
SPA PBLD CASE 
An 8 y.o. with Multiple Trauma 

 
Objectives: 

1. Systematically review the primary assessment and initial stabilization of the child 
with multiple injuries. 

2. Identify critical findings in head, neck and facial injuries and their impact on 
airway management, including stabilization of the c-spine. 

3. Recognize and appropriately apply the guidelines for cerebral protection in 
traumatic brain injury.   

4. Discuss the different imaging and diagnostic techniques utilized during the 
primary and secondary surveys to identify and manage the injuries. 

5. Discuss the operative versus non-operative management of blunt abdominal 
trauma including monitoring, blood and fluid therapy. 

6. Define and utilize the appropriate modalities for pain management in the critically 
injured child in the prehospital, emergency department and critical care settings. 

 
                                             
                                         Stem Case- Key Questions 
 
An eight year old was involved in an ATV accident. He was not wearing a helmet and 
lost consciousness when the vehicle rolled over. He presents to the ED an hour later and 
is more responsive, in a rigid cervical collar and has a large forehead laceration. After he 
is placed on a rigid backboard, he becomes more combative and uncooperative during the 
insertion of an antecubital intravenous 20G catheter.  
He has a significant upper abdominal bruise and his right lower extremity seems to be in 
an abnormal position suggestive of a fracture. 
His vital signs are: HR 140 bpm, BP 90/60, SpO2 =95% with a labored RR of 32 /min. 
His pupils are 3mms and sluggishly reactive and his age appropriate Glascow Coma 
Scale (GCS) is currently 8. Due to his lack of cooperation, you are asked to sedate him 
for further diagnostic studies. 
 
Key Questions: 

1. Describe the primary survey of this patient?  
2. Which technique and what drugs would you use to intubate this patient & why?   
3. How would you determine his weight, height, ETT length and size?  
     (Formulae & the Broselow Resuscitation Measuring Tape). 
 

    The Unstable C- spine Dilemma 
1. Who would you consult with regarding the “Uncleared C- spine” in a multi 

trauma situation? 
2. Why do you need to clear the C- spine? 
3. What are your options when managing an“Uncleared C- spine? 
 



 
     Management of Traumatic Brain Injury  
 

 1.  When do you monitor ICP? 
 2.  What are the devices available to monitor ICP? 

       3.  How do you manage increased ICP? 
 4.  What are the goals of managing patients with TBI? 
 5.  What are the guidelines for the management of severe head injury? 
 
 
 Imaging studies for trauma victims 
 

        After the patient is intubated, the blood pressure decreases to 70/40, HR =160 
1. What are the probable causes of these hemodynamic changes and how will you 

manage them? 
2. What laboratory tests would you order for? 
3. What diagnostic studies are indicated now and what is the role of FAST? 
 
The surgeons would like this patient to go to the CT scanner for further 
evaluation before taking him to the OR.  
1. Would you allow the surgeons to proceed with their plan to take this patient to the 

CT scanner? 
2. What is the value of CT scans in multiple trauma victims? 
3. What is the value of a secondary survey?  

 
      CT scan of the abdomen reveals free intraperitoneal fluid 

1. What is the differential diagnosis of the abdominal CT scan findings? 
2. What is “Damage Control”? 
3. Which abdominal injuries are treated surgically and which are not? 

 
     Management of blunt trauma 
 
     The patient is rushed to the OR for an exploratory laparotomy 

1. What access would you establish for intraoperative fluid management? 
2. What monitors would you apply? 

 
     Fluid Management in multiple trauma patients 
 

1. What fluids would you use for resuscitation (colloids versus crystalloids) 
2. What would be the triggers for transfusion? 
3. What blood and /or blood products would you use? 
4. What are the adverse effects of massive transfusion? 
5. How would you monitor the adequacy of fluid resuscitation? 
6. Are there alternatives to blood and blood products in this case? 
 
 



   
    Critical care management of trauma victims, an overview 
 
     At the end of the procedure the abdomen is packed and left open for further  
     exploration. The patient is transported to the PICU 

1. What are the immediate concerns? 
2. What are the alternatives for managing this patient’s femur fracture? 
3. How do you prevent secondary brain injury 
4. At what point will this patient be ready to return for re exploration in the OR? 
5. What are the concerns and strategies for post injury pain management? 

 
 
                         Problem Based Learning Discussion 
 
Epidemiology and Pathophysiology: 

 Pediatric trauma has been recently described as a “disease of epidemic proportions”.  
Each year 1.5 million children are injured resulting in 500,000 hospitalizations. Twenty 
thousand children die and 120,000 are permanently disabled. Blunt trauma accounts for 
90% of childhood injuries. Falls and motor vehicle crashes represent the most common 
mechanism of injury. 
Head trauma is a leading cause of death and disability in children. Traumatic brain 
injuries may be isolated or associated with maxillofacial and or spinal cord injuries. 
Chest injuries, on the other hand make up a small proportion of pediatric trauma, but are 
the second most frequent cause of death in pediatric trauma victims. 
A child’s intra abdominal organs are relatively larger and are in relatively close proximity 
to each other. The potential for multi-organ intra abdominal injury after blunt trauma 
resulting from a greater degree of force per body surface area should be recognized. 
There is also little fat or connective tissue to cushion the organs. The less muscular 
abdominal wall provides little protection to intra abdominal contents. A more pliable 
chest wall, which is usually higher in position, provides limited protection to the liver, 
spleen and kidneys. (11)  
In general, children have a large body surface area to weight ratio, resulting in rapid heat 
loss and hypothermia, which complicates the resuscitative process. 
 
Primary survey 
The “golden hour” concept emphasizes the importance of rapid identification and 
treatment. It is the main focus of ATLS protocols. The greater the delay in the definitive 
therapy from the initial injury, the greater the likelihood of a poor outcome. Hence the 
importance of the prehospital phase of treatment.(1) 

The subsequent in-hospital assessment phase relies on the primary survey, which 
depends upon the rapid identification and treatment of life–threatening events. Pediatric 
trauma is a team endeavor requiring coordinated efforts of multiple specialists. A specific 
designated team leader (usually a senior surgeon or designee) should be always identified 
and should be able to communicate clearly with other members of the team. 
The primary survey in ATLS follows the “ABCDE” sequence. The primary emphasis is 
on establishing an airway and ventilatory support.  



This is of particular importance in head trauma to prevent secondary brain injury. 
 
The Acute management of head trauma in children includes the following 
interventions(5) 

1. Supplemental oxygen to maintain a PaO2 ≥60mmHg and SpO2 ≥ 90%. 
2. Aggressively treat hypotension to maintain systolic blood pressure > 5th percentile 

of age, since early hypotension in the field or the emergency department is a 
predictor of poor outcome and prolonged hospital stay. (8) 

3. Avoid hyperthermia. Maintain normothermia. The protective effect of 
hypothermia in children with severe TBI is still in the investigational stage. A 
recent phase II study, however, has shown that moderate hypothermia (32-33ºC), 
initiated early after traumatic brain injury and maintained for 48 hours, resulted in 
a trend towards improvement in the 3 to the 6 month testing in the hypothermia-
treated patients. (8) 

4. Consider rapid sequence intubation, sedation and paralysis. The use of long-acting 
muscle relaxants and sedatives should be avoided, since this may result in 
prolonged intervals between neurologic examinations and may delay appropriate 
management. Neuromuscular blockade should be closely monitored.(6) 
*Neuromuscular blockade in awake  patients should be avoided at all times. 
 

Other considerations for airway management should include 
1. A thorough examination of the head and neck for concomitant injuries such as 

vascular or laryngeal trauma. 
2. Clearing the C-spine 
3. Examination of the oral cavity for foreign bodies, including food particles, broken 

and loose teeth. 
Interpretation of pediatric c-spine radiographs is difficult. There are various normal 
variants including: 

• Pseudosubluxation in 24 % of children < 8 year old @ C2/3 and 14% @ C3/4 
• Absence of lordosis 
• Epiphyseal variations 
• Unfused synchondroses 
• Incomplete ossification 

It is, therefore, not unlikely to interpret these normal variants as abnormal findings. This 
necessitates consultation with a pediatric radiologist.(2) (Figure 1) 
 
 
 
 
 
 
 
 
 
 
 



 

Figure 1 
SE Slack, MJ Clancy. Emerg Med J 2004; 21:189-93.   

 

Despite the limited evidence available, some recommendations can be made, based upon 
the national emergency x-radiography utilization study (NEXUS) 
A low probability of C-spine injuries can be made in awake and alert, asymptomatic 
patients, if the following five criteria are met: 

1. No neck pain 
2. No bony cervical tenderness 
3. No focal neurological deficits 
4. Full range of neck movement without pain (side-to-side and flexion /extension)(3) 
The Nexus study is a prospective observational study. It contained a subset of patients 
aged < 18 years. There were 3065 patients aged < 18yrs, of which 905 were 8 years 
or younger.  
30 patients had spinal cord injuries. 4/30 patients were < 8 years and all had upper  
C-spine injuries.  
Lower c-spine injuries were more common amongst pediatric patients in general. 
No SCIWORA  ( Spinal Cord Injury Without Abnormality) was evident in this 
group. (Figure 2) 
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                                 Figure 2 
Ghafoor AU, Martin TW et al. Journal of Clinical Anaesthesia 2005, 17: 640-649                   

• The patient should be immobilized. 
• Three radiographic standard position

the open mouth view. The latter is difficult in younger children and is 
performed manually, or abandoned altogether in children < 9 years old.
The alignment of the c-spine is determined on the lateral film. The anterio
/posterior margins and the tips of the spinous processes (spinolaminar line) 
from C2 to C7 should be aligned. (3) 
If C7-T1 is not visualized, the should
arm, oblique projections or the swimmer’s view.  
If C7-T1 is still not visualized, a CT scan is recom

P
Due to the limited ability to perform an 
immobilization is recommended. 

• A strong case of CT or MR
• CT with reconstruction reveals bony injuries but not soft 

injuries. 



• MRI is better for ligamentous and cord injuries and for prognosticating in 
SCIWORA. 

In case of a prolonged interval of paralysis or unconsciousness (> 48 hours), an MRI 
is indicated, particularly in the presence of a normal AP film, to rule out any occult 
significant injuries. 
 
Anesthetic considerations for the child with an unstable c-spine 
The primary priority should be securing the airway, establishing adequate gas 
exchange and hemodynamic stability. The latter may be significant with c-spine 
injuries due to: 

• Bradycardia (the cardioaccelerator nerve is affected in higher spinal injuries) 
• Hypotension due to increased venous capacitance. 

 Airway obstruction may be relieved with a jaw thrust or a chin lift. Caution should 
be exercised with backward head tilt maneuvers. 
In-line stabilization is currently recommended. The occiput should be held down 
against the backboard with both hands. This prevents flexion-extension and rotatory 
movements. Perhaps the most appropriate method of intubation with in-line 
stabilization is with a fiberoptic bronchoscope, which provides stability of the neck 
and an optimal view for intubation.  Other airway gadgets include the Bullard 
laryngoscope and the LMA. (figure 3 ) 
 

Figure 3 
 McAllister JD, Gnauck, KA. Pediatr Clin N Am 1999, 46: 1249-84

 



Other concerns for airway management in c-spine injuries include: 
• Possibility of a full stomach. 
• Head injury with elevated ICP 
• Skull base fractures 
• Edema of the higher cardiorespiratory centers 
• Airway compression due to an expanding cervical hematoma 
• Bleeding from other injuries resulting in hemodynamic instability 
• Uncooperative or combative patient 
 

Traumatic Brain Injury 
Each year, 150,000 children sustain traumatic brain injury (TBI), which results in 
7,000 deaths and 29,000 new permanent disabilities. The etiology of pediatric head 
trauma depends upon age and gender. With twice the incidence in males compared to 
females. The mechanism of injury differs with age. Children under 4 years of age sustain 
TBI secondary to falls, motor vehicle collisions and child abuse. Older children sustain 
TBI due to falls or recreational activities. Adolescents are most commonly involved in 
motor –vehicle accidents, assaults or contact sports. Linear force vectors, which occur 
upon the impact of the head with a moving object, are responsible for the contact forces. 
Acceleration-deceleration or angular- rotational movement of the head in the space 
accounts for the inertial forces. (6) A child’s head-to-torso ratio is much greater than that 
of an adult. Angular biomechanical forces, which cause brain acceleration and 
deceleration, are magnified in the pediatric trauma victim, resulting in more diffuse brain 
injury. 
Second insults differ from secondary brain injury. Second insults are events such as 
hypoxia or hypotension after the primary TBI, which amplify and exacerbate the 
secondary injury. 
Secondary brain injury describes both, physiologic and biochemical events which follow 
primary TBI. These include: 

• Cerebral blood flow dysregulation 
• Excitotoxicity  
• Oxidative stress 
• Programmed cell death/apoptosis (7) 

They may or may not be complicated by a second insult. 
The goals of postinjury intervention are aimed at reducing secondary insults or cascade of 
events on the injured but viable brain by avoiding second insults. 
 Evaluation of the child with TBI  
A brief initial neurologic examination provides information about severity of the injury 
and overall prognosis.  
Loss of consciousness is a poor predictor of intracranial injury.  
The GCS has provided a standard guideline for the assessment of function in TBI 
victims. The following were the most important prognostic indicators in TBI 

• Admission GCS (See age appropriate GCS, figs 4, 5,6 ) 
• Traumatic mass lesions with increased ICP 
• Presence of diffuse axonal injury 
• Pupillary signs are the most significant indicators of survival in children 

    



Figure 4 
Berger RP, Adelson PD. Clin Ped Emerg Med 2005, 6: 8-15

 
 
 



Figure 5  
Berger RP, Adelson PD. Clin Ped Emerg Med 2005, 6: 8-15

 
 
 



Figure 6 
Berger RP, Adelson PD. Clin Ped Emerg Med 2005, 6: 8-15

 
 
Clinical signs are unreliable 
Impact seizures are common and indicative of head injury. They can occur without 
evidence of intracranial pathology. 
Radiologic studies such are indicated in any child with 

• Suspected head injury 
• Altered level of consciousness 
• Focal neurologic deficits 
• Physical signs of head trauma 

Rapid information is obtained from CT scans of the head. The current –generation 
software applications have, also made CT angiography and venography available. 
Xenon CT scans have been proven to be invaluable in providing information regarding 
autoregulation of CBF after TBI. (6) ( Figures 7, 8 ) 
 
 
 
 
 
 
 



Figure 7 
Berger RP Adelson PD Clin Ped Emerg Med 2005 6: 8-15

 
 



Figure 8 
Berger RP, Adelson PD. Clin Ped Emerg Med 2005, 6: 8-15  

 

 
Guidelines for the Management of Severe Head Injury (4) have been developed for the 
critical care management of head trauma in children. ( Figure 9) 
 



Figure 9 
P David Adelson et al. Pediatric Critical Care Medicine supplement; July 

2003: vol 4,ppS1-75  

 
 
Some of these recommendations include: 
Identification and immediate correction of hypotension and hypoxia.  
Hypotension is defined as: systolic BP below the fifth percentile for age.  
BP calculations can be made by using tables depicting normal values for pediatric BP by 
age, or using the formula: 70mmHg + (2X age in years). 
 Median (50th percentile) systolic blood pressure for children older than1 year = 
 90 + (2 X age in years). 
Hypoxia is defined as apnea, cyanosis, PaO2 < 60-65 mm Hg or oxygen saturation < 
90%. 
Hypoventilation is defined as ineffective respiratory rate for age, shallow or irregular 
respirations, and frequent periods of apnea or measured hypercarbia. 
In the prehospital phase, brain –specific therapies include: 

• Airway control in children with a Glasgow Coma Score ≤ 8 to avoid hypoxemia, 
hypercarbia and aspiration. 

• Sedation, analgesia and neuromuscular blockade to optimize transport.  
   * The choice and timing of administration is best left to local Emergency Medical   
       Services protocols. 
• Prophylactic administration of mannitol is not recommended. 
• Prophylactic hyperventilation is not recommended. 



 
Indications for intracranial pressure monitoring: 

• Appropriate in infants and children with severe TBI (GSC ≤ 8). 
• Intracranial hypertension may be difficult to diagnose in infants and young 

children, and is associated with decreased survival and poor neurologic outcome. 
The presence of open fontanels does not preclude the development of intracranial 
hypertension or negate the utility of ICP monitoring.  

• Conscious patients with mass lesions e.g. hematomas, contusions, cerebral edema 
or compressed basal cisterns. 

• Patients for whom serial neurologic examnination is precluded by sedation, 
neuromuscular blockade or general anesthesia. 

• Not indicated in patients with mild to moderate head injury. 
 

Threshold for treatment of intracranial hypertension 
Treatment for intracranial hypertension, defined as pathologic elevation of ICP, should 
begin at an ICP ≥ 20 mmHg. Lower values may be used for younger children. 
The effect of intracranial hypertension on outcome after severe head injury in children 
appears to be related to both the absolute peak and duration of elevated ICP and the 
inverse relation between ICP and cerebral physiologic variables (e.g. cerebral perfusion 
and compliance). 
* Elevated ICP > 20 mmHg inversely correlated with the pressure – volume index, a 
measure of cerebral compliance. 
Several reliable devices are used to monitor intracranial pressure, these include: 

• Ventricular catheters 
• External strain gauge device. 
• Catheter tip pressure transducer device 

These devices are relatively safe. The commonest complications associated with these 
devices are infections and hematomas. 
 
Cerebral perfusion pressure 
Cerebral perfusion pressure (CPP) between 40 and 65 mm Hg probably represents an 
age-related continuum for optimal treatment threshold. 
Lower pressures may be indicated in neonates and infants. 
Advanced cerebral physiologic monitoring may be useful in defining individual optimal 
CPP. 
*Hypotension should be avoided 
 
Use of hyperventilation in the acute management of severe pediatric traumatic 
brain injury 
Mild or prophylactic hyperventilation (PaCO2 < 35 mmHg) should be avoided for, at 
least, 24 hours after TBI because it can compromise CPP during a period when CBF is 
reduced. 
Mild hyperventilation (PaCO2 30-35 mm hg) may be considered for intracranial 
hypertension lasting for long periods despite sedation, analgesia, neuromuscular 
blockade, CSF drainage and hyperosmolar therapy. 



Aggressive hyperventilation (PaCO2 < 30 mm Hg) may be considered only as a second 
tier option for refractory intracranial hypertension. 
CBF, jugular venous saturations or brain tissue oxygenation should be closely monitored 
to help identify cerebral ischemia. 
It recommended that, in the absence of ICP monitoring, prolonged hyperventilation 
(PaCO2 ≤ 25 mm Hg) should be avoided after severe TBI.  
 
The use of barbiturates to control intracranial hypertension in severe TBI 
High dose barbiturates maybe considered in hemodynamically stable patients with 

• Salvageable severe head injury 
• Refractory intracranial hypertension (ICH) 
*Appropriate hemodynamic monitoring and cardiovascular support is necessary. 
 
Surgical treatment of pediatric intracranial hypertension (ICH) 
Decompressive craniectomy should be considered in: 

• Pediatric patients with severe TBI with a potentially recoverable brain injury 
• Diffuse brain swelling 
• ICH refractory to intensive medical management 

 
Patients, who experience a secondary deterioration in the GCS and / or evolving 
herniation syndrome within the first 48 hours after injury, may represent a favorable 
group. 
Decompressive craniectomies are ineffective in: 

• Children who had suffered extensive secondary brain insults 
• Children with unimproved GCS =3. 

 
A critical pathway has been developed for the treatment of intracranial hypertension. 
Each step in the algorithm is determined by the risk/benefit ratio of each treatment 
maneuver. (See algorithm in the handout) 

      At all times during the treatment of ICH, the possibility that a surgical mass or an 
      unexpected intracranial lesion may have developed should be considered.  
     A CT scan should be repeated if: 

• ICH becomes intractable  
• ICP control is lost 
• Second –tier therapy is being contemplated 

 
The role of anti-seizure prophylaxis following TBI 

• Not recommended in children for late posttraumatic seizures 
• Recommended for early posttraumatic seizures, although it has not been 

shown that outcome was affected. 
 
The above recommendations and the accompanying algorithms are adapted from: 

       P David Adelson et al.  Guidelines for the Acute Medical Management of severe 
Traumatic Brain 
       Injury in Infant, Children and Adolescents.   
        Pediatric Critical Care Medicine supplement; July 2003: V 4, Number 3 ppS1-75 



 
 
Blunt abdominal injuries occur in approximately 8% of injured children. These injuries 
can be potentially life threatening, and, therefore they require a systematic approach for 
identification and treatment. (11) 

As previously mentioned, the closely compact abdominal organs of children, predisposes 
them to multiple organ injuries with the impact of a high velocity force. 
 After the primary survey, a secondary survey is performed.  Hemodynamically unstable 
patients with a distended abdomen require immediate operative intervention. 
 
 
 
 
Physical findings suggestive of an intra-abdominal injury include: 

• Abrasions and contusions on the abdominal wall (seat belt sign). 
• Abdominal distension and tenderness. 

Physical examination is universally unreliable.  
Diagnostic Peritoneal Lavage (DPL), although very sensitive, is not specific. A positive 
peritoneal lavage carries with it a negative laparotomy rate of 85% in children.(10) 

Computerized tomography has become the imaging study of choice in the evaluation of 
the hemodynamically stable injured child. It is particularly important in children in whom 
physical examination is impossible or difficult. It provides accurate evaluation of solid 
organs, as well as the intestines.  
The liver, spleen and kidney are the most commonly injured solid organs. The type of 
injury such as contusions, lacerations, hematomas and infarctions can be accurately 
identified by CT. 
It is not recommended in hemodynamically unstable children due to the remoteness of 
CT scanners from the resuscitation bay. 
Recommendations of acute imaging of the injured child are identical to those of adults; 
these include plain films of the C-spine, chest and pelvis to rule out other critical 
injuries. 
Placement of a naso or orogastric tube will decompress the stomach and reduce risk of 
aspiration. A plain chest radiograph will demonstrate massive gastric distention and 
confirm the position of the gastric tube. 
Focused Abdomino-thoracic Sonography (FAST) has demonstrated its value in the 
acute evaluation of the trauma patient. This modality is particularly useful in children 
because it is quick, painless and serves as an excellent screening tool, particularly in 
hemodynamically unstable patients who cannot be transported to the CT scanner. 
The developments of classifications of solid viscous injury serve as a guide for clinicians 
regarding operative versus non-operative treatment ( figures 10 , 11) . 
 
 
 
 
 
 



Figure 10 
Gaines BA, Ford HR. Crit Care Med 2002, 30: S 416-423.

 
 



Figure 11 
Gaines BA, Ford HR. Crit Care Med 2002, 30: S 416-423.

 
 
Splenic injuries demonstrated no correlation between the injury classification and 
treatment. Non-operative management of isolated splenic injuries without blood 
transfusion has become the standard of care in 90-95% of cases.(11)    

 Non-operative protocols for splenic injuries have reduced the rate of blood transfusion by 
four- fold. The main purpose of the nonoperative approach to splenic injuries is to 
preserve the immune function of the spleen. The incidence of overwhelming 
postsplenectomy infection is 0.23-0.42% per year, with an overall mortality of 38-69%. 
Vaccination against encapsulated organisms, e.g. Streptococcus Pneumoniae is 
recommended in children over 2 years of age prior to discharge, Patients < 2 years are 
treated with prophylactic antibiotics. 
 
 
The liver is the second most injured intra-abdominal organ, with a propensity for right 
lobar injuries.  The liver vascularity and its close proximity to the IVC, which 
predisposes patients to severe hemorrhage after blunt abdominal trauma. Hepatic injury 
classification is the most useful guide for expectant treatment, particularly in grades IV 
but it is not predictive of outcome. Operative management of liver injuries depends upon 
the “damage control “principle. Patients with major hepatic lacerations who are 
massively bleeding, hypothermic and/or coagulopathic require a rapid resuscitation and 
control of bleeding. Tamponade of the bleeding with laparotomy pads, temporary 
abdominal closure and a planned second look procedure is preferred over a major hepatic 



resection Definitive operative management of liver lacerations is indicated after 
hemodynamic stability is achieved, similar to splenic trauma; and is between 85-90%. A 
greater number of children with hepatic injuries will require blood transfusion or 
operative intervention. 
Children who sustain splenic or hepatic injuries are restricted from contact sports and 
strenuous physical activity for a period consisting of the grade of injury + 2 weeks. 
 
 
Intestinal injuries (Seatbelt Syndromes) are rare and catastrophic, comprising 5 % of 
injuries. Diagnosis can be difficult and delayed for several days. Leakage of contrast on 
CT scan is pathognomonic. Similarly, significant intraperitoneal fluid in the absence of 
other solid viscous or pelvic injuries should raise the suspicion of an intestinal perforation 
or “blow out”. Other findings suggestive of bowel injury include bowel thickening and 
multiple fluid-filled loops of bowel. 
 
Laboratory studies necessary during the resuscitation process include :(11) 

• Blood sample for type and cross match, as well as a baseline hemoglobin 
• Urinalysis (the presence of > 50 RBCs had a sensitivity of 100% and a specificity 

of 64% for the detection of intra-abdominal injury). In combination with a 
physical examination, 97% of abdominal injuries can be diagnosed. 

• Plasma levels of aspartate aminotransferase (> 400 IU/L), alanine 
aminotransferase (>250 IU/L) were highly predictive of liver injuries. 

• Serum amylase levels of >200IU/L and lipase levels of 1800 IU/L are clinical 
markers for possible major pancreatic injury. 

 
Fluid management of trauma victims 
Adequate intravenous access is essential for successful resuscitation.  
Peripheral large bore catheters are placed whenever possible.  
In younger infants and children or in patients who are volume depleted, establishment of 
intravenous access may be difficult, necessitating other alternatives such as intraosseous 
route or insertion of intravenous catheters via a cut-down. 
The physiologic response of children to hypovolemia is different from adults, since they 
are able to maintain a normal blood pressure despite the loss of 20% of blood volume.(13) 

 
 
 
 
More sensitive clinical signs of hypovolemia include:  

• narrow  pulse pressure with a diminished contour  
• postural hypotension 
• metabolic acidosis secondary to hypoperfusion 
• concentrated and /or decreased urine output 

*Hemoglobin levels which may appear to be normal initially will drop after fluid 
resuscitation.  
There are numerous sources for obvious and occult blood loss. Amongst the latter are: 

• long bone fractures 



• retroperitoneal hematomas after blunt abdominal trauma 
• scalp lacerations or intracranial hemorrhage, particularly in younger children 

Hence, the need for invasive monitors is very helpful in patients requiring massive 
transfusion and aggressive fluid management.  
An arterial line is necessary irrespective of the age and size of the patient.  
Central venous pressures, which may not be always accurate, provide a trend indicative 
of the adequacy of fluid resuscitation. A 2-3 mm Hg reduction in CVP may be indicative 
of as much as 20% of circulating blood volume. (13) 

The administration of colloid versus crystalloid in trauma patients has been debated for a 
long time. Hypertonic saline and dextran solutions have demonstrated their efficacy in 
improving the survival of hypotensive patients. Excessive use of these solutions, 
however, may result in coagulopathy. 
 
Massive transfusion is defined as a loss ≥ one blood volume.  
It becomes important to estimate the patient’s blood volume then subsequently calculate 
the maximum allowable blood loss (MABL) 
                 MABL =   (starting hematocrit - target hematocrit) X EBV 
                                                        Starting hematocrit 
Blood and component therapy should be considered when resuscitation with crystalloid 
(20ml/kg x 2) fails to restore hemodynamic stability.  
The coagulopathy which is often associated with massive blood transfusion is caused by 
a reduction of both platelets and clotting factors. 
Platelet transfusion is based upon the following guidelines: 

• Loss of 40% of the starting platelet count is associated with the loss of 
approximately one blood volume. 

• The loss of a second blood volume is associated with an additional 20% loss of 
platelet count. 

• A 10% drop in platelet count occurs with the subsequent of one blood volume. 
In total, the loss of three blood volumes is associated with a total loss of 70% of the 
starting platelet count. 
Coagulopathies in trauma patients may be due to hypothermia or the type and volume of 
transfused blood product. 
 
 
Massive transfusion of RBCs, albumin, starch and crystalloid is often associated with 
clotting factor deficiency since 80% of these factors are separated into the plasma 
fraction. 
When > one blood volume is replaced, considerations should be made for transfusion of 
clotting factors. 
Laboratory studies include: 
 PT: a measure of the extrinsic system: factors VII, X, prothrombin and fibrinogen 
 PTT: a measure of the intrinsic system: factors XII, XI, IX, VIII, X and V, prothrombin 
and fibrinogen. 
INR (an acceptable value<1.5) 
These laboratory tests are not very helpful in evaluation of intraoperative coagulpathy 
due to the delay in results. 



More useful tests, which provide information regarding clot formation and lysis, include: 
• Platelet function analyzer (PFA) 
• Thromboelastography (TEG)  
 

Metabolic consequences of transfusion therapy include (12) 

Hypocalcemia: most commonly seen with transfusion of FFP and whole blood, due to 
the greater concentration of citrate /unit volume. It may result in hemodynamic instability 
during massive blood transfusion.  
Treatment of ionized hypocalcemia is the administration of exogenous calcium (5-10 
mg/kg CaCl2 and 15-30 mg/kg calcium gluconate). 
 
Hyperkalemia: This may cause severe and perhaps fatal cardiac arrhythmias during the 
transfusion of large volume of blood in children with small blood volumes. Potassium 
leaks as older RBCs (> 7 days) deteriorate. Blood products with high potassium levels 
include whole blood, irradiated units and units close to their expiration date. 
 To avoid this potentially fatal complication of massive transfusion in neonates and 
smaller children, it is advisable to use fresh or newer blood.  
Hyperkalemia is treated by the administration of  

• Calcium chloride or gluconate 
• Glucose/insulin infusion 
• Hyperventilation 

Hypomagnesemia: Mg is important in maintaining cardiovascular stability. In the 
presence of a life –threatening arrhythmia the treatment of hypomagnesemia is IV 
magnesium sulfate: 
        Loading dose 25-50mg/kg followed by an infusion of 30-60 mgs/kg/24 hrs. 
Acid-base changes: CO2 is formed from continued RBC metabolism, which is usually 
eliminated by the lungs or transformed to lactic acid. The usual cause of metabolic 
acidosis is severe hypoperfusion.  
Citrate is metabolized after massive transfusion, resulting in metabolic alkalosis. The 
empiric administration of sodium bicarbonate may exacerbate this alkalosis. 
 
Hypothermia: due to the tendency of children to rapidly lose heat, hypothermia is 
common in trauma patients who are undergoing massive transfusion. Due to the 
deleterious effects of hypothermia, specific equipment is required for rapid infusion of 
blood in massively traumatized children. Such devices include: 

• Hotline 
• Level-1 system 
• Rapid infusion system 

These devices may result in the infusion of large amounts of crystalloids if they contain a 
large dead space. The risk of air embolism may occur when intravenous fluid bags are not 
vented or air is entrapped in the tubing. Air filters have been added to the newer models 
of the Level-1 system to avoid fatal air embolism. 
  
Recombinant factor VII a (r FVII a)(13) 



Originally developed by using recombinant technology for the management of 
hemophiliacs with alloantibodies against factors VIII and IX. No material of human 
origin or blood product is used in its production.  
Its mechanism of action provides the advantage of hemostasis without systemic 
activation of the coagulation cascade. Therefore it is independent of the intrinsic and 
extrinsic pathways which necessitate the presence of adequate amounts of critical factors 
e.g. VII, X, VIII and XI). The formation of tissue factor-factor VIIa complex (TF-FVIIa) 
is the major initiating event in vivo hemostasis. Tissue injury results in the release of TF 
from the endothelium, TF forms a complex with activated factor VII. Factor VIIa 
activates factor X and prothrombin. Prothrombin promotes the production of thrombin 
the formation of fibrin clots at the site of injury. rFVIIa also activates factors IX and X on 
the surface of activated platelets leading to the generation of additional amounts of 
thrombin. rVIIa promotes hemostasis at several locations within the coagulation cascade.  
Dosing of rVIIa is higher in trauma patients (up to 200 μg.kg-1), given at intervals of 2-4 
hours.  
rFVIIa has been shown to decrease prothrombin time. Clinical outcomes due to the 
administration of rVIIa do not correlate with PT. Thromboelastography (TEG) maybe a 
more accurate measure of the effectiveness of rVIIa therapy. 
Advantages of the use of rVIIa are its transfusion sparing effect, thereby avoiding 
complications of blood and product transfusion. 
The disadvantage of its use is the high cost of this therapy. Concerns exist regarding the 
use of recombinant products which may result in allergic reactions, inhibitor formation 
and thromboses. 
 
 
Pain Management of the Traumatized child  
Pain management of the injured child is a complex and challenging task due to (14) 

• Inadequate resources 
• Lack of education and discomfort of health care providers  
• Persistence of myths regarding dependence, addiction, one dose fits all patients 

and conditions, etc…  
• Unavailability of controlled substances in the field  
• The absence of tools for adequate pain assessment. 

In order to address the factors which lead to inadequate pain control in an, already 
stressful environment, protocols have to be developed to guide providers. 
These protocols should include: (14)

• Assessment with valid tools and documentation of pain scores. 
• Determining the indications and contraindications for treatment modalities. 
• Use of pharmacologic and non-pharmacologic techniques. 
• Recognizing and treating the side effects of medications. 
• Patient monitoring and reassessment during transport and transfer of care between 

providers. 
• Formation of quality improvement pain programs that evaluate patient outcomes 

and provider practice. 
 



Pharmacologic interventions should include analgesics that are safe, easily 
administered, with a fast onset and short duration. (14)  
Morphine sulfate is the gold standard.  
Other opiates usually used in trauma patients are fentanyl and nalbuphine. The latter, an 
agonist-anatgonist has minimal respiratory depressant and adverse hemodynamic effects. 
It is easily reversed by naloxone. Patients who receive nalbuphine, however, may 
demonstrate and increased requirement for pain medication.  
Mode and route of delivery of opiates is diverse and depends upon the extent of injury, 
mental status and cognitive function of the child. 
Non steroidal anti-inflammatory drugs (NSAIDS) e.g. ketorolac could be administered 
intravenously or intramuscularly in hemodynamically stable patients who do not have a 
source for bleeding. 
 
 
 
Tramadol has also been used as an alternative to opiates. Its unique mechanism of action 
via a combination of μ- opioid activity with inhibition of serotonin/epinephrine reuptake, 
make it a safe alternative to opiates. 
Other medications include ketamine, which is contraindicated in head injured children 
with increased ICP.  
Judicious use of benzodiazepines may help in relieving anxiety. Caution should be 
exercised when using benzodiazepines. Anxiety and/or combativeness could be the sign 
of other ominous conditions such as hypoxia or an occult head injury with deteriorating 
mental status. 
Local anesthetics and regional techniques are quite useful in many painful conditions in 
trauma patients. The use of epidural analgesia has several beneficial effects on the course 
of recovery and rehabilitation of trauma patients. The presence of an underlying 
neurologic deficit such as a head injury or an uncleared C-spine injury precludes the use 
of a neuraxial technique. Similarly, the potential for the development of a coagulopathy 
during the acute phase of resuscitation should be anticipated prior to insertion of epidural 
catheters in trauma patients. Close monitoring of coagulation status and following the 
ASRA guidelines for anticoagulation will prevent the development of epidural 
hematoms. 
Peripheral nerve blocks provide a safe alternative. Femoral nerve blocks have been 
proven to improve the rehabilitation and recovery of patients who sustained femur 
fractures. 
Intercostal and paravertebral blocks are alternatives to neuraxial blockade in patients 
with rib fractures. 
Caution should be exercised in patients with a nerve injury due to the trauma itself. Also 
the fear of the development of a compartment syndrome, best diagnosed by an increased 
requirement for pain medication, maybe a relative contraindication in injuries involving a 
tight compartment such as a tibia-fibular or radius-ulnar fracture. (15,16)

 
Non pharmacologic interventions are equally important since they have been proven to 
enhance pain management. Such interventions include: (21)



Cognitive interventions, which help, distract a child’s attention from painful conditions 
and may raise endorphin levels. Music, guided imagery, distraction and hypnosis are 
examples of such therapies. 
Behavioral interventions such a relaxation techniques, biofeedback and breathing 
exercises help shift the focus away from pain 
Physical strategies, particularly during the prehospital stage of injury, may help 
substitute for unavailable pharmacologic therapies. Splinting, for example, helps mobilize 
fractured extremities, thereby, minimizing pain. Position change may have a similar 
effect. Heat or cold application, massage or touch and acupuncture are examples of other 
physical strategies. 
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