Neurocognitive Assessment of Concussion in the Emergency Department Using ImPACT
Abstract

While mild traumatic brain injury (mTBI) is a common problem seen in pediatric emergency departments (ED), there currently exists no rapid assessment tool to guide evaluation in the ED and subsequent management of concussion.  ImPACT is a validated computer-based neurocognitive test used to assess sports concussion in children and adults.  To investigate the validity and utility of ImPACT in the ED, a convenience sample of patients 11 to 17 years old presenting to the ED with a concussion within the previous 12 hours were studied.  Both traditional concussion grading and ImPACT were used to assess study patients in the ED.  The ED ImPACT scores were then compared to follow-up ImPACT scores obtained >3 days post injury.  Post-concussive symptoms, outcomes and complications were assessed via telephone follow-up for all subjects.  A total of 60 patients were enrolled.  60 completed phone follow-up and 36 completed ImPACT follow-up testing.  Follow-up ImPACT was performed a median of 6 days post-injury.  ED and Follow-up ImPACT scores in Verbal Memory (p=.03), Visual Motor Speed (p<.01) and Reaction Time (p<.01) showed a significant trend towards clinical improvement in follow-up.  There was no correlation between traditional concussion grading (Cantu/AAN) and ImPACT mean composite or age matched percentile scores.  At three days post-injury, 45 patients (76.3%) were not back to normal activity level; these patients reported a mean Post-Concussion Symptom Score (PCSS) of 18.96 compared to a mean PCSS of 5.93 for patients reporting return to full activity.  By two weeks post-injury, 29 (49.2%) patients had still not returned to normal activity; reporting a mean PCSS of 16.43 compared to a mean PCSS of 1.96.  Six patients (10.2%) had not returned to normal activity at six weeks; reporting a mean PCSS of 13.67 compared to a mean PCSS of 2.913.  The median number of days to return to normal activity for all patients was 12.5 (mean 18.32; sd 16.27); the median number of school days missed was 2.0 (mean 4.15; sd 6.93).  ImPACT testing in the ED within 12 hours of concussion correlated strongly with standard follow-up ImPACT testing and detected variation in concussion severity that clinical grading could not.  ImPACT measurements accurately identify the severity of concussion and may therefore facilitate more appropriate recovery recommendations.

Background and Significance
Traumatic brain injury (TBI) is a significant problem in the pediatric population affecting 615,000 children annually.  While 11% of pediatric deaths and 15% of pediatric hospitalizations are due to TBI, the majority of patients seen in the ED with TBI will be discharged home with the diagnosis of concussion. [CDC 2004, CDC 2007]  Concussion is the transient disruption of cognitive function secondary to brain trauma in the absence of detectable structural changes. 
Concussion was once thought to be a benign condition; however, literature now suggests that those who suffer a concussion are at increased risk to sustain another concussion.  Evidence shows that the injured brain is more susceptible to further injury should another concussion occur and that the cognitive effects of these injuries can be cumulative [Iverson and others 2002a; Collins and others 1999a; Collins and others 2002; Moser and Schatz 2002].  Moreover, unlike musculoskeletal injuries which heal slower in adults, new data suggests mTBI heals slower in children compared to adults [Field and others 2003a].  Patients with concussion are at risk for two complications: post-concussive syndrome and second impact syndrome.  Post-concussive syndrome is a constellation of neurocognitive symptoms (including headaches, fatigue, sleep problems, personality changes, photophobia, hyperacusis, dizziness and deficits in short-term memory and problem solving) that may persist for days to weeks.  Athletes who suffer multiple concussions are more likely to be plagued with post-concussive symptoms [Iverson and others 2002a].  School performance may be affected in these children and some may need specific accommodation plans [Kirkwood and others 2006].  Second impact syndrome is the potentially dangerous outcome of a second concussion in a patient with post-concussive symptoms and has been implicated in at least 17 deaths, primarily among adolescent athletes [Aubry and others 2002; Bowen 2003].  Determining concussion severity and recovery have become critical, as returning patients to physical activities too soon following concussion can lead to these disabling and even life threatening outcomes [Lovell and Collins 2002; Webbe and Barth 2003].
The ED setting is unique in its focus on acute care needs.  For traumatic brain injury, we have focused on decreasing mortality by identifying the minority of patients with significant intracranial injury.  Over the past decade most studies of mTBI in the ED setting have focused on guidelines for neuroimaging to detect operative lesions [Atabaki and others 2008; Haydel and Shembekar 2003; Palchak and others 2003].  Less is known, however, about the utility of negative CT scans in symptomatic patients with mTBI.  Current ED practice often includes discharging home patients who are neurologically normal with negative CT scans, as evidence suggests these patients are at low risk for late onset intracranial hemorrhage [Livingston and others 1991; Shackford and others 1992; Stein and Ross 1990].  These studies do not include recommendations for outpatient follow-up of the patient, nor do they provide details for the evaluation of symptoms or neuropsychological dysfunction in the ED.  Early identification and diagnosis of concussion is the key issue to promoting recovery.  This is particularly true of athletes who rely on physicians for clearance to return to play following a concussion.  For athletes, expert consensus have strongly recommended abandoning the traditional clinical grading classifications of concussion in favor of the stepwise return to play and individualized, patient-centered neurocognitive assessment, endorsing this testing as a “cornerstone” of concussion management [Aubry and others 2002, McCrory and others 2005].
The University of Pittsburgh’s Center for Sport Medicine has developed a computer-based neuropsychological testing program called Immediate Post-concussion Assessment and Cognitive Test (ImPACT™).  ImPACT records demographic information, administers six neuropsychological tests and assesses post-concussion symptoms.  It then generates composite scores that assess verbal memory, visual memory, reaction time, visual motor processing speed and impulse control.  ImPACT has been demonstrated to be a valid and reliable measure of neurocognitive deficits following concussion and is currently used by clinicians to guide decision making for returning players to their sport and to safely manage concussions in non-athletes [Field and others 2003b, Iverson and others 2002b, Iverson and others 2003a, Iverson and others 2005, Schatz and others 2006].  However, most testing occurs three to ten days post-injury.
The goals of this study were to determine if neurocognitive (ImPACT() testing performed on patients with head injury in the ED within the first 12 hours following injury would correlate with ImPACT( testing traditionally applied three to ten days after the injury, and would detect differences in severity of concussion that clinical grading scales could not.  Additionally, we wanted to determine if patients with mild traumatic brain injury had significant unrecognized neurocognitive morbidity.
Methods:
To determine whether ImPACT could be used in the ED setting, a convenience sample of children presenting to CHP within 12 hours of a concussion were identified.  Patients were recruited for participation in a study on concussion management.  All patients were clinically evaluated by traditional methods in the ED.  As screening for study participation, patients were assessed using the Acute Concussion Evaluation (ACE) screening tool.  The ACE was developed as an initial method to assist in the identification and diagnosis of concussion.  The ACE is administered as a clinical interview of the patient directly or of a knowledgeable caretaker, spouse, or friend.  The ACE is organized according to key areas of inquiry, including: (1) specific characteristics of the injury including details of the direct or indirect blow to the head, retrograde and anterograde amnesia and loss of consciousness; (2) a full array of 22 symptoms and 5 signs associated with concussion; and (3) risk factors that might predict a prolonged recovery such as a history of previous concussion, headaches, learning disabilities or Attention-Deficit/ Hyperactivity Disorder (ADHD), and anxiety or depression.  Subjects were also asked to complete the Galveston Orientation and Amnesia Test [GOAT] as a preliminary neurocognitive assessment. [Levin and others 1975]  Patients scoring less than 75 on this test were deemed too disoriented to participate in the study.  Patients were also excluded for the following reasons: not awake enough or otherwise unwilling to complete the GOAT, prior mental defect or disease (e.g. mental retardation, developmental delay, ADHD, or learning disability), known intracranial injury (e.g. intracranial bleeding, cerebral contusion), and vision impairment or restricted use of dominant hand.  All eligible subjects underwent concussion grading based on the American Academy of Neurology (AAN) and the Cantu clinical guidelines. [Leclerc and others 2001]  All eligible subjects underwent ImPACT testing in the Emergency Department.  Tests were administered by the PI or research assistant.  ImPACT test results were reviewed with the families prior to discharge.  All patients were asked to return for a follow-up ImPACT test three to ten days later.  Follow-up testing was billed through patient insurance and was conducted at the UPMC Center for Sports Medicine.  If follow-up testing was not covered by insurer or patient could not be scheduled within ten days, follow-up was offered in the Children’s Hospital of Pittsburgh Emergency Department.  Subjects were not compensated for their participation in this study.
In order to determine morbidity of concussion, post-concussive symptoms, complications and activity levels were assessed via telephone follow-up.  All subjects participated in phone follow-up survey at three days and two weeks.  Subjects who remained symptomatic or had not returned to normal activity by two weeks were contacted again at six weeks and three months until recovery.  The survey assessed symptoms using the 19 item Post-concussive symptom scale [Aubry and others 2002].  Activity and exertion were assessed by asking subjects to rate their activity level as a percentage of full activity, report the average number of hours per day spent sleeping, playing video games, watching TV, or involved in physical activity.  Subjects were also asked how many days it took to for symptoms to resolve, return to normal activity, and if any school days were missed. 
For patients who completed follow-up, ImPACT scores recorded in the ED were compared with ImPACT scores recorded in follow-up three to ten days later to assess the validity of ED testing.  Both traditional concussion grading scales (Cantu, AAN) and ED ImPACT testing were compared for all study patients.
Measure/Device Information

ImPACT (Immediate Post-Concussion Assessment and Cognitive Testing) Version 2.0 is a software program that collects demographic information, a 21 symptom post-concussive symptom scale, and administers a neuropsychological test battery [Iverson and others 2003].  Six neuropsychological test modules that measure cognitive functioning in attention, memory, reaction time, and processing speed are administered in less than 25 minutes.  Composite scores from these modules are reported in five fields.  “Verbal Memory” and “Visual Memory” task performance are reported as the average percent correct for several tasks including word recognition, symbol matching, letter memory, discrimination of abstract line drawing, and a symbol memory task.  “Reaction Time” is reported in milliseconds based on a go/no-go task and the symbol matching task.  “Processing Speed” is the weighted average of responses to three interference tasks.  “Impulse Control” composite is used to determine if the test taker is giving their best effort.  This is reported as the number of errors on both the go/no-go test and the choice reaction time task.  Patient’s scores are reported as raw scores as well as age matched percentile for 11-13 y/o and 14-17y/o using existing ImPACT normative data.  

Research has validated the use of ImPACT V 2.0 when compared to other traditional neuropsychological measures. [Iverson and others 2005]  ImPACT V 2.0 has sensitivity of 81.9% and specificity of 89.4% in detecting concussion and has been found to be reliable with minimal practice effects (Schatz and others 2006, Iverson and others 2003).
Statistics:

Difference in means of composite ImPACT scores from the ED and ImPACT scores in follow-up were assessed with a paired t-test.  An ANOVA was used to assess the difference in mean of percentile scores on ImPACT with concussion grading (1-3) on the two grading scales [AAN and Cantu].  Phone Follow-up Data was presented as demographic/outcome data and trends were analyzed with multivariate analysis. All statistics were performed using SPSS® for Windows®.  

Sample Size:
Sample size was determined a priori using PASS 2000 Power Analysis and Sample Size for Windows.  Estimates of standard deviation for the components of the ImPACT test were based on published data. [Iverson and others 2003]  All calculations were done assuming a paired t-test analysis with a two-sided alpha=0.05 and 80% power.  The “differences to detect” were based upon differences we expected to see in the five sections of the ImPACT score, approximately 5-7% difference.  Previous studies with ImPACT have detected a clinically significant 10% difference in normal teenagers tested at pre-injury and re-tested 7-10 days post-concussion.[Iverson and others 2003]  In the current study, these differences will be based upon evaluation in the ED (within 12 hours post-concussion) and re-testing 3-10 days later.  The estimated sample size needed analysis for this hypothesis is 73 patients.  Initial recruitment goal was 120 with an estimated 40% loss to follow-up.  An interim analysis was conducted after enrollment of 60 patients and had detected a statistically significant difference between ED and follow-up scores, and the study was closed to further enrollment

Results

Sixty patients were recruited over a 7 month period from June 2007 to December 2007.  The group was predominantly male (47 males, 13 females) and the average age was 14.62 years (range 11-17, SD 1.9, median 15).  Eleven of the patients reported having pre-injury ImPACT testing prior to their injury; pre-injury results could be obtained for nine of these patients.
Of the patients, 47 were male and 13 were female.  The sample represented four categories of injuries; (9% MVA, 5% fall, 2% assault, 83% sports).  Of the sports injuries, football was represented most often (42%) (See Figure 1).
Of the 60 patients, ACE screening results were as follows: 22% reported transient cognitive disturbance (feeling dazed, confused, dizzy); 25% reported retrograde amnesia; 38% reported anterograde amnesia; 27% reported loss of consciousness; 95% reported 1 or more post-concussive symptoms (e.g. headache, nausea, vomiting) in the ED (See Figure 2).  The means post-concussive symptom scale reported by patients in the ED was 27.47 (median 26.5; SD 14.4; range 3-63).  The average GOAT score was 96.3 (sd 6.07, range 78-100).  CT scan was obtained in 61.7% (37/60) patients in the ED.  Thirteen (21.7%) patients were admitted from the ED for observation in the hospital.  
Mean time to ED ImPACT testing was 5.1 hours post injury (sd 1.8, range 2.5-11.2 hours).  Follow-up ImPACT was completed by 36 patients a median of 6 days post-injury (mean 9.02, sd 14.72).  ED and Follow-up ImPACT scores were significant correlated in Verbal Memory, Reaction Time and Visual Motor Speed (p <0.05)  In these domains, there was a trend toward improvement in mean scores at follow-up (See Figure 3).  While patients improved at follow-up, patients still had significant dysfunction with the majority of scores well below the 50%tile.  For the Visual Memory domain, we found that ED scores were not correlated with follow-up scores.  However, there still was a trend toward improvement in mean scores in Visual Memory at follow-up.  For the nine patients with available preinjury ImPACT data, we found a trend towards lower post injury scores in most test domains, but we were not powered to detect a statistically significant difference.
There was no correlation between traditional concussion grading (Cantu/AAN) and ImPACT mean composite or age matched percentile scores in the ED.  As shown in this example comparing ImPACT reaction time percentile with AAN grade (See figure 4).  In each of the four ImPACT domains, we found variation in scores were not associated with concussion grade.
Phone follow-up survey demonstrated that concussion has significant morbidity.  Phone follow-up was completed by 60 patients.  At two weeks, less than half of patients reported resolution of symptoms and at one month less than 70% of patient had reported returning to normal activity (See Figure 5).  These patients reported various post-concussive symptoms over the three month phone follow-up period (See Figure 6).  Physical symptoms (e.g. headache, dizziness) were reported by 36% of patients.  Cognitive symptoms and sleep disturbances were reported by 28% and 21% respectively.  Emotional symptoms (e.g. irritability, emotionally labile) were reported by 15%.
The median number of days to return to normal activity for all patients was 12.5 (mean 18.32; sd 16.27); the median number of school days missed was 2.0 (mean 4.15; sd 6.93).  On average, the patients who completed follow-up ImPACT testing took longer to return to full activity than those who did not follow-up, with a mean of 21.6 and 13.4 days, respectively.  At two weeks post-concussion, those who followed-up reported significantly less activity than those patients who did not (79.7% vs 93.3% of full activity; p=.01), but these groups did not differ in symptom severity in the ED, at three days, two weeks, or six weeks.
Of the 36 patients who completed ImPACT follow-up, patients with poorer ImPACT Verbal and Visual Memory percentiles measured in the ED were significantly less likely to have returned to normal activity at two weeks post-injury (p<.05).  This trend was only observed for the group of patients who followed-up; no significant correlation between ED ImPACT scores and return to normal activity was observed in the overall group of patients

Acute Concussion Evaluation (ACE) was obtained for each patient while in the ED.  Comparison between cumulative ACE and PCSS scores showed that they were positively correlated.  Additionally, mean ACE scores were slightly lower (i.e. less symptomatic) in group that scored > 20th percentile on Verbal and/or Visual Memory in ED; this difference was statistically significant.  However, ACE cumulative scores were unable to predict activity at two weeks and were not correlated with return to normal activity time or ED ImPACT scores in general.

When analyzing the data based on time of year we found that patients enrolled in the summer had lower PCS scores in the ED and at three days compared to patients enrolled during the school year.  However, there was no correlation between time of year (school/summer) and time to normal level of activity, ImPACT scores in the ED or at follow-up.  Also, there was no significant correlation between hours spent sleeping, watching television, working on the computer and/or playing video games and PCSS, time to normal activity and/or total days of school missed.  There was also no correlation among the overall cohort between ED ImPACT scores and PCSS or return to normal activity.  The only predictive measure as to whether or not a patient returned to normal activity at two weeks was whether or not that patient completed follow-up testing.
Discussion

Patients with mTBI most often present to the emergency department (ED) or primary care office, neither of which specialize in diagnosis and treatment of mTBI.  Of those patients with mTBI that seek immediate care in the ED, the majority are reassured and discharged to their home. Thus, in the ED setting, the accurate assessment of injury severity and consequent outpatient guidance and management are critical for ensuring safe recovery from the injury.  Appropriate diagnosis, patient education and outpatient management may decrease recovery time, reduce risk of secondary complications and improve outcomes.  Historically, however, the evaluation and management of concussion have been inconsistent, and outcomes are largely unknown.  To add to the confusion, there exist over 25 concussion grading systems, each with their own ranking of concussion severity and management recommendations.  Unfortunately, these clinical grading systems are not validated and have not allowed for clinicians, patients or families to recognize the spectrum of post-concussive symptoms [Metzl 2006; AAN 1997].  Further, the emergency department is unique in its focus on immediate care needs and its inherent limitations with continuity of care.  Without state-of-the-art knowledge and clinical tools in this setting, mTBI may go undiagnosed and improperly treated, leaving individuals who have sustained a mild TBI with an increased risk for functional problems [Ponsford and others 2001]. 

Our study demonstrates that ImPACT may provide an objective measure of concussion severity in the emergency department setting.  Neurocognitive testing is a well-established, recommended tool for assessing individuals who have sustained neurologic injury [Grindel and others 2001; Kirkwood and others 2006].  Traditional comprehensive neurocognitive testing is cumbersome, taking multiple hours to complete, and is therefore impractical in the sport and emergent care settings.  Thus, in the 1980s, a model of abbreviated neurocognitive testing developed primarily for athletics was introduced [Kirkwood and others 2006].  This type of assessment was originally a paper and pencil instrument, but more recently computerized neurocognitive tests have been developed.  There currently exist several computer-based neurocognitive testing software programs.  ImPACT could be easily administered in the ED setting with results available in under 25 minutes.  In our study, test patients with validity utilizing laptops and bedside tables on their ED gurneys, in their inpatient beds, and in ED waiting rooms.  Using ImPACT as a tool, ED physicians may improve management by ensuring accurate diagnosis and improving patient education and compliance with discharge recommendations.   
There exist no truly evidence-based concussion guidelines.  One reason has been the inability of researchers to easily and accurately measure outcome from concussion.  While there exists no formal gold standard to measure outcomes following concussion, comprehensive neurocognitive testing and fMRI are currently considered the best measures.  Unfortunately both measures are cost prohibitive and time consuming for use in large scale research studies.  Some concussion studies have utilized symptom scores and recovery times to assess outcomes from concussion.  Unfortunately, these measures are highly subjective and influenced by many external factors.  Because it can be administered easily and has high diagnostic accuracy, ImPACT can be used as an objective measure of concussion severity and recovery.  Just as clinicians have been using ImPACT to clinically track recovery from concussion, ImPACT may be used by researchers to test the effect of concussion management recommendations or novel treatment strategies (e.g., mandatory athletic or academic rest, or symptom based pharmacology).  
We demonstrated the considerable morbidity associated with concussion in the pediatric population.  The majority of patients experienced greater than 7 days of post-concussive symptoms.  This emphasizes the need for more comprehensive discharge management and instructions for patients who present to the ED with mTBI.
While ImPACT was valid in three out of four composite test fields, we did not establish validity in the ED setting for the Visual Memory task.  In general, ED scores for the verbal memory task were lower than compared to other test fields.  Our data did show consistent improvement in this score at follow-up, but it appeared that practice effect was greatest and most variable for this test field.  Anecdotally, many children found the visual memory task to be the most complex task presented in ImPACT.

Majerske and collegues (2008) recently published a retrospective study of patients treated at a concussion center that demonstrate a complex association between post-concussive activity level and outcome using ImPACT.  Using a five-point activity scale coded on chart review, the study found that both patients with the lowest and highest levels of activity post-injury did poorly on follow-up neurocognitive testing using ImPACT.  Patients with moderate levels of post-injury activity had better average scores at follow-up.  Our study, with the exception of following up, did not find any association between reported post-concussive activities and outcome.  The association between follow-up and delayed return to normal activity may be related to compliance.  Although all patients were encouraged to be seen at the Center for Sports Medicine for follow-up ImPACT testing 3-10 days post injury, not all of them were compliant. It is likely that those patients who did follow-up were more invested in their treatment/recovery and therefore more adherent to advice given. Thus, the difference in return to normal activity level observed for the patients who followed-up is likely related to their more rigid adherence to medical advice or the repetition of such advice at follow-up.  Furthermore, previous studies have demonstrated that symptoms improve following concussive injury prior to improvement in neurocognitive testing.  Subjects who did not follow-up may have resumed normal activity when their symptoms resolved, while subjects who follow-up may have been advised to delay return of activity based on testing results.
The key source of bias in the study is that a convenience sample was taken with patients being recruited primarily from Thursday-Sunday in the afternoon to evening.  These times where chosen due to the high volume of concussions that are seen during that those times in the ED.  Because most high school sports games occur at this time, this could explain the bias towards sports related injuries (with 83% of injuries being sports related and 50% of those being related to football).
Conclusion:

ImPACT testing in ED is well correlated to follow-up testing in three out of four composite fields and provides data on specific Neurocognitive deficits that traditional grading scales does not. Concussion has significant morbidity with symptoms lasting > 2 weeks in more that half of all patients.  Use of ImPACT in the ED would enhance clinicians’ evaluation of concussion and discharge recommendations by providing a rapid assessment of concussion and identifying of specific deficits.  These together may improve compliance with outpatient management recommendations.  As a research tool, using ImPACT as an outcome measure: would allow patients to be stratified more specifically based on severity concussion and provide a more objectively measure to test interventions

	Figure 1: Mechanism of Injury
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	Figure 2: ACE Symptoms
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	Figure 3: Correlation Between ED and Follow-up ImPACT  Test Score

	MEAN ED AND FOLLOW-UP ImPACT™ SCORES ASSOCIATED STATISTICALLY  AND TREND TOWARD CLINICAL IMPROVEMENT (n=36)

	ImPACT™  Composite Test Score
	Correlation (sig)
	ED Mean Score
	F/U Mean Score
	Mean Difference (Reference. Values for Clinically  Significant Change
	95% Confidence Interval for Mean Difference
	Significance

	
	
	
	
	
	Lower
	Upper
	

	Verbal Memory
	0.372
 (0.03)
	0.792
	0.852
	- 0.061 (+/- 0.09)
	- 0.103
	- 0.019
	< 0.01

	Reaction Time (s)
	0.569 (<0.01)
	0.658
	0.564
	0.094(+/- 0.06 s)
	0.046
	0.141
	< 0.01

	Visual Motor Speed
	0.595 (<0.01)
	33.054
	36.111
	- 3.057 (+3 or -7)
	- 5.468
	- 0.646
	0.014

	Visual Memory
	0.075 (0.662)
	0.651
	0.772
	- 0.121 (+/- 0.14)
	- 0.180
	- 0.061
	< 0.01
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Figure 4: Relationship between ImPACT Reaction time and AAN Grading Scale
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Figure 5: Time to Symptom Resolution and Return to Normal Activity
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