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Introduction

Traumatic brain injury (TBI) has long been recognized as a leading cause of traumatic death
and disability1–3. Tremendous advances in surgical and intensive care unit (ICU)
management of the primary injury, including maintaining adequate oxygenation, controlling
intracranial pressure (ICP), and ensuring proper cerebral perfusion, have resulted in reduced
mortality3–4. However, the secondary injury phase of TBI is a prolonged pathogenic process
is characterized by neuroinflammation, excitatory amino acids, free radicals, and ion
imbalance5. There are no approved therapies to directly address these underlying processes.
Here we present a case that was intentionally treated with substantial amounts of omega-3
fatty acids (n-3FA) to provide the nutritional foundation for the brain to begin the healing
process following severe TBI.

Case History

In March 2010, a teenager sustained a severe TBI in a motor vehicle accident. After
prolonged extrication, he was resuscitated at the scene and flown to a Level I Trauma
Center. His Glasgow Coma Scale score was three. Computerized tomography (CT) revealed
panhemispheric right subdural and small temporal epidural hematomas and a three
millimeter midline shift (figure one). The patient underwent emergency craniotomy and ICP
monitor placement. The patient was rated at Rancho Los Amigos Cognitive Scale Level I
and the attending neurosurgeon’s impression was that the injury was likely lethal.

On hospital day ten, T2 weighted magnetic resonance imaging (MRI) revealed right cerebral
convexity subdural hemorrhage and abnormal FLAIR signals consistent with diffuse axonal
injury (figure two). Believed to be in a permanent vegetative state, a tracheotomy and
percutaneous endoscopic gastrostomy (PEG) tube were placed for custodial care and enteral
feedings were started (Promote; 80ml/hour; 1920 kcal per day). The following day, omega-3
fatty acids were added to enteral feedings.
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Use of omega-3 fatty acids

Day ten, it was recommended to the patient’s father to procure Nordic Natural brand
UltimateOmega from a local retail store. With the cooperation of the attending neurosurgeon
and hospital pharmacy, the patient began receiving 15 ml twice a day (30 ml/day) providing
9,756 mg Eicosapentaenoic Acid (EPA), 6,756 mg Docosahexaenoic Acid (DHA), and
19,212 mg total n-3FA daily via his PEG. On day 21, he was weaned off the ventilator and
transported to a specialized rehabilitation institute three days later. His level of functioning
was measured at Rancho Los Amigos Level III. The patient began therapy which gradually
led to cognitive and physical improvements. Notably, the patient was given permission and
attended his high school graduation three months after the injury to receive his diploma. He
was discharged to home four months after the injury. Over the following year, Nordic
Naturals generously donated a steady supply of ProOmega-D (the professional version of
UltimateOmega) which also provided Vitamin D3 (6000 International Units). The patient
remained on this level of n-3FA for over one year and experienced no side effects. Two
years later, the patient is at Rancho Los Amigos Level VIII, but has speech and balance
issues consistent with the location and size of the brain damage, and is walking with the aid
of a cane due to significant left sided weakness. Currently at home, he is working with an
athletic trainer to strengthen his left leg and has started a small, part-time business as a disk
jockey.

Discussion

We are aware of only one report where n-3FA were used, that being the survivor of the Sago
Mine accident in January 2006 suffering from hypoxia and exposure to toxic gases,
dehydration, and rhabdomyolysis6. To our knowledge, this is the first report of specific use
of substantial amounts of n-3FA following severe TBI.

It is well-recognized that n-3FA are important for proper neurodevelopment and
function 7–8. However, average Western dietary intakes result in a deficiency of n-3FA and
an over-dominant intake of proinflammatory omega-6s (n-6FA). The ratio of n-3:n-6FA in
the Western diet can be as low as 1:50. Such imbalance is reflected directly in the
composition of neuron membrane phospholipids favoring inflammatory processes9.
Arachidonic Acid, the primary n-6FA in the brain, is metabolized by cyclooxygenase (COX)
and lipoxygenase (LOX) enzymes to pro-inflammatory eicosanoids that enhance vascular
permeability, increase local blood flow, increase infiltration of leukocytes, and enhance
production of proinflammatory cytokines10. N-3FA attenuate release of these
proinflammatory cytokines, decrease COX activity, inhibit formation of proinflammatory
eicosanoids and cytokines, and promote levels of anti-inflammatory decosanoids 10–11.
DHA, in particular, promotes neuronal survival12–14, neurogenesis15, neurite
development16–17, neuronal cell migration18, synaptogenesis17, and modulation of
inflammatory cascade 19.

Laboratory animal research shows that n-3FA may help improve clinical outcomes when
administered prior to or following TBI20–22, spinal cord injury (SCI)23, and brain
ischemia24–25. N-3FA26, as well as DHA alone21, significantly reduces the number of
injured axons20–21. When DHA was given within an hour of SCI, neuromotor function was
maintained but the effect was lost when treatment was delayed four hours 27. These findings
support the idea that treatment with n-3FA represent a promising therapeutic approach for
neurotrauma which would be easy to translate to the emergency patient-care arena
considering the well-documented safety and tolerability of these compounds 27.
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Early nutritional intervention in TBI is underappreciated. Patients not fed within five and
seven days after TBI have a two- and four-fold increased likelihood of death, respectively,
and decreasing amount of nutrition in the first five days is related to increased mortality
rates 28. Early enteral nutrition after brain injury can be accomplished by PEG29 or
nasogastric tube, even in the Emergency Department. The American Society for Parenteral
and Enteral Nutrition (ASPEN) and the Society of Critical Care Medicine (SCCM),
published guidelines and only two Grade A recommendations among 49 total
recommendations both state that immune enhancing enteral formulations with n-3FA should
be used in critically ill surgical patients (including trauma)30.

Conclusion

While further research is needed to establish the true advantage to using n-3FA, our
experience suggests that benefits may be possible from aggressively adding substantial
amounts of n-3FA to optimize the nutritional foundation of severe TBI patients. An optimal
nutritional foundation must be in place if the brain is to be given the best opportunity to
repair itself. Administration earlier in the course of treatment, even in the Emergency
Department setting, has the potential to improve outcomes from this potentially devastating
public health problem.

Acknowledgments

Support: Therapeutic nutritional materiel as described in this manuscript was provided at no cost by Nordic
Naturals, Inc., 111 Jennings Drive, Watsonville, CA 95076

References

1. Selassie A, Zaloshnja E, Langlois J, Miller T, Jones P, Steiner C. Incidence of long-term disability
following traumatic brain injury hospitalization, United States, 2003. J Head Trauma Rehabil. 2008;
23(2):123–131. [PubMed: 18362766]

2. Zaloshnja E, Miller T, Langlois J, Selassie A. Prevalence of long-term disability from traumatic
brain injury in the civilian population of the United States, 2005. J Head Trauma Rehabil. 2005;
23(6):394–400. [PubMed: 19033832]

3. Guidelines for the management of severe traumatic brain injury. J Neurotrauma. 2007; 24( Suppl
1):S1–106.

4. Ling G, Bandak F, Armonda R, Grant G, Ecklund J. Explosive blast neurotrauma. J Neurotrauma.
Jun; 2009 26(6):815–825. [PubMed: 19397423]

5. Ling GS, Marshall SA. Management of traumatic brain injury in the intensive care unit. Neurol
Clin. May; 2008 26(2):409–426. viii. [PubMed: 18514820]

6. Roberts L, Bailes J, Dedhia H, et al. Surviving a mine explosion. J Am Coll Surg. Aug; 2008
207(2):276–283. [PubMed: 18656058]

7. Willatts P, Forsyth JS, DiModugno MK, Varma S, Colvin M. Effect of long-chain polyunsaturated
fatty acids in infant formula on problem solving at 10 months of age. Lancet. Aug 29; 1998
352(9129):688–691. [PubMed: 9728984]

8. Birch EE, Garfield S, Hoffman DR, Uauy R, Birch DG. A randomized controlled trial of early
dietary supply of long-chain polyunsaturated fatty acids and mental development in term infants.
Dev Med Child Neurol. Mar; 2000 42(3):174–181. [PubMed: 10755457]

9. Bistrian BR. Clinical aspects of essential fatty acid metabolism: Jonathan Rhoads lecture. Journal of
Parenteral and Enteral Nutrition. May-Jun;2003 27(3):168–175. [PubMed: 12757109]

10. Calder PC. Long-chain n-3 fatty acids and inflammation: potential application in surgical and
trauma patients. Braz J Med Biol Res. Apr; 2003 36(4):433–446. [PubMed: 12700820]

11. Lonergan PE, Martin DS, Horrobin DF, Lynch MA. Neuroprotective actions of eicosapentaenoic
acid on lipopolysaccharide-induced dysfunction in rat hippocampus. J Neurochem. Oct; 2004
91(1):20–29. [PubMed: 15379883]

Lewis et al. Page 3

Am J Emerg Med. Author manuscript; available in PMC 2013 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



12. Kim HY, Akbar M, Lau A, Edsall L. Inhibition of neuronal apoptosis by docosahexaenoic acid
(22:6n-3). Role of phosphatidylserine in antiapoptotic effect. J Biol Chem. Nov 10; 2000 275(45):
35215–35223. [PubMed: 10903316]

13. Akbar M, Kim HY. Protective effects of docosahexaenoic acid in staurosporine-induced apoptosis:
involvement of phosphatidylinositol-3 kinase pathway. J Neurochem. Aug; 2002 82(3):655–665.
[PubMed: 12153489]

14. Akbar M, Calderon F, Wen Z, Kim HY. Docosahexaenoic acid: a positive modulator of Akt
signaling in neuronal survival. Proc Natl Acad Sci U S A. Aug 2; 2005 102(31):10858–10863.
[PubMed: 16040805]

15. Kawakita E, Hashimoto M, Shido O. Docosahexaenoic acid promotes neurogenesis in vitro and in
vivo. Neuroscience. 2006; 139(3):991–997. [PubMed: 16527422]

16. Calderon F, Kim HY. Docosahexaenoic acid promotes neurite growth in hippocampal neurons. J
Neurochem. Aug; 2004 90(4):979–988. [PubMed: 15287904]

17. Cao D, Kevala K, Kim J, et al. Docosahexaenoic acid promotes hippocampal neuronal
development and synaptic function. J Neurochem. Oct; 2009 111(2):510–521. [PubMed:
19682204]

18. Yavin E, Himovichi E, Eilam R. Delayed cell migration in the developing rat brain following
maternal omega 3 alpha linolenic acid dietary deficiency. Neuroscience. Sep 15; 2009 162(4):
1011–1022. [PubMed: 19447164]

19. Babcock AA, Wirenfeldt M, Holm T, et al. Toll-like receptor 2 signaling in response to brain
injury: an innate bridge to neuroinflammation. J Neurosci. Dec 6; 2006 26(49):12826–12837.
[PubMed: 17151286]

20. Mills JD, Bailes JE, Sedney CL, Hutchins H, Sears B. Omega-3 fatty acid supplementation and
reduction of traumatic axonal injury in a rodent head injury model. Journal of Neurosurgery. Jan;
2011 114(1):77–84. [PubMed: 20635852]

21. Bailes JE, Mills JD. Docosahexaenoic acid reduces traumatic axonal injury in a rodent head injury
model. J Neurotrauma. Sep; 2010 27(9):1617–1624. [PubMed: 20597639]

22. Wu AG, Ying Z, Gomez-Pinilla F. Omega-3 fatty acids supplementation restores mechanisms that
maintain brain Homeostasis in traumatic brain injury. Journal of Neurotrauma. Oct; 2007 24(10):
1587–1595. [PubMed: 17970622]

23. Huang WL, King VR, Curran OE, et al. A combination of intravenous and dietary
docosahexaenoic acid significantly improves outcome after spinal cord injury. Brain. Nov.2007
130:3004–3019. [PubMed: 17901087]

24. Okada M, Amamoto T, Tomonaga M, et al. The chronic administration of docosahexaenoic acid
reduces the spatial cognitive deficit following transient forebrain ischemia in rats. Neuroscience.
Mar; 1996 71(1):17–25. [PubMed: 8834389]

25. Belayev L, Khoutorova L, Atkins KD, Bazan NG. Robust docosahexaenoic acid-mediated
neuroprotection in a rat model of transient, focal cerebral ischemia. Stroke. Sep; 2009 40(9):3121–
3126. [PubMed: 19542051]

26. Mills JD, Bailes JE, Sedney CL, Hutchins H, Sears B. Omega-3 fatty acid supplementation and
reduction of traumatic axonal injury in a rodent head injury model. J Neurosurg. Jan; 2011 114(1):
77–84. [PubMed: 20635852]

27. Michael-Titus AT. Omega-3 fatty acids: their neuroprotective and regenerative potential in
traumatic neurological injury.(Report). Clinical Lipidology. 2009; 4(3):343(311).

28. Hartl R, Gerber LM, Ni Q, Ghajar J. Effect of early nutrition on deaths due to severe traumatic
brain injury. J Neurosurg. Jul; 2008 109(1):50–56. [PubMed: 18590432]

29. Kirby DF, Clifton GL, Turner H, Marion DW, Barrett J, Gruemer HD. Early enteral nutrition after
brain injury by percutaneous endoscopic gastrojejunostomy. JPEN J Parenter Enteral Nutr. May-
Jun;1991 15(3):298–302. [PubMed: 1907678]

30. McClave SA, Martindale RG, Vanek VW, et al. Guidelines for the Provision and Assessment of
Nutrition Support Therapy in the Adult Critically Ill Patient: Society of Critical Care Medicine
(SCCM) and American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.). JPEN J Parenter
Enteral Nutr. May-Jun;2009 33(3):277–316. [PubMed: 19398613]

Lewis et al. Page 4

Am J Emerg Med. Author manuscript; available in PMC 2013 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure One.
Computerized tomography scan of the patient approximately two hours after the motor
vehicle accident and prior to neurosurgery. Note the moderate sized panhemispheric right
subdural hematoma, a small right temporal epidural hematoma, subarachnoid hemorrhage,
and three millimeter right to left shift of the midline.
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Figure Two.
T2-weighted magnetic resonance imaging on hospital day ten. Note the right cerebral
convexity subdural hemorrhage, right postcentral gyrus and left temporal lobe parenchymal
petechial hemorrhage, and small superior vermian subarachnoid hemorrhage in the image on
the right. Additionally, multiple zones of abnormal FLAIR signal consistent with diffuse
axonal injury are present on both images.
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