depletion of
the patient.

3. Injury assessment techniques

Upon admission, prompt radiological evaluations are conducted, typically
involving supine X-rays for both the pelvis and chest, along with a Focused
Assessment with Sonography for Trauma (FAST) abdominal ultrasound examina-
tion [9]. However, in cases where the patient’s history, such as a falling on the feet,
or physical examination provides strong indications of isolated pelvic trauma, such
as pelvic ring deformity, a substantial hematoma altering the perineum’s shape, or
bleeding from the rectum or urethra, it is crucial to recognize that FAST has restricted
diagnostic efficacy [10]. There’s also a heightened risk of false positives for hemo-
peritoneum, particularly in the presence of a sizable retroperitoneal hematoma. In
such scenarios, a total body spiral Computed Tomography (CT) scan offers superior
diagnostic accuracy and can be performed swiftly, typically in under 2 minutes. This
rapid and comprehensive imaging is essential in the urgent evaluation of pelvic and
perineal trauma (PPT), concurrent with ongoing fluid resuscitation efforts. Ideally,
patients should be swiftly transitioned from the CT scanning process to the angioem-
bolization suite, typically within a timeframe of 10 to 20 minutes. Preparations for
embolization can be simultaneously arranged in the angiography suite while the CT is
being conducted.

4. Management principles for severe pelvic fractures

Treating severe pelvic fractures is a notably complex and critical aspect fort he
care of trauma. These fractures often caused by high energy impacts and are typically
accompanied by multisystem injuries, leading to potentially life-threatening hemor-
rhage. The morbidity and mortality associated with these injuries are significant,
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with reported mortality rates for unstable pelvic fractures ranging from 8 to 32%
across various international trauma registries [11-16]. In-depth discussions on the
resuscitation of severely injured patients are available elsewhere. Given the potential
for substantial damage to the pelvic vasculature, relying on femoral venous access
is often impractical due to concerns that infused fluids may not effectively reach
the right atrium. Therefore, it is crucial to place two or more large-bore IntraVenous
(IV) catheters (14-18 gauge) in the antecubital fossae or a large-size percutane-
ous introducer sheath in the subclavian vein to ensure adequate resuscitation for
patients with severe pelvic injuries. In instances where peripheral IV catheteriza-
tion proves unsuccessful, prompt placement of an intraosseous (I0) catheter in the
proximal humerus is recommended as a temporary solution to guarantee sufficient
IV access. The fluid resuscitation strategy should adhere to the principles of damage
control resuscitation. For patients who remain hemodynamically unstable despite
initial resuscitation, prioritizing bleeding control is crucial. Rapid identification of
the bleeding source is vital, especially in situations where conducting a CT scan is
unfeasible. Under such circumstances, pelvic and chest X-rays (CXR), along with
Extended Focused Assessment with Sonography for Trauma (EFAST) are the only
feasible imaging methods compatible with ongoing resuscitation and urgent decision-
making for bleeding control, be it surgical or radiological. If CXR and EFAST exclude
extra-pelvic causes of hemorrhagic shock, pelvic angiography is highly likely to reveal
active arterial bleeding, necessitating a subsequent body CT scan with intravenous
contrast, followed by angiography and embolization. In rare instances of uncontrol-
lable hemorrhagic shock, angiography and embolization might be required directly
following CXR and E-FAST to address potential massive non-pelvic hemorrhage.
When pelvic trauma is accompanied by hemoperitoneum, determining the bleeding
source becomes more complex, often depending on the stability of the pelvic fracture.
Typically, the source of active bleeding is abdominal (70%) in cases of stable pelvic
fractures and pelvic (56%) in cases of unstable fractures [17], though uncertainties
persist in both scenarios. The extent of hemoperitoneum also plays a crucial role, as
significant hemoperitoneum usually indicates major intra-abdominal bleeding that
necessitates surgical intervention. Opting for angiographic embolization to control
pelvic bleeding also facilitates the management of concurrent intra-abdominal
bleeding sources, such as those resulting from hepatic, splenic, or renal injuries. The
relevance of pelvic CXRs, in this context, hinges on the patient’s hemodynamic stabil-
ity and the presence of extra-pelvic (primarily thoracic and/or abdominal) bleeding
sources. For hemodynamically stable patients, pelvic CXRs are less influential in
patient management since normal findings rule out major pelvic injuries as the source
of bleeding but do not discount the presence of pelvic fractures, which may be identi-
fied through CT scans.

In managing abdominal digestive tract injuries, standard treatment protocols
are followed. For patients who have PPT, conducting a digital rectal examination is
crucial; the presence of blood indicates a potential rectal injury, even if not visibly
apparent. Diligent investigation for subperitoneal rectal injuries is vital, as undetected
injuries can lead to a mortality rate of up to 50% when sepsis develops in patients with
open pelvic fractures [18]. While monitoring for improvement in the patient’s overall
condition, they should be kept in intensive care, utilizing transcondylar leg traction
and Ganz® clamp pelvic immobilization. The use of muscle relaxants (curariza-
tion) is essential for the effectiveness of external orthopedic procedures, ensuring
the maintained reduction of the fracture and preventing the upward movement of a
dislocated hemipelvis. Subsequent treatment of pelvic bony injuries involves iliosacral
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screw fixation for posterior fractures, occasionally in conjunction with realignment of
the symphysis pubis. The ease of delayed percutaneous fracture fixation is enhanced
when the pelvic ring fractures are preliminarily reduced [19].

5. Treatment approaches for pelvic injuries

The treatment for pelvic injuries encompasses a range of methods including pelvic
binding, angiography with embolization, surgical stabilization, care for concurrent
injuries, and the exploration of newer therapeutic approaches such as the use of
resuscitative endovascular balloon occlusion of the aorta (REBOA) and the integra-
tion of operative and angiography facilities.

6. Pelvic binding

For the temporary stabilization of unstable pelvic fractures, the application of
noninvasive external compression, known as pelvic binding (Figure 1), is advised.
This method offers multiple advantages: it prevents further movement of the pelvis,
decreases the pelvic volume which in turn helps in reducing bleeding, and alleviates
discomfort for the patient [20]. Quick stabilization is possible through the circumfer-
ential wrapping of a bedsheet around the patient’s pelvis, specifically positioned at
the level of the greater trochanter. It’s crucial to ensure the wrap is placed accurately

Figure 1.
Pelvic binding.
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for maximum effectiveness. While there are various commercially available devices
designed for pelvic binding, there is not conclusive evidence to suggest that these are
superior to the use of a simple bedsheet. Some commercial devices might offer ben-
efits in terms of ease of application and consistency [21], but they may also restrict
access to the groin area which is necessary for procedures like angiography or REBOA
placement. In contrast, a bedsheet can be modified to provide necessary access while
still maintaining the effectiveness of the wrap. Using Kelly clamps to secure the
bedsheet can help reduce the risk of skin necrosis, a common issue with knots, but
it’s important to note that these clamps might create artifacts in CT scans. This issue
can be circumvented by opting for commercially available zip ties as an alternative for
securing the wrap.

7. Extraperitoneal pelvic packing (EPP)

First introduced in literature in 1994 [22], EPP has gained increasing clinical
application since the year 2000 [23-28]. EPP is recognized for its effectiveness in
stabilizing patients who continue to be unstable despite traditional management
methods, including skeletal fixation and arteriography. However, there is a lack
of consensus regarding its role, as evidenced by differing American and European
guidelines. In the United States, EPP is regarded as an effective method for hemor-
rhage control, but primarily as a secondary strategy following embolization, with a
Grade III evidence level [21]. Conversely, European guidelines suggest an earlier use
of EPP in patients who continue to bleed despite successful pelvic ring fixation or
following surgical bleeding or embolization control [29]. EPP, however, is an invasive
procedure, and there have been reports of surgical site infections associated with its
use [26, 30], particularly when performed in trauma bay settings. Additionally, there
is an increased risk of developing abdominal compartment syndrome(ACS) [24, 31]
and the potential need for subsequent re-operation and removal of the packing within
24 to 48 hours.

8. Angiography and embolization

The majority of bleeding associated with pelvic fractures originates from veins;
however, arterial hemorrhage, when it occurs, often gives rise to being hemodynamic
instable and an increased risk of blood loss. Transcatheter Arterial Embolization
(TAE) is recognized as the most effective treatment for managing pelvic fractures
accompanied by arterial bleeding. Newest systematic reviews of TAE in pelvic frac-
tures show an effectivity rate ranging from 81 to 100% in controlling arterial hemor-
rhage, resulting in a significant reduction in the need for blood transfusions and a
decrease in mortality rates associated with pelvic bleeding [32]. Indications for TAE
are ongoing hemodynamic instability, post-resuscitation and pelvic binding, the pres-
ence of a contrast enhancement on CT scans, a visible large pelvic hematoma on CT,
and advanced patient age [21]. Timely execution of TAE is crucial, as delays have been
associated with increased mortality risks [33, 34], presenting a critical challenge even
in well-equipped trauma centers [35]. There is considerable interest in establishing
the optimal sequence of interventions for controlling hemorrhage in hemodynami-
cally unstable patients with pelvic fractures.
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9. Resuscitative endovascular balloon occlusion of the aorta (REBOA)

REBOA is recognized as an innovative and effective method for controlling
bleeding in patients experiencing hemorrhagic shock. Specifically, the deployment
of the balloon in Zone 3 has been suggested as a viable option for managing pelvic
hemorrhage [36, 37]. Studies have indicated that the use of REBOA in Zone 3, in
contrast to Zone 1, significantly enhances survival rates by effectively controlling
pelvic arterial blood flow [38]. Despite its potential, REBOA is not widely available,
and some research has pointed to its association with serious complications, includ-
ing ischemia-reperfusion syndrome, acute kidney injury, limb amputation, and an
increase in mortality rates [39].

10. Operative stabilization: external pelvic fixation in hemodynamically
unstable pelvic injuries

The biomechanics of pelvic ring injuries and the specific nature of the trauma
largely dictate the necessity for external fixation [40, 41]. For patients with hemo-
dynamically unstable pelvic ring injury, temporary stabilization is essential to
prevent additional hemorrhage and to facilitate hemorrhage control methods such as
angiography and pelvic packing [40, 42-45]. The fundamental objectives of immedi-
ate external pelvic fixation encompass diminishing intrapelvic volume in injuries
resembling an “open book” configuration to mitigate the space for retroperitoneal
bleeding and offering a steadfast counterpressure against lap sponges employed in
pelvic packing. Notably, pelvic packing is ineffective without sufficient counterpres-
sure from the posterior pelvic structures, necessitating external fixation in cases of
unstable pelvic ring disruptions [41, 46, 47]. Determining the appropriate type of
external fixation, often termed “damage control” fixation, for unstable pelvic ring
injuries is a complex decision-making process [40]. The indication of pelvic exter-
nal fixation are guided by the Young & Burgess fracture classification system and
defined the technique [40, 48]. Anterior posterior compression and lateral compres-
sion injuries are typically addressed with anterior stabilization frames, employing
either iliac crest or supra-acetabular Schanz pin application. The iliac crest approach
is less technically demanding and allows for quicker application, but Schanz pins
in the iliac crest have a lower resistance to pull-out, increasing the risk of fixation
failure. In contrast, supra-acetabular frames, necessitating meticulous pin placement
under radiographic control, offer higher pull-out resistance due to the robust supra-
acetabular surgical corridor [40]. For vertically unstable pelvic ring disruptions,
such as “vertical shear” (VS) injuries, a posterior C-clamp is preferred [23, 49-53].
Trauma surgeons must be cognizant of the inherent risks and technical complexi-
ties associated with the C-clamp, including a steep learning curve and the necessity
for experienced application [54, 55]. Contraindications for using a pelvic C-clamp
include complex sacral fractures, iliac wing fractures, and lateral compression-type
injuries [40].

11. Definitive internal pelvic fixation

The optimal timing for conclusively addressing unstable pelvic ring injuries
remains a topic of ongoing discussion in the medical community [56-63]. Generally,
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experts agree that individuals undergoing severe traumatic-hemorrhagic shock due to
disruptions in the pelvic ring are typically not deemed appropriate candidates for an
early definitive intervention. This is mainly because of the heightened risk of mortal-
ity linked to excessive bleeding and the potentially fatal combination of coagulopathy,
acidosis, and hypothermia [64, 65]. An impactful multicenter cohort study empha-
sized that early fixation of pelvic fractures, especially within the initial or second day
post-injury, results in significantly greater blood loss and heightened levels of inter-
leukin (IL-6 and IL-8) in the serum, indicating an intensified systemic inflammatory
response in polytrauma patients [66]. It was also noted that the early and brief period
of initial pelvic stabilization contributed to a lower incidence of multiple organ failure
(MOF) and reduced mortality rates [67]. However, complication rates post-injury
were observed to rise when the definitive fixation of the pelvic ring was performed
between the second and fourth days post-injury, compared to delaying the surgery
until the sixth to eighth day [68]. The prevailing perspective endorses the strategy of
initial ‘damage control’ external fixation for hemodynamically unstable pelvic ring
injuries, followed by delayed definitive internal fixation after the fourth day, post
successful resuscitation [40, 42, 69-74]. This approach, along with the application

of classification systems, provides guidance in categorizing patients with unstable
polytrauma and pelvic ring injuries who necessitate damage control measures, in
contrast to those who are stable or borderline stable and may be suitable for an early
definitive pelvic fracture intervention [59, 65]. In this context, various observational
studies from the orthopedic trauma group at MetroHealth in Cleveland have shown
that early fixation of pelvic fractures within 24 hours of admission in stable or
borderline resuscitated patients can significantly lower the risk of complications and
enhance overall outcomes [57, 59, 62, 63]. Recently, an international consensus group
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Figure 2.
Pelvic fracture with separation of pubic ramus and open veduction and fixed with plate and screws.
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proposed a new definition of polytrauma, based on the severity of the injury and
physiological parameter disturbances [75]. This new definition, along with recently
established grading systems [59], may further refine the criteria for determining the
optimal timing for definitive pelvic fracture fixation, pending additional validation
studies (Figure 2).

12. Morbidity, mortality, and outcomes in pelvic trauma

Patients with open pelvic trauma (PT) frequently encounter complications that
markedly impact functionality, giving rise to chronic consequences such as urinary
and fecal incontinence, impotence, dyspareunia, residual physical disabilities, peri-
neal and pelvic abscesses, chronic pain, and vascular complications such as embolism
or thrombosis [6, 76]. It’s noteworthy that the highest proportion of deaths (44.7%)
occurs on the day of the trauma itself. Factors closely associated with increased
mortality rates include older age, the severity of the injury as measured by the Injury
Severity Score (ISS), instability of the pelvic ring, the extent and contamination of
open wounds, rectal injuries, fecal diversion, the number of blood units transfused,
head injury severity as per the Abbreviated Injury Scale (AIS), and the base deficit
upon admission [7, 76].

A recent study has highlighted the positive impact of a multidisciplinary
approach on both performance and patient outcomes [7]. Initially, a well-defined
decision-making algorithm significantly reduced the time between hospital arrival
and bleeding control in the theater using Pelvic Packing Procedures (PPP) [7].
Additionally, the implementation of a massive hemorrhage protocol substantially
decreased the pre-transfusion administration of fluids and rationalized the use of
packed red cells and fresh frozen plasma at a ratio of 2:1, commencing within the ini-
tial hours post-injury [7]. The involvement of specialized pelvic orthopedic surgeons
demonstrated a significant improvement (p = 0.004) in the proportion of patients
undergoing definitive repairs for unstable pelvic fractures, leading to enhanced
patient outcomes [7]. Similar observations underscoring the importance of adhering
to established guidelines were reported by Balogh et al. [77] and were subsequently
reinforced by the multi-institutional trial led by Costantini et al. [8].

13. Conclusion

This chapter has highlighted key advancements in managing pelvic trauma, focus-
ing on combatting profuse bleeding and shock, and detailing both emergency and
definitive treatment strategies. Our findings emphasize the importance of immediate
interventions, such as the use of pelvic binders and tranexamic acid, which have
proven critical in reducing the mortality rates associated with these injuries. The
study further demonstrates the effectiveness of an integrated approach combin-
ing surgical and interventional radiology techniques for rapid hemorrhage control,
significantly enhancing patient stabilization.

Moreover, we have outlined improvements in definitive treatment approaches,
advocating for a patient-specific strategy that optimizes mechanical stability and
physiological recovery. The incorporation of a multidisciplinary framework under-
scores the necessity of cross-specialty collaboration for effective pelvic trauma
management.
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In summary, this research contributes significantly to the existing body of
knowledge on pelvic trauma care, offering innovative strategies for emergency

intervention and definitive treatment that promise to improve patient outcomes in
trauma care settings.
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Chapter 3

Eco-Guided Ankle Block: Analgesia
and Anesthetic Technique for
Foot Surgery

Alberto De La Espriella

Abstract

Regional anesthesia for foot surgery has become increasingly popular, there are
different reasons including: most surgeries are ambulatory, great pain management
during the early postoperative phase, reduced time spent in the post-anesthesia care
unit, and minimizing opioid use during the perioperative period are achieved through
effective ankle blockade. This procedure involves blocking the five nerves responsible
for sensory supply to the area below the malleoli. It can be used both as an anesthetic
technique (used together with general or neuraxial anesthesia), as well as analgesia
in the context of multimodal analgesia providing adequate post-operative analgesia.
All five nerves can be blocked using ultrasonography, allowing for lower latency and a
smaller volume of local anesthetic.

Keywords: anesthesia, ultrasonography, nerve block, ankle, tibial nerve block,
peroneal nerve block, sural nerve block, saphenous nerve block, regional anesthesia

1. Introduction

Regional anesthesia for foot surgery has become increasingly popular, there are
different reasons including: most surgeries are ambulatory, great pain management
during the early postoperative phase, reduced time spent in the post-anesthesia care
unit, and minimizing opioid use during the perioperative period [1-3]. Foot surgery is
a common procedure, and the patient population undergoing it represents a cross-
section of society.

Foot surgery presents a challenge due to the intense postoperative pain, which is
often difficult to manage despite employing balanced multimodal analgesia involving
medications like paracetamol, non-steroidal-anti-inflammatory drugs (NSAIDs), and
opioids [4]. The acute postoperative pain persists considerably beyond 24 hours [5].
After forefoot surgery, approximately 80% of patients endure severe pain, and about
32% experience nausea during the postoperative phase [6]. A majority of patients neces-
sitate high doses of opioids for pain management following foot and ankle surgery [7].

The ankle block plays a pivotal role in multimodal analgesia, in many feet surgi-
cal procedures, the performance of this block is considered the first-option regional
analgesic technique [8].
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The recently adoption of enhanced recovery and ambulatory programs after fast-
track orthopedic surgery protocols has sparked a renewed interest in ankle blocks [9].
Foot surgery typically involves regional anesthesia, commonly through a distal

Sciatic Nerve block, occasionally complemented by a Saphenous Nerve block. These
procedures may be conducted as single-shot injections or via catheter placement for
continuous delivery of anesthesia [10]. The primary issue associated with the distal
Sciatic Nerve block is its impact on motor function. This motor block leads to weak-
ness in knee movement and foot mobility, potentially resulting in a higher risk of
ankle sprains and inpatient falls. Difficulty in walking unassisted may prolong hospi-
tal stays or hinder prompt ambulation [11]. And therefore, delays postoperative mobi-
lization, which is important in the context of ambulatory patients and when bilateral
procedures are required [12]. Postoperative pain management using oral NSAIDs or
opioids could potentially be harmful to organs and might have a negative impact on
bone healing [13-15]. The existing perioperative pain management approaches for
ankle and hindfoot surgeries may not always align with the fundamental principles
of contemporary perioperative pain therapy, which involve ensuring efficient pain
relief throughout the perioperative phase, facilitating early patient mobilization, and
reducing adverse effects [16].

The ankle block entails blocking the five nerves responsible for sensory inner-
vation to the area distal to the malleoli. It serves as an anesthesia method for foot
surgery, provided a pneumatic tourniquet is not utilized during the procedure.
Alternatively, it can be combined with general or neuraxial anesthesia to ensure suffi-
cient analgesia in the postoperative phase [17]. If a tourniquet is required for the pro-
cedure, it is also proposed to use it at the ankle level, with good tolerance when ankle
block is used as the sole anesthetic technique [18]. This approach minimally impacts
motor function as it primarily targets the intrinsic muscles of the foot. Moreover, the
use of long-acting local anesthetics enables extended postoperative analgesia [19].

Traditionally, the Ankle block has been conducted using landmark guidance, but
there is a growing preference for ultrasound guidance [11]. These blind superficial
infiltrations were very painful for the patient due to the need for high volumes of
local anesthetics. In contrast, ultrasound-guided injections, unlike landmark-guided
procedures relying on field infiltration, reduce discomfort associated with ankle block
and enhance success rates [11].

The anatomical landmarks technique has reported high success rates (89-100%)
[20, 21]; however, it has been perceived as technically challenging and unreliable.
Various anatomical variations among the nerves could result in failure when employ-
ing a blind technique [22]. Additionally, it frequently encounters failure due to two
primary reasons: first, a lack of comprehensive understanding regarding the fascial
layers and the positioning of the five nerves relative to these fascias around the ankle;
second, physicians occasionally overlook the necessity of blocking all five nerves,
disregarding the fact that the sensory innervation areas of the foot partially overlap,
and this overlap is not consistently predictable [23].

2. Indication (patient selection)

1. Anesthesia and pain management for surgical procedures involving the foot dis-
tal to the malleoli, particularly focusing on the forefoot, encompassing surgeries
such as hallux valgus repair, forefoot arthroplasty, reconstruction, osteotomy,
and amputation [24].
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2. Perineural injections targeting the nerves around the foot and ankle may be pro-
posed either for diagnostic purposes or as therapeutic interventions for individu-
als experiencing neuropathic pain, especially in cases involving peripheral nerve
damage or entrapment [24].

3. For ankle surgeries, there is limited research on the effectiveness of local intraop-
erative infiltration. While some studies have demonstrated its efficacy in postoper-
ative pain management, it does not provide intraoperative pain relief or eliminate
the need for general anesthesia [25, 26]. Conversely, ankle block is a widely recog-
nized regional anesthesia method for surgeries below the ankle [17, 27]. However,
it is not suitable for procedures directly involving the ankle joint as the relevant
nerve fibers exit their nerve roots 5-10 cm above the ankle joint.

The ankle block primarily involves infiltration and does not necessitate the
elicitation of paresthesia; thus, patient cooperation is not mandatory. While it is most
efficient for the anesthesiologist if the patient can assume both prone and supine
positions, this is not essential [28].

Comparing ultrasound-guided and anatomical point techniques for ankle block,
ultrasound has been shown to enhance clinical effectiveness, providing greater
surgical anesthesia, reducing systemic opioid rescue requirements, and lowering total
opioid doses in the postoperative period [29].

3. Contraindication

1. When surgeons need prolonged tourniquet application [24].

2. Ankle block is challenging in patients with difficult atomical landmarks, such as
severe edema, multiple scars, or peripheral vascular disease [24].

3.In cases of local infection at the injection site [24].

4. Anatomy

The sensory innervation below the malleoli originates from five nerves: the
tibial, superficial peroneal, deep peroneal, sural, and saphenous. These nerves are all
derived from the sciatic nerve, except for the saphenous nerve (which is the terminal
sensory branch of the femoral nerve) [11].

Blood vessels accompany the deep peroneal, posterior tibial, saphenous, and sural
nerves, providing valuable anatomical landmarks for ultrasound-guided approaches
(Figure 1) [30]. The sensory innervation regions corresponding to each nerve in the
foot are illustrated in (Figure 2) [30]. While it has been suggested that the saphenous
nerve may be necessary in only 3% of patients undergoing foot surgery [23], itis
recommended to perform a complete block rather than a selective one, regardless of
the type of surgery, due to frequent overlap in nerve territories [17].

4.1 Tibial nerve

This nerve exhibits mixed characteristics, encompassing both sensory and motor
functions. It holds the distinction of being the largest nerve among the group of five
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Figure 1.

Image of the anterior and posterior leg showing the course of the nerves as well as a cross section of the leg showing
the location of the nerves in relationship to arteries, veins, muscles, and bones. The tibia is medial and anterior,
and the fibula is lateral. Source: Ref. [28].

Saphenous Nerve

Sural Nerve

Deep Peroneal Nerve

Superficial Peroneal Nerve

Calcaneal branches (TN)

Plantar nerves (TN)

*Tibial Nerve (TN)

Figure 2.
Anbkle block—Peripheral innervation. Source: Ref. [30].

nerves responsible for innervating the foot [31]. This nerve supplies sensation to the
entire bottom surface (both bones and skin) of the foot, as well as the top surface

of the first phalanx of the first, second, and half of the third toe [32]. In the ankle
region, it is a direct extension of the tibial nerve beyond the point where the sciatic
nerve splits in the popliteal fossa. Descending through the calf, it lies between the
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Figure 3.
Image of the lateral and medial ankle showing the course of the nerves in velationship to arteries and veins.
Source: Ref. [28].

gastrocnemius/soleus muscles and the deep flexors. As it continues down the leg, it
passes posterior to the medial malleolus and beneath the flexor retinaculum, typi-
cally located behind the artery. It sends branches to the medial heel (medial calcaneal
branches) and eventually divides into two terminal branches: the medial and lateral
plantar nerves, which innervate the sole of the foot, providing its sensory supply
(Figure 3) [21].

4.2 Superficial peroneal (fibular) nerve

This nerve originates from the common peroneal (fibular) nerve and traverses
through the peroneus longus muscle before coursing between the peroneus longus
and brevis muscles. In the lower leg, it travels between the peroneus brevis and exten-
sor digitorum longus (EDL) muscles, within the intermuscular septum that separates
the anterior and lateral compartments of the leg. Its trajectory gradually shifts to a
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more superficial position as it progresses, ultimately piercing the crural fascia. Ata
subcutaneous or subfascial level, it divides into two branches: the larger medial dorsal
cutaneous nerve and the smaller intermediate dorsal cutaneous nerve. These branches
provide sensory innervation to the skin on the dorsal aspect of the foot and toes,
covering a significant portion of the foot’s dorsal surface (Figure 3) [24].

4.3 Deep peroneal (fibular) nerve

The deep peroneal nerve, a branch of the common peroneal nerve, originates at
the fibular neck, paralleling the path of the superficial peroneal nerve. This nerve
runs between the tibialis anterior muscle and the extensor hallucis longus (EHL)
muscle toward the ankle, where it divides into medial and lateral branches. The
medial branch continues its course alongside the dorsalis pedis artery to the first
interosseous space. Passing beneath the extensor hallucis brevis tendon, it extends to
the distal end of the interosseous space, where it merges with a strand of the superfi-
cial peroneal nerve (SPN) before branching into terminals for the dorsal surfaces of
the first and second toes, although anatomical variations exist [33].

Conversely, the lateral branch turns outward to innervate the extensor digitorum
brevis muscle, giving rise to three interosseous nerves. It supplies sensation to the area
between the first and second toes, the lateral aspect of the first toe, and the medial
aspect of the second toe, in addition to providing innervation to the bones on the
dorsal side of the foot (Figure 3) [24].

4.4 Sural nerve

This nerve is formed from branches of both the tibial nerve and the common
peroneal nerve at the junction of the gastrocnemius in the upper third of the calf.
Specifically, the medial sural cutaneous nerve emerges in the proximal part of the
popliteal fossa, descending between the two heads of the gastrocnemius muscle. It then
combines with the peroneal communicating branch (lateral sural nerve) to create the
sural nerve. Traveling alongside the small saphenous vein, the sural nerve passes behind
the lateral malleolus within the same superficial fascial sheath. Continuing as the lateral
dorsal cutaneous nerve along the lateral aspect of the foot, it sends a connecting branch
to the intermediate dorsal cutaneous nerve. Ultimately, it terminates as the dorsalis
digiti minimi nerve on the lateral edge of the dorsum of the small toe (Figure 3).

Behind the lateral malleolus, it branches into the lateral calcaneal branches, pro-
viding sensory supply to the skin in that area and at the heel. Additionally, branches
for the lateral side of the ankle, the anterior capsular wall, and the tarsal sinus origi-
nate proximal to the malleolus [24].

It offers sensory innervation to the lateral aspect of the heel, the outer malleolus, and
the dorsal side of the 5th and 4th toes, often extending to the 3rd toe (Figure 3) [34].

4.5 Saphenous nerve

The saphenous nerve is distinctive in its origin from the lumbar plexus, serving as
the terminal branch of the femoral nerve. Below the knee, it runs along the tibial surface
in close proximity to the great saphenous vein. The positioning of the nerve relative to
the vein may vary, with the nerve situated either posteriorly or anteriorly to the vein. In
the distal third of the calf, a common fascia encloses both the vein and the nerve. As it
descends into the lower leg, the saphenous nerve follows a path along the medial side and
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anterior to the medial malleolus, emitting branches to the skin of the medial aspect of the
foot. Typically, it ends in the metatarsal area without extending to the big toe. Providing
sensory innervation to the medial part of the ankle and foot, it extends up to the head
of the first metatarsal [32]. The extent of skin innervation may vary, with an average
distance of 6.5 cm from the medial malleolus, though it may exceed 9 cm in certain cases.
There are reports of the saphenous nerve reaching deep to the periosteum of the dis-
tal tibia, the capsule of the medial malleolus in the ankle joint, and in some instances,
the capsule of the talocalcaneonavicular junction in the medial area (Figure 3) [35].

5. Technique—Ultrasound-guided approach
5.1 Preparation for the block

Prior to the procedure, it is imperative to provide comprehensive information to
the patient. Since the nerves are located superficially, a 25-50 mm 25-G needle should
be sufficient [24]. The patient can be positioned supine with a footrest or pillow under
the calf. During the block, the leg may need to be rotated internally or externally
depending on the nerve being targeted. The proceduralist may find it efficient to
maneuver around the foot while performing the block. The entire foot should be thor-
oughly cleaned, and the procedure must be conducted using sterile technique [28].

A high-frequency linear ultrasound probe is employed, starting at a depth of 2 cm.
Long-acting local anesthetics such as 0.5-0.75% ropivacaine, 0.25-0.5% bupivacaine,
or a combination of 2% lidocaine and 0.5% bupivacaine in a 1:1 ratio are utilized [24].

Regarding the volume of local anesthetic, a recommended volume of 5 ml is
advised for each nerve, except for the tibial nerve, for which a volume of 5-10 ml is
used due to its larger size. The literature generally advocates for a total volume rang-
ing between 30 and 40 ml [12, 17, 23, 29]. With respect to the approach, for the five
nerves a technique can be performed outside or inside the plane, recommendations
varying among literature based on authors’ experiences [12, 31].

This total volume aligns closely with the volume used in ankle block procedures for
anatomical issues. Fredrickson et al. [36] studied 72 patients undergoing foot surgery
who received ankle blocks. They were divided into two groups: one using a low vol-
ume of local anesthetic (approximately 16 ml) and the other using the conventional
total volume (30 ml). The authors concluded that while a low volume resulted in a
high success rate compared to the conventional volume, there might be a compromise
in the duration of postoperative analgesia.

5.2 Sonoanatomy and injection technique
5.2.1Tibial nerve

The patient is positioned supine with the hip externally rotated, allowing the
medial side of the ankle to face upward. Placing the ultrasound probe in a transverse
orientation between the medial malleolus and the Achilles tendon (Figure 4) facili-
tates visualization. The primary landmark for this procedure is the posterior tibial
artery, often accompanied by two venae comitantes. The tibial nerve is visualized as
a hyperechoic structure, typically located behind the artery and resting on the fascia
of the flexor hallucis longus (FHL), although occasional anterior placement is pos-
sible. To aid in identification, the tibial nerve can be observed moving up and down
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Figure 4.
Position of the patient and the transducer for tibial nerve block. Source: Authors.

by extending and flexing the big toe, as demonstrated in Figure 5. Performing this
block proximal to the prominence of the medial malleolus is recommended to ensure
sufficient blockade of the calcaneal branch [37].

Care should be taken to differentiate the flexor hallucis longus tendon, which
lies deep to the tibial nerve and may be mistaken for a nerve structure due to similar
sonoanatomical characteristics [30].

Both the in-plane and out-of-plane needle approaches to the nerve are viable options.
The nerve is enveloped within a fascial sheath, and injecting the local anesthetic within
this sheath leads to a distinctive circumferential spread of the anesthetic around the nerve.
The author prefers the in-plane technique, guiding the needle into the space behind the
nerve created between the flexor retinaculum and the fascia of the flexor hallucis longus.
Typically, 8 to 10 ml of local anesthetic is adequate to achieve a satisfactory block.

2024Feb0g 21
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Figure 5.

Sonography of the tibial nerve at the level of medial malleolus (MM). From anterior to posterior, the structuves
are tibialis posterior tendon (TP), flexor digitorum, posterior tibial artery (A) and veins (V), tibial nerve (TN).
Source: Authors.
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In a study by Redborg et al. [38], a prospective randomized controlled trial was
conducted involving 18 healthy volunteers. This study investigated the efficacy of
the anatomical landmark technique versus the ultrasound-guided technique for tibial
nerve block. The findings revealed a greater proportion of complete blocks at 30 min-
utes with ultrasound guidance (72% vs. 22%).

5.2.2 Saphenous nerve

The patient is positioned with the hip externally rotated, and the transducer is
placed proximal to the medial malleolus, aligning with the position used for tibial
nerve scanning (Figure 6) . The probe is gently positioned just above the medial mal-
leolus in the approximate location of the greater saphenous vein. While the saphenous
nerve, a small hyperechoic structure, may not always be clearly visible and does not
consistently relate to the vein, the great saphenous vein serves as a reference point
(Figure 7). In cases where the saphenous nerve is not visualized, a tourniquet can be
applied around the calf to enhance venous filling (Figure 8).

During injection, the saphenous nerve may appear as a small hyperechoic struc-
ture superficial and posterior to the great saphenous vein. However, its visibility can
vary, and in such instances, the primary landmark is the vein, and light pressure
should be applied with the ultrasound probe [39]. The target area is the plane around
the vein, and the needle can be inserted either in-plane or out-of-plane. Usually, a
volume of 3-5 ml of local anesthetic is administered.

5.2.3 Deep peroneal (fibular) nerve
The patient is positioned supine with the leg in a neutral position. The ultrasound

probe is placed transversely on the anterior surface of the ankle at the intermalleolar
line, which is proximal to the ankle joint (Figure 9). The primary landmark for this

Figure 6.
Patient position and transducer for saphenous nerve block. Source: Authors.
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Posterior

Figure7.
Sonography of the saphenous nerve (SN) at the level of medial malleolus. It lies within the same fascia plane with
the greater saphenous vein (SV). Source: Author.

Figure 8.
A tourniquet can be placed around the calf to enhance the venous filling. Source: Author.

procedure is the anterior tibial/dorsalis pedis artery, typically located deep to the
extensor hallucis longus. While the deep peroneal nerve (DPN) may sometimes
appear as a small hyperechoic structure lateral to the artery in the same tissue plane, its
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Figure 9.
Patient position and transducer for deep peroneal (fibular) nerve block. Source: Authors.

visualization is not essential for performing the block. The main purpose of visualizing
the nerve is to avoid inadvertently puncturing it with the block needle (Figure 10), as
surrounding the artery with local anesthetic ensures nerve blockade [24].

Both in-plane and out-of-plane needle approaches can be employed, with the
out-of-plane approach offering a more direct needle entry for a superficial nerve. The
needle tip should be directed to either side of the artery, and local anesthetic should
be injected to distend the plane in which the artery lies. Care should be taken not to
apply excessive pressure on the transducer, as this may occlude the artery and hinder
adequate visualization. Typically, 3-5 ml of local anesthetic is adequate for achieving
effective blockade.

Antonakakis et al. [40] conducted a prospective, randomized, controlled
study involving 18 healthy volunteers to compare the technique for anatomical

2024Feb06 21:08
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Figure 10.

Ultrasound still of the deep peroneal nerve and surrounding anatomy. Sonography of deep peroneal (fibula)
nerve (DPN) at the low tibia area. The nerve is seen lateral to the antevior tibial (dovsalis pedis) artery (ATA)
which is deep to the extensor digitorum longus (EDL). Source: Authors.
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landmark-based blocks with the ultrasound-guided technique for deep peroneal
nerve blockade. The authors concluded that although the use of ultrasound for deep
peroneal nerve block reduced latency times, it did not improve the quality of the final
block compared to the conventional technique using anatomical landmarks.

5.2.4 Superficial pevoneal (fibular) nerve

With the patient in the supine position, the knee is flexed and the hip is internally
rotated to facilitate access to the lateral aspect of the leg. Alternatively, the patient can
be positioned in the lateral decubitus position, with the procedural side facing upward
(Figure 11). The ultrasound (US) probe is placed transversely on the lateral aspect of
the mid-leg, positioned above the subcutaneous part of the fibula. The fibula serves as
the anatomical reference point, generating a rectangular echo. The superficial peroneal
nerve is visualized as a small triangular hyperechoic structure situated within the
intermuscular septum between the peroneus brevis and extensor digitorum longus
muscles, just beneath the crural fascia (Figure 12). Its identity can be confirmed by
moving the probe distally and observing the nerve emerging through the crural fascia,
eventually becoming more prominent in a superficial location [41, 42].

The nerve can be blocked at the point where it lies superficial to the crural fascia,
using either an in-plane or out-of-plane approach. The in-plane approach is typically
preferred as it allows for easier needle entry into the narrow fascial plane. A volume
of 5 ml of local anesthetic is generally sufficient to achieve a satisfactory block.

5.2.5 Sural nerve

The patient is positioned in the lateral decubitus position with the knee flexed
and the hip internally rotated. The ultrasound probe is positioned transversely across

Figure 11.
Patient position and transducer for superficial peroneal (fibular) nerve block. Source: Authors.
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Figure 12.

Sonography of the superficial peroneal (fibula) nerve (NPS) at the distal third of the leg. The NPS is seen in the
intermuscular septum between peroneus longus (PL) and extensor digitorum longus (EDL) deep to the crural
fascia. Source: Authors.

the groove between the lower fibula (lateral malleolus) and the Achilles tendon
(Figure 13), applying minimal pressure to prevent compression of the lesser saphe-
nous vein. Both the vein and the nerve are situated within the fascial plane between
the peroneus tendon and Achilles tendon (Figure 14). The sural nerve is observed as
a small, round hyperechoic structure located adjacent to the lesser saphenous vein

Figure 13.
Patient position and transducer for sural nerve block. Source: Authors.
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Posterior

Figure 14.
Sonography of the sural nerve (indicated by line arrow). It is accompanied by the lesser saphenous vein, and both
are located within the fascia plane (block arrows) between the peroneus brevis (PB) muscle and tendon Achilles

(TA). Source: Author.

Figure 15.
A tourniquet can be placed around the calf to enhance the venous filling. Source: Author.

36



Eco-Guided Ankle Block: Analgesia and Anesthetic Technique for Foot Surgery
DOI: http://dx.doi.org/10.5772/intechopen.1004890

within the same fascial subcutaneous plane. If the sural nerve is not immediately
visible, the peroneal sheath can be located, with the nerve typically found anteriorly
and outside it. Another method to aid in visualizing the sural nerve is to apply a tour-
niquet to the upper third of the leg to distend the small saphenous vein and facilitate
locating the nerve (as shown in Figure 15) [30, 43].

The target for injection is the fascial expansion between the fibula and Achilles
tendon. If the nerve remains elusive, local anesthetic can be injected around the vein.
The nerve may be approached using either an in-plane or out-of-plane technique,
with caution taken to avoid piercing the nerve itself. A volume of 3-5 ml of local
anesthetic is then injected into the fascial plane surrounding the nerve.

In a study by Redborg et al. [43], a randomized, prospective, and blinded study
was conducted with 18 healthy volunteers divided into two groups: one receiving
sural nerve block guided by ultrasound and the other by anatomical landmarks. The
study concluded that ultrasound-guided (USG) techniques produced a more compre-
hensive and longer-lasting block.

6. Conclusion

With the development of US we are enabled to perform very selective and precise
nerve blocks. The primary clinical justification for employing ultrasound guidance
lies in its capacity to pinpoint the precise location of the nerve, offer real-time visual-
ization of the needle, and allow observation of the spread of local anesthetic, provid-
ing immediate feedback to the practitioner [44].

One of the best examples of the accuracy of this technology is the ankle block,
small sensory end nerves, at the ankle level, can be identified and blocked using very
low dose comparing with landmark techniques.

The ankle block is an effective regional technique, providing excellent intra-
operative anesthesia as well as long postoperative pain relief in foot surgeries, the
advantages are less motor block with similar analgesic effectiveness compared to
sciatic block [45]. In the context of modern times, this holds greater significance in
outpatient scenarios due to the implementation of enhanced recovery programs and
fast-track orthopedic surgery protocols, which prioritize rapid patient mobility and
discharge [9]. Some evidence suggests that the USG technique improves block success
rates, facilitates faster block progression, without prolonging the procedure time [46].

7. Practical tips

* When administering the ankle block, prioritize blocking the tibial nerve first, as
it is the largest nerve and takes longer to achieve a full block onset [24].

* During the superficial peroneal nerve block, begin scanning from a higher
position when the nerve is deep to the crural fascia, and observe its emergence
superficially. The nerve may be challenging to visualize in this location due to its
smaller size and hypoechoic nature [24].

* Visualizing the deep peroneal and saphenous nerves can pose challenges.
However, by concentrating on the fascial plane that delineates the vessel, inject
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the local anesthetic within that plane. The sural nerve consistently resides within
the fascial expansion between the peroneus and Achilles tendons [24].
* Patients undergoing this block should be adequately sedated since it involves
multiple needle insertions and superficial injections of local anesthetic, which

can cause discomfort. Patient alertness is not crucial for the block [28].

* When injecting local anesthetic to block superficial nerves, ensure the presence of
awheal to confirm correct placement of the needle in the superficial plane [28].

* Both the posterior tibial and deep peroneal nerves are situated deep to the
fascia [28].

* Ankle block used for outpatient foot surgery enables most patients to walk with
assistance, facilitating earlier discharge from the surgical center [28].
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Abstract

Severe traumatic brain injury is a cause of disability with economic and social
repercussions. Prehospital care is a fundamental part with important attention to
avoid hypoxemia, hyperventilation, and hypotension with airway protection. During
the primary evaluation, a clinical examination is performed focused on classifying
according to their severity, neurological involvement, and extracranial lesions and
providing a prognosis. Invasive or non-invasive intracranial pressure monitoring aims
to direct management to maintain adequate cerebral perfusion pressure, which should
be individualized in each patient, as this depends on the status of self-regulation.

Keywords: traumatic brain injury, cerebral perfusion pressure, intracranial pressure,
intracranial hypertension, trauma

1. Introduction

Traumatic brain injury (TBI) is defined as an injury to brain caused by an external
force on the head that can be a blow, explosion, or penetrating injury [1]. It causes
severe disability among young people with economic and social repercussions.
Existing limitations to treatment in underdeveloped countries include inadequate
prehospital care, limited advanced neuromonitoring techniques, or availability of
intensive care [2, 3].

Globally, it is estimated that in 2016, there were 55 million patients diagnosed with
TBI, the annual cost of the likely economic losses of productivity was $1.2 billion
[4]. Approximately, 69 million people each year are affected by this clinical entity, it
should be noted that in this study, it showed a threefold higher incidence in develop-
ing countries [5].
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In the United States, around 1.7 million people are diagnosed with TBI per year,
with the most affected population being between 15 and 19 years of age, as well as
those over 65 years of age, with a 2:1 ratio with a predominance of males [6]. The
mortality associated with a closed traumatic injury grows exponentially when it is
associated with a brain injury, which is why prehospital rapid response emergency
teams play an important role [7].

Prehospital care is a fundamental part of reducing complications in patients
with TBI, there are three important pillars in prehospital care, which are avoiding
hypoxemia (maintaining a saturation greater than 94%), protecting the airway by
evaluating the need for endotracheal intubation, and avoiding hyperventilation and
hypotension [7, 8].

TBIs accounted for approximately 2.5 million emergency department visits in
the United States, of which 87% (2,213,826) were treated and discharged from the
emergency room; The other 11% (283,630) were admitted to hospitalization and were
discharged in the following days, and approximately 2% (52,844) died in the hospital
[9]. On the other hand, this pathology has significant effects on the quality of life of
those people who suffer from this disease, it is estimated that in the United States,
there are 3.2 to 5.3 million people living with a disability related to TBI [10].

There is evidence that patients with moderate to severe TBI who were discharged
from rehabilitation were more than twice as likely to die after 3 to 5 years compared to
people in the general population who were the same age, sex, and race [11].

2. Brain physiology
2.1 Brain metabolism

The human brain weighs approximately 1350 grams, which represents 2% of the
total weight of an adult [12]. It takes up more energy than any other organ. Glucose is
the main source of brain energy; It does not freely diffuse the blood-brain barrier. It
enters the brain by active transport via glucose transporter (GLUT) 1, it is distributed
to the central nervous system by several transporters (GLUT 1, GLUT 3, GLUT5).
These transporters undergo regulation with a tendency to rise under certain condi-
tions, such as hypoxia [13].

The generation of brain energy under conditions of oxygen and glucose at normal
levels is carried out by means of glycolysis by oxidative phosphorylation of creatine
phosphokinase and adenylyl cyclase. The process allows the formation of 3 mol-
ecules of adenosine triphosphate (ATP) for each nicotinamide adenine dinucleotide
(NADH) and a maximum of 38 molecules of ATP is obtained for each molecule of
glucose. In the absence of oxygen in astrocytes, anaerobic glucose metabolism is
performed to form lactate and ATP is generated to capture glutamate. Lactate is taken
up by neurons and transformed into pyruvate that initiates the citric acid cycle, in this
process, hydrogen ions are released which are associated with acidosis and more brain
damage. In this way, ATP generation is lower per glucose molecule, generating only 2
ATP molecules per glucose molecule, which is not enough for brain demands [13].

On the other hand, during a prolonged fast, the brain uses ketone bodies which
are broken down into acetyl coenzyme A to be oxidized in the citric acid cycle, so in
extreme conditions, the brain can produce low amounts of energy from gluconeo-
genesis using glycerol, glutamine, and glycine as substrates. With low oxygen levels,
ATP generation then drops and phosphocreatine deposits are occupied until anaerobic
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metabolism is exhausted, resulting in the cessation of electrical activity in the brain.
Maintaining normal blood glucose levels is essential for normal brain function. The
brain is particularly sensitive to hypoglycemia because there are no glycogen stores [14].

2.2 Cerebral circulation

The cerebral irrigation is given by the internal carotid arteries, which branch and
give rise to the anterior circulation, the vertebral arteries give rise to the basilar artery
and its branches give rise to the posterior circulation [15].

The brain occupies approximately 15% of cardiac output (750 ml/min) and
maintains a cerebral blood flow of 50 m1/100 g/minute. In the resting state, the brain
consumes oxygen at an approximate rate of 3.5 ml/100 g/minute, which represents
20% of the body’s total consumption [16].

Cerebral perfusion pressure (CPP) is defined as the difference between mean
arterial pressure (MAP) and intracranial pressure (ICP). Under normal conditions in
adults, it ranges between 60 and 150 mmHg and the ICP around 10 mmHg [16].

2.3 Monro-Kellie theory

The skull, after the closure of the sutures and fontanelles, becomes an inextensible
configuration and, therefore, maintains a constant volume regardless of the contents.
Under normal conditions, this content can be separated into three components
(Monro-Kellie’s theory): brain 80%, cerebrospinal fluid (CSF) 10%, and blood 10%,
respectively. When there is an increase in the volume of any of the three components,
the pressure exerted by that component on the other two also increases. The CSF is
the main compensatory system [15].

2.4 Partial pressure of carbon dioxide (PaC0O2) and its implication in cerebral

blood flow

The acid-base state and its regulation have been shown to have a direct effect
on cerebral blood flow (CBF), causing a series of changes that have implications
for health, for years, it has been an important area of study in which CBF, PaCO2,
bicarbonate (HCO-3), and pH are integrated.

The cerebral circulation varies with the levels of PaCO2, in normal situations, the
CBF increases from 2 to 4% of mmHg with an increase of PaCO2, making P toCO2
the most potent physiological vasodilator [17].

The response seen in CBF to changes from PaCO2 occurs in seconds and completes
equilibrium within 1 to 2 minutes due to rapid diffusion across the blood-brain barrier
(BBB) to perivascular fluid and cerebral vascular smooth muscle cells.

Changes in CBF secondary to PaCO2 levels are not sustained for prolonged peri-
ods. The adaptation point in the pH of CBF is observed at 6 hours with subsequent
decrease in secondary changes to PaCO2 [12, 18].

3. Clinical classifications for TBI

The primary evaluation of a patient with TBI consists of a clinical examination
focused on classifying according to its severity, neurological, and even structural
involvement, as well as providing prognosis.
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The Glasgow Coma Scale (GCS) (score from 3 to 15 pts) and the FOUR scale
(score from O to 16 pts) are among the most commonly used scales to assess and
identify the patient’s state of consciousness and guide management [19, 20].

It is recommended to establish a single scale for the progressive evaluation of the
patient at 6, 12, 24, and 72 hours of the patient and to avoid marked differences in the
patient’s approach and prognosis [21-23].

3.1 Tomographic classification

Computed tomography (CT) classifications of TBI lesions are used to establish
prognosis, estimate risks of intracranial hypertension (IH), and thus establish
probable surgical treatment. The most commonly used classifications for these
types of scenarios are Marshall and Rotterdam. Other classifications, such as
Helsinki and Stockholm, have demonstrated good sensitivity and specificity in
some studies for predicting decline, but it still does not exceed the previous ones
mentioned in use [24].

3.1.1 Marshall’s tomographic classification

Standard method for the evaluation of CT in traumatic brain injury involves
evaluating the mesencephalic cisterns, midline, presence or absence of hemorrhage
and whether or not they were evacuated, as well as cerebral edema, generating a
percentage risk of IH and mortality or poor clinical outcomes. Mortality and the risk
of IH increase with each grade of the scale, up to 55 and 63% respectively in grade
III and 100% in grade IV. In addition to these degrees, two more are described that
refer to whether these hemorrhagic masses were evacuated or not; in the case of the
evacuated mass, the mortality has been described between 33 and 52% and in the
non-evacuated, the mortality reaches up to 80% [25, 26].

3.1.2 Rotterdam tomographic scale

A scale that values epidural hematoma and subarachnoid hemorrhage, demon-
strating better performance than the Marshall classification for the 6-month prog-
nosis, with similar results in terms of mortality. But the fact of individualizing the
lesions gives you a better picture of exploration and quantification of risk. In scores 1
and 2, the mortality is 0%, in score 3, the mortality is up to 6%, in score 4, the mortal-
ity is 35%, in score 5, the mortality percentage is 54%, and in score 6, the mortality
reaches 60% [25-27].

4. Neuromonitoring in the emergency room

Neuromonitoring encompasses direct and indirect techniques that help to pro-
vide early evidence of neuraxial damage and focus on reducing secondary injury by
optimizing the balance between oxygen consumption and demand [28, 29]. Invasive
and non-invasive surrogate PCI monitoring techniques and measurements will be
addressed as a treatment guide in the emergency department.
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4.1 Neurological monitoring strategies in the emergency room
4.1.1 Clinical neurological examination

The mainstay of clinical assessment is state of consciousness, such as GCS and
FOUR [30, 31]. These scales should be complemented by an assessment of pupillary,
cranial nerves, mobility, sensation, and limb strength.

4.1.2 Computed tomography

CT scan is the most widely used study to assess changes in the brain and can
provide qualitative information on the increase in PCI [32]. It is preferred for its
availability, speed, low cost, and ease of use in patients under mechanical
ventilation [33].

4.2 Non-invasive intracranial pressure monitoring
4.2.1 Transcranial Doppler (TCD)

In the initial evaluation of patients with severe TBI, TCD measurements may help
guide treatment and decrease mortality [34].

TCD is a non-invasive ultrasound that uses a low-frequency transducer (<2 MHz)
that detects the intracranial circulation through an acoustic bony window; is based
on emissions and flow receptions, the angle and position of the insonation must be
adjusted to provide the best Doppler signal [35, 36].

The acoustic windows used are transorbital, temporal, submandibular, and
foramen magnum. In clinical practice, the middle cerebral artery (MCA) is the most
insonable due to its easy access through the temporal window above the zygomatic
arch, it has a sensitivity of 38-91%, specificity of 94-100% prediction of vasospasm
[37]. The TCD measures flow rates, spectral wave analysis, and various indices that
vary according to the insonation window and the vessel analyzed.

* The pulsatibility index (PI) is calculated as:
PI = Peak systolic flow — Peak diastolic flow + Mean velocity (1)

The normal value of PI is between 0.6 and 1.16, a PI less than 0.6 is associated with
vasospasm, hyperemia, or high-grade stenosis; a PI between 1.2 and 1.6 is associated
with moderate IH or microangiopathy, a PI greater than 1.7-3 with severe IH, and
values greater than 3 are associated with severe IH and cerebral asystole [37]. The PCI
can be estimated based on the PI with the following equation [38]:

ICP=(10.927 X PI -1.284)+/-3.2—12mmHg 2)

¢ The Resistance Index (RI) which is calculated as:
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RI= peak systolic flow — peak diastolic flow
- peak systolic flow 3)

It increases in the early stages of IH and in old age [16]. Anything per <0.75 is
considered normal [39].

* Lindegaard Index (LI)

It is a value that normalizes the flow velocity of the AMC with respect to internal
carotid arteries (ICA), it serves to differentiate hyperemia from true vasospasm. A
normal LI is considered <3, mild vasospasm 3.0-4.5, moderate 4.5-6.0, and severe
>6.0 [39]. It is calculated as:

_ Flow velocity of CMA
~ Flow velocity of ACI

“4)

4.2.2 Optic nerve sheath diameter (ONSD)

The optic nerve is an extension of the central nervous system, lined by meninges
and cerebrospinal fluid (Figure 1). The optic nerve sheath (ONS) is in continuity
with the meninges, specifically the dura mater. It is the intraorbital segment of the
optic nerve and is separated from it by cerebrospinal fluid and the arachnoid trabecu-
lae [1, 4]. The elevation of the PCI causes the CSF to be distributed through the dura
mater toward the ONS, increasing its diameter [40].

Several studies have validated the linear relationship between the measurement of
ONS by ultrasound with invasive methods and PCI, with detection of ICP elevation

EYEBALL

Figure 1.
ONSD measurement. Optic nerve sheath diameter (ONSD).
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in ranges of 4.8-5.6 mm with an overall sensitivity and specificity of 95 and 92%,
respectively [41].

Serial measurement of the ONSD and the use of the following validated formula
for inference of PCI with the ONSD [42] are recommended:

ICP =(ONSD inmm x5.69)—8.23 (5)

This method should not be used in patients with facial trauma, Graves’ disease,
and sarcoidosis [31].

ONSD measurement is a validated non-invasive method that is easy and quick to
use. Performing it together with DCT in patients with severe TBI upon admission to
the emergency room can be taken as a guide for initiation of treatment and neuropro-
tective measures [43].

4.2.3 Other methods

Near-infrared spectroscopy (NIRS) has an uncertain sensitivity for recognizing
increased PCI, yet it is considered a complementary non-invasive method in neu-
rological monitoring, limited by its non-specificity and restricted availability [44].
Another method, such as quantitative optical pupillometry, may be useful to guide
response to osmotic treatment or as a monitoring of PCI, but its use in emergency
departments has not been reported [45].

4.2.4 Continuous electroencephalogram (cEEG)

cEEG provides neuronal information in response to changes in brain structure or
function. It is a continuous registry, fast and easy to use, however, with a high cost.
It is used for the detection of non-convulsive status epilepticus and cerebral isch-
emia (CBF < 25-35 mL/100 g/min, alpha and beta waves are attenuated, and if CBF
<17-18 mL/100 g/min, slow delta and zeta waves are increased) [46].

4.3 Invasive intracranial pressure monitoring in the emergency room

4.3.1 Jugular bulb saturation (SjvO2)

It is a minimally invasive method of neuromonitoring. Currently, an ultrasound-
guided fiber optic catheter is placed, both sides can be catheterized, however, right
placement is more common [47].

SjvO2 measures the relationship between brain metabolic requirements and blood
flow, being a direct determination of brain oxygen consumption (CMRO2) [48, 49].

It has a normal value of 55 to 75%, a low SjvO2 is associated with vasospasm,
ischemia, or metabolic cause (fever, chills, agitation). Elevated SjvO2 is associated
with hyperemia, hyperoxia, arteriovenous shunt, or extensive cerebral infarction.
Although it is part of the monitoring in TBI guidelines, it is rarely used in the emer-
gency department [49].

4.3.2 External ventricular drainage

External ventricular drainage (EVD) is globally considered the gold standard for
PCI monitoring. It is used as continuous monitoring of PCI and treatment of IH for
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Figure 2.
Morphology of ICP waves. (A) Normal ICP curve. (B) Decreased cevebral compliance with increased P2. (C)

Decreased compliance with critical increase in ICP. Intracranial pressure (ICP).

various pathologies (acute hydrocephalus, hematomas, hemorrhages, severe TBI,
tumor, infection, or cerebral edema) [50]. It is associated with complications such as
obstruction, improper placement, infections, and bleeding [51].

The components of the ICP wave are:

* P1isthe arterial component (percussive wave). It originates from the pulsation
of the choroid plexus, it has constant amplitude.

* P2 represents intracranial compliance (tidal wave).
* P3is associated with the closure of the aortic valve (dicrotic wave).

P2 and P3 are produced from the retrograde venous beat of the jugular veins over
cortical veins, between which the dicrote cleft of the pulse occurs. The change in the P2
wave is indicative of IH and consequently loss of brain self-regulation (Figure 2) [52].

5. Treatment of severe TBI

The presence of other extracranial lesions should be considered in the man-
agement of patients with severe TBI. Post-traumatic bleeding is one of the most
common causes of death in patients with TBI associated with other injuries, and is
a preventable cause of death [53, 54]. Therefore, priority should be given to control-
ling bleeding in case of hemodynamic instability, considering medical and surgical
management [54].

It is recommended that during bleeding control, a hemoglobin (Hb) greater than
7 g/dL and, in some cases, higher levels be maintained, for example, in patients with
low myocardial reserve or previous heart disease and older adults. If surgical manage-
ment is warranted, a platelet count greater than 50,000/mm? and an INR of less than 1.5
should be maintained. A partial pressure oxygen (Pa0O2) level of 60 to 100 mmHg and a
PaCO2 of 35 to 40 mmHg are maintained to ensure adequate oxygen transport [54, 55].

In hemodynamic control, a MAP greater than 80 mmHg or a systolic blood
pressure (SBP) greater than 100 mmHg is sought, in case these pressure levels make
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it difficult to control bleeding, lower levels could be considered for short periods
[55]. In addition, during the management of bleeding, consider massive transfusion
protocols, as well as the use of thromboelastography (TEG) and rotational thrombo-
elastometry (ROTEM) to guide the decision to use blood products [56].

After hemorrhage control, the severity of the brain injury should be assessed
by means of pupillary evaluation, the level of consciousness with the GCS, and the
performance of an imaging study [57, 58].

When performing the tomographic study, the presence of potentially surgical
life-threatening intracranial lesions should be sought, and in such a case, an emer-
gency evaluation by the neurosurgeon should be requested, who will regulate surgical
management [59].

Within the management of PCI, the factors that are related to worse outcomes are
values greater than 20 to 25 mmHg and the duration of the outcomes [58, 60]. The
goal of management is to maintain an adequate PPC, which must be individualized in
each patient, since this depends on the status of self-regulation [61], therapy should
not only focus on maintaining a specific value in all patients. It is suggested in most
guidelines and studies that maintaining a PPC value between 60 and 70 mmHg has
better outcomes and fewer neurological sequelae [62]. PPC values above 100 mmHg
are related to vasogenic edema and values below 50 mmHg are related to cerebral
ischemia [61, 63].

Among the measures that can reduce PCI in order to improve PPC are osmoth-
erapy (20% mannitol or hypertonic saline), external interventricular drainage, and
hyperventilation [4, 6]. Patients with IH such as respiratory depression, bradycardia,
hypertension, or signs of cerebral herniation (mydriasis or anisocoria) require imme-
diate medical treatment with one of these options. Prophylactic use in the absence of
data on increased PCI with osmotherapy over conventional therapy has not shown
improvement in outcomes [62].

Mannitol and hypertonic saline (Table 1) are similar in efficacy in the control
of IH [64, 65]. The decision of which osmotic therapy to use should be based on
consideration of its adverse effects and the clinical scenario, as in the case of man-
nitol that generates osmotic diuresis and hypovolemia, which would have to be made

Bolus dose Mechanism of action Disadvantages
Mannitol 20% 0.25to1g/kg * Reduces ICP due to osmotic * Hyperosmolar
effect at the brain level plus hypovolemia

osmotic diuresis. ¢ Risk of acute tubular

necrosis

 Hydroelectric alterations

Hypertonic 250 mL or 2.5-5mL/ * Increase in intravascular * Risk of hyperchloremic
solutions: kg volume. acidosis
3% NaCl 100 mL * Osmotic gradient decreasing * Risk of pontine
5% NaCl 2-4 mL/kg or : . .
brain volume. myelinolysis
7.5% NaCl 100 mL
10% NaCl 75 mL * Improved rheology of the * Electrolyte disorders
14.6% NaCl 24-48mL blood.
23.4% NaCl 30 mL

(0.686-2.0 mL/kg)

Table 1.
Characteristics of the osmotherapy. Abbreviations: Sodium chloride (NaCl).
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in conjunction with volume expansion to avoid undesirable hemodynamic effects.
Hypertonic saline could be considered a better option in cases of hypovolemia due to
the volume expansion it generates, however, both therapies warrant monitoring of
serum sodium levels and water balances [65, 66].

The use of hyperventilation (PaCO2 25 to 30 mmHg) is effective for the man-
agement of IH, it is considered a transient therapy in which a definitive surgical
management is carried out and in cases of imminent herniation. Prolonged use of
hyperventilation has deleterious effects, as well as the risk of cerebral ischemia, due to
its effects on cerebral vasculature [66, 67].

The use of antiepileptic drugs prophylactically for post-traumatic seizures is
not routinely recommended [68]; their use is considered only in patients with risk
factors, such as skull fracture, acute subdural hematoma, initial loss of consciousness,
amnesia for more than 24 hours, and age greater than 65 years [68, 69].

Other therapies for the management of TBI can be mentioned, however, there
is no evidence of benefit, such as the use of high doses of glucocorticoids or the use
of albumin during fluid resuscitation; In both cases, an increase in mortality was
observed when compared to conventional therapy [70, 71].

Within ventilatory management, the indication for orointubation and use of
mechanical ventilation depends on a combination of factors ranging from the level of
consciousness (GCS less than 8 pts), loss of airway protection reflexes, severe agita-
tion, combative state, and significant elevation of PCI [72]. Regarding the scheduling
of mechanical ventilation in patients with or without IH, the parameters may be
similar to those of patients without TBI, maintaining a protective ventilation strategy
(tidal volume 6 to 8 mL per predicted weight, PEEP 5 cmH20, plateau pressure less
than 30 cmH2O0, and a respiratory rate of 16 to 22 breaths/minute) [73].

Ventilatory management can be staggered in the case of acute respiratory failure
syndrome (ARDS), with an initial protective schedule with subsequent adjustments
to avoid severe hypoxemia; The tidal volume will be adjusted to maintain a conduc-
tion pressure of less than 14 cmH?2O0, as well as the respiratory rate for controlled
hypocapnia (PaCO2 of 32 to 35 mmHG) [74].

In case of worsening of ARDS, advanced strategies such as prone position and
neuromuscular blockade should be considered in conjunction with osmotherapy with
optimal MAP to ensure adequate PPC [74, 75].

Every patient with severe TBI should be given measures to maintain adequate
homeostasis (keep the brain happy) [62]. Multiple mnemonics have been
described to ensure measures that improve and ensure cerebral oxygenation in
patients with TBI.

The mnemonics of THE MANTLE (Table 2) are used at the bedside of patients
with severe TBI [76]. In the following paragraphs, we will describe what is suggested
to evaluate in this mnemonic.

It is considered essential to avoid hyperthermia in these patients, this generates an
increase in brain metabolism, and therefore risk of cerebral hypoxia; A temperature
target of 36 to 37°C is sought [76, 77].

Maintaining adequate oxygen transport is important. A Hb between 7 and 9 g/dL
is suggested for adequate oxygen transport and to avoid hypoxia [76, 78].

Serum electrolyte values and acid-base status are important for brain homeosta-
sis; serum sodium levels of 135 to 145 mEq/L and avoiding hypotonic solutions are
important to maintain an adequate osmolar gradient; in the base acid, a pH of 7.35 to
745 is suggested to avoid modification of the Hb dissociation curve and alteration of
oxygen delivery to tissues and organs [76].
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| x analgesia
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ABCDE" Endatracheal intubation * | tung provective | MO | ongiger
I ventilation neuromuscular
Interventians during | ufethreatening’ i 1 Hemerrhage |7 NON - Life b\kaadn
bleeding control threatening Consider prone
T position

L Consider YES
MAP 80 mmHg or SBP 100 ~ Evaluate
mmHg * T fe——
Hb 7 g/dL |
Pa02 60 - 100 mmMg Pupillary status + GCS + [ tomineat b tion
-PaCO2 34 - 40 mmHg Brain CT scan T

-PLT 50.000/mm3 Fra — I — i

INR 1.5 Osmotherapy !
b
Hyperventilation
| injury at risk of I | -

Life threatening surgical

-If massive transtusion, start
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with 1 RBC/1 B/ 1 PLT

TEG/ROTEM if available 3
Osmatherapy Emergency neurosurgery THE MANTLE | If ICP monitaring ‘
+ mnemanics *
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Bleeding control LL: . Hyperventilation * :::; ss-:;" .:f.’.i.; "
"o ONSD <5.8 mm, Pl <12
! SvO2 502 75%
.
Extracranial YES Re-examine
e::m:g:n:v Consider repeat CT scan
urgery Re-consider surgical options
Figure 3.

Consensus algorithm. (1) primary assessment, (2) patient with impaired state of consciousness (GCS <8), (3) VT
6 to 8 ml, PEEP 5 cmH20, PPLAT 30 cmH20, RR of 16 to 22 breaths/minute, (4) bleeding with hemodynamic
instability data, (5) in case of difficulty in controlling bleeding, consider lower values, (6) mydriasis or
anisocoria, (7) mannitol or hypertonic saline, (8) maintain a PaCO2 of 25 to 30 mmHg, (9) follow mnemonics to
maintain a happy brain, (10) consider maintaining adequate pain control, sedation, temperature, and agitation.
Abbreviations: Tidal volume (VT), positive end-expiratory pressure (PEEP), plateau pressure (PPLAT),
respiratory rate (RR), computed tomography (CT), Glasgow coma scale (GCS), mean arterial pressure (MAP),
systolic blood pressure (SBP), hemoglobin (Hb), arterial partial pressure of oxygen (PaQ2), arterial partial
pressure of carbon dioxide (PaCO2), red blood cell (RBC), plasma (P), platelet (PLT), international normalized
ratio (INR), thromboelastography (TEG), rotational thromboelastometry (ROTEM), intracranial pressure
(ICP), cerebral perfusion pressure (CPP), intracranial hypertension (IH), optic nerve sheath diameter (ONSD),
pulsatility index (PI), jugular bulb saturation (SjpO2).

Adequate sedation, pain control, agitation, and treatment of seizures are part of
bedside assessment to prevent an increase in basal metabolic rate [76, 79].

As already mentioned, the avoidance of hypotension is of utmost importance,
since it is related to worse outcomes, a BPS of 100 to 110 mmHg, maintaining a
normal volume, a normal peripheral perfusion, a diuresis of at least 30 ml/hr., and a
central venous pressure of 6 to 10 cmH20O are suggested [76, 80].

Glucose control is crucial for proper brain metabolism. A range of 110 to 180 mg/
dL is suggested, since values outside this range are related to metabolic crises and
generation of neurotoxic cascades that alter homeostasis [76, 81].

In terms of oxygenation, we have a PaO2 target of 80 to 110 mmHg and a SaO2 greater
than 94%, avoiding hyperoxia as well as hypoxia [76]. In case of mechanical ventilation,
pulmonary protection parameters should be maintained, as mentioned above [75, 76].

Finally, cerebral edema and PCI control should be given. In case of neurological
monitoring, maintain a PCI of less than 22 mmHg, SjvO2 between 50 and 75%, and
non-invasively, an ONSD <5.8 mm, a PI <1.2, and a brain computed tomography scan
without signs of cerebral edema [76].

Within the management of patients with severe TBI, stepwise management is sought
[82]. We recommend the algorithm in Figure 3, which is based on the recommendations
previously discussed, always remembering the individualization of the patient.

6. Conclusion

The identification and appropriate approach of a patient with severe TBI, whether
prehospital or Intra-hospital, requires a broad knowledge of brain physiology, in order
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to direct an appropriate neurological monitoring, whether invasive or non-invasive,
and thus obtain information that allows us to direct a treatment in a staggered manner
or controlling the ICP levels to guarantee the best CPP, taking into account variations

in brain self-regulation. Regardless of the form in which the treatment is directed, the
cornerstone is individualization.
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Chapter 5

Pathways to Reduce Late Mortality
of Hemorrhagic Shock

Fabrizio Giuseppe Bonanno

Abstract

Patients with progressing hemorrhagic shock (HS) die rapidly of cardiac arrest
by insufficient venous return or within days by second-hit multiple organ dysfunc-
tion/failure (MOD/MOF). Once earliest source control has been effectuated and
macro-hemodynamics is normalized, only three variables affect mortality, namely
microcirculation, temperature, and oxygen. Late, non-immediate, mortality is usu-
ally preceded by a period of cryptic shock, essentially a disease of microcirculation in
the midst of a seemingly functional macrocirculation. The persistence of the effects
of ischemia-reperfusion toxemia (IRT) underlying a subclinical cryptic shock is the
fundamental pathogenetic factors for clinical observed second hit deterioration.
Rewarming a hypothermic hemorrhagic patient and administration of supplementary
high dosages of oxygen are standard practices for the management of hemorrhagic
shock in acute phase. A complete shift of paradigm prospects an answer to the above
tactics’ limitations, drawbacks, and contra-indications. Mild-to-moderate hypother-
mia, titrated supplementary oxygen, and timely-given vasodilators should instead
be given during damage control surgery (DCS) for advanced shock with the aim of
reducing ischemia repercussion injury (IRI) e microcirculation dysfunction. A new
strategy is suggested: preoperative hypothermia and titrated oxygen before hemor-
rhage source control, and intra-operative vasodilation and anti-inflammatory tactics
after source control.

Keywords: hypothermia, oxygen, vasodilation, cryptic shock, acidosis,
ischemia-reperfusion, MODS/MOF

1. Introduction

Quoting Singer and Matthay [1], “Many advances in medicine have been achieved
through challenging established dogma with revolutionary thought and novel prac-
tices. Each and every specialty is reinvigorated by regular re-evaluation of processes
and practices in the light of new evidence and fresh conceptualization. Challenge can
galvanize fresh thinking and new approaches, yet may also veinforce and strengthen
traditional paradigms if the prevailing orthodoxy is subsequently revalidated.”
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1.1 Changing the paradigms

Once earliest source control has been effectuated and macro-hemodynamics is
normalized, only three variables affect mortality, namely microcirculation, tempera-
ture, and oxygen.

Microcirculation optimization is crucial for prognosis of HS; hypothermia is still
seen as an enemy and high flow oxygen advised in advanced HS till recently.

Can the interaction between the three variables be manipulated for improving
prognosis of advanced unstable progressing HS?

2. Hypothermia in hemorrhagic shock

In hemorrhagic shock, re-warming the patient with normothermic/warm fluids
and devices like the Bair Hugger is standard practice, assumedly and principally to
prevent accidental hypothermia from blood loss, general anesthesia, and environ-
mental exposure of open cavities and cold fluids [2].

Spontaneous hypothermia in hemorrhagic shock is not an independent risk factor
for complications or mortality, which is correlated rather with the severity of the
injury [3, 4].

Surely warming makes the patient more comfortable and prevents or stops the
shivering accompanying hypothermia [5, 6], but is this practice really worthy, not to
say safe [7]?

Cold increases a-adrenergic vasoconstrictive response; likewise heat increases
beta-agonist response, with changes that are independent from the activity of metab-
olizing enzymes affected by temperature [8].

Hypothermia decreases blood flow to all organs of the body in different manner,
the skeletal muscle and extremities being the most sensitive to the reduction, fol-
lowed by the other internal organs, the lungs as the last. The metabolism of all drugs,
in particular opioids and muscle relaxants, is slowed, and the lower is the temperature
the lower and more distanced dosages are required [9].

The increase or normalization of temperature neutralizes the initial compensatory
vasoconstrictive phase conveniently contributed by hypothermia, predisposing to a
faster passage to a decompensated phase; moreover, hypothermia reduces the amount
of fluids necessary to maintain pressure following vasoconstriction [10]. Since
Hippocrates time and in World War I, it was noted that shocked patients had a higher
survival when exposed to cold rather than warm environment, due to the vasocon-
striction effect of cold [11].

The rationale for preventing or delaying the onset of hypothermia-related coagulopa-
thy [12] is rather weak argument when compared to the beneficial effects on hemody-
namics and metabolism in the overall computation. Hypothermia-induced coagulopathy
is clinically significant at around 32°C, indicating a terminal stage of shock [5], while
coagulopathy in early stage is determined by hypoxia and trauma itself, compounded
by iatrogenic intervention and dilution of coagulation factors [13, 14]. Even at lower
deep levels, coagulopathy remains a reversible phenomenon. In experiments on animals,
spontaneous mild hypothermia does not affect coagulation in a model of controlled
hemorrhagic shock [15] as predictably instead does hypothermia induced with intrave-
nous cold solutions in uncontrolled hemorrhage models, where dilution of coagulations
factors and the increased volume-driven pressures of the extra fluids become a contrib-
uting factor [16].
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There is overwhelming convincing experimental evidence in animals of different
size, proving the increased survival with induced intravenous and surface hypothermia
compared to normothermia. This is not achieved without problems with both methods.
Surface hypothermia is rather uncomfortable and intravenous fluids induce dilution
coagulopathy, decreased DO, due to Hb curve shift to left, and must be accompanied by
pharmacological control of shivering. Another drawback of surface cooling is that may
accelerate death during severe hemorrhage shock because it causes reflex vasoconstric-
tion that increases arterial pressure and bleeding speed before cooling down metabo-
lism, which preserve cell functions [17]. For all these reasons, the systemic intravenous
not-hematic fluids and surface hypothermia have been abandoned. The basic benefits
of hypothermia in respect to normothermia were otherwise evident.

The experimental models of controlled hemorrhagic shock in small and big
animals have confirmed the historical observations in war surgery and, ominously,
the indisputable fact that hypothermia supports arterial pressure, decreases heart rate
and oxygen consumption, and prevents lactate levels’ rising [18-21]. It appears also to
be in prospective more advantageous in advanced, uncontrolled hemorrhagic shock
stages [21].

Very few studies have looked into the relation between hypothermia and hemor-
rhage in humans, on the claim coagulation increases bleeding by interfering with
coagulation.

There is no evidence that mild hypothermia-induced coagulopathy increases
mortality by increasing the rate of bleeding in elective surgery with patients kept at
36-34°C [22, 23] or in trauma patients [24], nor is evidence it increases mortality as
early coagulopathy or as late coagulopathy [25, 26].

It can be postulated that the increased bleeding in the initial stages of hypothermia
is consequence of vasoconstriction increasing pressure, hence bleeding rate speed,
whereas in the late stages, both the vasoconstricting effect prevailing on the fad-
ing hemodynamic pump pressures and the positive effect on metabolism actually
decrease mortality by preventing, slowing, or blocking further blood loss and main-
taining cellular metabolism to a minimum.

A limit of the experimental studies lies in extrapolating conclusions from results
obtained in laboratory on rats, dogs, and pigs, who have, respectively, much less and
more fat mass than average humans, a different response to catecholamines, and a
different surface-to-volume ratio. Finally, the cognitive functions tested after extra-
corporeal circulation are incomparable with the ones in humans [21, 27].

The main reason for the bad reputation of hypothermia in hemorrhagic shock has
been the confusion between the early dynamics of spontaneous accidental hypo-
thermia and the late metabolic hypothermia of advanced shock, between the various
causes of hypothermia, and between early and late hypothermia.

Accidental, environmental, hypothermia respond to external rewarming; meta-
bolic and cellular hypothermia does not, and only oxygenation with restoration of the
capacity to produce adequate adenosine triphosphate (ATP) can reverse the latter.

2.1 Cellular effects of hypothermia
2.1.1 Protection from ischemia
ATP preservation is the essential life-preserving mechanism. ATP content is

decreased in hemorrhagic shock but is regenerated once blood flow is restored
in time. Cellular function remains viable up to a limit (warm ischemia period)
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depending on mitochondria function and up to a certain point can be re-established
with restoration of perfusion [28-30].

Hypothermia diminishes the oxygen demand of the body (6-7% per 1°C cooling),
protecting the most oxygen-dependent organs of the body, brain, and heart, against
hypoxic damage [31]. The drop in body temperature in response to hypoxia, due to
energy depletion, and a drop in heat production, unlike the ventilatory response to
hypoxia, do not depend on the activation of peripheral chemoreceptors. This is the
cause of metabolic hypothermia occurring in advanced HS [32].

Preservation of adenosine triphosphate (ATP) and glycogen stores in the ischemic
myocardium areas, and of creatine phosphate in the non-ischemic areas appear
to be as the determinant mechanisms for the benefit of hypothermia in ischemic
myocardium [33, 34].

In brain cells, hypothermia reduces basal cellular metabolism by reducing oxygen
uptake and consumption, with consequent shift of Hb-O, dissociation curve to the
left and preservation of ATP content in all cells by stopping its breakdown [35, 36]
and at some extent lactate and acidosis increase [37].

Ischemic neurons release neuroexcitory amines, especially glutamate, which
in turn activates N-methyl-D-aspartate (NMDA) channels; once the channels are
activated, calcium enters the cells and accumulates activating multiple destruc-
tive enzymes, with result of neuronal death. Hypothermia reduces the release of
glutamate and another neuro-transmitter glycine needed for the NMDA receptor
activation and prevents calcium entry restricting membrane permeability [38-40],
so preventing cell death [41]. The reduction of calcium and lactate pathways accounts
for the cell preserving effect of hypothermia in the brain.

3. Protection against ischemia-reperfusion

Hypothermia creates ischemic tolerance by several mechanisms: metabolic
depression, reduced need for oxygen and energy, blundered immune and inflamma-
tory response, and increased cell membranes tightening. Even more important is its
protection from ischemia-reperfusion injury [42, 43].

Heart protection. Despite local hypothermia at 32-34°C in AMI reduces infarct size and
ischemic/reperfusion damage, maintains ventricular performance and long-term remod-
eling, and prevents the no-reflow phenomenon, without though improving the overall
outcome, its findings are ominously translatable in the prevention of IRT [44, 45].

The protective of hypothermia, whether induced or spontaneous, on I/R injury in
the heart bases on the protection mitochondrial permeability transition pores, reduc-
tion of calcium overload, regulation of cellular signaling (Akt pathways, heat-shock
proteins, extracellular-regulated kinase, etc.), and an overall reduction of the inflam-
matory response.

These events were observed when hypothermia was induced during the ischemic
episode and disappeared after reperfusion [44, 45], hence the crucial importance of
installing any form of therapeutic hypothermia before reperfusion.

This effect of hypothermia is timing/speed of onset-dependent. If hypothermia
is present before ischemia installs can be life saving, otherwise it is not beneficial and
may actually accelerate exitus. If tissue metabolism and heat production capacity is
preserved by hypothermia before heat loss from ischemia occurs, then hypothermia is
lifesaving [46-48].
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Neuroprotection. The prevention and attenuation of the direct ischemic insult and
the protection against ischemia-reperfusion (I-R) and ROS injury by tightening cell
membranes and decreasing capillary permeability and edema in the intestinal capillar-
ies, the most permeable in the body together with the liver and kidney ones [42, 43],
are particularly useful if not crucial for brain cells IR injury or damage (IRI/D) during
ROSC after successful CPR [49-53] and in neonatal encephalopathy [54-57].

Systemically induced therapeutical hypothermia (TH) at a core body temperature of
33-35°C has been shown to be beneficial not only for neonates with ischemic encepha-
lopathy but also for comatose adults post out-of-hospital cardiac arrest with both
shockable and non-shockable rhythms [54-57]. Acute brain damage from ischemia-
reperfusion may further lead to other distal organ IRI [58].

Current clinical practice to prevent IRD with systemic therapeutic hypothermia
involves whole-body cooling at core temperatures not below 34°C, threshold that can
lead to severe complications [59-61].

Therapeutic mild hypothermia (<34°C) reduces neurologic disability and cerebral
palsy in neonatal hypoxic encephalopathy without statistically significant reductions
in mortality during the neonatal period, infancy or later childhood, or in seizures at
any age. Mortality at 18-24 months was though more reduced in high-income coun-
tries and not in low-income ones. The treatment should be instituted in term and late
preterm infants with moderate-to-severe hypoxic ischemic encephalopathy, initiated
early (within 180-360 min), and be protracted >48 hours [62].

Hypothermia in organ preservation. Therapeutic hypothermia (4-10°C) has been
standard procedure to protect donor organs against the harmful effects of ischemia/
hypoxia after surgical removal from the donor. On its own it is not enough as it
increases blood viscosity, contributing to red blood cells occluding the microvascu-
lature (“sludging”) and causing detrimental microcoagulopathy. Even hemodilution
did not resolve the problem [63].

This drawback stimulated the development of specialized storage solutions,
integrating the hypothermic effect [64, 65].

Cellular swelling from intracellular edema at deep hypothermic levels can be
explained by the temperature-dependent decrease in the activity of the Na/K-ATPase
pump causing an increase in cytosolic Na + concentration and subsequent water
retention. The increase of iron, ROS, and cytosol Ca++ in the first few hours of
hypothermia accounts for the swelling [66, 67].

Survival in elective surgery on non-cardiovascular patients has been reported with
induced temperatures down to around 5°C, around 10°C for cardiac surgery patients [68].

3.1 Clinical effects

The beneficial effects of hypothermia on heart oxygen consumption are more, the
sooner the wanted temperature is reached [69].

Following the experience with deep hypothermia in thoracic aorta, a temperature
target of 20°C can be seen as a safe limit for both heart and brain safety in models
of extracorporeal circulation for cardiac arrest by exsanguination [70, 71]: It is safer
and faster to reach than the 10°C reached with experimental big animals at a speed of
2°C/min [72].

Two-thirds of patients with trauma present with mild hypothermia, and a 10%
with moderate one [73]; deep hypothermia <32°C occurs in a quarter of hypoten-
sive shocks.
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The 32°C temperature is the threshold below which significant coagulopathy
occurs [5, 12, 15].

Below 26°C arise of systemic and pulmonary vascular resistance can be
noted [74].

Below 29°C dysrhythmias appear; below 24°C CA is a rule; no survival is normally
the rule below 9-10°C of core temperature of spontaneous hypothermia [75].

Hypothermia decreases blood flow to all organs of the body in different manner,
the skeletal muscle and extremities being the most sensitive to the reduction, followed
by the other internal organs, the lungs as the last. The metabolism of all drugs, in
particular opioids and muscle relaxants, is slowed so lower and more distanced doses
are required, the more the lower is the temperature [9].

In ischemic hearts during mild hypothermia, the heart rate decreases while cardiac
contractility is preserved, thus reducing myocardial work and oxygen consumption; the
cardiac output is decreased, but the stroke volume and blood pressure are maintained.

In normal hearts, the increase in vascular resistance is caused by the increase in
catecholamines release yielding to an increase of cardiac output, oxygen demand,
tachycardia, and tachypnea.

With advancing hypothermia and concomitant slowing of metabolism cardiac, the
cardiac output and oxygen demand decrease. Despite the protective role of hypother-
mia on tissue survival, profound and prolonged cooling eventually leads to circulatory
failure by a direct effect on coronaries and microcirculation.

Hypothermia at 32°C in healthy coronary arteries slows coronary blood flow
and increases microvascular resistance; furthermore, by increasing NO release, it
exacerbates endothelium-dependent vasodilatory response. The alteration of the NO
endothelium-dependent vasodilatory response makes patients with chronic ischemic
heart disease and chronic heart failure prone to ischemic damage [76].

“In this pathogenetic mechanism, however, is a space for a preventive therapeuti-
cal intervention aimed to counteract coronary vasospasm and deranged excitability at
core temperatures <30-29°C.”

With the deepening of hypothermia, the heart slows down pumping, dysrhythmias
with high risk of cardiac arrest (CA) are common with hypothermia at <29°C, and
dysrhythmic CA with very few anecdotal exceptions is a rule <24°C. Dysrhythmias and
coronary vasoconstriction is what causes CA in accidental hypothermia.

The microcirculation stagnation (no flow phenomenon) and the hemoconcentra-
tion (decreased plasma volume), due to a leakage of plasma in capillaries, cause an
increase of blood viscosity and concentration and aggregation of RBC with rouleaux
formation in the microcirculation, in the end contributing with the effect on the
coronaries and/or myocardium to the patient’s demise.

3.2 Drawbacks vs. benefits of therapeutic hypothermia

Shivering. A common drawback of hypothermia is muscle shivering: Shivering is
a compensatory mechanism aimed to increase heat production. It increases oxygen
demand and consumption, metabolic rate and sympathetic tone, which increase
heart rate and cardiac output, and in the same time. Depleting ATP, whose hydroly-
sis is what produces heat. The faster the cooling is reached, however, the lesser the
shivering and the oxygen consumption [77]. Shivering occurs during hypothermia
induction at temperatures between 35 and 37°C and less likely at mild hypothermia
between 32 and 34°C; thus, shivering may delay reaching lower target tempera-
tures of 32-34°C and offset the therapeutic effects of hypothermia for I/R injury,
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pre-requisites of the therapeutical use of hypothermia [9]. Shivering disappears at
temperatures <33°C [78]. Selective surface heat to hands and face, areas with the
highest density of cutaneous temperature receptors, could be given in lieu of a pair
hugger. The author recommends instead 0.3-0.5 mg/Kg of pethidine iv as safe anti-
shivering drug, a sub-analgesic dose with no hypotensive effect—pethidine is already
the least ventilation-depressing opioid. Morphine also settles the discomfort and has
a lesser hypotensive effect and a superior sedative effect than pethidine, but has the
unwanted vasodilating heat-losing effect from histamine release. Pethidine, on the
other hand, has a central anti-cholinergic effect terminating rapidly the shivering that
other synthetic opioids do not have; besides, rigidity and muscle spasm can show with
the latter group of drugs. Interference between the drugs is a potential pitfall in terms
of potentiating reciprocal side effects, for example, hypotension, drowsiness

Rewarming shock. Another drawback is the rewarming shock. A rewarming
time > 0.25°C/h is recommended for the reheating after cardiac arrest occurring in
accidental hypothermia that must be done within 6 hours. If rewarming was attempted
after 5 h, experimental animals died as soon as core temperature reached 25-28°C [75].
Rewarming shock is a not well-understood complication of fast rewarming from acci-
dental hypothermia, characterized by collapse with hypotension and tachycardia and
by not progressing decrease of acidosis reverse trend. In its fulminant form, rewarm-
ing shock occurs during or shortly after rewarming and is unrelated to the occurrence
of ventricular dysrhythmias. The first clinical sign is the no increase or reduction of
cardiac output during rewarming, or shortly after, which is unrelated to any obvious
cause, followed later by a rapid fall in blood pressure, caused by a sudden lowering of
total peripheral resistance. During the process, hyperkalemia, hypoglycemia, and a
rebound of increased intracranial pressure in TBI are expected.

The collapse is fatal if left untreated, but it can be buffered temporarily by inter-
ventions aimed at increasing peripheral resistance [79, 80]. It occurs only during
rewarming in accidental hypothermia and does not occur during rewarming and
weaning of the CPB appears.

Actual and potential benefits. If two-thirds of patients with trauma present with
mild hypothermia, a 10% with moderate one [73], to bring up internal temperature
up to 36°C, can be done intra-operatively fast enough in almost all patients. In experi-
mental conditions on animals with different sizes than humans, the recommended
rewarming speed from extreme temperatures of 10-15°C under CPB after induced
exsanguination is 0.5°C per minute [81]. In the overall computation, hypothermia is
not an enemy and has the only drawback in the shivering, causing lack of comfort in
the early stages and in stopping microcirculation in advanced stages when paradoxi-
cally also a synchronous and crucially protective effect as long as the stagnation is not
allowed to persist for longer than 1 maximum 6 hours [75]. Moreover, both shivering
and the rewarming shock are solvable problems as is the protection of myocardium
during the deepening of spontaneous accidental hypothermia when ischemia to the
heart from the arrest of the pump <30-29°C is unwanted before deeper protective
hypothermia has taken place. There is a window of therapeutical space to protect
myocardium <32-30°C with rewarming and vasodilatation. The drawbacks should not
hinder its beneficial applications. Hypothermia is such a relevant factor for survival at
any stage of shock that no method of extreme form of resuscitation cannot disregard
induced hypothermia as essential therapeutic component. Any association of causality
between accidental hypothermia and mortality cannot be asserted without informa-
tion on the contribution of metabolic hypothermia, that is, the level of macro- and
micro-hemodynamics on impact, the different effects of hypothermia on macro- and
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microcirculation, and the timing of measurements especially in relation to the initial
management of the shock and correlated hypothermia [82]. Hypothermia associated
with HS is per se not lethal, and even its most ominous metabolic-hypoxic type, caused
by hypoperfusion, could be managed with re-perfusion and intra-operative active
re-warming and microcirculation vasodilatation after source control. If properly
interpreted, controlled, or induced, it can only be beneficial in HS.

Timing of temperature manipulation is crucial for its benefits, as diriment is the
synchronous reading of shock progression and dynamics and the distinction of the
cause of hypothermia.

Moreover, systemic hypothermia with CPB is the major contributing factor to
prevent or control systemic IRI [83].

The only study on the effects of hypothermia on microcirculation confirms that
mild hypothermia at 34°C either protects or does not affect microcirculation. In
an experiment on sheep, one group was kept in normothermia and another sent in
hypothermia at 34°C with gastric circulation of cold water, both were made to bleed
in a controlled volume hemorrhage. Microcirculation parameters were measured
at hemodynamic stability and shock: Cortical renal, intestinal villi, and sublingual
microcirculation were assessed with incident dark field illumination (IDF) video-
microscopy; intestinal and renal blood flows were measured by an ultrasonic flow-
meter, and mucosal PCO, was measured by air tonometry. Mild hypothermia does
not worsen the microcirculatory derangements induced by hemorrhagic shock in the
three most hit beds, with peritubular capillaries most sensitive to changes of regional
and tissue perfusion than intestinal and sublingual beds [84].

4. Oxygen and hemorrhagic shock

The administration of oxygen at normobaric levels via a bag-mask with reser-
voir or an ETT with a FiO, of 1 (100% O,) has been a common empiric practice in
advanced shock.

It is commonly assumed that 100% oxygen, that is, a fraction of inspired oxygen
(FiO,) of 1 in pre-hospital setting on a patient with hypotensive hemorrhagic shock
requiring intubation or the administration of 80-100% with a re-breathing mask with
reservoir is good therapeutics.

There is no evidence of increased survival or of benefits with concentrations
ata FiO2 > 0.4-0.5 in an uncontrolled hemorrhagic shock before source control,
contrarily to moderate or mild hypothermia [85-87] or in controlled shock without
hypoxemia [88].

As a matter of fact, hyperoxia has the opposite effect: The ischemic CNS response
and the chemoreceptor response get in fact neutralized by hyperoxia in uncontrolled
hemorrhage before or without source control, especially if a blood transfusion “giving
a lift to that oxygen” is also running.

This might be as important reason for the better results of the “scoop and run”
policy in humans and the scarce or no interference with hemodynamics before source
control [89].

Oxygen in those scenarios is often given empirically without endotracheal intuba-
tion with masks with an average FiO, of <0.6, therefore not affecting significantly
PaO, at the extent of neutralizing the two lifesaving reflexes.

In decompensated hypotensive shock and in absence of post-traumatic respiratory
failure not requiring intercostal drain, for example, severe pulmonary contusion,
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patients should initially be kept at concentrations not higher than 40% FiO,.
Subsequently, 10% increases titrated to a SaO, of 90-94% can be effected according to
arterial blood gases.

Even in a fainted patient—fainting per se has no correlation with HS degree,
though is expected to occur often in advanced shock—PaO,-titrated FiO, is required.

Total intravenous anesthesia with solely ketamine has in fact been safely done on
not hemorrhagic or shocked patients and on patients with severe hemorrhages on
spontaneous ventilation, breathing only oxygen-air, with no intubation or sophisti-
cated monitoring other than clinical observations (pers. obs.).

Preoxygenation with 100% O; is only advised by several anesthetic societies to
provide enough time during endotracheal intubation and prevent periods of hypoxia
potentially occurring like difficult airway scenarios at expenses of temporary absorp-
tion atelectasis. It is also advised in CA resuscitation until ROSC.

5. Cryptic hemorrhagic shock
5.1Ischemia-reperfusion and systemic inflammatory response

Ischemia-reperfusion phenomenon represents the continuation, local reverbera-
tion, and systemic amplification of the effects of ischemia to tissues.

Acute ischemia yields to nitrosative-oxidative stress with accumulation of by-
products such as reactive oxygen and nitrogen species (ROS/RNS) that disrupts
the mitochondria’s enzymatic pathways and membranes, provoking an unduly
intracellular accumulation of calcium, eventually leading to cell death via several
mechanisms [90].

The stressed or dying cell itself, when reperfused, triggers an accentuation of local
toxicity by calling inflammatory cells, which reverberate further damage and other
cells’ death. With the restoration of the circulation, toxic and inflammatory mediators
are spread to remote organs [91, 92]. Preferred targets of the toxemia are the lung,
the brain, the heart, the liver, and the kidney, due to their microcirculation peculiar
anatomical structure.

The inflammatory mediators released as a consequence of reperfusion appear
also to activate endothelial cells in remote organs that are not exposed to the initial
ischemic insult. This distant response to I/R can result in leukocyte-dependent micro-
vascular injury that is characteristic of the multiple organ dysfunction syndrome [93].

The impaired endothelium-dependent dilation in arterioles enhanced fluid
filtration and leukocyte plugging in capillaries, and the trafficking of leukocytes and
plasma protein extravasation in postcapillary venules.

The level of hypotension is a major determinant of the systemic inflamma-
tory response arising during hemorrhagic shock [94]. The experimental works of
Douzinas have proven the nexus between the level of ischemia and the IR-triggered
inflammatory response, after previous indirect studies had correlated the level and
duration of ischemia with the level of the inflammatory response [95, 96].

The phenomenon is very similar to a crush injury evolving in crush syndrome or to
the toxemia and inflammatory shock following an ANP [91, 97, 98].

The gut is normally resistant to ischemia [27] but when is hit, as for its permeabil-
ity, it acts as a rebound platform for a systemic spread of toxins, necrotic or inflam-
matory factors, and bacteria translocation even in the absence of sepsis. In a systemic
IR toxemia (IRT), like the one induced by a HS, the gut is a formidable multiplier of
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toxemia augmented with the local bacteria translocation in addition to the inflam-
matory and toxic cascade. Furthermore, intestinal I/R increases luminal epithelial
permeability yielding to ingress of bacteria and exit of bacteria and enterotoxins in
the circulation, which can result in sepsis and multiple organ failure [99, 100].

An analogue situation occurs when the primary ischemic site is the gut itself such
as in acute mesenteric ischemia or a gangrenous colon volvulus [101].

Another organ with highly permeable microcirculation, hit in any inflammatory,
septic to toxic shock is the lung.

Endotoxemia in the absence of infection predisposes to infections in distant organs
in the first postoperative week.

The IR local injury and systemic toxemia is not the only side effect of late inad-
equately treated ischemia.

A direct blunt trauma if significant or massive can give a post-traumatic inflam-
matory response (PTIR) of a SIR sepsis-driven, with the same endotheliopathy as
underlying main pathophysiological mechanism [93, 98].

A master review describes the molecular intracellular damages induced by PTIR or
post-trauma SIR after blunt trauma [102].

A reverberation and persistence of inflammatory response and endothelial
dysfunction of arterioles is the underlying pathophysiological mechanism triggering a
cascade of events leading to death in the first week or so.

No restitution ad integrum of endotheliopathy in the arterioles indicates irreversible
shock [93, 98].

The resulting in increased microcirculation permeability with localized and
distant organ fluid loss into the interstitial space, cytokine systemic storm and an
inflammatory cascade reactions that can lead to reversible or irreversible end-organ
dysfunction. Impaired endothelium-dependent dilation in arterioles, enhanced fluid
and protein extravasation, platelets and leukocyte plugging in capillaries account for
the clinical effects. At microcirculation capillary level, extravascular fluid hampers
the transport of oxygen and decreases substrates availability, affecting all energetic
processes including would dealing [102]. The reverberation between intracellular,
local, regional, and systemic damage by specific intracellular and external molecules,
activated in a trauma, especially a blunt one, and acting as intermediary and mes-
sengers for the SIR fuse, nonetheless the involvement ab initio of our innate immune
system, have been postulated and prospected in a review by Pape [102].

5.2 What is cryptic shock?

The persistence of the above inflammatory, immunosuppressive, toxic, and
catabolic dynamics is the reason for late, non-immediate, mortality.

Mortality after the first 6-24 hours is related to the speed and efficacy of source
control, and in the first week to first month, mortality is MOD/F driven with or
without sepsis [103].

The commonly used term “second hit mortality” is valid and acceptable if referred
only to the timing peak of mortality. The underlying pathophysiological mechanisms
are in fact a continuum [91, 98, 104, 105].

Cryptic (subclinical, persisting, silent, latent, unresolved, insidious, and refrac-
tory) hemorrhagic shock (CHS) ensues is an untreated or inadequately or late treated
shock [91], carrying a 50-60% mortality [106, 107].

CHS is essentially a disease of microcirculation, where a normal macrocirculation,
Ca0,, and DO, do not guarantee adequate VO, after source control or source elimination.
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A situation of subclinical shock that will abut in MOD/F is then present and
should be prevented, identified, and managed early before evolves in exitus.

Monitoring of the solely macro-hemodynamics variables may lack sufficient pre-
dictive value on the evolution of a critical patient. Often in ICU macro-hemodynam-
ics variables are seen within normal range; nevertheless, patients still deteriorate and
die all of a sudden, hit by a rapid onset multiple organ dysfunction/failure (MODS/
MOF) despite reassuring values [91, 106]. It is what kills in ICU patients with normal
macro-hemodynamic variables.

When macro- and microcirculation are in evident dys-synchrony [108, 109], it is
essential to address the crucial role of the microcirculation/tissues interaction and
hence restore physiological levels of CaO,, DO,, and VO,.

Despite restoration of the macrocirculation, the sublingual microcirculation is
seen impaired for at least 72 hours in hemorrhagic shock [107].

5.3 Characterization of cryptic hemorrhagic shock

Whereas in a septic or toxic shock the persisting anomaly is the persistence of sepsis
factors, mediators or by-products and in a toxic shock is the underlying systemic presence
of toxic and necrosis by-products [93, 98]; cryptic hemorrhagic shock is characterized by
the presence of an underlying persisting ischemia-reperfusion toxemia (IRT), persisting
acidosis and a dysfunctional microcirculation, and endotheliopathy in advanced stages,
when the arterial gate system suffers itself of hypoxia (Table1) [27, 91, 93].

Acidosis, a direct function of ischemia/hypoxia/hypoperfusion, is monitored
with the rising levels, in temporal order, of NBE, LA, and pH [91, 110, 111]. Whereas
ischemia-reperfusion phenomenon depends on the entity and duration of tissues
relative ischemia before the index operation, acidosis is a direct function of hypoxia
or infection or indicates the presence of a ischemia-reperfusion toxemia.

Different abnormalities can be observed with direct visualization of the sublingual
microcirculation with hand-held vital microscopes or HVMs [orthogonal polarization
spectral (OPS), sidestream dark field (SDF), and incident dark field (IDF)] in a situ-
ation of cryptic shock: spread heterogeneity of capillaries, reduced capillary density
due to hemodilution and anemia, microcirculatory flow reduction due to vasocon-
striction or micro-tamponade, and tissue edema [112, 113].

Other methods, such as near-infrared spectroscopy (NIRS) sublingual capnometry
and cerebral oxygen saturation and skeletal muscles oxygenation, have also been used in
ICU to assess microcirculation in hemorrhage, cardiac surgery, and trauma [114-120].

* Trend towards tachycardia, not explained otherwise

* MODS/MOF with normal macro-haemodynamics

* Presence of inflammatory or toxic mediators in the blood

* |Sv0,/ScvO, < 65-70%

¢ NBE > 4 mmol/L

e Lactic acid >4 mmol/L

* Microcirculation imaging (spread hetereogenity of capillaries, reduced capillary density,
microcirculatory flow reduction, tissue edema).

Table 1.
Characterization of cryptic shock [91].
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NADPH fluorescence levels are the nearest method to measure visually tissue
oxygen content [121].

“Clinicians never know whether optimization of the microcirculation and tissue
oxygenation is actually achieved after macrovascular hemodynamic optimization.
The use of automated analysis and the future possibility of introducing artificial
intelligence into analysis software could eliminate observer bias and provide guidance
on microvascular-targeted treatment options” [122].

6. Prevention of second hit mortality

To prevent or limit the ischemia-reperfusion toxemia, to prevent and buffer the
effects of endotheliopathy in the arteriolar system, and to adjust amount of oxygen
entering the life units [98] is essential management for preventing the second hit
MOD/F morbidity and mortality.

Management, therefore, must be multidirectional.

While acidosis is managed by reversing hypoxemia and rapidly controlling or
eliminating the sources (stop hemorrhage in a hemorrhagic shock and remove all
infected necrotic ischemic gangrenous contaminated tissues/fluids in septic shock/
inflammatory shock), or optimize cardiac output (cardiogenic shock), and only at
extreme levels require bicarbonate buffering, IR toxemia dynamics allow space for
therapeutical strategies and manipulations in pre- and post-source control and in
postoperative period.

The strategy proposed to prevent second hit IR-T MODS/F can be summarized
in the following: (i) the earliest or an early timed surgery preventing early mortality
and the incidence and level of a second hit MOD/F; (ii) appropriate application of
damage control surgery (DCS) (Table 2); (iii) awareness in postoperative phase of
the signs characterizing the status of a cryptic subclinical shock heralding the second

Timing

Time from from injury to source control > 90-120 min in patients with haemodynamic instability

Hypotension

i Fluid-resistant hypotension or temporary (20-30 min) response to 500-1000 ml rapid infusion elicited after 2
hours from onset of a haemorrhage

ii in presence of signs of cardiac or brain ischemia

Acidosis (metabolic) /tissues hypoxia

iScvO; < 65-70%; (ii) NBE > 6-8 mmol/L; (iii) pH < 72 - (values in trends).

Intra-operative reasons

i Convenience for the surgeon before transfer, ii) Unreachable bleeding, e.g. terminal ICA, high IJV, sacral vessels,
retro-hepatic veins iii) Intra-Operative Hypotension, iv) Operation lasting more than 60 min on patients
hemodynamically unstable before operation, v) co-presence of fecal peritonitis or of gangrenous tissues/fluids
anywhere in the body, vi) tension or gap between gut and abdominal wall margins, vii) high risk of anastomosis/
abdominal wall healing failure (edematous, ischemic, congested, cyanotic, not oozing margins).

THAI (timing, hypotension, acidosis, intra-operative) criteria

Table 2.
Indications for DCS [110, 111].
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hit; (iv) exploiting the benefits of hypothermia preoperatively (cold blood and blood
components (plasma, RBC, platelets, and no reheating)), and shivering control, (v)
hypoxemic or normoxemic reperfusion post-DCS; (vi) plasma in the presence of SIR
syndrome or post-traumatic inflammatory response, for example, in blunt trauma; (vii)
reheating and vasodilatation, which has shown to be beneficial in experimental ani-
mals, intra-operatively during DCS soon after source control and pressure restoration,
except if there is co-presence of severe TBI; postoperative adjuncts pro re nata (high
doses oxygen, NO inhalation, permissive hypoxemia, cortisone/vit A, and heparin).

Once earliest source control has been effectuated and macro-hemodynamics is
normalized, only three variables affect mortality, namely temperature, oxygen, and
microcirculation.

6.1 Managing microcirculation

While upstream circulation derangement’ correction is effected with an early or the
earliest intervention of source control and venous return optimization, it is the effect of
the hypoxemia distally to the tissues that determines the prognosis [123, 124].

In a progressive shock, microcirculation is put under distress and decompensates
at three different moments.

First, when Crit-HbO; level is reached, bleeding source/s control and blood replen-
ishment or judicious blood component restoration have not yet been accomplished.

Second, being HS, likewise CS, a vasoconstricting shock with the arteriolar
reflexes system aiming to keep blood in the macrocirculation at expenses of micro-
circulation and tissue perfusion, when exogenous vasoconstrictors are used in the
situation of a progressing hypotensive shock not responding to fluids during THR
Stage III, in a phase of arterioles unresponsiveness Stage IV, or postoperatively in ICU,
more distal hypoxia occurs [27, 110, 125].

Third, when circulation all of a sudden is restored and the nitrosative/oxidative
stress products are enhanced and reverberated locally, and amplified systemically
with damage to other organs, provided with specific special microcirculation, namely
lung, liver, and kidney—the ischemia—-reperfusion injury (IRI), which can become
systemic ischemia-reperfusion toxemia (IRT), leading to the second hit of MODS/F.

6.2 Vasodilatation

In late phase septic shock, when vasoconstriction takes over the initial vasodilation
[93], NO donors protect also against hypothermia and hypoxia/acidosis [126].

Nitroglycerin decreases systemic vascular resistance (SVR), heart work, and
oxygen consumption in severe heart failure and cardiogenic shock, a vasoconstricting
situation [127].

In experimental studies on small animals, low dose nitrites and other extrinsic NO
donors in low doses (extrinsic acetylcholine, sodium nitroprusside, and nitroglycerin)
have also shown to enhance microcirculation flow and perfusion, reverse arteriolar
vasoconstriction, and increase capillary perfusion and venous return, improving
central cardiac function and prevented further tissue ischemia, when administered in
early, reversible, and vasoconstrictive phase of hemorrhagic shock and detrimental in
late stages [128-131].

This is interpreted with the major chances of temporary timed benefits, when the
arteriolar system is not in advanced hypoxemic derangement. Experimental studies
were done also with animals filled with fluid after control hemorrhage and did not
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study a situation of pre- and post-source control. In the author’s view, source control
is the cut off for a rational use in humans, after restoration of pressures.

The timing of administration is therefore the key factor for a beneficial usage of
vasodilators in HS.

Understanding the hemodynamics of shock (vasodilator type the septic shock in
the initial phases, vasoconstrictor types the hemorrhagic, the cardiogenic and the
advanced septic shock) [93] is diriment for a safe use of vasodilators.

NO donors can be administered intra-operatively, after source control and with an
optimal venous return and SAP of >90 and MAP of >60 mmHg, under continuous
real-time monitoring.

No hypotension should be allowed to occur intra-operatively or postoperatively.

Dosages should be titrated to maintain mean an arterial pressure
(MAP) > 65-70 mm Hg under real-time continuous monitoring and a detectable
response in the microcirculation. The safety of VD in SS and CS points toward a
benefit in HS.

CS and HS are microcirculation vasoconstriction shocks, due to the occurring
reflex response, whereas SS is vasoconstricting only un advanced stages, being a
vasodilating in the initial reversible stages as for its direct effect on endothelium [93].

Intravenous infusion of vasodilators in physiological conditions has proved safe
and generally beneficial in all vasoconstricting shocks, namely advanced septic shock
and cardiogenic shock. In HS, intra-operative iatrogenic vasodilation soon after
source control is a therefore potentially beneficial, despite a not clear mechanism.

A potential benefit of systemic infusion of nitrites or NO donors is the protective
effect on patients with coronary artery disease by counteracting the vasoconstric-
tion effect of drugs (e.g., noradrenaline) and deepening hypothermia on heart and
coronaries.

The benefits of a systemic vasodilatation with nitrites and NO donors have also
been confirmed by NO inhalation, with its anti-inflammatory effect in preventing
and counteracting the IRI to the lung, manifesting in postoperative period with sec-
ondary acute lung injury by vasoconstriction or by I-R from splanchnic organs such as
gut and liver by NO [132-134].

A reduction of I-R damage in the liver from any etiology, whether primarily
inflammatory or secondary hemorrhagic with NO eNOS-produced has also been
noted [135].

The timing of administration with beneficial effects of iNOS inhibitors in the
vasodilative phase and of NO inhalation during the vasoconstrictive phase empha-
sizes again the crucial importance of timing and synchronous monitoring of its
effects. Areas that are lacking iNOS have less NO-induced vasodilation and become
underperfused.

Vasodilation creates also an optimal micro-hemodynamics for oxygenation and
removal of CO, buffering of acidosis and milieu normalization and IR inflammatory
and toxic product removal.

Intra-operative internal and external warming under full oxygenation and after
source control helps or can substitute vasodilators action. The same strategy can be
applied in HS.

External warming can be added soon after source control and in postoperative period.

To bring up internal temperature up to 36°C can already be done intra-operatively.
In experimental conditions on animals with different sizes than humans, the recom-
mended warming speed from extreme temperatures of 10-15°C in large size animals
is 0.5°C per minute [81].
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6.2.1 Addvressing ischemia-veperfusion

Systemic hypothermia and the hypoxic/ischemic post-conditioning strategy,
despite the lack of clinical data pointing to a decrease in HS mortality, remain to date
the best therapeutical assets available to prevent or attenuate the damage of IRL

The benefits of hypothermia at mild moderate levels have been delineated
experimentally [21].

Besides the prevention and attenuation of the direct ischemic insult, hypothermia
gives protection against free radicals in I-R injury and protects against inflammation
by tightening cell membranes, decreasing capillary permeability, leukotriene produc-
tion, and edema [42, 43].

This effect is exploited in preventing IRI on the brain during ROSC [50, 51] in
decreasing the size and performances of myocardium post-infarction [44, 45].

6.3 Systemic hypothermia pre-source control

Despite local hypothermia in AMI reduces infarct size and IRI without improving
the overall outcome, its findings are ominously translatable to HS with global isch-
emia situation and low DO,.

If local or regional hypothermia prevents the escalation of IR damage to heart and
brain even before ischemic infarction installs, even more so systemic hypothermia
may decrease the level IRD/I in HS systemic hypoperfusion and hypoxemia.

Hypothermia can be conveniently exploited preoperatively either not counteract-
ing spontaneous accidental hypothermia or by inducing a mild-moderate level.

It should be controlled or brought and kept at the least to >30°C for drugs be effec-
tive, > 32°C to avoid the nuisance of coagulopathy requiring packing and consuming
time for completion of the index operation, and below 36°C core temperature to avoid
the negative effects of unnecessary high temperature in tissues that have already suf-
fered a condition of relative hypoxia and exploit its beneficial effect on buffering IRI.

Practically, if present ab initio, hypothermia should not be counteracted or
brought to normothermia by any means, and it should be lowered at mild-moderate
levels by infusion of cold whole blood, or fresh-frozen plasma and cold RBC if the
patient is normothermic.

Clinical experience with cold stored low-titer whole blood (LTWB) has been seen
not to confer disadvantages on hemodynamic and safety aspects compared to nor-
mothermic blood, with the advantage of healthier platelets up to 2 weeks and higher
retention of Hb at 24 hours [136-141].

If hypothermia is used as part of the treatment in HS, the entire strategy should
change starting from preoperative management and anesthesia.

There is overwhelming convincing evidence in animals of different size, proving
the increased survival with intravenous and surface-induced hypothermia compared
with normothermia. This is not achieved without problems. Surface hypothermia
would be more uncomfortable, and intravenous fluids induce dilution coagulopathy
and decreased DO, due to Hb curve shift to left and must be accompanied by phar-
macological control of shivering and in its accidental form not to be counteracted,
resorting to small doses of pethidine for shivering.

Therapeutic hypothermia, after reperfusion following resuscitation with fluids,
predictably cannot prolong survival in volume-controlled HS [142].

Normothermia is predictably beneficial after source control and resuscitation
[143]. During surgery after source control, it is rewarming, in fact, that increases
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survival, and not hypothermia; likewise, it is hypothermia, which is beneficial and
increases survival before source control.

In a study under volume-controlled induced HS on medium-sized animals spontane-
ously breathing under a GA with a vasodilating agent such as halothane, hypothermia
induced after exsanguination with extracorporeal shunt cooling at 35+/—0.5°C resulted
in an improved survival compared to normothermia [144]. The study was biased by the
beneficial effect on the vasodilating halothane. In any case, postoperative hypothermia is
not an acceptable situation or a possible iatrogenic tactics in HS. It remains beneficial in
normovolemic conditions such as post-CA ROSC period or neonatal encephalopathy.

For an indirect proof of the beneficial effect of cold blood and blood components
global ischemia scenario is CPB. Systemic hypothermia with CPB is the major contrib-
uting factor to prevent or control systemic IRI [49]. The different outcomes between
pre- and post-source control hypothermia can be explained only by the global and more
uniform distribution of hypothermia with ECLS, method not practical or convenient in
postoperative period when the comfort of the patient is a main therapeutic target.

The key universal word to HS management, together with a rapid or earliest
source/s control, is timing.

The protective effect of hypothermia from ischemic damage, whether induced or
spontaneous, is timing/speed of onset-dependent. If hypothermia is present before
ischemia installs is or maybe lifesaving, otherwise it is not beneficial and may actually
accelerate exitus. If tissue metabolism and heat production capacity is preserved by
hypothermia before heat loss from ischemia occurs, then hypothermia is lifesaving, as
seen in CA from accidental hypothermia [46] and in cardioprotection post-AMI [47].

6.4 Oxygen-titrated reperfusion

Besides hypothermia, ischemia and hypoxemia have been studied to test the
effects of their variations on the IR dynamics.

Excess of O, therapy during significant hemorrhage intensifies the physiological
compensatory responses of vasoconstriction and blood flow redistribution [145].
Therefore, compared with room-air breathing, high flow or high concentration O,
therapy deteriorates both hemodynamics and tissue/cellular hypoxia, in spite of the
significantly higher arterial blood oxygenation.

Moreover, the abundance of oxygen supply in the initial phase of reperfusion pro-
duces a burst of ROS generation. This opens to the question of how possibly attenuat-
ing IRI by manipulating the oxygen content and titrate it to the cells needs.

“Ischemic preconditioning” is an adaptive response triggered by a brief ischemia applied
before a prolonged coronary occlusion. Ischemic preconditioning (local or remote)
plus antioxidants and scavengers [hypoxia-inducible factor-1a (HIF-1a) antioxidant
N-acetylcysteine (NAC) antioxidant MitoQ Glutathione (GSH)] aim to prepare cells to
better respond to the forthcoming stress, are difficult to apply in clinical settings, and lack
effectiveness when they are applied after or during reperfusion/resuscitation [146].

The opposite tactics, “ischemic post-conditioning,” consist in intermittent ischemia
applied during early reperfusion alternating with brief periods of reperfusion [147].

A closely related technique involves initiation of transient episodes of ischemia in
a remote tissue or organ at the time of reperfusion (remote ischemic post-conditioning).
Though not advisable in HS and cardiovascular ischemia, remote “ischemic post-
conditioning” confirms the advantages of ischemic/hypoxic post-conditioning in
buffering, decreasing, or counteracting the side effects of IRI [148]. Resuscitation
from hemorrhagic shock resulted in acute lung injury with enhanced oxidative and
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inflammatory pulmonary responses. However, the degree of injury correlated only
with the extent of oxidative aggression [149].

A variation from the alternating cycles of ischemia-reperfusion is “hypoxic post-
conditioning,” characterized by reperfusion under normoxia alternated with periods of
hypoxia. The tactic was found to reduce the formation of reactive oxygen species (ROS),
lipid membrane peroxidation, and intracellular and mitochondrial Ca(2+) overload [150].

“Hypoxemic resuscitation” with PaO, at 35-40 mmHg compared to normoxemic
resuscitation with PaO, at 95-105 mmHg has been seen attenuating lactate produc-
tion, lower ROS production, lesser oxidative and inflammatory stress [151], and
pulmonary capillary endothelial dysfunction in respect of normoxemia in medium-
size animals such as rabbits, following induced volume-controlled HS [152].

Hypoxemic reperfusion consists in gradually increasing initially during reperfu-
sion the FiO, of the reperfusate from a lower level at PaO, levels of 30-35 mmHg to
Pa0;, levels of 95-105 mmHg at the end of the resuscitation period. At a PaO, range
between 35 and 130 mm Hg no significant metabolite concentration changes are seen
[153]. Though tested only in experimental settings, the new conceptual development,
revamped from a combination of the experimented “hypoxic post-conditioning and
hypoxemic resuscitation” tactics, represents the most conceptually optimal method
for oxygenating tissues without increasing the IRI [154].

The advantage of ischemic position is in the possibility to modulate PaO, using
different levels of FiO, without compromising perfusion. In this way, ROS and the
intracellular pH are kept at a minimum, at the same time oxygen is available to mito-
chondria for ATP generation/storing, and metabolic waste is not slowed.

Another potential advantage of hypoxemic reperfusion compared to the use of
antioxidants is that it aims to prevent ROS production rather than eliminate their
deleterious effects.

Moreover, hypoxemic reperfusion may be advantageous compared to post-con-
ditioning strategies since blood flow is restored offering better replenishment from
metabolic wastes.

Two experimental studies highlight the relevance of oxygenation on the perfusion
in determining IRI and overall prognosis in resuscitation of a progressive hemor-
rhagic shock.

In a study, tissue oxygenation (PO, e tPO,) improved at a FiO, of 1 in normovolae-
mia and at blood volume losses of less than 20%. Instead, at significant, for more
than 50% blood volume losses, high inspired oxygen admixtures lead to precipitous
reduction of tissue oxygenation, similar to that of animals breathing in-room air. An
even worse outcome was observed by inducing hypoxemia (breathing at FiO, = 0.15)
without resuscitation; all parameters deteriorated, and the animals had an earlier death.
Hypoxemia combined with hypoperfusion accelerated the tPO, fall considerably [155].

An experiment iz vitro on cardiomyocytes from explanted heart has shown that
exposure to hypoxemic and room oxygen levels over a 72-h period results in signifi-
cantly lower amounts of pro-inflammatory cytokine release than intermittent or
continuous hyperoxia. Cardiac myocytes obtained from the explanted hearts were
exposed to constant hyperoxia (95% O,), intermittent hyperoxia (alternating 10-min
exposures to 5 and 95% O,), constant normoxia (21% O,), or constant mild hypoxia
(5% 0,), using a bioreactor. Constant and intermittent hyperoxia induced inflam-
mation and cytotoxicity soon after exposure, which was the greatest after constant
hyperoxia and even brief hyperoxic episodes [156].

In the last 7 years there has not been any study or iz vivo application of hypoxemic
reperfusion tailoring oxygen administration to HS level.
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Only one study has showed that the more advanced is shock, the lesser oxygen is
required. In it, where rats were made to bleed 70% of their TBV in a controlled HS
experiment, a 3-week-old hypoxically stored RBCs, made hypoxic using an O, depletion
system, scored like fresh RBC and better than conventional 3-week-old stored RBC in
terms of hemodynamics and organ injury, during resuscitation, and in terms of oxida-
tive stress, RNA/DNA injury, and lipid per oxidation, following reperfusion [157].

6.5 Normothermic plasma

Trauma causes a systemic inflammatory response, which, contrarily to sepsis and
inflammatory shock [91, 98] where is regularly and primarily hit, in trauma with
or without hemorrhage is more present in severe blunt trauma, due to the relative
increased response for the relative increase of soft tissue injuries in respect to a
penetrating one where the inflammatory reaction is present only mainly along the
track of the offense weapons trajectories. Moreover, SIR messengers and factors are
lost in a relative bigger amount in a penetrating trauma than a blunt one where tissue
contusions are universally present compared to a penetrating trauma. Endothelial
cell damage and glycocalyx shedding of capillaries and arterioles are the main target,
yielding to coagulopathy, further inflammation, increased vascular permeability, and
dyslexia that may lead to death. The microcirculation derangement is mirrored by
worsening of flow, density, and heterogeneity of capillaries within microvessels, as
seen with sublingual incident dark field video-microscopy [158].

The vascular endothelium plays a central role in maintaining organ homeostasis
through its regulation of vascular tone, coagulation, inflammation, and barrier func-
tion and the vital interaction with the distal tissues on gas exchange. Dysregulation
of normal endothelial function occurs during major injuries with severe tissues
trauma, hemorrhagic shock, and burns, where it gives rise to systemic microvascular
thrombosis, inflammation, loss of barrier integrity, coagulopathy, and respiration
dysregulation. The endotheliopathy of trauma involves a complex interplay between
the glycocalyx, von Willebrand factor (VWF), expressed on its surface, and platelets.
Upon exposure to subendothelial proteins such as collagen, VWF binds platelets to
the injured vasculature. The endothelium, which provides an anticoagulant and plate-
let-repellent surface in the resting state, becomes highly procoagulant and attracts
platelets and leukocytes when its protective glycocalyx is depleted. Hyperadhesive
VWEF also binds leukocytes to normal ECs remote from the injury site [159].

Normothermic FFP is the most effective fluid in restoring the endothelial glycoca-
lyx and junctions, in reducing endothelial permeability, and in attenuating the early
inflammation/coagulation response. The mechanism is not clear but is likely due to
the effects of the several components of FFP as the same beneficial effects have been
seen also with plasma-derived products such as prothrombin complex concentrate
(PCC) and lyophilized and spray-dried plasma. The protective effects of FFP are
diminished by post-thaw storage at 4°C for 5days and are time sensitive with most
efficacy with the first 3 hours post trauma [160].

A decrease of 30 days mortality was found with plasma when compared to no
plasma, but only in blunt trauma [161]. In some blunt trauma, such as a predomi-
nantly orthopedic blunt poly-trauma a variable post-traumatic inflammatory
response ensues. In these scenarios, the inflammatory cascade has more chance of
being retained inside circulation, damaging the endothelium and microcirculation,
than a penetrating trauma where the inflammatory avalanche gets lost with the blood
loss. Presumably, following the loss of inflammatory or toxic mediators and factors
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with the blood loss, there is a notable absence or a comparably lesser amount of SIR
and IRT in penetrating injury, while the post-traumatic inflame response is very much
present and longer lasting in a blunt injury where viable but damaged tissue contu-
sions or hematoma continue being a source of SIR or IRT. This explains why plasma
has benefits in blunt injury when added to blood.

Another advantage of plasma in blunt trauma is that it helps the release of VWF from
ECs. This action is prevented by the anti-fibrinolytic agent tranexamic acid, providing a
direct link between endotheliopathy and fibrinolysis during acute trauma [162].

These findings make normothermic plasma an important fluid in postoperative
management of a HS from a blunt poly-trauma. An advantage can further come in
decreasing plasma amenable coagulopathies, if already present and missed.

6.6 Postoperative therapeutic adjuncts

Cortisone is the perfect drug for curbing lung inflammation in the initial stages of
secondary ALI by any etiology as well as any inflammatory microcirculation derange-
ment of kidney and liver.

Cortisone has two major potentially negative side effects in the immediate post-
operative period: healing interference and impairment, and curbing the inflamma-
tory response to IRI/T. While healing is not impaired if given in the first 3 days, not
anyway enough to interfere with healing processes of an anastomosis or abdominal/
chest wall union, and can anyhow be counteracted by high doses of vitamin A, its
anti-inflammatory property is a major problem. Its use with intent to prevent or curb
the IRI to lungs kidneys and liver needs to be well pondered.

Heparin until mobilization remains another option practicable with a predictive
and preventive therapeutical role in early IRI. Heparin small doses could be added to
dissolve microthrombi in microcirculation especially in the lung we have seen to be an
important pathogenetic mechanism for the VQ mismatch of interstitial pneumonia
or ALI/ARDS occurring in second hit MOD/F. This effect must be plot against wound
mucosal anastomosis oozing in patients with mild or moderate TBI [25, 26].

Therapeutic oxygen at concentrations above FiO, of 0.6 in a HS has to be consid-
ered as normobaric hyperoxia and avoided, in both preoperative and postoperative
periods. It has been seen that 40-50% equals 100% in terms of oxygenation without
the side effects of hypoxemia; 60% is therefore the maximum that should be given
in a HS for oxygenation purposes. Higher concentrations should be considered only
for special purposes, for example, CA initial resuscitation until ROSC or concomitant
acute respiratory failure by added pulmonary trauma. Despite a proven anti-inflam-
matory and anti-infection property in experimental settings [163], it is not clear as
to which patients and or which conditions would benefit of hypoxemia to decrease
postoperative surgical site infections’ rates [164]. Certainly, oxygen is necessary for
healing and prevention of infection: Oxidative bursts of neutrophils require molecu-
lar O, [165, 166]. Oxygen in high doses PaO, > 60% can be necessary, if the tiO, and
VO, could be reliably calculated prn. VO,, in fact, is not an accurate index of tissutal
PaO, under conditions of tissue hypoxia [167]. A possible benefit on post-operative
infections’ prevention cannot be excluded either.

The damages to lung alveoli microcirculation and structure due to vasoconstric-
tion and the excess of ROS at superior normobaric doses are the drawback to avoid.

Hyperbaric oxygen is not an option too.

Inhaled NO can be used in ICU for preventing secondary ALI or the lung microcir-
culation vasoconstriction [131-134].
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6.7 Permissive hypoxemia

Mild permissive hypoxemia (PaO, 55-80 mmHg; SpO, 88-92%) results in
improved outcomes also in patients at risk or with actual early acute lung injury,
included those with ARDS or with ARF from other causes. Preliminary results
with low FiO, at 0.5 in a mix population have confirmed the safety and thera-
peutic efficacy of a “permissive hypoxemia” tactics, with improvement of in-
hospital mortality, a longer ventilator-free day period, and an improvement of the
28-day mortality in an ARDS subset and a worse outcome in high or hypoxemic
concentrations [168].

7. Perspective

On these bases, a strategy can be drawn for timely application before or soon
after source control in an advanced shock requiring DCS [111], when IR toxemia and
cryptic shock are very likely to install and determine prognosis (Table 3).

The framework conceptualized by Convertino of a similarity between extreme
physical exercise requiring increasing VO, and the need to ensure sufficient VO,
after normalization of CaO, and DO, [169] as well as the conclusions of a study by
Gutierrez et al. showing clearly high FiO, cannot compensate for the low cardiac
output and absence of tissue perfusion and O, transport does not necessarily
correlate with sufficient or optimal VO, that is in fact limited only by the diffu-
sion of oxygen from capillaries to cells [167] and address the crucial questions
and research directions to follow, if we want to diminish late HS mortality by
preventing, buffering, and managing the pathophysiological mechanisms leading
to exitus.

The real-time iz vivo monitoring of microcirculation [122] remains essential in the
first three-hour days postop, when full-blown cryptic shock installs develop and can
be timely managed.

AFTER SOURCE CONTROL POST-OPERATIVE ICU
Intraop. Options

BEFORE SOURCE CONTROL
Preop./Intraop.

Table 3.
Strategies.
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Chapter 6

Enhanced Recovery after Surgery
(ERAS) in Emergency and Trauma
Surgery

Ruggero Bollino, Helen Yu, Davide Luppi and Maurizio Zizzo

Abstract

Enhanced Recovery After Surgery (ERAS) protocols reduce the length of hospital
stay (LHS), complications, and costs for many elective surgical procedures. The ERAS
protocol concerns a multimodal, multidisciplinary, standardized, evidence-based
approach to minimize stress for patients undergoing surgery. A similar, structured
approach appears to improve outcomes, including mortality, for patients undergo-
ing high-risk emergency general surgery, and emergency laparotomy, in particular.
Recently, several studies have been published, including new guidelines, analyzing
the benefits of ERAS protocols in emergency surgery and trauma patients. The aim of
this chapter is to analyze the available data and the benefits of using ERAS protocols
in patients undergoing emergency and trauma surgery.

Keywords: enhanced recovery after surgery, emergency, trauma, surgery, protocol

1. Introduction

Originating from the pioneering work of Professor Henrik Kehlet in the 1990s
at the University of Copenhagen, Denmark, the Enhanced Recovery After Surgery
(ERAS) protocol concerns a multimodal, multidisciplinary, standardized, evidence-
based approach to minimize stress for patients undergoing surgery, promoting
healthy organ function, and ultimately improving outcomes [1]. The first guide-
lines, developed by the ERAS Study Group, founded in 2001 by Professor Ken
Fearon of the University of Edinburgh, UK, and Professor Olle Ljungqvist of the
Karolinska Institutet, Sweden, focused on patients undergoing colorectal surgery
[2]. Subsequently, in 2009, guidelines for implementation of enhanced recovery
protocols (ERPs) were published by the Association of Surgeons of Great Britain
and Ireland (ASGBI) [3]. These guidelines, which involve surgeons, anesthetists,
nurses, and allied health professionals, address pre-admission, pre-operative, intra-
operative, and post-operative items. It was demonstrated that adherence to each
component of the ERAS protocol can significantly reduce length of hospital stay
(LHS), infection risks, complications such as anastomotic leak, and overall morbid-
ity and mortality rates [4-6].
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2. Principles of ERAS protocol

Pre-operative optimization for elective surgery requires treating modifiable medi-
cal conditions like diabetes, hypertension, renal disease, atrial fibrillation, chronic
obstructive pulmonary disease (COPD), and asthma to achieve optimal patient
performance status and minimize related complications. Also, as pre-operative ane-
mia is linked to in-hospital mortality, 30-day mortality, stroke, acute kidney injury,
and sepsis [7], oral or intravenous iron therapy or erythropoietin therapy should be
assessed to reach a target of hemoglobin (Hb) >12-13 g/dL.

Nutritional assessments are crucial for identifying malnutrition, hyponutrition,
and sarcopenia, given their predictive value for mortality, LHS, infections, and
anastomotic leaks [8-10]. Appropriate interventions, including oral diets, weight
loss, or nutritional support, can reduce complications by approximately 25% [11].
Prehabilitation along with smoking and alcohol cessation was proven to significantly
improve patient outcomes [12-15].

Many ERAS items have challenged traditional surgical dogma through an in-depth
understanding of the pathophysiological response to surgical stress. For instance, the
practice of pre-operative fasting was reevaluated following observations of worsened
outcomes in animal models and evidence supporting rapid gastric emptying after
fluid intake [16].

Studies comparing patients undergoing intravenous glucose infusion with or with-
out insulin treatment to fasted patients demonstrated improved insulin sensitivity,
reduced post-operative protein loss, and lower cortisol level increases after surgery
[17, 18]. Following these findings, the ERAS group developed a low-osmolarity
carbohydrate-rich drink (maltodextrin) to improve gastric emptying and stimulate
the insulin response [19].

Pre-operative bowel preparation before colorectal surgery was questioned due to
the potential risks of hypovolemia and electrolyte imbalance, which can worsen car-
diac or renal comorbidities. Studies indicated that bowel preparation may exacerbate
post-operative ileus and affect anastomotic healing. As a result, bowel preparation
was discouraged and rectal enemas are suggested as the preferred approach for left
colon and rectal surgery [20].

Careful attention by the anesthesiologist is required during intra-operative
management, particularly with regard to antimicrobial prophylaxis, prevention of
hypothermia, monitoring of the depth of anesthesia and neuromuscular blockade,
intravenous fluid management, and analgesia.

Hypothermia was proven to increase blood loss (16%) requiring blood transfusion
(22%), increased stress response with excessive catecholamine release causing vaso-
constriction, increased afterload, myocardial ischemia, cardiac arrhythmias, surgical
site infection, and coagulopathy [21].

Intra-operative fluid management should aim to optimize cardiac function,
intravascular volume, and tissue perfusion with an appropriate near-zero balance line
[22]. Excessive fluid administration may result in pulmonary and anastomotic edema.
Conversely, inadequate fluid intake can reduce cardiac output. Poor fluid manage-
ment is also associated with increased inflammatory and metabolic markers such as
interleukin 6 (IL-6) and reactive oxygen species (ROS) during a major surgery [23].
Goal-directed fluid therapy is recommended by ERAS guidelines.

Monitoring the depth of anesthesia and maintaining neuromuscular blockade
enable the effective management of general anesthetic drugs and the prevention of
cognitive dysfunction and post-operative delirium [24].
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Multimodal analgesia, tailored to the surgical approach, is essential. Whenever
possible, offering minimally invasive surgery (MIS) along with multimodal analgesia is
recommended. Inadequate analgesic programs can exacerbate surgical stress, leading to
poor mobilization, prolonged bed rest, respiratory issues, and delayed gastrointestinal
function return, thereby prolonging hospital stay [21]. A balance of good anesthesia,
stress response modification, and satisfactory side effect profile should be achieved [21].

Epidural anesthesia should be avoided due to their potential to alter endocrine
and metabolic responses to surgical stress. Patient-controlled analgesia (PCA) has
been associated with high pain scores in the early post-operative period, indicating
inadequate pain control. Opioid-sparing analgesia should be assessed to avoid post-
operative nausea and vomiting and delayed gastrointestinal function return. Minimal
opioid use in the shortest period, combined with anti-inflammatory steroidal and non-
steroidal drugs, plays a key role in managing surgical stress and inflammation. Initially,
spinal analgesia was considered preferable to epidurals and PCA because it allowed for
opioid-sparing therapies. However, the introduction of abdominal wall blocks dem-
onstrated similar outcomes in MIS while avoiding the side effect of hypotension and
offering the added benefits of rapid awakening and early mobilization [25].

The ERAS program does not promote a particular minimally invasive technique,
but instead advocates for avoiding open surgery as it has been shown to be an inde-
pendent factor in improving outcomes, reducing LHS, avoiding wound complica-
tions such as surgical site infections and incisional hernias, and minimizing stress
responses [4, 26]. Table 1 illustrates the impact of fast-track care versus standard care
on the length of hospital stay in colonic surgery [27]:

Two other frequently debated items concern the use of drains and the nasogastric
tube. In ERAS, the routine use of drainage should be avoided as they can act as a for-
eign body, potentially providing a pathway for contamination, and are often rapidly
obstructed and therefore ineffective. Drains should be reserved for selected high-risk
patients and removed early [28].

The use of nasogastric tube has been challenged as well, as it is ineffective for its
purpose of decreasing gastric distension after surgery and avoiding respiratory com-
plications such as pneumonia and pulmonary aspiration. Multiple systematic reviews
of randomized trials have shown that patients who do not undergo routine nasogastric
tube decompression or receive “early tube removal” experience a faster return of
bowel function and reduced pulmonary complications compared to those who kept
it in place until intestinal function had returned. Furthermore, some studies demon-
strated an opposite effect on intestinal function return of gastric tube and pharyngeal
and respiratory adverse events [29]. In upper gastrointestinal surgery, no difference
in anastomotic leakage and mortality has been demonstrated in routine nasogastric
decompression versus early removal, or in nasogastric tube reinsertion [30, 31].

The most innovative features of the ERAS protocol can be found in the post-
operative management.

LHS in colonic surgery Fast-track care Standard of care

Laparoscopic surgery 5 (4-7) days 6 (4-8.5) days

Open surgery 6 (4.5-10) days 7 (6-10.5) days
Table1.

Results from Envoll (enhanced recovery open versus laparoscopic): A multicenter randomized trial of
conventional versus laparoscopic surgery for colovectal cancer within an enhanced recovery program [27].
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Early oral feeding has been shown to be safe: no increase in relevant complications
was observed, and yet a decrease in mortality was observed when started within 24 h
of surgery [32]. Functional recovery, major complications, and LHS were reduced in
patients who were able to tolerate normal food from the first day even after gastroin-
testinal surgery [33]. Enteral nutrition supplementation in selected cases is necessary.
Controversial results have been seen with immunonutrition: some trials showed
a significant reduction in infectious complications [34, 35]. As oral intake starts
quickly, intravenous fluid therapies should be taken into account only as supplement
when oral intake is not sufficient, in order to avoid edema [33].

Early removal of the urinary catheter is another important challenge of the ERAS
protocol, which promotes early mobilization and contributes to the prevention of
post-operative ileus, which is another important goal [5].

Post-operative ileus is the consequence of a disturbance of neuronal and hormonal
balance which creates a disorganized electrical activity and paralysis of the bowel [36].

Enhanced Recovery After Surgery (ERAS) items in colorectal surgery (2018)

. Pre-admission information, education, counseling
. Pre-operative optimization
. Prehabilitation

. Pre-operative nutritional care

1

2

3

4

5. Management of anemia

6. Prevention of nausea and vomiting (PONV)
7. Pre-anesthetic medication
8. Antimicrobial prophylaxis and skin preparation
9. Bowel preparation

10. Pre-operative fluid and electrolyte therapy

11. Pre-operative fasting and carbohydrate loading

12. Standard anesthetic protocol

13. Intra-operative fluid and electrolyte therapy

14. Preventing intra-operative hypothermia

15. Surgical access (open vs. minimal invasive surgery)
16. Drainage of peritoneal cavity and pelvis

17. Nasogastric intubation

18. Multimodal post-operative analgesia

19. Thromboprophylaxis

20. Post-operative fluid and electrolyte therapy

21. Urinary catheter

22. Prevention of post-operative ileus

23. Post-operative glycemic control

24. Post-operative nutritional care

25. Early mobilization

Table 2.
Guidelines for perioperative Care in Elective Colorectal Surgery: Enhanced vecovery after surgery (ERAS) society
recommendations [5].
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Reducing edema, controlling electrolytes and the inflammatory response, sparing
opioids, using minimally invasive surgery (MIS), avoiding the nasogastric tube, and
implementing early feeding and mobilization can prevent post-operative ileus [37].
Prokinetics and laxatives can be used to treat it.

Antimicrobial prophylaxis should be given once before surgery. If contamina-
tion happens during surgery, it may be necessary to extend prophylaxis up to 24 h.
Empirical treatment should be considered if the surgical site is contaminated and
administered for a maximum of 3-5 days or as per the specific case. Long-term use of
antibiotics is related to severe infections caused by antibiotic-resistant bacteria, which
can lead to a higher mortality rate [38].

Prophylaxis for thromboembolism should be assessed based on risk factors and
should be balanced against risk of bleeding. Pharmacological and non-pharmacolog-
ical treatments should be used based on the risk assessment and for no longer than
14 days in ERAS protocol. Oral anticoagulant should be reintroduced as soon as the
risk of bleeding is negligible (Table 2) [5].

Based on this evidence, many studies conducted worldwide demonstrated the
feasibility of ERAS protocols and significant reduction in complications and post-
operative mortality in these patients [39-41].

The ERAS protocol has faced criticism regarding readmission issues due to early
discharge. However, the ERAS pathway does not compromise the standard of care’s
fundamental principle of “safety first” but rather adds an efficiency perspective,
challenging dogmatic questions and focusing on prehabilitation. Data have shown a
decreased LHS without impact on readmission and emergency room utilization [42].

As the results became clearer, each side of surgery started to tailor its own proto-
col, adapting items for each situation. There are very few studies on trauma because
of the disruptive nature of the emergency environment.

3. Enhanced recovery protocols in emergency surgery

The convincing results obtained in colorectal surgery led to investigating this kind
of protocol in emergency surgery as well.

Among the earliest studies, convincing evidence of the effectiveness of ERPs in
emergency surgery was provided by three landmark studies.

Moller et al’s study evaluated the effect of a multimodal, multidisciplinary peri-
operative care program on mortality in patients with perforated peptic ulcers across
seven Danish hospitals. The implementation of this program resulted in a remarkable
reduction of 37% in the 30-day mortality rate compared to historical and concurrent
national controls. This translates to saving one life for every 10 patients treated [43].

In the NELA (National Emergency Laparotomy Audit) study, the introduction
of an emergency laparotomy pathway quality improvement care (ELPQuIC) bundle
across four UK hospitals significantly reduced the risk of death following emergency
laparotomy [44]. The ELPQuIC bundle encompassed a comprehensive set of evi-
dence-based interventions, including early warning scores, early antibiotics, prompt
surgery, goal-directed hemodynamic therapy, and post-operative intensive care.
Because of implementation of this care bundle, the number of lives saved per 100
patients treated increased from 6.47 to 12.44. Remarkably, this improvement in mor-
tality was observed without any significant difference in patient severity as assessed
by the Portsmouth-Physiological and Operative Severity Score for the Enumeration of
Mortality and Morbidity (P-POSSUM).
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A subsequent study further examined the economic implications of implement-
ing the ELPQuIC bundle, considering both hospital and societal perspectives. The
analysis, conducted in accordance with the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) guidelines, revealed that while in-hospital costs were
slightly higher, societal costs were reduced overall. This highlights the potential for
cost savings to healthcare systems through the adoption of this care bundle [45].

The first evaluation of the ERAS pathway in emergency surgery focused on
obstructive colorectal cancer treated in an emergency setting [46]. Lohsiriwat et al.
published in 2014 the first retrospective comparison between standard of care and
ERAS pathway for these patients, demonstrating its safety and beneficial effects.
There were no differences in mortality or readmission between the groups, but the
ERAS group started oral nutrition earlier, with an earlier return of bowel function
and a shorter LHS, which meant an earlier start to adjuvant chemotherapy.

The first randomized study on applying ERAS program components after
emergency surgery was published in 2014 by Gonenc et al. from Turkey for peptic
ulcer perforation [47]. This landmark study demonstrated the feasibility and safety
of implementing ERAS principles in the emergency setting. The study compared the
outcomes of patients undergoing emergency laparotomy for peptic ulcer perfora-
tion who received either a standard care protocol or an ERAS-modified protocol
and found that patients who received the ERAS-modified protocol had significantly
shorter LHS, quicker return to oral intake, and lower rates of post-operative compli-
cations compared to those who received standard care. These findings highlighted
the potential of ERAS to improve patient outcomes even in the context of emer-
gency surgery.

Quiney et al. in 2016 identified key areas for improvement in the ERAS pathway
for emergency settings [48]. They observed that delays in diagnosis could lead to
delays and inadequate resuscitation, sepsis assessment, and post-operative care when
intensive care unit (ICU) stay is needed. To address these issues, they proposed a
stepwise approach that focuses on accelerating diagnosis in cases of ambiguous symp-
toms, early administration of broad-spectrum antibiotics after sepsis assessment, and
predicting ICU stay.

Wisely et al. highlighted a changing mindset in their Australian group in the
post-ERAS era (2016) [49]. They observed how ERAS principles had influenced
their management in emergency surgery as a natural evolution of their pre-ERAS
conventional care. For example, intravenous fluid infusion decreased sensitively
after ERAS guidelines’ publication for elective surgery (p < 0.001), urinary catheter
was considered unnecessary for more than 2 days and removed earlier in post-ERAS
(p < 0.001), earlier removal of PCA has been seen (p = 0.001) and reduced drain
placement (p = 0.001). No differences were seen between the two periods for anas-
tomosis or stoma, oral intake, nasogastric tube use or earlier removal. Less major
complications were observed in the post-ERAS group (p = 0.002) and when present
they were related, on a multivariate analysis, to an important ERAS statement, which
is an unfulfilled fluid balance within the first 48 h. At the end of their description,
the group was enthusiastic about promoting other challenging principles of the ERAS
protocols in emergency surgery.

Randomized trial with the aim of applying more ERAS items on emergency
surgery was published with convincing results [50]. As experiences grew, other
pathologies than intestinal obstruction and peptic ulcer perforation were treated with
ERAS program highlighting the differences with elective surgery and the limited
compliance, for example, in case of intra-abdominal infections [51].
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The Spanish study by Viiias et al. showed the safety and benefit of ERAS-adapted
program in left colectomy after colonic perforation. The new management showed
significantly lower morbidity rates, with no additional mortality or readmissions. The
ERAS group also showed a significantly shorter LHS. Their conclusion was that the
ERAS guidelines should implement the emergency setting [52].

The key difference between emergency and elective surgery patients is that the
former presents in a compromised state, often in high-risk patients with systemic
inflammatory response syndrome (SIRS), sepsis or shock. The outcomes in emergency
surgery are poor, with higher risk of death up to one-tenth at 30 days after surgery,
one-fourth for patient over the age of 80 years, and higher risk of complications [53].

The above fact has been underlined by the encouraging results of several recent
narrative reviews, systematic reviews, and meta-analyses on this topic [54-60].

4. ERAS principles in emergency surgery

Enhanced Recovery After Surgery (ERAS) Society finally published its own
guidelines for perioperative care for emergency laparotomy in 2021 and 2023, includ-
ing all the abdominal non-elective procedures, potentially life-threatening, excluding
trauma laparotomies, vascular procedures, appendectomy, and cholecystectomy [61].

Pre-operative management is very different from elective surgery, and the main
aim is to promptly correct any alteration in the patient’s homeostasis during investiga-
tions and diagnosis. Resuscitation and Early Warning Score (EWS) should guide a
stepwise system of care: circulatory and respiratory stabilization, early goal-directed
fluid therapy, and minimization of surgical delay have been shown by many studies to
reduce mortality and LHS after surgery in this setting [62-64].

The pathophysiological derangement, such as SIRS or sepsis, gut dysfunction,
insulin resistance, fluid shifts, and many others, depending on patient’s comorbidi-
ties and performance status, may last longer than its presentation. This may be
considered for the treatment and the goal result [61]. Risk assessment using vali-
dated scores should guide pathways of care, whether non-operative management or
operative one [65, 66].

Patient with multiple-organ failure (MOF) presentation, requiring damage-con-
trol surgery with open abdomen or ICU post-operative stay longer than 72 h, should
not be candidate to ERAS protocol [61].

In these cases, the speed and efficiency of the process should be increased: in
the first hour, blood cultures should be obtained, antibiotics should be promptly
assessed, resuscitation with crystalloid should be evaluated and monitored by blood
lactate, and potential vasopressors started [67].

Rapid diagnosis and treatment planning should be made: every delay is a cost
to the patient survival, complications, and prolonged LHS. Computed tomography
(CT) scan with intravenous contrast medium is the gold standard for abdominal
diagnosis and should be acquired and discussed between surgeon and radiologist as
soon as possible, whenever the patient is stable. In case of sepsis, the source control
should be achieved surgically or through interventional radiology within 3 h from
admission if shock is present, 6 h if not [61]. A Danish study proved that delayed
emergency surgery in perforated peptic ulcer leads to reduced survival for every
hour of delay from hospital admission [68], while a British study based on National
Emergency Laparotomy Audit (NELA) data showed an increased mortality for delay
beyond 72 h [69].
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Pre-operative multidisciplinary counseling to the patient and the patient’s family
with detailed information about the procedure, potential complication with stepwise
strategies and post-operative pathway should be assessed, and most importantly,
shared decision-making plays a crucial role in an emergency setting for a potentially
fatal event [70].

The evaluation of frailty and cognitive assessment must be undertaken in elderly
patients to optimize post-operative care, avoiding perioperative neurocognitive disor-
ders and delirium triggered by medications [61]. The use of benzodiazepines should
be avoided in elderly patients for the potential trigger to delirium and opioids should
be minimized to avoid oversedation and hypoventilation [71].

In a patient who takes antithrombotic medications, reversal agents can be used
prior emergency surgery to reduce the risk of hemorrhage. Vitamin K, fresh frozen
plasma, prothrombin complex concentrate (PCC), recombinant coagulation factor,
and monoclonal antibodies (idarucizumab) should be used if any major surgery is to be
performed. Consider platelet transfusion in patients on antiplatelet therapy, after evalu-
ation by a cardiologist, if there’s is a history of a recent coronary stent or procedure [72].

Fluid management should be goal directed, avoiding patient overload even in case of
severe hypotension where inotropes can help to sustain circulation [61]. Electrolyte dis-
orders (hypokalemia, hypomagnesemia, and hypophosphatemia) are frequent, poten-
tially a trigger for atrial fibrillation, and should be corrected before or during surgery.

Hyperglycemia is also very common for the high levels of cortisol release, particu-
larly in diabetic patients, but it leads to an overproduction of inflammatory media-
tors, ROS and free fatty acids (FFAs), which are potentially harmful to the endothelial
vascular compartment and the immune system and can cause cellular damage [73].

There is no need to prepare the patient with carbohydrate load as in elective
surgery, instead correction with insulin or glucose to reach levels of 144-180 mg/dL
can reduce complications and mortality.

The use of nasogastric tubes in an emergency setting has a different rationale than
elective surgery and has a different risk-benefit ratio. Aspiration of gastric distention
for high gastric fluids may be beneficial. Post-operative management may be different
than elective setting as well [61].

From an anesthesiologist’s point of view, emergency surgery patient is more
demanding, frequently needs rapid sequence induction and intubation [74] for the
higher risk of airway contamination, using fast curare and eventually cricoid com-
pression, monitoring the depth of anesthesia with particular attention to the use of
propofol in emergencies due to its hypotensive effects associated with increased use
of vasopressors [75]. Ventilation as well should be carefully supervised because of the
association between high peak pressure and development of post-operative pulmo-
nary complication [76]. ERAS guidelines on emergency surgery suggest to start with a
tidal volume of 6-8 ml/kg and a positive end expiratory pressure (PEEP) of 5 cmH,0
and thereafter to tailor it to patient needs [77].

Indication for neuromuscular block monitoring, PONV reduction, and tempera-
ture maintenance are similar to elective ERAS principles.

Multimodal opioid-sparing analgesia may be different and limited in an emer-
gency setting: epidural catheter placement may not be safe in the presence of sepsis
and coagulopathic modification, non-steroidal anti-inflammatory drugs (NSAIDs)
should be cautiously used because of the high risk of acute kidney injury (AKI) in
multiple-organ failure (MOF) patients, paracetamol as well in case of liver fail-
ure. Neuraxial blocks should be avoided in hemodynamically unstable patients to
avoid sympathetic blockade, vasodilatation, and hypotension [75]. The use of local
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anesthetics on surgical wound, transversus abdominis plane (TAP) blockade, and
intraperitoneal infiltration with local anesthetic could be effective in reducing post-
operative pain within the first 6 h and opioid use in the first 24 h [78-81].

Intra-operative choices should be based on the risk/benefit assessment considering
not only patient’s conditions and pathology but also surgeon’s preference, skill, and
experience.

Initial diagnostic laparoscopy is recommended because of the benefits already
outlined, with an eventual conversion to open laparotomy [75]. If a gastrointestinal
or colorectal anastomosis is required, the risk of leakage must be assessed [82, 83].
Even if the emergency setting represents a major risk it should not be considered as
a contraindicationper se, as in many cases a primary anastomosis can be performed
safely and should be carefully considered alongside any other alternative strategy
[75]. Resection and stoma creation should be assessed in a shocked patient requiring
vasopressor support.

In a critically ill patient, damage control for hemorrhage or source of infection
control achieved as soon as possible delaying definitive anastomosis and abdominal
wall closure for a planned re-laparotomy [84] was challenged in ERAS protocol.
Whenever possible, definitive primary anastomosis and abdominal wall closure
were demonstrated to lead to fewer overall operations, shorter ICU stay, and
total hospital stay [85]. The use of negative pressure wound therapy (NPWT) for
abdominal wall closure may be used for intra-abdominal sepsis, to reduce compli-
cations, reinterventions, and infections. Deferred wall closure may benefit from
dynamic mesh traction on fascia besides vacuum-assisted closure therapy (VAC
therapy) [86].

Traditionally, emergency laparotomy claimed routinary drainage, but many
studies demonstrated no benefit over such routinary drainage. The World Society of
Emergency Surgery (WSES) discouraged the use of drain in perforated appendicitis
with or without abscess or peritonitis because there were no benefits about intra-
abdominal abscess formation or surgical site infections [87]. Drain-related mor-
bidities were described after perforated peptic ulcer as well (fever, peritoneal fluid
collection, surgical site infection, and wound dehiscence) [88].

Antibiotic prophylaxis with a broad-spectrum agent should be administered and
continued according to diagnosis, intra-operative findings, and field contamination
[89]. Skin antisepsis is recommended. Use of a wound protector, new instruments,
and glove change for closure was shown to bring about effective reduction of superfi-
cial and deep surgical site of infection [90].

At the end of an emergency procedure, the impact of surgery on metabolic and
hemodynamic stability for extubation may be considered. Because of the high risk of
re-intubation related to an ASA III patient (i.e., a patient with severe systemic disease
as per the American Society of Anethesiologists’ (ASA) Physical Status Classification
System) and abdominal surgery, frequently occurring in an emergency setting, extu-
bation may not be indicated [91, 92]. A careful assessment of the patient’s condition
should be scored in order to decide whether to extubate or transfer with intubated
patient to the ICU, and patient post-operative destination [75].

In order to prevent post-operative pulmonary complication and facilitate extuba-
tion, non-invasive positive-pressure ventilation and continuous positive airway
pressure should be used only when the patient presents acute respiratory failure [93].
High flow nasal cannula oxygen is an interesting alternative with lower gastric air
aspiration, increasingly used after COVID-19 pandemic era, but not yet investigated
after emergency surgery [94].
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Post-operative management should be adapted to a patient’s condition. Cognitive
impairment can be a consequence of MOF, benzodiazepines and anticholinergics
should be avoided after delirium and neurocognitive assessment [95]. Mouth care,
regular communication to the patient, and sleep hygiene care were demonstrated to
reduce delirium [96, 97].

Post-operative thromboprophylaxis with low-molecular-weight heparins should
be extended after discharge based on risk assessment, considering emergency surgery
as a major risk and including the burden of surgery, malignancy, inflammatory bowel
disease, and travel after surgery [98, 99].

In contrast to the ERAS indication in elective surgery, early removal of the urinary
catheter cannot be safely achieved in this setting due to the need to monitor fluid
balance in the first post-operative days in a life-threatening patient condition [100].

It may also be difficult following pelvic surgery and the resulting immobility, so the
possibility of catheter removal should be evaluated daily after the critical period has
passed for these patients [101].

With regard to early removal of the nasogastric tube, since the first application of
the ERAS program in emergency surgery, its feasibility was demonstrated alongside
the benefits of early oral nutrition [47]. In these cases, the nasogastric tube should
only be used for therapeutic purposes, such as post-operative ileus or bowel edema at
the end of surgery [29].

Early oral feeding was shown to be safe, even after emergency surgery [102, 103],
although it is sometimes associated with episodes of mild vomiting and is also a mea-
sure to avoid post-operative ileus, in addition to mini-invasive surgery, opioid-sparing
analgesia and, most importantly, optimized fluid management.

Enteral nutrition, or even mixed enteral and parenteral nutrition, is a valid
alternative if the patient cannot be started on oral nutrition (e.g., if the patient is
intubated) and the caloric requirements are not met [104].

Parenteral nutrition should only be started in the event of obstruction, sepsis,
intestinal ischemia, high output fistula, or gastrointestinal bleeding. Adequate caloric
intake should be achieved in the less invasive way possible.

In summary, rehabilitation is a crucial point to address in the emergency popula-
tion, as prolonged bed rest, catabolic status worsening potential, pre-existing sarco-
penia [105] and insulin resistance are common and associated with poor outcome and
higher mortality. Early mobilization is strongly recommended [75].

In the emergency setting, optimization of perioperative care is even more important
and, following the publication of the ERAS guidelines for emergency surgery, adherence
to the ERAS pathway is even more widely recommended to improve patient outcomes.

The WSES also provided its own indication for the implementation of the ERAS
protocol in a recently published position paper [106]. From their perspective, the
adherence to enhanced recovery program may improve patient compliance as a
chained process, which can result in reduced LHS with no increasing complication
and readmission. WSES reinforced ERAS principles, adding their position about
antibiotics, which should be continued after surgery for a short course only in case of
complicated infections.

Pre-operative optimization is necessary, but the timing of surgery may dictate the
speed of re-equilibration: WSES identified the need for a balance between immediate
surgery for early resolution of acute illness and delayed surgery for improvement of
the patient’s condition. The WSES paper highlights another critical issue that relates
to the wide heterogeneity of protocols reported in published studies on this topic and
the consequent lack of good quality evidence.
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Ceresoli et al. first published their experience with a larger population after
the ERAS guidelines were published [107]. Their results showed that implementa-
tion of the early recovery protocol was feasible and effective, with adherence to
the items leading to a shorter LHS and fewer complications, while non-adherence
was associated with delayed recovery. On regression analysis, use of laparoscopy
was associated with increasing adherence to ERAS principles, whereas a negative
effect was seen for the presence of hyperglycemia, fluid overload, drain place-
ment, duration of surgery, and major complication. This study emphasized that
the elements of ERAS are interconnected and the lack of one of them can reduce
the effectiveness of the whole process. To implement ERAS, the Italian group sug-
gested operative hemodynamic monitoring to reduce fluid infusion and encourage
the use of inotropes to maintain the circulatory compartment, discouraged the
use of drains in the absence of contamination, and emphasized the importance of
pre-operative correction of hyperglycemia and the increasing use of minimally
invasive approaches.

5. Enhanced recovery protocols in trauma surgery

As in the emergency setting, applying pre-operative and intra-operative ERAS
considerations in trauma surgery presents challenges and limitations. These are due
to factors including features’ presentation, the need for rapid intervention, surgical
risk, and patient pre-existing conditions. However, some of the ERAS principles can
potentially improve the outcomes, even in a trauma setting.

There is sparse literature on the implementation of an enhanced recovery program
following trauma surgery. ERAS guidelines omit this scenario due to insufficient
research and inadequate understanding of improvement areas.

In 2016, Moydien et al. published an analysis of the impact of their study on
enhanced recovery after emergency laparotomy for penetrating abdominal trauma.
Their protocol included post-operative elements, such as early removal of urinary
catheters, nasogastric tubes, and intravenous lines, early oral feeding, analgesia,
and early mobilization. The group of patients who received treatment following this
protocol was compared to a similar group with comparable injuries who underwent
treatment prior to the implementation of the new intervention. The results showed
that there was good adherence to the protocol with no significant differences in
complications, but patients who underwent ERP had significantly shorter LHS
(5.5 + 1.8 days vs. 8.4 + 4.2 days, p < 0.0002). Although it was a pilot study with small
sample, it demonstrated that ERAS principles could be applied effectively and safely
in cases of penetrating abdominal trauma [108].

The first randomized controlled trial of ERAS application after trauma surgery
was published in 2021 by Purushothaman et al. Multiple items were tested in the
ERAS patient group, resulting in a reduction of 1.7 days in LHS (3.3 + 1.3 days vs.

5 + 1.7 days, p < 0.01) without any differences in complication or readmission.
Nonetheless, this study has several limitations. First, the population selection was

not comparable to the typical scenario due to the exclusion of ASA III-IV patients.
Second, the ERAS milestone indication for goal-directed fluid management was not
achieved and excessive amounts of colloids were given, probably resulting in four
cases of ERAS failure due to paralytic ileus and vomiting after consuming solid food.
On the other hand, the explanation of the trauma dynamics and their correlation with
other trauma scenarios, including orthopedic, thoracic, and pelvic injuries, is very

107



Contemporary Approach to Trauma and Emergency Surgery

interesting in terms of its implications for pre- and post-operative management and
the implementation of the ERAS pathway for these patients [109].

Uchino et al. published a scoping review on emergency abdominal surgery and
trauma in 2023. They found only four studies on ERP application in the context of
trauma, with only two specifically focused on trauma. All four studies aimed to
evaluate the efficacy of the enhanced recovery protocol and only one trial looked
exclusively at post-operative principles. The analyzed ERP items comprised:

* Pre-operative items: arterial/central line insertion, early prophylactic antibiot-
ics, pre-anesthetic medication, nasogastric intubation, and urinary catheter
insertion.

* Intra-operative items: standard anesthetic protocol, goal-directed fluid therapy,
multimodal analgesia, prevention of hypothermia, and avoidance of routinary
drain placement.

* Post-operative items: post-operative nutritional care, early removal of
nasogastric tube, urinary catheter and drain, early mobilization and physio-
therapeutic intervention, use of antibiotic, thromboembolism prophylaxis, and
prevention of peptic ulcer.

The primary results of the study show a reduction in LHS, early return of bowel
function, and early functional recovery using the ERAS principles. Importantly, there
were no significant differences in complication rates.

Nevertheless, the authors outlined a number of issues that need to be considered
in the implementation of ERAS protocols in these patients, including: necessity to
manage trauma in a high-volume center with a dedicated trauma system and mul-
tidisciplinary team, high heterogeneity of the patient population and of baseline
comorbidities (trauma patients vary greatly in the severity of their injuries) ranging
from minor to severe trauma, a wide range of procedure complexities (trauma lapa-
rotomies cover a range of procedures from simple bowel resections to more demand-
ing damage-control procedures) [58].

6. Conclusions

Current literature has shown that following ERAS guidelines leads to excellent
outcomes in reducing post-operative complications and mortality in a wide range of
elective general surgical scenarios.

Although recent studies provided good results about the possibility of reducing
post-operative non-surgical and surgical complications and LHS through the applica-
tion of ERAS protocols, their implementation in the context of emergency surgery
may face different challenges. In particular, some aforementioned challenges are
urgency/emergency of care, severity of the primary pathology requiring emergency
treatment, heterogeneity of patient populations (e.g., comorbidities) and procedures,
availability of resources, and the need for dedicated and highly specialized profes-
sionals (e.g., surgeons, anesthetists, ICU physicians, and nurses).

To date, the real evidence about the benefits of applying ERAS principles in emer-
gency and trauma surgery is poor. Therefore, it appears necessary to conduct further
well-designed randomized controlled trials, possibly multicenter ones, in order to
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confirm or not the positive results coming from the few existing studies, mainly
observational ones. However, the feasibility of studies with designs having greater
statistical power can prove extremely difficult due to the variability of emergency
and, above all, trauma settings.
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