3
Bok: i)

WINNERS PLAY SMART

A
SuperSport
Worid of Champions

i _‘.\
www.BokSmart.com n/BokSmart L‘ @BokSmart

RIS BURG

FETRO jAcksO™ s

When is it time to “call it quits” after concussion?”

Authors: James Brown, Shameemah Abrahams, Nick Burger, Sharief Hendricks, Sarah McFie, Jon Patricios.

Authors’ affiliations:

Dr James Brown
James is a Post-Doctoral Fellow for BokSmart and the Chris Burger/Petro Jackson Players’ Fund and has a joint
PhD from UCT, and VU University, Amsterdam. His PhD was on evaluating the effectiveness of the BokSmart
nationwide injury prevention programme.

Division of Exercise Science and Sports Medicine, Department of Human Biology, Faculty of Health Sciences,
University of Cape Town, Cape Town, South Africa; Department of Public & Occupational Health and the
EMGO Institute for Health and Care Research, VU University Medical Center, Amsterdam, The Netherlands.
Email: jamesbrown06@gmail.com. Tel: +2721 6504572

Shameemah Abrahams
Shameemah is a PhD candidate at UCT and her PhD project focusses on the non-genetic and genetic
predisposing factors for concussion risk in South African rugby union.
Division of Exercise Science and Sports Medicine, Department of Human Biology, Faculty of Health Sciences,
University of Cape Town, Cape Town, South Africa; Email: abrsha028 @myuct.ac.za

Nick Burger
Nicholas is a doctoral candidate at the University of Cape Town. His research is founded on injury epidemiology
and performance analysis in rugby union and his focus is the relationship between tackle performance and risk
of injury. Nicholas has published his work in international peer-reviewed journals and has presented at both
local and international conferences.
Division of Exercise Science and Sports Medicine, Department of Human Biology, Faculty of Health Sciences,
University of Cape Town, Cape Town, South Africa. Email: nicholas.burger@uct.ac.za Twitter: @it_is_burger

Dr Sharief Hendricks
Sharief is a Research Fellow at the University of Cape Town. In his short academic career, Sharief has published
over 30 international peer-review articles, a book chapter, and has contributed significantly to national
strategic documents for sport in South Africa. In addition, he has presented at a number of international and
local conferences.
Division of Exercise Science and Sports Medicine, Department of Human Biology, Faculty of Health Sciences,
University of Cape Town, Cape Town, South Africa. Email: sharief.hendricks01l@gmail.com Twitter:
@Sharief H

0\ ,2?4; \ ) Supersport

l|Page i



Sarah McFie
Sarah is a PhD candidate at UCT and her PhD focuses on identifying the incidence and potential modulating
factors for concussion risk, severity, and recovery in South African Rugby Union players.
Division of Exercise Science and Sports Medicine, Department of Human Biology, Faculty of Health Sciences,
University of Cape Town, Cape Town, South Africa

Dr Jon Patricios
Jon is a Johannesburg-based sports physician and consultant to BokSmart, SA Rugby and World Rugby.
Extraordinary lecturer in the Section of Sports Medicine, Faculty of Health Sciences, University of Pretoria,
Honorary lecturer in the Department of Emergency Medicine, Faculty of Health Sciences, University of the
Witwatersrand.

Corresponding author —James Brown

INTRODUCTION

Rugby union (‘rugby’) is one of the most popular team sports globally. Over five million male and female
participants take part in the sport annually across 117 countries and five continents - 5. Rugby is classified as
a collision sport that has substantial physical demands on the player, along with frequent exposure to contact
situations %, As a result, rugby players have a higher probability of incurring an injury than participants in non-
collision sports *). These injuries include concussion; time-loss injuries to the central/peripheral nervous system
is the third most frequent injury type after muscle-tendon and joint-ligament injuries *). A recent systematic
review estimated rugby-related concussion rates to be 4.7 per 1000 match hours at adult/senior men’s rugby

15’s level 7). This equates to approximately one concussion every 6 matches.

Despite the relative frequency of concussions, there is variable knowledge of the optimal treatment required
for this injury, resulting in the most recent consensus statement on concussion in sport focusing on “knowledge
transfer” strategies 3. In a study of tackle football ™2, which has similar concussion rates to
rugby @, the authors discovered that parents could not accurately identify the symptoms of concussion. This
was despite the fact that the majority (90%) of these tackle football parents reported having received some form
of information on concussion 2. This lack of optimal knowledge transfer may extend to clinicians who are

commonly required to treat concussion ),

The specific question for this review was “When is it time to “call it quits” after concussion?”

METHODS

The following databases were initially searched on the 18 September 2014 and re-checked before final editing:
Medline (PubMed) and ClinicalKey. Owing to this rapidly evolving field, only articles for the last five years were
considered for PubMed using the following search strategies: “Brain concussion” (MeSH term for ‘concussion’)
and “Post-concussion syndrome” (MeSH term for symptoms of post-concussive events) and “Sports” (MeSH
heading) and the following MeSH terms: “Diagnosis”, “Signs and Symptoms” or “therapy” (MeSH subheading).

Systematic reviews, Guidelines and Patient information were considered. In all of these, the latest version of the
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Consensus Statement for Concussion in Sport 3 and World Rugby (formerly known as the International Rugby
Board) guidelines for concussion for the general public ?) were used as a point of reference. For ClinicalKey, the
most recent revision of FirstConsult (formerly MedConsult) and Patient Education articles on “concussion” were

consulted. Any supplementary information that these articles referred to (such as SCAT3) were also included.

RESULTS

The described search terms, revealed eight systematic reviews on PubMed. Additionally there was one
“FirstConsult” (physician information) article !9, and four patient guidelines. The four guidelines were from the
following sources: World Rugby (WR) @, Clinicalkey 'V, Center for Disease Control and Prevention (CDC) ¥, and

Journal of American Medical Association (JAMA) (14,

Unfortunately, none of the PubMed systematic reviews specifically answered the stated research question. This
is because it requires long-term epidemiological studies to answer the specified research question. Such studies
have not yet been published. Furthermore, the American Medical Society for Sports Medicine (AMSSM) position
statement © declares that “There are no evidence-based guidelines for disqualifying/retiring an athlete from
sport after concussion. Each case should be carefully deliberated and an individualised approach to determining

qualification taken.”

Despite this lack of original research and evidence-based guidelines, there is some scientific information on
chronic effects of concussion from which one could draw some conclusions for the purposes of the present

review.

Chronic effects of concussion

One of the most significant short-term effects of concussion is increased risk of another concussion 9. The
increased risk of a second concussion is postulated to result from the slowed reaction times following an acute

concussion ),

The most concerning postulated long-term effects of repeated concussions can be summarised as “cognitive
dysfunction” and the related signs/symptoms: depression, dementia and other neurodegenerative
disorders ® 9. This “cognitive dysfunction” includes the condition called chronic traumatic encephalopathy
(CTE). However, the exact link between prior concussion and cognitive dysfunction is yet to be clearly established

specifically pertaining to rugby!® &9 16),

Nevertheless the CTE discussion and resulting medico-legal debates surrounding contact sports have highlighted
the importance of identifying players who should consider retirement from contact sport due to a potential

increased risk of permanent cognitive and/or physical repercussions.
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Furthermore, it is understood that the response to a concussion is highly individualised ® % 3 making it even

more difficult to provide an objective indication of when to retire from a particular sport.

In the best interests of the player’s longevity and welfare, Doolan and colleagues () suggest that a player’s sports
physician (or Medical Doctor) should involve the player in the decision as to when they should stop playing.
Furthermore, they have provided guidelines for when a player should consider terminating their season or
terminating their career prematurely based on the number of concussions sustained and the signs and

symptoms associated with the concussion(s) (Table 1).

Table 1. Suggestion to sports physicians for career-ending or season-ending concussions, based on any

combination of number of concussions, signs or symptoms, by Doolan et al. ©,

Number of Signs Symptoms
concussions
Season- | >2 concussions in one | Clinically-relevant imaging Prolonged post-concussive symptoms;
ending | season; >1 severe abnormality decreased athletic/academic
concussion in a performance
season
Career- | >2 severe Pathologic abnormality Diminished academic performance or
ending | concussions; (Chiari malformation, cognitive abilities; persistent post-
decreased threshold intracranial haemorrhage, concussion syndrome; any symptoms
for subsequent clinically-relevant imaging similar to Chronic Traumatic
concussions abnormality) Encephalopathy

According to Doolan and colleagues ), the licensed healthcare provider, (Medical Doctor in the South African
context), could consider ending a player’s season where they have any combination of the indicators featured

in Table 1 such as three or more concussions in one season and clinically-relevant imaging abnormalities.

Similarly, these authors suggest that once a player has experienced any combination of the indicators for ‘career-
ending’ concussions, such as three or more severe concussions and pathological abnormalities, that the Medical

Doctor should consider ending the player’s career.
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Unfortunately, these authors do not provide a definition for a “severe” concussion, so the signs and symptoms
in Table 1 may provide a more pragmatic clinical reference point. Also, because these authors stipulate that the
treatment needs to be individualised and that most of the mentioned indicators describe a change, these signs
and symptoms may only be pragmatically useful to a Medical Doctor if they have experience of the player at

“baseline” or before the player experienced the concussions.

This is even more critical when eliminating potential co-existing medical conditions that have signs or symptoms
similar to those of prolonged concussion symptoms. As a result, these guidelines probably err on the side of
conservative, although the authors do not state this. Furthermore, the particular review is relatively “old” as it

was published prior to the latest Consensus Statement for concussion.

However, in the “real world” setting, this is not a simple or clear-cut decision-making process. Therefore when
a player reaches any combination of the indicators in Table 1, a more feasible approach might rather be for that

player to be referred for multidisciplinary multi-modal clinical assessments within an Advanced Care setting.

In the absence of a Medical Doctor who has access to good baseline data for a player (prior to concussion), the
expert opinion-based guidelines of WR ? can be a good reference point for deciding whether or not a more

conservative management approach and/or a more detailed clinical assessment is required.

For any player who has suffered a second concussion within a 12 month period, multiple concussions over a life-
time or prolonged recovery (>10 days) from concussion the player may need to be assessed by a multidisciplinary

team with experience in managing sport-related concussions ? within an Advanced Care setting.

World Rugby strongly recommends that all players seek the highest level of medical care available following
concussion or suspected concussion. This highest level of concussion care is supplied in an advanced care setting
and shall include at least all of the following:
e medical doctors with training and experience in recognising and managing concussion and suspected
concussion; and
e access to brain imaging facilities and neuro-radiologists; and
e access to a multidisciplinary team of specialists including neurologists, neurosurgeons,

neuropsychologists, neurocognitive testing, balance and vestibular rehabilitation therapists.

Following this assessment, a sustained period of rest from all collision sport should be prescribed and further
decisions regarding the player’s end of season or retirement can be made over time with serial follow-up

investigations, medical assessments and through direct consultation with the player.
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Other potential evaluations or assessments that could indicate “It’s time to call it quits after Concussion”

Radiological imaging

For routine concussions, the Consensus Statement for Concussion in Sport 3 does not recommend any
radiological imaging investigations as standard practice. However, of all radiological imaging techniques, the
functional MRI (fMRI) is the best validated for indicating symptom severity and recovery. Although brain CT or
MR brain scans are not validated for symptom recovery, they should certainly be considered in immediate
management of concussion if any of the following are present: prolonged loss of consciousness, focal
neurological deficit (speech, hearing, sight problems) or worsening symptoms (worsening headache, vomiting,
balance issues). Moreover, in the case of multiple concussions (as outlined in Table 1), these radiological imaging
techniques (fMRI, CT and MR scans) should also be considered as part of the multidisciplinary approach

described ©.

Neurophysiological (NP) evaluation
Although the Consensus Statement for Concussion in Sport 3 doesn’t suggest NP for routine evaluations, as

these tests assess cognitive function, they may be useful for difficult or prolonged cases. As all players are
required to return to normal cognitive function before returning to play, should a NP assessment indicate that
a player has not regained normal cognitive function, they should be precluded from returning to play 3.

|ll

Although the NP assessment requires a comparison to baseline to assess “normal” function — normative data is
available if baseline testing is absent for a particular player ®. Importantly, the Consensus Statement for
Concussion in Sport 13 emphasises the importance of the Medical Doctor overseeing the player’s concussion
management, and not the NP assessor, thereby allowing interpretation of the NP results within the clinical

context of the specific player involved.

Similarly, to radiological imaging, multiple concussions to the same player (Table 1) should also warrant NP
testing as part of the prescribed multidisciplinary approach, as long as the overall management is overseen by

the Medical Doctor in charge of that player ©,

Exercise Stress Testing
The latest Consensus Statement for Concussion in Sport 3 only recommends Balance Error Scoring System

(BESS) testing for assessing the motor component of a player’s recovery, particularly if balance abnormalities

were present during the immediate assessment of the injury.

Although not recommended by the Consensus Statement for Concussion in Sport 3/, the fMRI response
(described previously) to a YMCA bike test offers promise of an additional investigation in future *>. The YMCA
bike test is a submaximal (<70% of age-derived maximum heart rate), ramped protocol with increasing
resistance. A study that compared males and females who were concussed while participating in ice hockey,
soccer and rugby, to age-matched controls, found noticeable fMRI differences. However, it should be noted that
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the concussed players in this study ** were asymptomatic prior to the fMRI and YMCA stress test and therefore
these players might not be considered difficult or prolonged recovery cases. Furthermore, more high level
evidence is required before this would become a recommended investigation by the Consensus Statement for

Concussion in Sport (13),

Biochemical investigations
Investigations that include genetic markers such as ApoE or Tau polymerase have produced equivocal results

and are therefore not currently recommended by the Consensus Statement for Concussion in Sport (13,

DISCUSSION

The main finding from this review was, that while there were guidelines for when to ‘call it quits’ from one group,
the realistic implementation of these guidelines for a Medical Doctor would require an established history with
the player prior to them sustaining a concussion. In the absence of this baseline history, a physician may have

to rely more on a multi-disciplinary investigation and management approach.

Importantly, a player with multiple concussions (Table 1) should be handled with extra care and by a
multidisciplinary team that is overseen by a Medical Doctor & *3), Investigations that should be considered for
this player with multiple concussions include: radiological imaging (but specifically fMRI), balance testing (such
as the BESS) and Neuropsychological Testing (with reference to normative data if no baseline data are available).
Decisions on return to play should be made in consultation with the overseeing Medical Doctor, the player,
parent, spouse (if applicable) and coach ©. The medical doctor should consider terminating the player’s season
if the player experiences any prolonged post-concussion symptoms or decreased athletic or academic

performance following a concussion and should do this in consultation with a multidisciplinary team.

As with any other injury, concussed players are at risk of both short- and long-term effects as a result of this
initial acute event. The short-term effects include physical, cognitive, emotional and sleep disturbances and, as
might be expected for any injury, an increased risk of sustaining a recurrent injury 9, The risk of this short-
term effect should be minimised as long as the appropriate medical management is implemented and the age-
appropriate return-to-play processes are adequately followed ). However, no player, regardless of the sport,
should be subjected to the risk of long-term or permanent effects from concussions. These long-term effects

can be summarised as ‘complications’ 9 which include any of a constellation of cognitive or physical signs.

Although these conclusions lack sufficient original research at this point, it would be best for Medical Doctors to
err on the side of caution with concussions and specifically multiple concussions to the same player, particularly

when a potential long-term risk is permanent cognitive dysfunction.

| 22| Sspuseon

7|Page



As much as these guidelines may seek to increase the threshold of safety for players, the complex and variable
nature of concussion necessitates a repeated and multifaceted analysis. A team of clinicians including sports
physicians, neurologists, neurosurgeons, radiologists and neuropsychologists, and balance and vestibular
rehabilitation therapists may need to be consulted to help with potential season-ending or permanent

retirement decisions, which must ultimately put the players’ welfare first.

REFERENCES

1. ABRAHAMS, S., MCFIE, S., PATRICIOS, J., POSTHUMUS, M., & SEPTEMBER, A. V. Risk factors for sports
concussion: an evidence-based systematic review. British Journal of Sports Medicine, 48(2), 91-97.
(2013). doi:10.1136/bjsports-2013-092734

2. BOARD, I. R. Concussion guidance for the General Public. www.irbplayerwelfare.com. (2014, May 20).
Retrieved October 20, 2014, from http://www.irbplayerwelfare.com/concussion

3. CANCELLIERE, C., HINCAPIE, C. A., KEIGHTLEY, M., GODBOLT, A. K., COTE, P., KRISTMAN, V. L.,
STALNACKE, B.-M., CARROLL, L. J., HUNG, R., BORG, J., BOUSSARD, C. N.-D., CORONADO, V. G.,
DONOVAN, J., & CASSIDY, J. D. Systematic Review of Prognosis and Return to Play After Sport
Concussion: Results of the International Collaboration on Mild Traumatic Brain Injury Prognosis.
Archives of Physical Medicine and Rehabilitation, 95(S), S210-5229. (2014).
doi:10.1016/j.apmr.2013.06.035

4. CENTERS FOR DISEASE CONTROL AND PREVENTION. Heads up, concussion in youth sports.
www.cdc.gov. (2013, May 22). Retrieved October 20, 2014, from
http://www.cdc.gov/concussion/HeadsUp/index.html

5. CHRISMAN, S. P., SCHIFF, M. A., & RIVARA, F. P. Physician Concussion Knowledge and the Effect of
Mailing the CDC's ‘Heads Up’ Toolkit. Clinical pediatrics, 50(11), 1031-1039. (2011).
doi:10.1177/0009922811410970

6. DOOLAN, A. W., DAY, D. D., MAERLENDER, A. C., GOFORTH, M., & GUNNAR BROLINSON, P. A review of
return to play issues and sports-related concussion. Annals of biomedical engineering, 40(1), 106—
113. (2012). doi:10.1007/510439-011-0413-3

7. GARDNER, A. J., IVERSON, G. L., WILLIAMS, W. H., BAKER, S., & STANWELL, P. A Systematic Review and
Meta-Analysis of Concussion in Rugby Union. Sports medicine (Auckland, N.Z.). (2014).
doi:10.1007/s40279-014-0233-3

8. GARDNER, A., IVERSON, G. L., & MCCRORY, P. Chronic traumatic encephalopathy in sport: a systematic
review. British Journal of Sports Medicine, 48(2), 84-90. (2014). doi:10.1136/bjsports-2013-092646

9. HARMON, K. G., DREZNER, J.,, GAMMONS, M., GUSKIEWICZ, K., HALSTEAD, M., HERRING, S., KUTCHER,
J., PANA, A., PUTUKIAN, M., ROBERTS, W., AMERICAN MEDICAL SOCIETY FOR SPORTS MEDICINE.

American Medical Society for Sports Medicine position statement: concussion in sport. Clinical

@ | = | S swerseon

8|Page



10.

11.

12.

13.

14.

15.

16.

17.

9|Page

Journal of Sport Medicine, 23(1), 1-18. (2013). doi:10.1097/JSM.0b013e31827f5f93

KEY, C. Concussion - First Consult. www.clinicalkey.com. (n.d.). Retrieved October 20, 2014, from
https://www.clinicalkey.com/#!/topic/Concussion?scrollTo=%231196093

KEY, C. Concussion. www.clinicalkey.com. (n.d.). Retrieved October 20, 2014, from
https://www.clinicalkey.com

MANNINGS, C., KALYNYCH, C., JOSEPH, M. M., SMOTHERMAN, C., & KRAEMER, D. F. Knowledge
assessment of sports-related concussion among parents of children aged 5 years to 15 years enrolled
in recreational tackle football. Journal of Trauma and Acute Care Surgery, 77, $18-522. (2014).
doi:10.1097/TA.0000000000000371

MCCRORY, P., MEEUWISSE, W. H., AUBRY, M., CANTU, B., DVORAK, J., ECHEMENDIA, R. J.,
ENGEBRETSEN, L., JOHNSTON, K., KUTCHER, J. S., RAFTERY, M., SILLS, A., BENSON, B. W., DAVIS, G. A.,
ELLENBOGEN, R. G., GUSKIEWICZ, K., HERRING, S. A., IVERSON, G. L., JORDAN, B. D., KISSICK, J.,
MCCREA, M., MCINTOSH, A. S., MADDOCKS, D., MAKDISSI, M., PURCELL, L., PUTUKIAN, M.,
SCHNEIDER, K., TATOR, C. H., & TURNER, M. Consensus statement on concussion in sport: the 4th
International Conference on Concussion in Sport held in Zurich, November 2012. British Journal of
Sports Medicine, 47(5), 250-258. (2013). doi:10.1136/bjsports-2013-092313

PLUTA, R. M. Concussion. (R. M. GOLUB, Ed.)Journal of American Medical Association, 1-1. (2011).
Retrieved from http://www.jama.com

SLOBOUNOV, S.M., GAY, M., ZHANG, K., JOHNSON, B., PENNELL, D., SEBASTIANELLI, W., HOROVITZ,
S., HALLETT, M. Alteration of brain functional network at rest and in response to YMCA physical stress
test in concussed athletes: RsFMRI study. Neuroimage, 55, 1716-1727, 2011.

STEWART, W., MCNAMARA, P.H., LAWLOR, R., HUTCHINSON, S., FARELL, M. Chronic traumatic
encephalopathy: a potential late and under recognized consequence of rugby union? QJM: An
International Journal of Medicine, Online first: 21 May 2015. doi:10.1093/gjmed/hcv070

WILLIAMS, S., TREWARTHA, G., KEMP, S., & STOKES, K. A meta-analysis of injuries in senior men's
professional Rugby Union. Sports medicine (Auckland, N.Z.), 43(10), 1043-1055. (2013).
doi:10.1007/s40279-013-0078-1

@ | = | S swerseon



