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NUTRITIONAL SUPPORT AFTER SPINAL CORD INJURY 
 
 
RECOMMENDATIONS 
 
Standards:  There is insufficient evidence to support treatment standards. 

Guidelines: There is insufficient evidence to support treatment guidelines. 

Options: Nutritional support of SCI patients is recommended.  Energy expenditure is best 

determined by indirect calorimetry in these patients as equation estimates of 

energy expenditure and subsequent caloric need tend to be inaccurate. 

 

RATIONALE 

 Hypermetabolism, an accelerated catabolic rate and rampant nitrogen losses are 

consistent sequelae to major trauma, particularly acute traumatic brain injury and acute spinal 

cord injury. (7,9-11,13,18,20,23).  A well-documented hypermetabolic, catabolic injury cascade 

is initiated immediately after central nervous system injury which results in depletion of whole 

body energy stores, loss of lean muscle mass, reduced protein synthesis, and ultimately in loss of 

gastrointestinal mucosal integrity and compromise of immune competence. (5,9,10,12,18,20,23).  

Severely injured brain and spinal cord injury patients, therefore, are at risk for prolonged 

nitrogen losses and advanced malnutrition within two to three weeks following injury with 

resultant increased susceptibility for infection, impaired wound healing and difficulty weaning 

from mechanical ventilation. (6,9,13,18,20,23).  These factors added to the inherent immobility, 

denervation and muscle atrophy associated with spinal cord injury provide the rationale for 

nutritional support of spinal cord injured patients following trauma.   
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SEARCH CRITERIA 

 A National Library of Medicine computerized literature search from 1966 to 2001 was 

undertaken using Medical Subject Headings in combination with “spinal cord injury”: nutrition 

and nutritional support.  Approximately 105 citations were acquired.  Non-English language 

citations were deleted.  Titles and abstracts of the remaining publications were reviewed.  We 

focused on the specific issue of nutrition and human patients with acute spinal cord injuries and 

identified 18 articles.  Relevant manuscripts and reviews describing nutritional support of head 

injured patients and several reports describing the nutritional status of chronic SCI patients are 

included in the bibliography.  These efforts identified one Class II study and four Class III 

studies which describe metabolism, nitrogen wasting and the effect of feeding on nitrogen 

balance and serum biochemistries in patients after acute SCI.  They are summarized in 

Evidentiary Table format.  There were no studies that examined the effects of nutritional support 

on outcome following acute SCI. 

 

SCIENTIFIC FOUNDATION 

 Hypermetabolism, catabolism and accelerated nitrogen losses are well-recognized 

complications that follow traumatic injury. (9,11,20,23).  They have been identified and studied 

in human patients who have sustained traumatic brain and spinal cord injuries.  A number of 

publications have described the increased energy requirements and nitrogen losses of patients 

following acute head injury. (7-9,11,12,17,18,22,23) Fewer studies have focused on 

hypermetabolism, catabolism and nitrogen losses following acute SCI. (5,13,14,19,23). While 

there are metabolic similarities between isolated traumatic brain injury and severe isolated SCI, it 
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appears there may be important biological differences between the two CNS injury types that 

have bearing on supplemental nutritional therapy. (5,13,14,18,19,20,23) 

Severe head injury is associated with a resting energy expenditure (REE) of 

approximately 140% of predicted normal basal energy expenditure (BEE). (8,9,11,17,18,22,23). 

Indirect calorimetry is the most widely used reliable means to determine individual energy 

requirements in hospitalized patients after traumatic injury. (9,18,20,23). It requires the use of a 

portable metabolic cart and employs a technique that measures respiratory gas exchange and the 

rate of oxygen utilization in a given patient.  It provides an estimate of energy expenditure by the 

patient by determining the known caloric yield from one liter of oxygen based on differences in 

oxygen consumption and carbon dioxide production.  It is performed at the bedside in the 

intensive care unit in severely injured patients.  Metabolic expenditure is expressed as a percent 

of normal BEE at rest (predicted).  Indirect calorimetry is typically performed once daily for the 

first several days post-injury and periodically thereafter. (9,18,20,23) The Harris-Benedict 

equation, with activity and stress of injury variables, has been shown to predict energy 

expenditure after TBI with reasonable accuracy without indirect calorimetry. (9,14,19,20,23)  

Nutritional support of head injured patients is typically begun within days of admission 

and is guided by the metabolic information provided by indirect calorimetry and by predicted 

energy expenditure (PEE) values derived by equation.  Hypermetabolism, accelerated catabolism 

and excessive nitrogen losses continue for at least two weeks after injury. (8-11,18,20,23).  The 

exact duration of this response to injury is unknown, may vary among similar patients and can be 

affected by other traumatic injuries, pancreatitis, infection or sepsis. (2,9,18,20,23).  Nutritional 

support in this setting is designed to provide nitrogen rich, high-energy supplemental fuel to 

blunt excess catabolism and preserve energy stores, muscle mass, gastrointestinal integrity and 
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immune competence. (5,9,18,20,23) Nitrogen balance is difficult, often impossible to achieve, 

particularly within the first week of injury.(7,11,13,14,19)  Matching nutritional replacement 

with caloric needs, therefore, has become the primary goal of nutritional therapy.   

 The extent of neuronal connectivity and the neurogenic stimuli (muscle tone) to the 

musculoskeletal system appears important to the level of metabolic expenditure after CNS 

injury. (1,3,4,13-16,18-21,23).  Agitated, combative head injured patients, for example, can have 

REEs as high as 200% of expected BEE levels.(9,11,18,23). Conversely, pharmacological 

paralysis of head injured patients has been associated with reductions in resting energy 

expenditure by 20% to 30%.(9,11,18,23)  Patients who have sustained isolated acute SCI often 

have increased metabolic expenditure compared to normative energy expenditure levels. 

(13,14,18-20,23).  However, because of the paralysis and flaccidity associated with acute SCI, 

measured resting energy expenditure (REE) values in these patients are considerably lower than 

those predicted by the Harris-Benedict equation based on age, sex, body surface area, activity 

and injury severity.(14,19,20,22)  Patients with the greatest neurological deficits and the least 

muscle tone after SCI (high cervical level quadriplegic patients) have lower measured REE 

values than those found in patients with incomplete spinal injuries or lower spinal cord injuries 

(thoracic level paraplegic patients).(13,14,19,20,23)  Kaufman et. al., in 1985, described their 

experience with eight acute SCI patients managed at the University of Texas.(13)  They noted 

accelerated nitrogen losses and ongoing negative nitrogen balance greater than expected.  

Differences in initial and follow-up nutritional assessments revealed deterioration in nutritional 

status during the two-week period of observation, partly due to inadequate supply of protein and 

calories.  Infective complications and prolonged respiratory support were common.  The authors 

concluded that muscle atrophy might play an important role in the accelerated nitrogen losses 
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they identified in patients with paralysis due to complete spinal cord injury and that improved 

nutritional support might reduce medical complications following acute SCI. 

 Young, Ott and Rapp reported four quadriplegic acute SCI patients they assessed with 

indirect calorimetry.(23)  They found that indirect calorimetry provided more accurate REE 

values for their patients compared to Harris-Benedict equation estimates, even Harris-Benedict 

equation estimates without incorporating injury and activity factors.  They too noted marked 

daily nitrogen losses and negative nitrogen balance.  They concluded that equation estimates of 

REE of SCI patients overestimate metabolic expenditure and emphasized the importance of 

indirect calorimetry in predicting energy expenditure following acute SCI. 

 Kearns and associates prospectively assessed and provided nutritional support to ten 

acute SCI patients they managed and monitored for four weeks.(14)  Their 1992 report 

documents the use of indirect calorimetry to determine REE and provide matched caloric 

supplementation.  All patients had isolated SCI without associated head injury or other organ 

system trauma.  Initial measured resting energy expenditures were 10% below predicted BEE 

levels.  All patients experienced exaggerated nitrogen and three-methylhistidine losses indicating 

excessive lean body mass and muscle loss.  A 10% decrease in body weight accompanied these 

losses despite caloric replacement matched to or exceeding measured REE values for each 

patient.  The specifics of nutrition administration (mix and route of delivery) were not presented.  

The authors noted an increase in REE over time in part due to reductions in body weight and in 

part due to return of muscle tone.  The authors concluded that acute isolated SCI is associated 

with lower REE values compared to predicted.  Acute SCI patients have exaggerated nitrogen 

and three-methylhistidine losses due to atrophy of denervated muscle.  They attributed the 

reduced metabolic activity seen in these patients to the flaccidity of denervated musculature after 
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severe SCI, and noted that as muscle loss and weight reductions progress, REE increases, 

particularly if recovery of motor function and/or return of muscle tone occurs. 

Rodriguez et. al., studied the metabolic response to SCI in 12 acute trauma patients. (19) 

Assessment and nutritional support were instituted immediately after injury and continued for 

four weeks post-injury.  Harris-Benedict estimations of energy expenditure were compared to 

values obtained from indirect calorimetry in each patient.  All patients had accelerated nitrogen 

losses and negative nitrogen balance.  Eleven of 12 patients had negative nitrogen balance for the 

entire four weeks of therapy despite matched caloric replacement.  The single patient in whom 

nitrogen balance was realized had an incomplete SCI.  The Harris-Benedict equation with 

activity factor of 1.2 and a stress/injury factor of 1.6 consistently overestimated energy 

expenditure in these 12 patients and would have resulted in excessive feeding.   The authors 

concluded that large nitrogen losses after severe SCI are “obligatory” as a result of atrophy and 

wasting of denervated musculature below the level of injury.  Patients with complete traumatic 

myelopathy had greater obligatory nitrogen losses than patients with incomplete spinal cord 

injuries.  They recommended that indirect calorimetry be used as the energy expenditure 

assessment method after SCI, particularly in the early post-injury period.  If the Harris-Benedict 

equation is used in these patients in this setting, they recommend that the activity factor should 

be eliminated and the stress/injury factor of the equation should be reduced. 

 Cruse and associates examined the neurological, immune, endocrine and nutritional status 

of 15 male SCI patients and compared them to 16 healthy age-matched control subjects.(6)  The 

timing of assessment in relation to SCI for each patient was not specified.  Their report described 

decreased natural and adaptive immune responses in the SCI patient population beginning within 

two weeks of injury that reached a nadir three months after injury.  They noted increased ACTH 
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and plasma cortisol levels, decreased zinc, albumin and prealbumin serum levels, surface marker 

changes in both lymphocytes and granuloycytes and decreased adhesion molecule binding ability 

after SCI compared to healthy control patients.  They concluded that patients with severe acute 

SCI have decreased immune function, impaired nutritional status and a decreased number of 

adhesion molecules, all of which occurs within weeks after acute injury.  The authors note that 

these hormonal alterations, nutritional deficiencies and changes in immune function may 

increase susceptibility to infection and may contribute to delayed wound healing. 

 The change in energy expenditure identified in patients following acute SCI appears to 

persist long after the initial injury and recovery phase.(1,3,4,15,16,20,21)  Several investigators 

have noted long-standing reductions in REE in spinal cord injury patients, reductions that 

correlate to the degree of neurological injury and the extent of lean body mass loss after 

paralysis.(1,3,4,15,16,20,21)  Cox et al measured energy expenditure in stable non-acute SCI 

patients in the rehabilitation setting.(4)  They reported that quadriplegic patients required 22.7 

kcal/kg/day compared to 27.9 kcal/kg/day for paraplegic patients they studied.  Most 

investigators conclude that equation methods to estimate energy expenditure in SCI patients are 

inaccurate, both in the acute and chronic settings.(15,16,19,21,23) 

 There has been no report assessing the efficacy of the route of feeding (parenteral or 

enteral) for SCI patients in the acute setting.  The literature on nutritional support for head injury 

patients supports using the enteral route for nutritional supplementation if the gut is functional. 

(8,9,11,18-20,23)  This general policy appears to have been followed by investigators of 

nutritional support for acute SCI patients.(13,14,19,23)  The potential benefits of enteral feeding 

over parenteral delivery include maintenance of gut integrity and function, reduced expense, 

lower risk of infection and avoidance of intravenous catheter related complications. 
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(8,9,11,18,20,23) Nasoduodenal or nasojejunal feeding tubes usually allow full caloric, high-

nitrogen, high volume feeding within days of injury.  In patients with bowel injury, mechanical 

bowel obstruction or prolonged ileus it is recommended that parenteral nutrition be initiated until 

the bowel recovers and conversion to enteral nutrition can be accomplished.(8,9,18,20,23)   

 There has been no report assessing the mix or composition of nutritional supplementation 

for SCI patients. The literature on nutritional support for head injury patients suggests beginning 

with a high nitrogen enteral or parenteral solution containing at least 15% of calories as protein, 

no greater than 15% glucose/dextrose, a minimum of 4% of total energy needs as essential fatty 

acids and the addition of vitamins, essential elements and trace minerals. (9,12,17,18,20,22,23) 

 There has been no study published that has examined the effect of nutritional support on 

neurological outcome following acute SCI. 

 

SUMMARY: 

 Alterations in metabolism occur after acute SCI, but the marked hypermetabolic response 

seen after acute traumatic brain injury appears to be blunted in SCI patients, by the flaccidity of 

denervated musculature after spinal cord transection/injury.  As a result, resting energy 

expenditure (REE) is lower than predicted after acute SCI.  Equation estimates of REE in these 

patients have proven to be inaccurate, therefore indirect calorimetry is the recommended 

technique to assess energy expenditure in both the acute and chronic settings. 

Protein catabolism does occur after acute, severe SCI, and marked losses in lean body 

mass due to muscle atrophy result in huge nitrogen losses, prolonged negative nitrogen balance 

and rapid weight loss.  Nutritional support of the SCI patient to meet caloric and nitrogen needs, 
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not to achieve nitrogen balance, is safe and may reduce the deleterious effects of the catabolic, 

nitrogen wasting process which occurs after acute spinal cord injury. 

 

KEY ISSUES FOR FUTURE INVESTIGATION: 

 An assessment of the timing, route of administration and the composition of nutritional 

therapy on outcome, both neurological and medical should be performed.  This could be best 

accomplished with a multi-center case control study. 
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EVIDENTIARY TABLES 

First Author 
Reference 

Description of 
Study 

Data Class Conclusions 

Cruse JM et al, 2000, 
J Spinal Cord Medicine 
 

Comparison of 
nutritional, immune, 
endocrine status in 15 
acute SCI patients vs. 16 
matched controls. 

 
 

Class II 

SCI patients have 
hormonal changes, poor 
nutritional status, and 
decreased immune 
function compared to 
controls. 

Rodriguez DJ et al, 
1997, 
Spinal Cord 
 

Prospective assessment 
and treatment of 12 
acute SCI patients. 

 
 

Class III 

REE less than predicted, 
marked “obligatory” 
nitrogen losses due to 
flaccidity and atrophy of 
denervated muscle after 
SCI. 

Kearns PJ et al, 1992,  
J Parenteral Enteral 
Nutrition 

Prospective assessment 
of 10 acute SCI patients 
over 4 week period of 
observation. 

 
 

Class III 

Exaggerated nitrogen 
and 3MeH excretion 
marked weight loss.  
Lower REE than 
predicted after SCI. 

Young B et al, 1987, 
Critical Care Clinics 

Four acute SCI patients 
assessed via indirect 
calorimetry. 

 
 

Class III 

Indirect calorimetry best 
means to determine 
energy expenditure after 
acute SCI. 

Kaufman HH et al 1985, 
Neurosurgery 

Assessment of 
nutritional status of 8 
SCI patients over 2 
week period of 
observation. 

 
 

Class III 

Deterioration in 
nutritional status despite 
attempted treatment.  
Marked nitrogen losses.  
Increased infectious and 
respiratory 
complications. 

 

 

 



© 2001 Spine Section of AANS/CNS 11

REFERENCES 

1. Barboriak JJ, Rooney CB, El Ghatit AZ, et al:  Nutrition in spinal cord injury patients.  J 

Am Paraplegia Soc, 6:32-36, 1983. 

2. Carey ME, Nance FC, Kirgis HD, et al:  Pancreatitis following spinal cord injury.  J 

Neurosurg 47:917-922, 1997. 

3. Clarke KS: Caloric costs of activity in paraplegic persons.  Arch Phys Med Rehab, 

47:427-435, 1966. 

4. Cox SAR, Weiss SM, Posuniak EA, et al:  Energy expenditure after spinal cord injury: 

An evaluation of stable rehabilitating patients.  J Trauma, 25:419-423, 1985. 

5. Cruse JM, Lewis RE, Roe DL, et al:  Facilitation of immune function, healing of pressure 

ulcers, and nutritional status in spinal cord injury patients.  Experimental and Molecular 

Pathology, 68:38-54, 2000. 

6. Cruse JM, Leiws RE, Dilioglou S, et al:  Review of immune function, healing of pressure 

ulcers, and nutritional status in patients with spinal cord injury.  The Journal of Spinal 

Cord Medicine, 23(2):129-135, 2000. 

7. Frankenfield DC, Smith JS, Cooney RN:  Accelerated nitrogen loss after traumatic injury 

is not attenuated by achievement of energy balance.  J Parenteral and Enteral Nutrition, 

21(6):324-329, 1997. 

8. Grahm TW, Zadrozny DB, Harrington T:  Benefits of early jejunal hyperalimentation in 

the head injured patient.  Neurosurgery, 25:729-735, 1989. 

9. Hadley MN:  Hypermetabolism following head trauma: Nutritional considerations.  In 

Barrow DL (ed.), Complications and Sequelae of Head Injury.  Neurosurgical Topics 

AANS, Park Ridge, IL.  1.3:161-168, 1992. 



© 2001 Spine Section of AANS/CNS 12

10. Hadley MN:  Hypermetabolism after CNS trauma: Arresting the “injury cascade”.  

Nutrition, 5(2):143, 1989. 

11. Hadley MN, Grahm TW, Harrington T, et al:  Nutritional support and neurotrauma: A 

critical review of early nutrition in forty-five acute head injury patients.  Neurosurgery, 

19:367-373, 1986. 

12. Hulsewe KWE, van Acker BAC, von Meyenfeldt MF, Soeters PB:  Nutritional depletion 

and dietary manipulation:  Effects on the immune response.  World J Surg, 23:536-544, 

1999. 

13. Kaufman HH, Rowlands BJ, Stein DK, Kopaniky DR, et al:  General metabolism in 

patients with acute paraplegia and quadriplegia.  Neurosurgery, 16(3):309-313,1985. 

14. Kearns PJ, Thompson JD, Werner PC, et al:  Nutritional and metabolic response to acute 

spinal cord injury.  Journal of Parenteral and Enteral Nutrition, 16(1):11-15, 1992.  

15. Levine AM, Nash MS, Green BA, et al:  An examination of dietary intakes and 

nutritional status of chronic healthy spinal cord injured individuals.  Paraplegia, 

30:880-889, 1992. 

16. Peiffer SC, Blust P, Leyson JFJ:  Nutritional assessment of the spinal cord injured 

patient.  J Am Dietetic Association, 78:501-505, 1981. 

17. Rapp, RP, Young B, Twymann D, et al:  The favorable effect of early parenteral feeding 

on survival in head injured patients.  J Neurosurg, 58:906-912, 1983. 

18. Riley KO, May AK, Hadley MN:  Neurological injury and nutritional support.  In: Batjer 

HH and Loftus CM (eds) Textbook of Neurological Surgery, Lippincott Williams & 

Wilkins, Philadelphia, PA.  In press, 2001. 



© 2001 Spine Section of AANS/CNS 13

19. Rodriguez DJ, Benzel EC, Clevenger FW:  The metabolic response to spinal cord injury.  

Spinal Cord, 35:599-604, 1997. 

20. Rodriguez DJ, Benzel EC: Nutritional Support (Chapter 100).  In: Benzel EC (ed.) Spine 

Surgery: Techniques, Complication Avoidance and Management.  Churchill Livingstone, 

New York, pg 1321-1331, 1999. 

21. Sedlock DA, Laventure SJ:  Body composition and resting energy expenditure in long 

term spinal cord injury.  Paraplegia, 28:448-454, 1990. 

22. Young B, Ott L, Twyman D, et al.  The effect of nutritional support on outcome from 

severe head injury.  J Neurosurg, 67:668-676, 1987. 

23. Young B, Ott L, Rapp R, Norton J:  The patient with critical neurological disease.  

Critical Care Clinics, 3(1):217-233, 1987. 


