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Background: Headache is a common symptom reported following concussion/mild traumatic brain injury. The Department of Defense's clinical recommendation (CR) describes guidance for primary care providers for the management of post-traumatic headache (PTH) in Service members.

Objective: The objective of this study is to examine the association between training on the CR with provider clinical practice, patient behaviors, and symptom recovery.

Methods: Participants were healthcare providers and two patient groups (one receiving care as usual [CAU] and another receiving care after provider training on PTH CR [CR+]). Providers were interviewed at three time points: (1) prior to CAU enrollment; (2) after CAU enrollment, but prior to training; and (3) after CR+ follow-up. Data from the second and third provider interview were used to evaluate a potential difference between provider practices pre- and post-training (n = 13). Patients were enrolled within 6 months of concussion. Patient outcomes (including neurobehavioral and headache symptoms) were assessed at three time-points: within 72 h (n = 35), at 1-week (n = 34) and at 1-month post-enrollment (n = 27).

Results: Most follow-up care reported by providers were recommended within 72 h of initial visit post-training vs. >1 week pre-training. Additionally, providers reported a greater number of visits based on patient symptoms after training than before. Post-training, most providers reported referring patients to higher level of care “as needed,” if not “very rarely,” compared to 25% reported referrals prior to training. At 1-week post-enrollment the CR+ patient group reported more frequent medical provider visits compared to the CAU group. This trend was reversed at the 1-month follow-up whereby more CAU reported seeing a medical provider compared to CR+. By 1-week post-enrollment, fewer patients in the CR+ group reported being referred to any other providers or specialists compared to the CAU group. No differences in patient outcomes by provider training was found.

Conclusion: The study results demonstrate the feasibility of training on the Management of Headache Following Concussion CR in order to change provider practices by promoting timely care, and promoting patient compliance as shown through improvement in follow-up visits and more monitoring within the primary care clinic.
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INTRODUCTION

Post-traumatic headache (PTH) is a common symptom of mild traumatic brain injury (mTBI) (1–5), with a reported cumulative incidence of 91% for new onset or worsening headaches over 1 year post-concussion in one prospective study, and persistent headache reported for over a third of the study sample (4). Although PTH usually improves in most instances within 6–12 months post-injury, 18–33% may continue to persist well-beyond a year (5). With over 340,000 Service members (SMs) diagnosed with concussion since 2000 (6), mTBI and associated PTH have a tremendous impact on warfighter readiness. A study of veterans from Operation Enduring Freedom/Operation Iraqi Freedom reported 74% with PTH within 30 days of concussion (7). Although full recovery from concussion for SMs typically occurs within 3 months, one study has shown over 45% of this population to have persistent post-concussive symptoms, including PTH, past this period (8). Given the high prevalence of post-concussive PTH in the military, proper management is necessary to facilitate return to duty (9).

Primary care providers (PCPs) are a key component of the management of concussion and its symptoms, along with other pre-existing, comorbid conditions, and doing so during short clinical visits. Given the challenges of PCPs in provider care to patients with PTH such as patient compliance, comorbidities and varying patient presentation, provider level of expertise and complying with mission requirements, many important components of treating PTH such as evaluation for red flags (e.g., Glasgow Coma Scale Score <15, loss of consciousness > 5 min, repeated vomiting, presence of systemic symptoms) and headache history, diagnosis of specific headache type, and utilization of both pharmacological and non-pharmacological approaches (10–12) may be inadvertently overlooked. Further, inadequate follow-up, quick or late patient referrals to higher levels of care, and limited patient education may negatively affect clinical care and, in turn, patient outcome. Standardized care aligned to best practices requires clear standard of care protocols that will help ensure provider familiarity with current clinical recommendations (CR) to treat post-concussive headache, training on those protocols, and aid in complete and proper implementation.

The Management of Headache Following Concussion CR is a Defense and Veterans Brain Injury Center (DVBIC)-led Department of Defense (DoD) CR for primary care on the management of PTH for SMs in deployed and non-deployed military settings (10–12). There are no FDA treatments specifically for PTH and treatment recommendations are based on the primary headache phenotype the PTH most resembles (11, 13). Prior studies have suggested that the PTH phenotype often resembles migraine (14) and may be superimposed on a continuous or constant headache (15–17). Based on published literature and knowledge from subject-matter experts, the CR indicates the importance of performing focused headache history and assessment, followed by the identification and diagnosis of headache type (treating accordingly using both pharmacologic and non-pharmacologic approaches), and identifying concussion or headache red flags (e.g., declining neurological status, Glasgow Coma Scale Score <15, thunderclap headache) (11). The CR also emphasizes the importance of follow-up care, particularly post-deployment, and could potentially improve confidence in treating PTH patients with clear guidelines and, thus, reduce the number of potentially unnecessary referrals to higher level of care (e.g., neurology). This CR was created at the request of providers in the US Armed Services as a means to standardize the management of PTH; however, it is uncertain whether provider knowledge of such guidance (as the CR is readily available) without training is sufficient to change clinical practice (18). Training on the PTH CR may be necessary not only to ensure proper implementation of such guidelines, but also to support dissemination. The implementation of knowledge obtained from CRs into practice is complicated in military medical settings as uniformed military medical providers move regularly as assignments may change with changing operational requirements. This would likely interrupt adequate training and education for all providers who treat PTH in SMs. Beyond proper education of PCPs, it is also important to determine whether such training is translated into improvement in patient behavior to support symptom recovery, which may lead to better patient outcomes. Accordingly, the two primary aims of this study were: (1) to examine the impact of training in the Management of Headache Following Concussion CR on provider clinical practice in the treatment of PTH; and (2) to demonstrate the potential benefit of the provider training on the PTH CR on patient behavior and outcomes during symptom recovery.



MATERIALS AND METHODS

Data were obtained from research evaluating the potential benefit of the Management of Headache Following Concussion Clinical Recommendation, and consisted of both provider and patient data. There were two patient groups: one who received care as usual (CAU group) prior to providers receiving training on the CR and one who received care after providers received training on the CR (CR+ group). The group to which patients were assigned depended on the period when they were enrolled in the study (i.e., prior to or after provider training). Training on the CR was done in groups and multiple sessions were available to meet providers' schedules. There were 35 patients enrolled within 6 months of concussion. And interviewed within 72 h post-enrollment (CAU n = 21, CR+ n = 14), at 1-week follow-up (CAU n = 20, CR+ n = 14), and at 1-month follow-up (CAU n = 15, CR+ n = 12). Providers were interviewed at three time points: (1) prior to the enrollment of the CAU group; (2) after the CAU group completed follow-up, but before receiving the CR+ training; and (3) after the CR+ group completed follow-up (see Figure 1). For the purpose of this study, the focus will be on data from the second and third provider interview to evaluate a potential difference between provider practices before and after the CR training. A total of 13 providers were observed before and after CR training.
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FIGURE 1. Diagram of study procedure for provider and patient data collection and provider training. PTH, Post-traumatic headache; CR, Clinical recommendation; CAU, Care as usual, patients who received treatment before provider training on the clinical recommendation; CR+, Patients who received treatment after provider training on the clinical recommendation.



Study Participants

The participants for this study were identified and recruited from two Army military training facilities in the southwest where concussed SMs sought care for their clinical management. The provider participants were medical staff members (i.e., physicians, physician assistants, and nurse practitioners) who worked at one of these two U.S. Army military treatment facilities and provided care for concussed SMs. The study was made known to providers through face-to-face encounters with a study investigator, regular clinic meetings where study announcements were made informing or reminding attendees about local military treatment facility research opportunities and research staff points of contact, and/or approved research flyers posted in clinics. Patient participants had seen an enrolled provider, had received a concussion diagnosis within the past 6 months and reported headaches beginning or worsening after the concussion. Patients were enrolled within 72 h of their initial visit. Consistent with other studies (4, 9, 19), the International Classification of Headache Disorders requirement for headache onset or worsening did not have to occur within 7 days of injury (20).



Measures and Procedures

Data from provider participants was qualitative in nature, derived from semi-structured interviews with the provider participant and researcher. Patient data was obtained using medical record review as well as self-report questionnaires which include evaluation of headache history, neurobehavioral, and headache symptoms and lifestyle administered face-to-face by a civilian research staff member. During consent, the research staff described the study protocol, specifying that participation was voluntary, not mandatory, and not command-directed, and conducted the provider or patient assessment soon after. The study was reviewed and approved by the Brooke Army Medical Center Human Research Protections Office. The protocols used in the study complied with all applicable regulations through implementation of the Brooke Army Medical Center Human Research Protection Program and administration of the Regional Health Command-Central Institutional Review Board.


Provider Interview Structure, Content, and Implementation

Each provider semi-structured interview was conducted in-person by research staff (on a one-on-one basis), in a dedicated space (e.g., exam room, clinician office). The use of standardized questionnaires with both open- and close-ended questions, along with training interviewers to strictly adhere to the question and answer format questions, was conducted to avoid introducing interviewer bias. A Phillips DVT 6000 recorder was used to record interviews which were subsequently transcribed by one research staff member and reviewed and verified by another. All provider participants received the same questions, with follow-up questions permitted as needed to allow for elaboration of participant responses. Multiple responses were allowed to these questions. Transcribed responses were assigned to predetermined codes that were theoretically- or empirically-based. Each transcript was coded by two study investigators and discrepancies were discussed by raters to reach consensus. Remaining discrepancies were resolved through discussion among the research group until consensus was reached. Further refining of coded responses was done to further collapse the number of categories by combining similar response categories into newly-coded variables (e.g., patient-related factors). Newly coded variables were created based on consensus from separate members of the research team with expertise in psychology and epidemiology. Supplementary Table 1 lists the questions from the semi-structured second and third provider interviews.



Patient Assessment

Patient data included demographics, headache history, follow-up and referral, lifestyle, neurobehavioral symptoms, and headache-specific symptom. Demographic characteristics were obtained at the time of enrollment and included age, sex, and education. Headache history was assessed at the time of enrollment and included questions that evaluated the timing of headaches and their characteristics at its worse (e.g., painfulness, location, and visual changes). To determine the frequency of follow-up and the number of referrals to other providers or specialists, patients were asked “How many times have you seen a medical provider for your head injury? If you have completed this questionnaire before, how many times have you seen a medical provider since the last time you completed this questionnaire?” and “Have you been referred to any other providers or specialists?,” respectively. Information on patient lifestyle was obtained by asking questions regarding the average number of the following in the last 2 weeks: (1) cups of caffeinated drinks consumed per day, (2) h of sleep per night, (3) cigarettes smoked per day, (4) alcoholic beverages consumed per day, (5) meals consumed per day, and (6) glasses of water consumed per day. Neurobehavioral symptoms were evaluated using the Neurobehavioral Symptom Inventory (21) which has previously demonstrated high internal consistency among SMs (total alpha = 0.95; subscale alpha = 0.88–0.92) (16). The Neurobehavioral Symptom Inventory was administered during enrollment and at all follow-up periods. The 22-items were grouped into the following categories based on previous exploratory factor analyses: cognitive, vestibular, somatosensory, and affective symptoms (22, 23). For each item, responses included “none” (0), “mild” (1), “moderate” (2), “severe” (3), and “very severe” (4). Additionally, the Neurobehavioral Symptom Inventory item specific for headache symptom was evaluated individually.




Statistical Analyses

Descriptive statistics were presented as medians (interquartile range [IQR]) for continuous variables and as frequencies (percentages) for categorical variables. Provider data was assessed by interview time (i.e., second vs. third) as this differentiates between pre- and post-training, respectively. Patient data was evaluated based on the cohort in which the providers treated before and after training (CAU vs. CR+). Differences in medians were analyzed using Wilcoxon-signed rank sum test (for provider data to take into account within person change) and Wilcoxon-rank sum test (for patient data). Differences in frequencies were evaluated using Chi-square tests. Pairwise deletions were used in analyses to handle missing data. Where applicable, patient data was evaluated at each time point (i.e., at the time of enrollment, 1 week post-enrollment and 1 month post-enrollment), as well as the change from study enrollment to 1 week and 1 month post-enrollment, specifically for change in the frequency of patient-reported follow-up). The primary analysis focused on change in the frequency of patient-reported follow-up from the time of study enrollment to 1 week post-enrollment, as this was around the period in which most recoveries have been reported (24–28).

Significant p-value was considered at a level of < 0.05. As results from this study were preliminary, findings should be interpreted as exploratory. All analyses were completed using Stata statistical software (Stata, RRID:SCR_012763), release 15 (StataCorp, 2017, College Station, TX).




RESULTS


Provider Report (n = 13)
 
Background

The provider population is described in Table 1. There was a relatively equal number of civilian and military providers in the study, most of whom were Physician's Assistants. There was a median of 9 years practicing medicine (IQR = 2.5, 20, range = 0.5–25), and a median of 7 years treating patients with post-concussive headaches (IQR = 2.5, 15, range = 0.5–17). Toward the end of the study, providers treated a median of 4 PTH patients (IQR = 2, 8) per month (range = 0–28).


Table 1. Provider characteristics (n = 13).
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Familiarity With the CR

Prior to the training (during the second interview), 76.9% (n = 10) of providers reported familiarity with DVBIC's CR for the Management of Headache Following Concussion. This percentage increased after receiving training (92.3%, n = 12); however, not Statistically different from prior to training. It is important to note that during the first interview, providers were asked about their training, education and comfort with treating PTH. Although the CR was not mentioned in the first interview, individuals might have sought out information regarding the CR because the research was being conducted by DVBIC. This might have contributed to the percentage of providers who reported familiarity with DVBIC's CR, and, as such, the percentage might be an overestimation of actual current clinical practice prior to CR training.

Providers were asked to describe the key principals of the CR as presented in Table 2. The key principles of the CR reported included pharmacological treatment (23.1%), patient education (11.5%) and specialist referral (11.5%), as well as no activity (defined as no physical activity, quarters and no visual or cognitive stimulation) (Table 2).


Table 2. Provider-reported key principles of the Management of Headache Following Concussion Clinical Recommendation (CR) post-training (n = 13).
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Challenges in Care and Differences in Care Provided

Prior to the training, providers rated a median of 8 (out of 10, with 10 achieving the greatest level) in their comfort providing care to the patients with post-concussive headaches (IQR = 7, 9.8, range = 5–10). This median increased to 10 (IQR = 9, 10, range = 8–10) after receiving the training which was significantly higher than prior to training (p = 0.008). Interestingly, the challenges reported in provider care for patients with post-concussive headaches prior to training included military-related factors (i.e., command, military in general, mission requirements) that were no longer reported after the training (Table 3). On a scale of 1 to 10, with 10 being the most similar, providers reported a median scale of 8 (IQR = 8, 9.3, range = 5–10) as to the similarity of approach they provided from one headache patient to the next prior to receiving training. This was significantly higher than the post-training report of 7 (IQR = 5, 8, range = 1–9, p = 0.020), albeit by only 1 unit. Further, many of the factors reported to contribute to differences in care prior to training (e.g., symptomatology, patient-related factors [age, patient history, behavioral health history, physical exam], injury-related factors [TBI history, time from injury onset, location, neurological findings, characteristic of headache] and mechanism of injury) were not reported post-training (Table 3).


Table 3. Provider-reported challenges in providing care and differences in care provided for patients with post-concussive patients, pre- and post-training (n = 13).
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Recommendation of Follow-Up and Referral to Higher Level Care

Although the number of follow-up care visit recommendations remained relatively unchanged between pre- and post-training (84.6%, n = 11 vs. 100.0%, n = 13, respectively), the occurrence differed in that, after provider training, most follow-up care was recommended within 72 h post-enrollment (63.7%), which was earlier compared to more than 1 week as recommended by providers prior to the CR training (50%) (see Table 4). This, however, was not statistically different (p = 0.280). Additionally, determination of the number of visits based on patient symptoms, promoting individualized care, were reported more after the training than before (69.2 vs. 53.9%, respectively, Table 4). Of note prior to the enrollment of CAU patients, majority of providers recommended 2 or more clinical visits, as well as recommendations of visits within 72 h post-enrollment which was analogous to post-training timing of follow-up.


Table 4. Provider recommendation of follow-up and referral to higher level of care (n = 13).

[image: Table 4]

Prior to training, providers reported 75% of their patients follow the recommendations provided (IQR = 50, 82.5, range = 0–100). This was significantly higher than the reported 50% after training (IQR = 50, 70, range = 35–100, p = 0.002).

Prior to training (during the second interview), providers reported referring a median of 25% (IQR = 10, 67.5, range = 5–100) of their patients with headache to a rehabilitation provider and/or higher level of care. It is important to note that during the first provider interview, there were 50% of patients who were referred to higher level of care by providers in the study (29). As previously mentioned, the CR was not mentioned in the first interview; however, providers might have sought out information regarding the CR because the research was being conducted by DVBIC. This might, in turn, contribute to an underestimation by the second interview. After the training, providers reported referring patients to rehabilitation provider and/or higher level of care as needed, if not, “very rarely.” The type of specialist and the factors that determine referral was similar pre- and post-training; the most common referral was to neurologists (50.0 and 36.8%, respectively) and TBI (45.0 and 42.1%), and the most common factor that determined a referral to be made was symptomatology.



Education

Prior to training, 45.5% of providers (n = 5) reported distributing the CR's patient education materials. Though not shown statistically different (p = 0.441), this percentage increased to 61.5% (n = 8) post-training. Verbal instruction was also reported by 81.8% (n = 9) of providers prior to training, which increased to 100% (n = 12) post-training.




Patient Report (n = 35)
 
Patient Background

Table 5 describes the patient population. The patient participants had a mean age of 24.1 years (SD = 4.5), were mostly men (80%, n = 28) and never married. About half had some college (1–3 years or technical school) and most were either junior enlisted (E1–E3, 48.6%) or non-commissioned officers (E4–E6, 45.7%). The median time from injury to the first patient assessment was 21 days (IQR = 8, 39). None of these characteristics differed between the CAU vs. the CR+ group.


Table 5. Patient characteristics, overall and by intervention status (n = 35).
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Headache History

In the present study, 94.3% reported headache onset or worsening within 7 days of injury, while 5.7% reported delayed-onset or worsening (i.e., more than 1 week post-injury). All patients reported having headaches every day, either in the form of continuous headaches (51.4%), or daily, but not continuous headaches (48.6%). On a scale of 1 to 10, with 10 as the highest intensity, patients reported a median of 8 (IQR = 7, 10) with regards to headache pain at its worse which occurs on both sides for 60% of the participants; 85.7% stating that the pain is confined to a particular location. The headache pain characteristics included throbbing or pulsating (for 91.4%) and worsening with physical activity (80.0%). Additionally, patients stated being bothered by light (80.0%) and noise (68.6%) more than usual during the headache, as well as feeling sick to their stomach or even vomiting (45.7%). Most patients reported seeing spots, stars, flashing lights, zig zag lines, or loss of vision with their headaches (74.3%) and this was reported significantly more by the CR+ group compared to the CAU group (92.9 vs. 61.9%, p = 0.040) (see Supplementary Table 2).



Patient Follow-Up and Referral to Higher Level of Care

The CR+ group reported more frequent visits to a medical provider for their head injury compared to the CAU group at 1-week post-enrollment (median = 1.5, IQR = 0, 2 vs. median = 0, IQR = 0, 2, respectively, p = 0.014, Table 6). When change in the frequency of patient-reported follow-up was evaluated from study enrollment to 1-week post-enrollment, no significant difference was found (Table 6). The reverse pattern was seen at the 1-month follow-up whereby more CAU patients saw a medical provider for their head injury compared to the CR+ group (median = 1.5, IQR = 1, 3 vs. median = 0, IQR = 0, 1, respectively, p = 0.009, Table 6). When change in the frequency of patient-reported follow-up was evaluated from study enrollment to 1 month post-enrollment, the results were null (Table 6). Additionally, by 1-week post-enrollment, fewer CR patients than CAU patients reported being referred to any other providers or specialists (n = 14, 70.0% vs. n = 5, 35.7%, respectively, p = 0.048, Table 6).


Table 6. Patient-reported clinical care received (follow-up, referral and education)—median (IQR) / frequency (%), by intervention status.
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Patient Assessment

Among lifestyle changes, the patients treated after providers received training drank 2 more glasses of water per day (IQR = −2, 7) within 1 week of enrollment compared to patients treated before the providers received training who had no change (IQR = −1.8, 0, p = 0.040). No other significant lifestyle changes were found (Supplementary Table 3). There was also no statistical difference between the CR+ and CAU group with regards to neurobehavioral and headache symptoms at any timepoint or change from around the time of enrollment to either 1 week or 1 month post-enrollment (see Supplementary Table 4).



Education

At all time points, there was a greater percentage of CR+ patients who received education materials related to managing a concussion from their providers compared to CAU patients; however, only at 1 week post-enrollment was the difference marginally significant (p = 0.092).





DISCUSSION

This study benefited from the use of both patient and provider data at multiple time points. Overall, our preliminary results suggest a benefit of provider training in the CR on clinical care for the management of headache following concussion. First, provider training may be contributing to clinical practices in encouraging follow-up visits of patients in a timely manner. CR+ patients reported greater number of provider visits than CAU patients within 1 week of study enrollment, which was consistent with reports from most providers reporting to recommended earlier follow-up (i.e., most within 72 h post-enrollment). Although CAU patients had a greater number of visits by 1 month compared to CR+ patients, this may suggest that CR+ patients may have recovered more efficiently by following up earlier compared to CAU patients who may have more visits at a later period due to symptomatology that have not been addressed and persisted, or even worsened, calling for the need for a provider visit. Thus, provider visits among the CAU group might have been driven by inefficient follow-up care that was otherwise endorsed by provider training. Although headache and neurobehavioral symptoms were not significantly different between patient groups, other ailments not specific to these evaluations (e.g., post-traumatic stress disorder) may be being addressed by guidelines of the CR that may contribute to later improvement not assessed in this study. Second, the significantly fewer referrals to higher levels of care for the CR+ group at 1 week post-enrollment may suggest that training may increase comfort and knowledge among providers in treating PTH patients at the primary care level. This was supported by provider data in which comfort level in providing care for PTH patients increased after training. Further, some reported challenges in care and factors that contribute to differences in care (e.g., patient- and military-related factors) were no longer reported after training, which may have endorsed greater frequency of follow-up in a timely manner, as well as reserving referrals based on patient need.

Follow-up care has been shown associated with positive health outcomes (30, 31). Done frequently and in a timely manner, this may potentially shorten recovery time (31) as patient symptoms, along with progression of treatment response, are more closely monitored to determine if changes in treatment are necessary. As previously mentioned, our study found CR+ patients to more frequently engage in follow-up for their head injury and at an earlier time (i.e., within 1 week post-enrollment vs. 1 month) compared to CAU patients. This may signify more prompt and accurate treatment for CR+ patients and, thus, less likely for later follow-up as seen among CAU patients. This may, in turn, require less referral to higher level of care if symptoms are addressed early enough to prevent or slow progression or exacerbation. Addressing symptoms at lower levels of care offers the added effect that the CR could achieve the same or near same level of clinical outcome that a specialist could attain (e.g., time to resolution, level of pain reduction, number of visits, etc.) if symptoms were allowed to persist. Also, while these differences did not translate to differences in patient outcomes assessed in the study between CR+ and CAU patients, studies with a larger sample size may be needed for more accurate assessment of significance, along with an expansion of the outcomes to include other measures that may have been more directly affected by more efficient follow-up and less referrals.

It has been suggested that proper initial education distributed early during recovery has a positive impact on post-concussive symptoms (32). Although we found a non-significant increase in reported education distribution by providers from pre- to post-training, timing of dissemination could not be evaluated (i.e., providers were generally asked about their dissemination of education after all patients completed follow-up but not timing of distribution). Early distribution of education may be more effective on both patient compliance and outcome, and more frequent follow-up may reinforce the content of educational materials. The combination of early education and follow-up may thus lead to better concussion recovery. A larger sample would also be needed for such an assessment.

Contrary to what was expected, there was less percentage of CR+ vs. CAU patients who followed the CR as reported by providers. This may perhaps reflect the need to better train PCPs on communicating such recommendations to patients. Future studies might need to identify and address barriers for providers to successfully communicate the PTH CR so that patients have a thorough understanding of what are expected of them. Studies that investigate the reasons why PCPs do not provide the CR (e.g., did not like the CR, simply forgot, difficulty in accessing, etc.) might additionally be of benefit. It is important to note that the study did not assess what particular provider recommendation was not followed; hence, it could not be determined whether such recommendation aligned with best clinical practice. For example, a few providers reported “no activity” as a key principle of the PTH CR. This may or may not be in line with the CR depending on interpretation. Some patients may be increasing their activity level as symptoms subside, which is congruent to the guidelines. As such, along with successful communication of the PTH CR, it is also important that providers are completely well-versed on the details of the guidelines and themselves adhere to such recommendations, but still consider individual needs. Conversely, the lower percentage of reported patients who followed the CR after training vs. before might be due to increased provider awareness of the CR after training, leading to more rigorous assessment in patient compliance with the CR. Further, with such rigorous assessment and/or a stricter guidance by providers, this might pose as a greater challenge to patients, suggesting greater support might be needed (perhaps done during more frequent and earlier follow-up to better monitor patient compliance) for patients to adhere to the CR.

Timely referrals to higher level of care is necessary to address concerning symptoms that require more rigorous treatment to remedy. However, unnecessary referrals may pose an overburden on these resources when less urgent care may be tackled at primary care facilities. Quick referral may be indicative of provider lack of knowledge or comfort in treating PTH cases that require greater attention, but possibly not at the level of higher rehabilitative care, and can otherwise be addressed in primary care settings. Our findings using patient response suggests that some of these obstacles may have been addressed with provider training on the CR, whereby greater referrals were reported during pre-training during the early stages post-enrollment (i.e., within 1 week) compared to post provider training. Further, after training on the CR, most providers reported referring patients to higher level of care “as needed,” if not “very rarely.” This suggests that individualized care is being recognized by most of the study providers as being an important aspect to treating PTH and that this may be contributing to less referrals to higher level care. Further, the greater comfort level in treating PTH patients after training than before may help sustain such individualized care as more providers grow more confident in their skills and knowledge to treat PTH.

Since clinical visits are relatively short, it is important that providers not only receive proper education on the PTH CR, but are also trained in efficiently implementing the guidelines that meets this time constraint, while not sacrificing important aspects of the CR. Some of this training may already be addressed by the current PTH CR as shown with increased comfort in treating PTH patients and reduction in challenges reported by providers in providing care, particularly military-related factors (e.g., mission requirements). A greater frequency and earlier follow-up as consistently reported by both provider and patients also support improvement after training in the CR.

It is important for practitioners to have the skills and clinically relevant tools to optimize accurate symptom management. The benefits of early and accurate TBI diagnosis and systematic follow-up regarding symptoms, such as PTH, are well-documented and have been the focus of several longitudinal studies (8, 33, 34). Inadequate or inaccurate treatment of PTH may result in transformation to chronic daily headache or the additional management challenge of medication-triggered rebound headache (35). Persistent headache can incite or worsen mood disorders, insomnia, and cognitive impairment, all of which can affect functional outcome (35–37). Proper and timely management of PTH is essential to avoid further worsening of symptoms (5), which not only affect functional outcomes of the individual SM but may also impact unit readiness and, consequently, force readiness. Sub-optimal force readiness places both the injured SM and members of his or her unit at risk. Timely and accurate intervention following concussion promotes expedited recovery of concussion symptoms (31) and enables SMs a more timely and safe return to duty.

There were several limitations in our study to note. For example, certain pertinent details to treating PTH such as headache type were not asked of providers to more accurately depict whether providers follow the DoD CR. However, this more general interview allowed for more provider-led responses. As previously mentioned, although providers reported patient non-compliance with recommendations, it would have been informative to know what recommendations were not followed to determine whether such suggestions aligned with the PTH CR. Further, we did not evaluate the context of what providers meant by “no activity” as a key principle of the CR. This response may have been specific for patients whose headache symptoms may be severe or remedied by “no activity,” reflecting individualized treatment, which is aligned with best clinical practice. Studies that provide a more granular assessment of these questions may provide a more accurate depiction of both provider and patient compliance with the PTH CR. Although the semi-structured provider interviews did not assess whether providers altered their treatment based on patient history (e.g., comorbidities, family history of headache, medication), for the purpose of this study, the authors felt this line of inquiry was outside the scope of this study. This study was also limited to a population of active duty SMs, mostly males, and, thus, would be generalizable only to such population. However, our findings still hold importance as this is a high-risk group for concussion due to their occupational demands, which makes prompt recovery essential, not only to avoid compiling injury from successive concussions and complicating recovery, but also to return to duty and ensure warfighter readiness. Information on pre-existing conditions (e.g., migraine, other primary headache disorders, psychological conditions) that may attribute to persistent PTH development (38) was also not available. Additionally, we had a small provider and patient sample size which may not have been conducive to detecting significance in some of our analyses. Reassessment of our results in a larger sample size may be valuable in validating the findings of this study. Lastly, the qualitative data produced from this study were grouped subjectively based on common themes and quantified accordingly. However, to minimize miscategorization, these groupings were conducted by a team with expertise in medicine, epidemiology, mTBI/concussions and PTH. Despite these limitations, the study had strengths which included having rich data on both provider and patients that help in determining consistency in reports and a longitudinal design for both groups.

The results presented in this study demonstrate the potential of the Management of Headache Following Concussion CR to promote provider knowledge and confidence in treating PTH in a military setting. This in turn may translate to timely care, promotion of patient compliance as shown through improvement in follow-up visits and more monitoring within the primary care clinic, and, ultimately, timely return to duty.
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Question items Frequency (%)
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CAU, care as usual patient group; CR+, clinical recommendation patient group; SD, standard deviation; IQR, interquartile range.
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12 85.7)
2(143)

5(85.7)
9(64.3)

6429
6429
1(7.1)
1.1

6(42.9)
8(57.1)
0(0.0)

22 (13, 44)

0.665
0.490

0214

0919

0.511

0.522





OPS/images/fneur-11-559311-t002.jpg
Provider results
Question item

Please briefly
describe the key
principles in the
Management of
Headache Following
Concussion CR

Response Frequency (%)
Conussion profile 20.7)
Avoid offending activity 138)
Patient education 3(11.5)
CR talks about 6(23.1)
pharmacological treatment

Specialist/higher level of 3(11.5)
care referral

Concussion red flag® 2@.7)
No activity® 5(19.2)
Ambiguous rest® 138)
Headache management 138)
Miltary acute concussion 138)
evaluation (MACE)

Limit caffeine 138)
TOTAL 26 (100.0)

Providers were allowed multiple responses.
#Concussion red flag includes progressively declining level of consciousness (LOC), LOC
> 5min, declining neurological status, Glasgow Coma Scale Score < 15, seizures,
neurological deficit (motor or sensory), cannot recognize people or disoriented 1o place,
repeated vomiting, worsening headache, pupil asymmetry, double vision, slurred speech,

and unusual behavior.

b5No activity is defined as no physical activity, quarters and no visual or cognitive

stimulation.

SAmbiguous rest is defined as general activity or non-specific when providers indicated
“rest” but did not specify bed rest, nor indicated activity should be limited.
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Question item Responses Frequency (%)
Broad categories Pre-training Post-training
Can you describe some of the None 14.2) 163)
challenges in providing care for Patient-related factors® 12(500) 13 (68.4)
patients wi ":’ headache following Provider-related factors® 6(25.0) 5(263)
concussion?
Miitary-refated feotors® 4167 0
Co-morbidities 142 )
ToTAL 24(100.0) 19 (100.0)
What factors contribute to differences Medication 5(17.2) 1(100)
in care you provide from one patient Comorbidities 269 10100)
to the next? X
Injury-related factors® 10(345) 5(500)
Symptomatology 269 0
Patient-related factors® 10(34.5) 3(30.0)
ToOTAL 29(100.0) 10 (100.0)

*Exemples of patient-related factors include follow-up, compliance, expectations, history, fear of stigma, and secondary gain.

bExamples of provider-related factors include varying treatment plans, and inabilty to enforce treatment care.

*Exemples of milltery-related factors include command, and miltary in general.

9Examples of injury-related factor include severity of injury, types of headaches, time from onset of injury, neurological fincings, and T8l history.
°Examples of patient-related factors include compliance, age, patient history, behavioral health history, and visual changes.
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How many times have you seen a medical provider for your head injury (or last time you completed this questionnaire)? Median (IQR)

TO(<72h) (0 = 34) 3(2,5 32,4
T4 (1 week) (0 = 33) 00, 1) 15(0.2)
T2 (1 month) (n = 25) 15(1,9) 00,1
Change from TO to T4 —3(-5-1).n=18 —2(-3,0,n=14
Change from TO to T2 -2(-8,0,n=14 ~8(-4,—~1),n=11
Have you been referred to any other providers or specialist? Yes, n (%)
TO (<72h) (0 = 35) 10 (47.6) 3(21.4)
TH (1 week) (n = 34) 14.70.0) 5(35.7)
T2 (1 month) (n = 28) 5(33.3) 5(@1.7)
Did you receive from your provider any education materials related to managing a concussion? Yes, n (%)
O (<72h) (0 = 35) 8(38.1) 8(57.1)
T4 (1 week) (0 = 34) 7(85.0) 9(64.9)
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CAU, care as usual patient group; CR+ clinical recommendation patient group; IQR, interquartile range.
*Significant at a p < 0.05.
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Site, n (%)
Fort Hood 9(69.2) NA
Fort Bliss 4(30.8) NA
Civilian or military, n (%)
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Mitary 7(63.9) NA
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Nurse Practitioner 2(15.4) NA
For how many years have you 9(25,20) 05-25
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