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TRAUMA MANUAL
6th Edition

PURPOSE AND GOALS
In medicine, few situations can be so complex or foreboding as the initial management of the 
complex injured patient. The successful outcome of a resuscitation of a seriously injured patient 
is determined by the skills of the resuscitating team, the teamwork with which the resuscitation is 
carried out, and the precision of the diagnosis and treatment used. 

At Flagstaff Medical Center, a great effort has been made over the years to improve trauma 
care in order to provide outstanding service to the Northern Arizona region. In order to fulfill 
this commitment, all of the members of the Trauma Program (surgery, emergency medicine, 
orthopedics, neurosurgery, etc.) must work together to provide exceptional care for the best patient 
outcomes. Since there are many who are involved with the Trauma Program for only brief periods 
of time, one of the best ways to ensure optimal care is the standardization of care in the resuscitation 
and care of the trauma patient. 

This manual was written to accomplish the following goals:
      A. To improve the delivery of resuscitation care to the trauma patient. 
      B. To aid in the appropriate utilization of resources. 
      C. To help in the orientation of new employees and rapidly acquaint them with their roles         
           on the Trauma Team. 
      D. To optimize resuscitation teamwork between surgeons and emergency medicine 
           physicians. 
      E. To demonstrate to the community that the trauma center at Flagstaff Medical Center             
functions smoothly and efficiently, thereby encouraging the proper utilization of our 
           services. 
      F. To provide a “model” system of resuscitation for other regional trauma programs.

For the purposes of this manual, we shall assume that the patients for which the Trauma Team 
is notified will have multiple injuries and be unstable. It is important to remember that the 
resuscitation scheme should be implemented for all patients who appear to meet the criteria with the 
assumption that each patient is potentially critically injured and has a life-threatening condition. If 
the injuries are found to be less severe, then the resuscitation protocols can be modified accordingly. 
The guidelines in this manual are strictly “suggestions” and educational tools for the management 
of the trauma patient and the performance of procedures. In no way are they intended to be limited 
approaches to the problems presented to the Trauma Team. Obviously, many interpretations of these 
guidelines can be made which are quite appropriate to trauma care in individual circumstances. 
The approach to each patient should be individualized to fit the particular needs of the patient and 
the available resources of the Trauma Team. This manual will be reviewed and updated annually 
by the Division of General Surgery, the Department of Emergency Medicine and the Flagstaff 
Medical Center Trauma Multidisciplinary Committee. Any suggestions for changes or adjustments 
should be given to the Trauma Director, Trauma Program Manager, and members of the Trauma 
Multidisciplinary Committee.
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OPERATIONAL GUIDELINES: CATEGORIZATION OF THE TRAUMA 

PATIENT - TRAUMA CODE TIER SYSTEM
GUIDELINES:

Flagstaff Medical Center is designated Level 1 trauma center by the state of Arizona. We are a 
validated Level II trauma care as defined by the American College of Surgeons. In conjunction 
with this, Flagstaff Medical Center and the Trauma Service will be available to treat and admit 
any seriously injured patient at high risk of dying or suffering morbidity from multiple and severe 
injuries. In general, we will be using the definitions proposed by the Committee on Trauma of 
the American College of Surgeons. In certain cases the definition of trauma that is established by 
“mechanism” and “preexisting conditions” have been altered.

The attending in the Emergency Department will have the authority to define each patient as falling 
into one of the following categories. Consultation with the Trauma Surgeon is always available 
to help make this decision. Additionally, if the patient deteriorates en-route or after arrival to the 
Emergency Department, the status can be upgraded at any time at EMS, Physician, or Nursing 
discretion. Once a patient has been assigned an activation status (One, Two, or consult), the status 
cannot be downgraded without consultation and approval of the ED attending.

DEFINITIONS:
Trauma  Critical – The trauma team will be activated for patients exhibiting one or more of the 
following criteria. A trauma surgeon and anesthesiologist will be notified of the trauma critical ETA 
and will be present in the Emergency Department within 15 minutes of the patient’s arrival. 

Trauma Guarded – The trauma team should be activated for patients exhibiting any of the 
following to expedite evaluation. The patient will have immediate evaluation by the Emergency 
Department physician upon arrival to the Emergency Department. A general surgeon or other 
specialist will be consulted as appropriate. When a consultation is done, these patients should 
be seen by a Trauma Surgeon within 6 hours from the time consulted.

Trauma Consult – Patients in this category arrive at the Emergency Department following 
a trauma with a significant mechanism of injury in stable condition with minimal evidence 
of injury. These patients appear that they would be discharged following a negative work up. 
Subsequent workup may reveal that there is: 

 • A traumatic injury requiring operative intervention by any service.
 • A traumatic injury requiring admission to any service.
 • A negative workup, but the patient is not dischargeable due to another issue such as altered        
   mental status, post-concussion, vomiting, pain control, poor social support, etc.

1. Incoming Transfers: The Emergency Department attending physician can make decisions 
concerning acceptance of patients to Flagstaff Medical Center and the activation of the Trauma 
Team. If  there is any question as to the appropriateness or timing of the transfer, the trauma 
surgery attending physician will have final authority.

2. In studies in which triage accountability has been examined, it must be noted that “over 
triage” to trauma centers is common. Therefore, the Trauma Team of Flagstaff Medical Center 
will be willing to accept injured patients who may be on the borderline of acceptance criteria. 
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 TRAUMA CRITICAL 
 GCS ≤ 8 with mechanism attributed to trauma 
 SBP < 90 mmHg at any time  
 RR <10 or > 29, Respiratory compromise or in need of emergent airway 
 Intubated trauma patients 
 Flail chest/chest wall instability 
 Burns to face, airway or ≥ 20 % TBSA 
 Penetrating trauma to head, neck, chest, abdomen/pelvis  
 Transfusing blood 
 Use of a tourniquet or uncontrolled active bleeding 
 Quadriplegia/paraplegia  
 Mangled, crushed, amputated extremity proximal to elbow or knee 
 Pulseless extremity  
 ED Physician, RN, Pre-Hospital discretion 

 

PEDS SPECIFIC TRAUMA CRITICAL  

 SBP less than 70 mmHg + (2x age in 
years) 

 RR <20 in child <1 year 
 

TRAUMA GUARDED  
 Persistent Heart Rate > 120 
 GCS 9-14 with mechanism attributed to trauma 
 Crush injury to torso 
 Blunt abdominal trauma/significant abdominal pain or abdominal seatbelt sign 
 Pregnant patient >20 weeks with mechanism of injury 
 Suspected pelvic fracture/pelvic binder applied 
 Suspected two or more proximal long bone fractures  
 Penetrating trauma to extremities  
 Mangled, crushed, amputated extremity distal to elbow or knee 
 SIGNIFICANT MECHANISM OF INJURY: I.E.  

 Death of occupant In same compartment 
 Intrusion >12 inches, prolonged extrication 
 Ejection from vehicle, motorcycle, ATV or animal 
 Auto vs pedestrian/bicyclist thrown or run over 
 Bicycle crash with estimated speed  >20 MPH 
 Skiing or sledding injury with significant impact 
 Falls From height:   

 Adult >20 feet 
 Pediatric >10 feet or two times their height 
 Fall from height above ground level in anticoagulated patients 

 ED Physician, RN, Pre-Hospital discretion 
 

HIGH RISK HEAD INJURY:   
Anticoagulated patient not meeting above criteria with signs of head trauma 
 Discuss with ED physician to order prompt Head CT 

NORTHERN ARIZONA HEALTHCARE 
FMC/VVMC 

       TRAUMA ACTIVATION CRITERIA 

                                                   August 2021 

Trauma Team Activation 
Criteria"
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Initially, the trauma service must be activated for any patient with a thermal injury 
and the presence of another organ system injury or altered physiology consistent with 
other injury. Utilize Tele-Burn capabilities in the ED if available.

HEAD and NECK TRAUMA

9  TRAUMA GUIDELINE MANUAL – Northern Arizona Healthcare 2020

NAH Operational Guidelines 2020
4. Burns - Flagstaff Medical Center is NOT a regional burn center, and will only provide initial 
stabilization and triage for burn patients in accordance with the American Burn Association 
standards. Initially, the trauma service must be activated for any patient with a thermal injury 
and the presence of another organ system injury or altered physiology consistent with other 
injury. Utilize Tele-Burn capabilities in the ED if available.
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PRACTICE GUIDELINES: MANAGEMENT OF TRAUMATIC BRAIN INJURY

DEFINITIONS:

1. Concussion: mild traumatic brain injury, alteration of consciousness without any structural  
    damage. Does not have to have a loss of consciousness.
2. Traumatic brain injury: An injury to the brain resulting in disorders of motor, sensory and/ 
    or cognitive function.
 a. Primary: occurs at the time of the trauma (contusions, DAI, bone fragmentation)
 b. Secondary: occurs following initial injury such as edema, hypoxemia, ischemia  
                 (from elevated ICP or shock), vasospasm, and intracranial hematomas
3. Diffuse Axonal Injury (DAI): occurs from rotational acceleration/deceleration injury,        
    hemorrhagic foci occur in corpus callosum and brainstem if severe. May be clinically   
    diagnosed if loss of consciousness >6 hours in absence of intracranial mass or ischemia.
 Grade 1: Bi-frontal shearing, transient LOC
 Grade 2: Bi-frontal shearing, corpus callosum shearing
 Grade 3: Bi-frontal shearing, corpus callosum, and brainstem shearing, 90% 
 remain in vegetative state

Grading Head Injury Severity:
 a. Minimal: GCS 15, no loss of consciousness (LOC), no amnesia
 b. Mild: GCS 14 or GCS 15 with LOC
 c. Moderate: GCS 9-13, or LOC>5 min of focal neurological deficit
 d. Severe: GCS 5-8
 e. Critical: GCS 3-4

GUIDELINES:
1. Assessment specific to TBI or Spinal Cord Injury
 a. Primary survey 
 b. Visual Inspection
  i. Periorbital ecchymosis
  ii. Battles Sign: Postauricular ecchymosis
  iii. Cerebral spinal fluid (CSF) drainage from nose or ears
  iv. Hemotympanum
 c. Cranial nerves 
  i. CN II: Visual Acuity
  ii. CNIII: Pupil reaction and Extraocular Movement (EOM)
  iii. CNIV, VI: EOM
  iv: CNV: Facial Sensation
  v: CNVII: Facial Movement, upper and lower
  vi: CNVIII: Hearing
  vii: CNVIX-X: Gag Reflex
  viii: CNXI: Shoulder Shrug and head turn
  ix: CNXII: Tongue movement

Head and Neck Trauma 
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d. Glasgow Coma Score 
e. Motor strength/tone, all 4 extremities (5-normal, 4-against resistance, 3-against gravity,   
    2-movement without gravity, 1-visible/palpable contractions, 0-no response)
f. Sensory
    i. Pinprick and light touch in all 4 extremities
    ii. Evaluate for dysesthesias
g. Reflexes
     i. Deep Tendon Reflexes (upper and lower extremities)
     ii. Babinski: Big toe upward movement toward shins, fanning of other toes, abnormal
     iii. Hoffmans: A quick flick or snap of the fingernail on middle finger results in flexion of  
           the tip of index, ring or thumb, this indicates spinal cord compression
     iv: Clonus
h. Cerebellar
     i. Dysmetria
     ii. Pronator Drift
     iii. Rapid alternating movement
i. CT scan head/spine 
     i. Low Risk: asymptomatic, headache, dizziness, scalp hematoma/laceration/abrasion,   
        no LOC-> CT not indicated, managed with observation
     ii. Moderate Risk: change of LOC, progressive headache, ETOH/drug intoxication,   
         seizure, <2y/o, vomiting, multi trauma, serious facial injury, amnesia-> CT    
         recommended, consider admission
     iii. High Risk: decreased or decreasing LOC, focal neurological deficits, penetrating or   
           depressed skull injury-> CT STAT
 
2. Initial management: 
 a. Establish airway (RSI for GCS<8) 
 b. IV access-use NS. Do not use dextrose containing solutions. 
 c. Bedrest, HOB 30-45 if spine is cleared
 d. Hourly neurochecks
 e. Foley /OGT
 f. Avoid Hypotension, keep SBP>100 for patients 50-69 years old or >110 for patients  
 15-49 years old or > 70 years old, CPP= MAP+ICP 
 g. Avoid hypoxia, PaO2 <60
 h. Utilize Traumatic Brain Injury Order Set
  i. INR < or = to 1.4
  ii. Platelets Goal >75000
  iii. Blood Glucose <140mg/dL
  iv. Hemoglobin Goal > or = to 8 gm/dL
  v. pH 7.35-7.45, pCO2 35-45
  vi: CVP 5-7
 i. Consider placement of arterial/central venous catheters for monitoring/treatment 
 j. Placement of ventriculostomy drain for ICP monitoring/CPP    
       management
 k. Use Vigileo for hemodynamic monitoring if arterial line in place 
 l. OR for patients with lesions/brain compression at discretion of neurosurgeon 

3. ICP/CPP Management **GOALS ICP<22, CPP>60, Intracranial Hypertension defined as 
ICP >20-25mm Hg sustained**
 a. HOB 30-450, or reverse Trendelenburg
 b. Assure head and neck alignment, avoid tight trach collar
 c. Control hypertension -> DO NOT over treat though
  

Head and Neck Trauma 
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i. Nicardipine if not tachycardic 
 ii. Beta blocker
 d. Avoid hypoxia, O2>90% or PaO2>60
 e. Avoid hyperglycemia
 f. Ventilate for PaCo2 35-40mmHg
 g. Assure sedation and analgesia goals are met
 h. Re-tape endotracheal tube if tape circumferentially around neck
 i. Consider ventriculostomy placement to drain CSF
 j. Consider repeat CT Head
 k. If ICP>20 after treatment consider the following: 
  i. Increase sedation
  ii. Hypertonic Saline 3% if Na levels <145, defer to neurosurgery for   
        management
  iii. Mannitol 0.25-1 GM/kg IV (also reserved for patients with signs of  
                                         transtentorial herniation who are adequately volume resuscitated)
   a. Pupillary dilation (unilateral or bilateral)
   b. Asymmetric papillary reaction
   c. Decerebrate or decorticate posturing
   d. Deterioration of neurological exam
   e. Hold if SBP<90 or OSM >320
  iv. Hyperventilation, only temporary of PaCO2 25-30, avoid in 1st 24hours 
  v. Consider paralysis
  vi. High dose barbiturate therapy at discretion of neurosurgery
  vii. Decompressive craniotomy at discretion of neurosurgery

4.  Target Temperature Management
 a. Temperature >38.0 after initial therapy (2 hours post acetaminophen dose)
 b. Place continuous temperature monitoring device
 c. Tier 1  management (goal for TTM normothermia 36.5-37.5oC
       i. acetaminophen 975mg x 1 rectal, or 1000mg x 1 orally
 d. Tier 2 management
  i. q1h shivering assessment
  ii. Magnesium level baseline then q6h, replace per order set
  iii. schedule rectal Tylenol 650mg
  iv. buspirone 20mg q8h
  v. Cooling blanket set to 37.0C, Bair Hugger set to 43.0C
 e. Tier 3 management
  i. BIS monitoring, target 40-60
  ii. If BSAS =1, Precedex Drip, target BASA=0
  iii. If BSAS =2 increase propofol infusion
 f. Tier 4 management
  i. Consider status epilepticus, obtain EEG
  ii. Aggressive management if BSAS 3 or greater after reaching maximum  
                                        doses of precedex and propofol, start Midazolam
  iii. Last lime of treatment neuromuscular blockade (Cisatracurium) train  
                                        of four
5. Cushing’s Triad
 a. Hypertension
 b. Bradycardia
 c. Respiratory irregularity 

Head and Neck Trauma 
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6. Discharge Instructions for head injuries
 a. A change in level of consciousness (including difficulty awakening)
 b. abnormal behavior
 c. increased headache
 d. slurred speech
 e. weakness or loss of feeling in an arm or leg
 f. persistent vomiting
 g. enlargement of one or both pupils
 h. seizures
 i. significant increase in swelling at injury site

PRACTICE GUIDELINES: EEG

1.The following algorithms should be utilized in ordering EEG’s. Please refer to Practice 
Guidelines on Management of seizure related to head trauma. Trending EEG can only  be 
ordered at the discretion of the Neurologist after consultation is obtained.

Head and Neck Trauma 
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PRACTICE GUIDELINES: POST-TRAUMATIC SEIZURES (PTS) AND 
ANTIEPILEPTIC DRUGS (AEDs)

Early Seizures: <7 days, 30% in severe head injury, can cause adverse events such as elevated 
ICP or changes in blood pressure. There is a 73% reduction in early PTS with AED and after 
one week of treatment no benefit in continuing AED.

Late Seizures: > 7days, 10-13& within 2 years of severe traumatic brain injury.

Penetrating head trauma has a much higher incidence of PTS. Prophylatic AEDs do not reduce 
the frequency of late seizures. AED should be tapered after one week, unless penetrating 
trauma. Defer to neurosurgery prior to starting.

1. Seizure Medications will be initiated on the following:
 i. Large operative subdural hematoma, cortical contusion or intracerebral hematoma.
 ii. Depressed skull with TBI
 iii. Documented seizure within 24 hours of injury
 iv. GCS<10 with documented TBI
 v. Penetrating brain injury
 
2. Treatment  with one of the following for 7 days unless continued/or episode of a seizure:
 i. Keppra 500mg IV/PO bid 
 ii. Phenytoin: Loading dose 10-20mg/kg IV x 1 then 100mg PO/IV q6-8 hours based  
                      on serum drug levels
 iii. Vimpat 100mg IV/PO bid

Head and Neck Trauma 
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SPINAL MOTION RESTRICTION (SMR) PROCEDURE: PRE-HOSPITAL

Definition: Spinal motion restriction is limiting gross movement by the patient in order to 
prevent additional damage to the spine. This is a pre-hospital procedure that should be applied 
to patients with potential spinal injury, after completing the patient assessment in conjunction 
with the SMR algorithm. 

The purpose of SMR is to reduce the potential negative effects that may be causes by traditional 
spinal immobilization. The use of the algorithm should allow for a more thorough patient 
assessment. The evaluation process should assist in the decision making of the potential risks 
and benefits of applying SMR and if it outweighs the known risk associated with equipment 
and the procedure. This algorithm is a screening tool that has been derived from research, 
current practice, and expert input to identify those patient’s that may or may not benefit from 
SMR while being transported to an ED for definitive trauma evaluation. This is not replacing 
“clearing” of the spine.

PROCEDURE
1. The following are acceptable methods and equipment to achieve SMR.
          a. Supine or semi-fowlers (if respiratory difficult lying flat)on gurney with cervical collar.
          b. Supine with full-body vacuum splint. 
          c. Supine on scoop stretcher, secured with strap system and appropriate padding (head   
              blocks), avoiding any log roll movement provides benefit. 
          d. Supine on long backboard, secured with strap systems and appropriate padding (head    
              blocks)
          e. Pediatric patients in appropriately sized car seat with supplemental padding.
               **These rigid devices are not meant for long term spinal immobilization, only short   
               term use during extrication then transition to SMR on a gurney.***
2. Provide manual stabilization of the head to restrict gross movement. 
          a. Patient’s that are alert and cooperative with no altered mentation may be able to self   
              limit any movement without cervical collar. This may be true for those ambulating  
              prior to EMS arrival
3. Apply appropriate sized cervical collar.
4. Obtain history and a detailed examination to evaluate GCS, pain, numbness, or tingling,  
    neurological deficits, spinal tenderness or deformities, and/or painful distracting injuries.
5. Patient’s should be extricated by limiting flexion, extension, rotation and distraction of the   
     spine. If patient able and cognizant inform them on limiting spinal motion.
a. Use pull sheets, scoop stretchers, other flexible devices. Limit long boards as they have low  
    friction surface that may result in more spine movement.
6. Provide adequate padding if patient is being transported on a hard device, this will prevent  
    tissue ischemia and allow for patient comfort.
7. Position the patient in order to protect the airway.
8. Continuously reassess neurological examination (motor and sensory).
9. Monitor respiratory function using SpO2 or EtCO2.
10.Document examination findings before and after any patient movement and packaging.

Head and Neck Trauma 
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SPECIAL CONSIDERATIONS
1. If patient experiences any adverse effects from a SMR method, alternative measures 
    should be tried.
2. Respiratory compromise may be experienced by geriatric and pediatric patients that are  
     secured to a long board. 
 a. Those with acute or chronic respiratory problems, SMR may reduce respiratory  
                      function by as much as 20%.
3. In pediatric patients avoid any movement that will increase spinal motion. If the SMR     
    method of using a car seat, ensure there is a proper assessment of the patient’s back.
4. In combative patient also avoid any motions or interactions that will increase agitation 
    or spinal motion.

Head and Neck Trauma 
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PRACTICE GUIDELINES: NECK IMMOBILIZATION PRIOR TO CERVICAL 
SPINE CLEARANCE

MANAGEMENT:

Cervical spine immobilization:  Use of a device to stabilize the neck in a neutral position until 
adequate evaluation can be done to determine the presence or absence of cervical spine injury.

1. All patients who have mechanism for cervical spine injury and are being evaluated according 
to the C-spine clearance protocol must be treated with cervical spine immobilization, 
including:
  a. Head of bed FLAT
  b. Always log roll
  c. Place Cervical immobilization collar
 d. Remove back board as soon as possible
 e. Evaluate under the collar (with manual immobilization) for lacerations, swelling,  
                      tracheal deviation, subcutaneous emphysema, or distended neck veins
 f. Replace transport collar with well fit ASPEN or Vista collar

2. Proceed with C-spine clearance protocol. 

3. A note in the chart should indicate the condition of the skin around the collar if it has been 
in place for five days or more.  If skin breakdown or decubiti are apparent, obtain a wound care 
consult. 

Head and Neck Trauma 
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PRACTICE GUIDELINES: CERVICAL SPINE COLLAR REMOVAL EVALUATION/
MANAGEMENT:

Cervical Spine Collar Removal: Evaluation for bone and/or ligament injury of the cervical 
spine by use of clinical judgment and radiographic studies.

1. Patients should be considered to be at risk for a cervical spine injury if they present with any 
of the following conditions:
  a. Acute history of head or neck injury
  b. Pain in the cervical spine or paraspinous muscles 
  c. Pain to palpation of the cervical spine
  d. Traumatic brain injury and/or skull fracture 
  e. Facial injuries such as fractures, tooth loss or severe  lacerations
  f. Any neurological deficits 
 

Head and Neck Trauma 
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2. The risks of skin breakdown secondary to prolonged cervical spine immobilization 
must be weighed against the risks of removing the collar and supported with appropriate 
documentation. 

3. If any abnormalities are found on any of the radiographs, then consult the orthopedic or 
neurosurgical spine service. The cervical collar should be kept in place and spinal precautions 
maintained. 

4. If there are any neurologic deficits attributable to a possible cervical spinal cord injury, then 
consult the orthopedic or neurosurgery spine service. The cervical collar should remain in 
place and spinal precautions observed. 
  a. Obtain a CT scan of cervical spine with reconstruction.
  b. If no bony abnormalities are seen, then obtain an MRI scan to determine spinal  
                       cord abnormalities. 

5. Every effort should be made to carefully take the patient off the spine board as soon as 
possible, even if spine has not been cleared, as these devices do not provide complete spinal 
immobilization and may be uncomfortable and cause skin damage.

PRACTICE GUIDELINES: TRAUMATIC NON-PENETRATING TETRAPLEGIA 
OR PARAPLEGIA

DEFINITIONS:
1. Traumatic tetraplegia: any spinal cord injury associated with upper and lower extremities.
2. Traumatic paraplegia: any spinal cord injury associated with lower extremities.
3. Incomplete: any residual motor or sensory function more than 3 segments below the level of 
injury. 
4. Complete: no preservation of any motor and/or sensory function more than 3 segments 
below the level of injury.

GUIDELINES:
1. Follow the ABC’s and ATLS protocol
 a. Hypotension and bradycardia are common, maintain SBP >90
 b. Maintain oxygenation and ventilation, common for paralyzed intercostal muscles
                      and/or diaphragm  
 c. Consider intubation 

2. Consult neurosurgery
3. Perform a complete neurologic exam looking for neurologic deficit and the level of the     
    deficit.
 a. Motor
 b. Sensory, dysesthesias, and proprioception
 c. Reflexes
 d. Babinski, Hoffmans, Rectal tone, Clonus
 e.  If tetraplegia or paraplegia are noted, perform a bulbocavernosus reflex test:
      i. Male: pull on penis while examining for an increase in rectal tone. 
      ii. Female: pull on Foley catheter while examining for an increase in rectal tone.
      iii. If this reflex is absent, then spinal shock (spinal neuroplexus) may be occurring  
                            and ultimate outcome of injury is masked. 

3. Maintain spine precautions including head of bed FLAT and log roll
4. Obtain films according to the C-spine and thoracic and lumbosacral injury protocols. 

Head and Neck Trauma 
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MANAGEMENT:
1. Initiate the Critical Spinal Injury Power Plan
2. Neurogenic shock may occur with injuries down to T4-6. Interruption of sympathetics above  
     T1 or relative hypovolemia from loss of muscle tone and vascular pooling.
 a. Place Foley and monitor urine output
 b. Consider NG tube placement because aspiration is common 
c. Place arterial line
 d. If patient has SBP <90 mmHg or MAP <85 mmHg and urine output <50 ml/hr 
                 and hemorrhagic shock has been ruled out (by CXR, DPL, FAST or CT scan of the  
                     abdomen), follow the following steps until improvement occurs:
  i. Administer 1 liter of IV fluid
  ii. Start dopamine at 5 mcg/kg/min and titrate for MAP goals; continue  
      fluid resuscitation as necessary
  iii. Consider starting Levophed as second agent
  iv. Avoid phenylephrine because it is non inotropic and may cause reflex  
                                        vagal tone with bradycardia   
  v. Maintain MAP>85 x 5 days in ICU if on vasopressors or until cleared by  
                                       Neurosurgery
  e. Monitor IV fluid and volume status closely
  i. Hypovolemia is common, but be careful with hydration there is a   
                                      propensity for pulmonary edema to occur
3. Do not give steroids. Contact Neurosurgery regarding this medication.
4. For persistent hypotension or orthostatic hypotension
 a. Midodrine 5-15mg po tid
 b. Phenylephrine (Sudafed) 30-60mg every 4-6 hrs max 240mg/day
 c. Afrin nasal spray, 1 spray q 4hours
 d. Consider florinef 0.1mg q day (max 1mg/day) monitor sodium levels
 e. Compression wraps or thigh ted hose
 f. Abdominal binder

5. For tetraplegics with potential pulmonary problems:
 a. Nearly all patients with a C-5 or higher neurologic deficit will require intubation.
 b. Assess vital capacity: if less than 1000 ml (or 10 ml/kg), consider intubation. 
 c. Assess ability to clear secretions: consider intubation if secretions cannot be   
     cleared spontaneously or with quad cough maneuver. 
 d. Closely monitor in ICU or step down unit for the first 24 hours, with good    
                      pulmonary toilet. 
 e. If there is a question about retention of secretions or development of atelectasis in 
                      the first 24 hours, intubate 
5. Provide DVT prophylaxis (see Practice Guideline: DVT,  Prophylaxis).
6. ASIA score documentation should be done on admit and on discharge.
 a. See page for documentation
7. Initiate early discharge planning with the goal of transferring to rehab as soon as possible.

Head and Neck Trauma 
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Table 3.   Segmental Reflexes

Reflex Level

Biceps C6

Triceps C7

Upper abdominal* T7-T10

Lower abdominal* T10-T12

Cremasteric* L1

Knee jerk L4

Posterior tibial jerk L5

Ankle jerk S1

Bulbocavernosus1 S2-4

Anocutaneous2 S4-5

Table 2.   Major Sensory Levels

C4 Clavicle

C5 Deltoid region

C6 Radial forearm and thumb

C7 Middle finger

C8 Fifth finger

T1 Medial, proximal arm

T5 Nipples

T7 Costal margins

T10 Umbilicus

T12 Inguinal ligament

L3 Anterior thigh

L4 Medial aspect of knee

L5 Lateral calf, dorsum of foot, big toe

S1 Later foot, fifth toe

S2 Posterior thighs

S3,4 Buttocks, perianal region

Table 1.   Major Motor Levels

Level Muscle Group
                                               
Action                                  DTR

C5 Deltoid, spinati Abduction of shoulder; 
     external rotation of arm

C6 Biceps, brachialis Flexion of elbow Biceps jerk

C7 Triceps, wrist 
extensors

Extension of elbow, wrist Triceps jerk

C8 Intrinsic hand 
muscles

Abduction, adduction of 
fingers

L2,3 Iliopsoas Hip flexion

L4 Quadriceps Extension of knee

L5 Tibialis anterior and 
posterior, extensor
     halluces longus

Dorsiflexion of foot and 
big toe

Knee jerk

S1 Gastrocnemius Plantar flexion of foot Ankle jerk

S4-5 Anal sphincter Voluntary contractions of 
anal sphincter

*  Cutaneous reflexes: decreased in 
    upper motor neuron lesion.
1   Contraction of bulbocavernosus 
    muscle after stroking dorsum of  
    glans penis.
2   Contraction of anal sphincter 
    after stroking the perineal skin. 

21  TRAUMA GUIDELINE MANUAL – Northern Arizona Healthcare 2020
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Obtained from pbrainmd.wordpress.com/2017/03/23/spinal-cord-injury/

DERMATOME MAP:

TRAUMA GUIDELINE MANUAL – Northern Arizona Healthcare 2020  22

DERMATOME MAP:



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
21

PRACTICE GUIDELINES: MANAGEMENT OF PENETRATING NECK INJURY

DEFINITIONS:

1. Penetrating Injury: Any inflicted injury that penetrates the skin. This could be a gunshot 
wound, stab wound or foreign body penetration of any nature. These guidelines do not apply to 
penetration of the oral or pharyngeal mucosa as might be seen with medical instrumentation, 
etc. 

MANAGEMENT:

1. For all penetrating injuries of the neck, first apply all of the principals of ATLS pay particular 
attention to airway, since this will be the most life-threatening associated condition. Emergency 
cricothyrotomy should be avoided in the Emergency Department since a contained hematoma 
can be released with disastrous consequences. Remember that neck injuries can be associated 
with chest injuries; therefore, chest assessment should be fully undertaken.

2. If the neck injury is associated with any of the following conditions, then the patient should 
be taken immediately to the operating room for exploration:
  a. Shock.
  b. Active hemorrhage.
  c. Expanding hematoma.
  d. Need for surgical airway.
  e. Obvious esophageal injury.
  f. Obvious tracheal injury.

3. For other stable neck injuries, a determination should be made as to whether the platysma 
has been penetrated. Slash wounds  can easily be examined to determine this. Usually slash 
wounds can be fully explored and closed in the ED if there are no major injuries. For puncture 
wounds that seem superficial, the wound can be anesthetized and enlarged for a direct visual 
observation to determine if the platysma is intact. DO NOT PROBE NECK WOUNDS!! If the 
platysma is intact, then close the wound if possible and discharge. 

4. If the platysma has been violated, then classify the wound as:
  a. Zone I - below cricoid cartilage.
  b. Zone II - between cricoid and angle of the mandible.
  c. Zone III - above the angle of the mandible.
  d. An X-ray of the neck may be helpful if a bullet or foreign body is still in the neck  
                       and to assess for subcutaneous air.

Head and Neck Trauma 
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5. For Zone I injuries (which are really chest injuries):
  a. Obtain a chest X-ray to determine the presence of chest injury.
   i. Obtain an angiogram or CTA, neck and chest
   ii. Obtain an esophagram. (Gastrograffin), refer to evaluation of   
         esophageal injuries
   iii. Obtain or perform bronchoscopy
  b. Obtain CT scan to determine track of bullet
  c. If track approaches vessels or airway, then will need an angiogram and     
                       bronchoscopy. 

6. For a Zone II injury, use clinical findings to classify as low or high probability of vascular and  
    aerodigestive injury.
  a. For high probability injuries (GSW, shotgun wounds, swelling, path crossing  
      midline):
   i. If the injury is a gunshot wound, consider an angiogram to help define  
       extent an location of vascular injury if the patient is stable. In many  
                                        cases this step is skipped since vascular injury is likely.
   ii. Prophylaxis with antibiotics (Unasyn)
   iii. Take to the operating room for neck exploration.
 b. For low probability injuries (stab wounds, minimal swelling, lateral, posterior).  
  Consider the following:
   i. Obtain angiogram or CTA
   ii. Obtain esophagram
   iii. Perform laryngoscopy and bronchoscopy if indicated  (e.g., air in    
                                          tissues or subcutaneous emphysema)

7. For Zone III injuries:
  a. Obtain CTA.
  b. Obtain or perform direct pharyngoscopy and laryngoscopy.
  c. Treat based on findings. 

8. For GSW injuries (usually Zone II) that appear to have traversed the neck lateral to the 
carotid sheath. The proximity to the vessels and aerodigestive organs can be determined as
an indicator for any additional studies.

10. For all penetrating neck injuries that have violated oral mucosa, treat  with antibiotics 
(Unaysn).

11. Obtained from https://aneskey.com/penetrating-neck-trauma-2/

Head and Neck Trauma 
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PRACTICE GUIDELINES: MANAGEMENT OF BLUNT 
CEREBROVASCULAR INJURIES

TWO TYPES:

1. Penetrating
2. Non-penetrating
 a. Blunt injury, usually dissection
 b. Stretch
 c. Occlusion, usually related to a fracture
3.  Signs and Symptoms of BCVI 
 a. Arterial hemorrhage from neck/nose/mouth
 b. Cervical bruit in patient < 50 years
 c. Expanding cervical hematoma
 d. Focal neurological deficits
 e. Neurological deficit inconsistent with CT head
 f. Stroke on CT/MRI
4. Risk Factors for BCVI
 a. high energy mechanism associated with displaced mid face fractures, basilar skull  
                     fx involving the carotid canal
 b. TBI consistent with DAI and GCS <6
 c. Cervical vertebral body or transverse foramen fracture, subluxation, or     
                      ligamentous injury at any level
 d. Any fracture involving C1-C3
 e. Near hanging with anoxic injury
 f. Clothes-line injury or seat belt abrasions with significant cervical swelling, pain or 
                     mental status changes
5. Indications for CTA
 Blunt Cerebral Vascular Injury (BCVI) CTA Imaging Protocol
 GCS ≤ 8
 Lefort II or III Pattern of Facial Fracture
 Focal neurological deficit
 Skull Base Fracture Involving Carotid Canal and/or Petrous Bone
 Neck Soft Tissue Injury
 Transverse Foramen and/or C1-C3 Fracture
 Cervical Spine Injury
 Cervical spine subluxation or rotational component
 Abnormal Neuro Exam Not Explained by Imaging
 Cerebral infarct on CT

EVALUATION:
1. CT Angiogram or conventional angiography of neck (gold standard)
2. CT-A should be completed within 12 hours of injury if possible
3. Signs & Symptoms of BCVI (outlined in algorithm below)

 

Head and Neck Trauma 
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MANAGEMENT:
1. Grade I: Luminal irregularity or dissection with stenosis <25%
 a. Heparin Drip (no bolus) or antiplatelet therapy continue until lesion healed

2. Grade II: Luminal stenosis > 25%, thrombus, or intimal flap
 a. Heparin Drip (no bolus), reserve antiplatelet if contraindications to heparin
 b. Long-term treatment with antiplatelet therapy
 c. Neuroendovascular consult
3. Grade III: Psuedoaneurysm
 a. Heparin Drip (no bolus)
 b. Neuroendovascular consult

4. Grade IV: Occlusion (no bolus)
 a. Heparin Drip
 b. Long-term treatment with antiplatelet therapy
 c. Neuroendovascular consult

5. Grade V: Transection with active extravasation
 a. Urgent surgical repair 
 b. Consider endovascular stenting, complete transections consider ligation

6. Repeat CTA in 7-10 days post injury
 a. Healed lesions: discontinue anticoagulation
 b. Non-healed lesions, consider stenting for severe luminal narrowing or expanding  
     psuedoaneurysm, transition from heparin to aspirin (75-180,g)

7. Repeat CTA at 3 months post injury
 a. Healed: discontinue anticoagulation
 b. Non-healed: lifelong therapy

7. For patients with contraindications to heparin, an antiplatelet agent such as aspirin or Plavix 
can be used. Dual antiplatelet therapy does not show benefits. 

8. There is no good data to indicate the duration of antithrombotic therapy, if complete 
resolution has been demonstrated by follow up CT scan, therapy can be discontinued.

Obtained from Western 
Trauma Association 
accessed Aug. 16,2021
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PRACTICE GUIDELINES:  STRANGULATION TRAUMA
DEFINITION: Strangulation is the disruption of blood flow through the arteries of the 
neck and/or blockage of the airway through the trachea. This can be applied manually 
(hands, knee, forearm) or with a cord-like object. Strangulation is not choking.  May 
compromise blood flow to the brain (one or both carotids) or airflow to the lungs 
(suffocation, or smothering, traumatic asphyxia).

HPI/Physical Exam Findings:
 1. Physical findings: ecchymosis, scratches, lacerations or abrasions on the  
    neck, ligature marks, or erythema.
 2. Neck pain or sore throat.
 3. Asphyxia signs of symptoms include difficulty breathing, progressive  
     anxiety, cyanosis, and elevated pulse and BP.    
 4. Voice changes, dysphonia or aphonia.
 5. Swallowing abnormalities, dysphagia or odynophagia (painful).
 6. Mental status changes related to hypoxia, such as lightheaded, dizzy,   
     unconscious, loss of memory.
 7. Petechiae of the skin above the site of strangulation and oral mucosa. Sub- 
                    conjunctival hematoma.
 8. Subcutaneous emphysema can indicate tracheal or laryngeal rupture.
 9. Other neurological signs and symptoms include vision changes, tinnitus,   
    palsies, hemiplegia, or incontinence.
 10. **Up to 50% of patient’s will have no visible findings**

Evaluation/Management: 
 1. ABC’s always first. Consider early intubation.
 2. Thorough physical exam including (neurological exam, any visible   
      findings, evaluation of tenderness of neck and vasculature.
 3. If ANY physical exam findings-> CT angiogram to evaluate for blunt   
     injury to carotid and/or vertebral arteries. 
  a. Red flags before neurological manifestations:  expanding cervical  
  hematoma, significant soft tissue trauma, arterial tenderness,   
  significant neck pain, focal headache, history of transient neurological  
  complaints (hemiplegia, cranial nerve palsies).
 4. Direct laryngoscopy/ENT consult in patients that have signs/symptoms of  
     tracheal/laryngeal injury (known laryngeal trauma, altered voice,   
     painful or difficulty swallowing).
 5. If CT findings negative:  admit for observation based on severity of symptoms  
     and reliable home monitoring
 6. If CT findings positive: Consult Trauma for admission with appropriate   
     consults neurosurgery/neurology or ENT.
 7. If on HPI/PE  no LOC, no visual changes, no petechial hemorrhage, no soft  
     tissue trauma to neck, no dyspnea, dysphonia  or neurological symptoms ok to  
     discharge home with detailed instructions to return to ED if: 
  a. Neurological signs/symptoms, dyspnea, dysphonia or odynophagia  
      develops or worsens.
 8. Consider esophageal injury (Refer to Guideline)
 9. Fracture of the hyoid bone is often associated with vascular injuries.
 10. For domestic violence and/or sexual abuse, make appropriate referrals.
 11. Self-inflicted injuries need psychiatric evaluation and suicide precautions.

Head and Neck Trauma 
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FACIAL TRAUMA

PRACTICE GUIDELINES: OCULAR TRAUMA
Eye injuries are common, although most are minor, but if not treated appropriately can lead to 
vision threatening complications.

Assessment:
1. History of injury (what hit eye, foreign body)
a.Metal can penetrate through the globe to vitreous cavity
b. Human bites, or penetrating injuries caused by something contaminated need antibiotic  
    treatment
c. Chemical injuries important to know type of substance, alkali vs acid and exposure time
d. Tetanus required for lacerations or if dirty wound
2. Pupil examination
3. Evaluate extraocular muscle
4. Visual acuity

Management:
1. Corneal Abrasions-defect in the corneal epithelium
    a. Evaluated using fluorescein stain
    b. Antibiotic ophthalmic ointment (Ophthalmic bacitracin)
    c. Usually heals in 24-48 hrs
2. Open Globe Injury
    a. Penetrating ocular trauma-entry wound
    b. Perforation-through and through injury, both entry and exit wounds 
  i.  Immediate ophthalmology referral
 ii. Do not remove object if remains in globe
 iii. Do not apply any external eye pressure, okay for protective shield for transport
 iv. Elevate HOB if possible to prevent IOP
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3. Hemorrhage 
    a. Sub-conjunctival hemorrhage, common and can be conservatively managed
 i. Can be associated with globe rupture if low IOP
    b. Hyphaema-blood in anterior chamber
 i. Typically follows blunt trauma and from tearing of iris, consult Ophthalmology
 ii. Presentation blurred, photophobia or red-stained vision
 iii. Treatment may be dilation of eye with cycloplegic medications
 iv. Consider topical steroids
 v. Usually clears in 5-6 days
 vi. Vision threatening complication is increase IOP managed by po Diamox
 vii. No NSAIDS x 1 week
     c. Retrobulbar hematoma-blood into the space between eye and skull
 i. Blunt trauma usual cause
 ii. IOP can result in ischemia to retina and optic nerve
 iii. Sign/Symptoms: decreased visual acuity, proptosis, dilated pupil, restricted EOMs
 iv. Minimize activities that could increase IOP, no NSAIDs
 v. Ophthalmology consultation, may need surgical drainage
     d. Vitreous hemorrhage 
 i. Serious sign of trauma
 ii. Loss of red reflex
 iii. Ophthalmology consultation
4. Lid and canalicular lacerations
    a. Suture
    b. Lid margins need referral to ophthalmology or plastics
    c. Medial canthus injuries need evaluation for tear of lower canaliculus
5. Lens Damage-may by dislocated or subluxed
    a. IOP may increase in acute phase
    b. Lens extraction may be required
6. Orbital Injuries
    a. Proptosis or diplopia need ophthalmology referral
    b. Proptosis usually indicates orbital blow out fracture
7. Chemical Burns
    a. Immediate irrigation for at least 15 minutes
    b. Examine under fluorescein for corneal damage
    c. If corneal injury, abx ointment
    d. Alkali burns more severe need ophthalmology referral
8. Traumatic Mydriasis
    a. Caused by direct blunt trauma to the sphincter muscle of iris
    b. Symptoms: eye pain, blurry vision, photophobia
    c. Ophthalmology consultation
9. Chemosis-swelling of conjunctiva
    a. Treat underlying cause - can be infectious (bacterial or viral) or allergic reaction
    b. Eye lubrication
    c. Cool compresses

Facial Trauma 
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PRACTICE GUIDELINES: MANAGEMENT OF SEVERE MAXILLOFACIAL 
INJURIES

DEFINITION:

Facial trauma: Severe fractures of the facial bones and/or lacerations of the face, nose or ear. 
These fractures may also include fractures of the mandible.

GUIDELINES:

1. Manage the ABC’s. Remember that fractures of the facial bones are frequently associated 
with severe traumatic brain injury and cervical spine fractures. Patients with facial fractures 
should not have the C-spine cleared until they are truly alert and oriented and can give a 
satisfactory exam of the neck.

 a. Airway: Avoid nasotracheal intubation. If an airway is needed, consider orotracheal 
intubation with in-line stabilization. Cricothyrotomy should be considered with severe mouth 
and mandible trauma.
 b. Breathing: Be aware of the possibility of aspirated blood. Any suggestion of aspiration would 
indicate the immediate need for a secured airway.
 c. Circulation: Bleeding from facial trauma can be significant and sometimes very occult. Any 
hypotension should indicate the need for a vigorous resuscitation.
 d. Disability: Perform a good neuro exam. In the conscious patient, anisocoria will most likely 
be associated with direct globe trauma or damage to the oculomotor nerve.
 e. Expose: Make sure that the back of the scalp is examined for any lacerations that might 
result in severe bleeding. Control obvious vigorous bleeding before proceeding.

2. Stop the bleeding!
    a. Do this as part of the primary survey.
    b. Scalp bleeding can be controlled with Rainey clips or whip stitches.
    c. Facial bleeding can be controlled temporarily with whip stitches of 3-0 nylon.
    d. Nasal bleeding can be controlled with packing (usually nasal or vaginal packing) or       
        prefabricated nasal balloon tamponade devices. If this is not effective, may place 18 or 
       24 Fr. Foley catheters (with 30 cc balloons) in each nare. Insert the catheters deeply into the  
      nasopharynx, inflate the balloons, and then pull back with gently pressure. Tie the 
      catheters together at the nose with 0-silk to maintain gentle tension. Place anterior packing.

 i. Recommend prophylactic antibiotic coverage while nasal packing in place
 ii. Remove packing bleeding stopped or 5 days post operatively
 iii. Aspirin is associated with epistaxis

 e. With uncontrolled bleeding from the mouth, feel for a comminuted mandibular fracture. If  
     one is found, try to align the pieces as this may control the bleeding.
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3. Once the patient has stabilized, perform a good physical exam looking for:
  a. Scalp lacerations.
  b. Depressed skull fractures
  c. Depressed frontal sinus fractures
  d. Orbital fractures
  e. Eye injury, extraocular motions, foreign body in eye
  f. Malar and zygomatic arch fractures
  g. Nasal fractures
  h. Maxillary alveolar ridge fractures
  i. Missing teeth
  j. Mandible fractures
  k. Sensory deficits/Nerve Injury
  l. Hemotympanum
  m. Malocclusion

4. If patient is stable and is getting a head CT, consider obtaining maxfacial CT, plastics will 
need this evaluation if severe facial trauma.
5. Obtain a Plastics/ENT consult.
6.If there is an eye injury, obtain an ophthalmology consult.
   a. Perform latereal canthotomy early if there is an suspicion of retrobulbar hematoma
   b. Orbital blow out fractures can lead to herniation of orbital contents through orbital floor     
       leading to inability to look up and double vision
   c. Emergent consultation is necessary for severe to moderate injuries such as open globe,  
       hyphema, lens dislocation, blow out fractures with entrapment 
7. Antibiotics for open fractures & fractures involving the sinuses: Consider either 
     Ancef or Unasyn.
8.  Peridex (chlorhexidine gluconate 0.12%) swish q 6 hours for any oral trauma or open        
     mandibular fractures
9. If the patient has isolated facial trauma, it may be managed definitively early in the first day    
    or two. If there are multiple injuries, facial trauma is not a priority.
10. Specific Facial Fractures:
 a. Tripod Fractures involves the infraorbital rim, zygomaticofrontal suture, and   
     zygomaticotemporal junction leading to flattening of cheek
 b. Le Fort I, II, III Fractures are high-energy injuries (see image)
     i. Can lead to airway compromise
     ii. CTA neck on all Le Fort Fxs and mandible angle or ramus fractures, high risk of  
         vascular injury
     iii. Nasoethmoidal-orbital fractures are often associated with CSF leaks from dural  
          tears
 c.  Alveolar ridge fractures consider oral surgery consultation

Obtained from https://lifeinthefastlane.com/funtabulously-frivolous-friday-five-019/

Facial Trauma 
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Obtained from https://plasticsurgerykey.com/the-elliptical-excision/

CHEST TRAUMA

TRACHEOSTOMY GUIDELINES
Goal for tracheotomy within 5-7 days in patients that have been identified as needing  
ongoing ventilator support such as traumatic brain injuries.
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1. Indications for tracheostomy
 a. Facilitate ventilator weaning
 b. Prevent and treat retained tracheobronchial secretions
 c. Secure airway when unable to protect (due to neurological status)
 d. Chronic upper airway obstruction
 e. Reduces LOS
2. Types of tracheostomies
 a. Cuffed tubes- when inflated provide airtight seal for artificial ventilation
 b. Fenestrated- fenestrations or holes allow for air and secretions to pass into  
     mouth/nose rather than out via trach
3. Post-op Management
 a.  Site assessed at least every 24 hours
 b. Stoma site cleaned with 0.9% normal saline
 c. Stay sutures remain in place until first tube change
 d. First tube change done by either provider or RT that has been trained
      i. In open tracheostomy can be done after 4 days of insertion
      ii. In percutaneous trach can be done after 7-10 days of insertion
 e. Consult speech therapy
4. When to cap tracheostomy or wean from ventilator
 a. No ongoing mechanical ventilation requirements
 b. Strong cough and able to clear secretions
 c. Breathing spontaneously
 d. Low oxygen requirements with adequate saturations
 e. Able to deflate cuff and maintain oxygen saturations
 f. Ideally is orientated
5. Decannulation (removal of tracheostomy)
 a. Mental status should be at the level of alert and responsive so they are able  
      to manage their oral secretions without risk of aspiration
 b. Effective cough and able to clear secretions
 c. No upper airway obstruction
 d. Patient should not require frequent suctioning of tracheal secretions
 e. Cover stoma with semipermeable dressing
 f. Stoma will close 3-4 days externally, and 4-6 weeks completely
6. Complications
 a. Hemorrhage
 b. Primary misplacement of tube
 c. Pneumothorax
 d. Tube occlusion
 e. Stoma site infection
 f. Pneumonia
 g. Mucosal ulceration
 h. Tracheomalacia

PRACTICE GUIDELINES: MANAGEMENT OF BLUNT CHEST INJURIES

DEFINITION:
Chest injury: Any injury to the thoracic cage and its contents, including the 
lungs, heart, great vessels, diaphragm, tracheobronchial tree and esophagus.

Chest Trauma 
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1. Blunt chest injuries are characterized by:
 a. Mechanism:
  i. Severe blunt force applied to the chest.
  ii. Rapid deceleration injury.
 b. Signs:
  i. Chest wall deformity
  ii. Chest wall contusion
  iii. Chest wall laceration
  iv. Severe trauma above the chest (e.g., head injury) and below the chest  
                      (e.g., abdominal or pelvic injury)
 c. Symptoms:
  i. Tachypnea
  ii. Pain
  iii. Absent breath sounds
  iv. Crepitus or subcutaneous emphysema
  v. Hemoptysis
  vi. Discordant breathing pattern
  vii. Hypotension
  viii. Distended neck veins
2. With any of the above findings, consider the possibility of the 
    following chest injuries:
  a. Tension pneumothorax
  b. Open pneumothorax
  c. Flail chest/pulmonary contusion
  d. Massive hemothorax
  e. Cardiac tamponade
  f. Cardiac contusion
  g. Ruptured diaphragm
  h. Ruptured tracheobronchial tree
  i. Ruptured thoracic aorta
  j. Ruptured esophagus
  k. Myocardial tear
  l. Simple pneumothorax
  m. Fractured ribs

MANAGEMENT:
1. Maintain airway:
  a. Intubate for respiratory distress or airway obstruction.
      i. Remember that current condition may deteriorate - intubate early.
      ii.  Intubating outside the ED or ICU is difficult,  consider intubating   
           marginal patients prior to CT scanning.
  b. Beware of worsening pneumothorax as pressure is applied to the airway.

2. If time allows, obtain portable AP chest X-ray:
  a. Evaluate for possible chest injury.
  b. Confirm tube placement.
  c. All transfers who have had a chest X-ray at another facility should have a  
      repeat chest X-ray after arrival.
  d. Chest tubes should be placed prior to the chest X-ray if there is a     
                     hemodynamic compromise.
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3. For severe anterior chest trauma, obtain an emergent EKG.
4. Treat injury according to the diagnostic findings:
     a. Tension pneumothorax:
 i. Physiology: air enters the pleural space and cannot exit (“flap valve” phenomenon):
   a) Respiratory compromise due to increased pleural pressure.
   b) Hemodynamic compromise due to impaired venous return.
   c) Good lung is affected by mediastinal shift into its domain
  ii. Diagnosis:
  a) Respiratory distress.
  b) Absent unilateral breath sounds.
  c) Asymmetric chest wall motion (hemithorax “stuck out”).
  d) Hypotension with distended neck veins.
  e) Shift of the trachea and the PMI.
   iii. Treatment:
  a) With hemodynamic compromise: needle thoracostomy (5th intercostal  
       space/lateral) followed by chest tube.
  b) Without hemodynamic compromise: confirm with chest X-ray and place  
            chest tube smaller (28-32Fr)
  c) Obtain chest X-ray after chest tube has been placed.
     b. Open pneumothorax:
    i. Physiology:
  a) Open defect in chest wall allows air to enter the pleural space through the  
          defect rather than through the trachea.
  b) Mediastinum shifts as pressure gradients change across the midline.
    ii. Diagnosis: “sucking chest wound.”
    iii. Treatment:
  a) Intubate the patient and place on positive pressure ventilation.
  b) Insert large bore chest tube. Never put the tube through the wound.
  c) Cover the defect. Tape three sides, allowing air to exit.
  d) Consider surgical closure of the defect.
c) Flail chest/Pulmonary contusion/Rib Fractures
      i. Physiology:
  a) Blunt force to the chest.
  b) Flail chest are ribs fractured in multiple places lead to unstable segment 
       of chest wall.
  c) Pain
  d) Pulmonary contusion in underlying area of lung with alveolar
          hemorrhage and edema resulting in focal compliance reduction and  
       interference with gas exchange.
                      ii. Diagnosis:
  a) Paradoxical chest wall movement.
  b) Severe pain with breathing or with palpation in the affected area.
  c) Respiratory distress.
  d) Hemoptysis.
  e) Chest X-ray demonstrates contusion, but it may not show up for 
      several hours.
     iii. Treatment:
  a) Flail chest/Rib Fractures:  chest trauma order set will we used in all high  
       risk patients within 24 hours of admission. High risk includes flail chest, 
       3 or more severely displaced rib fxs, more than 5 rib fractures, or rib  
       fractures in the elderly >65 y/o. 

Chest Trauma 
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 iv) Pain control 
       a) Consider epidural early for severe pain especially in those at risk   
           for respiratory compromise
   i) Not appropriate if suspicion of spinal cord injury
  ii) Platelets must be at least 100,000 with normal coags
  iii) Patient not to be on blood thinning or antiplatelet agents
  iv) Lovenox must be held at least 12 hours prior to insertion
  v) Provider to call anesthesia directly
      b) Morphine or Dilaudid PCA 
      c) Opioids (Percocet, oxycodone, Lortab)
      d) NSAIDS (Toradol, Ibuprofen)
      e) 5% Lidocaine Patches 
      f) Anti-spasmodics (Flexeril, Diazepam, Robaxin)

      g) Physical therapy for mobility and taping
      h) Ice 20 minutes at a time
      i) Ketamine infusion start at 2.5mc/kg/min, titrate up to a maximum of               
         20mcg/kg/min by 2.5mcg/kg/min as required to obtain adequate pain  
        control
  1) Criterion
        i) More than 3 rib fractures, bilateral rib fractures, or flail  
                                                    chest, ii) 18 years old
        iii) Contraindication to epidural catheter
        iv) Not intubated
        v) No renal impairment.
        vi) Incentive spirometer reading <500cc and/or pain     
                                       assessment scale of >5
        vii) Must be on continuous pulse oximetry & cardiac    
                                       monitoring, RASS >2 or <-1
 2) Drip to be discontinued and physician notified if the following occur:  
       respiratory depression, profound sedation, signs of hallucination/  
      delirium, and hemodynamic instability.
 3) Goal of adequate pain control and improved incentive spirometer   
          for 12hours then drip would be discontinued, if pain returns the drip 
      would be reinitiated.    
 4) Contraindications: 
 1) Hx of CVA: may cause intracranial hypertension
 2) Uncontrolled hypertension or severe CV disease
 3) Hx of psychosis, may cause hallucinations/dysphoria
j) Pulmonary toilet (incentive spirometer, flutter valve, EZPAP, metanebs).
 vi) Intubate for worsening compliance and respiratory distress due to the  
       underlying contusion or increasing pCO2.
 vii) Consider rib plating 24-72 hrs after injury 
 viii) Drain intrapleural fluid accumulation
d. Pulmonary contusion:
  i) Pulmonary toilet
 ii) Intubate for worsening compliance, respiratory distress or hypoxemia.
 iii) Maintain normovolemia, do not restrict fluids but utilize fluids   
                      judiciously.
e. Massive hemothorax:
 i. Physiology:
    a) Massive bleeding into the pleural space results in hemorrhagic shock.
    b) After blunt trauma, source is usually bleeding from the chest wall.
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 ii. Diagnosis:
     a) Hemorrhagic shock and hemothorax on chest X-ray.
     b) Absent breath sounds on affected side.
     c) Dull to percussion on affected side.
 iii. Treatment:
     a) Fluid resuscitation to correct hemorrhagic shock.
     b) Place large bore chest tube (36 Fr.).
     c) If initial drainage >1200 ml or drainage continues at >200 ml/hr   
         (150 ml/hr for elderly patients) for more than two hours, then consider  
         operative intervention.
d) If drainage is high, may consider intubation and application of PEEP (10-20   
     cmH2O) to tamponade chest wall bleeding. 
e. Consider using blood salvage for possible reinfusion.
f. Cardiac tamponade:
 i. Physiology:
      a) Traumatic injury to the atrium, ventricle, or intrapericardial vena cava  
           results in blood loss into the pericardial sac.
      b) As blood accumulates in pericardial sac, then end-diastolic volume is  
           reduced, resulting in a fall of the cardiac output.
 ii. Diagnosis:
      a) Hypotension and distended neck veins with- out a tension   
          pneumothorax.
      b) Distant heart sounds.
      c) “Blue facies.”
      d) FAST exam shows pericardial fluid 
 iii. Treatment:
       a) Start with IV fluid bolus.
       b) Pericardiocentesis, or
       c) Pericardial window. If positive, immediately go to OR for median
                           sternotomy or thoracotomy depending on location of injury and   
            anticipated findings.
f. Ruptured diaphragm:
 i. Physiology: tear in diaphragm allows abdominal contents to enter the
                   chest, resulting in respiratory distress. The process is more rapid with   
    spontaneous ventilation.
 ii. Diagnosis:
a) Left: 
 i) Chest X-ray shows abdominal viscera in the chest.
 ii) Place NG tube and see if it appears in the chest.
 iii) If necessary, obtain barium  swallow to document the location of the  
       stomach.
b) Right:
 i) An abnormal “hump” in the lateral diaphragm suggests laceration and  
    protrusion of the liver.
 ii) Confirm with CT or thoracoscopy.
 iii) Laparoscopy does not appear to be helpful since the liver often   
       obstructs the view of the diaphragmatic tear, although it is worth a try.
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 iii. Treatment:  
       a) Consider early intubation to prevent further migration of abdominal  
           viscera into chest.
       b) Operative repair through the abdomen
       c) If diagnosis is delayed (greater than two weeks), may need a   
           thoracotomy. 

g. Ruptured tracheobronchial tree:
 i. Physiology: massive air leak into the pleural space after tear of the   
     bronchial tree, usually near a point of fixation.
 ii. Diagnosis
      a) Massive pneumothorax.
      b) Continued massive air leak after placement of the chest tube.
      c) Bronchoscopy diagnosis of tear.
 iii. Treatment:
      a) If massive, can try balloon occlusion of the affected bronchus.
      b) To the operating room for thoracotomy and operative closure.
      c) Avoid high pressures on the lung in the postoperative period.
 
h. Ruptured thoracic aorta:
 i. Physiology:
     a) Aorta ruptures at point of fixation after severe deceleration events. The  
         point of rupture is usually just distal to the left subclavian artery or in 
         the ascending arch. 
     b) Resulting hematoma is contained by adventitia or pleura.
     c) 85% are dead at the scene.
             d) 50% survivors will die in 24 hours.
 ii. Diagnosis:
      a) History of severe deceleration impact. 
      b) Widened mediastinum (see Guideline Widened Mediastinum)
 iii. Treatment:
      a) Avoid hypertension, using beta-blocker with vasodilator if necessary.
      b) Consult cardiothoracic surgery and prepare for operating room.

i. Simple pneumothorax:
 i. Physiology: puncture of the lung with air leak into the pleural space. The  
     air in the space is not under excessive pressure.
 ii. Diagnosis:
      a) Absent unilateral breath sounds.
      b) Subcutaneous emphysema.
      c) Pneumothorax on chest X-ray.
 iii. Treatment: small chest tube (28-32 Fr) should be placed in all patients  
       observation can be considered if <35mm
  iv. Occult pneumothorax seen on CT scan without plain film   
                                     findings can be treated without chest tube. Usually these  
             extend over a distance of less than four rib spaces. If patient  
                         pneumothoraces goes to OR, is intubated or is transferred by air  
        ambulance, then a chest tube must be placed.
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PRACTICE GUIDELINES: EVALUATION OF THE WIDENED MEDIASTINUM

DEFINITIONS:
1. Thoracic aortic injury: A disruption of the thoracic aorta from blunt deceleration  
     trauma. This injury is usually at the ductus arteriosum just distal to the take-off of  
     the left subclavian artery. Occasionally, the aorta may rupture in the ascending  
     portion and at the take-off of the major vessels.

2. Widened mediastinum: A mediastinum measurement of >8 cm at the level of the 
aortic knob on the best film that can be obtained.

EVALUATION/MANAGEMENT:
1. Initially assume that there is an aortic injury on every patient with a rapid 
deceleration mechanism of injury.
2. Evaluate and treat the ABC’s. Obtain blood pressure in both arms.
3. Obtain a chest X-ray. Examine for a widened mediastinum (> 8 cm)  at level of 
aortic knob). The following signs are confirmatory of a possible aortic injury, but in 
themselves, do not suggest the need for further evaluation.
  a. Pleural cap.
  b. Depressed left mainstem bronchus.
  c. Trachea or esophagus deviated to right.
  d. First and second rib fracture.
  e. Obliterated aorto-pulmonary window.

4. Assess for symptomatic upper extremity BP differences (> 10 mmHg),              
    pseudocoarctation syndrome or infrascapular murmur. These are also 
    suggestive of aortic injury.
5. If the possibility of aortic injury is considered at any point in the resuscitation,   
    avoid hypertension. Extremely high blood pressures should be treated with a short  
    acting intravenous beta-blocker (e.g., 
    labetalol or esmolol).
6. If a widened mediastinum is found and the patient can sit up, obtain an upright      
   chest X-ray. The sitting position will decrease the possibility of spurious widening of    
   the mediastinum due to the 
   gravity effects on the heart (i.e. splays it apart) and magnification from the AP 
   projection.
7. If the mediastinum is still widened or an upright film cannot be performed, obtain   
    a chest CT scan with cuts through the aortic arch. If the CT scan shows no                  
    periaortic mediastinal blood, then an aortic injury has been ruled out.
8. A CT angiogram or traditional angiogram should be obtained in the following      
    circumstance:
 a. The chest X-ray shows a widened mediastinum and a CT scan or TEE  
      cannot be performed.
  b. A chest CT scan shows blood in the mediastinum or an aortic disruption.  
                    The need for angiogram will be determined by the cardiothoracic surgeon.
 c. There is a marked disparity between the pulses of the right and left arm.
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d. There is marked disparity between the pulses of the arms and the legs with  
     no other explanation.
e. There is sudden paraplegia explained by no other reason except acute aortic      
    occlusion.
PRACTICE GUIDELINES: ESOPHAGEAL PERFORATION/RUPTURE
   1. Rare with high morbidity and or mortality
   2. Typically secondary to blunt or penetrating trauma, or secondary to associated  
      cervical injuries
ASSESSMENT
   1. Clinical Features
 a. Pain
 b. Fever
 c. Dyspnea
 d. Crepitus
 e. Dysphagia
 f. Hematemesis
 g. Vomiting
  2. Radiology Findings
 a. CXR can be suggestive of perforation from the following findings: 
  i. Pneumomediastinum
  ii. Pleural effusions
  iii. Hydrothorax
  iv. Subcutaneous emphysema without pneumothorax
  v. Medistinal widening without emphysema
 b. Esophagram *gold standard*
 c. CT findings
  i. Extraluminal gas
  ii. Medistinal air or fluid
  iii. Esophageal thickening
MANAGEMENT
     1. Surgical repair if clinical sign of sepsis, consider early
 a. Tube thoracostomy, drainage with a chest tube
 b. Primary repair or with reinforcement with intercostals muscle, or pleural  
                    flap, diaphragm muscle
 c. Esophageal resection
 d. Drainage only
 e. Exclusion and Diversion
     2. Conservative management, non-operative
 a. Broad spectrum antibiotics (anaerobic and aerobic coverage) 7-10 days
 b. Oral hygiene with chlorohexadine
 c. NPO
 d. TPN or enteral nutrition through a jejunostomy tube
 e. No NG placement
 f. Repeat esophagram in 10-14 days
 g. Esophageal stenting
 h. Fibrin sealant application



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
40

Kaman,L., Iqbal, J., Kundil, B., & Kochhar, R. (2010). Management of esophageal 
perforation in adults. Gastroenterology Research 3(6):235-244.

PRACTICE GUIDELINES: BLUNT CARDIAC INJURY

DEFINITION:
Blunt cardiac injury: A bruise of the myocardial muscle that may result in temporary 
arrhythmias or loss of contractile function.

1. Consider the possibility of blunt cardiac injury in the following:
  a. Severe decelerating blunt chest trauma.
  b. Multiple anterior rib fractures.
  c. Severe anterior chest pain suggesting rib fractures or chondral fractures.
  d. Fractured sternum.
  e. Seatbelt contusion across the anterior chest.
  f. Severe bilateral pulmonary contusions. 

Chest Trauma 



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
41

EVALUATION/MANAGMENT:
   1. Follow the ABC’s and treat all chest injuries according to the diagnostic findings.    
   2. Obtain chest X-ray looking for any of the above findings.
   3. Obtain EKG.
   4. Consider EKG abnormal with the following findings:
  a. Unexplained tachycardia (rate >120).
  b. Ventricular arrhythmias - PVC’s, bigeminy.
  c. Atrial arrhythmia - multifocal PAC’s, new atrial fibrillation or flutter.
  d. Right bundle branch block.
  e. New onset Q-waves.
  f. New onset ST-T wave abnormality.
 5. Admit all patients with abnormal EKG to telemetry bed for 24 hours of   
     monitoring.
6. Obtain repeat EKG after 12 - 24 hours.
7. Consider transthoracic (or, if available, transesophageal) echocardiogram for            
    the following:
 a. Unexplained hypotension suggestive of cardiac failure.
 b. Abnormal EKG at 12 -24 hours.
 c. Persistent arrhythmias from telemetry (>24 hours).
 8. Patient with blunt cardiac injury may undergo anesthesia if  properly      
     monitored. 
9. CPK isoenzymes and circulating cardiac troponin levels are not useful for     
    predicting which patients have or will have complications related to blunt     
    cardiac injury. They may be obtained to distinguish BCI from myocardial 
    infarction.
10. If patient has persistent myocardial dysfunction: 
              a. Obtain cardiology consult.
              b. Treat arrhythmias according to ACLS guideline.
              c. Treat any cardiac failure with inotropes and consider concurrent placement  
                  of a pulmonary artery catheter. 
PROGNOSIS
              a. Cardiac arrhythmias and dysfunction usually resolve after 24 hours
              b. If persistent, consider coronary artery injury
               c. Repeat echocardiogram and possible cardiac catheterization may be indicated.

PRACTICE GUIDELINES: PENETRATING CHEST INJURY

DEFINITION:
Penetrating injury to the chest: A penetrating injury of the thorax in an area bounded 
superiorly by the lower neck and inferiorly by the lower costal margin. See also: 
Thoracoabdominal injuries under “Penetrating Injuries to the Abdomen.”

1. Any penetrating injury to the chest must be assumed to have caused internal organ  
    damage which may involve the:

 a. Heart.
  b. Lungs.
  c. Tracheobronchial tree.
  d. Esophagus.
 

 e. Great vessels.
 f. Diaphragm.
 g. Spinal cord.



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
42

 EVALUATION/MANAGEMENT:

1. In all patients, assess the ABC’s and obtain an airway as quickly as possible
2. If patient has suffered cardiac arrest and has had signs of life (e.g., pulse or EKG  
    present) at any time (< 10 minutes prior to arrival) or  is in extremis with low  
    blood pressure, proceed directly to left anterior thoracotomy while the patient is  
    being intubated and large bore intravenous lines are being inserted. See “Emergent  
    Thoracotomy Guidelines.”
3. In the non-arrested patient, determine whether the patient is hemo- dynamically  
    stable (normal) or unstable (hypotensive and/or tachycardic) and whether the       
    patient has respiratory distress.
4. If hemodynamically unstable or has respiratory distress consider:
    a. Tension pneumothorax:
    i. Absent breath sounds.
    ii. Distended neck veins.
     iii. Shift of the trachea and/or the PMI.
    iv. Insert small bore chest tube (consider needle thoracostomy to stabalize).
   b. Massive hemothorax:
     i. Absent breath sounds the affected side.
     ii. Dull to percussion on affected side.
     iii. Stabilize blood pressure with vigorous fluid resuscitation.
     iv. Insert large bore chest tube.
     v. Take immediately to OR if
     a) Initial drainage is >1200 ml, or
     b) Drainage continues at >200 ml/hr (>150 ml/ hr for elderly     
          patients) for 2-3 hours.
     c) Consider increasing PEEP (to 10-15 cmH20) to tamponade   
           bleeding from lung or chest wall. Discontinue if air leak increases.
  c. Cardiac tamponade:
      i. Entry wound between nipples and between suprasternal notch and xyphoid.
      ii. Distended neck veins.
      iii. Distant heart sounds.
      iv. “Blue facies.”
      v. Tension pneumothorax has been treated or ruled out.
      vi. Perform FAST exam.
      vii. If FAST cannot be done or is equivocal perform needle pericardiocentesis or  
            open subxiphoid peri- cardiocentesis.
      viii. If positive, go immediately to the OR for thoracotomy or median sternotomy.
5. If patient is stable and has little respiratory distress, obtain AP supine chest X-ray  
    (mark the entry and exit sites with radio-opaque markers). 
6. If X-ray shows:
    a. Pneumothorax: place small bore (greater than or equal to 36 Fr chest tube.   
    b. Hemothorax: resuscitate the blood volume and place large bore chest tube.      
        Thoracotomy if drainage is higher than thresholds.
         wound is below the nipples, this is considered a thoraco-abdominal wound.       
         Refer Guideline on “Penetrating Abdominal Injury.”
8. If the injury is in Zone 1 of the neck, consider  CT angiogram, bronchoscopy and  
    esophagoscopy. Refer to Guideline on “Penetrating Neck Injury.”
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9. If the injury is between the nipples and between the clavicle and lower costal        
    margin, consider the possibility of cardiac injury with occult cardiac tamponade.
 a. Insert CVP to determine central pressure - if it is >20 cm/ H2O, consider  
    cardiac tamponade. This can be done at the time of central line insertion.  
    Elevate open-ended tubing (connected to the CVP catheter) above the   
                   chest and determine height of blood column as an easy way of determining 
    CVP. 
     b. Obtain echocardiogram or perform FAST exam to look for pericardial  
     effusion.

10. If the injury suggests a trajectory through the lung parenchyma alone, obtain a    
      chest CT scan. The bullet track should easily be seen and its relation to the    
      pulmonary  hilum and mediastinal structures should be fairly well defined. Treat   
      subsequent hemo/pneumothorax appropriately.

11. If all X-rays are normal and there is no firm indication that the pleural space or  
      mediastinum was penetrated, observe for 6 hours and obtain a repeat inspiratory    
      and expiratory chest X-ray.
 a. If there is a pneumothorax or hemothorax, follow guidelines as above. 
  b. If the film is normal, consider discharge from the ED.

PRACTICE GUIDELINES: MANAGEMENT OF TRANSMEDIASTINAL 
GUNSHOT WOUNDS

DEFINITION:
Transmediastinal gunshot wound: A penetrating injury with a trajectory that suggests 
penetration of any of the structures of the mediastinum, including heart, great vessels, 
pulmonary hilar structures or esophagus.

EVALUATION/MANAGEMENT:
1. If the patient is in cardiac arrest without “witnessed signs of life,” (>10 minutes)  
    stop the code. Nothing you do is going to make a difference.

2. If the patient is in cardiac arrest and has had “witnessed signs of life” in the pre-   
    hospital phase (<10 minutes), proceed to open thoracotomy:
  a. Perform emergent left anterior thoracotomy.
  b. Consider right thoracotomy if there is an entry wound on the right side 
      of chest without an exit wound. Always re- member that you can   
        “clamshell” the thoracotomy and extend a left thoracotomy to the right  
          and a right thoracotomy to the left.
  c. Control cardiac bleeding with finger compression, Foley balloon      
                     tamponade, sutures or skin staples.
  d. Control hilar bleeding with a hilar Satinsky clamp, top to bottom.   
      Remember to take down the inferior pulmonary ligament, if you have to   
      apply the clamp from below.
  e. Control retropleural bleeding with large figure-of-eight sutures.
  f. Control great vessel bleeding with Satinsky clamps, a finger, or sutures.
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3. If the patient is hypotensive:
  a. Start vigorous IV resuscitation through large bore IV lines- remember in  
      this case, one above and one below the diaphragm.
  b. If blood pressure improves, then go to next section - “Stable or Improving.”
  c. If blood pressure remains low or pulse is high, then:
   i. Consider tension pneumothorax 
   ii. Consider pericardial tamponade 
   iii. Consider ongoing bleeding.
   iv. Obtain a chest X-ray. Mark the entry and exit sites.
  d. At this point, if there has been no improvement in blood pressure despite  
        fluid infusion and possible chest decompression, consider going to the  
        operating room.
4. If the patient has relatively normal vital signs, i.e., BP sys >100, P <110, then   
    proceed with rapid evaluation to determine injury.
  a. Chest X-ray: treat findings of pneumothorax or hemothorax.
  b. Subxiphoid ultrasound: if positive for effusion, then consider rapid     
          transport to the operating room. Consider left thoracotomy to gain access  
                     to heart and other potentially injured  mediastinal structures.
 c. If there is widening of the mediastinum or supramediastinal enlargement,  
     or a difference in the radial pulses, consider angiography.
 d. All transmediastinal injuries treated non-operatively should undergo     
     esophageal imaging studies (e.g., gastrograffin swallow).
  e. Bronchoscopy if any hemoptysis or rapid air leak. 
  f. Alternative to above: If the patient is stable and it appears that the bullet  
      traversed the mediastinum very anterior or very posterior, then a chest  
      CT scan with contrast will be helpful. Bullet tracks are fairly clear on CT
      image. However, if there is a proximity to any organ, then further   
      diagnostic studies, as noted above, need to be pursued. 
5. All patients with transmediastinal gunshot wounds, if managed non-operatively,  
    need admission and follow-up chest X-rays. 

PRACTICE GUIDELINE: BLUNT ABDOMINAL TRAUMA ULTRASOUND 

DEFINITIONS:
1. Focused Abdominal Sonography in Trauma (FAST EXAM): An ultrasound    
    examination of the abdomen that utilizes a 4-view approach for the diagnosis of  
    blood or fluid in the abdominal cavity and pericardial fluid (this will be referred to  
    as the FAST exam below).

EVALUATION:
1. Treat the ABC’s first. The diagnosis of abdominal trauma is part of the secondary       
    survey.
2. Perform physical examination of the abdomen, including rectal exam and flank exam.
3. Consider the possibility of abdominal injury in the following situation: 
 a. Obvious abdominal pain with or without peritoneal findings on physical   
     examination.
 b. Significant external findings on the abdominal wall such as deformity                        
     contusion, bleeding, laceration.
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  c. Pelvic fracture.
  d. Fractures present above and below the diaphragm.
  e. Lower rib fractures.
  f. Lumbar or low thoracic spine fractures.
  g. Unexplained hemorrhage, shock or blood loss.
  h. A history of abdominal impact (e.g., deformed steering wheel, passenger   
                       compartment damage). Other high impact mechanism, or inability to   
                       cooperate with clinical exam.
 i. Drugs and alcohol impairment.
 ii. Tetraplegia, paraplegia.
 iii. Traumatic brain injury with coma.
4. Go immediately to the operating room for laparotomy in the following situation:
  a. Findings of diffuse peritoneal irritation.
  b. Hemorrhagic shock with indication that blood loss is in the abdomen (distending  
                       abdomen).
  c. Ruptured diaphragm on chest X-ray.
  d. Obvious peritoneal penetration.
  e. Positive DPL (> 105 RBC/mm3 on microscopic analysis)
    f. Hemodynamically unstable and positive FAST exam
5. If the patient has indications of abdominal injury and has unstable vital signs, perform the  
    FAST exam (see following paradigm).
 a. If positive (evidence of blood in the peritoneal cavity), go to the operating room  
                      for exploratory laparotomy.
 b. If negative, consider other causes of massive hemorrhage resulting       
                      inhemodynamic instability.
6. If the patient has an indication of abdominal injury and has stable (i.e., relatively normal)  
    vital signs:
  a. Perform the FAST exam.
  b. If positive, perform abdominal CT scan.
      i. If CT scan shows solid organ injuries, the admit  the patient for observation.  
          (See guidelines for non- operative management of spleen and liver injuries.)
      ii. If CT scan shows no solid organ injuries and  confirms abdominal fluid 
          perform laparotomy.
      iii. If the CT scan is negative, admit to the hospital for observation after the     
             treatment of other injuries and serial exam.
  c. If the ultrasound exam shows no intraperitoneal blood, then repeat ultrasound in:
      i. 4 hours if the patient is to be discharged from ED.
      ii. 12-24 hours if the patient is admitted for observation.
7. Consider DPL after normal ultrasound exam and persistent complaint of abdominal pain:
  a. With possible seatbelt injury (e.g., both CT and ultrasound unreliable for    
      perforated intestine).
  b. Marginal hemodynamic stability with pelvic fracture (e.g., bleeding could be in  
                      abdomen as well as from pelvis).
8. If patient is observed and develops peritoneal signs, fever or prolonged ileus with no other  
    source, consider CT scan for possible perforated bowel.

PRACTICE GUIDELINES: PENETRATING ABDOMINAL TRAUMA

DEFINITIONS:
Penetrating abdominal injury: Any penetrating injury that could have entered the peritoneal 
cavity or retroperitoneum inflicting damage on the abdominal contents. In general, the entry 
wounds for an abdominal injury extend from the fifth intercostal space to the perineum. 
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Anterior penetrating abdominal injury: An entry wound on the anterior abdomen or 
chest that could have penetrated into the peritoneal cavity. Usually these injuries occur 
anterior to the posterior axillary line.
 Thoracoabdominal penetrating abdominal injury: An entry wound below the 
fifth intercostal space and above the costal margin. These are wounds that could have 
initially entered the chest and then penetrated the diaphragm to enter the abdomen. These 
injuries are  always associated with chest pathology (i.e., hemothorax, pneumothorax).
 Posterior or flank penetrating abdominal injury: An entry wound posterior to 
the posterior axillary line. Wounds in this area are  different in that the most likely organ 
to be injured will be in the retroperitoneum. Additionally, the large mass of flank and back 
muscle will make the diagnosis of organ injury more difficult and the possibility of organ 
injury less frequent.

EVALUATION/MANAGEMENT:
1. Follow the ABC’s, and resuscitate patient according to findings of the primary survey.
2. Assess the abdomen looking for entry wounds, bleeding and peritoneal findings.  
    Make sure that a good chest exam is performed, since chest injuries can be      
    associated with penetrating abdominal injuries. 
3. Determine if there are symptoms or signs suggestive of immediate need for       
    operative intervention:
  a. Herniated abdominal contents.
  b. Massive bleeding from the wound.
  c. Obvious peritoneal signs consistent with hollow viscous injury or hemoperitoneum.
  d. Signs of hemodynamic instability associated with the abdominal injury.
  e. Signs of lower extremity ischemia suggestive of vascular injury.
  f. All gunshot wounds with path or other evidence of intraperitoneal penetration or  
     retroperitoneal organ injury.

4. If any of the above signs are present, then take patient to the operating room      
    immediately for exploratory laparotomy. 
5. For stab wound and low velocity gunshot wounds (.22 and .25 caliber) in the right
    upper quadrant of the abdomen (in the area of the liver).

6. For stab wounds, if none of the above signs are present, determine the location of 
the wound and classify as:
  a. Anterior.
  b. Thoracoabdominal.
  c. Posterior or flank.
7. If the stab wound is anterior:
    a. Determine if the wound enters the peritoneal cavity by visually exploring the  
        wound. This is done by infiltrating local anesthesia, after which the wound is  
        prepped and draped. The wound is extended if necessary to allow a visual                 
        inspection of the wound to determine its depth. The liberal use of retractors and    
        assistants will facilitate adequate wound exploration.
     b. If the wound does not penetrate the anterior fascia, then the wound can be            
        debrided, irrigated and closed. The patient may be discharged if no other injuries  
        exist. If anterior fascia has been violated try and determine if there is peritoneal  
        penetration.

Abdominal Trauma 
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    c. If the wound does penetrate the peritoneum, then laparotomy should be   
        considered. If the patient has no evidence of peritoneal irritation, then a DPL   
        may be performed. Prior to DPL, a Foley catheter and an NG tube should be  
        placed. Laparotomy is indicated with gross hematuria or blood fromNG   
        tube. Lavage fluid from the Foley catheter, NG tube or chest tube also           
        mandates exploration. All patients with anterior fascia penetration who are 
        not taken to the OR should be admitted for 24 hours of observation. 

8. If the wound is thoracoabdominal (remember there should be a chest injury - hemothorax, 
pneumothorax):
  a. Obtain chest X-ray with wound markers to determine the presence of chest injury  
                       and to determine the relationship of the entry wound to the diaphragm.
  b. If wound could possibly have penetrated the diaphragm, consider:
       i. CT scan of the abdomen. This study will be positive if any fluid or air is in the  
                           abdominal cavity
      ii. DPL with threshold for the RBC count of 5000/mm3.
       iii. Diagnostic laparoscopy. If laparoscopy is performed, be prepared to insert a  
                            chest tube, as the gas may cause a tension pneumothorax through a hole in the  
                            diaphragm.
9. If the wound is posterior or flank:
  a. Insert Foley catheter to determine the presence of hematuria.
  b. Obtain a double contrast CT scan to determine injury by retroperitoneal organs.  
                       Double contrast means contrast administered IV and by mouth or by NG tube  
                       (rectal contrast is not helpful). Consideration can be given to placing a skin clip  
                       onto the wound to help localize the injury.
10. For pelvic wounds (usually GSW) that may have traversed the rectum:
  a. Perform anoscopy and sigmoidoscopy to determine the presence of a                        
                       mucosal defect. 
 b. Consider diversion and rectal washout if injury is found. Pre-sacral         
          drainage should be used when contamination levels are high or there has      
          been significant tissue destruction around the anus.
11. For “tangential” gunshot wound of abdomen
  a. Missle tract through subcutaneous tissue with no abdominal cavity entry.
   i. Entry and exit wounds clearly identified
   ii. No diffuse abdominal tenderness
  b. Obtain CT scan . Mark entry and exit wounds
  c. If no evidence of abdominal cavity involvement (no fluid or air), then may observe
12. For all patients taken to OR for exploratory laparotomy:
  a. Once the decision to go the OR is made, don’t delay!!!!
  b. Make sure that there is available blood in the blood bank or activate   
      massive transfusion protocol. 
  c. Administer prophylactic antibiotics for bowel flora 
 d. Obtain a rapid one-shot IVP to determine the presence of bilateral kidneys if    
          hematuria is present. Often this can be performed in the OR to avoid delay in 
     initiating the laparotomy. Alternatively an abdominal CT with IV contrast can be  
                    performed if patient stability and time allows. After appropriate debridement 
     and irrigation, consider primary closure of standard gunshot wounds.
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UNSTABLE PATIENT:

STABLE PATIENT:

PRACTICE GUIDELINES: RIGHT UPPER QUADRANT 
PENETRATING ABDOMINAL INJURIES

DEFINITION:
Right Upper Quadrant Penetrating Abdominal Injury - a penetrating injury in the right 
upper quadrant of the abdomen in which the trajectory of the penetration appears to have 
involved the liver as the only injured abdominal organ. Any possibility of other organ 
injury excludes the use of this protocol.

EVALUATION/MANAGEMENT:
 1. For all penetrating injuries of the abdomen, follow ATLS guidelines.
    a. Two large bore IV lines. One must be above the diaphragm.
   b. Two liters of lactated Ringers.

Obtained from Hoff et al. (2002)

Obtained from Hoff et al. (2002)
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PRACTICE GUIDELINES: RIGHT UPPER QUADRANT PENETRATING 
ABDOMINAL INJURIES

DEFINITION:

Right Upper Quadrant Penetrating Abdominal Injury - a penetrating injury in the 
right upper quadrant of the abdomen in which the trajectory of the penetration 
appears to have involved the liver as the only injured abdominal organ. Any 
possibility of other organ injury excludes the use of this protocol.

EVALUATION/MANAGEMENT:
1. For all penetrating injuries of the abdomen, follow ATLS guidelines.
  a. Two large bore IV lines. One must be above the diaphragm.
  b. Two liters of lactated Ringers.

Obtained from Hoff et al. (2002)
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2. Patient must have relatively normal hemodynamics. If there is any drop in blood 
pressure or abnormal tachycardia or acidosis associated with a penetrating injury in 
the RUQ, then patient must 
go for laparotomy.

3. Determine if this fits criteria for non-operative management
   a. Hemodynamically stable.
   b. Stab wound or low velocity gunshot wound (.22 or .25 caliber).
     c. Entry and exit (if present) wounds suggest a trajectory that traverses the liver   
   as the only abdominal organ injured.
  d. Entry wound and x-ray showing the bullet suggest that the liver is the only  
   abdominal organ  injured.
   e. No other associated injuries or morbidity that would preclude non-operative  
   management.
  f. Associated hemopneumothorax is OK as long as hemothorax is small (<500 ml).
4. Place chest tube if required. Use large (36 Fr) chest tube.
5. Obtain CT of the abdomen with oral and IV contrast.
6. Determine trajectory of the bullet or knife into or through liver. Consider non-  
    operative management if:
  a. The liver is the only injured abdominal organ.
   b. The amount of blood around the liver and in the abdomen is minimal to  
    moderate.
  c. There is no active swirl sign suggesting active bleeding.
  d. Patient is candidate for embolization notify Interventional Radiology. 
  e. Go for laparotomy unless all of the above conditions are fulfilled.
7. If non-operative approach is used:
  a. Admit to ICU.
   b. NPO. Serial abdominal exams.
   c. Serial hematocrits every six hours until stable within 2%, then every 24   
    hours.
   g. Liver function studies  
8. If hemodynamically stable with unchanging hematocrit after 24-48 hours:
  a. Transfer to floor.
  b. Advance diet
  c. Repeat CT 48 hours after injury:
         i. If there is minimal increase in fluid and bilirubin is normal, continue                           
           management and discharge when eating, having bowel movements, and afebrile.
      ii. If there is increase in fluid and bilirubin is elevated:
    a) Obtain radionuclide biliary imaging or MRCP.
    b) If there is a bile leak, then
        (i) Percutaneous drainage of biloma.
         (ii) ERCP with stents.
9. Pitfalls:
   a. Biloma as above.
    b. Diaphragmatic hernia - should not be a problem since the liver protects  
       the diaphragm.
    c. Hemobilia.
    d. Major ductal injury that will result in persistent biliary fistula.
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PRACTICE GUIDELINES: MANAGEMENT OF SPLENIC INJURIES

DEFINITIONS:

Spleen injury:
Grade I - Subcapsular hematoma, <10% surface area capsular tear, < 1 cm in depth
Grade II - Subcapsular hematoma, nonexpanding, 10-50% surface area, Intraparenchymal 
hematoma, nonexpanding , <2 cm in  diameter, Capsular tear, active bleeding, 1-3 cm, does not 
involve trabecular vessel
Grade III - Subcapsular hematoma, >50% surface area or expanding, Intraparenchymal 
hematoma, >2 cm expanding, laceration >3 cm in depth or involving trabecular vessels
Grade IV - Ruptured intraparenchymal hematoma with active bleeding, Laceration involving 
segmental or hilar vessels producing major devascularization (>25% of spleen)
Grade V - Shattered spleen, Hilar vascular injury that devascularizes spleen

MANAGEMENT:
1. Indications: Non-operative management of splenic injury can be considered when 
all of the following conditions have been met:
 a. Diagnosis of splenic injury on CT scan.
 b. Hemodynamically stable patient that has not required or has responded  
     quickly to the resuscitation.
 c. Grade I-III splenic injury. Consider for Grade IV or V injury in children  
                    or adults if no significant hemoperitoneum is present.
 d. No other major intra-abdominal injury.
 e. No other major sources of blood loss.
 f. No other premorbid illnesses that suggest the patient could not tolerate  
    blood loss (e.g., severe ischemic heart disease).
 g. Willingness to take blood transfusion (e.g., not a Jehovah’s Witness).
 h. No active bleeding (swirl sign), successful embolization.
2. In some cases, there will be active bleeding from the spleen as  defined by a blush 
or swirl on the CT scan or a dropping hematocrit.  Contrast blush on CT scan alone is 
not an absolute indication for operation or angiographic interventions. Factors such 
as patient age, grade of injury, and presence of hypotension need to be considered in 
the clinical management of these patients. 

Obtained from Mattox et al. (2013)
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3. Protocol:
  a. Admit all Grade II or higher splenic injuries to telemetry unit. Consider  
       admitting all Grade IV or V splenic injuries to an ICU.
     i. Monitor hourly vital signs.
    ii. NPO.
    iii. Draw serial hematocrit and hemoglobin every 6 hours x 24 hours 
   b. When hematocrit is stable (within 2% on two consecutive draws) and there  
       have been no adverse hemodynamic events:
     i. Transfer to telemetry or medical surgical floor
     ii. Advance diet.
     iii. If stable and tolerating a diet, okay to discharge
  c. Consider repeat CT imaging if:
    i. Dropping H&H
    ii. Increasing abdominal pain or peritoneal signs
    iii. Fever
    iv: If CT shows evidence of bleeding and the patient is    
               hemodynamically stable consider angiography embolization if available.
     a) Risk of spleenic embolization include, bleeding,   
          pseudoaneurysm formation     
at puncture site, splenic infarction, splenic abscess, contrast induced    
  nephropathy
  e. Operative Management:
     i. Hemodynamically unstable
    ii. Children: requires >20 ml/kg of blood transfusion to maintain   
        hematocrit >26%.
     ii. Adults: requires 2 units of blood to maintain hematocrit >26% in the  
        absence of other injuries.
    iii. Failure of embolization or not a candidate
     iv. Any patient: 
          1) New onset of diffuse peritoneal irritation suggestive of   
              perforated viscus. 
          2) Sudden hypotension unassociated with other bleeding sites SBP<100.
              f. After discharge:
     i. No school for a week.
    ii. No physical education for approximately six weeks consider longer  for  
        Grade III-IV.
     iii. No major contact sports or activities (e.g., football, skiing, mountain  
          biking, wrestling and vigorous sexual intercourse) for approximately 3  
                                         months.
     iv. Return to clinic in two weeks.
    v. Instruct to return to ED if developing worsening left upper quadrant  
        pain, dizziness, syncope or hypotension.
    vi. Consider outpatient re-imaging  to lift activity restrictions, work   
          requirements
  g. If splenectomy/embolization (in specific circumstances) is required, administer   
   vaccines 14 days post splenectomy power plan  is available in Cerner
    a) Pneumococcus vaccine: PCV13 on day #14 or time of DC, will need  
                  re-vaccination with PPSV23  in 8 weeks, may require additional                               
          immunizations in 5 years with PPSV23
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  b) Meningococcus vaccine every 5 years
  c) Hemophilus influenzae vaccine every 5 years
  d) Influenza vaccine if flu season
  e) Provide patient with post-splenectomy Health Information Card 
   (Trauma NP should provide)

PRACTICE GUIDELINES: MANAGEMENT OF A SWIRL OR BLUSH ON CT 
SCAN

DEFINITION:
Swirl/Blush: On CT scan with intravascular contrast, an area of active hemorrhage 
will appear as an abnormal collection of intensely dense white contrast material in 
the area of the bleeding. Usually this appears as an abnormal “blush” surrounded by 
otherwise normal parenchyma or as a “swirl” pattern in a cavity.

EVALUATION/MANAGEMENT:
1. When an abnormal area of active extravasation is diagnosed on CT scan:
  a. Continue fluid resuscitation since there is active, ongoing bleeding in the patient.
  b. Confirm the location and extent of the extravasation 
  c. Determine the availability and potential time to obtain angiogram and         
       embolization. 
2. Treatment options for the following locations of the extravasation:
  a. Surgery should be considered for any place in abdomen when there is associated  
      hypotension or significant anticipated delay to angiography.
  b. Liver
   i. If there are no other injuries, consider angiography and embolization.
   ii. If there are multiple areas of extravasation in different segments of the liver  
                 consider laparotomy.
 c. Spleen
  i. Consider angiography and embolization for all children < 18,
   ii. Consider angiography and embolization in Grade I-V splenic injuries.
 d. Pelvis
   i. Consider angiography as treatment of choice in all cases.
   ii. If active bleeding has stopped at the time of the angiogram but there are  
        cut-offs in the vessels, consider embolization of the internal iliacs.
   iii. If there is a large hematoma, but no active arterial extravasation, consider  
                   possibility of venous bleeding and embolize both internal iliac arteries.
 e. Buttock and abdominal wall
   i. Consider angiography as treatment of choice.
   ii. For inferior epigastric bleeds, open ligation or embolization
 f. Kidney
   i. Consider angiography as treatment of choice.
   ii. Try to embolize distal vessels to preserve renal function.
  g. Mesentery or bowel - go straight to laparotomy. 

3. If the patient has multiple injuries and the possibility of chest injury leading to   
    disruption of thoracic aorta, consider performing a thoracic aortogram at the time 
    of angiography.

Chest Trauma 
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PRACTICE GUIDELINES: MANAGEMENT OF LIVER INJURIES

DEFINITIONS:
Fractures of the liver:
Grade I: Capsular avulsion,  Parenchymal fracture <1 cm deep
Grade II: Parenchymal fracture 1-3 cm deep, Subcapsular hematoma <10 cm in diameter,  
Peripheral penetrating wound
Grade III: Parenchymal fracture >3 cm deep, Subcapsular hematoma >10 cm,  Central 
penetrating wound
Grade IV: Lobar tissue destruction, Massive central hematoma
Grade V: Retrohepatic vena cava injury, Extensive bilobar disruption

MANAGEMENT:
1. Indications for operative and non-operative management of liver injuries:
  a. Operative management of liver injuries should be considered when there is     
       hemodynamic instability and evidence of ongoing bleeding or signs of peritonitis.
   ii. Grossly positive peritoneal lavage.
   ii. Grade V liver injury on CT scan.
   iii. A “swirl” pattern on CT scan suggestive of ongoing bleeding when   
        angiography is not available in a timely fashion.
   iv. High velocity gunshot wound to the abdomen in the RUQ.
   v. Angiography can be used as an adjunct to operative management
  b. Non-operative management of active bleeding:
   i. Angiography for embolization  is first line intervention for patients that are   
   hemodynamically stable with evidence of active extrasavation.
   ii. Vital signs respond appropriately to fluid resuscitation.
   iii. There are no other obvious injuries in the abdomen. 
  c. Non-operative management of liver injuries can be under taken in the otherwise          
       stable patient. 
2. Operative management:
  a. Transfer patient immediately to the operating room
  b. Generous midline incision from xiphoid to below the umbilicus.
  c. Pack the RUQ with multiple lap pads. If bleeding is brisk  or patient is      
     hypotensive, consider the use of the aortic occluder device
  d. Pack the other quadrants and check the mesentery for bleeding.
  e. Assess the bleeding from the liver.
  f. If the bleeding is brisk, clamp the porta hepatis with your finger or a non-crushing  
      clamp (Pringle maneuver).
         a) If bleeding persists, consider hepatic vein injury or retrohepatic caval injury.
    i) Consider atrial-caval shunting.
    ii) Consider veno-veno bypass.
    iii) Consider resectional debridement to get to the vena cava and the     
                       branches of the hepatic veins.
    iv) Consider median sternotomy for better control
    v) Consider packing (See Damage Control Guideline).
       b) If bleeding subsides:
    i) Control bleeding with suture ligatures.
    ii) Release Pringle maneuver and control major bleeding with suture ligatures.
    iii) Consider omental pack.
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   c) If bleeding subsides but worsens because of  coagulopathy, consider packing  
       as definitive interim procedure.
         i. If bleeding is moderate but controllable with packs:
     a) Mobilize the liver:
       i) Divide falciform ligaments.
      ii) Divide lateral triangular ligaments.
      iii) Rotate liver medially into wound.
     b) Explore injury (but do not worsen it).
     c) Control bleeding with suture ligatures.
     d) Consider liver edge approximation with large  absorbable sutures  
                                 (0-chomic on liver needle).
     e) Consider omental pack.
       ii. If bleeding is controllable but then worsens because of coagulopathy, then  
           consider packing as interim definitive procedure.
  g. When hepatic hemorrhage is controlled, explore  the rest of the abdomen  
   with particular attention to porta hepatis, duodenum, pancreas and right  
   colon. 
   h. Drain liver if lacerations are deep and there is possibility of bile leak and  
       fluid collection.
  i. If packs are placed, consider possibility of abdominal compartment             
               syndrome if abdominal wall is closed. May need to leave abdomen open with  
      Bogotá bag or vac.
   j. If packs are placed, they should be removed in 24-48 hours. Prepare for this  
               procedure with the availability of autotransfusion, the argon beam coagulator  
               and blood products.
   k. If packs are placed, treat with cefazolin 1 gm IV every 8 hours while packs  
               are in place.
3. Non-operative management:
   a. Admit all Grade III-IV liver lacerations.  Admit those with large amounts of  
   blood around the liver with hematocrit <32% to the ICU. All others can be  
   admitted to the floor.
    i. Monitor hourly vital signs until normal 
   ii. NPO.
   iii. Draw serial hematocrit and hemoglobin every 6 hours until stable (within 2%) X 2.
   b. When hematocrit is stable and there have been no adverse hemodynamic  
     events:
   i. Transfer to regular floor.
   ii. Advance diet.
   iii. Hematocrit and hemoglobin daily.
   iv. Liver enzymes and bilirubin on day 2 to help rule out biloma. If bilirubin 
     elevated, consider a HIDA scan to rule out bile leak.
  c. After discharge:
   i. No school for a week.
   ii. No physical education for six weeks.
   iii. No major contact sports:
    a) Grade I and II: for six weeks.
    b) Grade III, IV and V: for three months.
   iv. Return to clinic in two weeks.
  

Chest Trauma 
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v. Avoid alcoholic beverages.
vi. Instruct to return to the ED if:
    a) Worsening RUQ pain
    b) Fever
    c) Jaundice
    d) Hematemesis
4. Pitfalls:
  a. Fever and/or jaundice - consider biloma.
   i. CT scan to confirm fluid collection around liver.
   ii. Radionuclide biliary excretion exam to confirm active leak.
   iii. Percutaneous drainage.
   iv. Consider ERCP with stent placement and/or sphincterotomy.
  b. UGI bleed two to four weeks after injury - consider hemobilia.
   i. CT scan to confirm large intrahepatic injury or clot.
   ii. Angiography to confirm etiology.
   iii. Angiographic embolization of vessel.
   iv. Do not explore for hemobilia.
  c. Hypotension, drop in hematocrit seven to ten days after non- operative 
management of  severe liver injury:
   i. Repeat bleed, usually arterial.
   ii. Admit to ICU, stabilize.
   iii. Angiography to confirm etiology and embolization of the vessel.
   v. Attempt to avoid exploration at this time

PRACTICE GUIDELINES: MANAGEMENT OF PANCREATIC INJURIES
 
OBJECTIVES: 
1. Identify criteria for operative vs. conservative management of pancreatic injuries
2. Identify the need for necrosectomy
3. Describe the management of a pseudocyst
4. Review types of devices to assist with open abdomen wound management.

Not pictured:  
Right and left renal 
and adrenals, overlying 
stomach and transverse 
colon, underlying spinal 
column   

>90% OF PANCREAS 
INJURIES ARE NOT 
ISOLATED
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>90% OF PANCREAS INJURIES ARE NOT ISOLATED

  Methods of pancreas evaluation
   a. Key to evaluation:  Is the pancreatic duct intact? CT scan, MRCP, ERCP/ERP
   b. Intraoperative evaluation: visualization, intraoperative ultrasound, 
    intraoperative ERCP
   MRCP Magnetic resonance cholangiopancreatography
   a. No “injection” of pancreas duct
   b. Can be limited in acute trauma due to edema 
   c. Can delineate distal duct Secretin-enhanced MRCP may improve accuracy 
    with a non-dilated duct
   ERP Endoscopic Retrograde Pancreatography
   a. Requires sedation or general anesthesia
   b. Availability may be limited
   c. Can be therapeutic as well (e.g. partial duct injury can be stented; 
    transampullary stenting for pseudocyst or fistula)
  Management strategies for pancreas injuries
  Non-operative management:  
   a. Grade 1 or Grade 2 injuries are candidates for non-operative therapy. If there is 
    pancreatic necrosis, may need debridement and drainage
   b. Principles of Operative Management
   Grade 3 injuries:  distal pancreatectomy with or without splenectomy
   Grade 4 injuries:  Subtotal distal pancreatectomy, or (preferred)  
   debridement with distal pancreaticojejunostomy
   Grade 5: ERCP with stent if possible, external drainage to create controlled fistula.
   Avoid pancreatico-duodenectomy (Whipple) unless injury involves major 
   pancreatic duct and ampulla. 

   Only 10% require pancreatico-duodenectomy, often staged
  
   Damage control first (control of hemorrhage, intestinal spillage; can consider 
   ligation of pancreas duct and common bile duct) followed by resuscitation and 
   planned return to the O.R. perhaps 48 hours later
    Is there parenchymal disruption?
    Is there a ductal injury?
    May use secretin (1 unit/kg IV); Then look for pancreatic duct secretion
    Wide drainage (at least two drains)

Grade

1

2

3

4

5

Injury

Hematoma Minor contusion without duct injury

Superficial laceration without duct injury

Major contusion without duct injury or tissue loss

Major laceration without duct injury or tissue loss

Distal transection or parenchymal injury with duct injury

Proximal ctransection or parenchymal injury (to the right side of the SMV)

Massive disruption to the pancreatic head

Hematoma

Laceration

Laceration

Laceration

Laceration

Laceration

Description
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Methods of pancreas evaluation
a. Key to evaluation:  Is the pancreatic duct intact? CT scan, MRCP, ERCP/ERP
b. Intraoperative evaluation: visualization, intraoperative ultrasound, 
    intraoperative ERCP 
MRCP Magnetic resonance cholangiopancreatography
a. No “injection” of pancreas duct
b. Can be limited in acute trauma due to edema 
c. Can delineate distal duct Secretin-enhanced MRCP may improve accuracy with a  
    non-dilated duct
   ERP Endoscopic Retrograde Pancreatography
a. Requires sedation or general anesthesia
b. Availability may be limited
c. Can be therapeutic as well (e.g. partial duct injury can be stented;    
   transampullary stenting for pseudocyst or fistula)

Management strategies for pancreas injuries
Non-operative management:  
a. Grade 1 or Grade 2 injuries are candidates for non-operative therapy. If there is 
pancreatic necrosis, may need debridement and drainage
b. Principles of Operative Management
Grade 3 injuries:  distal pancreatectomy with or without splenectomy
Grade 4 injuries:  Subtotal distal pancreatectomy, or (preferred)    
debridement with distal pancreaticojejunostomy
Grade 5:  ERCP with stent if possible, external drainage to create    
controlled fistula.  Avoid pancreatico-duodenectomy (Whipple) unless injury involves 
major pancreatic duct and ampulla.

Only 10% require pancreatico-duodenectomy, often staged

Damage control first (control of hemorrhage, intestinal spillage; can consider ligation 
of pancreas duct and common bile duct) followed by resuscitation and planned 
return to the O.R. perhaps 48 hours later
  Is there parenchymal disruption?
   Is there a ductal injury?
   May use secretin (1 unit/kg IV); Then look for pancreatic duct secretion
  

Chest Trauma 
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  Wide drainage (at least two drains)
  Consider use of tissue sealants: 
  Fibrin glue, staple line reinforcement products
  Consider damage control if unstable
  Consider feeding jejunostomy if definitive procedure performed 
1. Role of Necrosectomy
  Often for severe pancreatitis rather than trauma
  Involves debridement of pancreas and wide closed-suction drainage
  If not significant SIRS, optimal timing may be 2-3 weeks post insult to allow  
            for a more defined sequestrum of tissue

2. Management of Pseudocyst
   No early intervention
   Enteral nutrition if possible
   F/U CT scan or ultrasound in three months
   Smaller pseudocysts (<6 cm) may resolve without intervention
   Larger or symptomatic pseudocysts may require internal or external   
       drainage Internal drainage is considered standard of care, though some   
   advocate ERP preoperatively (if no ductal communication, can drain    
   externally)

Obtained from Walter et al. (2013)

Obtained from Stawicki et al. (2009)

A = Simple drainage     
B = Distal pancreatectomy with splenectomy
       and drainage
C = Distal pancreatectomy with splenic preservation 
       and drainage
D = Whipple procedure with wide drainage
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PRACTICE GUIDELINES: ABDOMENAL DAMAGE CONTROL 

DEFINITION:
Damage control: Is an operative technique in which control of bleeding and stabilization 
of vital signs becomes the only priority in salvaging the patient. This usually occurs 
during laparotomy when there is significant bleeding in the abdomen. Attention is 
directed at using all available techniques for controlling 
bleeding, including packing. Definitive repair of bowel or visceral injuries is not 
attempted and temporary wound closure is used. Definitive procedures are performed 
after the patient has stabilized. 

MANAGEMENT:

1. The patient with severe abdominal injuries with suspected bleeding is brought to  
    the OR immediately. 
2. Start massive transfusion protocol, notify blood bank of need.
3. Provide hypothermia protection, warm room, warm IV fluids, bair hugger.
4. Open the abdomen and assess the injuries, pack all four quadrants and examine for  
    mesenteric bleeding. Consider damage control in the following situation:
   a. Hypothermia, coagulopathy, non-surgical brisk bleeding.
   b. Diffuse oozing from cut or injured surfaces.
   c. Diffuse uncontrollable retroperitoneal or pelvic bleeding.
   d. Severe fracture of the liver that cannot be controlled with ligation, suture or clips. 
  e. Massive bleeding from multiple sources in which it appears that definitive care  
      of all injuries may lead to prolonged operative time or additional bleeding which  
         could lead to hypothermia or coagulopathy.
5. Technique of damage control:
   a. Remove the packs for areas of likely bleeding first.
   b. Control all surgical bleeding as rapidly as possible. Do splenectomy rather than  
       splenorrhaphy, nephrectomy rather than renorrhaphy. Pack areas of oozing:  
        liver, retroperitoneum, pelvis, mesentery.
   c. Once the bleeding is controlled, examine for other injuries.
   d. Once the decision for damage control has been made,  proceed rapidly. 
   Post-operatively get the patient to the ICU where the clotting factors may be 
   replaced and physiologic disturbances such as acidosis, hypoxemia and ischemia  
   may be definitively corrected. 
6. Management of intestinal injuries:
  a. Small holes: whip stitch with a running or interrupted suture. Do not attempt  
       definitive repair. 
  b. Large defects or devitalized areas: resect the affected area with GIA stapler. Do  
    not attempt to re-anastomose. 
  c. Do not create ostomies. 

Chest Trauma 
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  d. Assess bleeding. If controlled with packing, either leave the packs in place or 
      re-pack the area with laparotomy sponges or moist towels. Consider using a  
                Vi-drape (two of them stuck together to avoid the adhesive edge) over the  
      surface of the liver to facilitate pack removal.
  e. Close abdomen with temporary techniques. 
     i. Continuous non-absorbable suture for fascia -- if able to close.
     ii. If unable to close facia consider “homemade” vac pac
    a.) bowel bag on bowel
    b.) green towels
    c.) JP drain x one or two
    d.) Vi-drape to skin
    e). Commercially available Vac Dressings are available. 
  f. Antibiotics: piperacillin/tazobactam 3.375 gm every 6 hours as appropriate  
   for the injury. Consider anti-fungal therapy if open abdomen technique will  
    be prolonged
  g. Measure intra-abdominal pressure 
  h. Return to the OR for definite procedure and fascial closure when:
     i. Normothermic.
     ii. Coagulopathy resolved.
     iii. Hemodynamics are stabilized.
    iv. Usually 48-72 hours.

PELVIC TRAUMA

PRACTICE GUIDELINES: PELVIC FRACTURES

DEFINITIONS:
  1. Instability: An unstable pelvis ring disruption may be rotationally or   
      rotationally and vertically unstable.
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2. Open fracture: Implies a soft tissue injury allowing potential contamination of the fracture 
and markedly increased mortality rate (30-40%). Types of soft tissue injuries include perineal 
lacerations, vaginal tears and rectal tears. 

CLASSIFICATION:
Type A - stable:
  A1 Fractures not involving ring; avulsion injuries.
 A2 Stable, minimal displacement; iliac wing, isolated rami.
 A3 Transverse fracture of sacrum.
Type B - rotationally unstable, but vertically and posteriorly stable:
 B1 External rotation instability; open-book injury.
 B2 Internal rotation instability; lateral compression injury.
 B3 Bilateral rotationally unstable injury.
Type C - rotationally, posteriorly and vertically unstable:
 C1 Unilateral injury: ileal fracture, S1 disruption, sacral fracture.
 C2 Bilateral injury: one side rotationally unstable, one side vertically unstable.
 C3 Bilateral injury: both sides completely unstable.
EVALUATION:
1. Follow the ABC’s; pay close attention to shock and resuscitation.
2. Examine and document distal neurovascular status of limbs.
3. Examine for urethral trauma see GU trauma section.
  a. If present, obtain urethrogram prior to Foley.
  b. If hematuria present, or widened pubis symphyses identified with AP pelvic x-ray 
  or during preliminary  CT scout images;  then delayed images should be    
  obtained.  Delayed images may identify urine extravasation/poor bladder filling or a  
  retro grade cystogram may be indicated.
4. Examine for perineal, vaginal or rectal lacerations.
5. Avoid excessive movement and transfers. Every time the fracture moves, there is more 
    blood loss. 
6. Obtain pelvic X-ray. 
  a. If obvious fracture, consult orthopedics.
   b. If anterior ring injury, consider performing retrograde urethrogram prior to    
       passing Foley catheter. 
7. If patient is hemodynamically unstable (may interrupt this guideline if patient becomes 
hemodynamically normal):
   a. Consider massive transfusion protocol.
   b. Use Pelvic-Binder® to temporarily stabilize pelvis (see protocol below). If not   
      available, then wrap a sheet tightly around pelvis (do not twist the sheet). Avoid   
      unnecessary movement.
   c. If remains hemodynamically unstable then go to “d”. If stabilizes, go to “f ”.
   d. Perform  FAST exam.
  i. If positive and patient unstable and there is suspicion for intra-abdominal injury,  
     abdomen trumps pelvis, proceed to laparotomy.
   e. If the FAST is negative, orthopedics to place pelvic fixator.
   f. Perform pelvic CT scan. If there is active extravasation, perform angiography with  
      embolization.
   g. If still hemodynamically unstable despite adequate fluid resuscitation and has an  
      unstable pelvic fracture, perform angiography.

Pelvic Trauma 
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   g. If still hemodynamically unstable despite adequate fluid resuscitation and has 
    an unstable pelvic fracture, perform angiography.
 8. If patient has major perineal laceration, go to OR.
    a. Control bleeding.
    b. If there is significant injury of rectum, anus, or perianal skin, consider 
    double-barrel sigmoid diverting colostomy.
    c. Distal segment washout.
    d. Debride and pack wound. Closure may be possible on a delayed basis.
 9.  If patient is stable, obtain inlet and outlet views of pelvis. Consider CT scan with 
  thin cuts of the pelvis at discretion of orthopedic consult.

PRACTICE GUIDELINES: PLACEMENT OF Pelvic-Binder® ON  
UNSTABLE PELVIC FRACTURES

GUIDELINES:
 1. Follow ATLS guidelines while pelvis x-rays are being performed.
 2. Consider the Pelvic- Binder® temporary pelvis stabilizing device in the following 
  situations:
    a. Pelvis fractures with unstable vital signs. Consider permanent pelvic fixator or 
    angiography while Pelvic- Binder® is being applied.
    b. Open book pelvis fractures.
    c. Lateral shear pelvis fractures.
    d. All pelvic fractures in which a CT scan show significant pelvic hematoma.
 3. Follow the directions below. When the Pelvic- Binder® is being placed, make sure 
  that the breathing is not compromised. Place an OG/NG tube and Foley prior to 
  binder placement. 
 4. Remove only after more permanent stabilizing procedures have been considered or 
  planned.
 5. Obtain follow-up AP Pelvis X-ray.

STEP 1                                                            STEP 2
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8. If patient has major perineal laceration, go to OR.
   a. Control bleeding.
  b. If there is significant injury of rectum, anus, or perianal skin, consider   
    double-barrel sigmoid diverting colostomy.
   c. Distal segment washout.
   d. Debride and pack wound. Closure may be possible on a delayed basis.
9. If patient is stable, obtain inlet and outlet views of pelvis. Consider CT scan with  
    thin cuts of the pelvis at discretion of orthopedic consult.

PRACTICE GUIDELINES: PLACEMENT OF Pelvic- Binder® ON UNSTABLE 
PELVIC FRACTURES

GUIDELINES:
1. Follow ATLS guidelines while pelvis x-rays are being performed.
2. Consider the Pelvic- Binder® temporary pelvis stabilizing device in 
the following situations:
   a. Pelvis fractures with unstable vital signs. Consider permanent pelvic fixator  
      or angiography while Pelvic- Binder® is being applied.
   b. Open book pelvis fractures.
   c. Lateral shear pelvis fractures.
    d. All pelvic fractures in which a CT scan show significant pelvic hematoma.
3. Follow the directions below. When the Pelvic- Binder® is being placed, make sure  
    that the breathing is not compromised. Place an OG/NG tube and Foley prior to  
     binder placement. 
4. Remove only after more permanent stabilizing procedures have been considered or  
    planned.
5. Obtain follow-up AP Pelvis X-ray.
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STEP 3                                                                 STEP 4

PRACTICE GUIDELINES: OPEN FRACTURE

Pelvic Trauma 2020

FRACTURES
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EVALUATION: 

1. Follow ABC’s. Extremity fractures assume low priority in the multiply injured patient unless  
    there is significant bleeding.
2. When patient is stable, examine the fracture and document distal neurovascular status of 
    limb.
3. Remove all gross contamination using sterile saline and cover all wounds with sterile       
    dressing soaked in saline only.
4. Grossly align limb or reduce dislocation.
   a. Splint femur fractures with hare femoral traction (see guideline).
  b. Splint other fractures with ortho-glass or plaster, including joint above and below the  
   fracture. 
5. Radiographs in two planes, including joints above and below fracture.

MANAGEMENT
Systemic antibiotic coverage directed at gram-positive organisms should be initiated as soon as 
possible after injury. For blunt trauma, antibiotics should be given within one hour of injury.
  Additional gram-negative coverage should be added for type III fractures.
  High-dose penicillin should be added in the presence of fecal or potential clostridial  
  contamination (e.g., farm related injuries).
1. Type I: Open fracture with a skin wound < 1 cm in length and clean. 
OR
Type II Open fracture with a laceration >1 cm in length without extensive soft tissue damage, 
flaps, or avulsions.
   • Cefazolin for less than 80 kg: 1g IV Q8H, duration not to exceed 24 hours after   
     successful wound closure 
  OR
   • Cefazolin for 80 kg or greater: 2g IV Q8H, duration not to exceed 24 hours after  
    successful wound closure
2. Type III Open segmental fracture with > 10 cm wound with extensive soft tissue injury or 
a traumatic amputation (special categories in Type III include gunshot fractures and open 
fractures caused by farm injuries).
  Cefipime for < 80 kg: 1g IV Q8H, for 72 hours or until 24 hours after wound closure
OR
  Cefipime for > 80 kg or greater: 2g IV Q8H, for 72 hours or until 24 hours after 
  wound closure
PLUS
  • Gentamicin 5 mg/kg IV Q24H, duration not to exceed 24 hours after successful     
                wound closure or 72 hours after the time of injury, whichever occurs first 
3. If farm-related injury or fecal or clostridial contamination present in the wound,   
    consider addition of 
  • Penicillin continuous infusion x 24H
4. If clinically significant intolerance to penicillin, consider use of 
  •Vancomycin per pharmacy x 24H
5. Tetanus prophylaxis if indicated.
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6. Consult orthopedics. 
  a. Surgical irrigation and debridement within 6 hours of injury. 
  b. Repeat surgical debridements every 24-36 hours until wound clean or all  
    devitalized tissue removed.
  c. Formal wound closure when wound is stable by whatever method necessary  
   (delayed primary  closure, STSG, rotational or free tissue transfer). 
  d.  Fracture stabilization
  e. For Grade IIIC injuries with pulseless distal part, perform emergent surgical  
      intervention with angiogram 

PRACTICE GUIDELINES: THORACIC AND LUMBOSACRAL SPINE INJURIES

RADIOGRAPHIC EVALUATION: Screening for thoracic or lumbar spine fractures 
should be done with a CT scanner. The CT must include coronal and sagittal 
reconstructions. For institutes that do not have CT capability, 2-3 view x-rays of the 
thoracic and lumbar spine should be performed. The patient should then be re-
evaluated for further CT studies upon arrival to the higher level institute.

GUIDELINES:
1. Follow ABC’s.
2. Secondary survey:
  a. Logroll patient with full C-spine immobilization at all times
  b. HOB flat and bedrest until cleared by neurosurgery.
  c. Evaluate for areas for tenderness  and palpate spinous process step-off findings.
  d. Perform neurologic exam including motor, sensory and reflexes to   
       determine any deficits suggestive of neurologic injury.
  e. Examine rectal tone (involuntary and voluntary).
  f. No steroids.

3. Maintain spinal precautions until cleared by consulting service.  
4. Consult Neurosurgery if any spine injury, fracture or neurological deficit is found.
5. Maintain high index of suspicion for possible lumbar fracture in patients with   
     abdominal wall “seatbelt sign”. Peform AP and lateral reconstructions from the  
     abdominal/pelvis CT scan if these have already been performed.
6. If fracture is noted in one area of spine, complete CT scan of cervical, thoracic, and  
    lumbar spine should be obtained to assess for additional fractures.  Or reformatting  
    of chest/abdominal/pelvis CT.
7. If neurologic injury is found on examination, and no bony injury is found on CT  
    scan, obtain a STAT MRI scan without contrast of the involved spine and consult  
    Neurosurgery.
8. If any neurological injury contact Neurosurgery and refer to SCI Guidelines.
9. Beware of ileus in patients with spinal fractures. 

PRACTICE GUIDELINES: PENETRATING INJURIES OF THE EXTREMITY

EVALUATION/MANAGEMENT:
1. Follow the ABC’s.
2. Control exsanguinating hemorrhage by direct pressure.

Fractures 
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3. Perform rapid physical exam, noting quality of distal pulses and neurologic     
    findings. 
4. Rapidly obtain X-ray of extremity, including entry and exit wounds
5. Take the patient immediately to surgery for the following findings:
   a. Exsanguinating or uncontrolled hemorrhage from the injury.  
   b. Rapidly expanding hematoma.
  c. Rapidly developing compartment syndrome.
   d. Obvious absence of distal blood flow.
6. Obtain angiogram,  or CT angiogram for:
   a. Diminished distal pulses.
   b. ABI <0.9 (for leg injury).
   c. Difference in upper extremity systolic blood pressure >20 mmHg when   
    upper extremity injury is suspected. 
   d. Continued bleeding from wounds.
   e. Major nerve injury. 
   f. Bruit or thrill.
 7. If neurologic deficit is present:
   a. Document level of deficit.
   b. Obtain orthopedic consultation
8. For all “proximity injuries” with an absence of the above findings, admit to the 
hospital for observation for 12-24 hours.
9. Administer one dose of cefazolin intravenously. Administer tetanus IM as needed.
10. Debride wound edges and close or treat with dressings depending on clinical 
conditions. 
11. Splint joints above and below the injury with a bulky dressing.

PRACTICE GUIDELINE: DIAGNOSIS AND TREATMENT OF EXTREMITY 
COMPARTMENT SYNDROME

DEFINITION: 
Compartment syndrome: increased pressure in a myofascial compartment of an 
extremity leading to ischemia and compromise of muscle, nerves, or blood vessels 
within the compartment, leading to a cascade of toxic metabolite release.

EVALUATION:
1. Suspect compartment syndrome associated with following injuries:
   a. Blunt extremity trauma with associated bleeding or muscle swelling. A   
      fracture does not have to be present to have compartment syndrome. An  
   open fracture does not eliminate developing the risk of compartment   
   syndrome.
   b. Circumferential burns.
   c. Injection/infiltration injuries.
   d. Revascularization after prolonged ischemia (ie., arterial repair after long  
   cross-clamp time).
   e. An unconscious patient with a compressed limb.
   f. Prolonged malpositioning: ie hemilithotomoy position in OR, traction.
2. Clinical Presentation
  a. Pain with Passive stretch of the muscle groups contained within that   
   compartment.
  b. Pain out of Proportion to the injury.
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  b. Pain out of Proportion to the injury.
  c. Pain on Palpation of the involved compartment
  d. Paresthesia/Paralysis, particularly in the distribution of the nerves within  
   the compartment 
  e. Pallor/Poor capillary refill.
  f. Pulslessness distally - this is a late finding; don’t depend on it to make the  
   diagnosis!
  g. Palpable compartment pressure
  h. Swelling with a tight tender compartment.
3. Objective findings - Increased compartment pressure. 
   a. Absolute pressure > 30 mm Hg
   b. Diastolic pressure - Compartment pressure < 30 mm Hg
4. Measuring compartment pressures:
   a. Measure in all potentially tight compartments.
   b. The pressure near the fracture (measured deep) will usually be the highest.
   c. Use Stryker (slit catheter manometer).
5. Compartments of the extremities:
   a. Forearm
     i. Flexor compartment.
     ii. Extensor compartment.
     iii. Mobile wad.
   b. Upper arm
     i. Anterior compartment.
     ii. Lateral compartment.
     iii. Posterior compartment.
   c. Thigh
    i. Anterior compartment.
    ii. Medial compartment.
    iii. Posterior compartment.
   d. Leg 
    i. Anterior compartment.
    ii. Lateral compartment.
    iii. Deep posterior compartment.
    iv. Superficial posterior compartment.
6. Other Compartments
   a. Pectoral
   b. Spinal 
   c. Gluteal
   d. Fingers
   e. Foot
 
TREATMENT:
1.Compartment syndrome is a surgical emergency that can only be treated with   
   surgical fasciotomy.
2. Analgesia
3. Prophylactic antibiotics
4. Monitor renal function for rhabdomyolysis
5. Do not elevate affected extremity, elevation does not improve venous flow and      
    reduces arterial inflow which leads to increasing tissue ischemia

Fractures 
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PRACTICE GUIDELINES: FAT EMBOLISM SYNDROME (FES)
DEFINITIONS:
1. Associated with traumatic fracture femur, pelvis, tibia and placement of IM nail 
and arthroplasty of pelvis or knee.
2. Usually occur 24-72 hours after injury or following surgical repair. 
3. ES includes a triad of signs and symptoms:
  a. Pulmonary: dyspnea, tachypnea, and hypoxemia. Can progress to   
   respiratory failure and ARDS.
  b. Neurological: restlessness, acute confusion, altered levels of consciousness,  
   focal deficits and seizures. Neurological s/s generally occurs after   
   development of pulmonary s/s. The neurological findings are transient and  
   usually resolve.
  c. Cutaneous: petechiae are usually found on the head, neck, thorax, axilla and  
   sub-conjunctiva in addition to mucous membranes. Typically resolve in a  
   week. 

GUIDELINES:
1. Diagnosis is based on clinical features and exclusion of other diseases but does not  
    require the presence of all 3 aspects of FES triad for diagnosis. 
  a. Schonfeld scoring of clinical findings:
    i. Petechiae, 5; diffuse infiltrates on CXR, 4; hypoxemia,3; fever, 1;  
        tachycardia, 1; tachypnea, 1; confusion,1. A cumulative score of  
        >5 indicates FES. 
2. Diagnostic studies 
  a. ABG
  b. CXR, typically normal
  c. CTA chest:  may reveal ARDS or parenchymal changes 
3. Treatment 
  a. Mostly supportive
  b. Provide adequate oxygenation. Avoid high airway pressures and tidal   
   volumes
  c. Prone positioning may be of benefit
4. Monitoring for shock because it can exacerbate lung injury associated with FES. 
  a. Albumin may be useful as it binds with fatty acids
  b. Corticosteroids may help beneficial, it  is controversial. Consider if the  
   benefits outweigh the risks, methylprednisolone 1.5mg/kg IV every 8 hours  
   x 6 doses.
5. Early fracture fixation.

PRACTICE GUIDELINES: BRACHIAL PLEXUS INJURIES 
DEFINITIONS
4. The Brachial Plexus nerve roots are from C5 through T1. 
5. Associated with injuries high speed MCV/MCC, blunt trauma, falls, traction   
    injuries, gunshot wounds, and stabbings.
6. Types of brachial plexus injuries:
  a. Root Avulsion: the nerve has been pulled it’s attachment at the spinal   
   cord. This injury is not repairable. The motor and/or sensory deficits are  
   permanent.
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  b. Rupture: the nerve has been stretched and at least partially torn but not at  
   the spinal cord.
  c. Neurapraxia: the nerve has been stretched or compressed but is still   
   attached; excellent prognosis.

GUIDELINES:
1. Symptoms of brachial plexus injury:
  a. Pain
  b. Loss of sensation
  c. Muscle weakness
  d. Muscle atrophy
  e. Paralysis of some or all muscles of shoulder/upper extremity.
2. Diagnostics
  a. XR to evaluate for fractures
  b. CT maybe useful for detecting root avulsions
  c. MRI is more sensitive 
3. Management and treatment
  a. Neurosurgical consultation
  b. Pain control
  c. Serial neurovascular checks
  d. PT/OT 
  e. EMG, NCV testing 6 weeks post injury
4. Surgical treatment
    a. Dependent on nature and degree of injury; usually not until 3-4 months post  
         injury if no improvement in function. 
5. Prognosis is generally poor with most improvements occurring within six months. 

GENITOURINARY TRAUMA

PRACTICE GUIDELINES: EVALUATION OF GENTIOURINARY SYSTEM  AND 
HEMATURIA

Fractures 
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DEFINITIONS:
Gross hematuria: Blood in the urine that can be seen as a change in the urine color, 
>50 RBCs per high-power field.
  Microhematuria: Urine that appears normal but has tested positive for blood 
by either a dipstick technique or by microscopic examination, 1+ or greater) and has 
RBC’s on microscopic exam (usually <50 RBC/ HPF).

GUIDELINES:
1. Treat the patient according to ATLS guidelines.
2. Determine the presence of blood by, observing the urethral meatus,    
      inserting a Foley catheter or having the patient void spontaneously, send UA.
3. For blunt trauma:
   a. For patient’s with gross hematuria or gross hematuria and    
       pelvic fractures CT with delayed imaging should be performed as   
                 a screening tool. If additional imaging is needed CT cystogram   
       or XR cystogram. 
   b. Suspected ureteral injury: CT with contrast, with delayed images 
   c. Suspected bladder injury (increased incidence in pelvic fractures   
       with gross hematuria and free pelvic fluid): CT cystogram or   
       cystography. Instill 300ml of contrast into the bladder, too little   
       contrast will result in a false negative result.
   d. Suspected urethral trauma: Pelvic fracture patterns; anterior    
          arch, SI joint and pubic rami , straddle fracture plus diastasis   
       of SI joint should raise suspicion of urethral injury. Do NOT    
       place urinary catheter. Obtain retrograde urethrogram. Obtain   
       Urology consult.
    i. Absence of blood at the urethral meatus, gross    
       hematuria, and prostate displacement do not exclude the   
       possibility of urethral injury.
    ii. In females with severe pelvic fractures and vaginal    
               bleeding, many have associated urethral injuries.    
        Incontinence of urine should raise suspicion of injury.
4. For penetrating trauma:
   a. If patient is unstable, go to OR for laparotomy.     
   b. Refer to renal vascular injuries for management

PRACTICE GUIDELINES: MANAGEMENT OF RENAL INJURIES

DEFINITIONS:
1. Grade I:
   a. Renal contusion: microscopic or gross hematuria
   b. Hematoma: subcapsular, non-expanding without parenchymal   
       laceration
2. Grade II:
   a. Hematoma: non expanding perirenal hematoma confined to    
       renal retroperitineum
   b. Laceration: <1cm parchenchymal depth of renal cortex without   
       collecting system rupture or urinary extravasation.
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3. Grade III: Laceration: <1cm parchenchymal depth of renal cortex with   
    collecting system rupture or urinary extravasation
4. Grade IV:
   a. Laceration: Parenchymal laceration extending through the renal   
       cortex, medulla and collecting system.
   b. B. Vascular: Main renal artery or vein with a contained    
       hemorrhage
5. Grade V:
   a. Laceration: Completely shattered kidney
   b. Vascular: Avulsion of renal hilum which devascularizes kidney
6. Renovascular injuries: Occlusion(s)(thrombus) of the renal artery as    
    evidenced by lack of perfusion to a kidney on CT, IVP or angiogram. 

GUIDELINES:
1. Evaluation:
   a. Consider renal injury with any injury associated with hematuria,   
       flank pain/ecchymosis, low rib fracture,
    i.  CT has higher sensitivity and specificity vs IVP. MRI is   
        equal to CT, may be used in select patients to determine   
        intrarenal vs extrarenal hematoma, recent bleeding. 
        MRI in iodine allergy.
    ii. Consider renal injury with penetrating abdominal    
         injury (see “Guideline for Evaluation of penetrating   
         Abdominal Trauma”)
2. Penetrating Injuries:
   a. CT scan should be primary diagnostic study. Consider    
       exploratory laparotomy for gunshot or stab wounds to the flank/  
       abdomen, high possibility of associated injuries.  
   b. All stab wounds to the kidney require evaluation for urine    
       present  around the kidney, CT with delayed imaging to evaluate   
       as a screening tool. exploration for disrupted collecting system or   
       ureter.
   c. Even severe renal injuries can be managed non operatively
   d. In the hemodynamically unstable patient consider renal    
       angiography with emobolization

3. Blunt Injuries:
   a. Renal contusion:. Diagnosed as a perfusion defect on CT or IVP.
    i. No definitive treatment necessary.
    ii. Consider serial urinalysis if warranted
    iii. May discharge if still has hematuria; follow-up    
        urinalysis at clinic visit one to two weeks after discharge.
   b. Renal fracture: Diagnosed on CT scan as parenchymal    
       defect with surrounding hematoma and possible urinoma rarely   
       requires surgical intervention.
    i.  If hemodynamically unstable, consider angiogram with   
        embolization, consider exploratory laparotomy
    ii. See renalvascular injury
    iii. Obtain urology consult.

Genitourinary Trauma
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    c. Renovascular injury:
    i. If angiogram shows occluded main renal artery, nothing   
        more needs to be done as long as contralateral kidney 
        is present. 
    ii. If angiogram shows active extravasation and embolization   
        cannot be accomplished, patient should be taken to surgery.   
                Nephrectomy will probably be required. If there is venous 
        extravasation, anticipate spontaneous resolution of bleeding as  
        long as clotting factors are normal.
    iii. If there is active extravasation, attempt embolization. 
    iv. If hemodynamically normal without evidence of    
        ongoing bleeding, treat non-operatively unsuccessful,   
        perform laparotomy. Gain arterial inflow control at the   
        aorta as first step.
    v. If there is occlusion, most likely explanation is intimal   
         if lap from partial thickness vessel disruption from    
         traction injury.
    vi. With occlusion, consider the amount of time from the   
         injury.
   a) Less than six hours: consider revascularization although the    
       outcome is poor.
   b) Greater than six hours: observe. The chances of kidney survival 
        are slim.
4. Management
   a) Keep in monitored setting (ICU or step down bed) until    
        hematocrit stable.
   b) Foley to remain in place until hematuria substantially clears.
   c) Bed rest until hematuria resolves
   d) Serial hematocrits every 6 hours until repeated values are stable,   
        then hematocrits for 3 days.
    e) Expect abdominal and flank discomfort, fevers and mild ileus for   
       3-4 days.
    f) The presence of a urinoma does not necessarily require operative   
       intervention.
   g) Follow-up routinely in clinic 10-14 days after discharge. Follow-  
        up CT is often indicated.
    h) Out of school or work 10-14 days after discharge. Avoid contact   
       sports activities for three months.
   i) Discuss with the patient the meaning of hypertension in the    
       follow-up period.
5.Ureteral injuries:
   Ureteral injuries occur in 1% of penetrating urologic injuries, 95% of which result  
   from gunshot wounds. 
  a. CT with delayed 5-8min after IV contrast administration may increase   
      sensitivity of the study.
  b. Typically require a stent or repair
6. Bladder injury: 
   a. Consider bladder injury in patient with the following:
    i. Gross hematuria 
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    ii. Severe displaced pelvic fracture.
     iii. Lower abdominal pain with hematuria.
     iv. Extravasation seen on CT scan of pelvis.
    v.  Do not insert catheter if there is blood at the urinary meatus. See  
         Urethral injury below.
    vi. If negative, insert Foley catheter if indicated, perform CT with  
         delayed imaging    
    vii. Consult Urology if bladder injury is detected
  b. Extraperitoneal bladder rupture: contrast flows from bladder but is confined  
   in the extraperitoneal space around the bladder.
    i) Usually treated with urinary catheter bladder drainage for 7-10  
        days, unless there is a foreign body  (bone fragment) or if there is  
        significant bleeding.
    ii) After that time, obtain cystogram and if bladder is intact, may  
         remove catheter, “flare” indicates bladder injury
    iii) Antibiotics generally not needed.
  c. Intraperitoneal bladder rupture: contrast flows from the bladder into the  
   peritoneal cavity. 
    i) Usually treated with surgical repair
    ii) Bladder drainage with urinary catheter is used for 7-10 days, at  
        which time a cystogram is obtained. If bladder is intact, catheter  
        may be removed.
7.Urethral injury: 
  a. Occur in 5-10% of pelvic fractures
  b. In males, consider urethral injury with the following:
    i. Displaced severe anterior pelvic fracture Open Book" (fracture  
        involving both anterior and posterior arches).   
    ii. Blood at the meatus.
     iii. Perineal and scrotal hematoma.
     iv. High riding or boggy prostate gland.
    vi. If positive, do not place Foley catheter. 
  c.  In females, 
    i. Consult urology.
  d. Perform a urethrogram (see “Guideline: X-rays on Trauma Patients”).
  e. Treatment :
    i. Primary stenting of the injury with a urinary catheter (possible  
       endoscopically assisted). 
    ii. Delayed operative reconstruction. 

PRACTICE GUIDELINES: TOURNIQUET APPLICATION
Purpose: A tourniquet is a constricting device to control LIFE THREATENING 
venous and arterial hemorrhage from an extremity. 
Indications:
1. Hemorrhage from extremities refractory to direct pressure, elevation,  splinting 
    and proximal artery compression. 
2. Massive and life threatening hemorrhage in a setting where risk of exsanguination  
    makes application of less aggressive methods impractical.  
3. Amputation with uncontrolled bleeding 

Genitourinary Trauma
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Procedure :

1.First attempt direct pressure. If a discreet bleeding vessel can be identified, point   
  pressure over the bleeding vessel is more effective than a large bandage and diffuse   
  pressure. 
2. If the above methods fail, Place a tourniquet 2-3 inches above the wound.  
   Never place over a joint.
3.Be sure to cut away any clothing so that the tourniquet is clearly visible. 
  o NEVER obscure a tourniquet with clothing or a bandage. 
  o NEVER place the Baer Hugger over the tourniquet.
4. Apply the tourniquet tightly to the limb at least 3-5 centimeters from the wound   
    margins assuring there is no slack in the device. Tighten until the bleeding stops.  
    Note: Capillary “oozing” may continue after bleeding is controlled. 
5. Document time and location of tourniquet. 
6. Mark the time of application on the patient’s skin next to the tourniquet. 
7. Elevate the extremity if possible. 
8. Reassess every 2-3 min for additional bleeding.  Tighten or apply a second        
    tourniquet above the first tourniquet if bleeding is not controlled with the first        
    tourniquet. 
9. Patients may arrive via EMS/helicopter with a tourniquet in place.  In these    
    instances:
10. Assure appropriate analgesia.
11. Nursing must notify the trauma surgeon when the tourniquet has been in place 
      45 minutes and reassess need for the tourniquet with the surgeon every 15    
      minutes until the tourniquet is removed.  
Specific Precautions 
1. A tourniquet applied too loosely will only increase blood loss by inhibiting venous   
    return. 
2. Applying a tourniquet can cause nerve and tissue damage, whether applied    
    correctly or not. Therefore proper patient selection is of the upmost importance. 
3. Injury due to tourniquet placement is unlikely if removed within 1 hour. In cases of   
    life threatening bleeding, benefit outweighs theoretical risk. 

PRACTICE GUIDELINES: TEG (THROMBELASTOGRAPHY)
Indications: To determine the appropriate type of blood product(s) needed to correct bleeding 
in the hemostasis system. Also allows for accurate anticoagulation or antiplatelet interventions.
Procedure:
1) A TEG (Rapid TEG, platelet mapping) should be collected on all Trauma Critical   
   patients activated in the ED. Collect a blue top and  dark green top tube, needs to     
   include patient label and time drawn.
2) Post blood product TEG should be collected 5-10 minutes after transfusion.
3) Post op TEG should be collected one hour post operatively.
4) TEG Tests
  a) Rapid TEG-provides a fast assessment of hemostasis to include heparins and   
   heparinoids
    i. Platelet Mapping-measures the effect of antiplatelet agents 
       on platelet function, the percentage of inhibition related to other   
          causes (pathological-not drug induced, herbal supplements,   
       secondary to TBI).
  b) Functional Fibrinogen-provides assessment of the fibrinogen contribution   
        to total clot strength
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R (minutes) is the time to the end of the thrombin burst, factor function.
K (minutes) is the kinetics of the clot specifically fibrinogen function.
A angle (degrees) is the split point to tangent of curve, fibrinogen function as is measures the 
speed at which fibrin build-up and cross link occur. Assess rate of clot formation
MA (millimeters) is the maximum amplitude, represents the strength of the clot-platelet 
function.
LY30 (%) is the percentage decrease in amplitude at 30 min post-MA which measures the 
degree of fibrinolysis.
1. How to analyze a TEG reading
  a) First determine if heparin is affecting TEG reading by comparing citrated   
          kaolin and citrated kaolin heparinase tracings. Increased R values in kaolin   
          sample are seen when heparin is present If heparin is present, evaluate   
      coagulopathy based on CKH tracing.
  b) Once determined, use that tracing to evaluate clotting system looking at   
   each of the parameters
  c) Evaluate platelet mapping- by selecting correct CK or CKH tracing,    
          activator and either ADP (Plavix, etc) or AA (aspirin) receptor
  d) Evaluate the MA and % inhibition to determine if platelets need to be    
      transfused
  e) Functional fibrinogen assay will isolate the fibrin contribution to the clots.   
  In a TEG analysis the clot strength is a combined contribution of platelet   
  function (~80%) and fibrin function (~20%).
2. A normal TEG with bleeding can be due to one of the following: 
  a) Platelet inhibition from antiplatelet drugs- ruled out with platelet mapping
  b) Rule out VonWillebrand Factor deficiency by administering DDAVP
  c) Mechanical bleeding- patient needs to be taken to surgery 
3. Drug effects on TEG Parameters
  a) Anticoagulant- increase in R
  b) Platelet Inhibitor-decrease MA of ADP or AA
  c) Fibrinolytic- increase in LY30
  d) Procoagulant (Plasma, Desmopression, PCC, TXA)- decrease R
  e) Platelet Enhancer- increase MA
  f) Antifibinolytic- decrease LY30 
  g) Limitations of TEG include Von Willebrand’s disease, lupus anticoagulant,   
  protein C&S deficiency, Factor V Leiden, and HIT.

ADMINISTRATION OF PRODUCT BASED ON TEG RESULTS

R: NEEDS FACTORS
  1) R Prolonged: Heparin (ruled out with heparinase tracing), hemodilution,   
  Coumadin, anti-Xas, DTIs, factor deficiency. If flat line present can be 1)   
  patient is on significant heparin, 2) lab error, calcium not added to sample,   
  or 3) patient is close to death.
  

TEG



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
75

  2) R Short: Hypercoagulable, if there is a concern about clotting, consider one   
  of the above to normalize R time
K: NEEDS FIBRINOGEN/CRYO
  1) K Prolonged: Indicates poor fibrinogen function, consider something   
   fibrinogen rich like cryoprecipitate 
  2) K Short: Strong fibrinogen function
ANGLE: NEEDS FIBRINOGEN/CRYO
  1) If Narrow/Low: Poor fibrinogen function, consider something fibrinogen   
  rich like cryoprecipitate
  2) If Wide/High: Strong fibrinogen function
MA/G: NEEDS PLATELETS
  1) MA Low: Poor platelet function, consider administering platelets.
  2) MA High: Strong platelet function, if concerned about clotting, consider   
  anti-platelet drug and platelet mapping
LY30: NEEDS TXA
  1) >3% consider anti-fibrinolytic (Tranexamic Acid, TXA) 

PRACTICE GUIDELINES: MANAGEMENT OF THE 
COAGULOPATHIC TRAUMA PATIENT
DEFINITIONS:
1. Anticoagulants: Typically heparin sulfate, low molecular weight heparins        
(i.e., Lovenox/ enoxaparin), warfarin agents (Coumadin), new anticoagulants    
   dabigatran (Pradaxa), rivaroxaban (Xarelto), and anti-platelet agents (ASA, Plavix,   
   Dipyridamole).
2. Hereditary bleeding dyscrasias, lab abnormalities, and therapeutic goals:
  a. Hemophilia A (Factor VIII): isolated elevated PTT; Factor VIII half- life 
   is 12 hr, therapeutic goal is >50% Factor VIII activity; for CNS injury,    
  therapeutic goal is >80%
  b. Hemophilia B (factor IX): isolated elevated PTT; Factor IX half-life is 20-
   30 hr, therapeutic goal is >50% activity except for CNS injury, where    
  therapeutic goal is >80%
  c. Von Willebrand’s disease (vWF, factor VIII): elevated bleeding time and   
   PTT; half-life is 24 hr, therapeutic goal is >25% Factor activity
  d. Chronic liver failure (II, VII, IX, X), elevated INR
3. FFP: Fresh Frozen Plasma, contains 200 units of all coagulation factors,        
    complement, and 400 mg fibrinogen per unit, and is typically used in factor II,          
    V, VIII, IX and XI deficient states. One unit of FFP raises the average level of these   
    factors by 2%. Typical treatment dose starts with 2-4 units. 
4. Cryoprecipitate: Plasma concentrate consisting of factor VIII and fibrinogen. One   
    unit contains 100 units of factor VIII and 250 mg fibrinogen. One unit equals 10   
    ml and will increase factor VIII  activity by 2%. Typical dose is 8-10 units.
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5. Platelets: One aphereis pack (usually containing 6-8 donor units) will increase   
    platelet one-hour count by 50,000. Counts should be repeated every 8-12 hours          
    to address platelet consumption and need for repeat transfusion. Levels <20,000 are   
    associated with spontaneous ICB’s and should be addressed regardless of injury. 
6. Vitamin K: Synthesized by intestinal flora; involved in hepatic production 
    of factors II, VII, IX, and X. Warfarin (Coumadin) is a vitamin K antagonist.    
    Deficiency associated with increased PTT, PT and normal bleeding time.
7. Tranexamic Acid (TXA) is an antifibrinolytic, which keeps from  clots from    
    breaking up formation of clots. Must be used within 3 hours of injury,
   mortality increase if given after 3 hours. Use in adult population with significant   
    hemorrhage.
8. Prothrombin Complex Concentrates (PCC) can be either three factors (II,IX,X) 
   or four factors (II,VII,IX,X) with a clotting factor concentration 25x higher           
  than normal plasma. FMC has four factor, KCentra available on formulary. 
It       was originally developed for haemophilia B treatment. Corrects INR faster and       
    with smaller volumes to be administered than FFP. Risks include thromboembolic   
  complications such as stroke, myocardial infarction, DIC, or DVT/PE.

GUIDELINES:
1. General approach assumes blood loss will appear out of proportion to expected loss   
   in patients with preexisting coagulopathy.
  a. Suspect underlying coagulopathy in any patient with un explained blood   
  loss. Review medications, family history and past medical history.
   b. If indicated, begin specific therapy for early anticoagulation reversal. 
  c. Determine need for specific therapy using risk assessment table (see below).
2. Risk Assessment 
   a. Assessing Bleed Risk
    i. High Risk: 
     1. CHI, spinal cord injury, spinal fracture (increased   
         morbidity secondary to bleeding 
         into a confined space)
      2. Splenic/liver/renal lacerations; Grade 3, 4, or 5
     3. Unstable pelvic fractures
    ii. Moderate Risk
      1. Multiple long bone fractures
      2. Stable pelvic fractures
      3. Hemothorax
      4. Splenic/liver/renal lacerations; Grade 1 or 2
      5. Positive FAST or CT for pelvic fluid 
    iii. Low Risk
     1. Extremity-only injuries (monitor for  Compartment   
         Syndrome)
     2. Blunt chest or abdominal trauma, without solid organ   
         injury
  b. Assessing Risk of Anticoagulation Reversal
     i. High Risk
      1. Mechanical Heart Valves
      2. Acute DVT (< 1 month)
      3. Acute PE (< 1 month)
     ii. Moderate Risk
     1. Chronic DVT Rx ( >1 month or < 3 months)
     2. PE Rx ( > 1 month or < 3 months)
     3. Hemophilia A

Coagulopathy Trauma
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    iii. Low Risk
     1. Chronic Atrial Fibrillation
     2. CVA/Stroke Prophylaxis
     3. Chronic DVT/PE (> 3 months)
     4. Von Willebrand’s disease
     5. Hemophilia B
     6. Other inherited coagulopathies
  c. If patient has mechanical heart valve consider starting heparin (PTT 45 -55)   
         48 hours post-injury and restarting Coumadin 7 days post-injury.
   d. Consider vena cava filter if DVT/PE is reason for anticoagulation;    
      discontinue anticoagulation until 7 days post-injury.
3. Specific Therapy
   a. Acute Reversal of Patients Receiving Coumadin or Elevated INR
    i. FFP: give 2 units and follow INR; target INR <1.5. 
    ii. Patients with traumatic brain injury and positive CT findings,   
            or other acute bleeding leading to hemodynamic instability   
        consider giving PCC (KCentra) in combination with 
        Vitamin K.  Follow INR if necessary can give additional 
        dose up to maximum 50u/kg. Goal for INR <1.5. Use    
            Prothrombin Complex Concentrate for Warfarin Reversal Power   
            Plan.
     a) INR 2-3.9 give PCC 25u/kg
     b) INR 4-6 give PCC 35u/kg
     c) INR >6 give PCC 50u/kg
     d) If using three factor PCC must also give 2 units FFP.
     iii. Vitamin K (reversal time 6-24 hours) given to prevent “re-  
                anticoagulation;” 10 mg SubQ qd x 3 days, begin immediately.   
                Use with caution based on risk.
4.Drug induced coagulopathies/platelet dysfunction
  a. Patients Receiving Heparin
     i. Rarely used in outpatient population. If on an infusion, hold.   
            Half-life is 90-120 minutes. Caution with protamine (doing so   
            may lead to acute thrombosis).
    ii. If Protamine must be given use with caution high risk of    
          hypersensitivity reaction, including anaphylaxis in patients with 
        a fish allergy.
     a) Pre-medicate with hydrocortisone 50-100mg IV and   
            Diphenhydramine 50mg IV/PO 
     ii. Patients Receiving LMWH -- Irreversible. Half-life is    
             approximately 12 hours. Patients require prolonged observation   
             and supportive therapy.
   b. Patients receiving rivaroxaban (Xarelto)
    i. PCC administration as indicated if severe bleeding.
  c. Direct Thrombin Inhibitors (Agatroban, Bivalirubin, Dabigatran (Pradaxa))
    i. No reversal agent. Short half-life, and bleeding complications   
          should be supportive  (fluids or blood replacement, surgical   
                   interventions, mechanical compression) and holding the 
       medication.
    ii. If severe of life threatening bleeding consideration for PCC   
        administration, or TXA may promote hemostasis.
    iii. Consider dialysis with dabigatran because eliminated by    
              kidneys. Effective at removing 60%. Can administer oral 
         activated charcoal if previous dose ingested within 2 hours.
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  d. Antiplatelet agents (Aspirin, clopidrogel, NSAIDs, dipyriadmole)
    i. Aspirin: antiplatelet effect begins within one hour of dose and last up to 4  
       days after stopping therapy.  
    ii. Clopidrogel (Plavix): antiplatelet effect lasts up to 10 days after stopping  
        therapy.
    iii. Ticlopidine: antiplatelet effect last 5-7 days after stopping therapy.
    iv. Management includes discontinuing medication weighed against   
        bleeding risk vs arterial thrombosis. Consider  TEG platelet mapping to  
        determine platelet inhibition from these medications. 
  f. Hemophilia A
     i. If bleed risk of is High, give Factor VIII empirically to achieve   
        therapeutic goal of >50% factor activity. If risk is Moderate or Low, 
        check Factor levels and dose accordingly. Monitor PTT and consult   
        hematology. 
    ii. One unit/kg will raise Factor levels by 2%.
     iii. In order to obtain 50% Factor activity (assuming low patient factor  
        levels) begin with 40 units/kg every 12 hours (especially for CNS injury,  
        see Definition section) and obtain hematology consult. Therapeutic goal  
        is >50% factor activity and 80% for CNS injury.
5.Acquired Coagulopathies
    a. Von Willebrand’s Disease 
     i. Bleed risk is Moderate to Low unless patient has severe von Willebrand’s  
        Disease. 
     ii. Give cryo-precipitated vWF-enriched plasma; monitor PTT and bleed  
         time; obtain hematology consult. Goal is >25% Factor activity.
  b. Hemophilia B
     i.  Bleed risk is Moderate to Low, therefore replace Factor IX using serum  
        factor levels (goal is >50% factor activity; 80% for CNS) and clinical  
        evaluation. One unit/kg of factor IX will increase Factor activity by 1%. 
     ii. For serious bleeding, start with 60 units/kg BID
     iii. Obtain hematology consult
  c. Factor V Deficiency
     i. Treat with Factor V replacement, usually via FFP transfusion (begin with  
        2 units). 
     ii. Obtain hematology consult
  d. Functional Platelet Defects and Thrombocytopenia (platelet count < 20,000)
    i. Remember platelet transfusions have minimal usefulness if   
        thrombocytopenia is related to ITTP or consumption 
    ii. Recommend transfusion in the following circumstances with   
        intracranial injuries:
     a. Platelet Count <10K, even if no bleeding (prophylactic   
         transfusion to prevent bleeding)
     b. Platelet Count <20K and bleeding
     c. Platelet Count <30K and at risk of bleeding, complaints of  
         headache, bleeding from wound or increasing retinal   
         hemorrhage
     d. Platelet Count <50K and major surgery within 12 hours,   
                          platelet count decreasing rapidly, patient <48 hours patient  
         needs post-operative, lumbar puncture, or acute blood loss 
           of > 1 blood volume in less than 24 hours
     iii. Reversing hypothermia may correct platelet dysfunction. 
    iv. DDAVP (Stimate) may be used as nasal spray or as intravenous dose  
        (0.3mg/kg, infused slowly). 

Coagulopathy and Massive 
Transfusion
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4. Specific Patients
  a. Traumatic Brain Injury
     i. CT negative, INR 1.5-3.0: admit for observation and hold   
        Coumadin. Check INR in 6 hours and follow guideline.
     ii. CT negative, INR >3.0: admit and give FFP until INR 1.5-3.0   
           (usually 4 units); repeat CT in 12hours
     iii. CT with intracranial bleed, INR >1.5; admit to ICU and give   
            either FFP (usually four units) or consider PCC has outlined   
            above until INR<1.5. Repeat CT scan in 6 hours.
  b. Spinal Cord Injury -- INR >1.5: give FFP until INR <1.5
  c. Chronic Liver Failure
     i. INR>1.5; patients will be deficient in Factors II, VII, IX and X.   
         May require BOTH cryoprecipitate and FFP. 
     ii. Patients may be refractory to vitamin K secondary to hepatocyte   
                 dysfunction.
  d. Significant Trauma Associated Hemorrhage
     i. Consider Tranexamic Acid (TXA) if patient in severe shock   
       (SBP<75) , but must be given within 3 hours of injury.
     a) First dose 1 gram IV over 10 minutes
     b) Second dose 1 gram IV over 8 hours

PRACTICE GUIDELINES: MASSIVE TRANSFUSION PROTOCOL



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
80

PRACTICE GUIDELINE: DEEP VENOUS THROMBOSIS PROPHYLAXIS

GUIDELINES:
  1. Determination of DVT risk
         a. High Risk: Age>75 recent hip/knee 
            joint replacement, fractured hip, pelvis
             or leg, any trauma, spinal cord injury 
           resulting in paralysis, Hx of blood clots, 
           DVT or PE, family hx of blood clots or 
           clotting
       b. Moderate Risk: Age >60-74, disorders,
           cancer, any recent major surgery including 
           laparscopic surgery, bed rest >72hours, 
           central venous access, hx of cast in the 
           last month (if more than 1 of these risk 
            increases)
      c. Low Risk: Age 41-60, Use birth control or hormone replacement therapy,   
          pregnancy or have given birth in the last 1 month, varicose veins, overweight  
          or obese, history of inflammatory bowel disease, heart attack, CHF, serious   
          infection, lung disease such as COPD or emphysema, severely restricted mobility  
                       (if more than 2 of these risk increases)
  2. Prevention in the hospital setting
      a. External pneumatic compression-all patients
      b . Graded compression stockings
         c. Moderate Risk/High Risk-SCDs/foot pumps and heparin regimen
      d. Early mobilization if able-all patients
  3. Anticoagulant Regimen
      a.  Enoxaparin/Lovenox .5 mg/kg SQ q12 hours
      b. If patient has decreased renal function - Heparin 5,000 units SQ q8 hours 
      c. Use Xa monitoring for high risk patients (Diabetic, Obese, Spinal Cord  
              Injury, Pelvis/femur injury, or vascular injury).  
      d. Patient with hx or suspicion of HIT( heparin induced thrombocytopenia)  
          argatroban or artixtra
      e. Consider patient weight when selecting dose of anticoagulant
  4. If risk for adverse bleeding consequences
     a. SCDs/foot pumps.
        b. Start enoxaparin or heparin when bleeding risk subsides.  
  5. Indications for temporary vena cava filter - all of the following factors
     a. Presence of DVT in leg/PE and contraindications to anticoagulation
        b. Very high risk and cannot be anticoagulated, and one of the following  
         injury patterns (this is controversial)
    i. Spinal cord injury
     ii. Severe head injury and prolonged mechanical ventilation or  
              multiple lower extremity fractures 
    iii. Pelvic fracture with or without lower extremity fractures
    iv. Major penetrating abdominal/pelvic venous injury

DVT Prophylaxis Trauma
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PRACTICE GUIDELINES: MANAGEMENT OF 
THE PEDIATRIC PATIENT

DEFINITION:
Pediatric patient: A child who might have a different response to injury 
and physiology that may require an altered approach to diagnosis and 
treatment after major trauma. This will be individualized to the particular
patient. It is impossible to identify a pediatric patient by a specific maximum
age, since growth and development occur differently in different children. 

GUIDELINES:
  1. The same trauma team will be initially called to a Trauma Critical or Trauma   
       Guarded trauma whether the patient is a child or an adult. Use the Broslow Tape.  
   If child is post pubescent obtain a bed scale weight. Medication dosing will still be  
   based on child’s weight in kilograms. 
  2. Follow the guidelines established by ATLS. Do not allow the age difference in the  
      patient to divert your attention away from the ABC’s, primary survey, resuscitation,   
      secondary survey and reassessment phase of trauma care. 

  6. Indications for venous duplex scanning
         a. Signs of DVT
     i. Unilateral swollen extremity
     ii. Unilateral painful thigh or calf not explained by injury
      iii. Swollen arm associated with indwelling central venous catheter
        b. Prophylatic screening should only be done in patients that are   
            symptomatic or at high risk who have not received chemical   
            prophylaxis
  7. Pulmonary embolus
        a. Diagnosis: Clinical, unexplained by concurrent conditions (trauma,  
            pneumonia, atelectasis): Tachypnea,  Pleuritic chest pain, Hypoxemia 
        b. Imaging: 
    i. CT Angiogram scan of chest - look for vascular filling defect
    ii. V/Q scan - look for perfusion defect without matching   
         ventilation defect - high probability
        iii. Duplex scan - not always helpful, low priority
    iv. RV strain on ECHO (if severe and conditions warrants, may  
          need clot directed therapy)
        c. Treatment, no bleeding risk:
     i. Heparin protocol
    ii. Enoxaparin 1 mg/kg sq q12hours
    iii. Transition to Coumadin with goal of INR 2.0-2.5
    iv. Treatment, bleeding risk: Vena cava filter
         1. If IVC filter placed need to anticoagulated as soon as able
         2. IVC filters that are temporary need to be removed in 1-3 months

SPECIAL POPULATIONS
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  3. Primary survey and resuscitation:
        a. Airway:
     i. Oral airway can be used in the unconscious patient - do not   
       insert it upside down and rotate 180º as is done in an adult. Use a  
              tongue blade to depress tongue & carefully place over tongue to  
       back of pharynx.
     ii. Orotracheal intubation is preferred method of obtaining an   
         airway:
     a) Maintain C-spine immobilization.
       b) Refer to pediatric equipment chart or Broselow tape for proper blade  
            and tube.
      c) Position the tube 2-3 cm below the vocal cords.
      d) Auscultate over abdomen first then auscultate both sides of the chest in  
             the axillae.
     e) Use capnography for all pediatric patientsif less than 15 kg and adult  
             capnography for patient greater than 15 kg. 
     f) Cuffed tube is preferred in all children
      iii. Cricothyrotomy should be avoided in the infant or small child.
    iv. Ventilate the child with a tidal volume of 6-8 ml/kg.
    v. Ventilatory rates should be:
      a) Infants and toddlers– 30-40 breaths/min.
      b) Children - 20 breaths/min.
    vi. Place ETCO2 monitor, goal of ETCO2 35-45
      b. Breathing:
     i. Chest injuries are unusual, but usually indicate significant injury  
       because of the pliability of the chest wall.
    ii. Chest tubes are inserted similarly to adults.
    iii. The size of chest tube is in the pediatric equipment chart or on  
          the Broselow tape. 
      c. Circulation:
    i. Rapid evaluation for signs of poor tissue perfusion is performed  
       as in an adult.
    ii. Tachycardia is the first sign of hypovolemia.
    iii. Hypotension is a late finding.
    **Remember that neonates and infants can suffer clinically   
        significant blood loss intracranially or in subgalial space with  
         no signs of external blood loss.**
    iv. Intravenous access: Attempt peripheral vein cannulation twice,  
         and if unsuccessful, proceed to other access sites:
    a) critical assess can be obtained using a variety of methods.   
        Intraosseous is appropriate (discontinue after 24 hours or once  
        IV access is obtained) 
    i. infant placement- proximal tibial tuberosity just under growth  
       plate 
    ii. child placement- posterior superior iliac spine, iliac crest,   
        anterior superior iliac spine, distal tibial site 
    iii. adolescent- tibial tuberosity 
    b) central line placement varies based on clinical presentation and  
         physician preference. Sites may include femoral vein, subclavian,  
                          or jugular  
     c) Any child - cutdown:
     i) Greater saphenous vein in the ankle.
    ii) External jugular.
     iii) Median cephalic vein at the elbow.

Special Populations Trauma
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    v. Fluid infusion:
        a) Initial bolus is 20 ml/kg with LR or NS.
        b) If remains unstable, then administer 10 ml/kg PRBC’s.
                       c) If remains unstable, then consider other forms of shock or the  
            need for emergent operative intervention.

  d. Disability:
    i. Children tend to do better than adults with similar degrees of head injury.
     ii. Consider intubation for all children with GCS less than or equal to 8.
       a. Maintain normovolemia 
       b. Avoid Hypoxia for any period of time! 
       c. Obtain urgent neurosurgical consult and head CT scan for any children  
              with altered mental status. 
        d. Intracranial pressure monitoring should be  considered early, since   
           children have a higher likelihood of cerebral swelling without focal injury.
       e. Pediatric drugs: see pediatric TBI guidelines below for dosing   
           information 
    a) 3% Saline- (first line medication for head injury) avoid sustained  
        serum sodium of greater than 160 mEq/L
    b) Mannitol (not recommended for first line treatment, consult  
         pediatric intensivist or neurosurgery prior to use in pediatric  
         population ) 
     c) Lorazepam 0.05 - 0.1 mg/kg IV
     d) Keppra 10mg/kg q 12h
  e. Exposure: make sure the child is rolled with C-spine precautions to examine  
   for all injuries. Avoid hypothermia; keep warm blankets on patient at all  
   times. 
    4. For equipment such as OG tubes and Foley catheters refer to Broselow tape/cart.
    5. For children (< 18 yrs) who appear to need the Pediatric Intensive Care Unit, call  
        the PICU attending shortly after the child arrives in the ED, notify immediately       
        for trauma critical.
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NEUROSURGERY ACCEPTANCE CRITERIA AT FMC

INTRACRANIAL PATHOLOGY
      YES
  • All head trauma > 1 month of age
  • Call if < 2 year of age if has a traumatic hemorrhage AND patient condition  
     and time allows.  If patient unstable and requires immediate intervention you  
     may send regardless as long as > 1 month of age.
      NO
  • Patients with brain tumors and < 18 years of age
  • Patients with shunt malfunction < 8 years of age 
  • Patients with complex shunts
  • Newborns or patients with head trauma and < 1 month of age
  • Non-traumatic intracranial hemorrhages < 18 years of age
    AVM or aneurysm

SPINAL CORD PATHOLOGY
      YES
  • Thoracic/lumbar injury > 2 years of age
  • Cervical injury below C3 > 2 years of age
  • Thoracic/lumbar injury < 2 years of age – call neurosurgeon-on-call
  • Cervical injury below C3 < 2 years of age – call neurosurgeon on-call
      NO
  • Occipital cervical injury < 18 years of age
  •Cervical injury down to and including C3 < 18 years of age

Pediatric Neurosurgery Acceptance Criteria
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PEDIATRIC BLUNT LIVER/SPLEEN INJURY

PEDIATRIC TXA GUIDELINES

PURPOSE
Procedure to assist in the management of pediatric patients requiring massive 
transfusion, such as patients with a loss of 50% of total blood volume with ongoing 
blood loss and patients in profound shock with uncontrolled bleeding. 
Physiological Goals:
  a. Support adequate perfusion
  b. Support adequate oxygenation
  c. Prevent/reverse coagulopathy
  d. Keep INR <1.5
  e. Platelet count >100,000
  f. Fibrinogen >100 mg/dl
Activation Criteria 
  a. Any pediatric patient between the ages of 1 and 18 who is ill enough to   
      require blood transfusion.
  b. Indications for initiation of massive transfusion procedure: Hemorrhagic  
   shock American College of Surgeons/Advanced Trauma Life Support     
         (ATLS) Class III & IV consider Class II with known active bleeding.  
  c. Pediatric coagulopathy (hyper-fibrinolysis) 
  d. Positive FAST abdominal exam 
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  e. Penetrating trauma
  f. Patients who are actively bleeding and are within 3 hours of injury 
  g. Hemodynamically significant long bone fracture or pelvic fracture 

NOTES
Increased risk (1.3 to 3.8%) seizures (theorized 2/2 GABA inhibition)
Reactions reported: Respiratory depression; hypersensitivity; visual defects and retinal 
venous and arterial occlusions; upper urinary tract bleeding, ureteral obstruction due to 
clot formation, hematuria; is renally dosed for SCr > 1.4.

CONTRAINDICATIONS

Time from injury > 3 hours
Subarachnoid hemorrhage
Active thromboembolic disease (DVT, PE, cerebral thrombus)
Acquired defective color vision

PROCEDURE
TXA forms a reversible complex that displaces plasminogen from fibrin resulting in 
inhibition of fibrinolysis; it also inhibits the proteolytic activity of plasmin.
1. Not approved for interosseous administration
2. First dose should be given within 3 hours of injury
3. Give 15 mg/kg bolus over 10 minutes (maximum of 1,000 mg) 
4. Followed by 2 mg/kg (maximum of 1,000 mg) infused over 8 hours. 
5. May continue if significant ongoing bleeding is observed beyond eight hours but not to 
exceed 24 hours
6. The infusion and boluses should be discontinued once bleeding is controlled
7. Administer in a dedicated line TXA is not compatible with other medication If 
dedicated IV access not available, repeat 15 mg/kg (maximum 1,000 mg) bolus (10 min 
infusion) after 3 hours, instead of 8-hour infusion

REFERENCES 
AABB Technical Manual, 17th Edition, 2011
American College of Surgeons Trauma Quality Improvement Program “Massive Transfusion In Trauma 
Guidelines” Published November 2013. 
 (1) UpToDate, accessed August 2016
 (2) The CRASH-2 (Clinical Randomization of an Antifibrinolytic in Significant Hemorrhage 2) trial: a  
        randomized controlled trial and economic evaluation of the effects of tranexamic acid on death,      
        vascular occlusive events and transfusion requirement in bleeding trauma patients, 2010. Roberts, et al.
 (3) Tranexamic acid administration to pediatric trauma patients in a combat setting: The pediatric trauma  
       and tranexamic acid study (PED-TRAX). Eckert, MD, et al. 2014.
 (4) CRASH-2 collaborators, Roberts I, Shakur H, et al. The importance of early treatment with tranexamic    
        acid in bleeding trauma patients: an exploratory analysis of the CRASH-2 randomized controlled trial. 
       Lancet 2011;377:1096–101. Roberts, et al.
 (5) TRANEXAMIC ACID USE IN UNITED STATES CHILDREN’S HOSPITALS. The Journal of  
       Emergency Medicine, Vol. 50, No. 6, pp. 868–874, 2016. Nishijima, MD, et al. 2016.
 (6) High-Dose Tranexamic Acid Is Associated with Nonischemic Clinical Seizures in Cardiac Surgical 
       Patients. Murkin, MD et al. Anesthesia & Analgesia: February 2010 - Volume 110 - Issue 2 - pp 350-353.  
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 (7) Massive Transfusion Policy (MTP) for Adult & Pediatric Patients (includes TXA), Spectrum Health (a  
        12-hospital system throughout Michigan), 10/23/14. 
 (8) Tranexamic acid in pediatric trauma: why not? Beno et al. Critical Care 2014. 2014, 18:313.
 (9) Sheridan Memorial (WY) Guidelines for Adult & Pediatric Tranexamic Acid (TXA) Administration In    
       Major Trauma. Created 2/6/15.
 (10) The Teddy Bear Book, Pediatric Injectable Drugs, 10th ed, 2013. Phelps, et al. 
 (11) Hendrickson JE, Shaz BH, Pereira G, Atkins E, Johnson KK, Bao G, Easley KA, Josephson CD:           
          Coagulopathy is prevalent and associated with adverse outcomes in transfused pediatric trauma   
         patients. J Pediatr 2012, 160:204–209.

PEDIATRIC TRAUMATIC BRAIN INJURY  GUIDELINES

 1. Utilize PICU Traumatic Brain Injury Order Set
 2. Admit to PICU
 3. Maintain CPP (MAP-ICP) > 45 or determined by provider
  a. Epinephrine for severe bradycardia of hypotension
   i. Start at 0.05mcg/kg/min, titrate by 0.05mcg/kg/min, max dose
       1mcg/kg/min
  b. Dopamine for hypotension
   i. Start at 5mg/kg/min, titrate by 1-2 mcg/kg/min q 10-40min for effect,  
      max dose 15mcg/kg/min
 4. Measure frontal circumference on admit on all patient <2 years old
 5. Hourly vital signs/I&O
 6. Neurological checks every 2 hours
 7. ETCO2 monitoring, goal 35-40 mm Hg, avoid ETCO2 <35 as associated with   
     cerebral ischemia
 8. EVD management per neurosurgery
 9. Keep ICP <20, call provider if sustained >20 when quiet
     i. 3% NaCL 2-5ml per kg over 10-20 mins for initial bolus in patients with          
        intracranial hypertension continuous infusion 0.1-1 ml/kg/hr to maintain ICP  
        <20 mm Hg 
     ii.  Mannitol 20% : 0.5 - 1.0 g/kg  
     iii.  Pentobarbital for refractory ICP
 10. Sedation/Analgesia
  a. Fentanyl, start at 1mg/kg/hr dose not to exceed 150mcg/hr
  b. Morphine, start at 0.02 mg/kg/hr, range 0.02-0.07 mg/kg/hr
  c. Midazolam, start at 0.06mg/kg/hr, range 0.06-0.12 mg/kg/hr
 11. Maintain Euvolemia
  a. Replace urine output by either 1ml:1ml or 1ml:0.5ml with 0.9%NS or .45%  
      NS hourly
  b. Replace CSF output 1ml:1ml with 0.9% NS every 4hours over 4 hours 
 12. Diabetes Insipidus
  a. Vasopressin at 0.5 milliunits/kg/hr
13. Seizure Management
  a. Infants and children have a low seizure threshold
  b. Increased risk in patient with
      i.  Cerebral contusion
      ii.  Penetrating injury

Pediatric Traumatic Brain 
Injury
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Medication
Infants/Children 

Elimination Half Life

Infants/Children 
approximate time 
interval since last 

dose  (hours)
Neonates 

Elimination Half Life

Neonate 
approximate 
time interval 
since last 
dose (hours)

Intravenous induction, 
anesthetic, and 
sedative agents

Medications Administered to Critically Ill PediatricPatients and Recommendations for Time Interval to Testing After Discontinuation (adapted from AAP 
Report—Guidelines for the Determination of

Brain Death in Infants and Children: An Update of the
1987 Task Force Recommendations www.pediatrics.org/cgi/doi/10.1542/peds.2011-1511)

Succinylcholine

5-10 minutes NOTE Prolonged 
duration of action in patients with 
pseudocholinesterase deficiency 
or mutation 0.5

Pancuronium 110 minutes 6.7
Vecuronium 41 minutes 3 65 minutes 4
Atracurium 17 minutes 1 20 minutes 1
Rocuronium 3-12 months: 1.3 ± 0.5 hours 4

1 to < 3 years: 1.1 ± 0.7 hours 4
3 to < 8 years: 0.8 ± 0.3 hours 3.5
Adults: 1.4-2.4 hours 8

Metabolism of pharmacologic agents may be affected by organ dysfunction and hypothermia. 
Physicians should be aware of total amounts of administered medication that can affect drug metabolism and levels.
Elimination 1/2 life does not guarantee therapeutic drug levels forlonger acting medications or medications with active metabolites. Drug levels should be 
obtained to ensure that levels are in a low to mid therapeutic range prior to neurologic examination to determine brain death. In some instances this may 
require watiing several half-lives and rechecking serum levels of the medication before conducting the brain death examination.

The half-life of a given medication is how long it takes for the body to get rid of half of the dose.  by 4 × t1/2 to 5 × t1/2, the serum 
levels are reduced by almost 94% to 97% of the peak level. In other words, the entire dose you gave is almost gone from the body 
by 4 × t1/2 to 5 × t1/2.

iii. Penetrating injury with intraparenchymal bone fragments or foreign body                                                               
vii. Depressed skull fx
viii. Loss of consciousness
ix. GCS < 10
x. SDH/EDH
xi. Medications per PICU TBI order set

PEDIATRIC BRAIN DEATH CHECK LIST AND HALF LIFE OF MEDICATIONS
The diagnosis of brain death should only  be conducted by practitioners that are 
experienced in the care of pediatrics (neonates, infant and children). Qualified 
practitioners include pediatric intensivist, neonatologist, pediatric neurologist and 
neurosurgeons, and pediatric trauma surgeons. It is the recommendation that 
both neurological examinations be performed and documented by an attending 
physicians who is competent and qualified with the brain death examination.

Medication
Infants/Children 

Elimination Half Life

Infants/Children 
approximate time 
interval since last 

dose  (hours)
Neonates 

Elimination Half Life

Neonate 
approximate 
time interval 
since last 
dose (hours)

Intravenous induction, 
anesthetic, and 
sedative agents

Thiopental
Adults: 3-11.5 hours (shorter 1/2 
life in children) 32

Ketamine 2.5 hours 8
Etomidate 2.6-3.5 12
Midazolam 2.9-4.5 hours 16 4-12 hours 32

Propofol
2-8 minutes, Terminal 1/2 life 200 
minutes (range 300-700 minutes) range 13.3 to 40 hours

Dexmedetomidine Terminal 1/2 life 83-159 minutes 6.7
Infants have faster 
clearance

Antiepileptic drugs

Phenobarbital
Infants: 20-133 hours* Children 
37-73 hours* Infants 400, Children 240 45-500 hours 180 - 2000

Pentobarbital 25 hours* 80
Phenytoin 11-55 hours* 200 63-88 hours* 280
Diazepam 1 month-2 years: 40-50 hours 160

2 years-12years: 15-21 hours 72
12-16 years: 18-20 hours 72

Lorazepam
Infants : 40.2 hours (range 18-73 
hours) 160 40 hours 160
Children: 10.5 hours (range 6-17 
hours) 42

Clonazepam 22-33 hours 100

Valproic Acid Children > 2 months: 7-13 hours* 45 10-67 hours 40-268
Children 2-14 years: Mean 9 
hours; range 3.5-20 hours 36

Levetiracetam Children 4-12 years: 5 hours 20

Intravenous narcotics

Morphine sulfate
Infants 1-3 months: 6.2 hours (5-
10 hours) 25

7.6 hours (range 4.5-13.3 
hours) 31

6 months-2.5 years: 2.9 hours 
(1.4-7.8 hours) 12
Children: 1-2 hours 6

Meperidine
Infants < 3 months: 8.2-10.7 
hours (range 4.9-31.7 hours) 40

23 hours (range 12-39 
hours) 92

Infants 3-18 months: 2.3 hours 9
Children 5-8 years: 3 hours 12

Fentanyl

5 months-4.5 years: 2.4 hours 
(mean) 0.5-14 years: 21 hours 
(range 11-36 hours for long term 
infusions) 9.6 to 84 1-15 hours

Sufentanil
Children 2-8 years: 97 ± 42 
minutes 6 382-1162 minutes 6.5 - 75

Muscle relaxants

Medications Administered to Critically Ill PediatricPatients and Recommendations for Time Interval to Testing After Discontinuation (adapted from AAP 
Report—Guidelines for the Determination of

Brain Death in Infants and Children: An Update of the
1987 Task Force Recommendations www.pediatrics.org/cgi/doi/10.1542/peds.2011-1511)
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Patients to be included in this protocol
Patients to be included in this Guideline, FMC Every child with a sentinel injury 
or sign consistent with NAT (listed below) or positive CAM Screen will require 
immediate notification of the Emergency Physician to initiate the ED NAT Orderset 
and to develop a collaborative plan with the appropriate teams (or Peds Provider 
if direct admit to Peds). NAT workup will be completed per the protocol. The ED 
provider may consult the Trauma Team, Pediatric Team, and/or Safe Child Provider 
at anytime and as soon as possible if patient will likely be admitted. If clinically 
indicated, the Trauma Surgeon and/or Pediatric Intensivist should be consulted as 
well. Activation of the entire Trauma Team is necessary if patient meets trauma 
activation criteria – this will be at the discretion of the ED MD, ED RN, or any other 
provider. Some established criteria are listed below. Evaluation of a child with signs 
concerning for abuse must be completed using a multidisciplinary approach to gather 
the facts of the history and injury; a Pediatric provider consultation also contributes 
to the necessity to identify mimics of abuse.16,17

Patients to be included in this protocol, VVMC/SMC
Every child with a sign consistent with or sentinel injury of NAT (listed below) will 
require immediate consult with Emergency Physician to develop a collaborative plan 
with the ED team 

Child Abuse

Signs consistent with NAT
    HPI Findings
•     Injury discordant with mechanism of injury/developmental ability of child  

    While unintentional injuries are common, this is the most valuable identifier of  
    an inflicted injury1

•     Vague or no explanation given for a significant injury 1, 10
•     Explicit denial of trauma in a child with obvious injury 1
•     Unexplained or unreasonable delay in seeking medical care for a significant  

    injury Literature shows delay of presentation for NAT average 8 hrs vs 1.5 hrs in     
    nonNAT1

•     Blaming pets or siblings for cause of significant injury11
•     A detail of the history changes in a substantive way for a significant injury1

Purpose of the Pediatric NAT Protocol
To provide an unbiased, methodical and evidence based approach to:

1. Recognize any sentinel injury of NAT
2. Properly evaluate and care for a patient when there is a sign of NAT
3. Decrease the rates of missed abuse, while decreasing the risks to non-abused      
    children and families

PRACTICE GUIDELINES CHILD ABUSE

DEFINITION: A broad term that is defined as injury inflicted upon a child. This 
include physical abuse, sexual abuse, child neglect, and emotional maltreatment.
** The best identifier of abuse is comparison of the provided mechanism, the age and 
development of the child, and the severity and age/timing of the injury obtained in a 
CAREFUL and Detailed H&P**
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• Different family members/witnesses provide different explanations for a 
significant injury 1, 10

• Injuries attributed to in-home resuscitation efforts10
• Any child <18 years old with a household member presenting with domestic 

violence
• If a child states someone hurt them or touched them inappropriately, even if the 

patient retracts or changes their story
Physical Exam Findings
ANY injury to a nonambulatory infant or child, including but not limited to bruises, 
fractures, intracranial injury, abdominal injury, and mouth injuries (e.g. torn 
frenulum). A bruise may be the only obvious sign of abuse in infants. In infants <1 
year of age referred for abuse evaluation for isolated bruisingà 60% had additional 
traumatic injury found (fracture, brain injury, and/or abdominal injury) 31

 —   Concerning Bruises14, 27
  §  Number of Bruises
      §  In any age, 4 or more bruises reported to be from a single event. This  
      is very rarely due to accidents (unless from falls down >10 stairs or MVA).  
      Of 559 child injury incidents that evaluated 693 bruises, 85% occur in   
      ambulatory children; a single bruise was observed in 81.7% of all incidents;  
            stair falls resulted in 3 or more bruises only with falls involving more 
      than 10 steps; rarely on buttocks, upper arm, back of legs, or feet; never  
          bruising on ears, neck, or genitalia15, 37
   §  Location of Bruises33, 34
For 0-6 months old or non-cruising:
§  Any bruise, anywhere

For 6 months - ≤ 1 year old:
§  Cheek (exclude over zygoma)

§  Eye area (soft tissue area)
§  Ear
§  Neck
§  Torso/Trunk
§  Upper arms
§  Upper legs
§  Posterior legs
§  Hand
§  Foot
§  Anogenital

§  Front AND Back of the body from reported single event

For >1 year old:
§  Front AND Back of the body from reported single event
§  Cheek (exclude over zygoma)
§  Eye area
§  Ear
§  Neck
§  Trunk/Torso
§  Buttocks
§  Anogenital
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Child Abuse
     TEN – 4
            In children less than 4 years of age
                Trunk
                Ears
                Neck
§  ANY BRUISE on a child less than 4 months 
    of age. Infant homicide rates are highest      
    in the first 4 months of life 14,27
§  FACES P:
                Frenulum (tear or bruising)
                Auricular area
                Cheek (excluding over zygoma)
                Eyes
                Sclera, subconjunctival hemorrhage
                Patterned injuries
§  Type of Bruises
§  Petechial bruising (unless high velocity, e.g. fall off horse)37
§  Patterned bruises1
§  Linear1, 37
§  Appearance similar to an object (spatula, belt, hanger, etc.)25, 26
§  Bruising that resembles defensive wounds often found on hands and forearms11, 15

· While bruises are concerning, inflicted skeletal trauma does not always have bruising      
  associated with it; there is not always a bruise associated with trauma or impact1, 22, 30
· In any age, any trauma/injury to the anogenital region, erythema, discharge, bleeding,           
  pain, lesions (apart from menarche, diaper dermatitis, or cellulitis), or STI, unless STI 
  in >13 years of age and involved in consensual sex with partner no more than 4 years age     
  difference 24
· Burns that are deep, well demarcated, or are posterior or bilateral, or involve the   
  buttocks, lower extremities, or both. Peak age for abusive burning is 3 to 4 years    
  old, frequently r/t punishment for toilet-training mishaps and often accompany a delay 
  in seeking care and no history given 11
· Intentional burns arise from scalding, contact with heated objects, flame, chemical exposures,         
  microwave, radiation, electrical currents
· Classic forced immersion burn pattern with sharp stocking-and-glove demarcation and 
  sparing of flexed protected areas33
· In any age, traumatic alopecia (not from traction) 25, 26
· In any age, bite marks 25, 26
· Injuries to multiple organ systems not related to publicly witnessed event 1
· Multiple significant injuries in different stages of healing1
· Evidence of child neglect such as FTT without previous diagnosis or FTT with other         
  signs consistent with NAT “Physical abuse and neglect are sometimes concurrent, and on    
occasion, children may be intentionally starved”1
· In an infant or toddler: if a nonspecific condition such as altered consciousness,       
  vomiting, pain, decreased activity, lethargy, irritability, poor feeding, apnea, seizure and          
  seizure like activity does not have a clear medical explanation, trauma must be 
  considered in the differential and a search for evidence of trauma incorporated into         
   the assessment plan11 with concurrent evaluation for additional causes of illness (e.g. 
   infectious, etc.) Some victims of AHT may have nonspecific symptoms for several hours before       
   developing seizures or coma. Many infants and toddlers present with these vague symptoms so it  
  is important to always perform a thorough exam for additional signs of abuse and obtain CT head,       
   preselected labs, and skeletal survey if unable to identify cause1, 11, 17.
· Any prior admission with concerns for NAT and presenting with a significant injury
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• Radiographic Findings
    · Any patient who is ≤2 years of age, or is nonverbal, or is developmentally   
       delayed and presents with any skeletal injury or an intracranial injury                 
       or intra-abdominal injury (unless publically witnessed event); include 
       birth history if known in documentation (e.g. difficult breech    
       presentation)4, 3680% of fractures from child abuse occur in patients <18   
       months of age and 25% of children hospitalized for a fracture were found to                 
       be due to abuse 17, 18, 32
    · Any fracture reported to have resulted from abuse, domestic violence, or                  
      being hit by a toy or other object in a ≤5 year old 33
    · Any tibia/fibular fracture, femur, foot, clavicle, hand/carpus, rib, spine, or          
      pelvic fracture in a patient <5 years of age, unless publically witnessed event23
    · Any fracture or injury in any age where history of trauma dose not explain the  
      resultant fracture or injury A short fall (of <3 feet) is the most commonly given  
      false trauma history accompanying abusive head injury11
    · Duodenal or other intestinal perforations not related to specific medical      
      conditions such as perforated Meckel’s Diverticulum, ruptured appendix,   
      intussusception, or closed loop obstruction from volvulus or internal hernias11
    · Any bowel injury in <3 years of age, not from a MVA17

H&P Approach when evaluating a child19
    Obtaining The History: 
  1. Immediately interview caregivers independently of each other and the child;  
        the first 10 minutes of what is said at presentation is usually the most  
    valuable for law enforcement
  2. Document who was present for the interviews and the demeanor of the   
             caregivers
  3. Use quotation marks to indicate specific responses being provided and name  
       of the caregiver
       4. Documentation of “low suspicion for abuse” is not recommended; may   
         document “high suspicion of abuse” when applicable, add plain language,  
   include if injury is or could be life threatening
  5. It is best to allow the caregiver to provide a narrative without interruption so  
    that there is no influence by provider questions or interpretations1
  6. While detailed interviewing of children should be deferred to professionals  
   with expertise in interviewing children for concerns of abuse, children   
   may be asked open-ended questions to obtain a history and focus for the  
   physical examination. The child should be interviewed away from   
   accompanying caregivers. Document who was present with the child, the  
   child's demeanor, and use quotation marks to indicate remarks/responses  
   being provided by the child. When obtaining history from the patient, DO  
   NOT ASK LEADING QUESTIONS (e.g. did mom hit you?). Only ask:

   1) Who
   2) What
   3) Where
   4) When
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Genitourinary Trauma
History Risk Factors Include:
•     Previous reports to DCS in patient or sibling
•     Nonbiologically related adults (esp. a male) in household
•     Emotional/behavior difficulties of the child (e.g. ADHD, autism, conduct     

 disorder, disruptive disorder, anxiety disorder, mood disorder etc.)
•     Child with disabilities
•     Unemployment of parent/caregiver(s)
•     Maternal smoking
•     Presence of more than 2 siblings
•     LBW infant
•     Born to unmarried mother
•     Unplanned pregnancy
•     Military family, especially at times of deployment1, 6
Physical Exam:
    1. Completely undress (clothes and diaper) and place in a gown to examine the  
         child; include anogenital area, inside the mouth, between digits, palms and soles.
    2. Document any findings or lesions/injuries with photographs (see number 3).  
        Document oropharyngeal injuries, such as frenulum tears or pharyngeal  
        lacerations, color of sclera, teeth and hair characteristics.
    3. Photographs must be obtained as soon as possible! Permission is not required  
        when part of NAT medical evaluation. Use of Cerner Camera Capture     
         application is recommended and may be obtained by RNs, MDs, or NPs.   
         Photographs should include clear visibility of entire injury, measurement tape,  
         gray scale color chart, identifying face photo of the child is helpful. The photo  
         should be captured in way that best portrays what you are seeing and a provider  
         can take as many photos as desired in order to best portray what is being seen.
FMC: If concern for NAT has been established by ED and/or Pediatric provider, 
report to:
    1. Trauma Services consult (if not already activated) if patient to be admitted for  
        full evaluation of an injured, potentially abused child17
    2. Law Enforcement (PD or FBI for Native Land jurisdiction) for prompt 
        investigation. If the injury occurred outside of Flagstaff PD jurisdiction and an  
        officer from that jurisdiction is unavailable to take report within one hour                
        of patient presentation then request “courtesy report” from Flagstaff PD who may    
        then forward to the appropriate jurisdiction. Flagstaff PD 928-779-3646
    3. When there is a concern, “red flag”, or sentinel injury of abuse, then  
        IMMEDIATE notification of Police/FBI must be done even if patient condition  
        is critical or plans for transfer or discharge from facility to prevent perpetrator  
        from constructing false HPI or absconding. Please have PD interview parents  
        first, before DCS, for proper forensic interview of parents/caregivers. Notification  
        to Law Enforcement fulfills mandated reporting (ARS 13-3620) and is to be made  
        by the health care worker who noted concern for NAT including but not limited  
        to RN, MD, Social Worker, Case Manager, PT, RT, NP, PCT, EMT etc., but may  
        be completed by another health care worker if previous health care worker      
        confirms completion. Failure to report is now a class VI felony.
    4. DCS report 1-888-SOS-CHILD. If very low concern for abuse, then may just call  
        DCS, which also fulfills mandated reporting. Failure to report is now a class VI 
       felony. Safe Child Center must be consulted as soon as possible if any signs of  
        sexual and/or physical abuse after Law Enforcement has been notified. 
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5. Safe Child Center may also interview and assess siblings.
6. If any sign or concern for sexual abuse when Safe Child is unavailable, or if patient  
    is being transferred to Phoenix Children’s Hospital (PCH) for severe physical       
    abuse, then notify Child Help at PCH. Sexual abuse findings may include hickeys,  
    bruising around the mouth, breast, genitals, anus, and venereal disease.22, 23
7. Never allow patient to be transported to outside facility via private vehicle.            
8. When child abuse/NAT is left unreported, there is a up to 75% incidence of repeat  
    abuse and up to 35% incidence of death.28,39

VVMC/SMC: If concern for NAT has been established by ED RN & provider, report 
to:
1. Law Enforcement agency in which child resides.
2. ED security, if available.
3. Social worker, if available.
4. DCS (Department of Child Safety) report 1-888-SOS-CHILD (to be made by the  
    health care provider who recognized concern for NAT including but not limited to     
    RN, MD, Social Worker, Case Manager, PT, RT, NP, PCT, EMT etc., unless MD 
   states he/she will call). Failure to report is now a class VI felony
5. *IMMEDIATE notification of Police and DCS must be done even if patient        
      condition is critical or plans for transfer or discharge from facility to prevent     
      perpetrator from constructing false HPI.
6. Never allow patient to be transported to outside facility via private vehicle.     
   When child abuse is left unreported, there is a 30% to 50% incidence of repeat   
    trauma and a 5% to 10% incidence of death.28
In addition to the stabilization of the child, workup will include but not limited to:
    Labs:
     · On all patients: obtain Peds/Neo CBC, CMP, Amylase (though not as valuable  
   as lipase, recommended for legal purposes), Lipase, PT, PTT, UA, UDS,  
         ETOH, hCG in females with signs of puberty (labs preselected in NAT orderset)
—   Imaging:
       · If any of the above sentinel injuries are present on a ≤ 2 year old or older per 
  ED, Trauma, Safe Child Forensic NP, Peds MD/NP recommendation, obtain  
    Complete Bone Survey Per NAH Skeletal Survey Protocol (may exclude skull  
     series if obtaining head CT with 3D reconstruction and/or CXR if obtaining CT  
     Chest). Bone survey is to identify both acute and old fractures
        · Obtain head CT without contrast (with 3D reconstruction) if: any sign of   
  injury above the clavicle to child <2 years of age (including but not limited to 
    bruising anywhere on head apart from bony prominence if ambulatory,   
     cephalohematoma, hemotympanum)
    · If any sentinel injury or “red flag” in infant <1 year of age as noted above; also  
      consider in patients presenting with seizure like activity and full fontanel, vomiting,  
      poor feeding, irritability, lethargy, apnea or other breathing abnormalities, coma1,  
      11, 17.
    · If head injury identified on CT head then obtain MRI brain17 (already standard to  
      obtain T1, T2, and FLAIR sequences). Contrast should be performed as Radiologist  
       views noncontrast images. If head injury identified on CT head or if clinically  
      indicated then obtain MRI brain without contrast (contrast enhanced study may  
      be obtained following review of the non-contrast study by a Radiologist). MRI  
      may demonstrate occult extra-axial hemorrhage, parenchymal contusions, evidence  
      of shearing injury and hypoxic-ischemic injury in the acutely injured child that may  
      be occult on CT head imaging.17
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· In <5 year old: if RBC present in UA, then obtain CT Abdomen and Pelvis with     
  contrast33. ≥10 RBC/hpf has 70% predictive value indicative of high force abdominal  
  trauma17
· In < 5 year old: obtain CT Abdomen and Pelvis with contrast if any sign of abdominal  
  injury (e.g. bruise to abdomen, distended abdomen, abdominal pain), or if AST ≥80,  
  or ALT ≥100, or elevated amylase or lipase. LFT thresholds are lower due to incidences  
  of delay in seeking care seen in NAT; amylase and lipase will be rechecked next day and   
  if elevated then obtain CT abdomen with contrast and limited oral contrast to C loop of  
  duodenum17

— Consults

• If head injury identified then immediate ophthalmology consult in ≤ 2 year old and 
older if high suspicion of abuse in older child (shaken child syndrome); retinal scans to 
be completed within 24-48 hours 17, 41 
• Orthopedic Surgeon if skeletal fracture(s) identified
• Neurosurgery if head injury identified
• Pediatric Provider
• Social Worker
• Safe Child Center on all patients with concern for abuse
• Communication

— Do not disclose to family that DCS/PD is being notified; please allow ED MD,   
     Trauma Surgeon, and Peds MD/NPs to collaborate on method of disclosure
— Do not discuss potential mechanisms with family
— Prior to disclosure of diagnostic information to the caregiver; please allow ED MD,  
     Trauma Surgeon, and Peds MD/NPs to collaborate on method of disclosure
— If possible, parents/caregivers can be notified of found injuries that are consistent  
     with NAT with law enforcement/DCS present.  This ensures clarity of 
     communication and allows timely investigative interviews to occur. (best practice  
      recommendation by Susann Clinton, Forensic NP).

Disposition Recommendations: 
— Low threshold for admission -purpose of hospitalization may be to protect patient  
     until evaluations regarding safety of disposition and additional diagnostic procedures  
     can be completed. The extent of injury is not relevant to this requirement.1 The 
     patient’s need for protection supersedes any other consideration. 
— Safe discharge from the ED may occur when all diagnostic results are FINALIZED  
     and all parties agree the discharge plan is safe. Parties involved may include ED 
     attending, social work, bedside nurse, DCS, trauma surgeon, consulting pediatrician.
— All parties should feel comfortable with discharge, regardless of DCS disposition. If  
     concern persists patient should be admitted for further evaluation.
— PCP should be contacted for pertinent medical needs or follow up recommendations.

ACCORDING TO THE AMERICAN COLLEGE OF RADIOLOGY GUIDELINES 
AND THE AMERICAN ACADEMY OF PEDIATRICS STANDARDS, THE 
FOLLOWING GUIDELINE IS IMPLEMENTED AT NORTHERN ARIZONA 
HEALTHCARE:
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Standard Skeletal/Bone Survey (suspected NAT)
Minimum requirements- 
 Appendicular Skeleton:
 UE: AP humeri, AP forearms, PA hands to include wrists, 
 LE: AP femurs, AP lower legs, 2 view (AP/ Lat) feet/ankles
*Add lateral views UE or LE joints if indicated
 Axial skeleton (head and body): 
 CXR/Thorax 2 views (AP/ Lat) with R and L posterior oblique views of  ribs
 Abdomen 2 views (AP/Lat) to include the mid lumbar spine
 AP pelvis one view 
 Lateral cervical spine
 Lateral lumbosacral spine
 Frontal view (Towne) and lateral view of skull 

Technique- 
 Digital radiographs
 Bone algorithm (edge enhancement) 
 Reduce number of views under supervision of radiologist for Toddlers and Infants
 Images should be free of imaging artifact
 Images should be free of overlapping medical equipment (e.g. ECG leads and   
 wires),  items, radiopaque clothing, etc.
 Adhere to ALARA guidelines for radiation safety
Skeletal Dysplasia, Syndromes, and Metabolic Disorder Diagnostic Imaging
 Use Standard Skeletal Survey with the following exceptions:
  Entire arms and legs can be exposed on a single film when child size permits in  
  NB and young infants
  Axial skeleton baby grams (chest, abdomen) are acceptable but with separate  
  views of hands and feet
• Other Indications for Obtaining a Skeletal Survey:
  • Siblings /household contacts <3 years of age of an abused child (and refer to  
      Safe Child Center for investigation as listed above)1

Reference
American College of Radiology. (2014). ACR–SPR PRACTICE PARAMETER FOR 

SKELETAL SURVEYS IN CHILDREN. Amended 2014 (Resolution 39). Pp. 1-8.
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Concern for Abuse: ED or Peds Charge RN Task List FMC

1) "Red flag” or sentinel injury identified (from "Signs of Child Abuse" in the NAT 
Policy, the “CAM Screening Tool”, or any additional concern for abuse)

2) Charge RN ensures that ED or Peds MD/NP made aware, collaborates with 
appropriate teams, and workup completed per NAT Orderset and NAT Policy.  

ED provider may consult Safe 
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Child, Peds, and/or Trauma for additional evaluation or recommendations (collaboration will 
also aid in identification of changing narrative).  

3) If ANY member of the health care team is concerned for NAT, even if others are not, they 
must make a good faith report as a mandated reporter; it is not required to have a provider 
review a case prior to an individual making a mandated report.  

3) If patient meets any criteria for activation of Trauma Team then activate trauma team as 
appropriate.

4) Reporting can be delegated but Charge RN ensures that PD/FBI, DCS, and Safe Child 
Center are notified. With concern for abuse, please have PD investigate before DCS. If concern 
for abuse is low but there is a question about a possible "red flag", then may consult with Safe 
Child Forensic NP and/or Peds MD/NP for evaluation and recommendation. 

5) If patient requires admission or is direct admit to Peds, then ensure Trauma Surgeon on call 
is notified, if Trauma Services not previously activated.

6) Charge RN to ensure photographs obtained as soon as possible and uploaded into Cerner 
Multimedia Tab. Photographs can be obtained by any health care worker using the Cerner 
Camera Capture app, measurement tape, and gray scale color card. Parent consent is not 
required for photographs pertaining to concern for abuse. 

7) Charge RN to ensure communication recommendations are followed from the NAT Policy:
— Please wait to disclose that DCS or Police report will be/has been made to parents/
caregivers or family and friends until interdisciplinary team has formulated a plan/method of 
communication with parents/caregivers. 

— Do not discuss potential mechanisms with parents/caregivers or family and friends of 
patient (e.g. “we don’t usually see this type of injury from a fall lower than 4 feet” because 
caregivers may then formulate additional history to match injury).

— Parents/caregivers to be notified of found injuries that are consistent with NAT with law 
enforcement present so that parent/caregiver hears that detective hears the same injuries and 
then provider leaves the room for the detective to then conduct the interview. 
 
 8) Ensure parent/caregiver never to take patient AMA 
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Concern for Abuse: ED Charge RN Task List @VVMC

1) "Red flag” or sentinel injury identified (either from "Signs of Child Abuse" 
in the NAT Guideline, the RN Screening Tool, or any additional concern for 

abuse not listed)

2) ED Charge ensures that ED MD, RN collaborate, and follow NAT 
evaluation guideline.  

3) If ANY member of ED team remains concerned for NAT, even if others 
are not, they must make a good faith report as a mandated reporter.  

4) If patient meets any criteria for activation of Trauma Team or consult 
in addition to having a sentinel injury/"red flag" then activate trauma

 team as appropriate.

5) ED Charge ensures that PD & DCS are notified. With concern for 
abuse, please have PD investigate before DCS.

6) ED Charge RN to ensure communication recommendations are followed 
from the NAT Policy:

— Please wait to disclose DCS or Police report will be/has been made, to 
     family until Interdisciplinary team has formulated a 
     plan/method of communication. 

— Do not discuss potential mechanisms with family

— Parents/caregivers to be notified of found injuries that are consistent with NAT  
     with law enforcement present so that parent/caregiver hears that detective   
     hears the same injuries and then provider leaves the room for the detective to  
     then conduct the interview. 

 
 8) ED Charge RN to ensure parent/caregiver never to take patient AMA 
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PRACTICE GUIDELINES: TREATMENT AND OBSERVATION OF PATIENTS 
INVOLVED IN TRAUMATIC INCIDENTS DURING PREGNANCY

DEFINITIONS:
Traumatic injury: Any injury or mechanism that qualifies as a Trauma Critical or 
Trauma Guarded.

Pregnant: Any indication of pregnancy by examination, laboratory studies, imaging 
studies or history.

GUIDELINES:
1. Follow the ATLS protocols including initial assessment, resuscitation and 
secondary survey. (See Initial Assessment Protocol.) Remember that the mother’s 
welfare comes first so that all of the initial assessment should be directed to the 
mother while keeping the fetus’ welfare in mind. This includes X-rays and CT 
scanning.

2. Assess for pregnancy and gestational age by one or more of the following:
   a. History and last menstrual period
   b. Beta-HCG
  c. Prior sonogram
   d. Discussion with primary care obstetrician
 3. Notify patient’s primary obstetrician of the trauma event. If not available, call the  
     obstetrician on-call. Call neonatology consult for impending delivery.
 4. If 20 weeks or greater by any indicator, including physical exam, contact Labor 
and       Delivery immediately for external fetal monitor and/or ultrasound to be 
brought to       the trauma room:
   a. Non-stress test strip to be reviewed by L&D monitoring nurse.
   b. Any non-reassuring strip is to be reviewed by the primary obstetrician  
 5. Keep patient (>20 weeks pregnant) on the left or right side to take uterine pressure 
     off vena cava.
 6. Obtain standard trauma labs dependent on injuries and D-dimer.
 7. Determine maternal Rh status. If Rh negative, then administer Rhogam 300 mcg  
     for 2nd and 3rd trimester or 50 mcg for 1st trimester.
 8. Obtain sonogram if ordered by obstetrician.
 9. In case of emergency surgery, the attending trauma surgeon may proceed while  
      the obstetrical attending and neonatologist are responding to the hospital. 
 10. Perimortem C-section may be undertaken by the obstetric  consultant, the      
        trauma attending or the assigned emergency medicine physician provided:
    a. Signs of fetal life are present, correlate to time of maternal death <5 minutes is best
   b. Maternal demise is imminent 
   c. Gestational age is estimated at greater than 23weeks.
 12. Premature rupture of membrances
  a. pH 7 amniotic fluid, pH 5 vaginal secretions
 13. PEARLS
  a. Trauma Mechanisms:  MVC 54%  Assault 22%, GLF 22% and Burns 1%
  b. Largest OB risk to mother and fetus is unrecognized abruption
  c.  Fetal mortality 3-38% even with NO significant maternal injury
  d. FHT abnormalities occur before maternal vital sign changes are evident.   
      Place mother 10-12  Liters of Oxygen by Non-Rebreather mask
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  e. Abruption occurs in 1% “minor” to 50% “severe” blunt trauma 
  f. Vaginal bleeding occurs only 40% of the time with abruption 
  g. Ultrasound is 50% effective in identifying abruption – Abdominal CT Scan  
      can detect placental devitalization. *Request radiologist specifically read  
   placenta*
14. Fetal Monitoring : Any viable fetus of 20 or more week’s gestation requires   
      continuous monitoring after trauma, including patients with no obvious   
      abdominal injury.
  a. Ultrasound should be utilized when possible. However, when radiation is  
      required, the information obtained nearly always outweighs the radiation risk 
      to the fetus. 
  b. If 20 weeks or greater by any indicator, including physical exam, contact  
      Labor and Delivery immediately for external fetal monitor and/or ultrasound 
      to be brought to trauma room:
    i. Non-stress test strip to be reviewed by L&D monitoring RN
    ii. Any non-reassuring strip to be reviewed by primary OB and/or  
        perinatologist.  
  c. If gestation >20 weeks-perform continuous fetal monitoring for a minimum  
      of 4 hours, or at the discretion of obstetrics.
  d. Continuous monitoring can be discontinued after four hours if ALL the  
      following criteria are met, or at the discretion of obstetrics: 
  ii. Absence of vaginal bleeding
  iii. Absence of abdominal pain
  iv. Reassuring fetal heart rate tracing
  e. A minimum of 24 hours of continuous fetal monitoring should be done for  
      women with ANY of the following:
  i. Abdominal bruising or other obvious injury
  ii. Regular contractions
  iii. Vaginal bleeding
  iv. Non-reassuring fetal heart rate tracing
  v. .Abdominal/uterine pain
  vi. Suspicion of coagulopathy (low plts or fibrinogen <200).
   f. The maximum fetal radiation dose=5 rads
 Estimated Fetal Exposure for Various Diagnostic Imaging Methods 

     i. Uterine contractions less frequent than 1 in 10 minutes
     ii. Absence of vaginal bleeding
     iii. Absence of abdominal pain
     iv. Reassuring fetal heart rate tracing
   e. A minimum of 24 hours of continuous fetal monitoring should be done for women 
    with ANY of the following:
     i.  Abdominal bruising or other obvious injury
     ii.  Regular contractions
     iii.  Vaginal bleeding
     iv.  Non-reassuring fetal heart rate tracing
     v.  Abdominal/uterine pain
     vi.  Suspicion of coagulopathy (low plts or fibrinogen <200).
   f. The maximum fetal radiation dose=5 rads

Estimated Fetal Exposure for Various Diagnostic Imaging Methods 

PRACTICE GUIDELINES: MANAGEMENT OF SEVERELY BURNED PATIENTS

GUIDELINES:
**Remember, even if a patient has burns he/she is still a trauma patient. Life threatening trau-
matic injuries must be identified and treated before focusing on the burns.
 1. Airway:  Assess for upper airway injury caused by the inhalation of hot air or gases. 

Gentiourinary Trauma

Examination type Estimated fetal dose per Number of examinations required
 examination (rad)* for a cumulative 5-rad dose†
Plain films
Cervical spine4  0.002  2500
Upper or lower extremity4  0.001  5000
Chest (two views)6  0.00007  71429
Abdominal (multiple views)6  0.245  20
Thoracic spine4  0.009  555
Lumbosacral spine6  0.359  13
Pelvis4  0.040  125
Hip (single view)6  0.213  23
CT scans (slice thickness: 10 mm)
Head (10 slices)6  < 0.050 >  100
Chest (10 slices)6  < 0.100 >  50
Abdomen (10 slices)6  2.600  1
Lumbar spine (5 slices)6  3.500  1
Pelvimetry (1 slice with  0.250  20
scout film)6

Environemntal sources (for comparison)
Environmental backaground  0.100  N/A
radiation(cumulative dose 
over nine months)6
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OB Trauma
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PRACTICE GUIDELINES: MANAGEMENT OF SEVERELY 
BURNED PATIENTS

GUIDELINES:
**Remember, even if a patient has burns he/she is still a trauma patient. Life 
threatening traumatic injuries must be identified and treated before focusing on the 
burns.

OB Trauma
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1. Airway:  Assess for upper airway injury caused by the inhalation of hot air or gases.  
   This will potentially result in rapid upper airway occlusion related to edema.
   i. Stridor
   ii. Inability to handle secretions
  iii. Inability to speak; hoarse
   iv. Burns about face and mouth
   v. Erythema in the pharynx
   vi. If there is any question about airway occlusion, intubate the patient using  
     the oral route under direct visualization.
A. Assess for smoke inhalation. This will result in lower airway occlusion or          
    noncardiogenic pulmonary edema:
  i. All of the above signs, plus:
  ii. A history of being burned in an en- closed environment
  iii. Carbonaceous sputum
  iv. Soot in the airway and around the nose and mouth
  v. Uncontrollable coughing
  vi. Singed nasal or facial hair
B. Obtain chest X-ray *REMEMBER: the initial chest X-ray may be normal with   
    severe smoke  inhalation.
  i. Consider bronchoscopy, looking for erythema of the airway and soot   
     deposition in the trachea and bronchi.
  ii. If there is any question about smoke inhalation, intubate the patient and  
   place them on positive pressure ventilation with humidified oxygen
 C.  Carbon monoxide poisoning:
  i. Immediately apply 100% 02 via face mask then get CO level.
  ii. Consider carbon monoxide poisoning with any of the above findings, and
  iii. Carboxyhemoglobin level >10%:
   a) 100% Mask oxygen can be used if there is no evidence of neurologicdeficit.
  iv. Carboxyhemoglobin level >40% or neurologic deficit:
   a) Consider hyperbaric oxygen 
   b) Consider intubation 100% O2.
 2. Breathing:
   i. Remember that the patient could have sustained a chest injury in association  
   with the burn injury.
  ii. Assess breath sounds and obtain a chest X-ray.
  iii. Treat according to the chest injury guidelines.
 3. Circulation:
  i. Assess for shock and treat accordingly.
  ii. Insert two large bore IV’s. These may be placed peripherally or centrally. It is  
      okay to place the IV’s through burn eschar if it is the only access site.
  iii. Administer two liters of warmed Lactated Ringer’s solution.
 4. Disability:
  i. Assess neurologic status.
  ii. If brain injury is suspected, obtain CT scan.
  iii.  Expose: Remove all clothing and constricting bands or jewelry. Place patient  
      on clean sheet. Sterile sheets are not required. DO NOT immerse burn into  
       water or ice. 



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
107

Thermal Injury
 5. Diagnostics
   i. CBC, renal panel, UA, clotting studies, blood alcohol (if appropriate).
   ii. Obtain CXR if not already done.
   iii. Obtain EKG in patients over 45 or those who are having arrhythmias.
   iv. Obtain arterial blood gas with carboxyhemoglobin level.
 6. Insert Foley catheter and OG/NG tube in patients with >20% TBSA burn. 
 7. Examine the burn when the patient is otherwise stable.
   i. Rule of nines for second- and third-degree burn only.
   ii. The palm of the patient’s hand (with the fingers) is equal to 1% TBSA.
   iii. Assess depth of burn:
    a. First degree: erythematous, dry, painful, blanches (e.g., sunburn).
    b. Second degree (partial thickness): blisters, wet, erythematous, painful,  
        blanches (e.g., blister burn).
   c. Third degree (full thickness): dry, leathery, gray or brown, painless, does  
       not blanch (e.g., surface of football).
    d. Only second- and third- degree burns are considered when assessing the  
          TBSA.
 8. Calculate the fluid requirements:
  i. Patients with TBS <20% can be treated with oral fluids and IV fluids  
  ii. Larger burns should be treated with the Parkland Formula
   a. (4 ml) X (wt in kg) X (% TBSA burn) - given over first 24 hours.
   b. One-half given over first 8 hours and the rest given over second 16 hours. 
   c. Maintain urine output at 0.5 ml/kg/hr in the adult (1.0 ml/kg/hr in child  
       and 2.0 ml/kg/hr in infant <1 year).
 9. Assess for constricting eschar or compartment syndrome:
  i. Usually on extremity but may be on chest or neck.
  ii. Release eschar medially and laterally as follows:
   a. Prep with betadine or Chlorhexidine.
   b. Use #11 blade, hold it between your thumb and forefinger with the blade  
       protruding 1/4 inch.
   c. Run the blade on the medial and lateral aspect of the involved limb. For 
        chest injuries, release the eschar on the lateral aspect of the chest at   
          the anterior axillary line. 
   d. There should be no pain and minimal bleeding.
   e. Expand the escharotomy with a clamp.
   f. Cover the site with a dry, sterile dressing.
   g. Do not administer antibiotics unless there is a concomitant injury.
   h. Administer morphine intravenously as needed for pain. If the patient is  
       intubated and stable, you can be more liberal with the pain medications.
10. Transfer to a Burn Center if the following criteria are met.
   i. Partial thickness burns > 10% TBSA
  ii. Full thickness burns in any age group
  iii. Burns to face, hands, feet, perineum, genitalia or major joint surfaces
  iv. Chemical burns 
  v. Electrical burns including lightening injury
  vi. Inhalation injury
   vii. Pediatric burns
  viii. Any patient with burns with complicated pre-existing medical problems
  ix. Circumferential burns of an extremity and/or the chest.
  x. Patient with burn and trauma in which the burn injury is the greatest risk.
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*ARIZONA BURN OUTREACH 
   24 hour burn referral 
   1-866-749-2876
*THE ARIZONA BURN CENTER
  At Maricopa Medical Center
  2601 East Roosevelt, 
  Phoenix, Arizona 85008
  Tel# 602-344-5726, Fax# 602-344-1499 
   Transfer Check list:  http://www.azburncenter.com/EDocuments
11. Tar and asphalt burns
              i. Irrigate until tar/asphalt is cool
              ii. Apply petroleum based ointment to emulsify the tar, DO NOT PEEL OFF,  
        it may take several days to emulsify. 
              iii. The underlying burn is likely to be severe, suspect partial thickness/full 
       thickness injury
12. Chemical Burn considerations
  i. PPE prior to contact with the patient
  ii. Remove all clothing, jewelry
            iii. Irrigate with warm water, avoid hypothermia
            iv. Consider airbag deployment may cause burns (talc or cornstarch is typically  
       used).
            v. Call Poison Control, in AZ: (800) 222-1222, for further information   
      regarding toxicities
            vi. Refer to the Safety Data Sheet (SDS) or Material Safety Data Sheet (MSDS)  
    for neutralizing agents/treatment.



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
109

Thermal Injury

PRACTICE GUIDELINES: MANAGEMENT OF FROSTBITE

DEFINITIONS:
FROSTBITE: Freezing of tissues that leads to localized skin and tissue damage. 
Classified as follows:
  a. Frost nip: superficial non-freezing cold injury, intense vasoconstriction   
      usually cheeks, ears, nose. The numbness or pallor resolves quickly with   
      covering or rewarming the exposed area.
  b. First degree: Numbness and erythema, white or yellow firm raised plaques  
      develop, slight epidermal sloughing.
  c. Second degree: superficial, clear or milk fluid in blisters, surrounding   
      erythema/edema
  d. Third degree: Hemorrhagic blisters, injury has extended into epidermis and  
   dermal layer
  e. Fourth degree: Injury penetrates through dermis involving muscle/tendon/ 
      or bone

GUIDELINES:
 1. Treat hypothermia (refer to guidelines on hypothermia) or serious trauma first
 2. Keep patient hydrated, avoid hypovolemia
 3.  Rewarm affected areas in warm water 98.6-102.20F, until thawed
  a. If in the field and environmental conditions could cause refreezing, it is safer  
   to wait to thaw and keep affected area frozen
  b. DO NOT rub the affected areas to re-warm
 4. Upon rewarming:
  a. Debride white blisters, use silvadene once there is eschar
  b. Keep hemorrhagic blisters intact
  c. Apply Aloe Vera q6h to affected areas, cleanse with normal saline with each  
      application
  d. Elevate affected part
 5. Pain  Management
  a. Ibuprofen 400mg q 6hrs
  b. Consider narcotics, re-warming can be painful
 6. Tetanus
 7. Penicillin G Sodium 5,000,000units IV q 6h x 48hrs (Covers clostridia and strep)
 8. Physical Therapy (post re-warming)
  a. Daily ROM of affected areas
  b. Hydrotherapy daily at 98.6-102.20
 9. Consider Consulting Vascular Surgery or Interventional Radiology for intra-  
     arterial tPA(Alteplase)
  a. Must be done within first 24 hours post injury
  b. Criteria include: deep frost bite (3rd and 4th degree), no contraindications  
   to tPA, angiography shows occluded vessels
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PRACTICE GUIDELINES: PREVENTION OF HYPOTHERMIA

DEFINITIONS:

Hypothermia: A body temperature below normal in any victim of trauma.

“Clinical” hypothermia: A core temperature below 35º C in any victim of trauma and  
  is classified as follows:
   a. Mild hypothermia: 32º to 35º C
   b. Moderate hypothermia: 30º to 32º C
   c. Severe <300 C

Patients at risk for hypothermia:
  a. History of prolonged, cold environmental exposure
  b. Massive blood and fluid loss with large fluid requirements
  c. Severe head injury
  d. Infants and children
  e. Burns
  f. Drowning victims
  g. Intoxication
  h. Elderly

GUIDELINES:
 1. All victims of major trauma are considered “at risk” for hypothermia.
 2. Core temperature should be obtained on all patients with major injuries.
 3. The trauma room temperature should always be maintained at greater than > 75º F.
 4. Avoid prolonged patient exposure, i.e., cover with warm blankets. The operating  
     room should be maintained at 85º F.
 5. Warm blankets should be provided to the patient as soon as possible. 
 6. All fluid going into patient should be warm (available in trauma room).
 7. For major transfusion requirements, use the Level I fluid infuser that will always be  
     kept in the trauma room. 
 8. If hypothermia becomes a problem, obtain the Bair Hugger and apply over as much     
     of the body surface as possible. 
 9. If the patient has severe hypothermia:
     a. Notify the trauma attending immediately.
     b. Begin aggressive passive re-warming measures.
  i. Bair Hugger (do not apply a blanket between the Bair Hugger and the patient).
  ii. Increase the temperature on the inspiratory humidifier on the ventilator.
  iii. Speciality re-warming central line catheters and urinary catheters should be  
     considered
  iv. Warm saline down the NG tube.
  iv. Consider warm peritoneal lavage.
  vi. Consider cardiac bypass if all else fails. Obtain a cardiac surgery consult.
10. If the patient has temperature < 36º monitor temperature every hour. If patient has  
      temperature < 35ºC monitor core temperature continuously.
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ANALGESICS

AGENT RECOMMENDED DOSE SIDE EFFECTS PREGNANCY
 USE   CATEGORY
Morphine Dose adjust for renal and 1-10mg IV prn titrate Respiratory Class C
 liver impairment, geriatric dose and timing Depression, Itching
Fentanyl Short-acting. Dose adjust 12.5-100mcg IV prn Respiratory  Class C
 for renal and liver  titrate dose and timing Depression
Dilaudid Dose adjust for renal and 0.1-2mg IV prn titrate Respiratory Class C
 liver impairment, geriatric, dose and timing Depression
 1.5x potent than morphine 
Ketoralac Caution with renal failure 10-30mg IV q6h prn GI bleeding, Class C (1-2nd tri)
 and bleeding no longer than 5 days hypertension Class D (3rd tri)

ANXIOLYTICS & SEDATION

AGENT RECOMMENDED INTERMITTENT INFUSION SIDE  PREGNANCY
 USE DOSE DOSE EFFECTS CATEGORY
Lorazepam Caution in ESLD 0.02-0.06mg.kg q 0.01-0.1mg/ Sedation,   Class D
(Ativan)  2-6 hrs (2-4mg) kg/hr respiratory
   depression
Diazepam Caution to ESLD 0.03-.01mg/kg q NA  Sedation,  Class D
(Valium)  0.5-6hr (2mg) respiratory 
   depression
Midazolam Short half-life 0.02-0.8mg/kg q 0.04-0.2mg/ Sedation,  Class D
(Versed)  0.5-2hr (2mg) kg/hr respiratory
   depression
Haloperidol Caution use in 0.03-0.15mg/kg q NA  Trardive  Class C
(Haldol) head injury 0.5-6hr (5mg)   dyskinesia, QT
  5-10 IM q 15 min prolongation,
   risk of seizure
Propofol Secure airway, caution NA  5-80mcg/kg/ Bradyarrythmias Class B
Precedex OK to use both NA  0.1-0.8mcg/ Hypertension,  Class C
 unsecure/secure   kg/hr  bradyarrythmias,
 airway. Reduces     CV collapse,
 shivering     respiratory
       depression
Ketamine Caution with acute Procedural 1-2mg/ NA  Hypertension,  Unknown
 ETOH or chronic kg IV    tachycardia,
 ETOH abuse, hepatic RSI 2mg/kg   psychatric 
 metabolized. Ketamine     symptom
 + benzo may increase    
 CPP,  decreased ICP

NEUROMUSCULAR BLOCKADE

AGENT RECOMMENDED DOSE SIDE EFFECTS PREGNANCY
 USE   CATEGORY
Succinylcholine Shortest onset/duration 1.5mg/kg IV Hyperkalemia, Class C
(depolarizing) Do not use in burns and  Muscle fasiculations
 hyperkalemia, caution  Elevated IOP
 in spinal cord injury

Gentiourinary Trauma
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Rocuronium RSI when succinjylcholine 1.5 mg/kg IV  Class C
 Contraindicated. Ensure
 plan for airway.
Vecuronium Contraindicated in RSI: 0.01mg/kg then Prolonged Class C
 in renal failure 0.15mg/kg I neuromuscular
  Infusion 0.08-1.2mcg/ blockade
  kg/min
Cisatracurium  Infusion: 1-2mcg/kg/ Prolonged Class B
  min neuromuscular
   blockade

 1. In general, do not administer neuromuscular blockade without concomitant or 
  previously administered analgesic and sedation. 
 2. Need a secure airway
 3. NMB should be considered in:
   a. Intubated patients who are fighting the ventilator.
   b. Extremely agitated patients who require prolonged radiologic studies.
   c. Agitated patients with traumatic brain injury only at discretion of neurosurgery 
    or intensivist.
 4. Monitor neuromuscular blockage with train of fours.

PRACTICE GUIDELINES: ALCOHOL WITHDRAWAL SYNDROME 

DEFINITION:
Alcohol withdrawal syndrome: A clinical syndrome characterized by the manifestation of at 
least two of the following symptoms:
     i.  Autonomic hyperactivity (heart rate >100, diaphoresis, hypertension)
     ii.  Increased hand tremor
     iii.  Insomnia
     iv.  Nausea or vomiting
     v.  Transient visual, tactile or auditory hallucinations
     vi.  Psychomotor agitation
     vii. Anxiety
     viii. Grand mal seizures

GUIDELINES:
 1. Any patient with a positive blood alcohol up admission and/or a history of chronic 
  alcohol use should be placed on the admission alcohol withdrawl prophylaxis protocol:
    a. Daily multivitamin, thiamine 100 mg, folic acid 1 mg, IV/PO. (Wernicke-
    Korsakoff syndrome results from thiamine deficiency), if chronic alcohol abuse 
    Thiamine 500mg IVP q 8 x 3 doses.
    b. Ativan 1-2 mg prn withdrawl symptoms.
 2. Any stable patient exhibiting two or more of the symptoms listed above should 
  initiated on a more aggressive regimen.
    a. Daily multivitamin, thiamine 100 mg, folic acid 1 mg. Additional thiamine if 
    indicated.
    b. Begin a fixed scheduled (NOT prn) regimen of benzodiazepines as follows: 
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PRACTICE GUIDELINES: ALCOHOL WITHDRAWAL SYNDROME 

DEFINITION:
Alcohol withdrawal syndrome: A clinical syndrome characterized by the  
manifestation of at least two of the following symptoms:
  i. Autonomic hyperactivity (heart rate >100, diaphoresis, hypertension)
  ii. Increased hand tremor
  iii. Insomnia
  iv. Nausea or vomiting
  v. Transient visual, tactile or auditory hallucinations
  vi. Psychomotor agitation
  vii. Anxiety
  viii. Grand mal seizures

GUIDELINES:
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  b. Ativan 1-2 mg prn withdrawl symptoms.
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    initiated on a more aggressive regimen.
  a. Daily multivitamin, thiamine 100 mg, folic acid 1 mg. Additional thiamine if   
      indicated.
  b. Begin a fixed scheduled (NOT prn) regimen of benzodiazepines as follows: 
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Substance Abuse

  i. Diazepam (Valium) 2.5-5 mg every 6 hours with additional 2.5-5 mg for   
     breakthrough symptoms. 
  ii. Chlordiazepoxide (Librium) - 50 mg every 6 hours for 4 doses, then 25   
      mg every 6 hours for 8 doses. For breakthrough symptoms, an additional  
      25-100 mg may be administered every 2 hours until symptoms are       
               controlled.
  iv. Lorazepam (Ativan) - 2 mg every 6 hours for 4 doses, then 1 mg every   
       6 hours for 8 doses. For breakthrough symptoms, give 1-4 mg every 2 hours  
    until symptoms are controlled. Note: may also be given IM at the same dose. 
  v. Important to not mix benzodiazipines! Can increase risk of respiratory   
      depression, delirium, hypotension and medication side effects.
c. Manage autonomic hyperactivity
   i. Labatetol 10-20 mg IV q 2 hours prn SBP >170 and/or hr>120
   ii. Metoprolol 25 mg po q 12 hours
   iii. Clonidine (Catapres TTS) patch 0.1-0.3 mg/24 hours
 d. Agitation and Hallucinations
   i. Haloperidol (Haldol) 2-5mg Q1hr IV
   ii. Caution, lowers seizure threshold. Monitor QTc  Q6hrs, stop if QTc interval  
       is greater than 450ms or greater than 25% over baseline (risk for Torsade de  
                 pointes).
 3. Any unstable patient exhibiting two or more of the symptoms listed above should  
    be transported to the intensive care unit and placed on the ICU alcohol withdrawl 
    protocol, and/or sedation with dexmedetomidine or phenobarbital . Anticipate  
    that this patient may  require prolonged intubation. 
 a.  Dexmedetomidine (Precedex)-only given in the ICU. The advantages of   
    Dexmedetomidine include need for lower doses of benzodiazepines, esp important  
    in patients with chronic liver disease (prolonged clearance of benzodiazepines) and 
    those with alcoholic encephalopathy (may experience progression of    
    encephalopathy with benzodiazepines).
        i. Close hemodynamic and respiratory monitoring (may be used in the awake  
            patient)
        ii. May be used with adjunctive agents
        vi. Side effects include bradycardia, sinus arrest and hypotension (potentially  
    fatal)  
        vii. vi. Caution in patients with advanced heart block and/or severe ventricular  
   dysfunction.
 b.  Phenobarbital (Long half life), reserve for severe withdraw and using escalating  
      doses of diazepam. If given IV can only be used in ICU.
       i. 130mg IV pushes q 15-30min until sedated or may consider 5-10mg/kg load 
           (this may be done in ED)
       ii. Intubated patient 1-20mg/kg load
       iii. 10mg/kg may be given safely not causing respiratory depression, keep in mind 
    though if using with other medications (benzodiazipines)
       viii. Scheduled doses to 60, 120mg IV q 8 hrs until control is obtained or   
     intubation is needed with propofol. 
       ix. Switch to oral form when able to take, dosing at 32-4-64.8mg q8-12h. Step 
   down unit able to administer po form.
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4. The above regimen does not apply to patients already receiving benzodiazepines  
    for another indication (e.g., for sedation in the ICU). Under those circumstances,     
    benzodiazepine therapy for alcohol withdrawal must be individualized; titrate doses    
    to symptomatic relief. If the patient appears to be over-sedated, hold the 
   next scheduled dose of benzodiazepine and reassess the patient   
PRACTICE GUIDELINES: SUBSTANCE ABUSE TRAUMA REFERRAL 
GUIDELINES:
 1. Attending, trauma nurse practitioner, or nurse will initiate a social service/  
      behavioral health referral on the basis of this standing protocol, which will be   
      considered a physician order. 
 2. If the patient has an admission blood alcohol > 10 mg/dl or any substances of   
     abuse (i.e. cocaine, marijuana, benzodiazepines) on the toxicology screen or if the  
     patients answers two or more of the CAGE questions affirmatively , then a   
     behavioral health or social service consult will be obtained.
 3. If any patient younger than 21 any evidence of alcohol in his/her system at the  
     time of admission then a social service and behavioral health consult will be   
     obtained.
 4. Behavioral health or social services with offer the patient resources for substance  
     abuse.
Alcohol Screening and Brief Intervention: 
http://www.facs.org/trauma/publications/sbirtguide.pdf

PRACTICE GUIDELINES: DOMESTIC VIOLENCE
DEFINITIONS:
Domestic Violence: A pattern of coercive behaviors that involves physical abuse, sexual 
and/or psychological abuse against former or current intimate partners. This definition 
includes both male and female victims of domestic violence as well as both homosexual 
and heterosexual relationships.
Risk factors for domestic violence include:
  a. Women are at high risk. In the majority of cases of domestic violence, the  
      victim is female and the perpetrator  is male. About 20% of American      
       women are victims of domestic violence at some point in their lives and   
   domestic violence is thought to be the leading cause of  serious injury to  
   women between the ages of 15 and 44. 
   b. Alcohol and drug abuse. 
   c. Emergency Department patients have a high prevalence of  domestic   
      violence; 30% of  women seen for traumatic injury and 18-24% of women  
   seen for any reason are victims of domestic violence.
GUIDELINES:
1. The physician’s responsibility consists of:
   a. Detection of patients who are victims of domestic violence.
   b. Treatment of any acute medical problems.
   c. Referral of the patient to Social Services for further evaluation and counseling.
2. Because of its high prevalence among trauma patients, universal screening of all  
    female patients for domestic violence is warranted. Men should be screened when  
    they present with signs or symptoms of domestic violence.
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Domestic Violence
  3. Physical indicators
  a. Injury inconsistent with the explanation.
  b. Delay in seeking treatment.
  c. Multiple injuries in various stages of healing.
   d. Contusion, abrasions, minor laceration, fractures or sprains.
   e. Injuries to the head, neck, chest, breast, abdomen, pelvic organs.
   f. Injuries during pregnancy, i.e., bruising/abrasions to abdomen or pelvic area.
   g. Repeated or chronic injuries.
   h. Musculoskeletal complaints atypical chest pain chronic headaches.
 4. Behavioral indicators
   a. Partner accompanies patient, insists on staying close, answers all questions  
    directed at the patient.
   b. Denial or minimizing of violence by patient or partner.
   c. Reluctance of partner to speak in front of partner.
  d. Overly aggressive, overly attentive or overly protective partner, family member.
   e. Frequent visits with vague complaints or symptoms without evidence.
 5. Screening question:
   a. “Are you currently or have you ever been in a relationship where you were  
       physically hurt, threatened or made to feel afraid?” 
   b. “Has anyone hit, kicked, punched or choked you in the last year?”
  c. If the patient has a physical injuries say: “Sometimes people come in with  
        injuries like yours and often they are from someone hurting them. Is this     
       what happened to you?”
6. Trafficking questions should also be a part of the screening.
    “Has anyone forced you do to something you didn’t want to do, or in trade for      
      something like: food, money, supplies or shelter?”
7. Resources
  a. Sexual Abuse
   i. NACASA-Northern Arizona Center Against Sexual Assault
   ii. 928-527-0708
  b. Victim Witness: 928-779-6163
  c.  Domestic Violence Shelter – 24-Hour Crisis Line: 928-527-1900
   d.  U.S. National Domestic Violence Hotline at 1-800-799-7233 or TTY 1-800-787-3224

PRACTICE GUIDELINES: DISCHARGE CRITERIA

OBJECTIVE:
To establish minimal discharge criteria to assure safe transfer of care to home or a skilled 
nursing facility, rehabilitation center, LTAC. Goal is to have patients discharged by 11am 
from hospital. Plan ahead the prior day.

GUIDELINES:
1. For discharge to home, the following conditions must be met:
   a. Tolerating PO diet or tube feeds.
  b. Pain managed with oral medications.
   c. T <38º C for 24 hours.
   d. Electrolytes normal.
   e. Hematocrit >22% (consider FeSO4); WBC not increasing.
    f. Able to ambulate with assistance that is available OR has available help if to be 
      kept at bedrest.
   g. If needed, home health nursing has been arranged.
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 h. Patient or family understands discharge plan/goal of treatment plan.
   i. Method of follow-up clearly identified and appointment made. A copy of the  
     discharge summary will be sent to the PCP if possible. 
 j. Oxygen ordered, saturations <88% documented in nursing charting at rest or with  
    activity. Must do DME order and DME oxygen power note.
  a. Have prescriptions delivered prior to discharge.
  a. For HIS/Native Americans, Sacred Peaks will only deliver day of discharge.
  b. Arrange transport as soon as discharge plans arranged. 
 2. For discharge to supervised environment or skilled nursing facility
  a. All of the above plus: Care is within the scope of the receiving facility.
  b. Patient must have two skilled needs (PT, OT, ST)
  c. SNF order sheet must be completed and signed by attending MD.
  d. Medication reconciliation must include the indication for each medication.  
   Scripts need to be included for narcotics and any controlled substances.
  e. Must check with the facility if BiPAP or CPAP can be used. Patient must  
   provide own if used prior to accident. 
  f. Medicare patients must be “inpatient” for 3 midnights to be discharged to a SNF. 
3. For discharge to inpatient rehab
  a. Able to participate in 3 hours of therapy a day and at least two skilled needs   
     (PT, OT, ST).
  b. No continuous monitoring requirement,  or continuous cardioactive drug drips,  
      all cardiac drugs enteral or by patch. 
  c.  Only IV antibiotics, TPN, per PICC/Port
  d. Stable tracheostomy, no vent, suctioning requirement not more than every two  
       hours.
   e. Chest tubes have been removed.
  f. Infection free are adequately treated, WBC< 12,000 or on a downward trend
  g. Cutaneous infections controlled with appropriate debridement and wound care  
      protocols.MRSA acceptable if treatment/observation plan is established. VAC  
               dressings are OK.
  h. Nutrition and feeding adequate oral or enteric intake (no IV fluids or NG feedings).
  i. Orders written in chart with appropriate follow-up indicated.
 4. Discharge to Long-term acute care (LTAC) 
  a. Care is within the scope of the receiving facility. All surgeries are completed.
  b. High level  LTACs take ventilators, vasocative infusions, sedation, central lines,  
      complex wounds including wound vac changes.
  c. Discuss capabilities with social worker, care coordinator, and/or facility
  d. Anticipate LTAC discharge sooner if respiratory failure requiring ventilator for  
   extended period of time that requires tracheostomy placement. Also if patient  
   has high oxygen requirements on high flow nasal cannula of BiPAP/CPAP.
  
PROCEDURE GUIDELINES: AIRWAY MANAGEMENT AND 
ENDOTRACHEAL INTUBATION

GUIDELINES:
 1. Indications:
  a. Impairment of level of consciousness (GCS less than or equal to 8).
  b. Chest injury with lung contusion and/or flail chest.
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Airway Management

 c. ET tube: 7.5 mm or greater tube is preferred to facilitate bronchoscopy as needed.  
     Disposable plastic tubes, with large volume, low pressure cuffs are standard. The  
     adapter should be inserted. The cuff should be tested. 
 d. Syringe: a 10 ml syringe should be attached to the tube. 
 e. Laryngoscope: this should be tested before use. The most popular blade is the 
curved  MacIntosh type, but for infants under two years, a straight blade should be 
used (Miller).
  f. Ambu-bag with oxygen supply.
  g. Ventilator should be ready to connect.
  h. IV access - at least one functional IV site.
  i. Induction drugs at bedside (succinylcholine and etomidate).
  j. Monitors - EKG, pulse oximetery, capnography, CO dector
  k. Assume C-spine injury exists and maintain C-spine immobilization.

3. Technique:
  a. A few minutes pre-oxygenation should precede intubation.
  b. Muscle relaxants: the use of muscle relaxants renders the patient apneic and   
       unable to protect the airway from aspiration of pharyngeal contents. In addition,  
      muscle relaxants make  sequential neurologic evaluation impossible. Therefore,  
      they should only be used by appropriate  protocols following a screening   
      neurologic exam consisting of gross  motor, sensory, level of    
      consciousness an  pupillary exams. If intubation fails, the patient will require   
      manual ventilation with a bag and mask for 4-6 minutes until spontaneous  
      respiration returns. With rapid sequence intubation, cricoid pressure   
      should always be applied and not released until tube placement is confirmed.   
      Appropriate drugs include:
  i. Etomidate 0.3 mg/kg (range: 0.2 - 0.6 mg/kg). 
        Defasiculate with vecuronium 1 mg IV 
  ii. Succinylcholine 0.6 mg/kg (range: 0.3 - 1.1 mg/kg). Succinylcholine is   
      contraindicated in conditions associated with hyperkalemia (ie., burns, crush  
      injuries, renal failure).
  iii. Alternative neuromuscular blockade for spinal cord injury, neuromuscular  
       disease or burns: rocuronium 0.6 mg/kg or vecuronium 0.3 - 0.4 mg/kg IV.
  iv. Lidocaine 50mg IV for patients with head injury.
  c. The mouth and pharynx are brought nearest to a straight line by stabilizing the  
      atlanto-occipital joint. In the trauma situation, one individual should  
      provide in-line stabilization. The anterior portion of the collar may be   
      removed if the neck is stabilized. Cricoid pressure (Sellick maneuver) should be  
      applied by assistant.
  d. The laryngoscope is held in the left hand and inserted along the right side of   
       the mouth, pushing the tongue to the left. Depth perception is difficult and,           
       therefore, structures should be identified as the blade advances past the tongue             
       and epiglottis.
   e. The tip of the blade is inserted behind the vallecula.
  f. Traction is then applied along the long axis of the handle and the patient is   
      “suspended by his jaw.” The blade should not be levered on the teeth as a fulcrum.
  g. Under continual vision, debris in the pharynx and trachea are suctioned. 
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h. The endotracheal tube is inserted through the cords. It should be inserted just far  
      enough to ensure that the cuff is past the cords. The cuff is inflated. 
  i. Check the position of the tube into the trachea by lightly bagging the patient and  
     listening for breath sounds. If in doubt, repeat intubation. Use a CO2 detector to   
     determine appropriate positioning.
  j. Check that the tube is not in the right bronchus by inspection, palpation and    
     auscultation. If endobronchial intubation is suspected, deflate cuff and withdraw  
     tube a few centimeters. Note that position of tube may be altered when the head is  
     returned to the normal flexed position.
  k. Tape tube securely in place. 
  l. Check tube position by X-ray
4. Causes of difficult intubation:
  a. Short muscular neck with a full set of teeth.
  b. Receding lower jaw with obtuse mandibular angle.
  c. Protruding upper incisor teeth associated with overgrowth of the premaxilla      
      (“rabbit teeth”).
  d. Poor mobility of the mandible.
  e. A long, high arched palate associated with a long, narrow mouth. 
  f. Increased alveolar-mental distance that necessitates wide opening of the mandible      
     for  laryngoscopy.
  g. The use of a curved stylet may help in overcoming some of these difficulties. 
5. Special problems in children (to puberty): 
   a. Narrowest part is below the larynx at the level of the cricoid ring.
  b. The curled epiglottis of the young child makes the straight blade preferable.
  c. Micrognathia and hydrocephalus increase intubation difficulties. 
  d. Technique: 
  i. Using the straight blade, the tongue and epiglottis are defined.
  ii. The blade is then advanced slightly beyond the epiglottis.
  iii. Traction is applied along the axis of the handle.
  iv. Then proceed with intubation.
6. Nasal Intubation:
  a. This method is a useful route for “blind” intubation and may be more comfortable  
      in an awake patient. In the non-emergent situation, the tube may be warmed in  
      the blanket warmer to facilitate passage.
  b. Disadvantages:
  i. May carry a mass of adenoid tissue into trachea.
  ii. May precipitate profuse epistaxis.
  iii. May provoke vomiting.
  iv. Does not allow visualization of clots, etc., in oropharynx and trachea.
  v. Except in children under 2 years, a nasal tube should be at least one size  
      smaller than a corresponding oral tube.
  vi. The additional few cm in length of a nasal tube add to the difficulties of  
        suctioning.
  vii. May lead to maxillary sinusitis.
  viii. More difficult than orotracheal intubation.
  ix. Is contraindicated in the presence of maxillofacial fractures or basilar skull  
       fracture.
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Airway Management

7. Extubation:
 a. The oropharynx and trachea are suctioned thoroughly, and after oxygenation for a  
     few minutes, the cuff is deflated and gentle suction is applied as the endotracheal 
     tube is with drawn.
 b. Great care should be taken in extubating patients where reintubation might be  
      expected to be difficult, e.g., patients with jaws wired together.
 c. Extubation criteria:
  i.  The cause of the respiratory failure has improved and patient is oxygenating
  ii. Arterial pH is >7.25
  iii. Patient is able to initiate an inspiratory effort 
  iv. Patient is hemodynamically stable.
  v. Cuff leak is present
  vi. RSBI <100, low RR high TV
  vii. PEEP 5-8cm
  viii. Negative Inspiratory Force -20 to -30cm H20
  ix. Tidal Volume 4-6ml/kg
  x. FiO2 <50%

PROCEDURE GUIDELINES: CENTRAL INTRAVENOUS ACCESS

DEFINITIONS:
Central: The subclavian, jugular or femoral vein that can be accessed percutaneously; 
the saphenous or brachial vein that is accessed with a cut-down.

GUIDELINES:
 1. In general, intravenous access should be obtained early in the resuscitation of all  
      trauma patients. The easiest site should be used first. Usually this is the forearm  
      or antecubital veins. Avoid placement injured extremities. If these are difficult to 
     use, then consideration should be given to alternative sites including:
  a. Femoral vein.
  b. Subclavian vein.
  c. Internal jugular vein.
  d. Saphenous vein: at the ankle or groin

 2. For trauma patients, the largest IV that is feasible should be used. In peripheral     
      sites, this will be a 14 or 16 gauge intravenous line. Peripheral IV’s in children       
     should utilize at least an 18 gauge angiocath whenever possible. For central vein  
      use, this will be a 10 Fr. introducer or multi-lumen catheter. 
 3. Sterility is important; however, getting the line in is even more important. Do your  
      best to maintain sterile conditions but do not let it impair the urgency with which      
      a line should be inserted.
 4. Femoral venous access:
  a. Should use large introducer. Can use small dual lumen catheter in children.
  b. The area is prepped with betadine or Chlorhexidine and anesthetized with local 
      anesthesia.
  c. The femoral artery is palpable. The vein will lie just medial to the artery. 
   d. The needle is inserted while aspirating the syringe. Hold the syringe at 
        60° angle to the skin.
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 e. When blood return is obtained, remove the syringe and pass the wire into the vein. 
     Remove the needle.
 f.  Make a small incision next to the wire with a #10 blade.
 g. Pass the introducer and dilator as a unit over the wire and into the vein. Pass the 
     introducer in the same direction as the initial puncture of the vein.
 h. Suture the catheter into place.
  i. Run fluid as required.
5. Subclavian venous access:
  a. Remember: for adequate fluid administration, introducer catheters (cordis) or 
      special rapid flow large bore catheters must be used 
  b. Procedure:
   i. With the patient in mild Trendelenberg, prepare the skin with betadine or  
     Chlorhexidine and drape the shoulder and chest with towels.
  ii. Infiltrate the area where the catheter is to be inserted and the clavicular 
       periosteum with 1% lidocaine.
   iii. Note the landmarks:
     a) The junction of medial and middle one-third of the clavicle.
     b) The minor supraclavicular fossa as defined by the sternal and clavicular  
         heads of the sternocleidomastoid muscle and the superior border of the  
         clavicle

 c) The kit is opened and the syringe, needle and wire are removed. 
 d) A 10 ml syringe (non-Luer lock) is connected to the needle. 
 e) With the needle perpendicular to  the patient, the skin is penetrated     
                    for approximately 1 cm. After the tip of  the needle has reached the   
      clavicle, the inferior border is located by gentle probing and then              
                    the needle is advanced posterior to the clavicle. The entire maneuver so far  
     is 1 - 1.5 cm from the skin surface. 
 f) The direction of the needle is then changed and aimed at the suprasternal  
                     notch. At this time, the  syringe is almost parallel to the patient’s skin     
                     surface since the  needle has to be as close to the clavicle as possible. 
 g) While applying gentle suction, the needle is slowly advanced in the                        
       direction of the notch, which is superior and medial to the site of puncture.  
                     Upon entering the vein, free flow of blood should be noted. 
 h) The syringe is removed and the gloved thumb promptly applied over the  
      open hub to avoid air embolus.
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Central Line

 i) The wire, previously placed in readiness, is threaded through the needle and   
     advanced into the right atrium. If any resistance is encountered, STOP! Advance  
     the wire only with care and good judgment.
 j) The needle is removed from the wire, making sure that the wire is always         
     controlled. A small stab incision is made next to the wire and the dilator/introducer  
    assembly placed over the wire. Gentle rotation usually facilitates entry of the dilator  
     into the vein. The dilator and wire are removed.
 k) The line is then flushed and sutured into place. 
 l) A dressing is applied with sufficient tape so that if someone pulls on the line, it will  
     not come out. 
 m) Order a chest X-ray and check placement
   iii. Complications:
      a) Venous hematoma: If the puncture is done properly, a hematoma will be unusual. 
            However, occasional bleeding will be encountered, especially in cases where a  
  high CVP is present. If the bleeding persists, hold pressure under and over the  
  clavicle for about 5 minutes in the direction of the needle puncture for 
   hemostasis to occur.
      b) Arterial puncture: If, by malposition or anatomical variation, you puncture the  
  subclavian artery, the needle should be pulled out completely and pressure held  
  over and under the clavicle for 
  approximately 5 minutes. The reinsertion of the needle in a different direction is  
  performed, keeping in mind that the vein is anterior and inferior to the artery. 
      c) Pneumothorax: If recognized during insertion, the needle should be left in    
    place and the thumb applied over the open hub. A larger syringe should be    
       requested, with the 3-way stopcock, and the pneumothorax aspirated and a 
  portable chest X-ray obtained immediately. If the pneumothorax is present and  
  persistent, a chest tube should be inserted. 
      d) Hemothorax: This can happen for two reasons: If the needle is inserted too close  
  to the midline, perforation of  the veins and pleura may result in a hemothorax,  
  or if misdirected into the first intercostal space, a laceration of the intercostal          
  artery can occur. If a significant hemothorax is present, a chest tube should be  
  inserted.
       e) Unsuccessful puncture: This can be attributed to bad technique,  anatomical   
  variations, hypovolemia or defective instruments. The first and last are the   
  most frequent explanations. It is possible that  by inserting the needle very close  
            to the clavicle, a plug of periosteum will  occlude the needle and aspiration   
    of blood will be impossible. In order to  prevent this, once you have inserted the  
  needle into an area where you feel you have passed the clavicle (resistance is   
  greatly diminished), a small flush of your needle with 0.25 - 0.5 ml of the saline  
  already in your syringe will assure patency of your needle.
    iv The vein is usually reached by the last 2 cm of the needle and depression of  
       the skin may be required.
    v. Right subclavian vein puncture is easier to perform for a right-handed   
      person and also reduces the risk of thoracic duct puncture. If the patient has  
            a pre-existing pneumothorax, use that side to place the subclavian  catheter.  
      Try to avoid inserting subclavian lines in the areas of clavicle fractures or in 
       close proximity to penetrating trauma. 
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e. Jugular venous access:
   i. Essentially same equipment and Seldinger technique as in subclavian venous access.
  ii. Procedure
  a) Patient in Trendelenburg position and turn the head opposite to the side of the  
       jugular vein  that is to be used.
  b) Follow same skin prep as above
  c) Find a spot at the junction of the two heads of the sternocleidomastoid muscle and  
       infiltrate the skin.
  d) Advance the needle towards the ipsilateral nipple at an angle of 30° to the coronal  
       plane.
  e) Proceed as in the subclavian access protocol.
   iii. Complications
  a) Same as in the subclavian access
  b) If carotid blood is obtained from access needle puncture, remove needle and hold 
       pressure on site for 5 minutes.
f. All groin lines and unsterile central venous lines are to be replaced within 24 hours of  
   placement.

PROCEDURE GUIDELINES: INSERTION OF CHEST TUBE
GUIDELINES:
1. Indications:
  a. Pneumothorax
  b. Hemothorax
  c. Hemopneumothorax: all cases. 
  d. Subcutaneous emphysema of the chest wall in a patient who has sustained  
      blunt chest wall trauma requiring ventilator support or general anesthesia.
2. Equipment:
  a. A chest tube insertion tray and drainage system underwater seal.
  b. Chest tubes, at least a 32 French (36 Fr or 40 Fr is best for hemothorax).
  c. Skin preparation solutions and gauze. 
  d. Number 1 or 0 prolene or nylon on a medium curved cutting needle.
3. Procedure:
   a. In the case of a hemopneumothorax the chest tube should be inserted with the  
        patient lying in the supine or lateral decubitus position with the injured side up  
    if possible. A size 32 Fr. or larger tube should be used. The objective is for the  
   tube to lie in the paravertebral gutter posteriorly just above the diaphragm. 
   The skin incision should be a horizontal one in the fifth or sixth intercostal  
   space in the mid-axillary line and the tract should be directly posteriorly,  
   cephalad and medially so that the tube enters the chest through the same  
   intercostal space which the skin incision overlies, only more posteriorly.  
   Alternatively, the skin incision may be placed on intercostal space below the  
   point of entry into the cavity (which is at the 5th or 6th intercostal space).
 
  b. The steps for inserting the tube are basically the same regardless of whether it is  
      an apical or basilar. 
     i. Shave and prepare the skin over a wide area of the chest wall.
     ii. Drape the area with four towels or sterile barriers -not with just a  
         single fenestrated sheet. 
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Chest Tube

  iii. Infiltrate the skin with a local anesthetic and block the intercostal nerves  
        with 2-5 ml of anesthetic medially and laterally to the incision. Infiltrate the  
              pleura.
   iv. Make a 2.5 - 3 cm long skin incision well into the subcutaneous tissue.
   v. Insert a large curved Kelly clamp and separate the tissues so as to create  
       a tunnel or tract in the direction by which the tube is to be inserted.                    
    Continue developing this tract all the way in to the pleura. Remove the   
       clamp and explore the tract with the gloved finger from time to time to   
       make  sure the tract is going in the right direction. 
  vi. After the pleural cavity has been entered, insert the gloved finger to explore  
    for adherent lung and then further enlarge the opening in the pleura by  
    inserting a large Kelly clamp and spreading it. 
  vii. Select the tube to be used (remove any trocar if present). Note the location  
      of the holes and the distance of the proximal hole to the tip of the catheter. 
  viii. Grasp the tip (blunt end) of the tube with a long Kelly clamp so that the  
          long axis of the clamp is almost parallel to the long axis of the tube. 
       Measure the distance that you want the tube to extend into the chest and  
       either note or mark the proposed point of emergence of the tube with   
          another small clamp placed on the tube at this point. 
   ix. Insert the tube into the chest using the large Kelly clamp as a guide.   
      Remove the large Kelly clamp as soon as the tube is  going in the correct  
      direction into the chest, but do not remove the smaller clamp marking the  
      point of emergence of the tube. Palpate to ensure that the tube has entered  
        the chest. 
   x. Suture the tube to the skin with a suture of #0 or #1 silk, prolene, or nylon. 
   xi. Connect the tube to the underwater seal chest  drainage apparatus   
       (Pleurovac) and secure the connection between the end of the tube and the  
     plastic connector as well as the connection between the plastic connector  
     and the rubber tubing to the chest drainage apparatus. 
   xii. Place an occlusive dressing like Vaseline gauze or Xeroform dressing   
      around the tube.
   xiii. Obtain a portable chest X-ray to check the position of the tube. 
4. Indications and procedure of removing chest tubes:
    a. Chest tubes can be removed when there has been no air leak  through the tube  
         for 24 hours after the patient has been on water-seal for 24 hours and when   
         the drainage of fluid through the tube is less than 200 ml in 24 hours. The only  
         exception to this rule is when the tube has been inserted for pneumothorax and  
        the patient is on the ventilator and requirements are high, to avoid reoccurrence  
         of pneumothorax. 
    b. The tube should be removed quickly, at the peak of  inspiration and Valsalva  
        maneuver, with pressure on a gauze dressing held simultaneously over the         
         oblique tube tract right next to the tube thoracostomy incision. A portable     
         chest X-ray is obtained within 24hours of chest tube removal to make certain  
         there has been no recurrence of pneumothorax. 
5. Patients should be instructed not to fly, scuba dive, or go to high altitude for 10-14  
    days. If aeromedical transfer to another institution is anticipated, then the chest  
     tube should be left in place.
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PROCEDURE GUIDELINES: FOCUSED ABDOMINAL ULTRASOUND FOR 
TRAUMA (ULTRASOUND FAST EXAM)

DEFINITION: 
FAST Exam: An ultrasound examination of the abdomen that utilizes the four-view 
approach for the diagnosis of blood or fluid in the abdominal cavity plus additional 
views of each hemithorax. 

GUIDELINES:
1. Indications for abdominal ultrasound:
  a. Obvious abdominal pain with or without peritoneal findings on physical      
      examination.
  b. Significant external findings on the abdominal wall such as contusion, bleeding,  
      laceration. 
  c. Pelvic fracture.
  d. Fractures present above and below the diaphragm.
  e. Lower rib fractures.
  f. Lumbar or low thoracic spine fractures.
  g. Unexplained hemorrhagic shock or blood loss.
  h. A history of abdominal impact (e.g., deformed steering wheel, passenger   
       compartment damage) in a patient with altered sensorium or not monitored. 
   i. Drugs and alcohol impairment.
   ii. Tetraplegia, paraplegia.
   iii. Traumatic brain injury with coma.
   iv. Any suspicion of abdominal injury or pericardial tamponade
2. All ultrasound examinations are performed with the patient in the supine position.
3. Expose the thoracoabdominal area. 

4. Water soluble transmission gel is applied to the skin in the six positions to be   
    examined. 
5. The following examinations will be performed (refer to following Figure):
   a. Pericardial area: 
    i. The transducer position is subxiphoid (Figure, position 1).
   ii. Identify the heart and, using blood as the standard, adjust the acoustic   
       power, depth and gain. 
   iii. The longitudinal axis (sagittal section) is used to identify the heart and   
      examine for blood in the pericardial region.
   iv. The normal examination of the heart shows a single echogenic (white) line,  
       representing the pericardium, which separates the cardiac chambers and the  
       liver. 
   v. The abnormal exam shows a separation of visceral and parietal pericardium  
      by a fluid stripe.
     b. Right upper quadrant:
   i. The transducer position is in the right mid-axillary line between the 11th  
      and 12th rib (Figure, position 
  ii. The transducer is oriented longitudinally to obtain a sagittal section of the  
       liver, kidney and  diaphragm. 
  iii. Evaluate for fluid in Morrison’s pouch.
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FAST Ultrasound

 c. Right thoracic cavity: (optional additional views)
   i. The right hemidiaphragm and right pleural space are evaluated from the  
      right mid-axillary line by angling the probe superiorly (Figure, position 3).
   ii. The diaphragm appears as a curved white stripe that will move with   
      respiration.
   iii. Normal lung parenchyma appears as an indistinct gray area. 
  iv. Fluid in the pleural cavity appears as a wedge shaped anechoic area just   
       above the diaphragm.
 d. Left upper quadrant:
   i. The transducer position is in the left posterior axillary line between the 10th  
      and 11th ribs (Figure, position 4).
    ii. The transducer is oriented longitudinally for a sagittal section of the left  
        kidney and spleen.
   iii. Evaluate for fluid in the splenorenal recess.
   iv. Evaluate for fluid in the space between the spleen and the diaphragm.
e. Left thoracic cavity: (optional additional views).
  i. The transducer position is in the left posterior axillary line with the probe  
       angled superiorly (Figure, position 5).
   ii. The diaphragm appears as a curved white stripe that will move with     
                respiration.
   iii. Normal lung parenchyma appears as indistinct gray area. 
   iv. Fluid in the pleural cavity appears as a wedge shaped anechoic area just   
    above the diaphragm.
 f. Pelvis:
   i. The transducer is oriented for coronal sections and placed in the midline  
      approximately 4 cm superior to the symphysis pubic (Figure, position 6)
  ii. The normal examination demonstrates the full bladder as an anechoic   
      structure.
   iii. The abnormal examination will show a hematoma on the right or left side  
         of the bladder. 
g. The Diagram to the right demonstrates the location for the FAST exam probes.  
    Position 3 and 5 are optional views of the chest.
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REBOA

PROCEDURE GUIDELINES: REBOA
DEFINITIONS: REBOA - Resuscitative Endovascular Balloon Occlusion of the Aorta 
- The goal of REBOA is to occlude the aorta proximal to the site of bleeding, thus 
decreasing shed blood and preserving perfusion to the heart and brain while avoiding 
the morbidity of a resuscitative thoracotomy. 

APPROVED USERS AND STAFF

REBOA should only be done by a surgeon trained and certified through the BEST 
or ESTARS course and responsible for definitive control of hemorrhage, assisted by 
staff that have been trained to assist in REBOA.  Physician must be credentialed by 
Medical Staff to perform the procedure.

 PATIENT SELECTION

1. REBOA may be used for traumatic life-threatening hemorrhage below the     
    diaphragm in patients with refractory hemorrhagic shock.[i]
2. This procedure is contraindicated in patients with major thoracic hemorrhage or  
    pericardial tamponade.3
3. REBOA is not a definitive hemorrhage control device.4 It is a time-critical       
   intervention and is only a part of a larger system of damage control resuscitation.  
   Once initiated, steps to proceed to definitive hemorrhage control should be       
   undertaken immediately.
4. Early common femoral artery access and continuous blood pressure monitoring  
    should be considered in high-risk patients assuming it does not delay definitive  
    hemorrhage control.4
5. For Zone 1 REBOA, occlusion times over 30 minutes are associated with higher  
    complications and mortality.[ii]
6. Zone 3 REBOA outcomes are optimized if occlusion times are 30-60 minutes,       
    though survival following longer occlusion times have been reported.4
7. Partial and intermittent balloon occlusion may be used to reduce distal ischemia  
    and extend tolerable occlusion times, though there is currently not enough data for  
    a consensus on these techniques.4
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PROCEDURE
Supplies needed
1. Key Features 

ER-REBOA catheter
2. Prytime REBOA catheter convenience set
3. Arterial transducer setup
4. IV contrast (optional)
5. X-ray or fluoroscopy (optional)

PLACEMENT

The goal of REBOA is to occlude the aorta proximal to the site of bleeding, thus 
decreasing shed blood and preserving perfusion to the heart and brain while avoiding 
the morbidity of a resuscitative thoracotomy. For this purpose, the aorta is divided 
into three zones (Figure 1). Zone 1 is distal to the left subclavian artery and proximal 
to the celiac artery. Zone 2 is between the celiac artery and the lowest renal artery. 
Zone 3 is distal to the lowest renal artery and proximal to the bifurcation. Placement 
of the occlusion balloon in Zone 2 is contraindicated due to risk of injury to the 
visceral or renal blood supply.

 
Figure 1: iii

INSERTION PROCEDURE (SURGEON)

1. Obtain early common femoral artery 
access and continuous blood pressure 
monitoring in high-risk patients assuming 
it does not delay definitive hemorrhage 
control.
2. The common femoral artery should be 
accessed using one of the options below:
a. Ultrasound-guided percutaneous access.
b. Open, femoral artery cut down.
c.Blind percutaneous access within 2 cm 
of inguinal ligament.
d. Wire exchange of a previously placed 
common femoral arterial line.
3. Over guidewire, insert 10 cm 7 French 
sheath to the hub.
a. Stop if any resistance is encountered.
4. Remove dilator and wire, aspirate and 
flush 7 French sheath with injectable 
saline.
5. Open ER-REBOA catheter and flush 
arterial line port with injectable saline.
6. Measure from the P-tip to the insertion.
    a. Zone 1: Sternal notch to the hub of the  
       sheath.
    b. Zone 3: Xiphoid process to the hub of  
        the sheath. 



TRAUMA GUIDELINE MANUAL - NORTHERN ARIZONA HEALTHCARE 2021
128

Gentiourinary Trauma

7. Insert ER-REBOA catheter to distance  
    measured above.
    a. Stop if any resistance is encountered.
8. If available, confirm intra-aortic      
    positioning with imaging.
   a.  X-ray
    b. Fluoroscopy
    c. Ultrasound
9. Transduce arterial pressure through  
    arterial line port on ER-REBOA catheter. Secure catheter into place using the 5 

French Arrow Catheter Clip.

10.

11. Fill 10 ml syringe with injectable saline or diluted IV contrast material.
12. Slowly inflate balloon (usually 8-15 ml is required; 24 ml is balloon maximum, 
      “Never more than 24”) until aortic occlusion is achieved by noting one of the      
        following:
    a. Loss of previously palpable contralateral femoral pulse.
    b. Slight increase in resistance felt on the syringe inflating the balloon.

c. “Step-up” in arterial 
waveform being transduced 
proximal to the balloon

13. Announce time and zone of balloon inflation, as well as the depth of insertion.
14. Prepare to transport patient to next phase of care.
15. To remove the catheter, prepare your team and deflate the balloon slowly,      
      watching out for rebound hypotension.
16. Fully deflate the balloon, hold vacuum for 5 seconds, and close the stopcock.
17. 

Corkscrew twist the catheter to facilitate removal.
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Procedure for assisting (RN)
    1. Prepare arterial line set-up. 
    2.

3. Arterial waveform must always be transduced  
    on the bedside monitor when attached.
4. Check and document distal lower extremity      
     pulses bilaterally BEFORE catheter insertion.
5. Document ER-REBOA catheter insertion  
     time, zone of deployment, times of balloon  
     inflation (“balloon up”), times of balloon    
     deflation (“balloon down”), and “partial      
     deployment” times (if any).
6. Document time of ER-REBOA catheter      
     removal and pulse status of the lower  
     extremities (if applicable).  Of note, only the  
     surgeon could remove the ER-REBOA        
     catheter.
7. Document time of femoral arterial sheath       
     removal (if applicable).

Using sterile technique, attach 
and flush the arterial line set-up 
to the arterial line port of the 
ER-REBOA catheter.

Maintenance of sheath (ICU RN)
    1. Assess arterial access site for bruising, bleeding swelling and hematoma.
    2. Assess and document presence and quality of distal pulses Q1H.
    3. Assess and document lower extremity for color, temperature, sensation, and     
        movement.
    4. Check vital signs per protocol.
    5. Keep site clean and dry
Sheath removal (ICU RN)
    1. Per FMC guidelines, ICU RNs can only remove arterial lines that are less than  
        8.5 French in size and 25 cm in length.  Two RNs required.
    2. A physician order is required for intravascular sheath removal.
    3. Assemble equipment and supplies:
        a. Suture removal kit
        b. Protective eyewear, mask and gown
        c. Sterile and non-sterile gloves and Benzoin
        d. Indelible marker
        e. Sterile 4x4 gauze
        f. Occlusive dressing or Band aid
        g. Pressure dressing supplies: Elastoplast
        h. FemoStop, if needed (see FMC sheath removal policy)
4. Determine patient’s level of consciousness and ability to lie still.  Restrain or sedate as  
    necessary per physician order.
5. Check and document bilateral lower extremity pulses.  If the patient is awake,also 
    check and document the neurologic status (motor and sensation) of both lower  
    extremities.
6. Position head of bed flat or, if unable, no higher than 15 degrees.
7. Remove dressings and cut anchoring sutures.
8. Slowly pull the sheath back as you prepare to put point pressure slightly proximal to  
    the insertion site.
9. Keep constant, steady pressure for at least 15 minutes.  A second RN will evaluate  
    the distal pulses by Doppler.  There should be enough pressure applied to occlude  
    arteriotomy/prevent expanding hematomas but not to occlude distal pulses.
10. After sufficient time has elapsed, slowly release manual pressure and watch for 
      signs of  rebleeding.
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11. If bleeding or expanding hematoma is noted, reapply pressure proximal to the  
      insertion site for another 15 minutes.
12. Once pressure has been released and no signs of rebleeding or expanding      
      hematoma are noted, check neurovascular status of the lower extremity while      
      avoiding hip flexion.
13. Keep the patient flat and supine for 4 hours after arterial sheath removal.

Post-removal assessment and documentation (ICU RN)

    1. Vital signs every 15 minutes x 4, every 30 minutes x 2 then every 4 hours.
    2. Document and assess puncture site and distal extremities for pulses,      
        temperature, bleeding and color with each vital sign check.
    3. If bleeding and/or hematoma develop at sheath site, apply continuous manual  
       pressure and notify physician immediately.
    4. Assess for ischemia or necrosis distal to site: cool, pale, mottled blue extremity,  
        numbness, tingling, and/or decreased mobility.
    5. Assess for pseudoaneurysm: pulsatile mass over femoral artery, systolic bruit,  
        and palpable pulse in distal extremity.
    6. Notify physician immediately for adverse signs and symptoms.
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PROCEDURE GUIDELINES: PERICARDIOCENTESIS
DEFINITIONS:

1. Needle pericardiocentesis: A procedure in which a needle is placed into the   
    pericardial sac to remove blood that has resulted in a peri cardial tamponade. 

2. Subxiphoid pericardial window: An emergency surgical procedure to diagnose  
    pericardial tamponade and decompress blood from within the pericardium. 

Needle pericardiocentesis:
  a. Indications:
 1. Evidence of cardiac tamponade in the face of deteriorating vital signs:
  a) Hypotension.
   b) Distended neck veins with blue face.
   c) CVP (if measurable) >20 mmHg.
   d) Narrowed pulse pressure.
   e) No other explanation of hypotension (e.g., pneumothorax).
 2. Consider when there is a penetrating injury to the chest between nipples. 
  3. This is not a primary diagnostic procedure (don’t do it when the vital signs are  
      normal).
 4. Consider ultrasound as primary diagnostic modality for pericardial  tamponade. 
  b. Equipment: 
   i. Long 16 gauge spinal needle, or preferably, a 16 gauge angiocath. 
   ii. 30 ml syringe. 
  c. Procedure: 
   i. Monitor vital signs: EKG, BP. 
   ii. Prep the subxiphoid area with betadine or Chlorhexidine, use   
        lidocaine as a local anesthetic.
   iii. Connect 3-inch 18 gauge needle or long 16 gauge angiocath to   
        the syringe. 
   iv. Puncture the skin just inferior to the left xiphochondral    
        junction, at a 45º angle to the skin. 
  a. Carefully advance the needle superiorly and toward the inferior tip   
       of the left scapula. 
  b. If ultrasound is available, map course of needle under xyphoid. 
   v. Monitor the EKG, looking for evidence of current of injury    
          suggesting advancement into the myocardium. Current of injury   
        may be indicated by marked ST-T wave changes or widened QRS   
       complexes. If these are seen, withdraw needle slightly. 
   vi. Aspirate blood from the pericardial sac. Withdraw as much as possible. 
   vii. Observe for EKG injury pattern. If this is seen, with draw needle   
         slightly. If it persists, then withdraw needle completely. 
   ix. If there has been physiologic improvement and angiocath is used then  
         leave the plastic sheath in place and remove the syringe. Secure the plastic
          sheath to the skin. 
   x. Notify the OR immediately and being making preparations to transfer to 
       the OR for median sternotomy. 
  

Pericardiocentesis
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  d. Complications: 
   i. Aspiration of ventricular blood rather than pericardial blood. 
   ii. Laceration of coronary artery or vein. 
   iii. Laceration of myocardium. 
   iv. Hematoma. 
   v. Pneumothorax. 
   vi. Infection.
2. Sub-xiphoid pericardial window: 
  a. Indications: 
   i. Same as for needle pericardiocentesis. 
   ii. Done when needle is not decompressing the pericardial sac adequately. 
   iii. Considered under local anesthesia for known pericardial tamponade  
         prior to intubation.
  b. Equipment
   i. Diagnostic peritoneal lavage tray. 
   ii. Skin-prep, local anesthesia. 
  c. Procedure: 
   i. Monitor vital signs: EKG, BP, CVP. 
   ii. Prep the sub-xiphoid area with betadine or Chlorhexidine. 
   iii. Anesthetize the midline just below the xiphoid with local anesthetic. 
   iv. Make a 4-inch incision inferiorly from the top of the xiphoid process. 
   v. Carry the incision through the fascia and stay extra-peritoneal. 
   vi. Place Army-Navy retractor under the xiphoid and retract up and   
        superiorly. 
   vii. Bluntly dissect the diaphragm away from the sternum until the   
         pericardium is visualized. 
   viii. Incise the pericardium to decompress the pericardial sac. BEWARE:  
         make sure the pericardium is lifted off the heart prior to incising it to  
                      avoid myocardial lacerations. 
   ix. If blood is obtained, place a few sponges into the wound and prepare to  
        go to the OR immediately for median sternotomy or thoracotomy. 
   x. If no blood or fluid is obtained, then suture the fascia with 
      non-absorbable material and close the skin. 
      Selecting the approach for pericardiocentesis — The optimal approach to  
      pericardiocentesis depends upon patient habitus, how the pericardial fluid 
         is distributed, and the availability of ultrasound. http://www.uptodate.com/

contents/image?imageKey=EM%2F81176&topicKey=EM%2F13823&source=see_link&utdPopup=true
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Cricothyrotomy

PROCEDURE GUIDELINES: CRICOTHYROTOMY
DEFINITION:
Cricothyrotomy: A surgical procedure to gain an airway in which a tube is placed 
through the cricothyrotomy membrane.

GUIDELINES:
1. Indications:
   a. An inability to get an emergent airway after an adequate attempt at endotracheal   
      intubation.
   b. An initial approach to the airway in patients with:
   i. Severe facial trauma with distortion of the face and nose.
   ii. Upper airway obstruction.
   iii. Fracture of the larynx.
2. Equipment:
  a. No. 6 Shiley tracheostomy tube (or smaller for younger patients) or a No. 6    
     endotracheal  tube.
  b. Skin-prep, lidocaine, syringe, 22 gauge needle.
  c. Cricothyrotomy tray.
  d. Alternative to cricothyrotomy tray:
   i. #15 scalpel.
   ii. Hemostat.
   iii. Sponges.
3. Procedure:
  a. Place the patient in the supine position if possible. This procedure may have to be   
     done in the decubitus position.
  b. Prep neck with betadine or Chlorhexidine Use local anesthesia if the situation   
     permits. 
  c. Stabilize the thyroid cartilage.
  d. Make a transverse or longitudinal incision over the cricothyroid membrane.
  e. Incise through the membrane, being careful not to disrupt the thyroid cartilage or   
     cricoid cartilage.
  f. Insert hemostat or your index finger through cricothyroid opening to dilate the   
      opening to an appropriate size.
  g. Insert either a tracheostomy tube (size 6 or less) or endo tracheal tube into the   
       cricothyroid opening. Make sure that the tube is not advanced past the carina.
  h. Inflate cuff and ventilate patient with bag-valve-mask.
  i. Confirm intratracheal position with a CO2 detector.
  j. Observe chest movement and auscultate chest to determine adequate air insufflation.
  k. Secure the endotracheal tube or tracheostomy tube with trach ties.
4. Potential complications:
  a. Creation of false passage.
  b. Subglottic stenosis, laryngeal stenosis.
  c. Hemorrhage.
  d. Laceration of the esophagus.
  e. Laceration of the trachea.
  f. Mediastinal emphysema.
  g. Aspiration.
  h. Infection.
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PROCEDURE GUIDELINES: EMERGENCY RESUSCITATIVE  THORACOTOMY

OBJECTIVE:
Emergency resuscitative thoracotomy may be necessary to salvage patients who 
present in extremis and might otherwise die without aggressive therapy. Emergency 
thoracostomy is not indicated in the resuscitation of all trauma patients who present 
in extremis. The following protocol is intended to be a guide and is not intended 
to be all-inclusive or exclusive. Additional patients not covered by this protocol 
who might benefit from emergency thoracotomy will be rare and case-specific. The 
procedure is performed in conjunction with other resuscitative efforts and should not 
be employed in isolation. Under certain conditions, resuscitative efforts might best be 
accomplished in the Operating Room. 

Cardiac electrical activity in the absence of any other “signs of life” (PEA) will not 
be an indication to proceed with resuscitative thoracotomy. Signs of life include: 
respiratory effort, palpable pulse, cardiac activity on ECG, papillary response to light, 
and spontaneous movement.

GUIDELINES:
1. Indications:
  a. Penetrating thoracic trauma with systolic BP <60 mmHg or pre-hospital signs of 
life. 
  b. Penetrating non-thoracic, non-cranial trauma with systolic BP <60 mmHg   
       unresponsive to aggressive fluid resuscitation and pre-hospital signs of life. PEA 
      is not a sign of life. Use judgment when only sign of life for 10 minutes is PEA.
   c. Cardiac arrest in blunt chest or abdominal trauma after arrival in the Emergency  
       Department with an obtainable blood pressure.
  d. Suspected systemic air embolism.
2. Procedure:
  a. Rapid bilateral antero-lateral betadine prep while thoracotomy tray opened. 
   b. Left antero-lateral thoracotomy incision located beneath nipple in males and   
       inferior breastT fold in females. Incision extends from left sternal border to   
      anterior border of latissimus dorsi. Chest entered along the superior aspect of 4th  
      or 5th rib. Care must be taken to avoid injury to heart  and lung. A right 
      antero-lateral thoracotomy may be preferred for primary right chest wounds.
  c. Additional exposure may be accomplished by extending thoracotomy incision  
      across sternum into contralateral  chest cavity.
   d. Insert rib spreader with handle located toward table laterally.
   e. Examine pericardium. If tense hemopericardium present (pericardium distended  
      with maroon discoloration) then proceed to step “h” below.
   f.  If systemic air embolism is suspected or massive hemorrhage from lung   
      parenchyma or hilum is present, then place Satinsky clamp across hilum medially.
  g. Retract left lung with left hand. Locate aorta by running right hand medially   
       along posterior chest wall. Aorta located along lateral aspect of vertebral bodies  
       and will be postero-lateral to esophagus. Dissect around aorta inferior to   
       pulmonary hilum and apply aortic cross-clamp.
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 Thoracotomy and Arterial Line
    h. Enter pericardium by longitudinally incising pericardium anterior and parallel  
        to phrenic nerve. This is best accomplished by grasping pericardium with      
         forceps and  cutting with Metzenbaum scissors. Pericardial incision is   
        carried inferiorly to diaphragmatic reflection and superiorly to level of superior  
        pulmonary hilum. Care must be taken to avoid injury to left atrial appendage 
        and phrenic nerve. This is best accomplished by lifting tip of scissors laterally as 
       i ncision is made. 
    i. Manually lift heart from pericardial sac. If hemopericardium is present, then         
       examine for cardiac perforation. Tamponade perforation with finger or Foley 
       balloon. Teflon pledgetted 3-0 prolene sutures on a taper needle are present in   
       thoracotomy suture pack for repair of cardiovascular wounds. Consider use of  
      skin stapler. If hemopericardium is not present, then begin open cardiac 
      compression. Aortic cross-clamping, if not previously performed, is indicated if 
      no hemodynamic response is noted. 
    j. If cardiac function deteriorates to ventricular fibrillation proceed with ACLS   
      protocol

PROCEDURE GUIDELINES: ARTERIAL LINE PLACEMENT

GUIDELINES:
1. Indications:
  a. Unstable patient with need for continuous arterial pressure measurements.
  b. Monitoring for the use of vasoactive drugs (e.g., dopamine, nitroprusside).
  c. Monitoring for unstable respiratory status (need for frequent ABG’s).
  d. Head-injured patients with GCS less than or equal to 8.
2. Procedure (use sterile gloves):
  a. Use radial artery whenever possible. Perform Allen test prior to insertion. Use  
      right radial if aortic disruption is suspected.
  b. If radial artery unusable, go to femoral artery. Avoid brachial artery to prevent  
       ischemia and compartment syndrome.
  c. Place wrist in extension. Tape to arm board.
  d. Prep wrist with betadine or Chlorhexidine. Drape with towels, infiltrate with   
       xylocaine.
  e. Palpate radial artery between index and middle fingers.
  f. Insert catheter at 30º angle into artery just proximal to flexor retinaculum.
  g. When arterial flow obtained, thread guide wire into artery and slide catheter over  
       wire into the artery.
  h. Remove wire and attach transducer tubing Carefully flush catheter, and suture  
      skin with silk or nylon sutures. Before flushing catheter, obtain PT, PTT, to avoid 
       heparin contamination.
  j. Use care in securing the catheter, since disconnection can result in major bleeding  
     episode. 

PROCEDURE GUIDELINES: SODIUM ELECTROLYTE IMBALANCES IN 
SETTING OF TRAUMA 

MANAGEMENT OF CENTRAL DIABETES INSIPIDUS
Definition: Central DI is a decrease in the release of antidiuretic hormone (ADH) 
which results in a degree of polyuria.  Causes include trauma, neurosurgery (causing 
injury to the hypothalamus or tract) or tumors.
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1. Diagnositic Tests:
 d. Serum Sodium: Na>145
 e. Urine Osmolality: Uosm<200
 f. Urine Na: Normal
 g. Urine output <1L /24hrs
2. Treatment:
 a. Hypernatremia with euvolemia or hyervolemia: Change IV fluids to D5W or        
     1/2NS at a rate of 3 to 6 mL/kg/hour. 
 b. Check serum sodium and blood glucose every 1-2 hours until the serum sodium  
     is < 145 meq
 c. Once serum sodium  has reached 145 meq/L, the rate of infusion is reduced to 1  
     mL/kg/hour and continued until normonatremia 
 d. Goal is to lower the serum sodium by 1 to 2 meq/L per hour 
 e. Consider replacing urine output, ½-1cc every 2-4 hours
 f. Increasing enteral free water 100-200cc q 4hrs per gastric tube
 g. Desmopressin: Nasal, 10-40 mcg/day (0.1-0.4 mL) divided 1-3 times/day; IV/IM  
     1-4 mcg (0.25-1 mL) once daily, Orally 0.05 mg twice daily; total daily dose should  
     be increased or decreased as needed to obtain adequate antidiuresis (range: 0.1-1.2  
    mg divided 2-3 times/day)
 h. Vasopressin Drip
3.Calculate free water deficit:
 a. TBW (Total body water*) x [(serum Na/140)-1] *TBW is usually 50-60% of body  
     weight in kg in young men/women and 45-50% of body weight in kg in elderly  
     men/women. It is reasonable to use values 10% less in patient volume depleted.

Management of SIADH/CSW
Definition: The syndrome of inappropriate antidiuretic hormone (SIADH) is a 
disorder of impaired water excretion caused by the body’s inability to suppress the 
secretion of antidiuretic hormone (ADH). When water intake exceeds the urine 
output, the water retention leads to hyponatremia. This can be caused by trauma, 
infection, hemorrhage, stroke, certain drugs, malignancies, pneumonia or HIV 
infection.

Diagnostic Tests
 a. Serum osmolality (275-290 normal, will be reduced)
 b. Urine osmolality (>100 but usually >300)
 c. Urine sodium (usually > 40)
Treatment
 a. Treat the underlying disease (treat infections, d/c drugs that could cause, hormone  
     replacement if adrenal insufficiency or hypothyroidism)
  i. HCTZ
   ii. SSRIs, TCA’s
  iii. Clofibrate
  iv. Antipsychotics
  v. NSAIDs
  vi. Illicit drugs (ecstasy)
  vii. Tegretol
  viii. Vasopressin
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Electrolyte Imbalance

 b. Fluid restriction (800-1000ml/day)
  a. Caution can cause cerebral vasospasm
 c. Salt tablets if able to take po
  a. No greater than 15g/day
 d. Salt tablets and loop diuretic (lasix bid), d/c thiazide diuretics
 e. 3% Normal Saline infusion
  a. Start infusion at 1-2ml/kg/hr, check serial Na levels and adjust rate as needed
  b. Goal to raise serum sodium by 1-2mEq/L/hr
  c. Do not exceed 8-10mEq/L/hr in 24 hours
 f. Vasopressin Antagonist
  a. Tolvaptan (do not use in liver disease)
 g. Demeclocyline
  a. 300 to 600mg bid
 h. Fludrocortisone
 i. 0.2mg IV or po
 i. **IF CEREBRAL SALT WASTING SUSPECTED DO NOT FLUID RESTRICT** 

PROCEDURE GUIDELINES: EMPIRIC ANTIBIOTICS FOR TRAUMA AND 
CRITICAL CARE PATIENTS

Practice Guideline: Antibiotic Therapy in Trauma Patients
Guidelines: The following is suggested treatment for potential infections encountered 
on the trauma and critical care service. Empiric therapy should be re-evaluated 
after 3 days, according to possible source of infection, culture results or antibiotic 
sensitivities. Infectious Disease Service is available to consult as well as Pharmacy 
Antibiotic Steward at Flagstaff Medical Center.

 PROCEDURE GUIDELINES: EMPIRIC ANTIBIOTICS FOR TRAUMA AND CRITICAL CARE PATIENTS 

Practice Guideline: Antibiotic Therapy in Trauma Patients 
 
Guidelines: The following is suggested treatment for potential infections encountered on the trauma 
and critical care service. Empiric therapy should be re‐evaluated after 3 days, according to possible 
source of infection, culture results or antibiotic sensitivities. Infectious Disease Service is available to 
consult as well as Pharmacy Antibiotic Steward at Flagstaff Medical Center. 
 
 
 NAH Empiric Treatment Guidelines 
Infection  Likely Pathogens  Preferred Antimicrobials 
  BACTEREMIA   
Line Infection‐Empiric  Staphyloccous spp.  Vancomycin 
Staph aereus, mecA neg by PCR  MSSA  Cefazolin or Nafcillin 
Staph aereus, mec A pos byt PCR  MRSA  Vancomycin 
Streptococcus spp. By PCR  Streptococcus spp  Ceftriaxone 
Enterococcus spp by PCR  Enterococcus spp  Vancoymcin 
Endocarditis  Stretococcus spp., MSSA, 

MRSA with relevant clinical 
history 

Ceftriaxone + vancomycin or 
Unasyn + vancomycin 

  BONE/JOINT   
Septic arthritis  Staphylococcus spp., N. 

gonorrhoeae (GC) with 
clinical history 

Vancomycin +‐ Ceftriaxone (if 
strong clinical suspicion of 
gonococcal infections) 

Epidural abscess  Staphylococcus spp., 
Streptococcus spp 

Vancomycin +‐ Ceftriaxone 

  CENTRAL NERVOUS SYSTEM   
Meningitis  Adult: S. pneumoniae, N. 

meningiditis 
Ceftriaxone + Vancomycin 

  Age >50, pregnant, 
immunocompromised; above 
+ L. monocytogenes 

Ceftriaxone +Ampicillin + 
Vancomycin 

   
Post‐neurosurgery: 
Enterobacteriaceae,  
Staphylococcus spp, 
Pseudomonas  

 

 
Cefepime + Vancomycin ‐or‐  
Ceftazidime + Vancomycin  

 

  GASTROINTESTINAL   
Clostridium difficile  Clostridium difficile   

 Vancomycin 125 mg PO Q6H  
 

Bloody diarrhea   
 E. coli O157H7  

 

No treatment due to risk of 
HUS 

Gastroenteritis  Empiric treatment not 
indicated unless 

 
 Refer to GI PCR Table  
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hemodynamically unstable or 
immunosuppressed 

Antimicrobials may worsen 
some diarrheal disease and 
potentially cause life‐
threatening toxicities  

 

Diverticulitis, appendicitis   
 Enterobacteriaceae, 
Streptococcus spp., GI 
anaerobes  

 

 
 Ceftriaxone + Metronidazole 
‐or‐ Cefoxitin  
IgE‐mediated hypersensitivity 
to cephalosporins: 
Gentamicin + Metronidazole  

 

Pancreatitis   
 Generally non‐infectious  

 

 
 No indication for prophylactic 
antimicrobials, even with 
necrosis, unless confirmed 
infection present (see below)  

 

Infections pancreatitis (evidence of 
abscess or positive cultures_ 

 
 Enterobacteriaceae, 
Streptococcus spp., GI 
anaerobes  

 

 
 Ceftriaxone + Metronidazole  
If healthcare‐associated: 
Piperacillin/tazobactam ‐or‐ 
Cefepime + Metronidazole  
(carbapenems NOT  

 

Spontaneous bacterial peritonitis   
 S. pneumoniae, 
Enterobacteriaceae, GI 
anaerobes  

 

 
 Ceftriaxone ± Metronidazole  
Cefoxitin ‐or‐ 
Piperacillin/tazobactam  

 

ACUTE 
CHOLECYSTITIS/CHOLANGITIS/POST‐
OP INFECTION 

   

Community‐acquired  Enterobacteriaceae, 
Streptococcus spp., MSSA, GI  
anaerobes  

Ceftriaxone + Metronidazole ‐or‐ 
Cefoxitin  
 

Healthcare‐associated  Enterobacteriaceae, 
Pseudomonas, Streptococcus 
spp., MSSA, GI anaerobes, MRSA 
with relevant history  
 

Piperacillin/tazobactam ± 
Vancomycin ‐or‐  
Cefepime + Metronidazole ± 
Vancomycin  

Bowel Injuries    Cefroxtin 2gm IV q 6 hrs, or 
Zosyn 3.375gm if concern for 
psuedomonas 

  GENITOURINARY   
Asymptomatic bacteriuria (positive 
UA/culture without symptoms) 

Enterobacteriaceae, 
Pseudomonas, Enterococcus  
spp.  

No antimicrobials for 
asymptomatic bacteriuria except 
for pregnant patients and recent 
renal transplants  
 

Community‐acquired (positive UA + 
clinical symptoms) 

Enterobacteriaceae, E. coli most 
common  
 

Ceftriaxone ‐or‐ Gentamicin ‐or‐  
Nitrofurantoin (only in cases of 
cystitis)  

Healthcare‐associated )positive 
UA/culture + clinical symptoms) 

Enterobacteriaceae, 
Pseudomonas, Enterococcus  

Cefepime ‐or‐ Gentamicin  
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spp.  ± Vancomycin (if hx 
Enterococcus) ‐or‐ 
Piperacillin/tazobactam  

UTI with history of MDR organism  ESBL Enterobacteriaceae  
  

Nitrofurantoin ‐or‐ Fosfomycin  
If pyelonephritis/urosepsis: 
Meropenem  

Endometritis  Enterobacteriaceae, anaerobes, 
Group B Strep  

 

Ceftriaxone + metronidazole ‐or‐  
Cefoxitin  

Pelvic Inflammatory Disease 
 

Enterobacteriaceae, anaerobes, 
Group B Strep, Chlamydia spp.,  
N. gonorrhoeae  

Cefoxitin + azithromycin or 
doxycycline  
‐or‐ Ceftriaxone + metronidazole 
+ azithromycin or doxycycline  

  RESPIRATORY   
Community acquired pneumonia  S. pneumoniae,  

H. influenzae,  
M. catarrhalis, atypicals,  

1st line: Ceftriaxone (+PO 
Azithromycin ‐or‐ +PO 
Doxycycline)  
Alternative: 
Ampicillin/sulbactam (+PO 
Azithromycin ‐or‐ +PO 
Doxycycline)  
IgE‐mediated hypersensitivity to 
cephalosporins: Levofloxacin (IV 
or PO)  

Healthcare‐associated pneumonia  CAP pathogens + MRSA, 
Pseudomonas, 
Enterobacteriaceae  
 

1st line (& PCN allergy): Cefepime 
+ Vancomycin (+PO 
Azithromycin ‐or‐ +PO 
Doxycycline)  
Alternative: 
Piperacillin/tazobactam + 
Vancomycin (+PO Azithromycin ‐
or‐ +PO Doxycycline)  
IgE‐mediated hypersensitivity to 
cephalosporins: Levofloxacin + 
Vancomycin  

Hospital‐acquired, Ventilator 
associated pneumonia (VAP) 

MRSA, Pseudomonas, 
Enterobacteriaceae  
 

1st line (& PCN allergy): Cefepime 
+ Vancomycin  
Alternative: 
Piperacillin/tazobactam + 
Vancomycin  
IgE‐mediated hypersensitivity to 
cephalosporins: Levofloxacin + 
Vancomycin  
Double coverage is not 
recommended based on 
antibiogram, which is reviewed 
annually.  

Aspiration pneumonia (aspiration 
pneumonitis does not require 
antimicrobials) 

  
Mouth flora (Streptococcus spp., 
oral anaerobes), potential for 
Enterobacteriaceae in 
chronically ventilated  

1st line: Ampicillin‐Sulbactam  
PCN allergy: Ceftriaxone  
IgE‐mediated hypersensitivity to 
cephalosporins: Levofloxacin (IV 
or PO)  
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Beta‐lactams alone (i.e. 
cefazolin, ceftriaxone, etc.) are 
usually sufficient  

If strong suspicion resistant GNR: 
Piperacillin/tazobactam ‐or‐ 
Cefepime  

COPD Exacerbations 
Mild to moderate exacerbations: No 
antibiotics needed 
 

   

Moderate to severe exacerations    Oral options – Cefprozil plus 
Azithromycin OR Doxycycline 
 
IV options – Ceftriaxone 1‐
2gm IV q 24 hours plus 
Azithromycin 500mg IV Q 24 
hrs 
 
If there is concern for 
Pseudomonas, Zosyn 4.5 g IV 
q 8 hs PLUS Azithromycin 500 
mg IV q 24 hs. 
 

  SKIN & SOFT TISSUE   
Cellulitis (community or healthcare‐
assoicated) 

Streptococcus spp., 
Staphylococcus spp.  
(Staph spp. more likely if 
purulent drainage or abscess, 
Strep spp. if erythema without 
purulent drainage or abscess) 

Cefazolin ‐or‐ 
Ampicillin/sulbactam ‐or‐ 
Nafcillin ‐or‐ Vancomycin (if 
strong suspicion MRSA)  
 
Non‐supportive (intact skin 
without evidence of abscess or 
purulent drainage) 
   Oral options: Cephalexin 
500mg qid, Augmentin mg po 
bid 
    
Supportive (abscess or evidnec 
or purulent drainage) 
   Oral optinos: Minocycline or 
Doxycycline 100mg po bid, or 
Bactrim DS bid 
 
 

Necrotizing fascitis   Streptococcus pyogenes  
 

Piperacillin/tazobactam + 
Clindamycin + Vancomycin ‐or‐  
Ceftriaxone + Clindamycin + 
Vancomycin  

Animal or human bite   Streptococcus spp., 
Staphylococcus spp.,  
Pasteurella, Eikenella, other 
anaerobes 

Ceftriaxone + metronidazole ‐or‐ 
Ampicillin/sulbactam ‐or‐ 
Vancomycin (if strong suspicion 
MRSA)  
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Pressure ulcers, diabetic foot 
wounds 

Streptococcus spp., 
Staphylococcus spp., anaerobes, 
Enterobacteriaceae  
(anti‐ pseudomonal activity not 
needed unless hemodynamically 
unstable) 

Ceftriaxone + Metronidazole  
‐or‐ Ampicillin/sulbactam  
If hemodynamically unstable:  
Piperacillin/tazobactam ± 
Vancomycin ‐or‐  
Cefepime ± Metronidazole ± 
Vancomycin  

SEXUAL ASSAULT    Gonorrhea: Ceftriaxone 
250mg IM x1 
Chlamydia: Azithromycin 
1gm po x1 
Trichomonas: 
Metronidazole 2gm po x1 
Tdap 0.5ml IM x 1  (if last 
booster was >5 years ago)
   
 
Plan B: Levonorgesterel 1.5 
mg PO as soon as possible 
within 72 hours after 
unprotected intercourse.  
Repeat dose if vomiting 
occurs within 3 hours. 
 
Hepatitis B 
Unvaccinated/ 
incompletely vaccinated 
(anit‐Bs less than 
10miu/ml) 
Hepatitis B vaccine (Adult) 
20 mcg, Injection, 
IntraMuscular, One Time 
only, STAT 
Repeat at 1 month and 4‐6 
month to complete 
vaccination series 
 
HIV post exposure 
prophylaxis (if applicble): 
Preferred regimen: 
Raltegravir (Isentress) 400 
mg BID, Tenofovir 300 mg 
daily + Emtricitabine 200 
mg daily (Truvada) 
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Give a 3‐5 day supply and 
have them follow‐up to 
receive the rest of the 28 
day course. 
 
If patient is breastfeeding 
or pregnant please consult 
Infectious Disease 
Specialist 
 

 
 There are some changes and recommendations based on microbiological resistance trends:  
� Pseudomonas aeruginosa is slowly becoming more resistant to Piperacillin/tazobactam likely 
associated with overprescribing in the hospital setting. In order to decrease the selective pressure 
for resistance development, we recommend the empiric use of Cefepime for healthcare 
associated pulmonary processes including pneumonia and aspiration events. Cefepime 
appropriately covers oral pathogens. We recommend narrowing down antimicrobials as soon as 
possible once susceptibilities available for Pseudomonas aeruginosa (narrow to Ceftazidime)  
� Piperacillin/tazobactam will remain the empiric antimicrobial of choice for healthcare 
associated intra‐abdominal infections.  
� Ampicillin/sulbactam is not an appropriate choice for empiric coverage of intra‐abdominal 
infections as the E. coli susceptibility has dropped to 49%. This antimicrobial is still appropriate for 
community acquired aspiration pneumonia as well as head and neck infections.  
� Current community MRSA rate is 35%. Vancomycin, Linezolid, Minocycline and TMP/SMX are still 
excellent choice. Clindamycin susceptibility is 72% (not an appropriate empiric choice)  
� Streptococcus pyogenes susceptibility to TMP/SMX is 0%. Monotherapy for skin and soft tissue 
infections with TMP/SMX is not appropriate if concerned about Streptococcal disease. Consider 
adding beta lactams for this purpose.  
� Escherichia coli susceptibility for urine isolates is now 92%. Cephalexin is an excellent choice for 
empiric coverage for uncomplicated UTI (cystitis). For hospitalized patients with complicated UTI, 
Ceftriaxone is the drug of choice.  
� Extended spectrum beta lactamase (ESBL) E. coli community rate is 10% (for non‐urine isolates). 
There is no need to empirically use carbapenems (Meropenem) unless the patient has history of 
previous ESBL infections.  
� In order to prevent the over exposure to antibiotics, please consider narrower antimicrobial 
coverage for clinically orthopedic infections. Vancomycin and Ceftriaxone should provide 
appropriate empiric coverage for clinically unstable patients. If the patient is clinically stable 
(afebrile, no leukocytosis), no antimicrobials are indicated until appropriate diagnostics or tissue 
sampling is performed.  
� There is NO NEED TO ORDER VANCOMYCIN AND PIPERACILLIN/TAZOBACTAM FOR EMPIRIC 
COVERAGE OF EVERY INFECTION. This practice is archaic and no longer appropriate. Please aim 
empiric coverage depending on site of infection and most possible pathogens. Review the NAH 
empiric antimicrobial guide (above).  
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Clinical Guidelines for the prevention and management of pain, agitation/sedation, 
delirium, immobility and sleep deprivation and sleep disruption in Adult Patients in 
the ICU

Guideline: The following is recommendations from the 2018 Pain, Agitation/sedation, 
Delirium, Immobility and Sleep (PADIS) guidelines.
 1.  Pain
  a. Non-opioid adjuvants
   i. use acetaminophen as an adjunct with opioid therarpy for pain  
      management
   ii. low dose ketamine can be used when attempting to reduce   
       opioid consumption in adults in the ICU
   iii. neuropathic pain medications (gabapentin, pregabalin and   
          carbamazepine) 

   b. Pharmacologic interventions to reduce procedural pain
   i. Use lowest effective opioid dose for procedural pain    
      management 
   c. Nonpharmacologic interventions 
   i. Massage
   ii. Music
   iii. Relaxation techniques (deep breathing, meditation)

Delirium
Definition: disturbances of consciousness, attention, cognition (memory deficits, 
disorientation, language disturbances) and perception. Disturbances develop over a 
short period of time (hours to days) and tend to fluctuated during the day. 

Types of Delirium 
 1. Delirium due to general medical condition
  a. CNS disorders (head trauma, seizures, postictal states, vascular disease,  
         degenerative disease
  b. Metabolic disorders (renal failure, hepatic failure, anemia, hypoxic,   
         hyperglycemia, thiamine deficiency, endocrinopathy, fluids or electrolyte  
        imbalances, acid-base balances)
  c. Cardiopulmonary disorders (myocardial infarction, congestive heart    
           failure, cardia arrhythmia, shock, respiratory failure).
  d. Systemic illness (substance intoxication or withdrawl, infection,   
      neoplasm, severe trauma, sensory deprivation, temperature dysregulation, 
      postoperative state)
 2. Substance-induced delirium
  a. Related to substance use or withdrawl
  b. Delirium that occurs with intoxication may occur in minutes to hours  
         after ingestion of high doses such as cocaine, alcohol, barbituates, or 
      meperidine, but may persist as long as 2-4 weeks
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   c. Potential of medications with anticholinergic activity to 
         cause delirium to increase
   d. Delirium duration depends on the half-life of the substance
 3. Delirium due to multiple etiologies
 4. Delirium not otherwise specified
 1. Address underlying causes and/or triggers
 2. Supportive care
  e. Protect airway
  f. Provide fluids and nutrition
  g. Treat pain
  h. Assist with movement/repositioning
  i. Avoid using physical restraints
  j. Avoid foley catheters
  k. Provide provider/caregiver consistency
  l. Encourage family/friends involvement 
 3. Medications


