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Spinal Cord Injury  
Visiting the Past to Predict the Future

Jeff Berliner DO
Medical Director SCI Research

Craig Hospital
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Disclosure Slide

• Unfortunately I have nothing to disclose.
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History of SCI Medicine

• The Edwin Smith Surgical Papyrus- “An ailment not to be treated”
• 1st Medical Treatise
• Author believed to be Imhotep 
• 45 cases of injuries, 2 cases of spinal cord injury

Donovan, William H. "Spinal cord injury—past, present, and 
future." The Journal of Spinal Cord Medicine 30.2 (2007): 85.
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Lord Nelson
1758-1805
“Ah Mr. Beatty 
(Ship’s Surgeon)!…..
All power of motion and feeling below my chest 
are gone”.
Mr. Beatty: “My Lord, unhappily for our country, 
nothing can be done for you”.
BATTLE OF TRAFALGAR
October 20, 1805

An Ailment not to Be Treated
Medical Nihilism
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Trafalgar Square
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An Ailment not to Be Treated
Medical Nihilism

JAMES A. GARFIELD
1831-1881

20th U.S. President

Gunshot Wound to Conus
July 2, 1881
Lived 80 days
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An Ailment not to Be Treated
Medical Nihilism

GENERAL GEORGE PATTON
1885-1945
Commander Third Army, USA

Fracture Cervical Spine
Motor Vehicle Accident
Refused all Treatment
World War II
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Transition: An ailment to adapt to and an 
ailment to overcome 

• “ To believe in rehabilitation is to believe in humanity”  
- Howard Rusk

• ‘‘A Model System must be able to meet the needs of a person with SCI by 
competently treating the direct injury as well as all organ systems affected 
(of which there are many); the functional deficits that result, by providing 
training and equipment; the psychological adjustments that must be made; 
the vocational/avocational pursuits that must be changed; and the 
providing of long-term specialized care. “

— John Young 
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Accident
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Primary Injury and Prevention
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Extrication Collars

• Extraction collars cause a hyperextension moment 
creating increase pressure on the carotid arteries 
impeding blood flow. This creates an  increase in 
intracranial pressures

• The neck often is hyperextended, leading to vertebral 
separation

• If there is disruption of the Cervical 1 and 2 ligaments, 
the placement of extrication collar may result in 
internal decapitation

R.J. Mobbs, et al., Effect of cervical hard collar on 
intracranial pressure after head injury, ANZ Journal 
of Surgery, vol. 72, 389–91, (2002)

Ben-Galim, P., et al (2010). Extrication collars 
can result in abnormal separation between 
vertebrae in the presence of a dissociative 
injury.  

12
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Sundstrøm, 
Terje, et al. 
"Prehospital 
use of 
cervical 
collars in 
trauma 
patients: a 
critical 
review." 
Journal of 
neurotrauma
31.6 (2014): 
531-540.
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The Present and Future

• New Softer Back Boards are available that allow for improved 
protection of the spine while minimizing pressure ulcer risk.

• New collars with a gel matrix that are applied soft and hardens 
around the patients neck.
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Secondary Injury and Prevention
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Inflammation of the Spinal Cord

Zhou, Xiang, Xijing He, and Yi Ren. "Function of microglia and macrophages in secondary 
damage after spinal cord injury." Neural regeneration research 9.20 (2014): 1787.
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Infusion at the Time of Injury

• “Intravascular innate immune cells reprogrammed via intravenous 
nanoparticles to promote functional recovery after spinal cord 
injury”

• Intravenous injection of nanoparticles that get incorporated into 
the cells that contribute to spinal cord injury (Macrophages and 
Neutrophils)

• Inhibition and downregulation of the hyper-excited immune 
system.

Jonghyuck Park etal. “Intravascular innate immune cells reprogrammed via intravenous nanoparticles to promote functional recovery after 
spinal cord injury” Proceedings of the National Academy of Sciences Jul 2019, 116 (30) 14947-14954; DOI: 10.1073/pnas.1820276116
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Probiotics at the Time of Injury
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Probiotics at the time of Injury or in the ICU
to help prevent SCI- Induced Immunodeficiency Syndrome

• Central nervous system injury-induced immune deficiency syndrome,C Meisel, JM 
Schwab, K Prass, A Meisel, U Dirnagl, Nature Reviews Neuroscience 6 (10), 775

• Prüss, Harald, et al. "Spinal cord injury-induced immunodeficiency is mediated by a 
sympathetic-neuroendocrine adrenal reflex." Nature neuroscience 20.11 (2017): 1549.

• Brommer, Benedikt, et al. "Spinal cord injury-induced immune deficiency syndrome 
enhances infection susceptibility dependent on lesion level." Brain 139.3 (2016): 692-
707.

• Kigerl, Kristina A., Klauss Mostacada, and Phillip G. Popovich. "Gut microbiota are 
disease-modifying factors after traumatic spinal cord injury." Neurotherapeutics 15.1 
(2018): 60-67.
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“Gut dysbiosis impairs recovery after spinal cord 
injury." Journal of Experimental Medicine 213.12 
(2016): 2603-2620.”

• Experiment: Dysbiosis impairs motor recovery
• Rats were given a cocktail of aminoglycosides and fluoroquinolones 7 days pre-

injury and their stool and guts were evaluated for dysbiosis. 
• Recovery: The BMS recovery scale was utilized to measure motor recovery in 

mice.
• “When compared with standard spinal contusion lesions, total lesion volumes 

were ∼30% larger, with ∼25% less spared white matter at the injury epicenter 
in SCI mice with antibiotic-induced dysbiosis”

• Dysbiosis was associated with worse BMS scores (statistically significant)

20
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Gut dysbiosis impairs recovery after SCI. (A) Fecal cultures from SCI mice with antibiotic 
treatment show altered gut microbiota. 

Kristina A. Kigerl et al. J Exp Med 2016;213:2603-2620
© 2016 Kigerl et al.
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Gut dysbiosis impairs recovery after spinal cord injury." Journal of 
Experimental Medicine 213.12 (2016): 2603-2620

• Experiment: Probiotics administered at the time of  spinal cord and daily for 35 
days post injury.  

• Locomotor recovery was significantly improved on the BMS.
• Increased frequency of plantar stepping and fore limb–hind limb coordination 

with concomitant improvements in paw position and trunk stability.
• Reduced lesion volume and axon/myelin pathology at the injury epicenter 

22

Kristina A. Kigerl et al. J Exp Med 2016;213:2603-2620© 2016 Kigerl et al.
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In Transport Imaging and Biomarker Evaluation 

• On the way to the hospital the precise location of injury, secondary injuries, 
and the tracts that were injured are identified. Also Identified are circulating 
biomarkers that can be modulated.

• This allows for in transport neuroprotection techniques for the specific injury
• Targeted therapies for the injury and to prevent secondary injury 
• Tractography identifies individual “tracts” that were damaged as a result from 

accident.
• Allows surgical planning prior to arriving at the hospital.

Zaninovich, Orel A., et al. "The role of diffusion tensor imaging in 
the diagnosis, prognosis, and assessment of recovery and treatment 
of spinal cord injury: a systematic review." Neurosurgical focus 46.3 
(2019): E7.

Ghosh, Amrita, and Ranabir Pal. "Spinal Cord Injury: 
Point-of-Care Biomarkers for Better Prognosis." 
Journal of Neurosciences in Rural Practice 10.03 
(2019): 390-391.
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Tractography by the two region-of-interest method.A, One of source images shows a region of 
interest) in the left cerebral peduncle (arrow).B, Another source image in the lower cervical level 

shows a region of interest encompassing the entire cord (arrow).C...

Kazuhiro Tsuchiya et al. AJNR Am J Neuroradiol 
2005;26:398-400

©2005 by American Society of Neuroradiology
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Optimizing the Milieu before Surgery

• Induced Hypothermia: 
• Decreases Inflammation and apoptosis
• Pharmacology:
• Estradiol: Antipoptotic factor and dec. macrophage and microglia. Admin. <24 inc. BBB
• Progesterone: Dec. Macrophages/Glial Cells and Astrocytes while activating OPC. < lesion Size
• Metabolic Drugs: 
• Glyburide: Binds to SUR 1 which decreases amount of hemorrhage
• Blocking Inhibitory Molecules
• Anti-NOGO: Anti- Nogo AD
• Promoting Axon Regeneration: Affect Nerve Growth Factors (NGF)
• BDNF: effects NGF in the reticulospinal tract and promote regrowth
• GDNF: Spinal Motor Neurons promotes resprouting
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Helicopter Touches Down and Best Surgical Team Awaits

Stabilize the Spine: 
• Optimal Timing of Surgery Known, Early vs. Late Stabilization
• Durotomy Performed
• Neural Scaffold Inserted
• Stem Cells Placed in Time Release Capsule
• Monitoring of the perfusion of the cord by implanted sensors

Tykocki, Tomasz, et al. "Intraspinal pressure monitoring 
and extensive duroplasty in the acute phase of traumatic 
spinal cord injury: a systematic review." World 
neurosurgery 105 (2017): 145-152.

28
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Rehabilitation Begins

29 30

Rehabilitation of the Injured Spinal Cord and Brain 
begins in Route  

• Transcranial Direct Current Stimulation: for motor tract and 
sensory tract excitation efferents.

• Transcutaneous stimulation for sensory and motor excitation 
afferents and efferents.

Edgerton, V. Reggie, et al. "Transcutaneous spinal cord 
stimulation: noninvasive tool for activation of locomotor 
circuitry." U.S. Patent No. 9,415,218. 16 Aug. 2016.

31

Physical Therapy- Changing 
Outcomes

32
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Purpose of Rehabilitation

• Happiness- Who is Happier a Lottery Winner or a Spinal Cord Injury Patient

33
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Conversion from AIS B to AIS A,C,D

Spiess MR 2009 Marino RJ 2011 Fawcett JW 2007Slide developed by Ralph Marino 
Thomas Jefferson University
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Traumatic Paraplegia AIS grades at admission and 1-
year neurological exam SCIMS 

Lee BA et al. JSCM 2016
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AIS Conversions when do they occur?

Fawcett JW 2007

3
months
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What is Most Important to Patients with Tetraplegia?

Anderson, Kim D. "Targeting recovery: 
priorities of the spinal cord-injured 
population." Journal of neurotrauma 21.10 
(2004): 1371-1383.
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Importance of Movement

• Rats in wheelchairs had lower rates of return of walking and quality of 
gait after SCI.(BBB).

• Task specific activities mass practiced fosters recovery.

Fleming, Nic. "Injured rats suggest wheelchairs may impair 
recovery." New Scientist 199.2667 (2008): 12.

Girgis, J., et al. "Reaching training in rats with spinal 
cord injury promotes plasticity and task specific 
recovery. 
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During Surgery-add an Epidural Stimulator?

• Recruitment: Persons with motor complete spinal cord injury, > 2.5  years after 
traumatic spinal injury and after failure to improve with locomotor training alone. 

• Subjects: Two patients, one with damage to the mid-cervical region and one with 
damage to the high-thoracic region 2.5 and 3.3 years post injury.

• Treatment: intense locomotor treadmill training with body weight support and 
simultaneous spinal cord epidural stimulation in four patients 

• Results: Achieved over-ground walking (not on a treadmill) after 278 sessions of 
epidural stimulation and gait training over a period of 85 weeks and 81 sessions over 
a period of 15 weeks, respectively, and all four achieved independent standing and 
trunk stability. One patient had a hip fracture during training. 

Angeli, Claudia A., et al. "Recovery of over-ground walking 
after chronic motor complete spinal cord injury." New 
England Journal of Medicine 379.13 (2018): 1244-1250.

40
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Other Technologies

• Virtual Reality

41

Physical Therapy in the ICU and in 
Acute Rehabilitation

• Early locomotion prevents secondary complications of spinal cord injury.
• Early locomotion combined with Spinal Cord/Brain stimulation changes 

outcome
• Everyone goes home ambulating in one form or another.

• Companies working on Exoskeletons: Ekso, Indego, Rex, Lockheed Martin, 
Sarcos/Raytheon, BAE Systems, Panasonic, Honda, Daewoo, Noonee, Revision 
Military, and Cyberdyne

Kimawi, Ibtehal, et al. "Safety and feasibility of a protocolized approach to in-bed cycling 
exercise in the intensive care unit: quality improvement project." Physical therapy 97.6 
(2017): 593-602.

Heyland, Daren K., et al. "Combining nutrition and exercise to 
optimize survival and recovery from critical illness: conceptual and 
methodological issues." Clinical nutrition 35.5 (2016): 1196-1206.
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Complete LMN Diaphragm Paralysis

Nerve transfers (Neurotization) 
� 

• Definition-Transferring intact functioning nerves to non-functioning nerves in 
order to restore function.

• Techniques- Transfer a branch of functioning Cr XI to nonfunctioning transfer phrenic 
bilaterally

• � Ongoing protocol at Saint Peter’s Hospital (Study # 06:59)

� Study

Krieger & Krieger 
� 6 patients
� C3 AIS A

Intercostal to phrenic + pacemaker
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Respiratory Function after SCI

Phrenic Nerve Pacing Diaphragmatic Pacing

44
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Bowel and Bladder Care after SCI

• Early stimulation of bowel and bladder in patients with dyscomplete and 
incomplete spinal cord injuries of the sacral nerve roots.

• Targeted therapies to gain and maintain fecal continence.
• Implantable electrodes to improve bowel and bladder programs.

45

ClinicalTrial.Gov- The Neurogenic Bladder

SPARC Bladder Mapping and Training 
Study

•Spinal Cord 
Injuries

•Device: Epidural Stimulation

Electrical Control of Bladder in 
Spinal Cord Injury Patients

•Spinal Cord 
Injury

•Device: Bladder & Bowel Control

Non-invasive Nerve Stimulation for 
Inhibition of Bladder Incontinence in 
Spinal Cord Injured Subjects.

•Spinal Cord 
Injuries

•Device: Dermatome stimulation

Motor, Sensory, and Autonomic 
Function in Traumatic Spinal Cord 
Injury After the LION Procedure.

•Spinal Cord 
Injuries

•Device: LION procedure
•Device: NMES

•
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ClinicalTrails.gov- Neurogenic Bowel

Spinal Cord Injury Epidural Stimulation •Spinal Cord Injury •Device: Epidural Stimulator

Electrical Stimulation for Continence 
After Spinal Cord Injury

•Spinal Cord Injury
•Neurogenic Bladder
•Incontinence

•Device: Finetech Vocare Bladder 
System
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Technology

“If I had asked people what they wanted, they 
would have said faster horses.” Henry Ford
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https://clinicaltrials.gov/ct2/show/NCT03452007?term=bladder&cond=spinal+cord+injury&rank=3
https://clinicaltrials.gov/ct2/show/NCT00011570?term=bladder&cond=spinal+cord+injury&rank=6
https://clinicaltrials.gov/ct2/show/NCT03877432?term=bladder&cond=spinal+cord+injury&draw=2&rank=14
https://clinicaltrials.gov/ct2/show/NCT03441256?term=bladder&cond=spinal+cord+injury&draw=2&rank=62
https://clinicaltrials.gov/ct2/show/NCT02592668?term=Neurogenic+Bowel&cond=Spinal+Cord+Injury&rank=14
https://clinicaltrials.gov/ct2/show/NCT02978638?term=Neurogenic+Bowel&cond=Spinal+Cord+Injury&rank=16
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Preventing Secondary Complications 
through Technology
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Discharge: 5G Technology  

• Will connect the world.
• It will allow for everything to be completely integrated from our toothbrush to 

our alarm clock.  
• The wheelchair will go through the door, the lights will turn on, the foldable TV 

will come out of the wall and a virtual assistant and robots will be able to take 
care of most needs.
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Prevention of Injury

• The Etiology of SCI has not markedly changed since 1990.
• Percentage of injury related to vehicular accident was 37.4 in 1990 

as compared to 39.3 in the 2019 Model Systems Fact Sheet.

• Get ready it is coming! 

51 52
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Autonomous Vehicles

• Present: Major Players
General Motors, Ford, Mercedes Benz, Volkswagen, Audi, Nissan, 
Toyota, BMW, Tesla and Volvo. Waymo (Google), Uber, and Amazon.
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Never Forget about the Underserved: RSVP
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Thank you
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