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“No head injury is so serious that it should be despaired of nor 
so trivial that it can be ignored.” — Hippocrates

INTRODUCTION

Acute traumatic brain injury (TBI) is a heterogenous dis-
ease ranging from mild concussion to contusions, extra-ax-
ial hematomas and traumatic subarachnoid hemorrhage to 
diffuse axonal injury. It is a leading cause of death and dis-
ability in the United States. In 2013, there were 2.5 million 
emergency department visits and more than 55,000 deaths 
due to TBI, and TBI accounts for approximately 30% of all 
injury-related deaths.1 Both injuries and hospitalization rates 
have increased markedly between 2007 and 2013, and while 
death due to motor vehicle crashes have decreased, age-ad-
justed rates of TBI-related ED visits have increased between 
2007 and 2013.1 The aggregate leading cause of death among 
TBI patients is now due to intentional self harm but motor 
vehicle collisions, sports, and combat-related injuries con-
tinue to afflict children and adolescents/young adults (age 
0–4, and 15–24 years).1 Older adults have also suffered from 
an increase in TBI-related hospitalizations and deaths, pri-
marily due to falls.1 These numbers are likely underesti-
mates of the prevalence of TBI, because they do not include 
persons with TBI sequelae who were treated and released 
from emergency departments, those who sought care in other 
healthcare settings, and those who did not seek treatment.2,3 

Data from Rhode Island mirrors the national trend. In 
2018, 134 children suffered moderate to severe TBI and 6 
died. At Rhode Island Hospital, more than 800 adult patients 
with traumatic brain injury are hospitalized annually, and in 
2018, at Rhode Island Hospital, more than 500 adult patients 
with TBI required long-term care and more than 100 patients 
died in the acute setting.

Despite significant improvements in the care of the 
head-injured trauma patient over the last decade, challenges 
remain in both the treatment and assessment of prognosis 
of patients who have suffered traumatic brain injuries. The 
higher incidence of TBI coupled with a lower death rate 
suggests that there is a growing population of individuals 
living with a disability related to their TBI.4 Improved under-
standing of TBI can help guide resource allocation as well 
as patient and family discussions regarding goals of care in 
the more acute setting. Here we aim to describe some of the 
scoring systems and predictive models we use to best under-
stand outcomes for patients with traumatic brain injury.

SCORING SYSTEMS
The Glasgow Coma Scale (GCS) was first described in 1974 
to communicate accurately about patients with impaired 
consciousness. The GCS is used in more than 80 countries 
and, 45 years later, the original report is the most quoted 
paper in the neurosurgical literature.5

A key element of the GCS is the motor score (GCS_M). The 
motor score consists of 6 categories and has been validated 
to be specific in predicting patients with TBI.6 With this, the 
Simplified Motor Score (SMS) was developed combining the 
components of the GCS-M and simplifying them into three 
categories: (1) follows commands, (2) localizes to pain and (3) 
withdrawals to pain or worse. Two points are given for fol-
lowing commands, one point for localization of pain and no 
points for withdrawing to pain or worse. Lower scores sug-
gest worse head injury. 7 In 2018, Buitendag et al compared 
the GCS-M to the SMS and found that there was a decline 
in survival rate for GCS-M <4 on admission, and was more 
pronounced when the score was <3. When plotted against 
mortality, both the GCS-M and the SMS were accurate, sen-
sitive and specific, suggesting that these more simplified 
scales can accurately predict outcomes in patients with TBI 
when the entirety of the GCS model is difficult to assess.8  

The Glasgow Outcome Scale (GOS), also developed by 
Jennett in 1974, predicts how patients with TBI recover. 
It consists of five categories: Death, Persistent Vegetative 
State, Severe, Moderate, and Low Disability.9 This scale was 
refined in 1981 as the Glasgow Outcome Scale Extended 
(GOSE).10 Additional categories were added to the GOSE to 
better describe patients’ disabilities. The GOSE is also meant 
to be reassessed at 3, 6 and 12 months with a structured 
interview consisting of questions regarding the patient’s 
disabilities. All of these scales (GCS, GOS and GOSE) have 
been used clinically and in research to help predict which 
patients will have better global outcomes from traumatic 
brain injury; however, the timing, utilization and application  
of these scales has been inconsistent.11  

More recently, another scoring system is in use to pre-
dict the Full Outline of UnResponsiveness (FOUR). The 
FOUR Score is a neurological assessment score, similar to 
the Glasgow Coma Score, that adds additional emphasis 
on brainstem reflexes and respiratory pattern.12 Alhough a 
newer scoring system, it is validated and has proven to be a 
useful measure in predicting mortality and functional recov-
ery. A 2018 systematic review showed that FOUR score was 
a useful outcome predictor with good inter-rater reliability 
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among physicians and nurses.13 When compared to GCS, it 
appeared to perform similarly in predicting mortality.14

Radiologic imaging scales, including the Marshall scale 
and the Rotterdam scale, also contribute to prognostic value 
as they can predict the risk for increased intracranial pressure 
and outcome in adults. While each of these scales can predict 
early death, each has limitations and does not provide accu-
rate prognostic value for patients without severe injury.15 

Other datasets have contributed to prognosis for severely 
injured patients. The CRASH trial (Corticosteroid Ran-
domization after Significant Head injury) did not show any 
improvement in outcome in those patients who received 
steroids, but the database created was helpful in generating 
a prognostic calculator. This calculator (http://www.crash.
lshtm.ac.uk/Risk%20calculator/index.html) can help physi-
cians determine 14-day mortality as well as death and severe 
disability at 6 months in patients with TBI.16 Similar to the 
database generated by the CRASH trial, in 2007, the Interna-
tional Mission of Prognosis and Clinical Trial-TBI (IMPACT-
TBI) examined patients with traumatic brain injury over 3 
decades. IMPACT investigators have analyzed the existing 
database to generate a prognostic score to predict 6-month 
outcome of patients who suffered moderate to severe TBI 
(GCS ≤ 12), (http://www.tbi-impact.org/?p=impact/calc).17 

Unfortunately, none of the scoring systems are able to pre-
dict with certainty how patients with TBI will do in both the 
acute and long-term setting. Further complicating the utility 
of these scores is the clinician’s ability to apply them to their 
individual patients. However, certain patient characteristics 
can suggest a better or worse outcome. Young patients con-
tinue to do better than older patients in terms of functional 
recovery from TBI. Not surprisingly, patients with more 
impairments do worse than those with less impairments. 
Improvement in disabilities occurs early (if at all), and then 
plateaus.18 The extent of these improvements is still very het-
erogeneous and unpredictable, and frequently, patients who 
initially improve will eventually decline in their abilities.19 

Recently, Hammond followed patients 10 years post injury. 
Patients were evaluated at 1, 2, 5 and 10 years from injury. 
They demonstrated that improvement occurred throughout 
the 10-year period and those that recovered earlier improved 
more. These findings suggest that ongoing directed therapy 
continues to be important as far as 10 years out.20 However, 
Forslund et al also followed patients with moderate to severe 
TBI over a 10-year period looking at change in GOSE. They 
found that 37% deteriorated, 7% improved and 56% showed 
no change in global outcome. Additionally, they sought to 
better define predictors and found that younger, employed 
patients with shorter post-trauma amnesia did better, con-
sistent with prior literature.21 Overall, patients with moder-
ate to severe TBI did not improve. 

CONCLUSION
The above validated measuring scales and prognosis calcu-
lators help us predict the extent of, and recovery from, TBI. 
Unfortunately, we are still unable to predict which patients 
to whom these measures best apply. Large databases gener-
ated retrospectively have helped us to get closer to predict-
ing the future. However, the ultimate ability to determine 
true outcomes after TBI will be found by following these 
patients prospectively after their injuries, thereby generating 
a database in this fashion. This prospective database has the 
potential to improve guidance for physicians, patients and 
families in determining outcomes of patients with traumatic  
brain injury.

References
1.	 Taylor CA, Bell JM, Breiding MJ, Xu L. Traumatic Brain Injury- 

Related Emergency Department Visits, Hospitalizations, and 
Deaths–United States, 2007 and 2013. MMWR Surveill Summ. 
2017; 66: 1-16.

2.	 Schneider ALC, Wang D, Ling G, Gottesman RF, Selvin E. Cor-
respondence–Prevalence of Self-Reported head Injury in the 
United States. NEJM. 2018; 379: 1176-1178.

3.	 Selassie AW, Zaloshnja E, Langlois JA, Miller T, et al. Incidence 
of long-term disability following traumatic brain injury hospi-
talization, United States, 2003. The Journal of Head Trauma Re-
habilitation. 2008; 23: 123-131.

4.	 Galgano M, Toshkezi G, Xuecheng Q, Russell T, et al. Traumat-
ic Brain Injury: Current Treatment Strategies and Future En-
deavors. 2017; 26: 1118-1130.

5.	 Teasdale G, Maas A, Lecky F, Manley G, Stocchetti N, Murray 
G. The Glasgow Coma Scale at 40 years: standing the test of 
time. The Lancet Neurology. 2014;13:844-54.

6.	 Majdan M, Steyerberg EW, Nieboer D, Mauritz W, Rusnak M, 
Lingsma HF. Glasgow coma scale motor score and pupillary re-
action to predict six-month mortality in patients with traumat-
ic brain injury: comparison of field and admission assessment. 
Journal of neurotrauma. 2015;32:101-8.

7.	 Haukoos JS, Gill MR, Rabon RE, Gravitz CS, Green SM. Vali-
dation of the Simplified Motor Score for the prediction of brain 
injury outcomes after trauma. Annals of emergency medicine. 
2007;50:18-24.

8.	 Buitendag JJP, Ras A, Kong VY, Bruce JL, Laing GL, Clarke DL, 
et al. Validation of the Simplified Motor Score in patients with 
traumatic brain injury at a major trauma centre in South Africa. 
South African medical journal, Suid-Afrikaanse tydskrif vir ge-
neeskunde. 2018;108:90-3.

9.	 Jennett B, Bond M. Assessment of outcome after severe brain 
damage. Lancet (London, England). 1975;1(7905):480-4.

10.	Jennett B. Severity of Brain Damage - Altered Consciousness 
and Other Indicators. Prog Neurol Surg. 1981;10:164-97.

11.	Miller KJ, Schwab KA, Warden DL. Predictive value of an early 
Glasgow Outcome Scale score: 15-month score changes. Journal 
of neurosurgery. 2005;103(2):239-45.

12.	Wijdicks EF, Bamlet WR, Maramattom BV, Manno EM, McClel-
land RL. Validation of a new coma scale: The FOUR score. An-
nals of neurology. 2005;58(4):585-93.

13.	Almojuela A, Hasen M, Zeiler FA. The Full Outline of UnRe-
sponsiveness (FOUR) Score and Its Use in Outcome Prediction: 
A Scoping Systematic Review of the Adult Literature. Neuro-
critical care. 2018.

14.	Kasprowicz M, Burzynska M, Melcer T, Kubler A. A compari-
son of the Full Outline of UnResponsiveness (FOUR) score and 

35O C T O B E R  2 0 1 9   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  O C T O B E R  I S S U E  W E B P A G E  |  R I M S

http://www.crash.lshtm.ac.uk/Risk%20calculator/index.html
http://www.crash.lshtm.ac.uk/Risk%20calculator/index.html
http://www.rimed.org/rimedicaljournal-2019-10.asp


UPDATES IN TRAUMA CARE

Glasgow Coma Score (GCS) in predictive modelling in traumat-
ic brain injury. Br J Neurosurg. 2016;30(2):211-20.

15.	Deepika A, Prabhuraj AR, Saikia A, et al. Comparison of Pre-
dictability of Marshall and Rotterdam CT scan Scoring system 
in determining early mortality after traumatic brain injury. Acta 
Neurochir (Wien). 2015; 157: 2033- 2038.

16.	Wasserberg J. The MRC CRASH trial – a large, simple ran-
domised trial of steroids in head injury. Acta neurochirurgica 
Supplement. 2004;89:109-12.

17.	Steyerberg EW, Mushkudiani N, Perel P, Butcher I, Lu J, McHugh 
GS, et al. Predicting outcome after traumatic brain injury: devel-
opment and international validation of prognostic scores based 
on admission characteristics. PLoS medicine. 2008;5(8):e165; 
discussion e.

18.	Lueckel SN, Kosar CM, Teno JM, Monaghan SF, Heffernan DS, 
Cioffi WG, et al. Outcomes in nursing home patients with trau-
matic brain injury. Surgery. 2018; 164: pii: S0039-6060(18)30102-
8. doi: 10.1016/j.surg.2018.02.023.

19.	Mollayeva T, Mollayeva S, Pacheco N, D’Souza A, Colantonio 
A. The course and prognostic factors of cognitive outcomes after 
traumatic brain injury: A systematic review and meta-analysis. 
Neurosci Biobehav Rev. 2019;99: 198-250.

20.	Hammond FM, Giacino JT, Nakase Richardson R, Sherer M, 
Zafonte RD, Whyte J, et al. Disorders of Consciousness due to 
Traumatic Brain Injury: Functional Status Ten Years Post-Inju-
ry. Journal of neurotrauma. 2019;36(7):1136-46.

21.	Forslund MV, Perrin PB, Røe C, et al. Global Outcome Trajec-
tories up to 10 Years After Moderate to Severe Traumatic Brain 
Injury. Front Neurol. 2019;10:219. Published 2019 Mar 14. 
doi:10.3389/fneur.2019.00219

Authors
Stephanie N. Lueckel, MD, ScM, Assistant Professor of Surgery, 

Alpert Medical School of Brown University; Section Chief of 
Trauma in the Division of Trauma and Surgical Critical Care.

Andrew H. Stephen, MD, Assistant Professor of Surgery, Alpert 
Medical School of Brown University; Section Chief of Surgical 
Critical Care in the Division of Trauma and Surgical Critical 
Care.

Sean F. Monaghan, MD, FACS, Assistant Professor of Surgery, 
Alpert Medical School of Brown University.

William Binder, MD, Associate Professor of Emergency Medicine, 
The Warren Alpert Medical School of Brown University;  
Co-Editor-in-Chief, Rhode Island Medical Journal.

Charles A. Adams, Jr., MD, FACS, FCCM, Associate Professor of 
Surgery, Alpert Medical School of Brown University; Chief, 
Division of Trauma and Surgical Critical Care, Rhode Island 
Hospital, Providence, RI.

Correspondence
Stephanie N. Lueckel, MD, ScM
2 Dudley St., Suite 470
Providence, RI 02905
401-228-0572
Fax 401-444-6681
stephanie_lueckel@brown.edu

36O C T O B E R  2 0 1 9   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  O C T O B E R  I S S U E  W E B P A G E  |  R I M S

mailto:stephanie_lueckel%40brown.edu?subject=
http://www.rimed.org/rimedicaljournal-2019-10.asp

	COVER
	CONTENTS-Theme
	CONTENTS–Features
	CONTENTS–News, People/Places
	CONTENTS–Contributions
	COMMENTARY-Friedman
	LETTER-Thompson
	LETTER-Korr
	LETTER-Friedman
	WE ARE READ EVERYWHERE
	TRAUMA-Adams-Lueckel
	TRAUMA-Benoit
	TRAUMA-Stephen
	TRAUMA-Connolly
	TRAUMA-Kheirbek
	TRAUMA-Lueckel
	CONTRIBUTION-Qu
	IMAGES-Ward
	HEALTH–Scagos
	HEALTH-Vital Statistics
	RIMS NEWS
	SPOTLIGHT-Mankodiya
	NEWS
	PEOPLE/PLACES
	OBITUARIES

