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Preface

This book is a collection of chapters on trauma surgery. It is divided into two sections
with chapters focusing on different clinical specialties.

In Section 1, Chapter 1, “Abdominal Trauma,” S6zen et al. discuss abdominal trauma.

Chapter 2, “Appropriate Protective Measures for the Prevention of Animal-related
Goring Injuries” by Ashok Kumar Puranik and Althea Vency Cardoz discusses the
types and treatment of animal attack injuries. Animal attack injuries are seen all over
the world. Other than a few case reports and case series, this mode of injury is highly
underreported. Hence, the global burden of animal attack injuries is unknown.

Chapter 3, “Management of Duodenal Injuries” by José Miguel Aceves-Ayala et al.,
examines duodenal injuries and their importance.

Chapter 4, “Ultrasound-Empowered Trauma Management” by Mohammad Meshkini,
emphasizes the importance of using ultrasonography in trauma patients.

Chapter 5, “OCD of the Knee in Adolescents” by Andrey Semenov et al., focuses on
osteochondritis dissecans (OCD) of the knee. The last stage of OCD is the separation
of the osteochondral fragment, leaving a full-thickness osteochondral defect that is
usually filled with low-quality fibrocartilaginous tissue. This tissue provides weak
resistance to peak loading forces, which puts the patient at risk of further destruction
of the subchondral bone and the development of early osteoarthritis.

Chapter 6, “Distal Femoral Fractures” by Alberto Jorge-Mora et al., discusses new
techniques for treating femoral fractures in elderly and younger patients.

In Section 2, Chapter 7, “Perspective Chapter: The Complex Architecture of a
Traumatic Brain Injury”, Leighton J. Reynolds draws attention to traumatic brain
injuries from different points of view.

I thank the authors for their professional dedication and outstanding work in sum-
marizing their clinical and research practices.

Selim S6zen

Associate Professor of General Surgery,
S6zen Surgery Clinic,

Tekirdag, Turkey






Section 1

Clinical Cases







Chapter1

Abdominal Trauma

Emrah Sahin, Ilhan Bali, Muhammed Said Dalkili,
Mehmet Gengtiirk, Merih Yilmaz, Burhan Hakan Kanat

and Selim Sozen

Abstract

Abdominal trauma accounts for 7-10% of hospital admissions due to trauma.
Depending on the mechanism of occurrence, abdominal traumas are classified as
either blunt or penetrating. The most important risk after trauma is hypovolemic
shock. Deaths caused by blunt trauma are frequently the result of diagnostic difficul-
ties and treatment delays. Abdominal surgery after traumatic injury is performed
for two reasons; bleeding due to injury to vascular structures or a solid organ (e.g.,
spleen, liver, kidney) or injury due to perforation of a hollow organ (stomach, small
intestine, colon, gallbladder). Patients may remain asymptomatic until they have lost
50-60% of their blood volume. Through inspection, auscultation, and palpation,
the damaged organs and the presence of hemorrhage should be examined during the
physical examination. The findings of peritoneal irritation are incredibly critical.
Even though some studies indicate a mortality rate as high as 25.8% for abdominal
injuries, the overall mortality rate is 10%. Other studies reveal mortality rates rang-
ing from 15% to 17.1%. It should not be forgotten that the patient with abdominal
trauma may have multi-trauma. The patient’s vital signs, abdominal examination,
and hematocrit should be checked at frequent intervals. Early surgical evaluation is
important. It is important to remember that the main source of bleeding and shock
may be the abdomen.

Keywords: abdominal trauma, hemorrhage, hypovolemic shock, blunt trauma,
diagnostic laparoscopy

1. Introduction

Abdominal trauma accounts for 7-10% of hospital admissions due to trauma. In
people under the age of 45, 10% of trauma-related deaths are caused by abdominal
trauma [1].

Motor vehicle accidents, abdominal blows, and falls account for the majority of
abdominal injuries. Less common causes of abdominal trauma include penetrating
injuries, home accidents, and iatrogenic conditions [2].

Depending on the mechanism of occurrence, abdominal traumas are classified as
either blunt or penetrating. Blunt abdominal injuries are seen in approximately three
quarters of the patients [3]. In some studies, it has been reported that the most com-
mon abdominal injury is penetrating injury [4]. Most blunt abdominal traumas occur
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after motor vehicle accidents. It is usually accompanied by multitrauma. The most
important risk after trauma is hypovolemic shock. Deaths caused by blunt trauma are
frequently the result of diagnostic difficulties and treatment delays.

Typically, a penetrating injury is caused by violence, such as a stab wound or
gunshot wound. Gunshot wounds result from the explosion effect (a combination
of blunt and penetrating trauma associated with blasts). The causes of penetrat-
ing abdominal injuries include accidental, homicidal, iatrogenic, and gunshot
wounds [2].

Abdominal surgery after traumatic injury is performed for two reasons; bleed-
ing due to injury to vascular structures or a solid organ (e.g., spleen, liver, kidney)
or injury due to perforation of a hollow organ (stomach, small intestine, colon,
gallbladder).

The first intervention of trauma patients prior to arrival at the hospital is crucial
for clinical outcomes [5]. It has been demonstrated that a delay in trauma patients’
arrival at the hospital significantly increases their risk of morbidity and mortality [6].

Almost all deaths are mostly caused by bleeding that occurs immediately after
injury. In the late stage, it is related to septic complications [7].

Although many trauma patients do not require immediate laparotomy, emergency
surgery should be considered in patients with suspected intra-abdominal injury and
who are hemodynamically unstable.

Patients who are hemodynamically stable should usually undergo further diag-
nostic investigations such as abdominal computed tomography (CT) scanning.
Sometimes, these patients are treated in interventional radiology units with diagnos-
tic angiography followed by therapeutic embolization when CT shows the possibility
of arterial extravasation.

Nonsurgical Conservative treatment experience is mostly based on blunt abdomi-
nal trauma experience. Some publications also state that nonoperative treatment of
gunshot and stab wounds can be performed in selected patients [8, 9].

In the past decade, the concept of “damage control” has revolutionized surgical
practice by restricting early therapeutic procedures to those required to achieve
hemostasis and deferring reconstructive surgeries such as intestinal anastomoses until
enough resuscitation is achieved [10].

Surgery can be delayed if the patient is hemodynamically stable and requires an
examination to identify other system injuries (nervous system, bone, thoracic, and
vascular) [10].

2. Classification: types of trauma

Traumas can be blunt, penetrating, or blunt-penetrating (mixed) based on their
mechanism; thus, the affected organs can vary. Depending on the location of the
trauma, one or more internal organs may be damaged.

1. Blunt traumas: It is mostly caused by motor vehicle accidents, beating, or falling
from a height. In this type of trauma, the mechanisms of injury are direct blow
(pressure), crushing (compression), or deceleration (rupture). The organs most
commonly affected are the spleen, small intestine, and liver [11].

2. Penetrating traumas: Penetrating traumas consist of stab wounds and gunshot
wounds.
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Stab wounds: Penetrating tools cause low-energy penetrating injuries. The mecha-
nism of injury is tear-cut, and the liver, small intestine, diaphragm, and colon are
most commonly affected. In peritoneal penetration, a physical examination, diagnos-
tic peritoneal lavage (DPL), and local exploration are required. A laparotomy may be
needed if the diagnosis cannot be confirmed.

Gunshot wounds: High-energy injuries occur in penetrating traumas due to gunshot
wounds (GSW). The mechanism of injury can be cavitation, disruption, and frag-
mentation. Small intestine, colon, liver, and vascular structures are most commonly
affected in GSW-related injuries. Peritoneal penetration is important and requires
laparotomy. CT with contrast is recommended for back and flank injuries. In cases
with single entry, abdominal X-ray graphics can be helpful in identifying traces. It is
difficult to determine the trace in multiple entries [12, 13].

3. Mixed traumas: There are both penetrating and blunt traumas(Figures 1 and 2).

Figure 1.

Falling from height, multiple small and lavge intestine, vectum, anal sphincter, bladder, prostate injury.
Trauma-velated bladder and prostate were completely absent. There were hematomas and perforation in the
small intestine and large bowel. Small bowel resection and anastomosis were performed. Performed left-end
colostomy for anal region and vectum injury. Permanent urostomy performed for bladder injury (absence).

Figure 2.
Right permanent urostomy, left colostomy.
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3. Clinical presentation

There is an insidious clinical picture. Patients may remain asymptomatic until
they have lost 50-60% of their blood volume. It is frequently overlooked under
conditions that alter the neurologic picture, such as head trauma and alcohol
consumption.

Until there is significant intra-abdominal blood loss, abdominal pain and
distension may not occur. More than 35% of patients initially exhibit normal
vital signs and examinations despite the presence of severe intra-abdominal
hemorrhage.

4. Priorities

Initial evaluation should focus on intra-abdominal hemorrhage and shock. When
abnormal vital signs are seen, shock and hemorrhage should be investigated. The
possibility of occult intra-abdominal injury is an indication of laparotomy.

5. Physical examination

The abdomen should be checked comprehensively for any signs of injury. Head
trauma, spinal cord injury, multi-trauma, altered consciousness, mental retarda-
tion, pregnancy, and old age all contribute to an unreliable physical examination.
Especially in such conflicting conditions, repeated and thorough examinations are
essential. It must be performed every 30 minutes for the first four hours, then every
two to four hours thereafter.

Through inspection, auscultation, and palpation, the damaged organs and the
presence of hemorrhage should be examined during the physical examination. The
findings of peritoneal irritation are incredibly critical.

In the inspection process, finds are explored for using the CLAP algorithm: contu-
sion, laseration, abrasion, and penetration.

Intestinal sounds should be listened to for a least one minute during auscultation.
If rigidity and perioneal irritation are present, bowel sounds are either absent or
weak.

On palpation, the presence of distension is first evaluated. It is assessed
based on defense, rebound, and rigidity. The most painful portion is left for last,
and the abdomen is palpated. On palpation, the legs must be drawn toward the
abdomen.

The examination of pelvic instability, genital examination, rectal examination,
and back and vertebral examination should be done.

The fundamental principle in abdominal trauma is to stabilize the patient and
prioritize interventions to accomplish this.

Findings leading to the diagnosis should be carefully examined. The presence of
gross hematuria, hypotension, lower rib fractures, hemothorax or pneumothorax,
abdominal abrasions, or hematomas gives an idea about the organs likely to be
injured [14].

Despite physical examination and imaging, retroperitoneal injuries, pancreatic
injuries, mesenteric injuries, hollow organ injuries, and urinary injuries can be
overlooked.
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5.1 Laboratory tests

The patient’s blood group and cross-match, hemoglobin and hematocrit, PT,
aPTT, and INR levels should be measured to reduce the risk of hemorrhage.

6. Diagnostic techniques

Direct radiography, ultrasonography (USG), computed Tomography (CT),
diagnostic peritoneal lavage (DPL), diagnostic laparoscopy, angiography, and diag-
nostic peritoneal lavage.

6.1 Direct graphy

Standing direct abdominal and PA chest radiographs have limited utility in cases
of abdominal trauma. They may be useful in the presence of concomitant thoracic
trauma. They can be particularly useful in locating foreign names or lead fragments.
Pelvic X-ray can be seen in a suspected pelvic fracture.

6.2 Ultrasonography (USG): Focused assessment with sonography for trauma
(FAST)

It is non-invasive, highly sensitive, inexpensive, and mobile. The fact that it can be
applied even in unstable patients and can diagnose at the bedside makes it an advanta-
geous method. It is the best technique for the diagnosis of intra-abdominal bleeding in
trauma patients. Identify solid organ injuries. It should be done twice with an interval
of atleast 6 hours. Repeated FAST increases sensitivity in diagnosis.

In the initial evaluation of trauma patients, FAST should be performed on all
patients, if possible. In the FAST technique, free fluid in the abdomen is investigated
in the areas listed below.

* Subxiphoid view (Pericardial fluid)

* Right upper quadrant (Morisson pouch)

* Left upper quadrant (Splenorenal space)
* Pelvic view (Douglas/Rectovesical pouch)

However, USG is not an appropriate method in the evaluation of bowel perfora-
tion. It is also insufficient in terms of evaluating the retroperitoneal area.

6.3 Computed tomography (CT)

It is a suitable imaging method for stable trauma patients. Today, CT has become
the gold standard in the evaluation of abdominal trauma. Intravenous contrast-
enhanced imaging allows evaluation of both the peritoneal cavity and the retroperi-
toneum. It also allows the assessment of the duodenum and pancreas, extravasation
from the ureter, and the amount of blood in the abdomen. It may also show additional
injuries, but it is insufficient to detect hollow organ injuries [15].
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The sensitivity for intra-abdominal injury was 95%, and the specificity was
97%. It is very useful and successful in retroperitoneal organ injuries. The sensitiv-
ity and specificity in cases of bowel and mesenteric trauma were, respectively, 94%
and 96% [16].

It is not successful in the initial stage of pancreatic injuries. It can identify the
patients who will result an operational decision in liver and spleen injuries. Intestinal,
diaphragm, and pancreatic injuries may not be recognized. In addition, it is useful for
detecting retroperitoneal hemorrhage.

6.4 Diagnostic peritoneal lavage (DPL)

Because of CT and USG, it is no longer the first choice method in the evaluation
of hemoperitoneum. It is 100% sensitive and 83% specific for hemoperitoneum. The
major complication rate is 1% [17, 18]. If the clinical condition of the patient does not
allow for examinations such as CT or USG, DPL may be preferred.

6.5 Angiography

It is not a routinely used option. Angiography can show intraparenchymal vascular
injuries and active bleeding in the abdominal organs. It can be useful in pelvic trau-
mas. Bleeding in the spleen, liver, and retroperitoneum can be treated with emboliza-
tion and angiography without the need for surgery.

6.6 Emergency laparotomy

Emergency laparotomy should be performed when the patient’s hemodynamic
status does not improve with initial resuscitation, peritoneal irritation findings are
present, peritoneal penetration of abdominal injury with gunshot, bile and intestinal
contents are present in the DPL, and the patient has evisceration.

Laparotomy is indicated in the presence of abnormal vital signs such as tachy-
cardia and hypotension after blunt abdominal trauma, signs of shock without blood
loss, signs of peritonitis, and the presence of additional injuries (such as lower rib
fracture).

Emergency surgery should be performed in cases of external bleeding accom-
panied by hypotension and shock after penetrating injuries, positive peritoneal
lavage, subsequent deterioration of consciousness, and sudden abdominal
distension.

Emergency laparotomy should be performed if extraluminal air is detected on
direct X-ray, diaphragmatic rupture is detected, amylase elevation accompanying
positive physical examination findings in the abdomen, intraperitoneal bladder
rupture, blood in the nasogastric drainage or rectal examination is detected.

Emergency laparotomy should be performed in the presence of fluid during FAST,
positive DPL, contrast extravasation or extraluminal air on gastrointestinal radiologi-
cal images, severe pelvis fracture, bladder rupture on a contrast cystogram, or gross
hematuria.

Laparoscopy can be used for the diagnosis and treatment of blunt and penetrat-
ing traumas [19]. Diagnostic and therapeutic laparoscopy is recommended in blunt
abdominal trauma for diaphragmatic injury, mesenteric injury, hollow organ injury,
and in cases where the patient’s clinical condition is unstable [20].
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7. Trauma-related organ injuries

The abdomen is divided into three regions: the peritoneal cavity, the pelvis, and
the retroperitoneal space. The upper peritoneal cavity contains the diaphragm, liver,
spleen, stomach, and colon, whereas the lower peritoneal cavity contains the small
intestine and colon.

The retroperitoneal space contains the aorta, vena cava, pancreas, duodenum, and
ureters. There are structures such as the rectum, bladder, uterus, and iliac vessels in
the pelvis.

7.1 Solid organ injuries

Liver, spleen, pancreas, kidney, diaphragm, and abdominal wall injuries.

Trauma to solid organs causes symptoms related to bleeding. Vital signs and
hypotension may develop rapidly. As a result of progressive blood loss, tachycardia,
skin changes, and changes in consciousness can be seen. With severe intra-abdominal
damage, abdominal tenderness, distention, and tympanism may occur later. The risk
of mortality and morbidity due to blood loss is high.

7.2 Hollow organ injuries

Stomach, duodenum, small intestine, colon, rectum, gallbladder, bile ducts, and
genitourinary system injuries.

Due to the bacterial content in the small intestine and colon, inflammation devel-
ops within hours. This can cause septic conditions due to bleeding and peritoneal
contamination (Figure 3).

7.3 Retroperitoneal injuries

Retroperitoneal injuries are often initially asymptomatic. Diagnosis can be dif-
ficult due to their location and limitation of symptoms. Nausea, vomiting, abdominal

Figure 3.

Small bowel and colon perforation due to blunt abdominal trauma in an elderly patient. Small bowel resection,
double barrel ostomy (colostomy), and Bogota bag technique. Since the intra-abdominal pressure will increase when
the abdomen is closed, the Bogota bag technique, which is a temporary closure method, maybe a good alternative [21].
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pain, and fever may develop in duodenal injuries. Diagnosis is difficult in pancreatic
injury, increased amylase supports the diagnosis. It may initially appear normal on CT
imaging. Retroperitoneal injuries occur more frequently after being hit by high-speed
vehicles or falling from a height.

7.4 Esophageal injury

Blunt or penetrating trauma of the esophagus is rare. There are symptoms such as
severe chest pain and fever, bloody vomiting, dysphagia, and respiratory distress after
hours.

Diagnosis is made by finding air in the mediastinum, pleural effusion or hydro-
pneumothorax on endoscopy or radiological imaging.

Treatment options include wound debridement, suture repair, drainage, and
esophageal diversion in delayed cases.

7.5 Stomach injury

The stomach is resistant to blunt injuries. Most are due to penetrating trauma to
the epigastric region. Vascular support is quite high. Bleeding from the nasogastric
tube suggests a gastric injury.

The gastrocolic omentum should be opened widely. Debridement is done as
needed. The outcomes of primary repair are excellent.

7.6 Duodenum injury

Since it is located retroperitoneally, it is usually diagnosed after laparotomy. Signs
and symptoms may develop late. Duodenum injury indicates severe trauma. Mortality
increases up to 4 times in delayed cases.

Serum amylase may be elevated. Radiograph shows retroperitoneal air.
Diagnosis is made with oral and intravenous contrast-enhanced CT. Laparotomy is
mandatory.

7.7 Small intestine injury

The incidence of small bowel injury in penetrating abdominal trauma reaches
up to 50%. This rate is 5-15% in blunt traumas. In most cases, signs of peritoneal
irritation due to injury are seen. Relatively less mobile segments, such as the jejunum
near the ligament of Treitz and the distal ileum near the ileocecal valve, are more
susceptible to injury. Mesenteric injuries range from simple contusions to mesenteric
avulsions. In cases where only vascular structures are injured, symptoms may be
delayed until bowel ischemia develops.

Free air can be visualized by direct graphy. USG can show even a very small
amount of free fluid.

In most cases, debridement and primary repair are sufficient. Simple incisions are
repaired with “Lembert” sutures. Resection and anastomosis should be preferred if
the damage to the intestinal wall is extensive or if there are multiple perforation foci
that are close to each other. Due to the adequate vascular supply, the surgical out-
comes are satisfactory.
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7.8 Colon injury

Delaying surgery increases the risk of increased contamination. Classical treat-
ment involved the creation of a proximal diverting colostomy with bowel repair or
conversion of the injured area to a colostomy. Today, the routine creation of a colos-
tomy is contradictory. Primary repair can be performed in right colon injuries with
minimal contamination. Colostomies can be created in right colon injuries with severe
contamination or in severe left colon injuries. Surgical site infection due to bowel
injury is the most common postoperative complication. IntestinalDue to the bacterial
content, suppurative peritonitis symptoms may occur from 6 to 8 hours after injury.
Contents leak into the peritoneal cavity, contaminating the peritoneal cavity (and
thus the surgical wound) with intestinal bacteria [22]. Due to the bacterial content,
symptoms indicating suppurative peritonitis may appear 6-8 hours after injury.

7.9 Rectum injury

Since it is a retroperitoneal organ, the diagnosis may be difficult, but the symp-
toms are indistinct. Rectal injury should be suspected in pelvic fractures. Early
diagnosis and treatment provide reduced mortality and morbidity. If the injury is full
thickness and above the dentate line, primary repair is not performed without a colos-
tomy. In most cases, an end sigmoid colostomy is created proximal to the injury, the
distal rectum is irrigated with saline solution, and drains are implanted. For injuries
below the dentate line, debridement and primary repair and drainage are sufficient
without colonic diversion.

8. Injury of the gallbladder and biliary tracts

Among abdominal traumas, gallbladder injuries are relatively rare. It is usually
associated with penetrating trauma and liver injuries [23].

USG is the first examination in the imaging of the biliary tract. Intra-abdominal
collection can be detected. Bile leakage and fistulas can be detected by MRCP exami-
nation using liver-specific contrast material. Leakage and fistula can be easily dem-
onstrated on images taken in the biliary phase [2]. The treatment is cholecystectomy.
In blunt trauma, common bile duct injury may also occur with papilla rupture. These
types of injuries are difficult to diagnose before surgery. If necessary, an intraopera-
tive cholangiogram should be taken, and careful exploration should be performed.

8.1 Liver injury

Isolated injuries are rare and are associated with other organ injuries in 70-90%
of cases [2]. The liver is the most frequently injured organ in blunt and penetrating
abdominal trauma [24].

Ultrasonography (USG) is the first imaging method in cases with stable general
conditions. USG shows intra-abdominal fluid collections and parenchymal lesions.
A positive USG finding is an indication of CT. Bleeding cannot be detected when
more than 50% of liver injuries are explored. Bleeding can be stopped with primary
sutures, cautery, or hemostatic agents. Mortality is over 50% in massive traumas
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associated with vena cava or hepatic vein injury. Thanks to CT examination, lesions
that can be treated without surgery can be recognized. In many studies, the failure
rate in non-surgical follow-up is less than 10% (Figure 4) [24].

8.2 Spleen injury

The spleen is the most frequently injured intra-abdominal organ in blunt trauma.
Due to its cancellous structure, it is sensitive to trauma and is responsible for signifi-
cant bleeding. It is often associated with other organ injuries. The main symptoms are
tachycardia, hypotension, and syncope due to blood loss. Left shoulder pain (Kehr’s
sign) is the classic finding of spleen injuries. There is tenderness and pain in the left
upper quadrant. Fractures in the lower ribs should suggest injury to the spleen. After
clamping the splenic artery, blood pressure usually stabilizes. CT has a sensitivity and
specificity of up to 95% for spleen injuries [2].

The classical treatment method is splenectomy. With the high incidence of sepsis
after splenectomy, more selective approaches are now preferred, and splenic repair
and nonoperative follow-up are among the treatment options [26]. From 60% to 90%
of patients with spleen injuries are conservatively treated [27]. Polyvalent pneumo-
coccal vaccine is administered after splenectomy.

8.3 Pancreatic injury

Although pancreatic injuries are rare, mortality and morbidity rates are high.
Isolated pancreatic injury is rare and does not usually lead to massive bleeding. It is
most commonly seen with duodenal injuries in penetrating traumas. Imaging find-
ings may be negative in the first 12 hours after trauma. Mortality and morbidity are
very high due to autodigestion caused by exocrine secretions in delayed diagnosis
and treatment [2, 23]. Damage to the pancreatic duct is crucial and requires opera-
tive treatment, including control of bleeding, resection, and drainage of necrotic
or damaged pancreatic tissue. CT is very useful in diagnosis. Endoscopic retrograde

Figure 4.

Blunt abdominal trauma involving segment 5,6,7,8 and lavge branches of the middle hepatic vein injuries. Large
branches of the middle hepatic vein suturing and perihepatic packing. Removing of liver packs 36 hours after
insertion reduced the risk of rebleeding [25].
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cholangiopancreatography (ERCP) is the gold standard for both diagnosis and treat-
ment. Pseudocyst can be seen as a late complication.

8.4 Kidney injury

Approximately 10% of blunt abdominal traumas result in kidney injury. Lower
rib fractures, thoracolumbar injury, macroscopic hematuria, and hypotension with
microscopic hematuria should be evaluated for renal trauma in blunt trauma. The
kidney is the most frequently injured part of the urinary tract [2].

Hematuria is present in 90-95% of cases. Macroscopic hematuria often accompa-
nies severe trauma. If there is a ureteral tear, vascular pedicle injury, or ureteropelvic
junction avulsion, hematuria may not be present. Complications such as urinary
extravasation, urinoma, hemorrhage, perirenal abscess, pseudoaneurysm, hyperten-
sion, and arteriovenous fistula can be seen. Renovascular hypertension may develop
as a result of prolonged compression of the renal parenchyma by subcapsular hema-
toma or urinoma [2].

Renal bleeding itself is rarely the cause of hemodynamic instability. It is usually
followed up with non-surgical treatment. Continued bleeding, Gerota’s fascia injury,
or renal function loss require surgery. Diagnosis can be made with contrast-enhanced
CT, and cystography.

9. Genitourinary system injury

The ureter is the least injured part of the urinary tract and is usually penetrat-
ing injuries of iatrogenic origin. There is no hematuria in 1/3 of the cases. Ureteral
injuries can easily be overlooked and cases may present with late complications such
as urinoma, periureteral abscess, fistula, and stenosis [2].

Blunt, penetrating, or iatrogenic injuries of the bladder may occur. Bladder
rupture is a common form of injury. Hematuria is observed in bladder injury. Pelvic
fracture is present in almost all cases of bladder injury [2, 23]. Because the urine is
sterile, peritoneal symptoms may only be observed in bladder perforation cases.
Minor injuries may spontaneously heal within one to two weeks. Major injuries
require surgical intervention. Urine output is reduced or absent in perforations. As a
result of the resorption of urine from the peritoneum, urea increases in the blood [2].

10. Diaphragmatic injuries

Diaphragmatic injuries are usually diagnosed late as they do not cause obvious
symptoms. Abdominal organs seen in the thorax on direct thorax should be suspected
in case of pleural effusion. Diagnosis can be made with CT, MRI, thoracoscopy, and
laparoscopy. Herniation can occur months or years after injury. Treatment is surgery.

11. Abdominal wall injuries

There is a risk of evisceration in penetrating injuries of the abdominal wall. Rectus
hematoma is the most common form of injury. Since there is a possibility of multiple
injuries in many abdominal organs in these patients, surgery is performed without
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the need for DPL. First, the comorbid injuries and then the abdominal wall injury is
addressed.

12. Injury to vascular structures

Both artery and vein injuries in the abdomen are life-threatening. Controlling both
proximal and distal parts should be the main principle.

Solid organ damage can result in massive bleeding and hypovolemia. The primary
complication of injury to hollow organs is abdominal or systemic sepsis. Failure to
find anything in the laparotomy does not mean that the laparotomy was performed
incorrectly.

13. General approach to abdominal trauma
1. Investigate any intra-abdominal bleeding.
2. Fix unstable vital signs due to shock and bleeding.
3.Determine if the source of bleeding is in the abdomen.
4.Decide if an urgent laparotomy is needed.

5.Thorough examination, laboratory, and radiological tests to determine if there is
an occult intra-abdominal injury.

6. Monitor the patient with frequent physical examinations.

The causes of abdominal injuries vary by country. Most abdominal injuries in
Europe are blunt trauma from traffic accidents. Gunshot wounds to the abdomen
are the most common cause in Africa [28]. Although motor vehicle accidents are
an important social problem in our country, stab injuries constitute the majority of
abdominal injuries in our clinics. Most thoracic abdominal injuries are associated with
other parts of the body such as the chest and limbs. Hemodynamic instability, chest
and extremity injuries, and abdominal trauma should be questioned in patients with
low Glasgow scores.

14. Conclusion

Although some studies put the mortality rate of abdominal injuries as high as
25.8%, the overall mortality rate is 10% [29]. However, some other studies reveal that
mortality rates vary between 15% and 17.1% [3, 22].

It should not be forgotten that the patient with abdominal trauma may have multi-
trauma. The patient’s vital signs, abdominal examination, and hematocrit should be
checked at frequent intervals. Early surgical evaluation is important. It is important to
remember that the main source of bleeding and shock may be the abdomen.

Nonoperative treatment can be applied in hemodynamically stable blunt abdomi-
nal trauma patients with normal physical examination findings [29]. Similarly,
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hemodynamically stable patients with penetrating injuries can be treated non-opera-
tively in the absence of symptoms of peritonitis. These patients should be followed up
with close clinical observation and imaging methods (CT, ultrasound).

When symptoms of hemodynamic instability and/or peritonitis are recognized,
emergency surgery should be performed under the right conditions.
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Appropriate Protective
Measures for the Prevention of
Animal-related Goring Injuries
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Abstract

The most common cause of morbidity and mortality worldwide in the age group of
10-49 years is road traffic accidents. Other than road traffic accidents multiple other
factors add to the burden of injuries which include self-harm, occupational hazards,
animal attack injuries and industrial accidents. Animal attack injuries are seen all over
the world. Other than a few case reports and case series, this mode of injury is highly
under-reported. Hence, the global burden of this disease is unknown. Due to the rapid
deforestation, the number of animal attack injuries is increasing. These injuries can
be caused by wild as well as domesticated animals. The attack can be due to a direct
encounter with an animal or due to road traffic accident. Bulls are ferocious animals
that are used for sporting events. They are also used for farming and livestock rearing.
Injuries caused by bulls can be due to direct attacks by an unprovoked animal, road
traffic accidents, or sporting events. The penetrating injury caused by the bull horn has
its characteristic pattern. Treatment of bull horn injuries requires a multidisciplinary
team. Creating awareness and enforcing laws can help in preventing such injuries.

Keywords: animal attack injuries, goring injuries, bull horn injuries, bull gore,
penetrating injuries

1. Introduction

Injury is the leading cause of morbidity and mortality all over the world. The most
common cause responsible for global DALYs is road traffic accidents. Road traffic
accidents were responsible for 6.6% and 5.9% of global DALY’s in the age group of
10-24 years and 25-49 years respectively in 2019 [1]. Animal-related injuries are
commonly seen all over the world. Attacks by wild animals as well as domesticated
animals are commonly seen. These injuries are highly under-reported with only a few
case series and case reports being published. They add a significant number to global
mortality and morbidity and are a cause of concern in today’s world. These animals
cause injuries by directly attacking humans or by causing road traffic accidents.

Bull horn injuries are common in different parts of the world where farming and
livestock rearing is practised as well as in places where bulls are used for sports events.
Bull horns can cause blunt, penetrating or mixed injuries. The injuries are most

19 IntechOpen



Topics in Trauma Surgery

Figure 1.
A and B. Image showing Indian bulls on the street which are a potential cause of road traffic accidents.

commonly seen over the abdomen and perineal region though injuries can be present
anywhere from the head to toe. In low- or middle-income countries (LMIC), stray
cattle, as well as domesticated cattle, are seen on the streets which can lead to road
traffic accidents causing multiple injuries.

The injuries caused by penetrating bull horns have their characteristics such as
multiple paths of injuries, a large area of tissue damage, creation of cavities, twists
and inoculation of anaerobic and aerobic bacteria. There are four types of bull horn
wounds. They are (i) sideway thrust caused due to tangential injury causing contu-
sions, (ii) jab wounds where the tip of the horn causes injury, (iii) misleading injury
where the entry point is away from the site of deep injury and (iv) goring injury in
which there is a deep wound that penetrates the fascia and muscle [2].

Prevention of injuries due to bull horns can help in decreasing morbidity and
mortality. Appropriate laws need to be enforced regarding bullfighting. In India,
stray cattle and bulls need to be taken off the highways and kept in appropriate
infrastructure where they can be taken care of (Figure1).

2. Mechanism and patterns of injury

Injury caused by bull goring is complex and hence it is necessary to know the
mechanism behind these injuries. The bull initially lowers his head by neck flexion
while charging toward the subject. After engaging, it extends its neck driving one or
both horns into the subject. The weight along with the acceleration of the bull causes
the generation of a tremendous force at the site of entry. The bull then tosses his head
in a circular motion causing a shearing injury. Due to the flexion of the neck during
charging, the most common primary site of injury is the abdomen, perineum and
upper thigh. During bullfighting the individual faces the bull, hence the injuries are
situated anteriorly while during running the injuries are found posteriorly [3].

Secondary injuries are caused due throwing, stomping or trampling and secondary
penetrating injuries. Throwing can result in blunt trauma due to impact on the ground
or the surroundings. This can cause intra-cranial injuries, spinal injuries, thoracoab-
dominal injuries and fractures. Stomping can cause acute life-threatening injuries.
Factors determining the severity of the injury depend on the velocity and weight of
the bull. Trampling occurs while running causing additional injury by multiple bulls.
Secondary penetrating injuries occur if an individual attempts to stand after being
thrown and the bull focuses on him as a target. The bull charges toward the individual
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causing secondary goring injuries. These injuries are located on the upper body as the
individual is usually in a kneeling down position [3]. This causes penetrating injuries
to the head, face, neck or thorax.

Injuries by bulls can also occur due to motor vehicular accidents. In LMIC like in
India, cattle wander in the streets which can lead to motor vehicle crashes causing
a wide spectrum of injuries. In areas where bulls are used for farming and livestock
rearing, unprovoked injuries occur while handling and taking care of the livestock,
this can lead to penetrating or blunt injuries.

3. Organ specific injuries

Injuries due to bull horns can affect any part of the human body. A retrospective
study from January 2002 to March 2016 of penetrating bull horn injuries published
from Maharashtra, India reported 67 cases. The most common site of injury was the
abdomen. This was followed by the perineum, back and lower limbs. The least com-
monly affected site was the head and neck. The lower part of the abdomen was more
commonly affected as compared to the rest of the abdomen [2]. Another retrospective
study carried out from January 1978 to December 2019 in Spain reported a total of
572 cases of bull horn injury. The most frequent site of injury was the lower extremity,
perineum and abdomen. The most commonly injured intra-abdominal organ was the
intestine and liver. Their study reported an overall mortality of 0.87% [4]. A prospec-
tive study from June 2017 to March 2019 conducted in Tamil Nadu, India reported 42
cases. The most common site of injury was the trunk (55%) followed by the perineum
(19%). The most common mechanism was penetrating injury (59.5%). Blunt injuries
were seen in 31% of the patients while 9.5% of patients had both blunt and penetrating
injuries. In abdominal injuries, liver injury was seen in three patients, splenic injury in
one patient, renal injury in one patient and three patients had bowel perforation [5].

3.1 Head, face and neck

The incidence of head injuries as reported in a study in India was 1.6% [5]. Injuries
due to bull can cause blunt or penetrating head injuries. Blunt injuries can cause
fractures of the scalp bones as well as intracranial hematomas such as extradural
hematoma, subdural hematoma, subarachnoid hematoma and intraparenchymal
hematoma. A case of penetrating head injury with retained horn within the brainin a
3-year-old child was reported in India [6]. Individuals present with a history of loss of
consciousness and/or with a low GCS.

Face can be involved due to penetrating or blunt injuries. Blunt injuries can result
in fractures of facial bones and contusions over the face. Penetrating neck injury is
defined as any injury that extends deep to the platysma. It can cause injury to major
vessels, esophagus and the trachea. Patients can present with an unsecured airway
and in shock. Injuries involving zone 1 and 2 of the neck require immediate explora-
tion. A case of traumatic tooth intrusion in a six-year-old boy was reported in India.

It was managed by extraction of intruded teeth to prevent interference with the
eruption of permanent teeth [7]. A case of cervical esophageal perforation following
a penetrating bull gore injury to the neck was reported from India. The patient was
managed surgically with a primary repair over a T-tube and a feeding jejunostomy [8].
A case of complete tracheal transection following penetrating bull horn injury was
reported from India. The patient was managed by emergency surgery. Since the distal
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tracheal end had retracted into the mediastinum, the patient was induced for surgery
using percutaneous femoro-femoral cardiopulmonary bypass [9]. A case of penetrat-
ing bull horn injury to the neck causing mandible fracture and injury to the branches
of facial vessels was reported from Mexico. The patient underwent emergency
surgery during which the mandible fracture was fixed using plates and screws and the
branches of facial vessels were ligated [10].

3.2 Torso injuries

Penetrating injury to the abdomen is commonly seen as injury to the lower abdo-
men. It can cause injuries to the bowel, urinary bladder, major vessels of the abdomen
and solid organs like the liver, spleen, and kidneys. It can also cause evisceration of
the bowel or omentum. Penetrating abdominal injuries can also extend to the thorax
after injuring the diaphragm. Diaphragmatic injuries can have delayed presentation.
Abdominal injuries can also occur due to blunt trauma due to secondary mechanisms.
Blunt injury can cause solid organ injuries, abdominal wall hernias, mesenteric
injuries and bowel injuries. A case of traumatic abdominal wall hernia following blunt
abdominal trauma due to bull horn which was repaired by open mesh hernioplasty
using a 15 x 15 cm polypropylene mesh was reported from India [11]. Another case
of traumatic direct inguinal hernia following blunt bull horn injuries was reported
from India [12]. A delayed presentation of intercostodiaphragmatic hernia following
a forgotten penetrating injury was reported from India [13]. A case of penetrating
abdominal injury causing terminal ileal perforation was reported from India. The
patient was managed surgically by resection of the involved segment and ileoascend-
ing anastomosis [2].

Injuries to the thorax can be due to blunt or penetrating trauma. Penetrating
trauma can cause open pneumothorax. The horn can penetrate the thorax and cause

Figure 2.
A and B. Image showing penetrating bull horn injury to the right hemithorax.
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injuries to the lungs, bronchus, heart, and major vessels. Blunt trauma can cause

rib fractures which can result in hemothorax, pneumothorax, and lung contusions.
Injuries to major vessels can cause massive hemothorax which can be life-threatening.
Penetrating injuries to the heart can be life-threatening. A case of blunt thoracic
injury due to being hit by a domestic bull resulting in right-sided rib fractures with
flail segment and hemothorax was reported in India. The patient was managed with
an intercostal tube drainage system and epidural anesthesia (see Figure 2) [14].

3.3 Perineal injuries

The perineum is one of the common sites of injury due to a penetrating bull horn.
The perineal wound may be superficial or extend deeper to involve the pelvic organs.
Perineal trauma can involve the anal canal, perineal body, urethra, vagina in females,
scrotum and testis in males and pelvic organs like urinary bladder, reproductive
organs and the rectum. Injuries can also involve the intra-abdominal organs. Patients
with a perineal injury can present with bleeding per vagina, bleeding per-rectum,
prolapse of pelvic organs, bowel injury, and injury to major vessels causing hypoten-
sive shock. The delayed presentation can be in the form of a recto-vaginal fistula or a
recto-urethral fistula. A case of traumatic urethrorectal fistula due to bull horn injury
was reported from India. It was initially managed by diversion sigmoid colostomy and
suprapubic cystostomy [15]. Two cases of goring injury to the vagina were reported
from India. Both cases were managed operatively after initial resuscitation [16]. A
case of penetrating bull gore injury to the perineum with urinary bladder perfora-
tion and pneumoperitoneum which was managed surgically was reported from India
(Figure 3) [17].

3.4 Extremities

Lower extremities are more commonly involved than upper extremities. Bull gor-
ing can result in lacerations which can be simple or there can be extensive tissue loss,
fractures involving long bones and injuries to major vessels of the limb. These wounds
are highly contaminated with vegetative matter, pieces of clothing, soil and micro-
organisms such as anaerobes, gram-positive, gram-negative bacteria and fungi. They
also have a high risk of transmitting tetanus.

Figure 3.
Image showing bull horn perineal injury in a (A) female, (B) male.
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3.5 Vascular injuries

Vascular injuries are seen during penetrating injury to the extremities, head and
neck region, abdomen, thorax, perineum, back and lumbar region. A case of external
iliac artery thrombosis which was repaired using the endovascular technique was
reported from Spain [18].

4. Management

Patients usually present with multiple injuries following an attack by bulls.
Management of an individual with bull goring injuries requires teamwork. Adequate
pre-hospital care should be provided during the transportation of the patient to the
hospital. Following ATLS protocols, the patient is managed primarily by maintaining
Airway and stabilization of the cervical spine, breathing, circulation, neurological
evaluation and control of exposure and environment. Continuous monitoring is done
using an ECG, pulse oximeter and blood pressure monitors. Urinary and gastric cath-
eters can be placed in patients with multiple injuries. A chest X-ray, pelvic X-ray and
an eFAST are done as adjuncts to the primary survey. Patients with open wounds need
to be vaccinated against tetanus. Once the patient is stabilized, a secondary survey is
done to look for the extent of injuries. Based on the injuries a computed tomography
(CT) of the head, chest, abdomen, contrast urography or angiography can be done.
Penetrating injuries will require exploration under anesthesia after initial stabiliza-
tion and evaluation of the patient. These individuals have to be started on triple
antibiotics due to the dirty nature of the wound. Careful exploration and evaluation
of the entire trajectory of the wound and removal of foreign material are necessary.

Individuals presenting with unstable vitals need to be resuscitated initially with
intravenous fluids, tranexamic acid 1gm and a requisition for blood for crossmatching
should be sent. If the patients are non-responders to initial resuscitation, they have
to be shifted to the operating room. The source of bleeding in these patients needs to
be identified and controlled. Such patients require damage control surgery as pro-
longed surgery in them can be fatal. The goals of damage control surgery are to stop
any active bleeding and control of contamination. The minimal required amount of
surgery required to stabilize the patient is done so that the patient physiological status
can be corrected. Further resuscitation is then continued in the intensive care unit.
Definitive surgery is carried out within 24-72 h after stabilization of the patient in the
intensive care unit.

Penetrating injuries to the abdomen may present with hemodynamic instabil-
ity, herniation of intraabdominal contents or with hemodynamically stable vitals.
Patients with evisceration require exploration in the operating room after initial
resuscitation. Unstable patients may require a laparotomy. In stable patients with
penetrating injury who require exploration, a diagnostic laparoscopy can be consid-
ered. This can prevent the morbidity of an exploratory laparotomy. On exploration,
patients may have an injury to the bowel, urinary bladder or solid organs. Bowel
injuries may require primary repair, resection of the involved segment with anasto-
mosis or creation of a stoma in patients requiring damage control surgery. Colonic
injuries may require a protective diversion ileostomy after primary repair of the injury
site. Urinary bladder injury can be repaired primarily by taking care not to injure the
ureteric openings in the bladder. Suprapubic cystostomy can be done for drainage of
urine and to allow healing of the urinary bladder. Injury to the liver can be managed
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by packing, pressure or Pringle maneuver. Grade four or five splenic injury or splenic
injury with active bleeding may require splenectomy. Injury to major intra-abdominal
vessels should be repaired primarily or with a graft. Blunt injuries to the abdomen
with hemodynamically stable vitals can be managed conservatively with continuous
monitoring in an intensive care unit and the presence of a twenty-four-hour avail-
ability of an operating room. Blunt injuries with features of peritonitis may require
exploration. The presence of diaphragmatic injuries needs to be evaluated during
exploration. If any diaphragmatic injury is identified, it can be primarily repaired. A
randomized controlled study published in India on the management of penetrating
injuries concluded that patients with penetrating injury to the anterior abdominal
wall with hemodynamically stable vitals can be managed by serial observation after
obtaining a CECT and in the absence of injuries requiring immediate surgery as
compared to diagnostic laparoscopy in a centre that has 24-hour availability of operat-
ing room facilities, radiology facilities and an intensive care unit. This reduced the
rate of non-therapeutic surgeries [19]. The presence of retroperitoneal injuries need
to be identified during laparotomy. Injuries involving zone 1 of the retroperitoneum
need to be explored after obtaining proximal and distal vascular control. Hematomas
in zone 2 and 3 need to be explored only if they are pulsatile or expanding. If the

tract of penetrating injury is extending to the retroperitoneum then the area has to be
explored to look for injuries [20].

Penetrating injuries to the perineum require exploration after initial resuscita-
tion. The wound needs to be evaluated for the extent of injury and organs involved.
Patients with perineal penetrating bull horn injury may present with features of
peritonitis and may require exploratory laparotomy along with local wound explora-
tion. The perineal wound needs to be evaluated for communication with the urinary
bladder, urethra, rectum and anal canal, vagina in females and scrotum and testis
in males. The superficial injury needs to be closed in layers. Injuries involving the
rectum and anal canal need to be repaired. A diversion sigmoid colostomy may be
created to allow for healing of the wound. Injuries involving the vagina need to be
repaired in layers. Precaution has to be taken while repairing the posterior wall of
the vagina and anterior wall of rectum to avoid the formation of rectovaginal fistula
and between anterior wall of vagina and urethra or urinary bladder to prevent the
formation of fistula in females. In males, precaution needs to be taken to avoid the
formation of the recto-urethral fistula or a fistula between the rectum and urinary
bladder. Large perineal wounds involving the anal sphincter may require the creation
of diversion sigmoid colostomy to prevent soiling of wounds. Concomitant intra-
abdominal injuries need to be evaluated and appropriately managed. Perineal wounds
with loss of tissue require initial debridement and wound management followed by
delayed closure primarily with a reconstruction.

Patients with immediate life-threatening thoracic injuries should be identified
and managed during the primary survey. These include airway obstruction, tension
pneumothorax, pericardial tamponade, open pneumothorax, massive hemothorax
and flail chest. The potentially life-threatening thoracic injuries are aortic injuries,
tracheobronchial injuries, myocardial contusion, pulmonary contusion, diaphrag-
matic injuries and esophageal injuries. These injuries need to be identified during
a secondary survey as these injuries have subtle signs and can be easily missed if a
high index of suspicion is not maintained to look for these injuries. Emergency room
thoracotomy is indicated in individuals who have a penetrating cardiac injury and
have received cardio-pulmonary resuscitation for less than 15 minutes. The aim of
an emergency room thoracotomy is control of hemorrhage, open cardiac massage,
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cardiac tamponade release, cross-clamping of descending thoracic aorta to cut off
arterial supply to the distal body and preserve blood supply to the heart and brain

in major penetrating injury to the abdomen, repair of cardiac or pulmonary injury
and prevention of air embolism. Emergency thoracotomy is indicated in massive
hemothorax which is defined as more than 1500 ml of blood in one hemithorax or
when 150-200 ml of blood drains per hour for the next 2-4 h in an ICD bag and per-
sistent hemodynamic instability in the presence of ongoing transfusion. In an open
pneumothorax injury, an ICD needs to be placed after creating a flap valve over the
wound. After the initial stabilization of the patient, the wound needs to be explored
in an operation theater. The margins are debrided as they are heavily contaminated
and the wound is closed in layers. The majority of thoracic injuries can be managed
by placement of an intercostal tube drain. The ICD can be removed within 2-3 days
after obtaining full lung expansion and minimal output from the drain. Patients with
residual hemothorax that does not drain with an intercostal tube drain can be con-
sidered for VATS drainage. Patients with flail chest with respiratory compromise may
require ventilatory support or rib fixation. Esophageal injuries presenting within 24 h
can be managed surgically by primary repair. A feeding jejunostomy may be created
to allow for postoperative enteral feeding. Delayed presentation of esophageal injury
needs to be evaluated. In case of mediastinitis with septic shock, the patient needs
surgical management. In cases of contained perforation, conservative management
can be tried, if the patient deteriorates on conservative management, then the patient
can be taken for surgery. Adequate analgesic support should be provided in the form
of epidural analgesia or erector spinae blocks and intravenous analgesics. Chest
physiotherapy and respirometry are necessary to prevent post-traumatic pneumonia
and for early recovery.

Penetrating wounds to the extremity need to be explored after initial resuscitation. A
CT angiography may be needed to evaluate for the presence of vascular injury. Superficial
wounds may be closed primarily after debridement of devitalized tissue. Wounds with
tissue loss may require serial debridement, regular dressing, and use of a vacuum-
assisted closure dressing followed by delayed closure. Delayed closure may require tissue
reconstruction using skin grafts, rotational flaps or free flaps. Vascular injuries need to
be repaired if presented within 6 h of injury. Primary repair of the injured vessel may be
done. In case of tissue loss, a reverse saphenous graft may be placed. Delayed presentation
of more than 6 h may cause ischemia of the limb which may require amputation.

Penetrating neck injuries need to be evaluated in the operating room. Injuries
involving the trachea need an emergency tracheostomy done in the emergency room
to maintain the airway. A CT angiography needs to be done if the patient is hemody-
namically stable to look for the extent of injury and presence of any vascular injury.
Hemodynamically unstable patients need to be taken to the operating room after
maintaining the airway. The wound needs to be evaluated to identify injuries to major
structures. Tracheal injuries need to be repaired. A tracheostomy may be needed in
injuries with tissue loss. Injury to major vessels can be primarily repaired. Cervical
esophageal injury may be repaired primarily or an esophagostomy can be created. A
feeding jejunostomy may be required to allow for enteral feeding in the postopera-
tive period. Injury to soft tissue can be debrided to remove the devitalized tissue and
closed in layers. Injuries involving the thyroid gland or salivary glands may require
partial or complete excision depending on the extent of the injury.

Majority of injuries to the head can be managed conservatively in the intensive
care unit. Penetrating injury to the head requires surgery after initial resuscitation.
Blunt injuries causing intracranial bleed requiring surgery are hemorrhage causing
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midline shift, raised intracranial pressure, extradural hemorrhage, infratentorial
bleed, and open depressed fracture of the cranial vault. A decompressive craniotomy
is done. Depressed fracture is treated by elevation of fracture segment and debride-
ment of the wound. Since bull horn penetrating injuries are contaminated wounds, a
prosthesis is avoided during primary surgery.

Management of bull horn injuries requires a multidisciplinary team. A holistic
approach toward patient care is necessary for a positive outcome for the patients.
Patients with polytrauma need to be referred to a higher centre with acute care facili-
ties or a trauma centre as soon as possible for a better outcome of the patient.

5. Conclusion

Bull horn injuries are commonly seen in rural India as they are used for domestic
and farming purposes. It is also commonly seen in Spain where traditional bull-
fighting is a sport. Bull horn injuries have special features that make them unique
as compared to other modes of injuries. Injuries due to bull horns can vary from
penetrating injury to blunt injury to both. Management of bull horn injury requires
a holistic approach by a multidisciplinary team. Early referral to a tertiary care
centre is necessary for the survival of the patient. Injuries caused due to bulls are
a preventable mechanism. The three E’s of trauma prevention should be followed
which are engineering, education and enforcement. Creating awareness among
the people in places where bullfighting is a sport such as Spain, Latin America and
certain parts of India about the severity of injuries caused due to bullfighting can
help in preventing injuries during these sports events. Appropriate protective mea-
sures should be undertaken and rules regarding the same should be enforced by the
government to prevent injuries caused during these sporting events. Any individual
not following such rules and regulations should be penalized. Building infrastruc-
ture to take care of stray animals, appropriate fighting grounds to prevent injuries
during sporting events, use of protective equipment, and availability of a medical
team on-site to attend to the individuals and take care of life-threatening conditions
should be enforced by the government. Appropriate rules and regulations should
be enforced by the government to prevent the presence of stray cattle and bulls on
the Indian streets. This can prevent a significant number of road traffic accidents
caused by bulls thus decreasing the burden of disease.
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Abstract

The duodenum is mostly a retroperitoneal structure, composed by 4 segments
(D1-D4) and surrounded by other vital organs like pancreas or great vessels. Injuries
to this organ are rare and difficult to diagnose, with an incidence of 1-5% in cases
of abdominal trauma. The most common causes of duodenal injuries are gunshot
wounds and stabbing. Duodenal injuries are often associated with other organ inju-
ries, thus delaying diagnosis in some cases and increasing the risk of complications.
When diagnosed at optimum timing, it can be treated with relatively low mortality
rates. Great number of repair techniques exist and the treatment of choice depends on
the surgeon’s experience and hemodynamic stability of the patient, with the goal of
preserving life and preventing a major complication such as leak or fistula. Outcomes
are good, and the prognosis is tightly ligated to associated injuries, thus high index of
suspicion and applying ATLS and surgery trauma principles are essential.

Keywords: hollow viscus, blunt trauma, anastomosis, pyloric exclusion, acute care
surgery

1. Introduction

Duodenal injuries are rare and difficult to diagnose [1], with a reported incidence
of 1-5% in cases of abdominal trauma [2, 3]. In a review by Garcia-Santos et al.,
where 23 case series of duodenal injury were included, the ratio of penetrating and
blunt abdominal trauma was found to be 3.9: 1. Among the penetrating injuries, 81%
were caused by gunshot wounds and 19% by stabbing [2]. Among blunt abdominal
trauma cases, the most frequent mechanism was motor vehicle accidents in 85% [2]
due to crushing of the duodenum between the steering wheel and the spine [4].

In general, it is estimated that 4.3% of patients with a history of duodenal trauma
present intra-abdominal lesions at the duodenal level; in various case series they
range from 3-7%, reporting a male—female ratio of 5:1 with an age disposition of 16 to
30 years in 70% of the cases.

Mortality associated with this type of injury ranges from 18 to 30% [1, 2]. Early
deaths are caused by massive hemorrhage from major vascular injuries or associated
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traumatic brain injuries, while late deaths are associated with sepsis, duodenal
fistulae, and multi-organ failure. It is imperative to recognize these lesions in a timely
manner, since the most important risk factor associated with mortality is the delay
between diagnosis and treatment [2], since a delay in diagnosis in the first 24 hours
can increase mortality up to 4 times. Other risk factors that increase the mortality rate
include the presence of associated pancreatic injury and common bile duct injury.
Because the duodenum is surrounded by vital structures and organs, it presents
associated intra-abdominal injuries in 68-100% [1, 2, 4]. The kinematics of trauma play
an important role in the severity and injured organs; the abdominal structures with
the highest rate of injury are: liver (17%), pancreas (12%), small intestine (11%), colon
(13%), stomach (9%), bile duct (6%), kidney and urinary tract (6.5%), spleen (4.1%)
and vascular injuries such as aorta, vena cava and porta up to 15%, the latter being the
ones with the highest mortality due to the high possibility of massive hemorrhage [2].
With reference to the duodenum, an analysis of 1042 patients found that the most
frequent site of injury was the second segment (36%), followed by the third portion
(18%), and the fourth portion (15%). The least frequently injured portion of the
duodenum was the first (13%), and in 18% of the cases, injuries to multiple portions
were found [2].

2. Duodenal injuries
2.1 Surgical anatomy

The duodenum is the first portion of the small intestine, it has an approximate
length of 30 cm. It is divided into four segments; the first segment has an approximate
length of five centimeters, it crosses over the muscular ring of the pylorus towards the
vesicular neck. The common bile duct, portal vein, inferior vena cava and the gas-
troduodenal artery are found behind it; anteriorly, it is related to the hepatic square
lobe; superiorly, with the gastroepiploic foramen and inferiorly, with the pancreatic
head. This segment is irrigated by the supraduodenal artery and the posterosuperior
pancreaticoduodenal branch of the gastroduodenal artery, which is a branch of the
common hepatic artery.

As of its second segment, it becomes retroperitoneal, with an average length of 7.

5 cm, referentially from the vesicular neck to the fourth lumbar vertebra; it is divided
into two portions (supramesocolic and inframesocolic) since it is crossed by the trans-
verse colon and the mesocolon. Due to its descending disposition, it crosses in front
of the right kidney, right ureter, right renal vessels, psoas major and inferior vena
cava. Its first half is retroperitoneal and it becomes intraperitoneal distally. The major
duodenal papilla is located in the middle portion.

Its third segment has a length of 10 cm, it is located approximately five centime-
ters from the right side of the third or fourth lumbar vertebra, to the left side of the
abdominal aorta, it has a transverse disposition in a leftward direction relating with
the ureter, the right gonadal vessels, psoas muscle and the inferior vena cava, as well
as with the uncinate process of the pancreas; the inferior pancreaticoduodenal artery
is found in a groove located between the duodenum and the pancreas.

The fourth segment is ascending, has a length of 2.5 centimeters, has an oblique
disposition in a cranial direction, and ends in the duodenojejunal junction, which is
suspended by the ligament of Treitz, being found approximately 4 centimeters below
and medial to the ninth costal cartilage. It is anteriorly related to the left sympathetic
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trunk, and its distal end approaches the terminal portion of the inferior mesenteric
vein, the left ureter and the left kidney.

The last three segments of the duodenum receive their irrigation from an anterior
and a posterior arcade, from which the pancreatic and duodenal branches arise [5].

2.2 Diagnosis

The diagnosis of duodenal injury is usually difficult, especially in cases of blunt
trauma, since the symptoms may not be very obvious, however, it may present data
of abdominal tenderness or peritonitis in the initial evaluation, highly suggestive of
intra-abdominal injuries, but unspecific to a duodenal injury [4, 6].

FAST (Focused Assessment with Sonography in Trauma) is a widely accepted and
useful method in cases of blunt abdominal trauma due to its ability to obtain faster
results and with practically zero invasion. However, it has a low sensitivity for duodenal
injuries, since up to 30% of patients with some type of retroperitoneal injury, includ-
ing the duodenum, may present a FAST without alterations, determining the need to
perform other extension studies such as abdominal computed tomography (CT) [4, 6].

Abdominal X-ray in standing position may suggest duodenal injury if right psoas
muscle effacement or retroperitoneal air is found, however, it is unreliable [1, 2]. CT is one
of the best methods to diagnose duodenal injuries in hemodynamically stable patients,
even without the need to use water-soluble contrast [1]. The sensitivity of abdominal CT to
detect biliopancreatic and duodenal (BPD) injuries approaches an 83%, decreasing to 79%
for biliopancreatic (BP) injuries and 50% in bilioduodenal (BD) injuries [6, 7].

CT findings of duodenal injury include wall thickening, right pararenal or
periduodenal fluid, decreased enhancement in the injured duodenal segment, and
accumulation of clots near the injury site, visualized as a collection of heterogeneous
fluid (“sign of the sentinel clot”) [4]. Findings that are suggestive of duodenal per-
foration are the presence of air in the retroperitoneum, wall disruption and contrast
extravasation [2, 6].

Magnetic resonance imaging (MRI) is more sensitive than CT for the detection
of low-grade injuries, however, it is more expensive and lacks utility in the context
of trauma, its use is generally reserved for the evaluation of associated pancreatic or
biliary ductal injuries [6].

2.3 Classification

Different scales have been developed to classify the severity of duodenal injuries in
the context of trauma, such as the World Society for Emergency Surgery (WSES) and
the American Association for the Surgery of Trauma (AAST) classifications, the latter
classifies duodenal injuries in 5 grades (Table 1) [8].

Instead, the WSES divides injury into four classes, considering the AAST classifi-
cation and the hemodynamic status [9]:

I.Mild (AASTI)
II. Moderate (AAST II)
III. Severe (AAST III-V)

IV. Hemodynamic instability (AAST I-V of duodenal-biliary-pancreatic injury)
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Grade Type of injury Description of injury

I Hematoma Laceration Involving single portion of duodenum
Partial thickness, no perforation

I Hematoma Laceration Involving more than one portion
Disruption <50% of circumference

I Laceration Disruption 50-75% circumference of D2
Disruption 50-100% circumference
of D;

v Laceration Disruption >75% circumference of D,
Involving ampulla or distal common

bile duct

A% Laceration Massive disruption of
duodenopancreatic complex
Devascularization of duodenum

Table 1.
AAST duodenal injury scale: D1, D2, D3, and D4 indicates the first, second, third and fourth segments of the
duodenum, respectively (adapted from [8]).

This premise arises from the need to standardize local and regional anatomical
disruptions, which allow determining the characteristics of the injury conditioned
by the kinematics of the trauma; allowing the development of systematic approach
strategies that have a positive impact on patient morbidity and mortality [9].

2.4 Management

The initial management is in accordance with the Advance Trauma Life Support
(ATLS), hence, patients with hemodynamic instability, peritonitis or evisceration,
must be transferred promptly to the operating room (OR). Hemodynamically stable
patients with CT findings of low-grade injuries can be treated non-operatively.

2.4.1 Non-operative management (NOM)

Hemodynamically stable patients with CT findings of duodenal hematoma
(AAST grade I-I) and no other associated injuries requiring surgical intervention are
good candidates to conservative management [3]. The cornerstone of non-operative
management in duodenal trauma are nil per os (NPO) with nasogastric tube (NGT)
decompression, close monitoring with serial abdominal exams, serum amylase, lipase
and follow-up CT scan in 12-24 h if clinical suspicion or deterioration [3].

In patients with hematoma and signs of obstruction, NOM is appropriate up to
14 days and should be taken to the OR to drain the hematoma if clinical deterioration,
worsening findings on interval CT or to relieve the mechanical obstruction [3, 9, 10].

2.4.2 Operative management

During surgery, the decision to proceed with definitive repair versus damage-
control and delayed repair is an important one, taking into account the high rate of
complex or combined injuries, frequently resulting in hemorrhagic shock. During
damage-control laparotomy, the aim is to achieve contamination control, often
with primary suture repair, drainages and sometimes externally drain the bile duct.
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Once adequate [11] resuscitation and hemodynamic stability is established in the
intensive care unit, assessment of a definitive repair is considered at a second-look
surgery [10].

Assessment of duodenal injuries is often made possible during surgery. Up to
55-85% of duodenal injuries can be managed by primary closure [1-3, 10]. Primary
suture repair should be the initial approach in most situations, with more complex
repairs reserved for extensive injuries. High-grade injuries are those which involve
>75% of duodenal wall, D1 or D2 injuries, delayed repair and associated biliary or
pancreatic injuries [2]. Injuries at D1 or proximal D2 can benefit from performing an
antrectomy and Billroth II reconstruction [3].

Almost all grade I-II hematomas diagnosed pre-operatively resolve with adequate
non-operative management. If hematomas are discovered during surgery and > 50%
of lumen is compromised, it should be externally drained without entering the
duodenal lumen. A gastrojejunostomy should be considered in case the hematoma
compromises >75% of the lumen due to the risk of delayed obstruction [10]. Simple
grade I and early grade II lacerations are managed by simple, tension-free repair with
imbricating sutures in a transverse orientation and ensuring viable edges [3, 10].
Drains should not be routinely placed for Grade I-II injuries [9].

Up to 30% of duodenal injuries will require complex repair techniques [12].
Delayed or contaminated grade II injuries may be managed as grade III injuries. This
often requires to perform a roux-en Y duodeno-jejunostomy in cases of extensive
defects (grade III) [10] or grade II injuries where a tension-free repair is not possible
or in some cases with moderate contamination [1].

Grade III injuries involving D1, D3 or D4 may likely undergo primary repair alone
[11]. Extensive duodenal lacerations in D2-D3 segments may be repaired by an end-
to-end duodenoduodenostomy [3]. Grade III-IV injuries not involving the ampulla
or bile duct, benefit from the same approach as Grade III injuries [4, 9]. Small bowel
anastomosis has an overall 9% complication rate. In trauma patients undergoing
damage-control surgery, a delayed anastomosis shows comparable complication rates
to those undergoing single-stage anastomosis [13].

Grade IV-V injuries are devastating, the patient often presents in hemorrhagic
shock and usually requires a complex reconstruction technique [4]. These patients
present with injuries involving the duodenopancreatic complex and often benefit from
a damage-control surgery and a second-look surgery for a definitive repair or recon-
struction. Surgical approaches range from surgical techniques used in grade III injuries
such as duodeno-jejunostomy, or even performing a Whipple procedure if extensive
duodenal devascularization or pancreatic head destruction is present [2, 10].

Pancreaticoduodenectomy (Whipple procedure), is indicated for injuries in
the pancreatic head, duodenum, distal common bile duct, massive hemorrhage
of difficult control and combined grade V pancreatic and duodenal injuries [1].
Reimplantation of the common bile duct into the duodenum carries a high risk of
stricture formation [3]. In patients with destructive pancreatic injuries, anastomotic
leaks are to be expected, thus external drainage of the anastomosis is vital for leakage
control and enabling the formation of a controlled fistula [3].

2.4.2.1 Duodenal diversion

Procedures that divert enteric contents away from the duodenum may be consid-
ered in cases of high-grade injuries. All duodenal diversion techniques have similar
complication and mortality rates. Their goal is to divert gastric contents and, in some
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situations, bilio/pancreatic contents from the duodenum to minimize the possibility
of suture dehiscence, leakage and contamination.

2.4.2.2 Pyloric exclusion

Developed in 1977 by Vaughn et al., it consists of primary repair of the duodenum
and diverting the gastric contents to the jejunum. After the duodenal repair, the
pylorus is closed from the inside through a gastrotomy by means of suture or staples.
The final step is to perform a gastrojejunostomy at the site of the gastrotomy [10]. The
pylorus reopens spontaneously at 3 weeks, but the main long-term complication is
an anastomotic ulcer in up to 33% of patients [10, 14]. Overall complication rates are
higher in these patients (71%) [3].

2.4.2.3 Duodenostomy tube

This method of diversion consists in creating a lateral or end-tube duodenostomy
near the injury site in cases where the degree of inflammation hinders any other
approach.

2.4.2.4 Duodenal Diverticulization

This historic technique described by Berne et al. [15] was employed in cases of
complex duodenal injuries and its principle is to divert all gastric and biliary secre-
tions from the duodenum. It consists of primary repair of the duodenal injury, antrec-
tomy, vagotomy, closure of duodenal stump over a decompressive end duodenostomy,
placement of a T-tube in the common bile duct and periduodenal drains [10].

2.5 Nutrition

Early enteral feeding improves complications and mortality in critically ill trauma
patients [16]. A greater benefit associated with early enteral nutrition is reported once
the patient’s hemodynamic stability has been established [10]. Feeding jejunostomy is
an excellent way of accomplishing early enteral feeding after major trauma [10], espe-
cially in patients with severe pancreaticoduodenal injuries requiring resection and
reconstruction [9]. Up to 75% of critically ill patients with severe duodenal injuries
do not tolerate early enteral feeding even with concurrent decompression and feeding
jejunostomy [16], this being the reason why 37-75% of patients may still require total
parenteral nutrition [9].

2.6 Complications

Mortality ranges from 15 to 47% [3], many of them attributed to the associated
injuries, especially major vascular injuries causing hemorrhagic shock [3]. In-hospital
mortality and postoperative sepsis is similar in patients with primary-repair com-
pared with gastrojejunostomy (6.6% vs. 4.5% and 10.4 vs. 6.7% respectively), but
hospital length of stay is shorter in the primary repair group (11 days vs. 18 days) [17].

Overall complications reach 65% and include intra-abdominal abscess and
sepsis, duodenal leakage (0-33%), bowel obstruction, and complications related
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to other injuries [3, 11]. Patients with severe intestinal injuries are at higher risk
of intestinal leaks, perforation, volvuli and bowel necrosis [16]. Hypotension
in both the preoperative and intraoperative period is the primary risk factor for
complications [14].

Other risk factors include blunt abdominal trauma, high-speed projectiles, high-
grade duodenal injuries, associated biliary tree injuries or severe pancreatic injuries
and more than 24-hour delay in treatment [4, 18]. And some physiological measures
associated with complications include lactate and pH level [19].

Intra-abdominal abscess presents with clinical deterioration between 7 to 10 days
post-injury. Antibiotics and percutaneous drainage remain the standard of care [3].

Duodenal leak and fistula rates vary according to AAST injury grade and the
affected duodenal segment. The more severe the injury, the higher risk of duodenal
leak. AAST Grade I injuries have a risk of about 0% of leakage, AAST-II 1.6% and
AASTIII 66.7%. [19]. According to the affected segment, the risk of duodenal leak is
32% in D1, 12.5% in D2, 38.5% in D3 and 16% in D4 [19]. Factors that may enhance
the risk of suture failure include distal intestinal obstruction and pancreatic injury
with enzyme leaks.

The mainstay of treatment is adequate drainage, output control, maintaining
euvolemia, replacing electrolytes losses and adequate nutrition [3]. Also, decompres-
sion of the bile and pancreatic secretions produced daily reduces the risk of duodenal
leakage [11].

3. Conclusion

Duodenal injuries are often associated with other organ injuries, thus delaying
diagnosis in some cases and increasing the risk of complication. When diagnosed in
time, it can be treated with relatively low mortality rates.

There are several surgical techniques described to treat high-grade duodenal inju-
ries, some of which are more complex than others, however, it is evident that primary
closure has been superior in terms of results, inferring that it is less complex and
with shorter surgical time. Outcomes are good, and the prognosis is tightly ligated
to associated injuries, thus high index of suspicion and applying ATLS and surgery
trauma principles are essential.

Based on the premise set forth by the Pan American Trauma Society, primary
closure is postulated as the treatment of choice in duodenal trauma regardless of its
grade; taking as a reference the adequate optimization of surgical times that allow the
prompt resolution of the acute event, reducing the patient’s exposure to metabolic
response to trauma induced during the intervention; systematically resolving the
patient’s determinant of morbidity and mortality. This precept is mostly applicable
in cases that present with hemodynamic instability. In addition, it is suggested that
alternative procedures such as pyloric exclusion and/or additional decompression
should be reserved for special cases [14].
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Chapter 4

Ultrasound Empowered Trauma
Management

Mohammad Meshkini

Abstract

Using ultrasound to empower the way of traumatic patient early and by-side
management as its ability to discover what bare eyes and hands could not find out
solely. The most known EFAST protocol for traumatic patients management may be
extended more wisely by introducing the ultrasound probe(s) through a head-to-toe
secondary survey and giving a better idea of what is going on with the patient before
transferring him/her out of the emergency department and could save the time and
the patient’s condition. This chapter would summarize what we know about ultra-
sound application on a traumatic patient by his/her side before sending him/her out
for any further investigation, a new point of care for the standard of patient manage-
ment by ultrasound.

Keywords: ultrasound, sonography, RUSH, POCUS, EFAST

1. Introduction

Observation has been one of the essentials of the clinical examination that can be
found in almost every medical textbook. The use of various examination equipment
due to the development of technology has improved clinical examinations and patient
care. For example, we can mention the history of the invention of the stethoscope.
Before the stethoscope was produced, physicians used to place their ears directly
on the patient’s body for auditory examinations, which was sometimes beyond the
considerations of society; for this purpose, the first tool was made of a piece of paper,
and later, better and advanced types were prepared, produced, and distributed.

It was mentioned the necessity of observation as one of the first steps of examining
people; the possibility of using ultrasound to examine the internal organs of the body
makes this purpose possible for a physician to observe and examine the inside of the
patient’s body by using an ultrasound probe even before auscultation, palpation, and
percussion. By using ultrasound, the examiner can make a better clinical diagnosis of the
patient. Also, due to the low invasiveness of this technology;, it is possible to use it near the
patient and reduce the complications caused by the clinical procedures, e.g., the success of
the venipuncture with the use of ultrasound is more than the usual IV cannulation [1-4].

In this chapter, we will refer to the various applications of ultrasound from the
perspective of its use in the management and treatment of trauma patients. And for
detailed consideration, the tutorial videos are referenced from Youtube and Aparat
streaming channels.
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2. Orientation to the machine and probes

Proper recognition of a tool will make its use much more effective and efficient.
For a more detailed understanding of the possible software and hardware features of
the device, one should get familiar with the machine’s instruction manual. However,
in this chapter, we will discuss how to properly place the probes on the patient’s body
and the general tips for using medical ultrasound machines.

The ultrasound device’s probes with an indicator will determine whether we
should approach the patient. The placement of the piezoelectric crystals on the probe
is in the same direction, and this will create only one row of sound that is interpreted
by the operator in the plane of axial, coronal, or sagittal images (Figures 1 and 2).

At the beginning and for a general purpose, like other standard radiological images,
the right side of the patient must be on the right side of the screen. For this purpose, the
indicator is placed on the patient’s right side and the resulting image is interpreted. On
the other hand, if a coronal or sagittal view is needed, the indicator is placed toward the
patient’s head, which makes the image from the head toward the patient’s feet.

Three common probes are:

* High-frequency Linear
* Low-frequency Convex

* Phased-Array (Echo), which is also a low-frequency probe

» Image

Orientation

Sagittal Transverse

M-Turbo

Figure 1.
How the image changes with different positioning of the probe (Courtesy of Dr. John Christian Fox).
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Transducer Indicator

Figure 2.
Probes’ indicators (Courtesy of Dv. John Christian Fox).

Increasing frequency improves
resolution at the expense of “\Q\“r

Figure 3.
Diverse types of probes (Courtesy of Dr. John Christian Fox).
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A little physics of wave may be useful here; as the wave moves in the surrounding
medium (environment), they have interactions with each other; the medium may
reflect, absorb, or pass (with some changes) the wave, and what we see on the ultra-
sound machine’s screen are those reflected from the medium. The body as a medium
may absorb most of the high-frequency waves; however, the low-frequency waves
may travel through the body more easily (Figure 3).

The air and bone are the two most reflective media (sound waves cannot penetrate
them and may reflect through making an acoustic shadow phenomenon); however,
other media (such as musculature, fat, fibro-skeletal, and internal solid organs) may
pass the wave with some interactions on its amplitude (power) or velocity (speed);
however, water and liquid may pass almost every part of the wave but when the wave
reaches to the other medium due to media difference, it may get reflected and make
acoustic echo phenomenon (Figures 4-6).

Though the high-frequency probes are used for surface study, their wave cannot
penetrate deep into the body. But low-frequency probes are used for deeper studies.
However, some use low-frequency convex probes for surface studies by reducing their
penetrating depth, it may speed up their examination of the patient but could not
display the detailed view like a high-frequency probe can.

By the way, the higher frequency of a wave makes it for better images,

(e.g., 60 Hz vs. 90 Hz vs. 120 Hz commercial displays may be a good example of
image sharpness and brings this topic to mind) (Video 1, https://wwwyoutube.
com/watch?v=VBHCmw8iHCc&list=PL539B142177BA83F7, https://www.aparat.
com/v/9ifZw).

Artifacts
High-Affenuation

* \When sound ‘1

encounters high-
atfenuating tissue

echoes are diminished
posteriorly and an
acoustic shadow
results

Figure 4.
Posterior shadow (Courtesy of Dr. John Christian Fox).

44



Ultrasound Empowered Trauma Management
DOI: http://dx.doi.org/10.5772/intechopen.108506

Arfifacts :

Low-Aftenuation

* When sound
encounters low-
affenuating tissue,
echoes are
1alale]alel=Te!
posteriorly

* May be used as a
“window” to visualize
anafomy

Figures.
Posterior echo (Courtesy of Dr. John Christian Fox,).

Arfifacts

Gas Scatter

* \When sound encounters

air, much of the signal is
lost o scatter obstructing
visualization of the
anatomy posteriorly

Figure 6.
Gas scattering (Courtesy of Dr. John Christian Fox).
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3. Empowering airway assessment

Guidelines of the ATLS emphasize on airway as a priority in the ABCDE approach;
for airway assessment other than using LEMON criteria, the ultrasound could be
used for further evaluation and even intubation confirmation; however, as ultrasound
is non-penetrating through the air, it may be out of mind. Here’s how we could use
ultrasound for assessing airway:

For assessing the larynx and its cartilages, put the linear probe with the indicator
pointing to the patient’s head on the anterior cervical mid-line. A white line should be
observed, which may show the triangular shape on the beginning and right side of
the screen, it is the thyroid cartilage, above this structure (right side of the screen), the
hyoid bone (and vocal cords) could be studied, and beneath the thyroid cartilage is the
place for cricoid and three or four tracheal rings (above manubrium), the thyroid gland,
which is a normo-echoic structure, is placed superficial to these beneath structures.

By turning the probe’s indicator to the right side, it provides axial plane images
from the body, the vocal cords may be seen in this way more accurately; however, for
evaluating and confirmation of the endo-tracheal tube (ETT) with ultrasound, the
most specific approach is to not find it through the esophagus, which mostly lay right-
posterior to the trachea. Also, the ETT has air inside the tube and reflects the ultra-
sound wave in a scattering pattern (Video 2, https://www.aparat.com/v/0cZr5?t=638).

This method may also be useful in forecasting the size of the trachea, ETT, and
LMA size(s) too [5].

4. Empowering breathing assessment

As lung ultrasound was introduced with BLUE protocol about 10-15 years
ago, it could even change the FAST exam into E-FAST [6]. However, searching for

(upper and lower BLUE-points)

7N\

Thrombosed vein Free veins

'PULMONARY

- AN ] Stage 3
EMBOLISM

(PLAPS-paint)

PLAPS

'
PNEUMONIA

PNEUMOTHORAX

no PLAPS

COPD or ASTHMA

Lung sliding
/ \
present any abolished
o A/B‘ A T
B- profil . or ‘- profi “- profi
pT ile A-profile C-profile B p]fo file A lpm<
PULMONARY Soquential ) * plus without
I F
EDEMA venous analysis PNEUMONIA PNEUMONIA lung point lung point

| |

Need for other
diagnostic
modalities

This decision tree is not designed
for providing 100% of diagnoses of
acute dyspnea. It has been simplified
with the target of overall accuracy
just > 90% (90.5%)

Figure 7.
BLUE-protocol algorithm.
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pneumothoraces or hemothoraces is not the only application of the lung ultra-
sound, searching for rocket b-lines (b-lines that extend more deep in the field),
vascular profile, etc., may help the physician for diagnosing the probable reasons
for the acute respiratory failure (Figure 7 and Video 3, https://wwwyoutube.com/
watch?v=RFrPO-8jQP4&list=PL2AGI6-1zXJQt3LGHOFqc5rjIn_hwmfhZ, https://
www.aparat.com/v/aqSYt?t=664). Because it’s out of consideration for trauma man-
agement, we leave it for your own for further investigation. The latest chest journal
paper in 2015 is highly recommended [7]. Also the E-FAST and RUSH protocols are
covered in the circulation section.

5. Empowering circulation assessment

The Focused Abdominal Sonography for Trauma (FAST) was first introduced to
get a surrogate for Deep Peritoneal Lavage (DPL), it covered only three windows:
right-side hepato-renal (Morrison Punch), left-side splenorenal, and supra-pubic
peri-vesical views. Then it has been changed into Focused Assessment Sonography
for Trauma (FAST) due to the advancement of the 4th window, Sub-Xiphoid pericar-
dial assessment, and nowadays the Extended-Focused Assessment Sonography for
Trauma(E-FAST) protocol took place for this purpose by assessing for the pneumo-
thorax and hemothorax [6, 8].

To cover this examination by patient side, mostly we start with a low-frequency probe
(To reduce the effects of ribs concealing shadows, most experts use a phased-array probe
rather than a convex probe.) from the right hepatorenal side putting the probe in the

Right Upper Quadrant

14 44 || probl

Figure 8.
A positive FAST exam on right hepatorenal (Courtesy of Dr. John Christian Fox).
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sagittal plane of the right mid-axillary and beneath 7-8th inter-costal space, indicator

of which lays toward the head of the patient; some fanning also could be helpful to find
out the right kidney, and the Morrison punch is the potential space between right kidney
and the liver, if any kind of fluid (a dark hypoechoic media with bright posterior acous-
tic echo) may be observed in this place, it would be positive FAST and needs surgical
considerations. It’s recommended to not lose as much information as needed and to set
the depth of examination up to the posterior spinal column (Figure 8).

Like the right side, the examination of the splenorenal in the left needs the same
approach; however, the left spleen mostly is posterior and superior, which needs
probe positioning in the left mid to posterior axillary line and sometimes full inspira-
tion of the patient to the full view of the space (Figure 9).

For studying the suprapubic perivesical site, put the probe with the indicator
toward the right side of the body just above the pubic symphysis and slightly tilt and
fan the probe toward the pelvic, the bladder will come out as a pouch full of fluid, for
determining whether there is any free fluid around the bladder, the most specific site
is its posterior (Douglas pouch in female, and also posterior to the womb is potential
to get fluid in there); for this goal, just tilt the probe somehow to see the posterior part
of the bladder better and then change it into coronal position as the indicator toward
the head, this maneuver will change the operator’s point of view from axial into
coronal and the posterior side of the bladder may come into the field better, i.e., what
is shown on the right side of the screen (probe is indicating toward the head) is lay on
the posterior side of the bladder (Figure 10).

Meanwhile, the sub-xiphoid pericardial view is the 4th side of the classic FAST,
in case it could not achievable, some recommend for left sternal border window for

Left Upper Quadrant

2008Jan04 21:41
OB
= C60

Figure 9.
A positive FAST exam on left splenorenal (Courtesy of Dr. John Christian Fox).
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Suprapubic Window

Figure 10.
A positive FAST exam on suprapubic perivesial (Courtesy of Dr. John Christian Fox).

this goal. However, before starting from the sub-xiphoid, increase the depth of the
machine for more than 20 cm in an adult patient, put the probe with the indicator
toward the right side, and try to open this window using the liver medium on the
right side, because of the scattering phenomenon of the gastric gas that may obscure
the field, if the image came out to study the heart as a four-chamber view with right
ventricle, which lays on top of the liver (the chamber is near to the probe), the left
ventricle is behind it on the screen, the right atrium is the chamber lays on the right
side of the screen, and the left atrium is what leftover far from the probe (Figure 11).
However, in case this image was not available, more pressure may be needed to better
visualize the field, but some references prohibit it in children due to the probability of
sudden cardiac arrest, at this time the parasternal view may be much more helpful.
After completing this four-site ultrasound examination, for extending the assess-
ment for the trauma, it’s time for assessing chest fields for possible pneumothorax
or hemothorax. We would expect the gas to be higher and the liquid to be lower, so
if pneumothorax is made, it could be on the anterior part of the chest. Using motion
mode (M-Mode) should determine the pleural motion better than a normal lung
sliding (or sea-shore sign) (Figure 12); however, in pneumothorax, this sliding is not
shown because all of the points from the skin to the pleura are standstill (they do not
move like normal lung movement), they demonstrate a stratosphere (or barcode)
sign, by the way sometimes in pneumothoraces that does not fulfill the field, a lung
point be may observed (Figure 13). For this purpose, use a high-frequency linear
probe or decrease the depth of the curve probe, which was used during other parts of
the FAST exam to 3-4 cm. Put the probe with the indicator toward the patient’s head
and start studying the lung for possible pneumothoraces on the anterior part of each
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Subxiphoid Window

Figure 11.
A positive FAST exam as pericardial effusion (Courtesy of Dr. John Christian Fox).

S

OMMENT

Figure 12.
Normal Lung-Sliding (Sea-Shove sign) (Courtesy of Daniel A. Lichtenstein,).
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Figure 13.
Stratosphere ¢ lung-point signs of pneumothorax (Courtesy of Daniel A. Lichtenstein).

side from the upper clavicular region up to down rib cages. For assessing the fluid
(e.g., hemothorax or pleural effusion), the best place is superior to the diaphragm,
where it’s expected that the chest fluid may be stuck, it could also be examined
while hepatorenal and splenorenal examination and considering diminished mirror
effect of the diaphragm toward the head site. Video 4 (https://wwwyoutube.com/
watch?v=klqeADRgvkM&list=PL2AGl6-1zX]JTRn113DAv1lybh_AFHBwFX, https://
www.aparat.com/v/RBo4v) has a full list play of the E-FAST exam.

Even IV cannulation is much safer and easier with the power of ultrasound; how-
ever, in almost every procedure using ultrasound, two operators are recommended, the
sono-expert to hold the probe and bring the good field of action, and the other opera-
tor to do the procedure. For this goal, first the vein should find in the axial plane and
place the target in mid-line with the probe; measure the depth of the target from the
skin (that probe lies on it), with the law of trigonometry in mind, presume an isosceles
right triangle by manipulating the needle in the equal length of the target depth in
a 45-degree angle. Change the probe position from axial, parallel to the needle that
indicates toward needle (this maneuver shows all of the vein in a longitudinal view) and
advance the needle then, popping into the vessel could also be seen on the screen, and
cannulation is achieved [2]. This technique is the principal for almost every vascular
cannulation or regional nerve block, Videos 5 (https://wwwyoutube.com/watch?v=uH
feyAYiWOc&list=PL9883F0497505F4B1, https://www.aparat.com/v/UITA0?t=199), 6
(https://wwwyoutube.com/watch?v=EUMqxK]2mPA&list=PL2AGl6-1zZXJRBLHh{E-
VsywsfUxqnHBHXG, https://www.aparat.com/v/0cZr5?t=807) and 14 (https://www.
youtube.com/watch?v=ndnZxAcNjdg&list=PLO9BFEOE4CB8A7050, https://www.
youtube.com/watch?v=xvAY bu_S7A&list=PL2AGl6-1zX]SYEVni4b7V8y AC8pmtccaX)
are playlists of these procedures [3, 4, 9].

There’s another ultrasound protocol for critical-care and hypotensive patients
that is known as the RUSH exam, the Rapid Ultrasound for Shock and Hemorrhage
[1, 10, 11]. It was first described in 2006 and got into medical literature 3-4 years by.
Also, trauma patients may be in shock, and other than “Blood on the floor, and four/
five more (Chest, Abdomen, Pelvic, Femur(long bones) and SCALP are potential
sites for life-threatening bleeding),” a RUSH exam may empower the physicians’
consideration on the possible reason of the shock (other than blood loss). The RUSH
protocol divides the homeostatic system into “Pump,” “Tank,” and “Pipes.” Which is
an example of “Heart,” “Potential spaces,” and “Vessels,” respectively.

Focused primary echocardiography could study the heart for its musculature
and valve movements, their insufficiency could be obtained, and more results
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Figure 14.
Long-axis parasternal view.

could be achieved than just pericardial effusion purpose of the E-FAST exam. For
this goal, start with the parasternal, then apical four-chamber, and finally the sub-
xiphoid windows. On the long-axis parasternal the indicator of the probe toward
the right shoulder, while on the short-axis parasternal, it aims at the left shoulder.
The long-axis and short-axis views are demonstrated in Figures 14 and 15 in systole
and diastole, also ventricular contractility and LVEF could be obtained through
this window using M-Mode, which is demonstrated in Figure 16. for achieving the
apical view, put the probe on the Point of Maximum Impulse (PMI) on the left 5-6th
mid-clavicular inter-costal space, both the probe and screen indicator should be in
the same position (if it wasn’t changed after the short-axis view, it’s expected to be
on the left side), what appear in the four-chamber view are two ventricles adjacent to
the probe and two atria far from the probe, the right heart is on the right side and the
left is on the left-side (pay attention to the probe and screen indicators’ sameness),
using Color-Doppler mode could bring the valves functionality and chambers’ flow
very well. And finally, the sub-xiphoid view, which is the standard recommended
view in the FAST exam and was discussed there (Video 7, https://wwwyoutube.com/
watch?v=1UJ6RodOSTw&list=PL2AGIl6-1zXJRp3Dh0t1Y Z2qsyicOmsYDd, https://
www.aparat.com/v/bmzqQ).

The “tank” or potential spaces are mostly covered by E-FAST examina-
tions, the potential spaces for free fluid and great vessels like the Aorta and the
IVC. The aorta and IVC both could be part of a cardiac exam too, thus they are
great vessels of the body, in a shock patient, the aorta could be torn or aneurys-
mal, where both could be evaluated in descending abdominal aorta by using
low-frequency convex or phased-array probe, both in axial and sagittal planes.
Just it should be kept in mind that it may need extra force to pull over intesti-
nal and gastric gas to find out vascular structures, also IVC lay just on the right
side of the aorta and could be examined with the aorta or from the right hepatic
window in sagittal plain (Figure 17 and Video 8, https://wwwyoutube.com/
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Figure 15.
Short-axis parasternal view for mitral valve (Courtesy of Dr. John Christian Fox).
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Fractional Shortening 62%

Figure 16.
Using M-mode for assessing contractility.
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IVC Size Respiratory Change | RA Pressure (cm)
Total Collapse
1.5-2.5

Figure 17.
IVC size and changes correlation with CVP,

watch?v=khD3dnxEt20&list=PL2AGl6-1zXJRtdqShRXDozbmtx6Pw4{ZC, https://
www.aparat.com/v/bmzqQ?t=1247).

And finally, the “pipes” are mostly referred to deep veins for DVTs. The three-
point access that consists of femoral, popliteal, and greater saphenous veins on each
side is the acceptable examination for Deep Vein studies (Video 8, https://wwwyou-
tube.com/watch?v=khD3dnxEt20&list=PL2AGI6-1zXJRtdqShRXDozbmtx6Pw4fZC,
https://www.aparat.com/v/bmzqQ?t=1247).

All of these exams could be summarized as “HI MAP ED” mnemonic [11]:

Step no. 1 Step no. 2

Pericardial effusion:
(a) Effusion present?

Left ventricular contractility:
(a) Hyperdynamic?

Step no, 3

Right ventricular strain:
(a) Increased size of RV?

Famp (b) Signs of tamponade? (b) Normal? (b) Septal displacement
Diastolic collapse of R Vent +/ (¢) Decreased? from right to left?
Tank volume:
(1) Inferior vena cava: Tank leakiness:
(a) Large size/small Insp collapse? (1) E-FAST exam: Tank compromise:
Tank —CVP high— (a) Free fluid Abd/Pelvis? Tension pneumothorax?
(b) Small size/large Insp collapse? (b) Free fluid thoracic cavity? (a) Absent lung sliding?
—CVP Low— (2) Pulm edema: (b) Absent comet tails?
(2) Internal jugular veins: Lung rockets?
(a) Small or large?
Thoracic aorta aneurysm/dissection: (1) Femoral vein DVT?
Pipes Abdominal aorta aneurysm: (a) Aortic root > 3.8cm? Noncompressible vessel?
Abd aorta >3 cm? (b) Intimal flap? (2) Popliteal vein DVT?
(c) Thor aorta > 5cm? Noncompressible vessel?
Figure 18,

Using the RUSH protocol to diagnose the type of shock.
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RUSH exam  Hypovolemic shock Cardiogenic shock Obstructive shock Distributive shock

Pericardial effusion, RV

Hypercontractile heart Hypocontractile heart it
stra

Pump Hypercontractile heart (early sepsis)

Small heart size Dilated heart size . Hypocontractile heart (late sepsis)
Hypercontractile heart
Flat IVC Distended IVC Distended IVC Normal/small [VC
Tank Flat IJV Distended ITV Distended ITV Normal/small IJV
Peritoneal fluid Lung rockets Absent lung sliding Pleural fluid (empyema)
Pleural fluid Pleural effusions, ascites (PTX) Peritoneal fluid (peritonitis)
_ AAA . - L
Pipes P L el Normal DVT Normal
Figure 19.
RUSH protocol summary.
e Heart
*IVC

* Morrison pouch and complete FAST exam
* Aorta
* Pleural space and pneumothorax

* Ectopic pregnancy (Video 13, https://wwwyoutube.com/
watch?v=GBpiF7ML1CA&list=PL2AGl6-1zX]T4sk_DMVQtBNapC36AgTZp,
https://www.aparat.com/v/ukBwf)

* DVTand the final diagnosis of shock reason could get whether the “pump,”
“tank,” or “pipes” are responsible; Figures 18 and 19 summarize the RUSH
protocol (Video 9, https://wwwyoutube.com/watch?v=9UyVHqvGgHE&list=
PL2AGI6-1zX]S9fkywFRsQIwzp31-LclnX, https://www.aparat.com/v/zEvew).

6. Empowering diagnosis and neurological assessment

The high-frequency linear probe could be used for skin and soft tissue exami-
nation, e.g., cellulitis and soft tissue infection’s cobblestone pattern (Video 12,
https://www.aparat.com/v/U1TA0?t=71). Using this probe also could be the on-site
tool for assessing tendons and muscles movements, bone fractures (also to assess
whether fracture bone has been reduced after manipulation), and other orthopedic
examinations (Video 11, https://wwwyoutube.com/watch?v=7G56DN38mz8&li
st=PLEF41F6DAEE3FD1AS8, https://www.aparat.com/v/0cZr5?t=5). As described
in IV canulation, the regional nerve block could be done using ultrasound power
though with fewer complications (Video 14, https://wwwyoutube.com/watch
?v=ndnZxAcNjdg&list=PLO9BFE9E4CB8A7050, https://wwwyoutube.com/
watch?v=xvAY_bu_S7A&list=PL2AGl6-1zX]JSYEVni4b7V8yAC8pmtccaX).

However, ocular ultrasound may be the indescribable use of the linear probe in the
emergency department, other than studying the orbit structure for lens and retinal
placement or detachments, Iris muscles movement and pupil reflex, and anterior
and posterior chambers of the eyeball, the rise of Intra Cranial Pressure (ICP) could
affect optic nerve (Cranial Nerve II) and widen its diameter, this could be assessed
after freezing the image on the screen and measuring the optic nerve’s external
diameter in 3 mm length to the orbit entrance, whether this sheath is more than 5 mm
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Figure 20.
Retinal detachment in occular B-mode ultrasound.

in diameter length it shows a rise in ICP, Figure 20 shows retinal detachment, while
other ocular ultrasound anatomical structures (Video 10, https://wwwyoutube.com/
watch?v=uPqTz40uNd0&list=PL2AGI6-1zX]JTPj1GxVxCVyeg_srRs7oVg, https://
www.aparat.com/v/0cZr5?2t=235).

7. Conclusions

Using ultrasound alongside clinical examinations or during critical-care proce-
dures empowers the ability of healthcare providers and physicians for better clinical
decision makings and less invasive procedures. Like other clinical procedures, those
who try and study more on the ultrasound could achieve better results, we recom-
mend the use of ultrasound in any possible clinical situation for all providers, and the
links that are mentioned in the appendices are highly recommended for reference.
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Acronyms and abbreviations

ACS American College of Surgeons

ACLS Advanced Cardiac Life Support

AHA American Heart Association

ATLS Advanced Trauma Life Support

BLUE Bedside Lung Ultrasound in Emergency department

COoT Committee On Trauma

DVT Deep Vein Thrombosis

EFAST Extended Focused Assessment Sonography for Trauma

ETT Endo Tracheal Tube

ICP Intra Cranial Pressure

IvVC Inferior Vena Cava

LEMON Look externally, Evaluate 3-3-2, Mallampati score, Obstruction,
Neck mobility

LMA Laryngeal Mask Airway

PMI Point of Maximum Impluse

POCUS Point Of Care UltraSound

RUSH Rapid Ultrasound in Shock and Hemorrhage

Appendices and nomenclature

1. https://www.aparat.com/v/9ifZw?playlist=1629800 (My Aparat.com channel’s
playlist for Ultrasound Tutor—In Persian Language).

2. https://wwwyoutube.com/c/sonosite (Fujifilm—Sonosite Youtube! Channel).

3. https://wwwyoutube.com/user/jfoxmd (Dr. John Christian Fox’s Youtube!
Channel).
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Chapter 5
OCD of the Knee in Adolescents

Andrey Semenov, Dmitriy Vybornov, Nikolaj Tarasov,
Vladimir Krestyashin, Ivan Isaev and Viadimir Koroteev

Abstract

Osteochondritis dissecans (OCD) of the knee is a pathological condition of
subchondral bone resembling focal osteolysis with subsequent bone resorption, which
may lead to osteochondral fragment separation. Several etiological concepts reported
for OCD development. The multifactorial theory is commonly adopted for days.
Different investigators report OCD lesion healing while using conservative treatment
or even “waitful watching” with a healing rate of up to 67%. In spite of these results,
there are not any commonly adopted guidelines for conservative treatment. The last
stage of OCD is a separation of osteochondral fragment leaving a full-thickness osteo-
chondral defect, which is usually filled with low-quality fibrocartilaginous tissue.
This tissue provides a lesser extent of resistance to peak loading forces, which poses at
risk subchondral bone for further destruction and early osteoarthritis development.
Appropriate treatment method should be chosen for each OCD stage in order to
prevent early osteoarthritis development, increase return-to-sport rate, and decrease
healing time for OCD lesions. This chapter provides short but comprehensive to date
knowledge about OCD on the knee of adolescents and young adults.

Keywords: osteochondritis dissecans, knee, adolescent, healing, OCD, JOCD

1. Introduction

Osteochondritis dissecans (OCD) of the knee is a pathological condition of sub-
chondral bone resembling focal osteolysis with subsequent bone resorption, which
may lead to osteochondral fragment separation. Several etiological concepts are pre-
sented for OCD development with the leading question of what was the first—bone or
cartilage? This question was raised a couple of decades ago and was similar to that one
about chicken and egg. The multifactorial theory that was presented accompanying
different pathological pathways leads to the main pathology.

While plenty of studies existed describing the surgical treatment of OCD, differ-
ent investigators presented their data about healing OCD lesions using conservative
treatment or even “waitful watching” management with a healing rate of up to 67%.
Despite such a good result, there are not any common practice guidelines for conser-
vative treatment accepted by practitioners. OCD of the knee usually goes through
several stages. The last one is the separation of osteochondral fragment, leaving a full-
thickness osteochondral defect, which is usually filled with low-quality fibrocartilagi-
nous tissue. This tissue provides a lesser extent of resistance to peak loading forces,
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which poses at risk subchondral bone, for further destruction and osteoarthritis
development. This fact raises some questions about indications for surgical treatment,
its timing, and best option for surgical management of OCD in a particular stage.

Knowing the fact that adolescents involved in competitive sports are usually
predisposed to knee OCD—what management strategy would you apply to such
patients? How would you choose the appropriate surgical method? Will you take to
attention the stage and age of patient? When will you advise this patient to start sports
activities? Which criteria would you use to decide about lesion healing? Is complete
lesion healing possible after OCD? All these questions need to be summarized. This
chapter provides short but comprehensive to date knowledge about OCD of the knee
of adolescents and young adults.

2. Epidemiology

Two types of OCD in adolescents are established—juvenile and adult—depend-
ing on whether a growth plate of the distal femur is open or closed. Juvenile OCD
of the knee has an incidence from 9.5 to 29 of 100,000 knees [1, 2]. There is a three
times increased incidence in children after 12 years old in comparison with children
6-11 years old, and boys are affected around four times more frequently than girls
[2]. Adolescents involved in professional sports represent a large cohort of patients
affected by OCD [3]. Femoral condyles are commonly affected, and posterolateral
aspect of medial condyle is the typical region of OCD location (77%) [4]. Less com-
mon regions are lateral condyle (17%), patella (7%), and tibial plateau (0.2%) [4].
Lesions are bilateral in 14-30% [5].

3. Etiology and pathology

Osteochondritis dissecans of the knee was first mentioned by Kénig in 1888, who
described focus of an inflammation of the bone cartilage interface. Kénig supposed
that direct and minimal trauma can result in isolated subchondral damage. Patients
that did not have any trauma prior to symptoms development were assigned to
“osteochondritis dissecans.”

Many theories about OCD have been presented. It is well known that etiology-
targeted treatment strategy is always the best. Thus, many investigators focused
on looking for the main cause of the pathology. The pathology of OCD needs to be
known to guide our way through its etiology.

According to pathological changes, OCD of the knee is usually divided into four
stages, which may be seen in subchondral bone and adjoined articular cartilage [6].
Stage 1 is described as early subchondral osteopenia and usually is not detectable on
X-ray, which remains a common way to visualize OCD lesions. Stage 2 represents
bone marrow edema particularly located in subchondral bone. The bone is still viable
in OCD lesions. Stage 3 is the most well-known stage by healthcare practitioners due
to the possibility of X-ray to reveal radiolucency in subchondral bone representing its
necrosis demarcated from healthy bone by sclerotic rim. Green and Banks were the
first who discovered such necrosis and underlined intact articular cartilage adjoining
OCD lesion (true stage 3) [7]. A variety of pathological changes was found by differ-
ent investigators in OCD lesions on stage 3. Uozumi et al. found three types of bone
morphology in OCD lesions—necrotic bone, viable ossifying trabecular bone, and
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absence of any bone. As the first type is inconsistent with the earliest study [7], other
types rise the question of whether there are multiple morphological types of bone
damage in OCD lesions or one process with consequent changing stages. For instance,
Wagner described “malicious variant” with OCD lesions full of multiple bone frag-
ments [8]. Other studies revealed the absence of any degenerative bone changes in
stable OCD of the knee but the presence of fibrocartilaginous tissue on the periphery
of the lesion between parents resembling that found between bone fragments in
nonunion after bone fracture [9]—Figure 1.

Stage 4 usually occurs under continuing mechanical loading resulting in the
loosening of the bone and cartilage followed by osteochondral fragment separation.

While most of the existing studies state that subchondral bone is to be damaged
first, several pathways are described. According to the systematic review of Luca
Andriolo et al., 28 articles present subchondral bone fracture as the starting point of
pathology cascade, and eight articles state that ischemia is the first event followed
by subchondral bone degeneration [10]. Thus, there are two main general theories:
mechanical and vascular, followed by special biological, genetic, and endocrine
factors, which may play role in OCD development.

The mainstay of the mechanical theory is collected data about relationship
between chronic repetitive microtrauma, traumatic incidents, and consequent OCD
development [11]. This theory has been supported by an epidemiological study, which
revealed a relatively high proportion of adolescents involved in competitive sports
activities [2]. Both acute and chronic repetitive trauma may result in subchondral
fracture by themselves or in combination with other mechanical factors reported—
discoid meniscus [12-14], tibial spine impingement [15], hypermobile anterior horn
of meniscus [16], and joint instability and genu recurvatum [17]. Several metabolic
conditions affect bone quality posing subchondral bone at risk for fracture—Wilson
disease [18], hyper-IgE syndrome [19], low vitamin D3 level [20], and high human
growth hormone level [21].

Other well-known theory is the vascular one. Adherents of this theory suppose
that ischemia is the first event in subchondral bone followed by partial bone necrosis
and subsequent fracture. The first histological confirmation of this theory is related
with the study of Green & Banks, who found necrotic foci in the subchondral bone of
femoral condyle [7]. Campbell and Ranawat later defined OCD as a focus of aseptic
necrosis particularly developing in “locus minoris resistentiae” [22] of ossifying bone

Figure 1.

Osteochondpritis dissecans histology. Black arrow points to the fissure between maternal bone and osteochondral
fragment. Note the presence of a sclerotic vim on maternal bone adjacent to the fissure and the presence of fibrous
tissue precluding adequate union. From Bruns et al. [6].
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of secondary ossification center in condylar epiphysis after repetitive microtrauma
[23]. The ischemic nature of OCD lesions was advocated by Jans et al. Authors stated
that terminal epiphyseal arteries do not have adequate collateral branches, resulting in
abruption of subchondral bone vascular supply after minimal acute or chronic repeti-
tive trauma [24]. The closed relationship between early epiphyseal vascular regression
(up to 5 years old) and late enchondral ossification (up to 10 years old) of epiphyseal
secondary ossification zones was described thoroughly by Ellerman et al. [25].

To date, pathophysiological pathway for OCD lesion development seems to be
multifactorial: anatomy of epiphyseal vascular branches in zones of secondary
enchondral ossification predisposes to subchondral bone fracture after minimal
traumatic event, leading to bone necrosis, lack of cartilage supply, fissures emerging,
and subsequent osteochondral fragment detachment.

4. History

History of OCD of the knee usually starts with pain, which can relate to previous
traumatic episodes or not. The pain usually starts with prolonged physical activities,
and worsens with deep squatting and load distribution to an affected leg [5]. As many
patients with knee OCD are sportsmen, the main complaint is the inability to fully
participate in competitions and even regular training activities. A separate type of
history usually has patients sustained acute trauma after a period of prolonged knee
pain. If such pain is long-lasting, it can be related with ongoing OCD of the knee, and
the traumatic episode can lead to osteochondral fragment detachment. Such a patient
may suffer from knee-locking episodes, popping, or knee catching. Cases of unstable
OCD lesions are frequently accompanied by synovitis developing after osteochondral
fragment partial detachment.

5. Physical examination

OCD of the knee in adolescents has poor clinical manifestation. In the case of
stable OCD, there are not usually any positive provocative maneuvers. There is only
one specific test described by Wilson—pain appears while tibia is internally rotated
during knee extension from 30 to 90 degrees [26]. Pain alleviation, while tibia is
externally rotated, is highly suspicious for OCD of femoral condyle in a typical
location (posterolateral aspect of medial femoral condyle). In spite of relatively high
specificity, this symptom has low clinical diagnostic value. Unstable OCD cases may
be accompanied by knee effusion associated with smooth contours of the knee, posi-
tive patellar tap test, and restricted range of motion.

6.Imaging

Standing X-ray in three projections is a standard clinical protocol for OCD lesion
evaluation. Anteroposterior, lateral, and notch-view usually are sufficient for diag-
nosis confirmation [27]. OCD lesion is usually described as either a crescent-shaped
radiolucent area in subchondral bone or radiolucent line between bone fragment
and parent bone with an area of sclerosis adjacent to radiolucent zone. In the case of
unstable OCD with a detached osteochondral fragment, uneven contour of femoral
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condyle can be seen with an area of adjacent bone sclerosis. Despite the usefulness
of radiography for diagnosis making, it is usually not possible to differentiate stable
OCD lesions from unstable ones. So, radiography is of importance only as a first-
contact diagnostic method.

MRI is the most informative method aiding in the visualization of all com-
ponents of OCD lesions, including cartilage. T1 sequence is usually used for size
measurement. T2 fat-saturated and PDFS sequences are used for bone marrow
edema assessment, cartilage visualization, and most important for defining the type
of OCD lesion according to its stability. De Smet et al. defined four MRI criteria of
stability [28]:

1. A thin line of high-signal-intensity >5 mm in length at the interface between the
lesion and underlying bone (fibrovascular granulation tissue);

2. A round area of homogeneous high-signal-intensity >5 mm in diameter beneath
the lesion (cysts);

3. A focal defect with a width of >5 mm in the articular surface of the lesion
(displacement of the lesion into the joint);

4. A high-signal-intensity line traversing articular cartilage into the lesion (articu-
lar fracture).

Despite relatively high sensitivity and specificity in adults, these criteria repre-
sented only 11% specificity in children [29]. After considering additional criteria by
Kijowski et al., a specificity of 100% for children population achieved:

1. A high T2-signal-intensity rim or cysts surrounding an adult OCD lesion are
unequivocal signs of instability

2. A high T2-signal-intensity rim surrounding a juvenile OCD lesion indicates
instability only if it has the same signal intensity as adjacent joint fluid, is sur-
rounded by a second outer rim of low T2-signal-intensity, or is accompanied by
multiple breaks in the subchondral bone plate on T2-weighted MRI

3. Cysts surrounding a juvenile OCD lesion indicate instability only if they are
multiple in number or large.

General visual characteristics of unstable and stable lesions described by Kijowski
etal. are presented in Figures 2 and 3.

Defining the stability of OCD lesions is of utmost importance for guiding manage-
ment. CT scan also takes an important part in OCD lesion visualization. It provides
data about size and subchondral bone structure in detail and can aid in finding free
osseous fragments in the knee joint [30]. CT scan has the possibility of fast and
precise lesion assessment in both knees in case of two-sided knee OCD and serves as
a good tool for finding accidental OCD lesions in the contralateral unaffected knee.
Limitations include radiation exposure and the inability to assess cartilage status in
OCD lesions. CT scan cannot define if the lesion is unstable or not.

Ultrasonography is rarely used in knee OCD imaging mainly because of its opera-
tor dependence and relatively low diagnostic accuracy [31].
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Figure 2.

Sagitml 1,5T fat suppressed T2w FSE MRI of the knee in a 15-year-old adolescent with confirmed unstable OCD
lesion of the medial femoral condyle. OCD lesion consists of heterogeneous high- and low-signal-intensity (large
arrow) areas and is surrounded by a single cyst of 6 mm in diameter (large arrowhead) and extensive bone
marrow edema (small arvows). There is no disruption of the low-signal-intensity subchondral bone plate at edges
of OCD lesion (small arrowheads). From: Kijowski et al. [28].

Figure 3.

Sagitml 1,5T fat suppressed T2w FSE MRI of the knee in a 12-year-old adolescent with confirmed stable OCD
lesion of the medial femoral condyle. OCD lesion has uniform low-signal-intensity (large arrow) area that is
surrounded by a single cyst 4 mm in diameter (small arrow). There is no disruption of low-signal-intensity
subchondral bone plate at the edges of OCD lesion (arrowheads). From: Kijowski et al. [29].

Bone scintigraphy is a method that is possible to provide data about bone perfu-
sion of an OCD lesion. Almost absolutely lacking specificity in defining different
stages of OCD, this imaging modality is rather a historical one. Nowadays 3-T MRI
method of “arterial spin labeling” was developed to assess perfusion in femoral
condyles similarly to scintigraphy [32].

7. Classifications

There are plenty of classifications described nowadays for knee OCD. A few of
them are useful in treatment strategy choosing. As radiography and CT scan can-
not accurately describe lesions' stability, most investigators attempted to find the
best MRI classification either for treatment strategy defining or for preoperative
planning. The most important among MRI classifications are the aforementioned
classification by De Smet et al’s and Kijowski et al’s modifications for lesion stability
assessment [28, 29, 33].
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Figure 4.

ROCK study group arthroscopic OCD lesion classification. Six stages were described with 1-3 being stable and 4—6
unstable.

Mobile Lesions

Arthroscopy remains to be a gold standard for the assessment of OCD lesion
stability [1]. Various classifications are described. Most of them consist of four stages
[34-36], where third stage is an unstable OCD lesion with a partially detached osteo-
chondral fragment and fourth stage is a completely detached fragment with a free
intraarticular body. To days, a new classification was developed by the ROCK study
group consisting of six stages based on arthroscopic lesion appearance (Figure 4).

8. Treatment strategy

There are two main options—conservative and surgical treatments. As OCD of
the knee is progressing disease, the main goal of treatment of unstable lesions is to
prevent their destabilization and achieve full lesion healing.

Healing of some OCD lesions reaches 50-67% in 6-12 months [5, 37, 38]. Despite
such good results, the current literature volume accumulated has scarce data about
different conservative treatment methods with moderate quality studies mostly due to
the inability to correct allocation of patients and non-randomized study designs [11].

In a recent systematic review, Andriolo et al. found 24 case-series studies and
three case reports for conservative treatment of OCD lesions. Only 12 studies had one
treatment method such as immobilization, physical instrumental therapy, or physical
activity restriction. Fourteen studies describe combinations of conservative methods
of treatment. Overall healing was 61.4% ranging from 10.4% to 95.8% [11]. Despite
such heterogeneous data, negative prognostic values for healing were also described:

1. Lesion size (large size correlated with low overall healing rate)

2.Severe lesion stages based on different classifications

67



Topics in Trauma Surgery

3.0lder age

4. Combination with discoid meniscus

5.Long period from onset to the first consultation

6. Mechanical symptoms

7. Atypical lesion location (lateral femoral condyle, patella, and tibial condyles)

While some studies report 80-90% healing rate of stable OCD lesions, using
physical activity restriction and quadriceps muscle strengthening [39], others report
only 30% healing rate and 67% as “no changes” [40]. Such differences may have been
appeared due to maturity status or other abovementioned factors confounding. To
minimize influence of confounding factors on the healing rate, Krause et al. devel-
oped a nomogram for probability of healing assessment [38]. He used multivariate
analysis of independent factors on 37 OCD lesions and found three independent
factors: age, cyst-like lesion normalized width, and overall lesion normalized width—
0-10 points, for each of assessing factors. The overall score is linked with probability
scale (Figure 5—the example).

Generally, stable OCD lesions followed every 3 months with different authors
suggesting either 3 or 6 months of conservative treatment prior to surgery referral
decision-making [5, 11, 41].

Despite good short-term results of conservative treatment for juvenile stable OCD
lesions, a recent study by Sanders et al. described bothering long-term results—in up
to 30% of patients treated nonoperatively osteoarthritis was developed at 35 years
[42]. Another long-term study by the same author reports osteoarthritis development
cumulative incidence of 70% at 30 years after osteochondral fragment excision in
patients with the last stage of knee OCD and 51% incidence in patients at 30 years
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Figure 5.

Prediction of healing probability after 6 months of nonoperative treatment based on normalized lesion width,
cyst-like lesion (CLL) size, and patient age. The case is a 13-year-old patient, who showed a tendency toward
healing after 6 months and showed complete healing in 12 months. From: Krause et al. [38].
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after osteochondral fragment preservation [43]. This relatively high incidence deter-
mines the need for thorough timing of operative treatment.

As large part of patients with OCD of the knee is represented by professional
sportsmen, the time of OCD lesion healing really matters. Faster lesion healed—
faster weight-bearing activities may be achieved, and shorter return-to-sport can be
reached.

In summary, indications for operative treatment of the knee OCD in adolescents
are as follows:

1. Signs of instability defined by Kijowski et al. on MRI. Elective surgery may be
planned but patient must observe a special regimen of non-weight bearing and
activity restriction.

2.Mechanical symptoms emergence in addition to preoperative imaging data about
osteochondral fragment separation. Surgery needs to be provided as fast as
possible to capture a chance of osteochondral fragment refixation.

3.More than 3 months of conservative treatment without any healing signs.

9. Operative treatment

The type of surgical intervention in adolescent knee OCD depends on several fac-
tors: stability and size of the lesion and presence or absence of mechanical symptoms
in patient.

Surgical treatment usually starts from arthroscopy of the knee. Infrapatellar plica,
medial plica, and partial Hoffa pad resection are necessary for better visualization of
condylar cartilage. The main goal is to correctly assess if the OCD lesion is stable or
not. Visually stable JOCD may be represented by fully intact cartilage either without
any color changes or may have dim color compared to neighboring regions of intact
cartilage. Cartilage above the lesion may be depressed or fissured on the periphery of
the lesion or can be partially detached. Villous overlays may be seen in patients with
partially fissured cartilage.

9.1 Stable OCD lesions

When the lesion is stable, there is usually fibrocartilaginous layer between
osteochondral fragment and maternal bone, resembling tissue that is usually can be
found in pseudarthroses between bone fragments [9]. This finding supports data
about failed ossification as the main barrier for OCD lesion to heal [44]. So far, local
stimulation of osteogenesis is the main goal of OCD lesion treatment. It can be either
mechanical stimulation or biological.

Common mechanical stimulation of bone regeneration in stable OCD lesions is
drilling [1, 5]. There are two types of drilling: antegrade (retroarticular) and retro-
grade (transarticular or transchondral). Retroarticular drilling has the advantage of
cartilage preservation but method is not universal and depends on OCD lesion loca-
tion [45]. For instance, if OCD lesion is located posteriorly in condyle or in the center
of the weight-bearing surface of cartilage, it is possible to reach this zone from the
lateral subphyseal area of condyle, used as starting point for drilling. The use of fluo-
roscopy guidance during retroarticular drilling is associated with radiation exposure.
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Anteriorly located lesions are difficult to be drilled from this position. Transarticular
drilling is faster, and there is no need for fluoroscopy guidance because drilling is
performed under direct visual control by an arthroscope. Nonetheless, transarticular
drilling is associated with cartilage damage. Cartilage appearance may have changed
for years after transarticular drilling as advocated [46]. Otherwise, long-term studies
with well-done designs are needed to advocate if transarticular drilling has a negative
effect on knee functioning or early osteoarthritis development.

Gunton et al. published a thorough systematic review of studies that investigated
either transarticular or retrograde drilling of OCD lesions [45]. Despite meta-analysis
was not possible to carry out and the high heterogeneity of studies, the authors found
no significant differences according to lesion healing effectiveness. There was 86%
healing rate for retroarticular drilling and 91% for transarticular. Patient-reported
outcomes were also comparable. Time to heal was lower in lesions after transarticular
drilling (4-5 months) compared to retroarticular (5-6 months). Despite that facts,
36.9% lateral condyles were drilled in retroarticular group compared with 5.3% in
transarticular, for healing rate comparison,48% and 6.3%—for time-to-heal compar-
ing, respectively. Knowing that many factors affect the healing rate in OCD lesions,
including lesion location, the results must be interpreted with caution.

The authors of this chapter carried out their own systematic review for OCD lesion
drilling in children aged before 18 years old, only nine full-text studies were included
in the analysis. We found 95.3% cumulative healing rate of OCD lesions after retro-
grade drilling and 76.8% after transarticular drilling [47]. Because of such hetero-
geneous information represented across the literature, there is no evidence of which
type of drilling is preferable currently considering either healing rate or time-to-heal.

9.2 Unstable OCD lesions

Unstable lesions may be represented as partially or completely detached osteo-
chondral fragments. Osteochondral fragment detached from their place and becomes
incongruent with time, so there is a need for urgent treatment of patients with
unstable OCD lesions suspected in MRI. If we have a deal with unstable but partially
detached fragment, fixation of the fragment is the most valuable option. It can be
carried out by metal screws, absorbable pins, Kirshner wires, or even autologous
bone sticks [48]. A recent systematic review carried out by Leland et al. reported
67-100% healing rate after osteochondral fragment fixation in skeletally matured
knees. No significant differences were found in context with healing rate between
types of fixator, and complications included reoperations for cartilage resurfacing,
loose body removal, or unplanned hardware removal [48]. Kocher et al. found 84,6%
radiographic healing rate in adolescent OCD using fragment fixation independently
of device used for fixation [49]. Adachi et al. reported 77% healing rate after osteo-
chondral fragment fixation using bioabsorbable pins [50]. Wu et al. found 76%
healing rate in both skeletally immature and mature knees in their multicenter study.
They reported no differences between mature and immature knees in the context of
healing rate [51].

9.3 Full-thickness cartilage lesions in the last stage of OCD

There is a high rate of osteoarthritis development after osteochondral fragment
detachment—a cumulative incidence of 70% at 30 years was reported recently.
Moreover, the cumulative incidence of arthroplasty is 32% at 30 years [43]. To avoid
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these complications and to achieve a good quality of life for patients with osteochon-
dral defects different methods exist.

For lesions less than 2 cm?, microfracture procedure proved to be the first-line
treatment method [52]. Damaging subchondral bone with special awl results in
multipotent stromal cell effluxes followed by fibrocartilage filling the defect. It
provides good short-term results in context with patient-related outcomes [53].
Despite relatively good short-term results after microfracture procedure, there is an
incidence of 45% for knee replacement at median of 12 years after this procedure
[54]. Hyaline cartilage predominantly contains collagen type 2 while fibrocartilage,
which fills osteochondral defects after microfracture, mainly consists of collagen type
1 [55]. Therefore, fibrocartilage does not have properties of normal hyaline articular
cartilage and cannot withstand weight-bearing loads as well as intact articular hyaline
cartilage [56]. Despite being the first-line treatment for osteochondral defects smaller
than 2 cm’, recent systematic review reported increased fill of the defect while using
deep drilling comparative with microfracturing. Free access to bone marrow space
can be achieved using deep drilling, while fractured bone with osteocyte necrosis was
found after microfracture procedure [57]. Two studies reported superior cartilage
restoration while implementing deep drilling (6 mm depth) instead of microfracture
procedure [58, 59].

Osteochondral autologous transplantation (OAT) or mosaicplasty is another
option to fill the full-thickness osteochondral defect. Osteochondral plugs from
non-weight bearing region of femoral condyles are harvested and transferred to
osteochondral defect in this method. Mosaicplasty has good mid-term and long-
term results in the context of activity, and patient outcome scores risk of failure
in patients with osteochondral lesions sized more than 3 cm? [60, 61]. Pareek et
al. recognized in their meta-analysis that microfracture has 2.4 times more risk of
failure compared with mosaicplasty [60]. Gudas et al. found a 21-times higher risk
of failure after microfracture procedure compared with OAT in patients with full-
thickness lesions of more than 3 cm? only after OCD [62]. Solheim et al. also reported
noticeably increased patient-reported outcomes after mosaicplasty compared with
microfracture procedure at long-term follow-up [63]. OAT has several complications,
including cartilage hypertrophy, at the periphery of osteochondral defect and donor
site morbidity while using more than two osteochondral plugs [64]. That limits the
implementation of OAT in adolescents involved in professional sports activities.
Limitations can be partially avoided using allograft-OAT called in literature OCA
(osteochondral allograft transplantation). This technique allows for more thorough
graft matching with the defect and, therefore, may be used in cartilage defects more
than 4 cm? [52].

Autologous chondrocyte implantation (ACI) and its 3rd generation—matrix-
induced autologous chondrocyte implantation (MACI)—are promising techniques for
cartilage restoration in patients with osteochondral defects more than 2 cm” [52]. The
main feature associated with MACI is the need for two operations to be performed.
This fact significantly affects the rehabilitation period and return to sport velocity.
The main goal of first operation is to harvest cartilage from non-weight bearing
zones, usually intercondylar notch. After that, 6-week production period is needed
for colony of MSC to grow and colony formation. Seeded on a special porcine collagen
membrane, MSC is attached to osteochondral defect. MACI is superior to micro-
fracture procedure in patients that have more than 2 cm” cartilage lesions at 2-year
[65] and 5-year follow-up [66], according to results of patient-reported outcome
measures.
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Autologous induced matrix chondrogenesis (AMIC) is another technology, the
main peculiarity of which is absence of second operation necessity. After lesion
site debridement and subchondral bone exposure drilling perform followed by the
application of ready-to-use collagen I/IIl membrane supported by fibrin glue [67].
Efflux of MSC from bone marrow of condyle and its proliferation and differentiation
in special microenvironment provide cartilage restoration and hyaline-like tissue
formation [68]. Several studies support the supremacy of AMIC over microfracture
procedures in osteochondral defects more than 2 cm” on context with both patient-
reported outcomes and MRI data achieved [67-69].

Another promising method for one-stage cartilage restoration is minced
cartilage preparation and usage. Basic science for this method was represented
by several authors [70-73] and a few clinical studies conducted to date [74].
Salzmann et al. figured out that chondrocytes in live cartilage after slicing induce
their proliferation and differentiation, produce intercellular matrix, and have
the ability to fill cartilage defects [70]. It was also found that the smaller cartilage
particles are—the bigger amount of ECM is going to be produced after cartilage
slicing [73] and more efficient chondrocytes outgrowth is Ref. [75]. Firstly,
reported by Albrecht et al., particulate autologous cartilage implantation (or
minced cartilage implantation) procedure proved the clinical efficacy of cartilage
autograft implantation system (CAIS) in the study of cole BJ et al., who reported
marked improvement with statistically significant differences for KOOS and IKDC
scores in favor of CAIS compared with microfracture procedure [76]. The surgical
technique includes harvesting cartilage from non-weight bearing part of condylar
cartilage (usually in the region of intercondylar notch), processing of cartilage
(cartilage fragmentation with a shaver or other devices), cartilage defect prepara-
tion (defect walls debridement and removing of calcified layer), minced cartilage
paste preparation using either fibrin glue or different orthobiologic substances—
BMAC, PRP, and PRF [74, 77].

A few clinical studies confirmed positive results of minced cartilage implanta-
tion procedures. Christensen et al. reported markedly improved MOCART-MRI
score, patient-reported outcomes, and more than 80% bone defect filling at 1 year
after operation in eight patients using a combination of autologous bone graft
and autologous cartilage chips technique supported by fibrin glue. All patients
had osteochondral defects developed as the last stage of OCD [78]. Massen et
al. revealed statistically significant improvement in functional knee score and
MOCART score at 2 years, after minced cartilage implantation in 27 patients, and
concluded that minced cartilage technique can be a good alternative to currently
existing ACI/MACI techniques [79]. Cugat et al. reported excellent clinical, MRI,
and patient-reported functional outcomes in 15 patients at 15 months after minced
cartilage technique implementation with platelet-rich and platelet-poor 50/50
plasma addition [80].

Particulated juvenile allograft cartilage (PJAC) is the technology resembling
minced cartilage procedure. The main difference is that PJAC represented by juvenile
hyaline cartilage consisted of immature chondrocytes that provide increased prolifer-
ative and metabolic activity, obtained from donors, and has 45 days to be viable after
the cells package [81, 82], while there are no clinical studies for use of PJAC currently
available [52]. However, Ao et al. found more hyaline-like cartilage content at 1 month
and 3 months after cartilage chips implantation in minipigs compared with PJAC
implantation with no significant differences at 6 months [83].
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10. Biological stimulation in OCD treatment

Biological stimulation is another way to improve bone regeneration locally.
Orthobiological products, such as platelet-rich plasma (PRP) and bone marrow aspi-
rate concentrate (BMAC), contain different growth factors, improving cell prolifera-
tion, migration, and differentiation [84-86]. BMAC also has multipotent stem cells,
which can differentiate into different lineages themselves taking part in tissue restora-
tion [87]. There is a literature gap about biological preparations implementation in
complex surgical treatment of knee OCD.

Sharma et al. reported six adult OCD unstable ICRS and three lesions completely
healed in 4 months using fragment fixation with metal compression screws and adju-
vant intraarticular PRP injection treatment. The authors’ technique was represented
by three intraarticular injections of PRP every 3 weeks starting on 12 postoperative
days, and 8-10 ml PRP was used for each injection [88]. Davidson et al. shared the
results of 52 stable juvenile OCD lesions treatment with an average size of 4.07 cm”
by retroarticular drilling and BMAC augmentation back-filling through pin channel.
76.9% of lesions were healed at a mean of 10.6 months [89]. Later Andelman et al.
described a technique for retroarticular core decompression of stable OCD lesions by
retroarticular over drilling of femoral condyle using a drill bit with subsequent curette
OCD lesion decompression and implementing BMAC-DBM paste [90]. No results
have yet been published to analyze this treatment method. Baldassarri et al. recently
reported good results using bone marrow-derived cell transplantation technique for
restoration of osteochondral defects [91]. The technique implies a collagen scaffold,
embedded with concentrated bone marrow aspirate and platelet-rich gel. Authors
found significantly better Tegner and IKDC scores at 1 year after the operation and
75-100% lesion filling on MRI-MOCART score in 13 out of 18 patients. De Girolamo
et al. noted lower VAS scores in patients undergone AMIC procedure with BMAC
augmentation compared with AMIC procedure alone for full-thickness osteochondral
defects, with significant difference in Lysholm score at 6 and 12 months after opera-
tion in favor of AMIC with BMAC procedure [68]. This finding is important in the
context of the rehabilitation period shortening and faster return to sport.

Retroarticular drilling with PRP intralesional injections technique is currently
used in N.F. Filatov Children's City Hospital of Moscow Healthcare Ministry by prof.
Vybornov D. Yu. et al. This method was developed for stable OCD lesions and implies
retroarticular drilling of the lesion with combined fluoroscopy and arthroscopy
assistance—3 or 4 drill holes made—with subsequent slow (2 minutes long) PRP
injection through the drill channel using 20G long needle and 3-minute exposition
before needle withdrawal (Figure 6). PRP is derived from peripheral blood after
2-stage centrifugation according to the platelet-safe. Bausset et al. technique previ-
ously described maximizing live platelet count in the final product [92].

A 13-year-old adolescent was admitted to orthopedics and traumatology department
of N.F. Filatov Children's City Hospital of Moscow Healthcare Ministry with 9-month
long complaints of knee pain that were worsening after physical activities and deep
squatting. Knee provocative tests were negative. MRI and CT scan revealed an OCD
lesion in medial femoral condyle without instability signs (Figure 7A and D). The patient
undergone retroarticular drilling and PRP intralesional injection procedure. Touch-down
weight-bearing started 1 month after the operation. A 2-month follow-up MRI revealed
partial lesion healing (Figure 7B) and a 6-month MRI and CT scan showed restoration of
subchondral bone without any signs of cartilage pathology (Figure 7C and E).
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Figure 6

(A-D). Retroarticular drilling with PRP intralesional injection technique. OCD lesion is over drilled from
starting point of approximately 0,5 cm under the growth plate under fluoroscopy control (A). PRP is prepared 30
minutes before operation with Bausset et al’s protocol (B). PRP is slowly injected inside the lesion (C). Fluoroscopy
control of needle position is mandatory before PRP injection (D).

Figure7

(A—E). A 13-year-old patient with a stable OCD lesion was revealed on MRI (A) and CT scan (D). Bone
marrow high-intensity-signal on PDFS MRI without any signs of instability, and the low-intensity line between
progeny and pavent bone can be found representing ossification impairment (A). The subchondral bone defect is
shown on CT scan (D). Retroarticular drilling and PRP intralesional injection procedure were performed. The
2-month follow-up frontal PDFS MRI revealed relatively low bone marrow signal intensity (B). Moreover, the
low-intensity line became shorter representing bone vestovation process (B). Frontal PDFS MRI and CT scan

at 6 months after the operation showed almost full subchondral bone restoration (E) and intact cartilage with
minimal vesidual changes in subchondral bone (D).

This method was assessed in a comparative study that is yet unpublished. Fifty-
five patients with femoral condylar OCD were included in the study and divided into
three groups based on treatment method—retroarticular drilling and intralesional
PRP injection, transarticular drilling without any additives, or transarticular drilling
with intraarticular PRP injection. In total, 12 out of 15 OCD lesions in the retroarticu-
lar drilling+PRP group healed completely and three patients with shallow but wide
and long OCD lesions did not have signs of healing at a median 10-month follow-up.
Despite no statistically significant differences in OCD lesion size between groups were
found, PRP implementation led to decreased time-to-heal: 6 months for complete
healing in PRP groups versus median 10 months in the no-PRP group. We suggest
retroarticular drilling with PRP intralesional injections for deep and short stable OCD
lesions.

11. Defining healing of OCD lesion

To days, treatment guidelines for OCD of the knee are lacking evidence. One of
the reasons is the lack of commonly adopted healing criteria and the absence of cor-
relation between symptoms and OCD stage except stage 4 when mechanical symp-
toms usually guide the diagnosis [93]. Parikh et al. reported low interrater reliability
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Figure 8.

Fo%r main parameters are assessed to calculate geneval healing. The bone substance edema (circled with a
continuous line—A), the degree of consolidation (the line between the osteochondral fragment of the lesion and
the maternal bone is indicated by an arrow in Figure A), bone structure (estimated by density and structure of the
bone tissue—B), and articular cartilage structure (indicated by arrows in Figure C).

for radiographic assessment of healing at 6 months after operation [94]. Wall et al.
developed a reliable radiographic method of OCD lesion healing assessment based

on a subjective assessment of five parameters on a continuous slider scale from —100
to +100 points [93]. Radiographic features assessed included articular surface shape,
boundary, sclerosis, ossification, lesion size, and overall healing. Authors reported
substantial to excellent interrater reliability at 2-24 months with ICC values from 0.77
to 0.88 [93]. This reliable method is perfectly fit for the assessment of OCD lesion
healing independent from place of residence. Limitations include radiation exposure
and inability to visualize cartilage.

Based on the study by Wall et al. [93] group of specialists in pediatric sports
medicine and musculoskeletal radiologist of N.F. Filatov Children's City Hospital of
Moscow Healthcare Ministry and the department of pediatric surgery of Russian
National Research Medical University made an adaption of the abovementioned scale
for MRI [95]. An expert group was conformed consisting of a 6-year medical uni-
versity student, three 2nd-year residents, one pediatric orthopedic surgeon, and one
musculoskeletal radiologist. After two rounds of learning by PowerPoint presentation
for scale assessment rules, 34 knee PDFS MRI was assessed at different time points
before and after operation. Five MRI-based features were determined (Figure 8): the
degree of bone edema (Figure 8A), fragment consolidation (Figure 8A), subchondral
bone structure (Figure 8B), articular cartilage damage (Figure 8C), and general
lesion healing. Unlike the original Wall et al’s study, general healing was calculated as
a mean of four previous features assessed by experts. Excellent reliability was found
for all parameters with ICC values of 0.97-0,99 except the degree of bone marrow
edema on the latest follow-up MRI—0.54.

A comparative study on the treatment of stable OCD lesions is currently on go
using this novel MRI healing score for OCD of femoral condyles.

12. Authors’ preferred strategy for adolescent OCD of the knee
management

While most of the adolescent patients with knee OCD are active and 53% of them
are involved in competitive sports activities according to statistics from the depart-
ment of orthopedics and traumatology of N.F. Filatov Children's City Hospital of
Moscow Healthcare Ministry, not only 100% healing rate but also as fast as possible
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Figure 9.

Augthors’ preferred algorithm of OCD treatment in adolescents. BMST—bone marrow stimulation techniques,
MC—minced cartilage technique, OAT—osteochondral autograft transplantation, AMIC—autologous matrix-
induced chondrogenesis, OCA—osteochondral allograft implantation, and MACI—matrix-induced autologous
chondrocyte implantation.

return to the abovementioned activities is awaited by patients. Appropriate treatment
usually starts with appropriate history taking and imaging. We use several obligate
questions for all patients about which mechanical symptoms they have, the longevity
of their complaints, and prior treatment attempts. The presence of mechanical symp-
toms or knee effusion episodes always makes us suppose an unstable OCD lesion. MRI
usually assists in lesion-type clarification. In the case of stable OCD lesions, conserva-
tive treatment usually starts, including affected limb unbearing, physical therapy
without weight-bearing exercises, pulsed electromagnetic fields application, massage,
and laser therapy. MRI is reassessed at 3 months. If no healing signs are presented—
elective surgery is indicated. Stable OCD lesions are managed either by transchondral
drilling with one intraarticular PRP injection after joint drying or with retroarticular
drilling with intralesional PRP injection. Note that long and shallow OCD lesions are
not fit well for retroarticular drilling techniques because of the risk of not reaching all
zones of OCD lesions, which can later lead to lesion persistence.

Unstable OCD lesions are managed by refixation using metal screws either with
compression cancellous screw or with headless screw. We prefer cancellous metal
compression screw for large osteochondral fragments to achieve good compression
forces at the progeny-perant bone line. For small fragments headless screws are
appropriate for use because of the risk of progeny bone fragmentation.

Full-thickness defects management depends on the defect’s size. Small defects less
than 2 cm” usually undergo bone marrow stimulation (BMS) procedures. We prefer
1.5-mm pin drilling to a depth of no less than 1-cm and 5-mm distance between drill
holes. Intraarticular PRP injection is routinely used in our department after each
BMS procedure. For 2-4 cm’-sized lesions osteochondral autograft transplantation
(OAT), minced cartilage (MC) with fibrin glue and BMAC implementation, autolo-
gous matrix-induced chondrogenesis (AMIC), osteochondral allograft implantation
(OCA), and matrix-induced autologous chondrocyte implantation (MACI) preferable
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depending on its availability for patient. For those defects whose size is more than 4
cm?, OCA and MACI are the only methods that have evidence in the context of safety
and possibility for use.

Brief authors’ preferred algorithm for OCD treatment in adolescents is presented
in Figure 9.

13. Conclusion

Osteochondritis dissecans of the knee in adolescents is potentially harmful dis-
ease, which mostly affects active children after 12 years old, usually involved in sports
activities [5]. OCD generally has four stages with the last one representing osteochon-
dral separation [6], potentially leading to early osteoarthritis and knee replacement if
not managed appropriately [43, 96]. Proper OCD imaging allows to define stability of
the lesion, which is a guide for treatment [97].

Stable lesions can be treated conservatively using several methods, evidence for
which is not clear yet [11]. Conservative treatment can last from 3 to 6 months, and
healing signs lacking at 6 months is an indication for surgery. Arthroscopy-assisted
drilling for subchondral bone reparation improvement is the gold standard for stable
lesions treatment regardless of the type [45, 98-101]. Biological stimulation procedures
are generally safe and proven to decrease healing time and increase the healing rate for
nonunion [102-105]. PRP or BMAC potentially can be applied in OCD cases [88, 89].

The goal of fourth stage OCD treatment is to deal with osteochondral defects.
Depending on its size different options are available nowadays [34, 52, 53, 70, 72, 106-113].
Bone marrow stimulation techniques (BMST), minced cartilage implantation (MC), or
autologous induced chondrogenesis (AMIC) with membranes for lesions less than 2 cm”
are followed by osteochondral autograft transplantation (OAT), osteochondral allograft
transplantation (OCA), matrix-induced autologous chondrocyte transplantation (MACI),
or minced cartilage implantation (MC) in lesions 2-4 cm”. Defects more than 4 cm®
require OCA or MACI for getting better outcome [52].

All methods have different cost-efficiency, availability, and complications. The
individual decision must be taken for each patient considering all influencing factors.
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Chapter 6
Distal Femoral Fractures
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Abstract

Distal femur fractures are increasing injuries in our environment, due to their
close relationship with the aging of the population. The diagnosis and treatment of
these injuries have evolved in recent years, and the availability of new tools allows
us to improve the results of our patients. Techniques such as dual nail-plate or plate-
plate fixation emerge as an option in complications and complex fractures, and
augmentation with PMMA may be an option in very low-density bones. To use these
new techniques, anatomical knowledge, especially of the medial aspect of the femur,
is essential. Many recent publications have studied the use of minimally invasive
techniques with safe pathways. Throughout the following pages, we give a glimpse of
the novelties in the treatment of these fractures, and we review the classic concepts.

Keywords: distal femur, fracture, fixation, PMMA, nailing, plating

1. Introduction

Although distal femur fractures represent <1% of all fractures, an increase in their
incidence has been observed in relation to the aging of the population [1-3]. Studies
completed in developed countries show a general incidence rate of distal femur frac-
tures that ranges between 4.7 and 8.7 fractures per 100,000 patients per year [1-3].

These types of fractures have a bimodal distribution. There is a peak in young adults,
often men, which decreases until the age of 50 in relation to high-energy polytrauma.
This peak has been progressively decreasing in direct relation to the development of
safety mechanisms in vehicles and currently represents a low fraction of all fractures
[2]. As aresult of high-energy injury mechanisms, percentages of open fractures close
to 20% have been reported, especially in relation to traffic accidents and occupational
accidents, and the presence of a high-energy distal femoral fracture should aware us of
associated injuries [4]. A common mechanism in traffic accidents associated with this
group of age is the “dashboard injury” in which the patella strikes the knee like a wedge
between the femoral condyles. This pattern is associated with a higher risk of additional
fractures in the ipsilateral extremity, particularly in patella, tibia and fibula, hip, and
acetabulum, as well as non-orthopaedic injuries as damage in trunk and skull [4].

These fractures have a high mortality rate in the set of a high-energy trauma at
30 days, 6 months, and 1 year which are 1%, 2%, and 3%, respectively [5].

From the age of 60, we found an increase in mortality for both sexes with a female
predominance in relation to low-energy trauma that could be comparable to hip
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or femoral shaft fractures in the elderly. The overall incidence rate in people over

60 years of age is 43 per 100,000 patients per year in men and 217 in women [5]. In
this population group, the mortality rate at 30 days, 6 months and 1 year amounts to
8%, 26%, and 35%), respectively, and this increase is related to the age of the patient
and their comorbidities [5].

Due to the high number of knee replacements performed, another type of distal
femur fractures consisting of periprosthetic fractures is standing out. Due to their
biological and mechanical characteristics, they constitute a clearly differentiated sub-
group. The frequency of periprosthetic fractures of the distal femur after total knee
arthroplasty is reported to be between 0.3 and 5.5% for primary knee arthroplasties
and up to 30% after a revision procedure [6, 7]. In these patients, the annual mortality
rate is 15% [5].

Extra-articular supracondylar fractures are the most frequent fractures, followed
by partial articular fractures and complex supra-intercondylar fractures [3].

2. Anatomy

There have been proposed different descriptions to define the limits that involve the
distal femur, but one of the most used is to define the distal femur as a square segment
with a side distance equivalent to the space between both epicondiles (Figure 1).

This segment is particularly relevant for several reasons as follows:

* Itis part of the knee joint, and injuries to it will affect its mechanics and kinematics.
* Together with the proximal tibia, it constitutes the segment of the lower extrem-

ity that is most affected by malunion, so a nonanatomical reduction will modify
the axes of the extremity in a higher degree.

Figure 1.
Segment that defines the distal femur.
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* Itis ajoint whose stability and congruence depend on several elements, highlight-
ing the ligamentous complexes, the menisci and the extensor apparatus of the
knee. The repair and preservation of these structures are essential to preserve the
function of the knee, and many injuries to the distal femur will compromise them.

If we focus on the shape, we see that the diaphysis of the distal femur widens into
a cone shape with a trapezoidal projection corresponding to the medial and lateral
condyles [8, 9]. The medial femoral condyle is larger and extends distally compared
to the lateral femoral condyle [10]. For this reason, the anatomical axis of the distal
femur, which is formed between the distal joint line and the diaphyseal axis, has 6-11°
of valgus (Figure 2) [10, 11]. The lateral and medial cortex are inclined about 25°
and 10°, respectively, in the axial plane toward the midline, which will condition the
insertion of osteosynthesis material in this area. The posterior halves of the condyles
are posterior to the posterior cortex of the femur [12].

Between both condyles is the intercondylar fossa. Each of the faces contributed by
the condyles to this groove constitutes the insertion of the cruciate ligaments, the one
offered by the lateral condyle for the anterior and the medial one for the posterior.
The point anterior to the proximal insertion of the anterior cruciate ligament cor-
responds to the distal point of Blumensaat’s line and is the entry portal for the retro-
grade intramedullary nail (Figure 3).

The medial and lateral collateral ligaments emerge from the medial and lateral
epicondyles, respectively.

Surrounding the femur, we find a large part of the muscles that contribute to the
mobility of the lower extremity, causing in cases of fracture the displacement of the bone
fragments and conditioning deformity depending on the place of the fracture (Figure 4):

* Quadriceps and hamstrings favor shortening.

* The adductors help shortening and can promote varus disaxation, especially if
there is metaphyseal comminution.

Figure 2.
Angles of the distal femur.
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Figure 3.
Entry point for distal femoral nailing and its velation to the anterior cruciate ligament. In yellow the Blumensaat’ line.

Quadriceps

Patella

Infrapatellar Femur

ligament

Hamstrings
Tibia

Gastrocnemius

Figure 4.
Deformity forces in distal femoral fractures.

* The gastrocnemius causes a deformity with posterior apex of the distal fragment
that can compromise the neurovascular bundle 11.

The position of the vascular bundle in the distal femur favored ruling out
approaches other than the anterior and lateral ones (Figure 5). Recently, thanks to the
evolution in surgical knowledge of the area, the development of anatomical materials,
and the need to improve fixation in these complex fractures, medial approaches to the
distal femur with proximal extension have been developed. To be able to carry them
out, abundant studies have been completed on cadavers for percutaneous techniques
and with a special interest in the Hunter’s canal. Interesting is the study by Maslow
that focuses on seeing how far the femoral artery passes from the anterior to the pos-
terior area of the femur, describing a mean distance from the adductor tubercle to the
femoral artery of 23.2 cm and 14.3 cm at the level of the anterior border and posterior
femur, respectively. This would allow us to use percutaneous plates using this safety
distance. In open surgery, the location of the geniculate artery allows us to control it
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Figures.
Distal femoval anatomy in sagittal anatomical images.

to unhook the package and favor access. The descending geniculate artery originates
at a mean of 10.8 cm from the adductor tubercle [13]. It should always be kept in mind
that the intraoperative position may vary in relation to the trauma.

Knowledge of this vascular anatomy will also allow us to play with the implanta-
tion of cerclages in safe areas or choose the best approaches to access risk areas.

3. Diagnosis

The diagnosis of a distal femur fracture is usually clear in most cases, finding
young patients with high-energy trauma with obvious deformity or older patients
with less deformity, but with pain and ecchymosis that facilitate the diagnosis, which

Figure 6.
Coronal shear fracture is seen on an oblique view.
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is easily confirmed on a two-plane radiological test. Basic radiological studies should
include simple radiographs of the total femur to rule out the presence of acetabular,
hip, femoral diaphyseal, patella, and hip dislocation or fractures. If there is excessive
shortening or deformity, traction views can help the study [14]. In those situations,
with partial fractures, especially in the coronal planes, the diagnosis is complicated.
In these cases, functional limitation and hemarthrosis should lead us to a joint injury
that will force us to perform oblique radiographs to confirm the injury (Figure 6). In
many cases, performing a CT will allow us to complete the diagnosis and will provide
us with information on the complex three-dimensional structure of the distal femur,
especially in trauma with joint comminution.

The use of MRI is generally restricted when chondral, tendon, meniscal, and liga-
mentous injuries associated with trauma are suspected. It is especially useful in knee
instabilities and injuries of the extensor apparatus since they frequently accompany
high-energy trauma.

We must also know the vascular status of the limb and suspect an injury in the
presence of any of the four signs of vascular injuries, such as pulsatile hemorrhage,
expanding hematoma, palpable thrill/audible murmur, or a pulseless limb. When
these four signs are present, immediate surgical exploration is warranted. In patients
with one of the four signs, an ankle-brachial index is recommended. If this is greater
than 0.9, a clinical follow-up can be carried out without further studies. If it is less
than or equal to 0.9, arteriography or Doppler ultrasound should be performed [15].

4, Fracture classification

Currently, the AO/OTA classification (Figure 7) is the most widely used classification
in clinical practice and research, since it allows the use of an alphanumeric coding system
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that facilitates data storage and provides a hierarchy of severity [16]. Code 33 is desig-
nated for the location of this fracture. In addition, these fractures are divided into extra-
articular (type A), partial articular or unicondylar (type B), and intra-articular (type C)
[10]. Subgroups from 1 to 3 provide information on the degree of comminution in types
A and C fractures. In type B fractures, however, the subgroups refer to the pattern of the
fracture; type Bl are sagittal fractures of the lateral condyle, type B2 are sagittal fractures
of the medial condyle, and type B3 are coronal fractures known as Hoffa’s fractures,
described in 1907 and usually affect the lateral condyle [17].

5. Management

The results published in recent years lead us to consider that distal femur fractures
are always surgical, except in limited cases, due to the high mortality associated with
conservative management and the number of complications, such as knee stiffness,
inadequate alignment, consolidation delays, soft tissue problems, and prolonged
hospitalization [18, 19].

There are few exceptions to this rule, more related to the patient than to the
fracture itself. In recent years, the following situations have been described that may
be considered relative contraindications, since even in these cases surgery may be
beneficial: very high-surgical risk that prevents anesthesia, non-displaced fractures,
non-ambulant patients, and irreversible spinal cord injuries [10, 20].

The fundamental objectives of surgery will be to achieve a good reduction of the
joint surfaces, maintain the length of the femur, as well as alignment and rotation;
achieving knee stability that allows rapid mobilization [9]. Stabilization in the sagittal
plane with rotation of the condyles, unlike stabilization in the frontal plane, repre-
sents a challenge for the surgeon [21].

In high-energy fractures with comminution and shortening, unstable fractures,
open fractures, fractures with vascular injury, or in the context of damage control
orthopedics in polytraumatized patients, the use of a temporary external fixator will
be useful until surgery is performed. Trans-skeletal traction can be useful for short
waiting periods, but it is in disuse due to the limitation it entails for the management
and care of hospitalized patients.

6. Fracture fixation and approaches

In most distal femur fractures, we will opt for a radiolucent table position, with
supports and pads that allow correcting the deformity of the fracture (Figure 8). We
must count on the elevation of the knee to angle the beam of rays and achieve correct
orthogonal projections. It is also essential to allow access to the contralateral limb and
hips, to compare length and rotation between limbs. To control screw lengthening,
we should consider distal femoral angulations shown in Figure 2 to angulate the x-ray
beam to fit both angles.

Another point of concern is rotation adjustment. In complex, distal femoral
fractures are challenging. We have several tools to confirm this rotation: use of lesser
trochanter, clinical rotation, and femoral cortex reduction, but the use of the lesser
trochanter profile seems to be useful and reliable [22].

There are different approaches that will allow us to treat injuries of the distal
femur.
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Figure 8.
Reduction of deformity in distal femoral fractures.

In extra-articular or simple partial articular fractures, we can choose minimally
invasive techniques, through lateral approaches or nailing techniques.

In case of complex joint injuries, joint exposure is necessary. In these cases, we can
opt for parapatellar approaches, among which the external one is the most used, or
techniques such as the TARPO approach, Swashbuckler, Olerud extensible anterior,
and window approaches that allow us greater control of the joint fragments. If we
need to provide medial support to prevent varus collapse, medial approaches will
be necessary. On many occasions, especially in open fractures, we must adapt our
approach to the underlying situation and minimize the damage to healthy structures
by repairing the damaged ones (Figure 9).

Figure 9.
Extensile modified lateral approach in a patient with a bone defect and a complete injury of the extensor
mechanism.
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Figure 10.
Distal comminuted fracture treated with a lateral plate. Failed fixation was rescued with a double plate fixation.

To achieve a proper fracture fixation, we must always follow certain principles
that allow us to achieve good results in any situation. For this reason, we must follow a
strategy that must consist of gradually reducing the complexity of the injury: we will
begin by reconstructing the joint block, to later neutralize and fix the metaphyseal area.

The distal femur is going to be subjected to torsional forces and a lot of axial
load, which will condition a high varus stress [21]. If we anticipate long consolida-
tion times, sometimes a lateral plate does not tolerate the situation and suffers from
fatigue, and the use of medial plates or intramedullary nails with or without a lateral
plate will provide additional fixation that will improve our results (Figure 10) [23].

We are going to face special situations, in which the complexity of the injury is going
to force us to increase our fixation to prevent early collapse. Perhaps the osteoporotic
fracture is today our battle horse, with fragile bones that prevent the adequate purchase
and load transmission to the implant, leading to early failure and limiting the mobility
of patients who require early loading. In these cases, the use of PMMA (Figure11) to
improve the bone-screw interface will give us a plus that can solve extreme cases [24].

In the case of type B fractures (partial joints), total stability is required, for which
interfragmentary compression would be necessary, normally with compression screws;
to which another buttress plate can be added (Figure 12) [14]. As specific indications for
the use of locked plates, we find comminution and poor bone stock [25].

Distal femoral replacement involves resection of the supracondylar segment of the
femur and replacement with a rotational hinge knee system [26]. The main objective
of the treatment when treating distal femoral fractures is to allow full weight bearing
as soon as possible, restore patient mobility and function, and reduce hospital stays
and the rate of death and medical complications. Some studies indicate that the dif-
ference between the costs of the different types of treatment is negligible if the total
cost of care is considered; days of hospitalization, rehabilitation, and indirect costs
[26-29]. We must consider distal femoral replacement in non-reconstructible cases
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Figure 11.
PMMA augmentation in a distal complex femoval fracture.

Figure 12.
Hoffa fracture fixed with interfragmentary compression and neutralization plate.

(Figure 13) to prevent hardware failure and in periprosthetic fractures without a bone
stock for fixation. The two major problems with distal femoral replacement are infec-
tion and surgical stress on the patient. We should select our patients properly because
the rescue of a distal femoral replacement in an old patient would be catastrophic, and
the optimization of the physiological status is mandatory to prevent complications.

Periprosthetic fractures constitute a greater challenge, since the presence of the
implant limits bone metabolism and its consolidation capacity, increases the infection
rate, we generally work on stiffer knees and, furthermore, the use of retrograde nails
is not always possible. In the case we select a locking nails as the method of tratment,
it is essential to use as many locking screws in the distal fragment as possible to
improve purchase and prevent complications [30].

In these cases, we must be meticulous, study the loads to which the fracture will be
subjected, assume long consolidation times, and achieve fixations that are sufficiently
rigid to allow early loading (Figure 14), while being careful with soft tissue dissection
to prevent postoperative complications.
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Figure 13.
Situations where a DFR could be an option.

Figure 14.
Rigid bone-plate construct to fix a distal femoral periprosthetic fracture.

7. Complications

Nonunion is the most frequent cause of reoperation in distal femur fractures
[31]. Improvements in outcomes have been reported, probably due to “biologic
approaches” and implant developments with nonunion rates of 6% [32]. Among the
factors that lead to nonunion are metaphyseal comminution, especially medially,
malalignment, poor bone quality, and comorbidities that reduce the adequate vascu-
lar supply of the bone, such as smoking, diabetes or vascular disease, and inadequate
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fixation with devices that are too rigid or plates that are too short [31, 33, 34]. Cases of
non-septic nonunions in patients with good bone stock should be treated by revision
of the implant and bone grafting. In special cases, resorbable methyl methacrylate

or tricalcium phosphate cements can be added to “augment” fixation screws in the
condylar fragment. Currently, the rate of cure, nonunion, and reoperation is similar
between the different fixation methods [18].

Malalignment together with medial comminution are the main factors that predict
nonunion [35]. The metaphyseal location with a predominance of cancellous bone
predisposes to comminution of the fracture site, even with low-energy trauma.

This leads to failure of the constructs with a varus collapse, especially if a lateral
fixed angle plate is used [14]. In case of medial comminution greater than 2 cm, it

is recommended to add a medial support by means of a “strut allograft,” a support
plate medial or intramedullary nailing [31, 36]. It should be added that misalignment
greater than 5-10 degrees can affect the biomechanics of the knee, conditioning the
compartmental overload of the knee [37].

Deep infection rates of around 2.7% have been reported, considerably low when
compared to those reported in the 1960 literature [14, 34, 38]. This complication
requires meticulous debridement, culture, and appropriate antibiotic therapy. If the
fracture allows, it may be appropriate to remove the fixation material. An infection
with abscess formation should be “packed open” and some authors recommend the
use of vacuum-assisted close therapy, but this point is controversial in the set of an
infection [14, 37]. They are generally treated for 3-12 weeks with specific antibiotic
therapy [27]. Given implant loosening and recalcitrant infection, removal of the
implant and external fixation should be considered. Lower rates of infection have
been shown with minimally invasive approaches than with open approaches [39].

Knee stiffness is the most common complication resulting from the initial trauma
and surgical exposure. The effect of both is multiplied by prolonged immobilization
depending on the surgical technique, which is why early mobilization is necessary,
mainly in the case of intra-articular fractures.

8. Conclusions

Distal femoral fractures are challenging, and we should differentiate the two most
common types of injuries: younger patients with high-energy fractures with com-
minution, which should be addressed with dual fixation to prevent varus stress and
nonunion, and femoral fractures in the elderly, where the use of augmentation may
solve purchase fixation and prevent failure while favoring early weight bearing.
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Perspective Chapter: The Complex
Architecture of a Traumatic Brain
Injury

Leighton ]. Reynolds

Abstract

This is a perspective chapter that explores the crucial importance of understanding the
full impact and architecture of a traumatic brain injury, beginning with the concep-
tion of a “Shock Trauma.” This architecture is followed by the brain/mind architecture
of “electrical and chemical disruptions in the brain,” the brain/mind architecture
of “homeostasis, allostasis, and allostatic load causing further disruptions in brain
and mind functioning,” and the brain/mind architecture of the “perfect storm” in
the brain. Each architecture represents a stage in the toxic, cascading progression of
a traumatic brain injury. It is generally not understood that traumatic brain injuries
are not static events and that they can quickly become neurodegenerative disease
processes, especially if they are not treated. Over time, these Four Architectures
fold into one another creating huge challenges for the healing process. The concep-
tion of the Four Architectures is well illustrated through the case of a 20 year-old
female who suffered a brain hemorrhage at age 7. Unfortunately, no follow-up was
considered after a year of treatment. Her case identifies the importance of under-
standing the toxic, cascading progression of a traumatic brain injury through the
Four Architectures, and how serious a condition this can become. Finally, the author
discusses how brain injuries are different from all other types of injuries to a person,
because of their neurodegenerative nature. And that these injuries need to be under-
stood in a very different light, with a great deal more follow-up.

Keywords: TBI, PTSD, shock trauma, neurovascular coupling, homeostasis, allostasis,
allostatic load, CTE, AD, PD, dementia

1. Introduction

A number of authors and articles [1-5] have addressed the conception that “head
trauma is the beginning of an ongoing, perhaps lifelong, process that impacts multiple
organ systems and may be both disease causative and accelerative (1).” This post-
traumatic mortality can include neurological disorders (epilepsy and sleep disorders),
neurological diseases (AD, CTE, ALS, PD, and dementia), neuroendocrine disorders
(post-traumatic hypopituitarism), psychiatric disorders (schizophrenia and manic/
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depression), and non-neurological disorders (sexual dysfunction, incontinence,
musculoskeletal dysfunction, and metabolic dysfunction) [1]. This chapter agrees
with this conception of the major consequences of a TBI and explains why and how
this occurs through an understanding of the Four Architectures of a TBI. I introduce
the case of S. as a demonstration of how devastating the consequences of a TBI can be
for an individuals life without this understanding.

2. The case of MS. S

S. began working with me when she was 20 years old. At that time, her mother
was desperate to find some answers that would explain her daughter’s deteriorating
condition and her defiant behavior. S. could not sleep at night. And she could not
wake up in the morning with any energy or motivation. She was chronically fatigued
and would frequently lash out at her mother over “small stuff.” She had difficulties
with concentration, focus, and attention. Reading and writing for any length of time
were out of the question because she became exhausted when attempting either read-
ing or writing for very long. She could barely remain on a computer for 15 minutes.
Regarding work and school, S. could not hold down a job, because of the above and
she was failing out of school. And probably the worst for her: she was in constant
physical pain day in and day out. Later we discovered through a 72-hour EEG, that she
was having multiple absence seizures throughout the day. This was not good news! In
the meantime, her mother had struggled for years to find answers to what was wrong
with her daughter. And no answers were available.

Finally, one June afternoon her mother brought S. in to see me. After sharing her
daughter’s long list of symptoms, she asked:

“Could her symptoms have anything to do with the accident that happened to her
when she was 7-years-old?”

When S. was 7 years old she was thrown off the back of a horse when the horse
bolted, and she hit the back of her head on a rock. Her mother explained that she
heard screaming and ran back out of the ranch house where she had gone to pick up
an item. By the time she reached S. she was lying motionless on the ground, and her
eyes had rolled back into her head.

As her mother explained it: “No one wants to see their child like this!”

With the help of their neighbors, S. was airlifted to a nearby trauma center where
she underwent emergency surgery for a brain hematoma and a depressed skull
fracture. The neurosurgery included the placement of two mental plates. One year
later, S. had a second surgery to remove the screws holding the metal plates. During
this period, she appeared to have recovered quite nicely.

“Was there any follow-up from there,” I asked?

Her Mother replied: “No, not really. No one was paying much attention after that.
And our lives moved on.”

S’s mother related she was told that they were lucky the injury was on the
occipital lobe and that part of the brain managed mostly vision. She was told that
her daughter would be able to have a normal life, but to keep an eye on her vision.
Nothing was ever mentioned about looking out for problems with CPS (post-concus-
sion syndrome).

Everything appeared to be normal for S. except for issues around concentrating and
organization in school. However, early on S. did express having intense, overwhelming
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feelings with her friends during grade school, and often experienced stomach upsets.
Unfortunately, her mother did not associate these difficulties with her head injury
because of the “good news” prognosis given by S’s neurologist and the.

supporting medical staff treating her case. But when S. entered her teenage
years, she began to display further obvious and more intense behaviors: acting out,
impulsive and dangerous behaviors, cutting, threatening suicide, defiance, severe
difficulties in school (socially), could not follow a normal sleep pattern, had difficul-
ties with math, reading, and writing, and could not focus for very long on anything.
Her mother brought her into treatment where she was labeled severely depressed and
ADHD and medicated. But nothing changed. And S. continued to be seen as a “prob-
lem child”

S’s psychological evaluation, done when she was age 15, addressed the fact
that S. was performing poorly in school, had difficulty paying attention in school,
reported feeling highly anxious and was hearing voices, and had difficulties keep-
ing up with her classmates. She was diagnosed then with: persistent depressive
disorder, generalized anxiety disorder, and attention deficit hyperactivity disorder,
combined type. Again, there was no mention of any possible connection to her
TBIatage?7.

Sadly, this pattern continued into high school and S. ended up not graduating
from high school. As her mother looked back on those years, she explained to me
that: “This wasn’t my child anymore. Where did she go? I didn’t know who she was
anymore.”

What lies ahead in this chapter is the story of S. in the context of the Four
Architectures I understand that occur with all traumatic brain injuries. My goal is to
“paint the picture” of these Four Architectures as they played out in S’s case and pres-
ent the perspective that after a TBI, there is much more that needs to be done. Much
more, because a traumatic brain injury is really the beginning of a neurodegenerative
disease process in the brain/mind [1-5]. In not following through the progression of a
TBI, persons end up in the same situation R. did when she first came to see me. And
this is a very difficult place to be as you can see from the above symptomatology R.
presented with.

Against this background, Ss original injury was the following: depressed right
parietal skull fracture with underlying parenchymal contusion, subarachnoid hem-
orrhage, pneumocephalus, and overlying scalp laceration. She received excellent
medical care for her injury. However, again, there was no follow-up. The concept of
the Four Architectures argues that there is much more to an original traumatic brain
injury and that not following through with continued treatment leads to serious
consequences. Exactly as S. has been experiencing since elementary school.

3. The Four Architectures

In my experience, all blows to the head follow a similar architecture that, again,
does not lead to a good place. Especially, if not recognized, addressed, and treated.
Too often, trauma to the brain/mind ends up as Alzheimer’s Disease, Parkinson’s
Disease, MS, ALS, CTE, or dementia in general following the path of the Four
Architectures I describe here. And as research is now informing us, trauma to the
brain/mind can also lead to serious mental disorders, most notably schizophrenia and
manic/depression (bipolar I & II) [4, 5].
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S’s symptomatology unfortunately fits an injury pattern I am seeing too often
because of misunderstandings and misconceptions of the cascading course of a trau-
matic brain injury. Her Spect Scan, done when she was age 20, demonstrated small
scattered focal areas of predominately mild hypoperfusion in five different areas of
her brain (September 18, 2020). Again, her case illustrates so well the consequences
of not treating this cascading progression of a TBI. Her Spect Scan is proof that her
original injury at age 7 was not a static event. Rather, it was the beginning of a serious
neurodegenerative disease process.

Why am I using the word “architecture” to describe this cascading, neurodegener-
ative process in the brain/mind/body? One of the definitions of the word architecture
(in addition to the standard definition of the word as the art and practice of designing
and constructing building) is “the complex or carefully designed structure of some-
thing” An example would be: “The chemical or electrical structure of the brain.” I will
be exploring this conceptualization with the outline of Architecture Two. For now, I
am referring to the complex architecture (structure and design) that follows trauma
to the entire brain/mind/body.

Architecture One following a TBI can best be described and understood as a
“Shock Trauma.” A Shock Trauma is an automatic defense mechanism that helps
protect the brain and the body from further damage. This protection process is
accompanied by a range of physical and psychological symptoms that include [6]:

¢ Numbness
 Confusion

* Dissociation

* Dizziness

* Rapid Heart Rate

In the literature I explored, this “alarm response” (see the work of Hans Seyle
dating back to the 1930s) usually lasts for seconds to minutes. But in my experience,
if this architecture is not adequately addressed, it continues to proceed in the brain/
mind/body as the person’s homeostatic balance attempts to restore itself, too often
unsuccessfully. What I have yet to find in the literature is any widespread recognition
that this recovery process in the brain does not in fact come to a quick halt. Instead,
there are many factors influencing the individual’s recovery from a shock trauma. Not
the least of which is the patient’s personality, character, developmental history, and
prior illnesses and diseases. And over time, this rebalancing attempt, if uncorrected,
will result in a further deterioration process in the mind/brain/body [7].

The specifics of the physical process of a Shock Trauma include [6]:

* A sudden decrease in blood flow
* Anirregular heart beat
* Lightheadedness

¢ Nausea
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* Muscle tension

* Difficulty moving or functioning at all
* Unconsciousness

* The psychological symptoms include:
* Brain fog

* Numbness

* Disconnection from reality

* Denial about what just happened

* Withdrawal into oneself

* Increased anxiety and depression

* Panic

* Confusion and disorientation

* An inability to concentrate and focus

* Difficulties coping with the immediate emotions and memories

Again, these symptoms are all related to the body’s attempts to rebalance itself but
are seldom viewed this way. All the patients I have worked with over the past 6 years
who have immediately gone to the ER have received an MRI (which did not show any
damage to the brain), and they were sent home and told to rest for at least a week
before returning to their “regular” lives. The perceptive that something is already
going on in their brain/mind, which is potentially very dangerous, is totally missing.

One could logically suspect that this initial shock to the brain/mind/body would
be a short-term process. The brain/mind/body restores itself and the persons life
appears to have gone back to normal. After all, the person does appear to be normal
in every respect. However, this is not what I have witnessed on too many occasions.
In S’ case, she appeared to be developmentally fine moving forward with her life as a
normal kid would. But in fact, this was not to be the case for her. As her mother later
shared with me looking back, by her teenage years S. was already becoming problem-
atic. But no one really.

understood why. I note that the evaluations done for S. at that time were only
psychological. There was no consideration of what might be going on in her brain asa
result of the accident that occurred when she was 7 years old.

Note that all brain trauma (including a TBI, a stroke, infections, disease processes,
and tumors) is traumatic to an individual. And further, we cannot separate the
individual person from their injury. Trauma is always subjective in part and is often
less indicative about the actual event and more about the ways a person interprets
the experience and makes meaning of their traumatic experience. I note that mental
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processing will affect the person’s physical recovery [8, 9]. And that this fact will
influence the course of all Four Architectures. And yes, these psychological fac-
tors will show up on evaluations. But they are not the entire story of what a patient
(like S.) is dealing with.

Looking further into Architecture One, there are basically two overarching kinds
of shock traumas. Dissociative shock traumas occur when a person disconnects from
themselves and others around them to reduce the amount of stimulation they must
deal with daily [6]. This is an automatic, unconscious process, during which the
person often feels disconnected from reality, often develops memory loss for the event
(or events over time), and can manifest as a long-term dissociative disorder.

The other variation of a shock trauma is medical (although I believe that the
physical and the mental interact as one). With hypovolemic shock traumas, there can
be severe blood and fluid loss making it difficult for the heart to pump blood causing
vital organs in the body to lose functionality. With distributive shock traumas, the.

result is abnormalities with the blood vessels that interfere with the distribution of
blood in the body, possibly leading to low blood pressure and collapse. With cardiac
shock traumas, there is a heart attack, and the heart is unable to pump blood to the
body. And finally, there are neurogenic shock traumas when the brain and spinal cord
are injured. Damage to the nervous system will also interfere with and block normal
blood flow [6]. None of this is good and puts the person life at risk for brain/mind
problems in the future. And again, especially if not addressed.

In my experience, all of this occurs as the mind/body attempts to, again, rebalance
itself in the face of huge disruptions to its homeostatic balance. I note that the most
important function of our brains is not thinking, but rather survival [10]. Hence
any trauma to the brain threatens our very survival. Nor, in my experience, does this
rebalancing process necessarily subside in a short period of time. It can literally go on
for years, especially if not addressed.

Finally, note that work is being done to better understand the immediate effects
of a “shock trauma,” through an understanding of the concept of Neurovascular
Coupling [11-14]. I will be exploring neurovascular coupling further in Architecture
Two as a major cause of disruptions to brain/mind functioning following a TBI. And I
note the authors’ statement that: “Given the difficulty of rapid detection, mTBI poses
a particular challenge to public health because repeated injuries such as concussions
have a cumulative effect on brain health” [11] (045007-1). The use of the phrase
“cumulative effect on brain health” is why I believe understanding and treating the
Four Architectures is so important, illustrated so well through S’ case.

Architecture Two addresses disruptions to the electrical and chemical signals in
the brain/mind. Literally, that makes us human! As TBI research is demonstrating,
“There is increasing evidence that TBIs promotes the accumulation, misfolding,
and aggregation of multiple abnormal proteins associated with neurodegeneration
including tau, B-amyloid, a-synuclein, and tar DNA binding 43 proteins” [2] (p.9).
And “A single moderate to severe TBI with LOC is associated with a two-to-fourfold
increased risk of dementia in later life” [2, 15]. Note here that: “It is increasingly clear
that TBI is a process and not a static injury, and that prolonged symptoms in TBI
survivors represent functional and structural damage in the brain” ([2], p. 21). One
of the brain systems most affected by this architecture is the neurovascular coupling
system in the brain. NVC refers to the important connection between the nerve cells
in the brain (the neurons) and their vascular (blood) supply. This is the source of
energy that allows the brain/mind to both work and function properly. This coupling
between the neurons and their vascular supply controls blood flow in the brain giving
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the neurons their energy to send and receive messages. Without the nutrients and
oxygen regulated by NVC, the brain/mind cannot function adequately. And once the
brain/mind has been damaged through a TBI (or other insults), it is very difficult to
re-establish this important coupling. This results in the wide variety of symptoms we
see with a TBI.

I have no information that would indicate S. was treated for a “shock trauma”
following her accident. Although she did recover reasonably quickly following her
neurosurgery. My concern is that by not fully addressing the effects of a “shock
trauma” and doing long-term follow-up appointments, something very important is
being missed.

“And what kinds of symptoms are you experiencing now, S.?”

“I don’t function at all anymore. I mostly stay in my room all day, because I just
don’t have any energy anymore.”

“And you're in constant pain?”

“Yes, I don’t even want to get out of bed in the morning”

“Because of the pain?”

“What'’s the point if you're in constant pain!”

In S’ case, this is all a result of long-term PCS (post-concussion syndrome) that
had gone unrecognized and untreated. When the brain/mind is injured and unable
to regulate blood flow to the neurons through NVC, the result is chronic fatigue and
exhaustion, daily headaches, slow thinking, heavy brain fog, confusion, disorienta-
tion, memory loss, chronic sleep deprivation, and an inability to concentrate or focus
on much of anything. This was unfortunately S. to a “T.”

Too often this entire process goes unrecognized (and hence untreated) because
vascular damage to the brain does not show up on an MRI (which is looking at struc-
tural issues in the brain). Standard structural clinical neuroimaging studies show no
abnormal findings for the majority of PCS patients. For these patients, the damage is
caused by cerebrovascular dysregulation and neuronal dysfunction [12]. Brain imaging
studies using fMRI or Spect Scan technology are far more useful in demonstrating this
kind of damage in the brain. “In short, it is becoming increasingly clear that NVC altera-
tions, along with cerebrovascular reactivity (CVR) disruptions and autonomic nervous
system (ANS) dysregulation play a significant role in PCS sequelae” ([10], p.1).

Sadly, there is more damage done to the brain beyond disruptions with neuro-
vascular coupling (as damaging as this is). The mechanical forces involved in brain
trauma (acceleration and deceleration linear, rotational, forces associated with blast
injuries, blunt impact, and penetration by a projectile) cause direct damage to the
neurons, dendrites, glia, and blood vessels in focal, multifocal, and/or diffuse pat-
terns in the brain, and initiate a dynamic series of complex cellular, inflammatory,
mitochondrial, neurochemical, and metabolic alterations ([2], pp. 2-3). While the
immediate neurologic damage from primary traumatic forces is usually not alter-
able, the secondary damage produced by a cascading series of events does have the
potential to be reversed. It is this cascading series of events that result in Architecture
Two. For more information about reversing the secondary damage from a TBI see my
forthcoming “Listening To The Brain” with Cambridge Scholars Publishing (2023).

Within Architecture Two of a TBI, I reiterate what I have stated above, because I
believe this is so important to recognize that a TBI is not a static neurological insult
to the brain/mind. It is now clear that a TBI can trigger progressive neurodegenera-
tive damage leading to various forms of dementia (Alzheimer’s Disease, Parkinson’s
Disease, ALS, Lewy body disease, CTE, and MS). Cognitive impairments with these
diseases include memory loss, speed processing problems (which I find with all my
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TBI patients), and executive functioning decline proceed long after the initial injury.
Increasing epidemiological evidence demonstrates the links between head injury and
an increased risk of dementia [16]. And exactly what is the link involved here between
aTBI and an increasing path toward dementia of some type?

In a rather unusual manner (the brain is a different animal), the flow of the brain
(the interactions between the various networks in the brain) begins to break down as
literally broken pieces of the nerve cells (the neurons) and the supporting glia cells
begin to clump together in a toxic process that cascades through the brain/mind. This
leads to a host of symptoms that are at once invisible and very damaging. I believe
this process is what is currently considered to be PCS. The culprits most identified in
this cascading, degenerative processes are abnormal tau amyloid beta, and TDP-43.
“The neurotoxicity of these pathogenic proteins (e.g., cis-P-tau) contributing directly
to neuronal loss seen after injury is a potential link between acute and chronic of post-
TBI changes” ([4], p. 1221). In my experience, there is a direct link here demonstrated
so clearly in [4] (see Open Access: Understanding Neurodegeneration, p. 1225).

Architecture Two, then, addresses many factors all leading in the direction that
the normal functioning of the brain/mind has now become toxic. And if not recog-
nized and treated, will continue toward some form of dementia. I note that a person’s
entire existence is at risk when there are severe disruptions to the brain’s electrical and
chemical systems. This is how neurons talk to one another and give us our life force!
But now, due to unrecognized and untreated “shock trauma” that the body/mind
experienced, there is a cascading process of toxic build-up in the brain/mind. This is
the concern of Architecture Two, which was initiated through a “shock trauma” that
has gone unrecognized and hence untreated.

Architecture Three involves the following:

In my experience, medicine, psychology, and the legal system do not pay enough
attention to the very important concept of Homeostasis. Homeostasis references the
constant need our bodies, and our minds have, to maintain the balance of our physiol-
ogy, our biochemistry, our neurology, and our psychology. Homeostasis is how we
sustain our lives! The related concept of Allostasis addresses the moment-by-moment
changes our bodies and our minds are constantly creating to keep us in the range of
homeostatic balance. And where is the master switch for this crucial process to every
individual on the planet? Yes, our brains accomplish this feat every moment of our
existence. But again, our question is what happens when the brain is injured? When
there are huge disruptions in a person’s ability to function effectively in their everyday
lives because their homeostatic balance is in question. Then, these individuals cannot
function normally!

As noted in Architecture Two, the toxic processes cascading through the brain/
mind following the disruptions in brain functions from a TBI are not just isolated
aspects of the brain. The person’s entire being is affected. Why? Because when
the Master Switch (the brain) of everyone’s existence is damaged, the processes
of Homeostasis and Allostasis are affected on a very large scale. And this is what
accounts for the wide range of symptoms that brain-injured persons experience.

We are now in the midst of Architecture Three, when the brain/mind/body is work-
ing overtime to maintain homeostatic balance, and the allostatic resources to do

so are simply not there. The energy necessary (driven by processes in the brain) to
restore homeostatic balance and maintain body budgeting is not available because

the master switch in the brain has been damaged [17]. This is what causes the per-
vasive symptomatology we encounter with all brain injuries (especially when not
treated). Consider that there are no other medical problems that are so pervasive in an
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individual’s life. Broken arms, broken legs, kidney infections, IBS problems, and skin
disorders for example do not affect the entire body in the manner that an injury to the
brain will do. Yet we recognize so little about this!

The third consideration we need to pay attention to here as part of Architecture
Three is allostatic load [17]. The primary hormonal mediators of the stress response
in the body are glucocorticoids and catecholamines. They have both protective and
damaging effects on the body. In the short run sphere, they are essential for adapta-
tion, the maintenance of Homeostasis, and the survival of the mind/body/brain
through Allostasis. But over time, these managing processes exact a cost (Allostatic
Load) that can begin and accelerate disease processes. The paradox here is the systems
that automatically respond to stressful episodes in all of us, the autonomic nervous
system and adrenocortical system in the body, are indeed protectors of the body in the
short run. But over time, they cause damage and accelerate diseases in the mind/brain/
body. Specifically, allostatic load refers to the price the mind/body/brain pays for being
forced to adapt to adverse physical, psychological, and/or environmental situations.
Allostatic load represents both the presence of too much stress and/or the inefficient
operation of the stress hormonal response system ([17], p. 114).

An additional (and major) concern of Architecture Three is the role of increasing
demands on the brain/mind/body following a TBI.

Demands on the brain, for any reason (no matter how small), demand energy, and
as a consequence take energy away from the healing process and increase allostatic
load [17]. And as noted above, increases in allostatic load led to further damage and
injury to the person struggling with a TBI. I note that for all my patients, as they begin
to resume their normal activities, they begin to experience continuing episodes of
chronic fatigue. Thus, it is very difficult to “get ahead” with an injury to the brain
unless there are major opportunities for rest and healing.

And finally, not to further complicate the cascading, progression of a TBI, there
is Architecture Four, the “perfect storm” in the brain [18, 19]. We know that brain
injuries slow down the processing of this person’s world, internal and external. I have
had to learn in working with TBI patients, to give them plenty of “room” and time
to process their thoughts and feelings and respond during sessions. I likened this
experience for the patient to the running of a slow computer. Because either some-
thing is wrong with the computer or it is out of date with its processing speed and
power. Does this cause problems for persons experiencing a TBI, in a modern culture
that is now always moving exponentially? Yes! At the same time, all brain injuries
are traumatizing experiences for that individual and therefore cases of PTSD. What
does PTSD do in the brain? It speeds things up as the HPA axis works to cope with a
mind/body/brain that is under seize (Howard Weiner). In my experience, trauma is
at the root of all PTSD issues. And what could be more traumatizing than “losing your
brain/mind,” because it will affect every aspect of your life.

PTSD is the brain/mind/body’s response to being traumatized (when the event
overwhelms the person’s ability to cope). The symptomatology of PTSD includes [19]:

* Reliving the trauma through flashbacks, hallucinations, nightmares, and memo-
ries about the incident.

* Avoiding persons, places, or things that remind the person of the incident, incidents.

* Excessive arousal including being easily startled and frightened, increasing on
the alert and on guard for danger, random fits of rage, easily irritated, visible
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hatred, self-destructive behavior with drugs and ETOH, difficulties with sleep,
and an inability to concentrate and focus in all aspects of daily life.

* Intrusive thoughts from distressing and guilty feelings.

* Further symptoms include flat affect, feeling detached from life, a lack of inter-
est in daily life, difficulties experiencing positive emotions, emotional numb-
ness, suicidal ideation, and feeling hopeless about returning to a normal life.

“What’s your day-to-day life like S.?”

“I don’t really do much. I'm always tired and in pain, which is really no fun!”

“Are you able to read, write, watch TV, see a movie?”

“Not really, I mostly veg every day. I don’t have any energy, and if I do something,
I always pay for it and end up sleeping a lot.”

“Do you feel hopeless about all of this?”

“I don’t see anything getting any better. What do you expect. And yes, I do feel
suicidal from time to time, because nothing ever seems to get better!”

Architecture Four addresses the fact that there are now clashing forces operat-
ing in the brain/mind/body. A TBI slows things down while PTSD speeds things up.
Where is the good news here? No wonder so many TBI patients feel like they are going
crazy. Then how does anyone cope with a brain/mind/body that is experiencing these
clashing events?

See the following references for further details describing the neurodegenerative
disease processes that catalyze the development of the Four Architectures. And note
that the Four Architectures are the brain/mind’s complex response to a traumatic
injury [20-26].

4. Discussion

Why am I using the concept of “Architectures” to explain the cascading pro-
gression of a TBI? Because these “Architectures” represent the brain’s responses to
damage, and over time they fold into one another. Further, this damage, over time,
will cause huge disruptions in the active flow of the brain/mind/body. It is a neu-
rodegenerative disease process that is causing a cascading, toxic effect in the brain,
and by connecting the mind and the body. Since our brains are built to control and
ensure our survival (not just thinking which is of course a major part of our survival),
damage to the brain is a threat to the person’s very day-to-day survival [10]. In my
private practice over the past 6 years, I have seen the clear results of how damaging
this cascading, neurodegenerative process can be.

Here is a summary of the information supporting the conception of a neurodegen-
erative disease process in Ss brain. Her original accident occurred in October of 2007
when she was 7 years old.

S’ psychological evaluation was done in 2015 (noted above) to address her ongo-
ing behavioral problems. Sadly, nothing about the brain was included, and despite
efforts to help S. nothing changed.

Her MRI brain without contrast (July 13, 2020) concluded that there was a focus
of cortical and adjacent white matter encephalomalacia [27] that involved the parietal
occipital lobe. And that this may represent a focus on cortical contusional injury, or
previous intraparenchymal hemorrhage in view of the patient’s history.
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Her EEG report of 7/21/2020 concluded that her EEG was abnormal and that this
abnormal activity was suggestive of a generalized seizure disorder.

Her qSPECT (Spect Scan) of 9/18/2020 concluded that this was an abnormal brain
SPECT demonstrating scattered, small focal areas of predominately mild hypoperfu-
sion in five different areas of the brain. I believe these five areas of hypoperfusion are
what account for the wide range of symptoms S. is experiencing that are so disabling
in her life.

The current list of symptoms that S. lists are quite pervasive indicating huge
disruptions in her attempts at Homeostatic Balance (see Architecture Three above).
These include:

Difficulties with anger management, blurred vision, confusion and disorientation,
following instructions, integrating information, learning new things, concentration
and focus, short and long-term memory, and decreased judgment.

Balance problems, increased irritability, low frustration tolerance, mood swings,
insomnia, nightmares and sleep paralysis, increased depression and anxiety including
suicidal ideation, panic attacks, and paranoia.

Chronic fatigue, headaches, pain, racing thoughts, sensitivity to light, sound, and
touch, ringing in the ears, and trauma flashbacks.

Among the patients I have worked with over the past 6 years, this huge range of
symptoms is the norm. And when you look at the Four Architectures that fold into
one another it is easier to understand how this is happening.

My goal in writing this chapter is to open the door to a more complete understand-
ing of this very complex and complicated process that follows from an injury to the
brain. My hope is that this chapter will help to initiate further research, understand-
ing, and treatment of traumatic brain injuries.

I close this chapter with two quotes I believe resonate with my conception of the
Four Architectures and points us in the direction of the research, understanding, and
TBI treatment we need to focus on:

“Previously, TBI has generally been viewed as producing a static neurological
insult. However, it is now clear that it can trigger progressive neurodegeneration and
dementia. Cognitive impairments such as memory loss, processing speed problems
and executive dysfunction are common, and some survivors experience cognitive
decline long after injury, in part due to the development of dementia” ([4], p. 1221).

“Advances in the understanding of the neuropathophysiology of TBI suggest that
these forces initiate an elaborate and complex array of cellular and subcellular events
related to alterations in Ca++ homeostasis and signaling. Furthermore, there is a fairly
predictable profile of brain regions that are impacted by neurotrauma and the related
events. This profile of brain damage accurately predicts the.

acute and chronic sequelae that TBI survivors suffer from, although there is enough
variation to suggest that individual differences such as genetic polymorphisms and
factors governing resiliency play a role in modulating outcome” ([28], p. 1).

In my experience, all blows to the head are in some manner insults and disruptions
to neurological functioning on some (sometimes many) levels. Accordingly, we need
to research this subject in much more depth! (See the research on 12-year-old hockey
players in Canada who were asymptomatic following a concussion, but brain damage
was clearly visible on follow-up brain imaging.) [29, 30].

117



Topics in Trauma Surgery

Author details

Leighton J. Reynolds
Treatment and Tools for Trauma, Greater Los Angeles, CA, USA

*Address all correspondence to: leightonj@sbcglobal.net

IntechOpen

© 2022 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.

118



Perspective Chapter: The Complex Architecture of a Traumatic Brain Injury

DOI: http://dx.doi.org/10.5772/intechopen.108554

References

[1] Masel BE, DeWitt DS. Traumatic
brain Injury: A disease process, not
an event. Journal of Neurotrauma.
2010;27:1529-1540

[2] McKee AC, Daneshvar DH. The
neuropathology of traumatic brain
Injury. Handbook of Clinical Neurology.
2015;127:45-66

[3] Kemp S, Goulding P, Spencer ],
Mitchell AJ. Case study: Unusually rapid
and severe cognitive deterioration after
mild traumatic brain Injury. Brain Injury.
2005;19(14):1269-1276

[4] Graham NSN, Sharp DJ. Understanding
neurodegeneration after traumatic brain
Injury: From mechanisms to clinical trials
in dementia. Neurology, Neurosurgery &
Psychiatry. 2019;90:1221-1233

[5] Ashman TA, Gordon WA, Cantor JB,
Hibbard MR. Neurobehavioral
consequences traumatic brain Injury.

The Mount Sinai Journal of Medicine.
2006;73(7):999-1005

[6] Sanjana Gupta. What is Traumatic
Shock. 2022. Available from: https://
wwwVeryWellMind.com/Traumatic-
Shock-Definition-Symptoms-Causes-
and-Treatment (5242269)

[7]1 Williams R. Tau pathology present
decades after a single brain Injury.
Science Transitional Medicine.
2019;11:eaaw1993

[8] Molaie AM, Maguire J.
Neuroendocrine abnormalities following
traumatic brain Injury: An important
contributor to neuropsychiatric sequelae.
Frontiers in Endocrinology. 2018;9:176

[9] Ashman TA, Gordon WA,
Cantor JB, Hibbard MR. Neurobehavioral

119

consequences of traumatic brain Injury.
The Mount Sinai Journal of Medicine.
2006;73(7):999-1005

[10] Lisa Feldman Barrett. 7 V2 Lessons
about the Brain. Boston: Houghton
Mifflin Harcourt; 2020

[11] Jang H, Huang S, Hammer DX,
Wang L, Rafi H, Ye M, et al. Alterations
in neurovascular Coupling following
acute traumatic brain Injury.
Neurophotonics. 2017;4(4):

045007

[12] Allen MD, Epps CT. Neurovascular
coupling: A unifying theory for post-
concussion syndrome treatment and
functional neuroimaging. Journal

of Neurology and Neurophysiology.
2017;8(6):1000454

[13] Watts ME, Pocock R, Claudianos C.
Brain energy and oxygen metabolism:
Emerging role in Normal function

and disease. Frontiers in Molecular
Neuroscience. 2018;11:216

[14] Falkowska A, Gutowska I,
Goschorska M, Nowacki P,

Chlubek D, Baranowska-Bosiacka I.
Energy metabolism of the brain,
including the cooperation between
astrocytes and neurons, especially in
the context of glycogen metabolism.
International Journal of Molecular
Sciences. 2015;16:25959-25981

[15] Ryback R. Traumatic Brain Injury:
The Invisible Illness (a Single Concussion
Can Change your Life). Psychology
Today; 2016

[16] Camandola S, Mattson MP. Brain
metabolism in health, aging, and
neurodegeneration. The EMBO Journal.
2017;36:1474-1492



Topics in Trauma Surgery

[17] McEwen BS. Allostasis and
Allostatic load: Implications for
Neuropsychopharmacology.
Neuropsychopharmacology.
2000;22(2):108-124

(18] Marilyn Lash MSW, TBI and PTSD:
Navigating the Perfect Storm, Brain
Injury Journey Magazine, Issue #1, 2013

[19] Bryan R. Post-traumatic stress
disorder vs traumatic brain Injury.
Dialogues in Clinical Neuroscience.
2011;13(3):251-262

[20] Mike McRae. Just One Head Injury
Could Be Enough to Tangle Proteins in
Your Brain. 2019. Available from: https://
www.sciencealert.com/one-head-injury-
could-be-enough-to-create-the-protein-
tangles-in-your-brain

[21] Do Carmo S, Spillantini MG,

Cuello AC. Tau pathology in neurological
disorders. Frontiers in Neurology.
2021;12:754669

[22] Faden Al, Loane D], Injury CNATB.
Alzheimer disease, chronic traumatic
encephalopathy, or persistent

Neuroinflammation? Neurotherapeutics.
2015;12:143-150

(23] Emily Lunardo. Encephalomalacia:
Definition, causes, types, symptoms, and
treatment. 2017. Available from: https://
belmarrahealth.com/encephalomalacia-
causes-types-treatment

[24] Roman Hlatky MD, Alex B,
Valadka MD, Claudia S. Intracranial
hypertension and cerebral ischemia

after severe traumatic brain Injury.
Neurosurgical Focus. 2003;14(4):2

[25] Pasley BN, Freeman RD, Coupling N.
Scholarpedia. 2008;3(3):5340

[26] Alina Fong. What You Need to Know
About TBI Symptoms and Treatment.

120

2020. Available from: https://www.
cognitivefxusa.com/traumatic-brain-
injury-long-term-effect-and-treatment

[27] Encephalomalacia: Definition,
Causes, Types, Symptoms, and
Treatment. Available from: https://www.
belmarrahealth.com/encephalomalacia-
causes-types-treatment

[28] Thomas W. McAllister,
Neurobiological consequences of
traumatic brain Injury, dialogues Clinical
Neuroscience. 2011;13(3):287-300

[29] Emery C. Concussions Affect 1in 10
Youth Athletes every Year. Here’s What
Needs to Change. Calgary, Canada:
University of Calgary; 2020

[30] Charles T, Victoria B, Jin Ma.
Persisting concussion symptoms from
bodychecking: Unrecognized toll in boys
ice hockey. Published online. Cambridge
University Press; 2022. pp. 1-9






Edited by Selim Sozen

Early treatment is of the utmost importance for traumatic injuries. The patient’s vital
signs, abdominal examination and hematocrit should be checked at frequent intervals.
Using ultrasound allows the examiner to make a better clinical diagnosis of the patient.

This book discusses different types of trauma surgery for abdominal injuries, bone
fractures, injuries sustained from animal attacks, and traumatic brain injuries.

978-1-83768-

Published in London, UK
© 2023 IntechOpen

440-3
© oceandigital / iStock InteChOpen 68!‘!!1“3‘”

9”78 183

7




	Topics in Trauma Surgery
	Contents
	Preface
	Section 1
Clinical Cases
	Chapter1
Abdominal Trauma
	Chapter2
Appropriate Protective Measures for the Prevention of Animal-related Goring Injuries
	Chapter3
Management of Duodenal Injuries
	Chapter4
Ultrasound Empowered Trauma Management
	Chapter5
OCD of the Knee in Adolescents
	Chapter6
Distal Femoral Fractures

	Section 2
New Perspectives
	Chapter7
Perspective Chapter:“The Complex Architecture of aTraumatic Brain Injury”




