J Rehabil Med 2004; Suppl. 43: 76-83

¢ Taylor &Francis
@ healthsciences

NON-SURGICAL INTERVENTION AND COST FOR MILD TRAUMATIC BRAIN
INJURY: RESULTS OF THE WHO COLLABORATING CENTRE TASK FORCE
ON MILD TRAUMATIC BRAIN INJURY

Jorgen Borg,! Lena Holm,? Paul M. Peloso,® J. David Cassidy,>*® Linda J. Carroll,* Hans von Holst,®
Chris Paniak’ and David Yates®

From the Department of Neuroscience, Rehabilitation Medicine, Uppsala University Hospital, Uppsala, Sweden, 2Section
for Personal Injury Prevention, Department of Clinical Neurosciences, Karolinska Institutet, Stockholm, Sweden
3Department of Internal Medicine, University of lowa Health Center, lowa City, lowa, USA, “Alberta Center for Injury Control
and Research, Department of Public Health Sciences, University of Alberta, Edmonton, Alberta, Canada, *Department of
Medicine, University of Alberta, Edmonton, Alberta, Canada, ®Department of Neurosurgery, Karolinska Institutet, Stockholm,
Sweden, “Glenrose Rehabilitation Hospital and University of Alberta, Canada, ®Emergency Department, Hope Hospital,
University of Manchester, UK

We examined the evidence for non-surgical interventions
and for economic costs for mild traumatic brain injury
patients by a systematic search of the literature and a best-
evidence synthesis. After screening 38,806 abstracts, we
critically reviewed 45 articles on intervention and accepted
16 (36%). We reviewed 16 articles on economic costs and
accepted 7 (44%). We found some evidence that early
educational information can reduce long-term complaints
and that this early intervention need not be intensive. Most
cost studies were performed more than a decade ago.
Indirect costs are probably higher than direct costs. Studies
comparing costs for routine hospitalized observation vs the
use of computerized tomography scan examination for
selective hospital admission indicate that the latter policy
reduces costs, but comparable clinical outcome of these
policies has not been demonstrated. The sparse scientific
literature in these areas reflects both conceptual confusion
and limited knowledge of the natural history of mild
traumatic brain injury.
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INTRODUCTION

not a concern. Nevertheless, there is a subgroup of patients who
present persisting or evolving symptoms and disability and need
for non-surgical intervention. One goal is to identify these
patients early and to intervene in a way to prevent a poor
outcome. In this respect, prognostic studies are important, since
they can inform us about factors that predict poor outcomes that
might be modified by early intervention (2).

The purpose of this report is to review the literature on non-
surgical interventions for MTBI, to provide evidence-based
recommendations and to identify gaps in the evidence for
recommendations on further research. Secondly, we have
reviewed the available cost studies on MTBI to summarize the
economic impact of the condition.

METHODS

The search and review strategy is outlined in detail in another paper in
this supplement (3). Briefly, we performed a comprehensive search of
the world literature on MTBI using the following databases: Medline and
PsycINFO (1980-2000), Cinhal (1982—-2000) and Embase (1988-2000).
These were searched using indexed thesaurus terms (e.g. Medical
Subject Headings for Medline) and text words concussion, mild head
injury and others, to ensure that all relevant articles were captured.
Abstracts identified in the literature search were screened for relevance
to the task force mandate. Articles were considered relevant if they
addressed diagnosis, incidence, risk factors, prevention, prognosis,
treatment and rehabilitation, or economic costs of MTBI; if they
contained data and findings specific to MTBI; or if they described a
systematic review of the literature on MTBI. Studies on penetrating brain
injuries, shaken-baby syndrome and studies using non-human subjects,
cadavers, crash-test dummies or biomechanical simulations were
excluded. Small case series with fewer than 10 subjects were excluded,
unless they pertained to rare complications of MTBI, such as second
impact syndrome. In order to enhance complete ascertainment of the

The vast majority of patients with mild traumatic brain injury literature on MTBI, we also checked reference lists from relevant articles

(MTBI) patients have a medically uneventful early clinical

and solicited literature from experts in the field, through a website, and
through contact with brain injury associations. Studies prior to 1980

course. Early intervention for these patients is usually focusedvere included if they were considered by task force members to be
on the identification and treatment of serious complications angSeéminal papers”. A last Medline search was performed in the spring

then on the prevention of long-term symptoms and disability.

2002 for studies published in 2001. Only those articles from 2001 that we
judged as having a high impact were included, such as randomized

Much attention has been paid to the identification and treatmentontrolled trials, large cohort and case-control studies and studies
of the minority of patients at risk for severe intracranial pertaining to areas for which we had little prior evidence. Furthermore,

high impact studies published in 2002 were included but we did not

complications and the need for neurosurgical and intensivgngertake a systematic search (3).

care (1). However, for the majority of patients with MTBI this is
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We formed rotating, working pairs to independently review each
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article identified as relevant. They identified biases, strengths andognitive efficiency and self-perception of cognitive symptoms.
weaknesses, and extracted data systematically into our critical revie\A{-

. s ) ) . Cpe study design limits definitive conclusions about effective-
software. The entire scientific secretariat then discussed each article an - . . .
arrived at a consensus judgment about its scientific merit. Al articles thal1€SS, but the trial suggests that sertraline alleviates depression,
were judged to be scientifically acceptable by our review areeven in patients with MTBI, and that improvement in mood may

summarized in evidence tables as part of our best-evidence synthesisy, 4y a 4 positive effect on cognitive performance.
One RCI addresses homeopathic treatment for MTBI (4).
RESULTS Patients who suffered a MTBI 4 months to 16 years before the
study were randomized to active treatment or a placebo (Table
1). Active treatment was a homeopathic medicine, selected by 2
After screening 38,806 abstracts, 45 of them were criticallyphysicians, based on the individual characteristics of the patient,
reviewed and 16 (36%) articles on intervention for MTBI were and administered sublingually. The active treatment group had a
accepted. Nine of these are randomized controlled trials (RCTs3ignificant reduction of commonly reported symptoms of MTBI.
(4-12), 1is a controlled trial (13) and 1 is a cohort study (14). Of They also showed improvement over the placebo group on
these 11 analytical studies, 1 addresses the use of a homeopatisicales measuring activities of daily living. Even though the
remedy and 2 address medications (4, 13, 14). The remaining Study was well designed, it is not clear how the individualized
studies address the effect of management and informatiotreatments can ever be replicated. Therefore, recommendation of
polices on MTBI (5-12). Extracted data from these 11 studieshis therapy is not possible.
are presented in Tables | and Il. The other 5 intervention studies
include 4 clinical descriptive case studies (15, 16-18) and 1Management and information policies
guideline report (19) addressing various aspects on the manag&he task force accepted 8 RCTs on management and informa-
ment of MTBI. tion policies for patients with MTBI (5-12). Only 1 of these
studies concerned the management of children with MTBI (12),
the others dealt with adults. The most consistent evidence is
The task force accepted 3 treatment trials of medications oprovided by 5 studies that address various forms of early
homeopathy for MTBI. All have small sample sizes and testeducational information (5-9). Two reports from the same study
different substances at different time intervals after the injury.compare outcomes from interventions for MTBI at 3 months (5)
As such, these studies provide only weak evidence concerningnd 12 months (6). The study compared a single session of
intervention effectiveness. education and reassurance with the same intervention plus
In 1 non-randomized controlled trial (13), an intranasal neuropsychological and physical therapy assessment and any
vasopressin analogue was tested in patients with acute MTBadditional treatment-as-needed (Table 1). Both interventions
(Table I). A daily 2-mg dose was administered during the first 3were initiated within 3 weeks of the injury. This study included
months after the injury, and compared with a placebo. Cognitivel19 consecutive adult admissions to 2 hospital emergency
performance was repeatedly assessed during the treatmewards. Patients were randomly assigned to each group. Outcome
period. There was no significant difference observed inwas assessed at3 monthsin 111 patients and at 12 monthsin 105
cognitive performance between the treatment and contropatients. This assessment included the brain injury Problem
groups, but the sample size was small, with 16 patients peCheck List, the Community Integration Questionnaire, Short
group. Form-36 (SF-36) Health Survey, and occupational status pre- vs
Two other studies of intervention address complaints at 3post-injury. There were no significant differences in any of the
months or longer after MTBI. One cohort study (Table Il) outcome measures between treatment groups at 3 or 12 months.
examined the effect of an antidepressant drug on depression arfithese results indicate that the single session intervention was as
cognition in an 8-week, non-randomized, single-blind, placebo effective as the more elaborate assessment and intervention, and
run-in trial (14). A group of patients, who had sustained a MTBI many participants had returned to work before the intervention
within 3—24 months prior to treatment and who fulfilled the (i.e. an average of 3 weeks post-injury). Few patients required
DSMIII-R criteria for major depression and with a minimum further MTBI treatment, and few patients in the intensive
score of 18 on the Hamilton Depression Rating Scale (HAM-D)intervention group had persisting symptoms, or sought the
(14), were studied. The selective serotonin re-uptake inhibitooptional treatment that was offered, which included psycholo-
(SSRI) sertraline, 25-200 mg per day, depending on clinicalgical and physical therapy intervention for MTBI complaints.
response and tolerability, was compared with a placebo tcAssociated injuries, such as musculoskeletal injuries and pain,
alleviate depression and improve cognition. Overall, there wasvere responsible for more treatment visits to healthcare
no response to the placebo and only 2 patients did not respongrofessionals than were any MTBI-related complaints. The
positively to sertraline. Ten of the treated patients had astudy does not rule out that the lack of treatment effect may be
complete remission of their depression. Improvements indue to a lack of persistent symptoms in the participants.
cognitive performance, as assessed at entry and after 8 weekiowever, the study provides evidence that an early, single-
of treatment, were also seen with sertraline therapy, includingsession, education-oriented treatment is as useful as more
improved psychomotor speed, verbal and visual recent memonelaborate interventions in most cases, and that the routine

Sudies related to intervention

Trials with medications or homeopathy
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MTBI cases, and this has a positive

(HAM-D)

effect on cognitive performance. Non-

randomized design limits the

conclusions

Diagnostic and Statistical Manual of Mental Disorders — third revision.

DSM-IIIR

provision of intensive treatment is not of particular benefit in this
patient population. In addition, the study shows the importance
of associated complaints due to other injuries in determining
outcomes in patients with MTBI.

Two RCTs (7, 8) from Oxford, UK involved intervention by a
specialized, early follow-up approach at 7-10 days after head
injury. The intervention included an interview (face-to-face or
by telephone) by a senior occupational therapist or a senior
clinical psychologist, advice, information and reassurance when
appropriate (Table 1). It also included referral within a
formalized Head Injury Service to occupational therapy,
physiotherapy, or psychotherapy as required. Patients were
randomized to the specialized early follow-up service, or to
ordinary access to existing hospital services, which did not
include routine follow-up or admission to hospital after
uncomplicated head injury. In a first study, the intervention
was evaluated in all patients presenting to hospital with a head
injury of any severity (7). Patients with trivial injuries, which
included those with no history of loss of consciousness (LOC) or
post-traumatic amnesia (PTA), were also included in the study.
Follow-up assessment at 6 months included the Rivermead
Postconcussion Symptom Questionnaire and the Rivermead
Head Injury Follow-up Questionnaire. There was no benefit
associated with the early follow-up service, except in the
subgroup of patients with PTA of more than 1 hour and in
those admitted to hospital, which included those with moderate
and severe brain injuries. However, more than half of the
randomized patients were lost to follow-up, and the results
might have been contaminated by other interventions during the
trial. In a further study (8), only patients that were admitted to
hospital were included. Those patients receiving the early
follow-up service through the Head Injury Service had better
outcomes than the usual care group. The intervention group had
significantly less social disability and lower ratings of post-
concussion symptoms at 6-months after the injury than the
control group. Patients with mild and moderate brain injury
benefited more from the intervention than those with severe
injuries.

In 1 small RCT, the value of a structured cognitive behavioral
intervention for the prevention of persisting symptoms was
examined in patients admitted to hospital for MTBI (9). The
intervention group received a 10-page manual entitled “Reco-
vering from Head Injury: A Guide for Patients”. They also met
with a therapist to review the nature and incidence of expected
symptoms, received an explanation of a cognitive-behavioral
model of symptom maintenance and treatment, were shown
techniques for reducing symptoms, and were given instructions
for gradual resumption of premorbid activities (Table I). The
control group received routine hospital treatment and discharge
instructions in written form and met with their regular nurse to
review and discuss these. Patients were told to return to their
doctor or to the emergency department if they experienced
persistent headache of increasing severity, memory problems,
difficulty concentrating, dizziness, visual difficulties, difficulties
with coordination, or nausea. A period of rest was also advised.
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Follow-up assessment was at 6 months by a structured symptofinom this study were children with LOC and those admitted to
checklist. No loss to follow-up was reported. The intervention hospital. Data on PTA were not reported. Parents in the
group experienced significantly fewer symptomatic days andntervention group received discharge information from a nurse
lower mean severity levels of symptoms than the control groupon potential symptoms to expect and instructions to follow.
There was a decrease in the proportion of patients with sympParents in the control group only received routine discharge
toms at 6 months compared with baseline in the interventioninstructions. Parents’ attitudes toward MTBI and their health-
group. However, other healthcare use was not monitored, andare use for this problem were also examined. Outcome
the clinical importance of the outcome is not clear. assessment was by telephone interview at 1 month post-injury.
In summary, there is some evidence (7-9) that an earlyThis assessmentincluded questions about the child’s current and
educational intervention that includes reassuring informationprior physical health, the parents’ perceptions of the child’s
about the high probability of a good recovery and advice andsusceptibility to illness, the parents’ level of concern about the
encouragement on gradual return to regular activities helpghild’s health, the child’s social or functional limitations and
patients with MTBI. The study by Paniak et al. (5) yields behavioral problems during the month elapsed since the injury.
evidence that intensive interventions are not useful for mosfThe results indicate similar levels of physical health status, role
patients with MTBI. Therefore, our task force recommends thatactivity indices and behavior problems in the intervention and
patients with acute MTBI should be provided with simple control groups. Subsequent child morbidity occurred more often
educational materials and reassurance. among children of anxious parents. This study may indicate the
There was 1 study addressing what effect hospitalizationimportance of parents’ anxiety in increasing morbidity in
might have on post-concussion symptoms (10). The hypothesighildren with MTBI without LOC.
that the severity of post-concussion symptoms would be greater
in patients discharged directly from an emergency departmenY'i0us aspects of management
without the care and reassurance provided by admission tdwo clinical descriptive studies (15, 16) address observers’
hospital, was tested in a RCT (Table ). The results show thatompliance with written instructions for observation at home
admission to hospital did not reduce the incidence or severity offter emergency department discharge for a head trauma. One
these symptoms. The study must be interpreted cautiouslgtudy of 90 patients with head trauma from a rural area of North
because of the small sample size and because almost one-third Garolina examined how well a responsible observer followed
the patients were lost to follow-up. written instructions for home observation (15). Complete
Another RCT compared 2 treatment regimens of in-hospitalcompliance by these observers was reported in 71% of subjects.
care for patients with concussion (11). The active regimenCompliance was better with patients who had LOC, in younger
included encouraging patients to get up from bed rest as early gzatients, and if the observer was the patient’s mother. Another
possible, physiotherapy and educational information about thestudy addressed effectiveness of home observation and the
injury (Table I). To maintain continuity, the same physiothera- reliability with which patients’ relatives or friends executed a
pist supervised active therapy and saw the patient twice a weeknanagement plan based on written and verbal instructions (16).
in the outpatient department until the end of treatment. TheOutcome assessment was by telephone-administered interview
duration of this treatment is not reported. Patients receivingof patients, who were asked if instructions had been carried out
active therapy were encouraged to attend follow-up clinics,properly. These studies report that instructions were frequently
where they saw the same physician who had treated them inot followed, highlighting the problems in any management
hospital and were encouraged to resume normal activities agolicy relying on home observation of patients with MTBI.
soon as possible. This was compared with conventional
management, where patients were allowed, but not specificallyxudies related to economic costs
encouraged, to get up from bed rest. They also receivedVe reviewed 16 articles on the economic costs for MTBI and
information about the injury, but only if they asked for it. No accepted 7 (44%). These include 3 cohort studies (20-22), 2 case
arrangements were made for them to see the same physician s¢ries (23, 24), 1 systematic review (25) and 1 economic
follow-up. The number of days in bed, the number of days inanalysis (26). MTBI-specific data are reported in 5 of these
hospital and the number of days off work were compared. Thestudies (20, 21, 23, 25, 26). Most of these papers presented
active intervention resulted in significantly fewer days off work estimates of direct, healthcare-related costs, and only three
compared with controls. However, children aged 6 years or oldeprovided estimates of both direct and indirect costs (22, 25, 26).
were included, and the number of employed patients was noln 5 studies, data were collected 15 years or more ago (20, 22—
reported. Furthermore, it is not clear what component of the24, 26) and the incidence, severity spectrum, diagnostic work-
active regime was useful. Nevertheless, the study supports earlyp, admission policies, compensation and management strate-
activation in patients with MTBI. gies may have changed since then. Thus, these data are likely
The task force accepted only one study on the management afutdated and must be interpreted with caution. One study
MTBI in children. This study addresses educational interventionconcerns costs in the US Military Medical System (21). Five
given to parents of children aged 6 months to 14 years andtudies are from the USA, 1 from the UK and 1 from Sweden. As
presenting with “minor head trauma” (Table 1) (12). Excluded such, these data cannot be directly compared. However, they do
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indicate that the total cost for MTBI in a modern healthcare The estimated costs for MTBI were $6.2 million for hospital
system is huge (22, 25, 26). As with other health problems,care and $210,000 for paramedic and ambulance costs in 1981.
indirect costs are much higher than direct costs (22, 25, 26).
Admission and radiological policies are determining factors for
the level of direct costs (23-25).

The task force accepted 1 systematic review, which compare$here are few studies providing strong evidence on non-surgical
costs between 2 management policies for patients attendingntervention in patients with MTBI. We suspect there are many
hospital with brain concussion (25). Brain concussion wasreasons for this. It may not be surprising that the detection and
defined as a history of LOC and/or amnesia, and a normatreatment of life-threatening, intracranial complications has
neurological examination, including a Glasgow Coma Scaleattracted more attention than the prevention and treatment of
score of 15 on presentation to hospital. Under 1 policy, patientdess well-defined somatic, affective and cognitive complaints.
were observed in hospital and under the other policy, patient§urthermore, a lack of uniform case definitions, valid diagnostic
received a computerized tomography (CT) scan examinatioprocedures, and a poor understanding of the natural history and
and were discharged to home observation if the CT scan waprognostic factors for MTBI complicate the implementation and
negative. The reviewed literature included a search of Medlindnterpretation of intervention studies. Our review of prognostic
and the Swedish Office of the Health Economic Evaluationsstudies of MTBI shows that there is an urgent need for well-
Database from 1966 to 2000. The authors identified 4 relevantdesigned cohort studies to define the prevalence, character and
studies and none of these directly compared the 2 policiestisk factors for persisting symptoms and disability, especially in
Nevertheless, they were able to use this information toMTBI adults (2). It seems reasonable that this is the starting
determine that the CT scan policy was less costly. They alsgoint for further research on non-surgical intervention for
performed a decision tree analysis to estimate the direct costs faviTBI, since intervention needs to be directed at those factors
each of the 2 policies, using probabilities from the literature onthat delay recovery. For example, 1 non-randomized study (14)
CT scan in patients with MTBI and data from Swedish clinical suggests that the treatment of depression in patients with MTBI
practice. Using these data, they estimated that the costs for th@ay improve cognitive function and this should be verified in a
CT scan policy would be about one-third lower than for the proper RCT. Also, without uniform and valid case definitions of
observation policy. These findings were robust with regard toMTBI, based on valid diagnostic procedures, it is difficult to
variation of costs for hospital stay and CT scan examinationcompare intervention studies because of the wide spectrum of
while different costs for emergency department visits andMTBI severity and symptoms. Our review of diagnostic
neurosurgery were not considered. However, as pointed out bgrocedures in MTBI shows that MTBI can include a significant
the authors, conclusive evidence for the assumption of similaspectrum of severity with regard to intracranial lesions and
clinical outcomes with the 2 management protocols was nonheurological involvement (1). In summary, the complexity of
available. both the causes and the character of persisting symptoms and

Another economic analysis reported estimates of the directlisability after MTBI offer significant challenges with regard to
(hospital-stay-related costs for medical goods and services) anstudy design, outcome assessment, sample size and cost of
indirect costs (economic products, goods, and services ndurther research on interventions.
produced because of impairment) for a head injury sample in We did not find strong evidence that any non-surgical
Olmsted County, Minnesota, USA. The authors also used thesteatment has a clinically important effect on symptoms or
estimates to project costs to the entire US population (26). Oflisability after MTBI. A few studies on early intervention
the total cost for head injury in the US, which was estimated atprovided some evidence that early, limited, educational inter-
approximately $12.5 billion in 1982, the indirect costs vention and activation reduce long-term complaints, and that
accounted for more than 92% of the total. routine provision of intensive assessment and treatment is not

Another group of authors surveyed the US population onadditionally beneficial. The task force recommends that patients
morbidity and economic costs associated with head and spinakith uncomplicated MTBI be provided early, structured,
cord injury (22). International Classification for Disease (ICD) educational information in connection with acute hospital care
codes were used to define a cohort of subjects with traumatior within one week after. This should include information about
brain injury, including 1210 hospital-admitted, head-injured the injury, about common complaints and how to cope with
patients. The reported annual incidence rate for all head injuriethem, reassurance about a good outcome, and information on
was 439 per 100,000. The estimated combined, direct andiow to get access to further support when needed. Furthermore,
indirect cost for head injury was $2.4 billion for 1974. Costs for these patients should be encouraged to become active as soon as
MTBI were not separately identified, but because MTBI makespossible after their injury. Given the health burden of MTBI,
up between 80% and 90% of all hospital admissions, these costiere is an urgent need for more intervention studies that address
would be considerable. the various individual complaints that some patients have. The

In another US study, a cohort of 2435 hospital-admittedevidence does not support routine administration of intensive
patients with MTBI from San Diego, California, was examined assessment and intervention to minimize persisting complaints.
(20). The annual incidence rate of MTBI was 130.8 per 100,000. We found few studies on the economic costs of MTBI and

DISCUSSION
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most of them were performed more than a decade ago, making
them outdated. Available data clearly indicate that the total costs
for MTBI are high and that the indirect costs (e.qg. for sick leave,

early retirement and loss of productivity) are the main expense,
as they are for other health problems. In addition, acute
management policies might have a significant impact on the
direct costs.

CONCLUSION

The task force found no high-quality intervention studies onqg.

MTBI. Most of the available evidence suffers from methodo-
logical problems, including na priori consideration of sample

size, losses to follow-up and less than optimal statistical analysigo

(27). Part of the problem is that the natural history of MTBI is
not well defined, and there is an important relationship betwee
poor outcomes and non-brain injury factors, such as psycho-
social issues (2). This makes it difficult to know on what to
intervene to prevent a poor outcome. The evidence supports ¥
minimal educational strategy that also promotes return to

activity as soon as possible. There is no evidence for routine5s.

administration of intensive assessment and intervention to
minimize persisting complaints in MTBI.
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