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Study objective: To evaluate the rates of clinical follow-up and patient interest in clinical follow-up within the first year of traumatic brain injury (TBI) with presenting Glasgow Coma Scale (GCS) score between 13 and 15.

Methods: This is a secondary analysis of a prospective cohort study which enrolled patients with TBI first evaluated at a 1 of 23 level 1 trauma centers (n = 1,916). At 2 weeks and 3 months, the participants were asked “have you seen any healthcare provider for your TBI?” and “if so, did it help?.” Participants also completed the Rivermead Post-Concussion Questionnaire (RPQ), Quality of Life after Brain Injury- Overall Scale (QOLIBRI-OS), and Glasgow Outcome Scale Extended for TBI (GOSE-TBI) at 2 weeks, 3-, 6-, and 12-months. Persistent symptoms were defined as 3+ symptoms worse than pre-injury levels. QOLIBRI-OS≤51 was defined as lower quality of life. GOSE<8 was defined as incomplete recovery.

Results: By 2 weeks, 43% of participants had followed up with a clinical provider; cumulative follow-up within the first year was 63%. Overall, 61% of participants interested in clinical follow-up care reported receiving clinical follow-up care. Participants who received follow-up care reported that it helped at an 86% rate. Of those not interested in follow-up care, 42% reported receiving clinical follow-up care and 86% of those receiving care reported that it helped. Approximately 44% of participants who reported “I did not think I need follow-up” at 2 weeks had incomplete recovery (GOSE<8), 40% had persistent symptoms, and 19% had lower quality of life at 12-months post-injury.

Conclusion: Participants not interested in follow-up care had high rates of poor functional recovery, persistent symptoms and lower quality-of-life at 12 months following traumatic brain injury with GCS 13–15. Education and provider emphasis on the importance of clinical follow-up after hospital discharge with TBI need to be enhanced. Prioritizing timely clinical follow-up for adult patients with TBI with GCS 13 to 15 is critical for improving rates of long-term recovery in this population.
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Introduction

Traumatic brain injury (TBI) with a presenting Glasgow Coma Scale (GCS) score between 13 and 15 represents 4 in 5 adult patients evaluated for TBI at United States emergency departments (ED) annually (1). Although this GCS score range has historically been classified as “mild,” over 50% of these patients have functional limitations at 1 year post-injury (2). Even in adult patients with a GCS of 15 and negative head computed tomography (CT) scan, 56% have functional limitations at 6-months post-injury (3, 4). One potential reason for these negative prognoses is a lack of standardized care protocols for patients after discharge from the hospital. For athletes with sport-related concussion (SRC), a head injury disproportionally characterized by GCS of 15 and negative head CT scan (5), consensus guidelines advocate for active rehabilitation strategies following 48 h of relative rest (6, 7). This approach is supported by strong evidence that earlier and more active therapies reduce symptoms and recovery time faster than strict rest (7, 8). Consensus guidelines for post-injury management of adults with “mild” TBI first evaluated at a hospital ED do not currently exist. As a result, patients in this population often do not follow up with another medical provider after ED discharge. Seabury et al. (9) reported that only 44% of mild TBI patients followed up with a medical practitioner by 3 months post-injury after discharge from a hospital. The authors also reported that the provision of educational material about mild TBI varied significantly across 11 enrolling hospitals (19–72% of patients) (9). Improving systems of care for patients with TBI after hospital evaluation has become a national healthcare priority, as the National Academies of Science, Engineering and Medicine (NASEM) have convened numerous committees of subject matter expert and stakeholders to address this problem (10, 11). Identification of certain populations for which follow-up care may be especially beneficial could help facilitate effective transitional care from hospital discharge to a secondary level of care.

One such TBI subpopulation are those who present with no objective clinical findings based upon current emergency department standard of care (i.e., negative CT scan, GCS of 15), which represent a majority of adults with mild TBI (12). However, 27% of adults with mild TBI and negative CT scan have positive magnetic resonance imaging (MRI) findings (13), which is considered a more sensitive neuroimaging tool. Conducting MRIs during ED visits is not feasible, due to time and availability constraints. The advent of blood biomarkers to facilitate clinical decision making for patients with TBI represent a critically important time-savings with potentially higher sensitivity than a CT scan (14). In April 2024, the U.S. Food and Drug Administration (FDA) approved the whole blood TBI test of Glial Fibrillary Acidic Protein (GFAP) and Ubiquitin c-Terminal Hydrolase-L1 (UCH-L1) to assist in determining the need for a head CT. Assessment of these blood biomarkers could give another time-expedient, objective assessment for ED providers to communicate the importance of clinical follow-up in patients without a positive head CT scan (13), as many of these patients experience long-term difficulties following mild TBI (3, 4, 15, 16). No study to date has assessed if acute blood biomarker results influence clinical follow up rates, especially in a CT-negative population.

The purpose of this study was to evaluate the rates of clinical follow-up and patient interest in clinical follow-up following discharge from the hospital within the first year of TBI with presenting GCS 13 to 15 and its associated predictors (i.e., demographics, medical history, injury characteristics). The secondary purpose was to understand the relationship between day of injury GFAP and UCH-L1 with rates of follow-up and patient interest in follow-up after TBI.



Methods

This is a secondary analysis of a prospective cohort study of participants enrolled in the Transforming Research and Clinical Knowledge in Traumatic Brain Injury (TRACK-TBI) study (2013–2019). TRACK-TBI is a prospective, longitudinal, observational study of patients with TBI who presented to the emergency department of 18 level 1 trauma centers in the United States (n = 2,697).


Procedures

Participants or their legally authorized representatives provided written informed consent to participate after being approached by a member of the research team in the ED. Enrolled patients provided blood samples within 24 h of injury. Participants were included in the study if presenting to the ED within 24 h of head injury and had a CT scan ordered. Exclusion criteria included pregnancy, incarceration, nonsurvivable physical trauma, debilitating mental health disorders or neurological disease, magnetic resonance imaging contraindications. For the purposes of the present analysis, we excluded participants <17 years of age (n = 145), those with a GCS < 13 (n = 552), those who had died by 2 weeks (n = 14), and those who had not been discharged from the hospital by 2 weeks (n = 70). For sensitivity analyses, any participants with GCS < 15 were excluded (n = 944).

Participants completed a standardized outcome assessment battery at 2 weeks and 3 months, including questions about demographic information (i.e., age, sex, race, ethnicity, years of education, insurance type, highest level of care, arrival GCS, loss of consciousness, post-traumatic amnesia, initial CT status, TBI history, psychiatric history, migraine history) and clinical follow-up since their most recent research visit. Participants were asked whether they had been provided educational materials about their injury, whether they had been provided with follow-up care contact information, and whether the hospital system had called to follow-up with the patient. At 2 weeks and 3 months, the participants were asked “have you seen any healthcare provider for your TBI?” and “if so, did it help?.” Participants were also asked if they had received any inpatient or outpatient rehabilitation for their TBI since the injury. At 6- and 12-months, participants were asked the same questions regarding the past 3- and 6-months, respectively (i.e., not since injury but the last research visit). Participants were also asked whether they were interested in follow-up care with the following options: (1) “yes, but I do not have sufficient insurance coverage,” (2) “yes, but insurance coverage was denied,” (3) “yes, but could not arrange transportation,” (4) “yes, but worried about the physical, emotional or personal consequences,” (5) “yes, but worried about the burden it would place on others close to me,” (6) “yes, but treatment options have not been arranged,” (7) “yes, but not given any information or referral,” (8) “no, because I do not think I needed it,” (9) “no, because I believe I can manage my problems on my own,” or (10) “no, because I was dissatisfied with the treatment I received at the hospital.” Participants also completed the Rivermead Post-Concussion Questionnaire (RPQ), Quality of Life after Brain Injury- Overall Scale (QOLIBRI-OS), and Glasgow Outcome Scale Extended for TBI (GOSE-TBI) at 2 weeks.



Blood biomarkers

Blood samples were collected within 24 h of injury. Samples were processed and stored according to the Traumatic Brain Injury Common Data Elements Biospecimens and Biomarkers Working Group consensus recommendations for plasma and serum preparation (17). The first batch of plasma GFAP concentrations was measured using the prototype point-of-care i-STAT Alinity System (Abbott Laboratories, Abbott Park, IL, USA). The second batch of plasma GFAP concentrations were measured on the prototype core lab ARCHITECT platform (Abbott Laboratories, Abbott Park, IL, USA) for faster throughput. Because the two assays were highly correlated, ARCHITECT values were converted to iSTAT equivalents by use of two previously derived equations prior to analysis (18).



Statistical analysis

For categorical variables, follow-up rates were provided by 2-weeks, 3-months, 6-months and 1-year based upon demographic characteristics listed above. Follow-up rates were also reported for clinically relevant subgroups, including those who had received multiple hospital contacts/information, those with a day-of-injury GFAP≥100 pg./mL, negative arrival CT scan and GFAP≥35 pg./mL, RPQ total score ≥ 14 at 2 week research visit, GOSE-TBI < 8 at 2 week research visit, and QOLIBRI-OS<51 at 2 week research visit. The GFAP cutoff levels were determined based upon the indicated plasma concentration cutoff for needing a head CT scan (≥35 pg./mL) and the likelihood that a patient has suffered a TBI based upon median values reported in prior research (≥100 pg./mL) (13). The cutoff for RPQ was chosen based upon prior research demonstrating scores over the cutoff at 2 weeks were predictive of worse long-term outcomes. Sensitivity analyses were conducted including only participants with GCS = 15 at arrival and negative head CT scan, including reporting clinical follow-up rates by 2-weeks, 3-months, 6-months and 1-year. Follow-up rates were also reported for clinically relevant subgroups within the sensitivity analysis subset, including those who had received multiple hospital contacts/information, those with a day-of-injury GFAP≥100 pg./mL, negative arrival CT scan and GFAP≥35 pg./mL, RPQ total score ≥ 14 at 2 week research visit, GOSE-TBI < 8 at 2 week research visit, and QOLIBRI-OS<51 at 2 week research visit. Amount of missing data are reported for all outcomes. Because the statistics are primarily descriptive, all cases were included in analyses regardless of missing data. No adjustments were made for multiple comparisons. Statistical significance was set to p < 0.05.




Results


Descriptive statistics for the overall cohort

Descriptive statistics for the overall cohort can be viewed in Tables 1, 2. Descriptive statistics for the GCS = 15 cohort can be viewed in Supplementary Tables 1, 2. The total cohort who met inclusion/exclusion criteria was 1,916 participants; of those, 63% followed up by 1 year post-injury. By 2 weeks post-injury, 43% of participants had followed up with a clinical provider, 4% had received inpatient rehabilitation, and 3% had received outpatient rehabilitation. By 3 months post-injury, 48% of participants had followed up with a clinical provider, 4% had received inpatient rehabilitation, and 10% had received outpatient rehabilitation. At 6 months post-injury, 28% indicated they had followed up with a clinical provider, 1% indicated they had received inpatient rehabilitation, and 7% indicated they had received outpatient rehabilitation in the last 3 months. At 12 months post-injury, 20% indicated they had followed up with a clinical provider, <1% indicated they had received inpatient rehabilitation and 5% indicated they had received outpatient rehabilitation in the last 3 months. Regardless of the type of clinical care, 84.5–88.3% of participants who followed up with a clinical provider within the first year reported that it had helped their recovery.



TABLE 1 Descriptive statistics for participants with presenting Glasgow Coma Scale score between 13 and 15 who received clinical follow-up care within the first year post-injury or was interested in clinical follow-up care in the first year post-injury*.
[image: Table1]



TABLE 2 Participant responses regarding clinical follow-up clinical at 2 weeks, 3-, 6- and 12-months post-traumatic brain injury (TBI) with presenting Glasgow Coma Scale between 13 and 15.
[image: Table2]

Only 38% of the overall sample reported they were interested in receiving follow-up care at the 2 week research visit. Of those participants, the most common reason for not following up with a clinical provider was “treatment services have not been arranged” (45%), “I was not given any information/referral (29%), “other- not specified” (16%), or “insufficient insurance coverage” (12%). Sixty-two percent of the sample indicated they were not interested in receiving clinical follow-up care by 2 weeks. Of those participants, the provided reasons for not being interested included “I did not think I needed it” (92%), “I believe I can manage the problems caused by my injury on my own” (9%), and “I was dissatisfied with the treatment I received at the hospital” (1%).



Clinical follow-up rates stratified by interest in clinical follow-up

Follow-up rates and endorsement of whether follow-up helped their current condition or not can be found in Table 3. Overall, 61% of participants interested in clinical follow-up care reported receiving clinical follow-up care. Participants who received follow-up care reported that it helped at an 86% rate. Of those not interested in follow-up care, 42% reported receiving clinical follow-up care and 86% of those receiving care reported that it helped.



TABLE 3 Rates of clinical follow-up at 2 weeks and 3-months post-injury stratified by endorsing interest in receiving clinical follow-up care after traumatic brain injury with Glasgow Coma Scale 13 to 15 at presentation.
[image: Table3]



Clinical outcomes for participants not interested in clinical follow-up

Clinical outcomes at 3-, 6-, and 12-months post-injury for participants who believed they did not need clinical follow-up at 2 weeks post-injury can be viewed in Table 4. Approximately 44% of participants who reported “I did not think I need follow-up” at 2-weeks (n = 730) had incomplete recovery (GOSE<8) at 12-months post-injury. Forty percent of participants who reported “I did not think I needed follow-up” had persistent symptoms at 12-months post-injury. Nineteen percent of participants who reported “I did not think I needed follow-up” had lower quality of life at 12-months post-injury. Approximately 39% of participants who reported “I can manage problems on my own” at 2 weeks post-injury (n = 72) had incomplete recovery (GOSE<8) at 12-months post-injury. Thirty one percent of participants who reported “I can manage problems on my own” had persistent symptoms at 12-months post-injury. Fourteen percent of participants who reported “I can manage problems on my own” had lower quality of life at 12-months post-injury.



TABLE 4 Rates of poor long-term outcomes by 3-, 6-, and 12-months in participants with presenting Glasgow Coma Scale between 13 and 15 who were not interested in clinical follow-up at 2 weeks post-injury.
[image: Table4]



Follow-up rates for clinically relevant subgroups

Follow up rates for subgroups can be viewed in Figures 1, 2. For participants with GCS 13–15, 43% of participants followed up by 2 weeks and 48% followed up by 3 months. Participants with day of injury GFAP ≥100, multiple hospital contacts and a total RPQ score ≥ 14 had increased follow up rates compared to the overall cohort (2 weeks: 46–49%, 3 months: 53–55%). Participants with QOLIBRI-OS <51 at 2 weeks, GOSE TBI < 8 at 2 weeks, or negative head CT but day of injury GFAP≥35 had decreased rates of follow up compared to the overall cohort (2 weeks: 34–42%, 3 months: 27–41%). Similar trends were observed for participants with presenting GCS = 15 (see Supplementary Table 3).

[image: Figure 1]

FIGURE 1
 Clinical follow up rates (%) for the overall sample by 2 weeks post-injury with presenting Glasgow Coma Scale score between 13 and 15 and by high-risk subgroups.
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FIGURE 2
 Clinical follow up rates (%) for the overall sample by 2 weeks post-injury with presenting Glasgow Coma Scale score of 15 and by high-risk subgroups.





Discussion

In this secondary analysis of a prospective cohort study with 1,916 participants with TBI and presenting GCS score between 13 and 15, less than half of participants followed up with a clinical provider by 3 months post-injury and 37% of participants had not followed up by 1 year post-injury. Clinical markers of injury severity (i.e., lower GCS, positive head CT scan, admission to the ICU), prior medical history (i.e., psychiatric disorder, migraines), and hospital outreach increased rates of clinical follow up. Nearly 2 in 3 participants indicated they were not interested in receiving clinical follow-up care at 2 weeks post-injury. Participants not interested in follow-up care had high rates of poor functional recovery (44%), persistent symptoms (40%) and lower quality of life after brain injury (19%) at 12 months post-injury. Education and provider emphasis on the importance of clinical follow-up after hospital discharge with TBI need to be enhanced. Acute evaluation of blood biomarkers may represent a more sensitive, objective assessment to facilitate these processes.

Based upon the results of this study, it is likely that provider emphasis on the need for follow up care was more pronounced for participants with traditional, objective markers of TBI severity (e.g., lower GCS, positive head CT scan, admission to the ICU). This is evidenced by the finding that participants with a negative head CT scan but elevated GFAP (≥35 pg./mL) followed up at a 39% rate while participants with a positive head CT followed up at 76% (Figure 2). Prior work assessing the TRACK-TBI cohort reported the median GFAP level for patients with orthopedic injuries and healthy controls to be 13.1 and 8 pg./mL, respectively (13). In an otherwise healthy adult being evaluated for potential TBI with negative head CT scan, day-of-injury GFAP may be useful for aiding in diagnosis. For the present study, blood biomarker results were not available for provider use and blood samples were collected for research purposes. This is the first known study to report clinical follow-up after TBI with GCS 13 to 15 in adults presenting to a level 1 trauma center ED in relation to acute blood biomarkers, but future studies will be necessary to understand how clinical use of these blood biomarkers impacts clinical follow-up rates.

The TBI patient’s long-term recovery may be enhanced by targeted assessment at 2 weeks post-injury. A meaningful percentage of participants with RPQ total scores≥14, QOLIBRI-OS<51, and incomplete functional recovery (i.e., GOSE-TBI < 8) at 2-weeks had not followed up by 3 months post-injury (27–55%). This finding is notable as TBI patients who meet these criteria at 2 weeks have increased odds of worse long-term outcomes from their injury. The RPQ and QOLIBRI-OS are brief symptom surveys which could be completed over the phone. Doing so at approximately 2 weeks post-injury has the potential to enhance patient education and subsequent clinical follow up, as participants who reported receiving educational materials and/or a phone call from the hospital had higher follow-up rates than those who did not (Table 1).

There is robust evidence to support the benefits of early follow up care (i.e., within the first week of injury) for “mild” TBI in other populations (19, 20), but little to no evidence for early follow up care in adult populations first evaluated at a level 1 trauma center. Improving both patient and provider education on this topic and identifying barriers to better follow-up implementation practices are critical areas of future research (10, 21). Increasing advocacy for TBI as a potentially chronic condition and public health problem could increase awareness from patients and stakeholders (11, 22). Based upon results from other populations, such as those with sport-related concussion, earlier initiation of active rehabilitation is likely to reduce risk for long-term sequelae (23, 24). There are many population-based challenges between patients who suffer a sport-related concussion compared to patients evaluated at the ED for a “mild” TBI, including higher rates of public insurance/self-pay, availability of follow-up treatment pathways, and differing social determinants of health profiles (11, 25). These multifactorial challenges need to be addressed in the development of an effective system for follow-up care for this population.


Limitations

This study has limitations. Analyzing follow up clinical provider type (i.e., primary care physician, physical therapist, specialty clinic, etc.) was not possible due to large amounts of missing data. Understanding the impact of specific types of care will further improve patient triage and education efforts. Demographics, medical history and hospital provision of education materials, contact information and whether a follow-up call from the hospital was conducted were self-reported and may have been subject to recall bias.




Conclusion

Prioritizing timely clinical follow-up for adult patients with TBI with GCS 13 to 15 is critical for improving rates of long-term recovery in this population. The results of this study suggest that clinical follow-up is not common by 2 weeks post-injury and, perhaps more importantly, most patients do not have interest or see the need for follow-up care. Follow-up was relatively low even among patients experiencing persistent symptoms after mTBI (mild Traumatic Brain Injury). Patient and ED provider education on the importance of clinical follow-up is necessary. Patients who received more information/outreach from the hospital were more likely to follow-up. The primary reasons for lack of interest in follow-up care were based on the patient’s impression that it was not necessary or that connections to follow-up care had not been facilitated for them. Incorporation of blood biomarkers in ED clinical assessment requires future study, as patient education regarding TBI prognosis with a negative head CT scan may improve follow up rates, as well.
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