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SUMMARY OF CHANGES

1. Clarification of the use of the Military Acute Concussion Evaluation 2 (MACE2) for mild traumatic brain 
injury (mTBI).

2. Clarification of the use of hypertonic saline or normal saline during resuscitation.

3. Addition of the recommendation to use quantitative pupillometry for evaluation of pupillary reactivity.

4. Addition of recommendation for Ketamine as a sedative in severe TBI.

5. Addition of recommendation for tranexamic acid (TXA).

6. Addition of recommendations to consider placement of Brain Tissue Oxygen Monitor (PbtO2) and 
maintaining > 20mmHg.

7. Addition of recommendation for vascular imaging of penetrating brain injuries to rule out traumatic 
pseudoaneurysms.

8. Changed seizure prophylaxis for TBI to make Levetiracetam the preferred agent and dilantin a third line 
agent given the inability to obtain drug levels in austere environments. Added in Vimpat as a second 
line agent for seizure prophylaxis. 

9. Addition of treatment algorithms for treating elevated intracranial pressure, decreased PbtO2, or both.



      

     

BRAIN INJURY (TBI) & NEUROSURGERY 
IN THE DEPLOYED E NVIRONMENT 

P11blished I!)' the Joint Tra1111111 Sy•sum, the DoD Cmter of Bxcellmce far Tra111na 

IMPROVED OUTCOMES REQUIRE : 

a POINT OF INJURY (ARE ·-

• TCCC for life threatening Srope of TBI Casualties MEDICAL MANAGEMENT 
injuries 

• Hypotensive ➔ Blood or TXA 
(2gms ~ 3 hrs post injury) 

• Normotens-ive ➔ 
NS/Hypertonic Saline 

• GCS~8 ➔SPPH10 

• Sa02 > 90 ➔ PaC02 35-45 ➔ 
ETC0,30 

~ w 

14%: Combat casualties 

23% - 30o/o: Pre:hospital deaths 

30%- 45%: Hospital deaths 

Cfas.sification 

Mild GCS 13 - 15 

Moderate GCS 9 - 12 

Severe GCS 3 - 8 

• Maintain normothennia 
• Increase head of bed: 

1' 30'-45' 

• Treat for gastric ulcer 
prophylaxis 

Sedation 

• Propofol 20-75 mcg/kg/min 
• Ketamine 2mg/kg 

• Intermittent narcotics 

CARE :S 5 HOURS POST-INJURY 

Who 
• Penetrating trauma 

• Open skul I fracture 
• All moder;ate & severe TBI i•i MONITOR 

Antiepileptic Meds 

• Keppra 
• Vimpat 

• Phenetoin 

• Mild TBI w/persistent confusion • ICP < 22 mmHg lntrac-ranial Hypertension 
What 
• Nairosurgeon 
• Advanced imaging 
• Required inmumentation 
• Critical care 

GOAL 
• SBP>110 
• MAP>60 
• Sa02 >9396 
• Pa02 35-45 at every role of care 

Qtt,nu HUIIII Ao,nc;y 
JOINT TRAUMA SYSTEM © 

• CPP60-70mmHg 

• Brain tissue 02 > 15 
• Quantitative pupillometry 

(NPi) < 3 coocerning for 
increased ICP 

INTERVENTIONS 
• Seizure prophylaxis 
• Abx for open skull fractures 
• NO STERIOOS 

• Hypertonic Saline (3%) 

• Na+ 15~160 
• Mannitol lg/kg Bolus 

{avoid in hypovolemic / 
hemorrhage shock} 

METRICS • r.a> monitor placed priof to transpon 
• l!iourfy documentation of ICP /CPP & ventria.iloston-:ry drainage 

Clinical t ips based on the Traumatic Brain Injury and Neurosurgery in t he 
Deployed Environment CPG, Sep 2023. This CPG and others can be found at: 

JTS CP'Gs: HTTPS:J/JTS,HfALTH,MIL/INOEX,CfM{ Pl CPGS/CPGS 
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Have a Clinical Question / 
e-Cons u ltation? 

Access the Global 
Teleconsultation 
Portal (GTP} 
ll!!l!!:.l!!!.l!!JL!lrm:.P~med.na .mil 

Emergent 
& MUir1Jry Worldng D095/ 

Call ADVISOR Line 
33-ADVSRLN (833-238-n56) 

7 29 -9089 

.. ADVISOR <IM, not /ocllitot, MEDfVAC 
or cowolry movemettr. 

Virtual Appointment 
(~k~ Direct ,i_adonr c~ro) 

Per local policy 

Lifesaving direct patient care takes priority over calling for help! Never/eave rhe casua/ry10 gel help lfrhe 
casuatry's condirlonmay worsen while you are absenr. Consider having a reammare "make rhe call "whl/e rhe primary 
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TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

P U R P O S E  

These guidelines are not intended to supplant physician judgment. Rather, these guidelines are intended 
to provide a basic framework for those less experienced with the delivery of care in this setting to the 
brain injured patient, as well as to educate and provide insight to others on the delivery of care in a 
restrictive environment. 

B A C K G R O U N D  

Traumatic brain injury (TBI) occurs in about one third of all trauma-related deaths in the United States and 
remains one of the most common causes of death on the modern battlefield.1,2 The Committee on 
Surgical Combat Casualty Care (CoSCCC) published a Neurosurgical Capabilities Position Statement in Feb 
2023 given the importance of this issue. Specific to the combat environment: 

 Positive outcomes are achieved through point of injury care to prevent secondary brain injury 
(avoid hypoxia, avoid hypotension), rapid evacuation from the battlefield, early medical 
management, timely neurosurgical intervention, meticulous critical care, and dedicated 
rehabilitation.3-9 

 Optimal outcomes for severe TBI (Glasgow Coma Score [GCS] </=8) in theatre require a 
neurosurgical capability defined as a neurosurgeon, advanced imaging, required surgical sets, 
required monitoring, and critical care. 

 For conflicts in Afghanistan and Iraq, Department of Defense Trauma Registry (DoDTR) data 
demonstrate: 10,11 

 14% of casualties sustained a traumatic brain injury.10 

 TBI was the mechanism of death for 30% of prehospital deaths from 2001 to 2011 and 45% of 
hospital deaths from 2001 to 2009.12 

 From 2014 to 2021 Armed Forces Medical Examiner System (AFMES) data demonstrate TBI 
accounted for 23% of prehospital deaths and 30% of hospital deaths (Unpublished JTS-AFMES 
data). 

 Over 5,600 neurosurgical procedures were performed in-theater between 2002-2016.12 

 Casualties with a TBI and an indication for neurosurgical intervention were more likely to 
survive if they received surgery within 5 hours of injury.9 

 Neurosurgical interventions performed on the battlefield after penetrating injuries result in 
improved survival.13 

 Severe TBI also occurs during routine and crisis contingency operations, both ground and maritime 
combat, with an associated mortality of 69.7%. 

 The incidence of TBI after non-combat maritime mass casualty events such as collisions is 5.8%; 
during modern naval warfare when warships are attacked by missile strikes or other explosive 
devices, the incidence of severe TBI is 17.2%.14 

 Some patients with severe closed and penetrating brain injury had favorable outcomes when 
treated in military medical treatment facilities (MTFs) and received timely and aggressive 
neurosurgical and neuro-critical care interventions.2-5,9 
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COMA SCORE EYE OPENING BEST VERBAL EFFORT BEST MOTOR EFFORT 

1 None None Flaccid 

2 To Pain Nonspecific sounds Decerebrates to pain 

3 To verbal stimul i Inappropriate words Decorticates to pain 

4 Spontaneous Confused Withdraws to pain 

5 - Oriented Localizes to pain 

6 - - Follows commands 

TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

C L A S S I F I C A T I O N  

The classification of brain injury informs prognosis and care eligibility in the combat environment. Brain 
injury severity is classified according to their GCS. 

Table 1. Glasgow Coma Score 

 Mild: GCS 13-15 

 Moderate: GCS 9-12 

 Severe: GCS 3-8 

Neurosurgical care capabilities are available at designated Role 3 facilities, Role 4 facilities and in 
pre-identified partner nation facilities. 

R O L E  3 T R A N S F E R  F O R  N E U R O S U R G I C A L  E V A L U A T I O N  &  C A R E  

Neurosurgical care in a combat theater is a limited resource and often requires air transport to get 
patients to the closest neurosurgeon or even Computed Tomography (CT) for diagnosis and treatment. 
Both over- and under-utilization should be avoided. 

C O A L I T I O N  C A S U A L T I E S  

 Coalition casualties may require transfer for formal evaluation with a CT scan and/or a neurosurgeon 
when they: 

 continue to have a GCS < 14 (mild TBI needs further evaluation in coalition casualties if the GCS 
does not return to GCS of 15). 

 are confused or have continued cognitive deficits. 

 The MACE2 is validated for determining the presence of an mTBI and should be used as an initial 
screening tool for to evaluate mTBI. It should not be used to determine worsening intracranial 
injury.15-17 

 All coalition casualties should be referred for neurosurgical evaluation if they have: 

 Penetrating brain injury 

 Open skull fracture 

 Moderate or severe brain injury 

 Head trauma AND unexplained neurologic deficits 

Guideline Only/Not a Substitute for Clinical Judgment 6 



       

      

       

    
   

     
   

   

      
  

     
   

    
   

    

         
     

     
   

  
    

   

       

    
  

   

 

 

 

 

    

      

     

   

    
     

     
  

      
  

 

  
   
     
      
    

TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

H O S T  N A T I O N  ( H N )  C A S U A L T I E S  

 Management of host nation casualties should be in accordance with medical rules of eligibility 
(MEDROE) established for the area of responsibility. TBI management and neurosurgical care of HN 
casualties are MEDROE dependent. Providers should care to the best of their capabilities for HN TBI 
patients and involve the theater Trauma Medical Director (TMD) and neurosurgery (NS) early in the 
management.  

 When MEDROE permits, moderate brain injury in HN casualties should be referred to Role 3 facilities 
with neurosurgical capability for definitive care. 

 All patients should ethically receive equal care; however, the realities of combat are that HN casualties 
with severe brain injury have a poor prognosis when follow-on care is not available after discharge 
from the military MTF. The decision to transfer HN casualties with severe brain injury to Role 3 is 
based on mission, tactical situation, and resource availability and is ideally preceded by direct 
communication and discussion with the TMD and neurosurgeon. 

 Depending on the severity of TBI, considerations for transfer of HN casualties to HN facilities after 
Role 3 MTF care can be complicated, multifactorial, and dependent on current MEDROEs. HN patients 
may not receive optimal care after leaving the military MTF, which adds to the complexity of decision-
making for the care of these patients. For patients with severe TBI and poor prognosis, palliative care 
at the in-theatre MTF may be most appropriate. These decisions should be made in the context of TBI 
severity and the available continuum of care for the patient in their nation of origin. Discussions with 
the theater neurosurgeon, TMD, and command elements can aid in this difficult decision. 

E A R L Y  E V A L U A T I O N  & T R E A T M E N T  

The initial management of the patient with brain trauma begins with addressing life-threatening injuries 
and resuscitation in accordance with Tactical Combat Casualty Care (TCCC) guidelines in the field for 
corpsmen and combat medics or Advanced Trauma Life Support (ATLS) providers.18 

Initial severe TBI treatment: 
 3% NaCl 250cc over 15 min 
 Antiepileptics (Keppra 1500mg IV loading dose) 
 TXA 2gm (if < 3 hours post-injury) 
 Antibiotics if open skull fracture 

 Simple physical interventions to implement early: 

 Head of bed elevated to 30-45 degrees or reverse Trendelenburg (if in spinal precautions) 

 Keep head straight to avoid kinking of the internal jugular veins (to promote venous drainage) 

 Avoid tight cervical collars and tight circumferential endotracheal tube/tracheostomy tube ties 

 Imaging: Patients with a suspected traumatic brain injury with altered mental status (GCS 12 or less) 
should have a non-contrast head CT as soon as possible. For penetrating head injuries, in addition to 
the non-contrast head CT study, a CT angiogram of the brain should also be obtained to evaluate for 
vascular injuries (e.g., pseudoaneurysms). 

 Blood products are the preferred resuscitative fluid for hypotension in all trauma patients. Avoid 
Albumin and hydroxyethyl starches; albumin is associated with worse outcomes when used in TBI 
patients.19,20 
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TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

 Tranexamic acid: All patients with evidence of moderate or severe TBI should be administered 2gm of 
TXA within 3hrs of injury; 2gm of TXA in TBI patients improves survival.21, 

 If severe TBI is suspected, antiepileptics (Keppra, 1500 mg loading dose) should be administered 
during the initial evaluation and within 30 minutes of arrival. 

 For casualties with abnormal GCS who do not require resuscitation for hypotension or major blood 
loss, use normal saline or 3% hypertonic saline for volume resuscitation. Both have shown equivalent 
outcomes in severe TBI. Avoid hypotonic fluids (e.g., any IVF with Dextrose % in water [D5W]). 

 For casualties with GCS ≤ 8, manage hypotension by maintaining systolic blood pressure greater than 
110 mmHg.22 A systolic blood pressure of less than 90mmHg is the single risk factor most highly 

23,24 associated with mortality in brain trauma. 

 End tidal CO2 (ETCO2) should be monitored during prehospital care and continued after handoff to a 
surgical team.  Normoventilation with a goal partial pressure of carbon dioxide (PaCO2) of 
35-40 mmHg should be maintained or ETCO2 of 30 mmHg. 

 Prophylactic hyperventilation is not recommended as it decreases cerebral blood flow. It may be 
used as a temporizing measure to reduce intracranial pressure in the setting of suspected herniation 
until other therapies are employed to decrease intracranial pressure as the patient is on the way to 
the operating room.25 Hyperventilation can be harmful. 22 

 For penetrating brain injuries and open skull fractures, routine prophylactic antibiotics are 
indicated.26 Antibiotic recommendations for the first level of surgical care include either cefazolin 2gm 
IV every 6-8 hours or clindamycin 600mg IV every 8 hours. If a penetrating head injury appears grossly 
contaminated with organic debris, consider addition of metronidazole 500mg IV every 8-12 hours.26 

 For isolated closed head injuries, routine prophylactic antibiotics are not indicated. 

 Hypoglycemia and hyperglycemia must be avoided. Monitor glucose every 6 hours. The goal is to 
maintain glucose < 180 mg/dl and avoid hypoglycemia.27 D5W IVF will worsen cerebral edema. Do 
NOT use intravenously to maintain euglycemia. 

 Steroids should be avoided in brain-injured patients as they have not shown outcome benefit and 
increase mortality in patients with severe brain injury.25,28 

 A common strategy for management of hypoxemia has been a goal of arterial oxygen saturation 
(SaO2) >90% and the partial pressure of oxygen in the arterial blood (PaO2) >60 mmHg.24 However, in 
order to establish a safety buffer in the deployed setting often characterized by frequent patient 
handoffs and occasional equipment challenges, a goal SaO2 of 93-95% and PaO2 >80mmHg, is 
recommended.  Particular attention to avoidance of hypoxemia during air transport is essential as 
human studies and animal models indicate hypoxia during aeromedical evacuation is common.29,30 

 Document serial neurological exam findings every hour, including: 

 Glasgow Coma Score broken down by eyes, voice, motor scores. (See Table 1.) 

 Presence of gross focal neurologic signs and/or deficit. 

 Pupil size and reactivity. See below Figures 1 and 2. 

 When available, quantitative pupillometry should be assessed and documented to ensure 
accuracy and consistency of recordings.31-33 Quantitative pupillometry and the neurologic 
pupillary index (NPi) allows objective and consistent assessment of pupillary reactivity to track 
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TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

trends and determine if a patient’s responsiveness is worsening. ICU nurses should be 
documenting these findings and they should be trended. 

 NPi < 3.0 is concerning for an abnormal or sluggish pupil and therefore increased intracranial 
pressure. NPi should be documented and significant changes indicate the need to assess or 
empirically treat for increased intracranial pressure. If a neurosurgeon is not managing the 
patient; telehealth support to review NPi should be considered. (See Appendix D.) 

Figure 1. Pupillometer Figure 2. Pupillometer in Use 

 

M E D I C A L  M A N A G E M E N T  

S E D A T I O N  

There is a delicate balance when sedating patients with TBI. When transferring casualties to a 
neurosurgical capability for initial assessment, avoid long-lasting sedation or paralysis as this impedes the 
ability to evaluate the patient. However, medication selection should not override the need to safely 
transport the casualty. 

 Propofol can be used for sedation, but caution must be used to avoid hypotension.25 

 Ketamine is also useful for sedation (and can also provide some analgesia) as it avoids the 
significant hypotension associated with propofol and there is evidence it lowers intracranial 
pressure (ICP).34-40 

 When narcotics are utilized for pain management, intermittent narcotic doses are preferred over 
continuous infusion. 

 Routine paralysis of TBI patients should be avoided. If paralytics are needed, vecuronium is 
preferred because it is readily available in the austere environment and does not require 
refrigeration. Bolus dosing is preferred over continuous infusion. The recommended initial dose is 
0.08 to 0.1 mg/kg given as an intravenous bolus injection. Paralytics should only be used if the 
patient is appropriately sedated. In general, paralytics should only be used for high-risk transport. 

Guideline Only/Not a Substitute for Clinical Judgment 9 
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TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

I N T R A C R A N I A L   H Y P E R T E N S I O N  

Despite controversy on the use of invasive monitoring to measure ICP, treatment of known or suspected 
intracranial hypertension remains a cornerstone of therapy in patients with severe brain injury.42 

Intracranial hypertension should be suspected based on certain clinical criteria if no CT scan or intracranial 
monitor is available. These criteria include: 

 GCS Motor Score < 4 

 Pupillary asymmetry 

 Interval development of pupillary asymmetry > 2mm 

 Abnormal pupil reactivity 

 Decrease of motor score by > 1 

 New motor deficit 

 Hypertension with Bradycardia 

 If an automated pupillometer is present, an NPi < 3 on one or both eyes is concerning for raised 
intracranial pressure. 

If treatment for intracranial hypertension is indicated prior to arrival to a neurosurgical capability, initiate 
hyperosmotic therapy with one of the following: 

1. Hypertonic Saline42,43 (Appendix B) 

 250ml bolus of 3% saline administered over 10-15 minutes or a 30cc bolus of 23.4% saline. 

 In a location with no neurosurgical capability for definitive treatment, infuse 3% saline at 
50-100ml/hr for resuscitation with goal serum Na level of 150-160mmol/L. If in the rare 
circumstance, chronic hyponatremia is suspected, elevation of plasma sodium by 3-5mmol/L 
over 2-4 hours is recommended. 

 Place central venous access to administer hypertonic saline and vasoactive medications, 
particularly if it is anticipated to be needed long term. Subclavian veins are preferred, 
followed by femoral, and lastly internal jugular. 

2. Mannitol 

Avoid Mannitol during the initial resuscitation period when ongoing bleeding has not been ruled 
out and in hypotensive casualties (or any casualty with the risk of bleeding). 

Consider using Mannitol only if there is no availability of hypertonic saline and there is a significant 
concern for imminent herniation as evidenced by signs of intracranial hypertension described 
above. 

 Mannitol 1g/kg bolus IV.25 

 Hypotension after mannitol administration must be predicted and avoided. Urine output 
should be replaced with isotonic fluids. 

 When treating patients with osmotic agents, monitor serum sodium at least every 6 hours. 

Guideline Only/Not a Substitute for Clinical Judgment 10 
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TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

A N T I E P I L E P T I C   M E D I C A T I O N S  A N D  S E I Z U R E S  

Seizures are common after severe brain trauma. Administer seizure prophylaxis to avoid the 
hemodynamic changes and increased cerebral metabolic activity caused by seizures. Seizure medications 
help prevent early post-traumatic seizures, but do not prevent all seizures. Up to 25% of patients with 
severe TBI will have seizures even with prophylactic treatment. Fifty percent of seizures may be non-
convulsive in nature. Patients with subdural hematoma, neurosurgical procedure, or penetrating brain 
injury are at the highest risk of seizures. Post-traumatic seizures have been shown to increase morbidity 
and mortality after trauma.44-47 

 If severe TBI is suspected, seizure prophylaxis should be administered during the initial evaluation 
and within 30 minutes of arrival. 

 Preferred agent: Levetiracetam (Keppra) 1500mg IV loading dose, followed by 1000mg IV BID 

 Second line agent: Lacosamide (Vimpat) 400mg IV loading dose, followed by 200mg IV q12hours. 

 Continue seizure prophylaxis for 7 days after a moderate or severe TBI.25,48-52 (Appendix A) 

 Seizure medications should be continued past post-injury day seven if the patient had evidence of 
seizure activity. 

 Rapid assessment and treatment of seizures is important to prevent secondary neurologic insult. 
Use a rapid response EEG device (if available) to diagnose seizures accurately and quickly.54-58 

 Active Seizures 

Lorazepam 1-2mg IV or Midazolam 5-10mg IV. Lorazepam is preferred. If no IV access, Midazolam IM 
is as effective as Lorazepam IV 

O T H E R   P R E C A U T I O N S  

 Maintain normothermia. Avoid and treat hyperthermia. 

 Elevate head of bed to 30-45° or use reverse Trendelenburg position for suspected concomitant 
spine/spinal cord injuries. 

 Gastric ulcer prevention with an IV PPI should be started within 12 hours of admission. 

 Consider enteral nutrition according to Nutritional Support Using Enteral and Parenteral 
Methods.59 

A E R O M E D I C A L   E V A C U A T I O N   C O N S I D E R A T I O N S  

Coordinating care between sending and receiving physicians is of paramount importance during patient 
movement. Neurosurgeons should discuss all patients being transferred to Role 4 with the receiving 
neurosurgical team to ensure a common understanding of the patient and the risks and benefits of 
aeromedical evacuation. Casualties with severe TBI should be manifest with altitude restrictions and the 
cabin pressured to 5000ft. PaO2 and SaO2 should be closely monitored in flight given the risk of 
barometric changes in PaO2.  
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I N T R A C R A N I A L   P R E S S U R E  

ICP monitoring is recommended during aeromedical evacuation for patients who would meet the 
requirements stated below in the surgical management section.61 

If appropriate neurosurgical capability and bed capacity are available, observation in theater may be 
warranted for patients with borderline ICP measurements. Stresses of flight including vibration, 
temperature, noise, movement, light, hypoxia, and altitude have been shown to increase ICP.62,63 

Delayed evacuation may improve outcomes in patients with ongoing resuscitation needs and intracranial 
hemorrhage or decreased GCS. Since most intubated patients require heavy sedation and often paralysis 
during transport, neurologic exam cannot be followed and a neurologic deterioration may not be detected 
for many hours. Some patients have suffered herniation during long range evacuation. For example, this 
has occurred with patients who have significant burns requiring resuscitation who have intracranial 
hemorrhage or cerebral edema. 

Do not remove a functional ICP monitor in the immediate period prior to aeromedical evacuation. 
This provides information to the Critical Care Air Transport Team (CCATT) team that can direct in flight 
treatment. Furthermore, it offers a level of safety in terms of stable ICP in patients who may otherwise 
require sedation or not have a reliable neurological exam. 

D R A I N S  

Do not remove drains in the immediate period prior to aeromedical evacuation due to the risk of 
bleeding. 

P N E U M O C E P H A L U S 

The effect of increasing altitude on contained air within the body, including the cranium, will potentially 
result in expansion of pneumocephalus; this is particularly true for those who have not undergone a 
decompressive craniectomy prior to the flight. 

All patients should be transported with head of bed elevation or reverse Trendelenberg at 30-45°. 
Typically U.S. Air Force doctrine is to load all patient’s feet first into the aircraft.62 In a patient with TBI, 
the aeromedical transport physician may consider loading headfirst, to maintain head elevation during 
flight. 

D E E P  V E I N  T H R O M B O S I S  P R O P H Y L A X I S  

All patients should be started on mechanical Deep Vein Thrombosis (DVT) prophylaxis at a minimum using 
sequential compression devices on uninjured extremities. 

All trauma patients who are non-ambulatory require DVT prophylaxis, including brain-injured casualties.  
Chemical DVT prophylaxis in all moderate to severe head injured patients with normal coagulation profile 
should be started once there is a documented stable head CT, ideally no later than 24 hours after injury. 

Caution in starting DVT prophylaxis and discussion with neurosurgeon is recommended for the following 
conditions: 

 Polytrauma with or at risk for coagulopathy. 

 Have intracranial monitor/drain in place. 
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TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

 Have one or more of the following TBI features that are “high risk” for progression according to 
the Norwood-Berne criteria: 

 Subdural hematoma (SDH) > 8mm 

 Epidural hemorrhage > 8mm 

 Largest single contusion > 2cm 

 More than one contusion per lobe 

 Diffuse or scattered subarachnoid hemorrhage. 

 Diffuse or scattered intraventricular hemorrhage. 

For these patients, chemical prophylaxis may be started 72 hours post-injury or as neurosurgeon 
recommends (reference) 64,65 

Enoxaparin 30mg subcutaneous BID (preferred) or subcutaneous heparin, 5000U TID may be used as 
chemoprophylaxis.25,66-68 

M U L T I M O D A L I T Y  M O N I T O R I N G   O F  H E A D   I N J U R I E S  

Non-operative management of intracranial hemorrhage requires neurosurgical consultation, repeat 
imaging until CT scan is stable, and serial exams. 

Surgical intervention may be indicated in the management of patients with severe brain injury. This 
includes operative care such as evacuation of space-occupying hematomas via craniectomy or craniotomy 
as well as placement of multimodal intracranial monitors.  

I N T R A C R A N I A L  P R E S S U R E  M O N I T O R I N G  

Management of severe TBI patients using information from ICP monitoring is recommended. Although 
long-term outcomes have not been shown to be improved with ICP monitoring, there is evidence that in-
hospital and two-week post-injury mortality is improved.22 Additionally, the military trauma system may 
require multiple patient movements and handoffs that decrease the ability to follow neurologic exams. 
Therefore, ICP monitoring may detect a deterioration that would normally be detected on serial 
neurologic exam in a stable ICU environment. 

ICP monitoring should be considered in all salvageable patients with: 

 Severe TBI and abnormal CT showing one or more of the following: 
 hematoma 
 contusion 
 edema 
 herniation 
 compressed basal cisterns.25 

 Severe TBI and a normal CT if 2 or more of the following are noted: 
 Age >40 
 Unilateral or bilateral posturing 
 Systolic blood pressure <90 mm Hg.25 
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Additionally, a low threshold for ICP monitoring should be maintained in severe TBI patients with any 
abnormal head CT and inability to follow serial neurologic exam such as during other surgical 
interventions required early after injury, long-range evacuation of intubated patients, etc. 

Options for ICP monitoring:25 

 External ventricular drain (ventriculostomy tube) 

 Parenchymal ICP monitors. Codman ICP monitors are the only intraparenchymal device with 
aeromedical certification approved for U.S. Air Force aircraft. 

If using antibiotic impregnated ventriculostomy, then no IV prophylactic antibiotics required. Otherwise, 
Ancef 1gm IV TID may be prescribed while ventriculostomy is in place (neurosurgeon’s discretion). 
The goal ICP is <22 mmHg.25 

C E R E B R A L  P E R F U S I O N  P R E S S U R E  

Cerebral perfusion pressure is defined as: CPP = MAP-ICP. 22 The goal cerebral perfusion pressure (CPP) is 
between 60-70 mmHg when the autoregulator status of the patient is uncertain. 

B R A I N  T I S S U E  O X Y G E N  M O N I T O R I N G  

 Aeromedical evacuation may decrease continuous brain tissue oxygen (PbtO2).33,69,70 There is 
evidence that the combined management of PbtO2 and ICP may improve outcomes of neurologic 
function in patients with severe TBI. 

 Consider placement of a multi-modality intra-parenchymal catheter for monitoring of both PbtO2 
and ICP 

 PbtO2 should be maintained greater than 20mmHg. 

 Strategies for managing PbtO2 and ICP are outlined in Appendix A under Treatment Paradigms 
Operative Care by Neurosurgery based on CT results: Evacuation of Hematoma. 

I N D I C A T I O N S  F O R  N E U R O S U R G I C A L  I N T E R V E N T I O N  

E P I D U R A L   H E M A T O M A  

All epidural hematomas > 30cc should be surgically evacuated regardless of the patient’s GCS.25 

EDH <30cc and with less than 15mm thickness and less than 5mm midline shift with a GCS >8 without a 
focal deficit may be managed non-operatively with appropriate monitoring in the ICU setting. These 
patients should be urgently transported to an MTF with neurosurgical capability for monitoring in case 
they decompensate. 

S U B D U R A L   H E M A T O M A  

Craniotomy for evacuation of an acute SDH with a thickness >10mm or midline shift > 5mm regardless of 
the patient’s GCS. 

Guideline Only/Not a Substitute for Clinical Judgment 14 



       

      

  
    

  

 
    

   

   
 

  

    
  

 

   
   

  

 

 
 

     

   
     

 
 

   

   
   

   
   

 

 

  
 

TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

Craniotomy for evacuation of acute SDH with a thickness <10mm and shift <5 mm is indicated when there is 
a decrease in GCS of 2 or more, worsening pupillary exam, and/or and ICP greater than 20mm Hg. 25 

T R A U M A T I C   P A R E N C H Y M A L   L E S I O N  

Craniotomy for evacuation of a hematoma is indicated in a patient with GCS of 6-8 with frontal or 
temporal contusions greater than 20 cc in volume with midline shift or at least 5mm and/or cisternal 
compression on CT. 25 

Craniotomy for evacuation of a hematoma is also indicated in patients with lesions greater than 50 cc in 
volume in a salvageable patient. 

P O S T E R I O R   F O S S A   M A S S   L E S I O N  

Mass effect on non-contrast CT or with neurological dysfunction or deterioration due to the lesion should 
undergo operative intervention as soon as possible. 25 

T R A U M A T I C   A N E U R Y S M S  

A high index of suspicion is required for penetrating injuries of the skull base or across known major 
vascular territories. All penetrating brain injuries should undergo a CT Angiogram or Digital Subtraction 
Angiogram to rule out or diagnose a traumatic aneurysm as soon as possible.8 

D E B R I D E M E N T  

Removal of devitalized brain tissue is an option in penetrating head injuries and in select cases of open 
skull fractures.71 

F O R E I G N  B O D Y  R E M O V A L  

The routine pursuit of individual foreign bodies (e.g., bullets, metallic fragments, bone) within the brain 
may cause additional tissue damage and is generally not advisable but should be left to the discretion of 
the neurosurgeon. Removal of fragments from the sensory, motor, or language cortex may reduce the risk 
of posttraumatic epilepsy.72 

D U R A L  M A N A G E M E N T  

Primary dural closure or limited duroplasty should be done in extremely limited instances as cerebral 
edema can progress in both severe and penetrating traumatic brain injury. Commonly, duragen or other 
dural substitute should be used as an overlay in the vast majority of cases during a decompressive 
hemicraniectomy. Dura can be reconstructed with temporalis fascia or fascia lata if a dural substitute is 
not available.71 

D E C O M P R E S S I O N  

Surgical decompression, or craniectomy, should be strongly considered following penetrating combat 
brain trauma.5,73,74 
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The kinetics of combat trauma can be very different from that seen in the civilian setting. The muzzle 
velocities of military rifles are much higher than civilian handguns which may lead to cavitation and 
surrounding devitalized tissue. Additionally, blasts can create four to five different classes of injury to the 
brain and other organ systems complicating management.75 

1. Primary blast injury: blast overpressure from pressure waves. 

2. Secondary blast injury: penetrating fragmentation injuries. 

3. Tertiary blast injury: displacement of the casualty or blast debris that falls on the casualty. 

4. Quaternary blast injury: injury from the thermal effect or release of toxins from the blast. 

During transport, interventions for intracranial hypertension are limited to medical management. 
Craniectomy and en route monitoring devices may facilitate earlier CCATT transport of patients out of 
theater, however long-range evacuation is not a benign intervention and may increase secondary brain 
injury.  In cases of elevated ICP or in the early postoperative period, patients may be better served by 
delayed evacuation if possible. 

S K U L L   F L A P   M A N A G E M E N T  

Options for U.S. and Coalition Patients: 

1. Those who have penetrating brain trauma: Do not save or send the calvarium as alloplastic 
reconstruction techniques are used for these casualties. 

2. Those who have blunt trauma: Consider abdominal subcutaneous implantation of the calvarial 
flap for later reconstruction if it can be done in a sterile fashion. 

Options for Host Nation Patients: 

1. Clean and replace. 

2. Clean and replace with hinge craniectomy. This involves partial fixation of the superior aspect of 
the bone flap, allowing it to “hinge” outward to accommodate swelling.76 

3. Craniectomy with potentially limited chances for cranioplasty in the future, depending on local 
rules of eligibility. 

4. In some locations, low temperature tissue freezing may be possible to allow replacement at a later 
time. 

E X P L O R A T O R Y   B U R R   H O L E S  (if no neurosurgeon or CT scan is available) 

Exploratory burr holes have limited practical utility. They should only be performed by a neurosurgeon 
or after consultation with a neurosurgeon if possible and at a location where CT scan is not available to 
better guide management.  Refer to the CPG entitled Emergency Life-Saving Cranial Procedures by Non-
Neurosurgeons in Deployed Setting for additional guidance. 

I C P   M O N I T O R I N G   A N D   S U R G I C A L   I N T E R V E N T I O N  (for Host Nation Patients) 

Decisions to place ICP monitors or operate on host nation nationals should consider the available 
resources in the host nation for long-term care and rehabilitation. 
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P E R F O R M A N C E  I M P R O V E M E N T  M O N I T O R I N G  

P O P U L A T I O N  O F  I N T E R E S T  

 All patients with a diagnosis of traumatic brain injury and an initial GCS of 3-8. 

 All patients who receive a cranial procedure (ICP monitor, craniectomy, craniotomy). 

I N T E N T  ( E X P E C T E D  O U T C O M E S )  

 All patients in population of interest avoid hypotension and hypoxia: SBP never < 110 mmHg, MAP 
never < 60mmHg, SaO2 never < 93%. 

 All patients in population of interest have PaCO2 monitored at every role of care; PaCO2 should not be 
>40mmHg or <35mmHg. 

 All patients in population of interest have a head CT performed within 4 hours of injury and surgical 
intervention (if necessary) within 5 hours of injury. 

 All patients with a ventriculostomy have hourly documentation of ICP/CPP and ventriculostomy 
output. 

 All patients in population of interest who are unable to be monitored clinically (e.g., unable to hold 
sedation for Q1 hour neuro exam) have an ICP monitor or ventriculostomy placed prior to transport 
out of theater. 

P E R F O R M A N C E / A D H E R E N C E  M E T R I C S  

 Number and percentage of patients in the population of interest with lowest SBP<110 within first 3 
days after injury. 

 Number and percentage of patients in the population of interest with MAP<60 within first 3 days after 
injury. 

 Number and percentage of patients in the population of interest with SaO2<93% within first 3 days 
after injury. 

 Number and percentage of patients in population of interest who have PaCO2 documented at every 
role of care (POI, POI MEDEVAC, Role 2-4, interfacility MEDEVAC). 

 Number and percentage of patients in the population of interest who maintain PaCO2=35-40mmHg. 

 Number and percentage of patients who had a head CT performed within 4 hours of injury. 

 Number and percentage of patients who had a craniectomy performed within 5 hours of injury. 

 Number and percentage of patients with a ventriculostomy who had hourly documentation of ICP/CPP 
and ventriculostomy output. 

 Number and percentage of patients in the population of interest unable to be monitored clinically 
(e.g., unable to hold sedation for Q1 hour neuro exam) who have an ICP monitor or ventriculostomy 
placed prior to transport out of theater. 
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I N T E N T   ( E X P E C T E D   O U T C O M E S )  

 Keep SBP > 110 mmHg, MAP > 60mmHg and SaO2 > 93% to prevent secondary brain injury. 

 Steroids are not used on head injury patients. 

 Hourly documentation of ICP/CPP and ventriculostomy output documented in medical record. 

 Patients in whom neurological status cannot be monitored clinically and patients with severe TBI will 
have ICP or ventriculostomy placed prior to transport out of theater. 

 Head CT completed within 4 hours of injury for moderate and severe TBI (may require patient transfer 
for CT). 

 When neurosurgical intervention is indicated, it is started within 5 hours from injury. 

 Antibiotics will be administered to patients with open head injuries as referenced above (as outlined 
in Infection Prevention in Combat-related Injuries CPG). 

P E R F O R M A N C E / A D H E R E N C E   M E A S U R E S  

 SBP >110 mmHg, MAP >60mmHg, and/or SaO2 >93% documented upon discharge. 

 Steroids were not administered. 

 Neurological assessment and documentation of ICP/CPP and ventriculostomy output were recorded 
hourly in the ICU with pupillary exams.  If used data from quantitative pupillometer including NPi 
added to the medical record. 

 Patients in whom neurological status cannot be monitored clinically, and patients with severe TBI had 
ICP or ventriculostomy placed prior to transport out of theater. 

 Patients with moderate to severe TBI had head CT performed. 

 Patients with open skull fractures received prophylactic antibiotics. 

 Patients were started on DVT chemoprophylaxis or a specific reason for no prophylaxis was noted. 

 Sodium goal for patient documented. 

 Seizure prophylaxis started for all moderate to severe TBI patients. 

 Normothermia maintained. 

D A T A   S O U R C E  

 Patient Record 

 DoDTR 

 ICU flow sheet 

 Neurologic assessment flow sheet 

Guideline Only/Not a Substitute for Clinical Judgment 18 

https://jts.health.mil/index.cfm/PI_CPGs/cpgs


       

      

  

 
 

      

 

     
  

 

   
     

      
  

       
   

 
    

   
     

   
  

       
 

   
    

   
       

  
     

 
     

     
      

    
     

   
   

   
 

      
    

 

TBI Management and Basic Neurosurgery in the Deployed Environment CPG ID: 30 

S Y S T E M   R E P O R T I N G  &   F R E Q U E N C Y  

The above constitutes the minimum criteria for PI monitoring of this CPG. System reporting will be 
performed annually; additional PI monitoring and system reporting may be performed as needed. 

The system review and data analysis will be performed by the JTS Chief and the JTS PI Branch. 

R E S P O N S I B I L I T I E S  

It is the trauma team leader’s responsibility to ensure familiarity, appropriate compliance, and PI 
monitoring at the local level with this CPG. 
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APPENDIX  A:  GENERAL  INDICATIONS 

MONITORING & LABS GENERAL INDICATIONS* 

INTRACRANIAL 
PRESSURE (ICP)/ 
BRAIN TISSUE OXYGEN 

Glasgow Coma Score of 3-8 with an abnormal CT scan (hematomas, contusions, edema, or 
compressed basal cisterns) or 2 or more of the following adverse features are present in a patient 
with severe head injury and a normal head CT scan: (Age > 40 years, Unilateral or bilateral motor 
posturing, systolic blood pressure < 90 mmHg). 

ARTERIAL LINE Any head trauma that requires tracheal intubation and/or for other medical indications. 

CENTRAL VENOUS 
PRESSURE 

When ICP or CPP management requires anything beyond simple measures and/or for other medical 
indications. Trendelenburg position will raise ICP. Line site of choice is subclavian, then femoral, 
lastly internal jugular 

EXHALED CO2 Desirable when active measures are required to control ICP. Correlate to PaC02 initially/periodically. 

NEUROIMAGING Non-contrast head CT upon admission then within 24 hours after admission (or earlier to document 
stability of the bleed). Additional scans obtained as indicated (e.g. clinical deterioration). 
Penetrating head injuries should undergo CTA or DSA if available to evaluate for vascular injury. 

LABS ABG, CBC, Chem 10, TEG, PT, PTT, and INR at least q8 hrs during the acute phase. 

GENERAL MANAGEMENT PRINCIPLES* 
PHILOSOPHY  Maintain continuous communication between the care teams. 

 Maintain the patient in a “hyperosmolar-but-euvolemic” state with adequate oxygen carrying 
capacity and a constant substrate delivery via adequate CPP of >60mm Hg. Unless a MAP Challenge 
shows intact cerebral autoregulation then CPP > 70 mmHg. 
 Aggressively avoid hypotension, hypoxemia, fever (>99 F), hyponatremia and other CNS insults. 
 The longer the ICP is elevated (> 22), and the MAP & CPP are low (< 60), and PbtO2 < 20 the 
worse the outcome! 
 Brain injury is heterogeneous amongst patients and the process is dynamic: Treatment and 
management goals must be tailored accordingly 

RESUSCITATION FLUID Normal saline (0.9%) or 3% hypertonic saline. 

MAINTENANCE FLUID Normal saline (0.9%) 
SEDATION Propofol 1st choice up to 72 hours. Other short-acting agents (Fentanyl, Versed) upon discretion of 

SICU or neurosurgical staff. Typical ICU Propofol sedation dose range: 20-75 mcg/kg/min. 
Ketamine can also be considered with dosages of 2mg/kg boluses for persistent elevated ICP 
and/or with a continuous infusion. 

ULCER PROPHYLAXIS All patients. 

DVT 
PROPHYLAXIS 

Recognize high DVT risk in traumatic brain injury patients.  Sequential Compression Device (SCD) 
and DVT prophylaxis should be started as soon as possible after a stable CT scan and in consultation 
with the theater Neurosurgeon. 
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MONITORING & LABS GENERAL INDICATIONS* 

SEIZURE 
PROPHYLAXIS 

 Prophylactic anti-epileptic treatment is required for all severe traumatic brain injuries for 7 days if 
no seizure activity is documented. Keppra is the best choice for initial seizure prophylaxis.  Vimpat 
(lacosamide), followed by Phenytoin or Fosphenytoin are second and third-line agents respectively. 
Given the narrow therapeutic index, multiple drug-drug interactions, and inability to obtain serum 
levels at Role III Facilities, Phenytoin should be used as a last resort if there are continued observed 
seizures, or there is a high suspicion of non-convulsive status epilepticus. 

 Loading doses of Keppra in 20mg/kg followed by 1000 mg BID. 
 Vimpat loading dose of 400mg IV, followed by 200mg IV q12hrs. 
 Phenytoin can be dosed as 20 mg/kg infused at <50 mg/min or Fosphenytoin 20 PE (Phenytoin 

equivalent)/kg infused at <150 PE/min. The daily dose thereafter is 300 mg Phenytoin or 300 PE 
Fosphenytoin q HS or may be divided TID.  Levels should be checked if available 30min after the 
loading dose and corrected for serum albumin should be between 10-20µg/mL.  Dosing should then 
be 100mg TID and levels maintained at 10-20µg/mL. 

ACUTE SEIZURE 
TREATMENT 

Treat acute seizure with Lorazepam 1-2 mg IV or Midazolam 5-10 mg IV.  Lorazepam is preferred for IV 
control. If no IV access is available, Midazolam IM is as effective as Lorazepam IV.   

ANTIBIOTICS 
If using antibiotic impregnated ventriculostomy, then no IV prophylactic antibiotics required. 
Otherwise, Ancef 1 gm IV TID while ventriculostomy is in place (neurosurgeons’ discretion). For all 
penetrating head trauma, use cefazolin (see 3, a. 6) above. 

NURSING Hourly neurologic assessments. Document ICP/CPP and ventriculostomy output. Notify physician of all 
pertinent changes. 

STEROIDS Steroids are not recommended for head or spine trauma and should not be used. 

NUTRITION Enteral feeding should be begun as soon as it is safe to do so. Avoid agitation/ ICP during nasal or oral 
tube placement. Full enteral nutritional goal ≤ 7 days. 

GENERAL MANAGEMENT GOALS 
(Goals may be individualized / altered by faculty according to specific patient requirements)* 

NEUROLOGIC ICP < 22 mm Hg See page 13. 
PbtO2 > 20 
CPP > 60 mm Hg 

HEMODYNAMIC Mean BP Maintain to avoid BP  Hypotension (SBP < 90mmHg) worsens mortality. 
 Provide a rapid physiologic resuscitation CVP > 5 mm Hg 

PULMONARY Sp02% > 93% Aggressive avoidance of hypoxemia 

PaC02 35 – 40 mmHg in first 24 hrs/ Avoid routine hyperventilation 

HEMATOLOGIC INR < 1.3 Fresh frozen plasma 

Platelets > 100,000/mm3 Platelets 

TEG Normalized values As indicated by results 

METABOLIC Glucose > 80 < 150 mg/dl Have low threshold for insulin drip; avoid D5W IVF 

RENAL Serum Osmolarity > 280 & < 320 mOsm See Sodium Disorders, the bottom table in this 
general table. Serum Sodium > 138 & < 160 meq/L 

INTRACRANIAL PRESSURE  MANAGEMENT* 

GENERAL MEASURES Head in midline position, avoidance of tight cervical collars and tight circumferential ETT ties; elevate 
the head of the bed to 30 degrees. (Consider reverse Trendelenburg ) 
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MONITORING & LABS GENERAL INDICATIONS* 

SEDATION Propofol 1st choice up to 72°. Other short-acting agents (Fentanyl, Versed) upon discretion of SICU or 
neurosurgical staff. Typical ICU Propofol sedation dose range: 20-75 mcg/kg/min. Ketamine can also 
be considered if the patient is hypotensive or propofol is causing significant hypotension. Ketamine 
infusion dosage ranges are from 20mcg/kg/min up to 100mcg/kg/min with 2mg/kg boluses for ICP 
spikes. 

TEMPERATURE Aggressive temperature management. Consider cooling measures (Tylenol, cooling blanket) even for 
modest temperature elevations (>98.6° F). 

INTRACRANIAL 
DYNAMICS 

 Treat sustained ICP elevations >22 
 Treat sustained PbtO2 readings < 20 
 Always consider an expanding mass lesion with ICP elevations refractory to therapy or NPi 

decreasing less than 3.0. 

TREATMENT PARADIGM  FOR THE  TRAUMATIC BRAIN INJURY PATIENT*(75) 

ICP Elevated Brain Not 
Hypoxic 

ICP >22mmHg 

PbtO2 > 20mmHg 

Tier 1  Maintain CPP 60-70mmHg. 
 Increase analgesia to lower ICP. 
 Increase sedation to lower ICP. 
 Maintain PaCO2 at the lower end of normal (35-38 mmHg) 
 Hypertonic saline by intermittent bolus 
 CSF Drainage by EVD 

Tier 2  Neuromuscular paralysis 
 Perform MAP Challenge to assess cerebral autoregulation if autoregulation is intact. 
 Raise CPP by fluid boluses, vasopressors, or inotropes. 
 Ketamine bolus of 2ml/kg 

Tier 3 Consider secondary decompressive craniectomy 

ICP Normal Brain 
Hypoxic 

ICP < 22mmHg 

PbtO2 < 20mmHg 

Tier 1  Increase FiO2 to 100% for 10 minutes to ensure the monitor is working and the PbtO2 
improves.  If the monitor is working proceed with further steps. 

 Maintain CPP 60-70mmHg. 
 Increase CPP to a maximum of 70mmHg with fluids, vasopressors, and inotropes. 
 Maintain PaCO2 > 35mmHg. 
 If PaCO2 is already in target range increase PaO2 to 60mmHg 

Tier 2  Ventilator management to increase PaO2 as high as 150mmHg. 
 Decrease ICP to less than 20mmHg. 
 Consider CSF drainage 
 Increase sedation to improve mechanical ventilation. 
 Neuromuscular paralysis 
 Perform MAP challenge to assess if cerebral autoregulation is intact. 
 If cerebral autoregulation is intact, raise CPP to increase PbtO2. 

 Maintain ICP greater than 70mmHg with vasopressors, inotropes, fluid boluses 

Tier 3  Increase PaCO2 to 45-50mmHg (avoid intracranial hypertension) 
 Consider normobaric hyperoxia to a PaO2 above 150mmHg. 
 If PbtO2 remains < 20 with CPP/MAP optimization, consider transfusing 1 Unit PRBC’s if 

Hgb < 9g/L 

ICP Elevated Brain 
Hypoxic 

ICP > 22mmHg 

PbtO2 < 20mmHg 

Tier 1  Maintain CPP 60-70mmHg. 
 Increase CPP to a maximum of 70mmHg with fluid vasopressor, inotropes. 
 Increase analgesia 
 Increase sedation 
 Maintain PaCO2 > 35mmHg. 
 Hypertonic saline by intermittent bolus 
 CSF drainage 
 If PaO2 already in the desired range further increase PaO2 by increasing PaCO2 to 

60mmHg 
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MONITORING & LABS GENERAL INDICATIONS* 

Tier 2  Ventilator Management to increase PaO2 as high as 150mmHg. 
 Neuromuscular Paralysis 
 Perform MAP Challenge and if cerebral autoregulation is intact increase CPP to 70mmHg 

with vasopressors, fluid boluses, or inotropes. 

Tier 3  Consider secondary decompressive hemicraniectomy. 
 Consider normobaric hyperoxia to a PaO2 above 150mmHg. 
 Consider transfusion of 1U PRBC’s if Hgb < 9g/L and CPP/MAP and PaO2 are optimized. 

ACUTE CLINICAL DETERIORATION 
(e.g., Acute mental status change, blown pupil or other obvious signs of cerebral herniation, new focal neurological symptoms, 

progressive and refractory ICP elevation)* 
1. Verify oxygenation and ventilation UNCAL HERNIATION SYNDROME 

 Unilaterally dilating pupil 
 Progression to fixed and dilated. 
 Progressive impairment of consciousness →  comatose 
 Contralateral Babinski → contralateral weakness →  bilateral 
decerebrate rigidity 

2. Hyperventilate (PaC02 30-35 mmHg) to temporize only 
not longer than 15 minutes 

3. Re-dose osmotic agent 
4. Call Neurosurgery 
5. Arrange for emergent CT scan 

GLASGOW COMA SCORE EYE OPENING BEST VERBAL EFFORT BEST MOTOR EFFORT 
1 None None Flaccid 

2 To Pain Nonspecific sounds Decerebrates to pain 

3 To verbal stimuli Inappropriate words Decorticates to pain 

4 Spontaneous Confused Withdraws to pain 

5 - Oriented Localizes to pain 

6 - - Follows commands 

COMMON SODIUM DISORDERS SEEN IN HEAD TRAUMA (Discuss therapy with staff prior to initiation.) 

Disorder Na+ Diagnostic clues Treatment 
SIADH ↓ Low SOsm, usually euvolemic, ↑ Uosm 

Low serum Uric acid level 
Free water restriction, hypertonic saline if 
severe 

Cerebral salt wasting ↓ SOsm may be nl, ↑ uop, signs of volume 
depletion & hemoconcentration, very high UNa 
Normal serum uric acid level 

Volume replacement with NS or hypertonic 
saline. 
Oral sodium. Beware of rapid Na+ correction. 

Mannitol use ↑ Polyuria, ↑ [Na+] & SOsm Hold Mannitol if SOsm > 329 mOsm / [Na+] > 
159 

Diabetes Insipidus ↑ Polyuria (>250cc/hr), ↑ [Na+] & SOsm, USpGr 
<1.005 

DDAVP 2-4 mcg SQ/IV BID as permitted by 
staff neurosurgeon 
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APPENDIX  B: HYPERTONIC SALINE  PROTOCOL 

Hypertonic (3% saline) may be delivered via peripheral IV or intraosseous access. 

1. Give 250cc 3% sodium chloride (NaCl) bolus IV (children 5 cc/kg) over 10–15 minutes. 

2. Follow bolus with infusion of 3% NaCl at 50 cc/hour. 

3. If awaiting transport; check serum Na+ levels every hour: 

 If Na < 150 mEq/L re-bolus 150 cc over 1 hour then resume previous rate 

 If Na 150–154, increase NaCl infusion 10 cc/hour. 

 If Na 155–160, continue infusion at current rate. 

 If Na >160, hold infusion, recheck in 1 hour. 

4. Once Na is within the range- continue to follow the serum Na+ level every 6 hours 

5. After cessation of 3% NaCl infusion, and there is no further concern for cerebral edema the Na 
Levels should be lowered gradually back to the normal range. Recommend decreasing Na by 
5mEq/L each day until normal and continuing to monitor at regular intervals for 24hrs after 
cessation of hypertonic saline. 

6. A 30cc Bolus of 23.4% NaCl can also be given over 10-15 minutes. Can be given as IV piggyback 
or as an IV push over 10-15 minutes by an experienced provider. 
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APPENDIX C: CLINICAL USE OF PUPILLOMETRY 

PURPOSE 
To provide guidelines for the use of automated pupillometer in critical care patients with intracranial injuries. This 
guideline incorporates recent literature defining threshold parameters of normal versus abnormal in order to 
clarify when nursing staff should contact the primary team for re-evaluation. These guidelines are not a substitute 
for clinical judgment, but rather an approved multidisciplinary approach to optimize this clinical tool to identify 
neurologic worsening early while avoiding unnecessary alarms for the primary team. 

This guideline applies to all patients for whom there is an intracranial neurologic injury with risk of 
decompensation per primary team. 

BACKGROUND 
The pupillary light reflex (PLR) has long been a clinical sign used to prognosticate and monitor brain injured 
patients. This neuronal circuit transverses the mid-brain and localizes to optic nerve, and oculomotor nerve and 
also receives blood supply from both anterior and posterior circulation1. Thus, there is interest in using this circuit 
to both monitor for early brainstem compression from mass lesions,2 and also to identify alterations in circulation 
from processes such as delayed cerebral ischemia post subarachnoid hemorrhage3 or increased intracranial 
pressure4,5. A basic neurologic examination includes evaluating the PLR and reporting size and reactivity, however 
these measurements are very subjective and suffer from poor inter-rater reliability6,7. With the advent of 
automated pupillometry, objective measures of the PLR can be reliably obtained with very high inter-rater and 
inter-device reliability8 in civilian9 and military10 populations. 

Beyond pupil size and reactivity, multiple metrics (pupil minimum / maximum size, percentage change of pupil, 
latency, constriction velocity, maximum constriction velocity, dilatation velocity) can be gathered and compared to 
normative standards. A commonly employed device is the NPi-200 Pupillometer, manufactured by NeuroOptics 
(Laguna Hills, CA). This device, in addition to gathering the above data, compares the gathered data to established 
normal values to create a Neurologic Pupillary Index (NPi) score which ranges from 0-5. NPi values < 3.0 reflect an 
abnormal PLR5. The presence of a decreased constriction velocity (CV < 0.8 mm/s) is also strongly correlated (but 
independent) to an abnormal NPi as well as independently associated with elevated intracranial pressure11. 
Developing an understanding of NPi and CV may provide early insight to neurologic deterioration12. 

Because of the rather large anatomic localization of the PLR and the ability to monitor the reactivity of this 
network reliably and accurately, it has been hypothesized that PLR can be used clinically to follow patients at risk 
for neurologic decline as a component to a regular neurologic examination. NPi values have been correlated with 
intracranial pressure as well as mass lesions with brainstem / cranial nerve compression2,11. However, more 
importantly, there is now evidence that changes in the NPi preempts clinical decline. 

 In a case series of patients with transtentorial herniation, PLR changes preceded neurologic deterioration 
by more than 7 hours in half of the subjects13. 

 In a cohort of 56 patients who were admitted to Neurologic Intensive Care Unit with subarachnoid 
hemorrhage, 7 of 12 patients who developed delayed cerebral ischemia had NPi changes with 71.4% of 
these changes occurring 8 hours prior to clinical deterioration3. 

 In a cohort of 134 patients who had intracranial pressure monitoring and were evaluated with serial 
pupillometry, those subjects with abnormal NPi (< 3.0) had significantly higher peak ICPs (19.6 vs 30.5 
mmHg). On average, the transition to an abnormal NPi occurred 15.9 hours prior to peak ICP5. 

RECOMMENDATIONS 
1. For all patients at risk for neurologic decline from progression of intracranial lesion (traumatic brain injury, 

intracranial hemorrhage, intracranial mass lesions, vasospasm, hydrocephalus, etc.) pupillometry should be 
included and recorded with scheduled nursing neurologic examination. 
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2. If patient’s pupillometry values meet any one of the below criteria, the neurosurgeon should be called to 
evaluate: 
a. NPi drops from > 3 to < 3. 
b. NPi decreases from previous exam > 1.0. 
c. A new difference in NPi (left eye vs right eye) is >1.0. 

3. If above thresholds met, then evaluation should include: 
a. Review of vitals, inputs/outputs, current medications/drips 
b. Repeat full neurologic examination (GCS, cranial nerves, language, visual fields, motor exam). 
c. Contact Neurosurgeon on call. 
d. If deemed appropriate by the Surgical Trauma Intensive Care Unit and Neurosurgery repeat CT head 

(discussion with Neurosurgery if CTA of head and/or neck also indicated). 
e. Review and readdresses goals of neuroprotective measures (intracranial pressure, cerebral perfusion 

pressure, temperature, serum sodium, etc.). 
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APPENDIX D: INFORMATION REGARDING OFF-LABEL USES IN CPGS 

PURPOSE 

The purpose of this Appendix is to ensure an understanding of DoD policy and practice regarding 
inclusion in CPGs of “off-label” uses of U.S. Food and Drug Administration (FDA)–approved products. 
This applies to off-label uses with patients who are armed forces members.  

BACKGROUND 

Unapproved (i.e. “off-label”) uses of FDA-approved products are extremely common in American 
medicine and are usually not subject to any special regulations.  However, under Federal law, in some 
circumstances, unapproved uses of approved drugs are subject to FDA regulations governing 
“investigational new drugs.” These circumstances include such uses as part of clinical trials, and in the 
military context, command required, unapproved uses.  Some command requested unapproved uses 
may also be subject to special regulations.  

ADDITIONAL INFORMATION REGARDING OFF-LABEL USES IN CPGS 

The inclusion in CPGs of off-label uses is not a clinical trial, nor is it a command request or requirement. 
Further, it does not imply that the Military Health System requires that use by DoD health care 
practitioners or considers it to be the “standard of care.” Rather, the inclusion in CPGs of off-label uses is 
to inform the clinical judgment of the responsible health care practitioner by providing information 
regarding potential risks and benefits of treatment alternatives. The decision is for the clinical judgment 
of the responsible health care practitioner within the practitioner-patient relationship. 

ADDITIONAL PROCEDURES 

Balanced Discussion 

Consistent with this purpose, CPG discussions of off-label uses specifically state that they are uses not 
approved by the FDA. Further, such discussions are balanced in the presentation of appropriate clinical 
study data, including any such data that suggest caution in the use of the product and specifically 
including any FDA-issued warnings. 

Quality Assurance Monitoring 

With respect to such off-label uses, DoD procedure is to maintain a regular system of quality assurance 
monitoring of outcomes and known potential adverse events.  For this reason, the importance of 
accurate clinical records is underscored. 

Information to Patients 

Good clinical practice includes the provision of appropriate information to patients.  Each CPG discussing 
an unusual off-label use will address the issue of information to patients. When practicable, 
consideration will be given to including in an appendix an appropriate information sheet for distribution 
to patients, whether before or after use of the product. Information to patients should address in plain 
language: a) that the use is not approved by the FDA; b) the reasons why a DoD health care practitioner 
would decide to use the product for this purpose; and c) the potential risks associated with such use. 
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