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Purpose

This CPG provides guidelines and recommendations
for the treatment and medical management of
casualties with moderate to severe head injuries in
an environment where personnel, resources and
follow-on care may be limited.

This presentation is based on the Neurosurgery and Severe Head Injury CPG, 02 Mar 2017 (ID:30). It is a highlevel review. Please refer to the complete CPG for detailed instructions. Information contained in this presentation
is only a guideline and not a substitute for clinical judgment.
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Summary

∎ Combat casualties with severe head trauma have specific
needs both medically and surgically that require neurosurgical
involvement.
∎ There are neurosurgical management decisions that depend
on follow-on care resources.
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Background

∎ Severe head trauma is a complicating injury
in at least 1/3 of trauma-related deaths in
the United States and is part of current
combat operations.
∎ Classification of injury has prognostic and
care eligibility implications in the combat
environment and is based on the Glasgow
Coma Score (GCS).
 Mild: GCS 13-15
 Moderate: GCS 9-12
 Severe: GCS 3-8

Patient with severe TBI
being managed in an
intensive care setting
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Background
∎ A large percentage of patients have historically been host national
patients and this impacts their care.
 Treatment of host nationals in military treatment facilities is

dependent on medical rules of eligibility in a given area of
responsibility (AOR) at that time.
 Neurosurgical resources are limited in the combat environment.
 Host national treatment will eventually occur in hospitals in the
patient’s nation.
 Decisions made for host nation patients should be made with an
understanding of the continuum of care of patients in their nation.

∎ Two different general pathways based on whether patients are
treated as U.S. personnel/coalition or host national patients.
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Considerations
∎ Coalition forces
 Mild head injuries that do not clear within 24 hours require

evaluation by computed tomography (CT) and/or a
neurosurgeon.

 Any penetrating head injury, open skull fracture, or moderate or

severe head injury should be evaluated by a neurosurgeon.

 Patients with head trauma and unexplained neurologic deficits

should be evaluated by a neurosurgeon.
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Considerations
∎ Host National treatment is dependent on medical rules of eligibility
in the AOR, but in general:
 Patients with mild head injury should be managed locally and not
transferred to Role 3 facilities unless transfer is discussed and
coordinated with the receiving neurosurgeon or chief of trauma.
 Moderate head injury may be referred to Role 3 facilities with
neurosurgical capability for definitive care.
 Severe head injury is based on mission, tactical situation, and resource
availability and must be preceded by direct communication and
discussion with the neurosurgeon, as these casualties may need to be
managed expectantly.
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Initial Care

∎ Positive outcomes are achieved through rapid evacuation from the
battlefield, far forward medical management, timely neurosurgical
intervention, meticulous critical care and a dedicated rehabilitative
effort.
∎ Initial management of patients with head trauma begins with
addressing life-threatening injuries and resuscitation based on
current trauma protocols.
∎ During initial care, there are specific neurosurgical
recommendations for the medical care of head injury patients.
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Initial Care
Neurosurgical recommendations for initial resuscitation and treatment
include:
∎ Blood products are preferred over other colloids.
∎ For patients not requiring blood products, normal saline is the preferred

crystalloid solution.
∎ Normoventilation with a goal PaCO2 of 35-40 should be maintained.
∎ Prophylactic hyperventilation is not recommended except as a
temporizing measure in the setting of suspected herniation.
∎ Routine prophylactic antibiotics are unnecessary for isolated closed head
injuries, but open skull fractures, or pre-operative patients should be
placed on antibiotics.
 Cefazolin or Clindamycin are first line.
 Add Metronidazole if grossly contaminated.
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Initial Care
Neurosurgical recommendations for the initial resuscitation and
treatment include (continued) :
 Monitor glucose every 6 hours with goal glucose < 180 mg/dl, but avoid
hypoglycemia.
 Steroids should be avoided.
 Maintain SBP ≥ 100 mm Hg for patients 50-69 years old or ≥ 110 mm Hg
for patients 15 to 49 or over 70 years old.
 Manage hypoxemia with a goal SaO2 of > 93-95 and a PaO2 of > 80.
 Document serial neurological exams to include:
 Glasgow Coma Score
 Pupil size and reactivity
 Presence of gross focal neurologic signs and/or deficits
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Treatment

Intracranial hypertension is medically treated with hyperosmotic
therapy with one or more of the following:
∎ 3% saline

 Consider 250 mL bolus of 3% saline then infuse 3% saline at 50-100
mL/hr for resuscitation.
 Goal serum Na level is 150-160.
 Place central venous access to administer hypertonic saline and
vasoactive medications.

∎ Monitor serum sodium on a frequent basis with all osmotic agents.
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Treatment

Intracranial hypertension is medically treated with hyperosmotic
therapy with one or more of the following: (continued)
∎ Mannitol should be considered if there is further deterioration in

neurological status or as an alternative to 3% saline.

 Mannitol 1 g/kg bolus IV followed by 0.25 g/kg IV push q4 hours.
 Replace brisk urine output with isotonic fluids.
 Avoid mannitol in hypotensive or under-resuscitated casualties.
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Treatment:
Moderate to Severe TBI
∎ Antileptic medications for seizure prophylaxis for the first 7 days
after a moderate or severe TBI.
 Seizures are not uncommon after severe brain trauma.
 Reasonable options include phenytoin, fosphenytoin, or levetiracetam.

∎ DVT chemoprophylaxis with a moderate to severe head injury
should be done in consultation with theater neurosurgeon.
 Patients with moderate or severe head injury require sequential

compression devices if able.

 Enoxaparin 30 mg sq BID or SQ heparin may be used as

chemoprophylaxis, providing patient does not have potential
hemorrhagic issues.
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Treatment:
Severe Head Injury
∎ Other specific medical treatment recommendations for the
patient with severe head injury include:
 Avoid and treat hyperthermia.
 Elevate head of bed to 30-45° or use reverse Trendelenburg

position if suspected spine/spinal cord injuries.

 Gastric ulcer prevention should be provided.
 Consider enteral nutrition.
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Treatment Considerations

∎ Surgical intervention is often indicated in the management
of patients with severe brain trauma.
∎ Operative interventions likely to be required include: intracranial
pressure (ICP) monitor placement, evacuation of hematoma, and
decompression.
∎ ICP monitoring and/or surgical intervention is not advised for
patients with a GCS 3-5 and clinical and imaging evidence of diffuse
anoxic injury, if long-term continuing care and rehabilitative
capabilities are not available in the nation of origin.
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Intracranial Monitoring
∎ Management of severe TBI using information from intracranial

pressure (ICP) monitors reduces in-hospital and two week postinjury mortality.

∎ Should be considered in all salvageable patients with severe brain

injury and an abnormal CT showing one or more: hematomas,
contusions, swelling, herniation, or compressed basal cisterns.

∎ If a normal CT, ICP is indicated in severe TBI if two or more of the

following are present: Age > 40, unilateral or bilateral posturing,
systolic blood pressure < 90 mm Hg.
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Treatment:
Moderate to Severe TBI
∎ Options for ICP monitoring
 External ventricular drain
 Parenchymal ICP monitors. Currently

Codman ICP monitors are the only
approved device for USAF aeromedical
evacuation.

∎ Goal intracranial pressure is < 22 mm Hg.
∎ Target cerebral perfusion pressure for
survival and favorable outcomes is 60-70
mm Hg.

Ventricular drain setup with
cerebrospinal fluid collection bag
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Treatment:
Moderate to Severe TBI
∎ Epidural Hematoma (EDH)
 All epidural hematomas > 30 cc should be surgically

evacuated.
 EDH < 30 cc with less than 15 mm thickness and
less than 5 mm midline shift with a GCS > 8 without
a focal deficit may be managed non-operatively.

∎ Subdural Hematoma (SDH)
 An acute SDH with thickness > 10 mm or midline

shift > 5 mm should be surgically evacuated.
 An SDH with a thickness < 10 mm and shift < 5 mm
if there is a decrease in GCS of 2 or more,
worsening pupillary exam, and/or an ICP greater
than 20 mm Hg, should be evacuated.

Craniectomy being done
in theater
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Treatment:
Moderate to Severe TBI
∎ Traumatic Parenchymal Lesion
 Hematoma should be evacuated in a patient with a GCS of 6-8 with

frontal or temporal contusions greater than 20 cc in volume with
midline shift or at least 5 mm and/or cisternal compression on CT.

 Lesions that are greater than 50 cc in volume in a salvageable patient

should be evacuated.

∎ Posterior fossa mass lesions with mass effect on non-contrast CT
or with neurological dysfunction or deterioration referable to the
lesion should have surgical intervention.
∎ Surgical decompression, or craniectomy, should be strongly
considered following penetrating combat brain trauma.
20

Treatment

Skull flap management
∎ U.S./Coalition Forces
 Those who have penetrating brain trauma: do not save or send the
calvarium.
 Those who have blunt trauma: consider abdominal subcutaneous
implantation if it can be done in a sterile fashion.
∎ Host nationals have 3 options.
1. Clean and replace.
2. Clean and replace with hinge craniectomy.
3. Craniectomy with potentially limited chances for cranioplasty in the
future depending on rules of eligibility.
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General Guidelines

∎ Exploratory burr holes have limited practical utility and should only be

performed under very specific conditions after consultation with a
neurosurgeon if possible and at a location where CT scan is not available.

∎ High index of suspicion for traumatic aneurysms is required if there is a

penetrating injury at the base of the skull or across a known major
vascular territory.

∎ Removal of devitalized brain tissue is an option in penetrating head injury

and select cases of open skull fractures.

∎ Routine pursuit of individual foreign bodies within the brain is not

advisable, but should be left to the discretion of the neurosurgeon.

∎ Primary dural closure or limited duroplasty should be done cautiously at

the initial operation.
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Transport Considerations

Early and safe transport of severe head injury patients is
important, but it requires multiple considerations.
∎ Sedation
Avoid long lasting sedation or paralysis, but this should not
override safe transport.
 Vecuronium is preferred for paralysis.
 Propofol is preferred for sedation.
 Intermittent narcotics preferred over continuous infusion.
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Transport Considerations
∎ Patients who have ongoing resuscitative requirements and an
intracranial lesion or the potential for development of cerebral
edema may require delayed evacuation.
∎ Intracranial pressure can be affected by the stresses of flight, and
observation in flight can be warranted in patients with borderline
ICP measurements.
∎ Aeromedical evacuation can potentially expand any
pneumocephalus, which is particularly important in patients that
have not undergone a decompressive craniectomy.
∎ Consider loading the TBI patient head first rather than feet first into
an aircraft, to maintain head elevation.
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PI Monitoring
∎ Population of Interest
1. All patients with a diagnosis of traumatic brain injury and an initial GCS of 3-8.
2. All patients who receive a cranial procedure (ICP monitor, craniectomy, craniotomy).

∎ Intent (Expected Outcomes)
1. All patients in population of interest avoid hypotension and hypoxia: SBP never < 100

mmHg, MAP never < 60, SaO2 never < 93%.
2. All patients in population of interest have PaCO2 monitored at every role of care.
3. All patients in population of interest have a head CT performed within 4 hours of injury.
4. All patients with a ventriculostomy have hourly documentation of ICP/CPP and

ventriculostomy output.
5. Patients in population of interest 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.
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PI Monitoring
∎ Performance/Adherence Measures

1. Number and percentage of patients in the population of interest with lowest SBP<100 within
2.
3.
4.
5.
6.
7.
8.

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=35-40
Number and percentage of patients who had a head CT performed within 4 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
(eg. unable to hold sedation for Q1 hour neuro exam) who have an ICP monitor or
ventriculostomy placed prior to transport out of theater.

∎ Data Source



Patient Record
ICU flow sheet

 Department of Defense Trauma Registry (DoDTR)
 Neurologic assessment flow sheet
26

References
1. National Vital Statistics System (NVSS), 2006–2010. CDC National Center for Health Statistics. https://www.cdc.gov/nchs/nvss/about_nvss.htm
Accessed Sept 2019.
2. Bell RS, Vo AH, Neal CJ, et al. Military traumatic brain and spinal column injury: a 5 year study of the impact blast and other military grade
weaponry on the central nervous system. J Trauma. 2009;66(4 suppl):S104-S111.
3. Bell RS, Mossop CM, Dirks MS, et al. Early decompressive craniectomy for severe penetrating and closed head injury during wartime.
Neurosurg Focus. 2010;28:E1.
4. Dubose J, Bamparas G, Inaba K, et al. Isolated severe traumatic brain injuries sustained during combat operations: demographics, mortality
outcomes, and lessons to be learned from contrasts to civilian counterparts. J Trauma. 2011;70(1):11-16.
5. Weisbrod A, Rodriquez C, Bell R, et al. Long-term outcomes of combat casualties sustaining penetrating traumatic brain injury. J Trauma Acute
Care Surg. 2012;73(6):1525-1530.
6. Nakase-Richardson R, McNamee S, Howe LL, et al. Descriptive characteristics and rehabilitation outcomes in active duty military personnel and
veterans with disorders of consciousness with combat and non-combat related brain injury. Arch Phys Med Rehabil. 2013;94(10):1861-1869.
7. Bell R, Vo AH, Roberts R, Wanebo J, Armonda RA. Wartime traumatic aneurysms: acute presentation, diagnosis, and multimodal treatment of
64 craniocervical arterial injuries. Neurosugery. 2010;66(1):66-79.
8. Chapleau W, Al-khatib J, Haskin D, et al. Advanced Trauma Life Support Manual, Ed. 9, Chicago, American College of Surgeons, 2012.
9. Cooper D, Myburgh J, Heritier S, et al. SAFE-TBI Investigators; Australian and New Zealand Intensive Care Society Clinical Trials Group. Albumin
resuscitation for traumatic brain injury: is intracranial hypertension the cause of increased mortality? J Neurotrauma. 2013;30(7):512-518.
10. Bratton SL, Chestnut RM, Ghajar J, et al. Guidelines for the management of severe traumatic brain injury. J Neurotrauma. 2007;24(supl 1):S1S106.
11. Joint Trauma System, Infection Prevention in Combat Related Injuries CPG, 08 Aug 2016.
https://jts.amedd.army.mil/assets/docs/cpgs/JTS_Clinical_Practice_Guidelines_(CPGs)/Infection_Prevention_08_Aug_2016_ID24.pdf Accessed
Sep 2019
27

References
12. Finfer S, Chittock DR, Su SY, et al.. Intensive versus conventional glucose control in critically ill patients. N Engl J Med. 2009;360(13):12831297.
13. Edwards P, Arango M, Balica L, et al.; CRASH trial collaborators. Final results of MRC CRASH, a randomised placebo-controlled trial of
intravenous corticosteroid in adults with head injury-outcomes at 6 months. Lancet. 2005;365(9475):1957-1959.
14. Carney N, Totten A, O'Reilly C, et al Guidelines for the Management of Severe Traumatic Brain Injury, Fourth Edition. Neurosurgery 0:
2016. 1-10.
15. Schreiber MA, Aoki N, Scott BG, et al. Determinants of mortality in patients with severe blunt head injury. Arch Surg. 2002;137:285-290.
16. Chesnut R, Temkin N, Carney N, et al. A Trial of Intracranial-Pressure Monitoring in Traumatic Brain Injury. N Engl J Med.
2012;367(26):2471-2481.
17. Qureshi A, Suarez JI. Use of hypertonic saline solutions in treatment of cerebral edema and intracranial hypertension. Crit Care Med.
2000;28(9):3301-3313.
18. Szaflarski JP, Sangha KS, Lindsell CJ, Shutter LA. Prospective, randomized, single-blinded comparative trial of intravenous levetiracetam
versus phenytoin for seizure prophylaxis. Neurocrit Care. 2010;12(2):165-172.
16. Joint Trauma System, Nutritional Support Using Enteral and Parenteral Methods CPG, 04 Aug 2016.
http://jts.amedd.army.mil/assets/docs/cpgs/JTS_Clinical_Practice_Guidelines_(CPGs)/Nutrition_Support_Using_Enteral_Parenteral_Meth
ods_04_Aug_2016_ID33.pdf Accessed Mar 2018.
17. Goodman M, Makley AT, Lentsch AB, et al. Traumatic brain injury and aeromedical evacuation: when is the brain fit to fly? J Surg Res.
2009;164(2):286-293.
18. Joint Trauma System, Burn Care CPG, 11 May 2016.
http://jts.amedd.army.mil/assets/docs/cpgs/JTS_Clinical_Practice_Guidelines_(CPGs)/Burn_Care_11_May_2016_ID12.pdf Accessed Sep
2019.

28

References
19. Johannigman J, Zonies D, Dubose J, Blakeman TC, Hanseman D, Branson RD. Reducing secondary insults in traumatic brain injury. Military
Medicine. 2015;18D(3 Suppl).
20. Latronico N, Berardino, M. Thomboembolic prophylaxis in head trauma and multiple-trauma patients. Minerva Anestesiol.
2008;74(10):543-548.
24. Meyer R, Larkin M, Szuflita N, Neal C, Tomlin J, Armonda R, Bailey J, Bell R. Early venous thromboembolism chemoprophylaxis in combatrelated penetrating brain injury. Journal of Neurosurgery. Published online June 17, 2016.
25. Brain Trauma Foundation. Guidelines for the Surgical Management of Traumatic Brain Injury, 4th Ed, Sept 2016.
https://braintrauma.org/guidelines/guidelines-for-the-management-of-severe-tbi-4th-ed#/ Accessed Sep 2019
26. Giannou C, Baldan M, Molde A: Chapter 26: Cranio-cerebral Injuries. War Surgery: Working with limited resources in armed conflict and
other situation of violence, Vol. 2, Geneva, Switzerland, 2013.
27. Salazar A, Jabbari B, Vance SC, Grafman J, Amin D, Dillon JD. Epilepsy after penetrating head injury. Clinical correlates: a report of the
Vietnam Head Injury Study. Neurology. 1985;35(10):1406-1414.
28. Ecker R, Mulligan LP, Dirks M, Bell RS, Severson MA, Howard RS, Armonda RA. Outcomes of 33 patients from the wars in Iraq and
Afghanistan undergoing bilateral or bicompartmental craniectomy. J Neurosurg. 2011;115(1):124-129.
29. Ragel B, Klimo P Jr, Martin JE, Teff RJ, Bakken HE, Armonda RA. Wartime decompressive craniectomy; technique and lessons learned.
Neurosurg Focus. 2010;28(5):E2.
30. Wolf SJ, Bebarta VS, Bonnett CJ, Pons PT, Cantrill SV. Blast Injuries. Lancet. 2009; 374(9687):405-15.
31. Schmidt JH 3rd, Reyes BJ, Fischer R, Flaherty SK. J Neurosurg. 2007; 107(3):678-82.

29

List of Appendices in CPG
Appendix A: General Indications
Appendix B: 3% Saline Protocol
Appendix C:

Additional Information Regarding Off-Label
Uses in CPGs

30

Contributors

∎
∎
∎
∎
∎

Col Randall McCafferty, USAF, MC
CDR Chris Neal, MC, USN
LTC Scott Marshall, MC, USA
LTC Jeremy Pamplin, MC, USA
CDR Randy Bell, MC, USN

∎
∎
∎
∎

CDR Dennis Rivert, MC, USN
Maj Brian Hood, USAF, MC
LTC (ret) Patrick Cooper, MC, USA
CAPT Zsolt Stockinger, MC, USN

Slides: Maj Andrew Hall, USAF, MC
Images from JTS Collection unless
otherwise cited.

31

