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Factors Associated with Loss to Follow-Up in Pediatric Concussion Patients
after Initial Visit: A Retrospective Study at a Concussion Clinic

Emilia N�u~nez-Pe~na, MD1, Ryan P. Kelly, BS2, Santiago Campos, MD3, Maria C. Diaz, MD4,5, Pamela A. Castillo, MD3,

Shivangi Kataria, MSAB5, Alexia M. Perez, MD4,5, Maria Dolores Beletanga, MD4,5, and Alcy R. Torres, MD4,5

Objective The objective of this retrospective study is to identify factors associated with loss to follow-up for post-
concussion clearance in pediatric patients by comparing loss to follow-up and full clearance patients.
Study design This retrospective single-center cohort study analyzed 140 consecutive patients at a pediatric
concussion clinic of a safety-net hospital for loss to follow-up, defined as not achieving clearance at last appoint-
ment. Univariate andmultivariate regression models were fit on variables of interest, including demographic, mech-
anism and severity of concussion, and characteristics of the first evaluation postconcussion and follow-up
management.
Results Of the sample, 40% (n = 56) achieved clearance and 60% (n = 84) were lost to follow-up. Median age was
15 (IQR 11-17), withmale predominance (60.7%). Living with a biological parent (OR = 0.145, 95%CI = 0.028-0.760)
and sports involvement (OR = 0.256, 95% CI = 0.092-0.764) were protective factors, while being 10 years old or
older (OR = 13.466, 95% CI = 2.792-64.958) and attending 2 or fewer follow-up appointments (OR = 19.027,
95% CI = 4.991-72.533) were risk factors for loss to follow-up. No significant differences were found between
sex, race, driving distance, type of insurance, and mechanism of injury.
Conclusions Living with a biological parent and involvement in sports showed to be protective factors for loss to
follow-up. Age at time of concussion and number of appointments were risk factors. A “golden window” of 2 ap-
pointments was identified, highlighting the need of a strong rapport and engagement in shared decision-making.
Future directions include prospective studies implementing strategies targeting adolescents and building a strong
patient-provider relationship. (J Pediatr 2024;14:200131).

P
ediatric traumatic brain injuries, including concussions, continue to be a growing public health concern.1,2 According
to reports, the annual incidence of sports and recreational activity-related mild traumatic brain injuries (mTBIs), better
known as concussions, ranges between 1.1 and 1.9 million in those under the age of 18 in the US.3 In contrast to most

nonsevere acute traumatic injuries in pediatric patients, concussions have 3 key distinctive features. First, patients with mTBI
may not only seek initial medical evaluation in the emergency department, but also in primary pediatrician offices, urgent care
facilities, and specialty care clinics.4-7 Secondly, mTBIs have a variety of clinical sequelae encompassing neurological, muscu-
loskeletal, endocrinological, and psychiatric manifestations, which may progress to a chronic condition with a complex pattern
of evolution.6,8-15 Lastly, due to the characteristics of the developing brain, prolonged follow-up is often necessary to ensure the
best possible long-term clinical outcomes for pediatric patients.6,16-21

Although most pediatric patients will go on to completely recover within 4 weeks following injury, 15%-30% will develop
persisting symptoms for longer than 3 months.14,22 In consequence, patients that require prolonged postconcussion follow-up
care, are usually the ones with the highest burden of symptoms, risk factors for poor outcomes and/or comorbidities.23

Current pediatric mTBI management guidelines among international institutions vary on their recommendations. The Cen-
ters for Disease Control and Prevention does not give any definite recommendation about a first follow-up visit after a concus-
sion, mainly due to the lack of randomized control trials that prove its benefit.24 In contrast, the Ontario Neurotrauma
Foundation recommends a first follow-up visit 1-2 weeks after initial injury for all pediatric patients.16 Plus, the Ontario
Neurotrauma Foundation also encourages further appointments depending on the presence of postconcussive symptoms
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should not be considered medically cleared for regular phys-
ical and cognitive activities until return to neurological base-
line occurs.16,23,25,26

Research focused on pediatric mTBI follow-up trends is
not lacking, but almost all have as primary outcome
attending a first follow-up visit.27-34 Ramsay et al (2023)
recently published a literature review on this subject.28 Of
the 22 articles reviewed, none focused on identifying factors
that influenced completion of postconcussion follow-up un-
til achieving full clearance for contact activities.28 Not
included in this review is a large longitudinal study based
in Ontario focused on identifying factors associated with
follow-up care for pediatric mTBI patients, in which
follow-up care was defined as having attended at least one
follow-up visit after the injury.27 To our knowledge, only 1
study has evaluated clinical data for factors associated
follow-up appointment adherence until full medical clear-
ance in pediatric postconcussion management.35 Neverthe-
less, their definition for clearance was broad and only few
factors were analyzed.35

Despite concussions being a common, ubiquitous, and co-
morbid pediatric injury, many aspects regarding long-term
management, including factors contributing to the success or
lack thereof of follow-up at concussion clinics, remain uncer-
tain. Hypotheses-generating studies are needed before inter-
ventions to reduce patient loss to follow-up can be designed
and implemented. Which in consequence, will help build a
strong foundation for future evidence-based guidelines on
management of mTBIs in the pediatric population.

The objective of this study is to identify factors associated
with loss to follow-up for concussion management in the pe-
diatric patients who have attended at least 1 follow-up visit by
retrospectively comparing 2 study groups: lost to follow-up
and full clearance patients. These patients have already
received acute care, a referral to a concussion clinic, and
have already attended at least 1 visit. The present study is
the first to evaluate loss of follow-up and full clearance in pa-
tients who have already attended an initial visit to a concus-
sion clinic.

Methods

Study Design and Setting
In this retrospective single-center cohort study, all patients
included were evaluated and treated at the concussion clinic
of the pediatric neurology department at Boston Medical
Center (BMC), a safety-net hospital. A safety-net hospital is
defined as one having a high degree of medical care services
provided to patients who are uninsured or utilize Medicaid
insurance.36 The concussion clinic only sees patients directly
referred to the clinic by other providers or are previous pa-
tients of the pediatric neurology department at BMC. At
every appointment, patients have a comprehensive neurolog-
ical and cognitive evaluation and are surveyed for number
and severity of postconcussion symptoms. If the patient con-
tinues to be symptomatic, has not returned to neurological
2
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baseline, or has risk factors for poor prognosis, a follow-up
appointment is scheduled in 1-2 weeks. To collect data, elec-
tronic medical records (EMR) of 241 consecutive concussion
clinic patients from 2013 to 2021 were reviewed.

Ethics and Safety
The study was conducted in accordance with the Declaration
of Helsinki. The Institutional Review Board of BMC
approved the study protocol (H-38768), including data man-
agement. Informed consent was waived due to research being
deemed of no risk.

Patient Selection and Data Collection
Patients selected for the study were between 1 and 21 years old
and were evaluated by the concussion clinic at BMC. Partici-
pants chosen had concussion or postconcussion symptoms
as a main concern for the visit and were scheduled for more
than one follow-up appointment due to the presence of post-
concussion symptoms and/or poor prognosis factors. The in-
clusion criteria included a diagnosis of concussion and/or
postconcussive syndrome recorded in clinical notes from the
first follow-up visit, attending at least 1 follow-up appoint-
ment, and either achieving full clearance to return to regular ac-
tivities (including contact sports) or were lost to follow-up
before any clearancewas given. For a patient to count as having
full clearance, the physician’s notes from the last recorded
appointment had to textually refer it. Of note, if one patient
had another concussion event followed up by the concussion
clinic after the complete resolution of a prior concussion,
this was counted as an additional case. Exclusion criteria
included: achieving partial but not full clearance (ie, aerobic
clearance), patient referral to the clinic but no attendance to
any follow-up visit, and those whose medical information
was recorded predominantly in physical medical records,
without a high degree of transference to the EMR.
Once cases were selected an EMR review was done. Five re-

viewers performed data extraction. Data were collected
directly from Epic chart reviews after standardization of oper-
ational definitions between members of the data extraction
and analysis team (Table I). Race and ethnicity were self-
reported. Variables were also prespecified by the data
extraction and analysis team. These particular variables were
selected because they were deemed causal within our
conceptual framework. Approved members had signed
H-38768 BMC Individual Investigator Agreements. Data
were managed using Excel through Box, which is compliant
with Health Insurance Portability and Accountability Act
and approved by the institution’s Institutional Review Board.
After exclusion, 140 cases remained for statistical analysis:

58 in the full clearance group and 88 in the lost to follow-up
group. From the 95 excluded patients, 63 had clearance only
for aerobic exercise and 4 patients did not attend any ap-
pointments. Four patients had a history of head injury that
was never diagnosed as a concussion. Three patients pre-
sented with unrelated neurological problems. Additionally,
21 patients had information regarding concussion events
N�u~nez-Pe~na et al
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Table II. Baseline demographic characteristics of
pediatric postconcussion patients followed by
concussion clinic (n = 140)

Characteristics Total n = 140 (%)*

Age (per y) 15 (IQR 11-17)
Male sex (ref = female) 85 (60.7)
Race

White 36 (25.7)
Black 45 (32.1)
Native American 2 (1.4)
Asian 3 (2.1)
Hispanic/Latino 39 (27.9)
Not reported 40 (28.6)

Primary/preferred language
English 122 (87.7)
Not English 17 (12.1)

Income per zip code $71,574 (IQR $61 180-$96 414)
Miles to Boston Medical Center (straight

line)
5.67 (IQR 2.83-18.6)

Miles to Boston Medical Center (driving) 7.5 (IQR 3.9-24.45)
Living status

Living with at least 1 biological parent 93 (66.4)
Parental marital status

Cohabitating or married 41 (29.3)
Separated or divorced 27 (19.3)

Insurance—primary coverage public 36 (25.7)
Education level at time of concussion

Infant (before preschool) 5 (3.6)
Preschool/kindergarten 2 (1.4)
Elementary (1st-4th grade) 23 (16.4)
Middle school (5th-8th grade) 29 (20.7)
Highschool (9th-12th grade) 67 (47.9)
College/higher education 13 (9.3)

Involved in sports 70 (50)
American football 23 (33.3)
Basketball 18 (26.1)
Soccer 9 (13)
Others 20 (27.6)

Formal athlete (vs casual player) 44 (62.9)
Type of main sport played

No contact 5 (7.2)
Limited contact 42 (60.9)
Full contact 22 (31.9)

History of concussion
No history of concussion 92 (65.7)
History of at least 1 previous concussion 45 (32.1)
History of at least 1 concussion with

signs
18 (12.8)

History of at least 1 with LOC 8 (5.7)
History of at least 1 with confusion 6 (4.3)
History of at least 1 with anterograde
amnesia

4 (2.8)

History of at least 1 with retrograde
amnesia

0 (0)

LOC, loss of consciousness.
*Presented as n (%) unless otherwise specified as median (IQR).

Table I. Operational definitions

Mild traumatic brain
injuries

“An acute brain injury resulting frommechanical energy
to the head from external physical forces including:
(1) 1 or more of the following: confusion or
disorientation, loss of consciousness for 30 min or
less, post-traumatic amnesia for less than 24 h, and/
or other transient neurological abnormalities such as
focal signs, symptoms, or seizure; (2) Glasgow Coma
Scale score of 13-15 after 30 min postinjury or later
upon presentation for health care.37”

Concussion clinic Refers to the Boston Medical Center (safety-net
hospital) pediatric neurology specialty clinic that
focuses on patients with postconcussion, with or
without postconcussive complications.

Concussion event Refers to the individual mTBI episode recorded on EMRs
that was followed by a presentation to the
concussion clinic.

Clinical signs Concussion event that clinically manifested with loss of
consciousness regardless of duration, anterograde
amnesia, retrograde amnesia, and/or confusion
(defined as disorientation to time, place, and/or
person)38

Lost to follow-up
subgroup

Patients with postconcussion who on their last recorded
concussion clinic appointment the recommendation
provided by the medical professional was not full
clearance.

Full clearance
subgroup

Patients with postconcussion who, according to their
last concussion clinic appointment, successfully
completed return to play protocol with clearance to
physical activities including contact sports by a
medical professional.

Clearance for
aerobic exercise

Patients with postconcussion who were lost to follow-
up after only being cleared for aerobic exercise and
not reaching full clearance for contact sports by a
medical professional of the concussion clinic.

First evaluation First medical attention that the patient sought after a
concussion event regardless of setting.

Second hit A second head injury/impact happens in the following
7 d after the first impact and/or while a patient is still
symptomatic from a previous concussion. This head
impact exacerbates previous postconcussive
symptoms and/or the addition of symptoms.

Severe mechanism
of injury

Motor vehicle collision with patient ejection, death of
another passenger, or rollover; pedestrian or
bicyclist without helmet struck by motorized vehicle,
falls from a height (>3 feet for <2 y of age, and >5
feet for ³2 y of age); fall from stairs, or head struck
by high impact object.39

Full-contact sports Basketball, soccer, boxing, cheerleading, diving, field
hockey, ice hockey, lacrosse, martial arts, rodeo,
rugby, downhill skiing, ski jumping, snowboarding,
team handball, ultimate frisbee, water polo,
wrestling, extreme sports*, gymnastics, football
(with tackle).40

Limited-contact
sports

Adventure racing†, baseball, bicycling, canoeing or
kayaking (white water), fencing, field events (high
jump, pole vault), floor hockey, football (flag or
touch), horseback riding, racquetball, skating (ice,
in-line, roller), skiing (cross-country, water),
skateboarding, softball, squash, volleyball,
weightlifting, windsurfing, or surfing.40

Formal athlete A patient who participates in formal sports competitions
and has an established training schedule for such
sports.

Casual/recreational
player

A patient who plays sports in no formal competitions
and does not have an established training schedule
for such sports.

*Extreme sports definition continues to be controversial, but for the sake of this study includes
base jumping, drag racing, hand gliding, motorcycle racing, mountain climbing, grand prix rac-
ing, and scuba diving.41

†Adventure racing is defined as a combination of 2 or more disciplines, including orienteering
and navigation, cross-country running, mountain biking, paddling, and climbing and rope
skills.40
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recorded mainly in physical medical records without enough
in the electronic records to ensure reliability. Of note, 10 pa-
tients had 2 separate concussion events, and 1 patient had 3
separate concussion events, in these cases only the first
concussion event was included in the analysis to
avoid clustering.

Statistical Analysis
Statistical analysis was carried out using IBM SPSS, version
25 (IBM Inc). Descriptive statistics were used to compare
n Patients after Initial Visit: A Retrospective Study at a 3
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Table III. Characteristics of concussion event of
pediatric postconcussion patients followed by
concussion clinic

Characteristics

Total
n = 140
(%)*

Full clearance
n = 56 (%)*

Lost to follow-
up n = 84 (%)*

Sport-related concussion
(patient actively playing)

40 (28.6) 20 (35.1) 20 (24.1)

Presence of a second hit 33 (23.9) 12 (21.4) 21 (25.6)
Mechanism of injury
Severe 44 (31.9) 18 (31.6) 26 (32.1)
Ground-level fall 39 (28.3) 14 (24.6) 25 (30.9)
Involving a motor vehicle 31 (22.5) 15 (26.3) 16 (19.8)

*Presented as n (%) unless otherwise specified as median (IQR).

Table IV. Characteristics of first evaluation and
follow-up by concussion clinic of pediatric
postconcussion patients followed by concussion clinic
(n = 140)

Characteristics
Total

n = 140 (%)*

Full
clearance
n = 56 (%)*

Lost to
follow-up
n = 84 (%)*

Time in d to first evaluation 0 (IQR 0-4) 0 (IQR 0-2) 0 (IQR 0-5)
First evaluation location

Emergency room (ER)/
urgent care

100 (72.5) 41 (72) 59 (72.8)

Primary care physician 19 (13.7) 9 (15.8) 10 (12.2)
Pediatric neurologist

outpatient
17 (12.3) 5 (8.8) 12 (14.8)

Imaging was ordered at the
first evaluation location

52 (37.7) 17 (30.4) 35 (42.7)

Time in d from concussion
event to first visit at
concussion clinic

19 (IQR 8-39) 18 (IQR 8-37) 22 (IQR 6-49)

Imaging ordered during
follow-up

66 (47.1) 24 (42.1) 42 (50.6)

Number of follow-up
appointments

4 (IQR 2-6) 5 (IQR 4-8) 3 (IQR 2-5)

Number of appointments
in person

3 (IQR 2-5) 5 (IQR 3-7) 2 (IQR 1-4)

Number of telemedicine
appointments

0 (IQR 0-0) 0 (IQR 0-1) 0 (IQR 0-1)

One or more referrals to
other specialties during
follow-up

86 (61.4) 32 (56.1) 54 (65.1)

*Presented as n (%) unless otherwise specified as median (IQR).

THE JOURNAL OF PEDIATRICS: CLINICAL PRACTICE Volume 14
demographic and concussion event information between full
clearance and loss to follow-up subgroups. All variables were
evaluated against the dependent variable of “Loss to Follow-
up” using binary logistic regression to determine statistically
significant risk and protective factors for loss to follow-up.
All models were univariate unless otherwise specified. Multi-
variate logistic regression was subsequently used for
modeling statistically significant variables influencing loss
to follow-up. No post hoc hypothesis testing was done. To
minimize the complexity of the model and mitigate collin-
earity, variable selection was applied using backward stepwise
regression, for variables with a P value <.1. Significance was
defined as a 2-tailed P < .05 and a CI of 95%.

For evaluation of environmental-related factors for loss to
follow-up while maintaining the anonymity of information,
zip codes were used. Zip code information from the online
US Census Bureau portal was used to determine average in-
come per zip code. The driving distance between individual
zip codes and BMC was measured using Google Maps.

Results

Characteristics of the Cohort Study
Table II describes the complete demographic characteristics
of the total sample (n = 140), where 40% (n = 56) achieved
full clearance, and 60% (n = 84) were lost to follow-up.
The median age of the total sample population was
15 years old, with a higher male proportion (60.7%).
Regarding race, Black patients made up 32% of the sample
and White patients 26%. For ethnicity, Hispanic/Latino
patients made up 28% of the sample. Primary coverage
insurance at the time of concussion consisted of 74%
private insurance and 26% public insurance. For the living
status of the patient at the time of concussion, 66% lived
with at least 1 biological parent. Regarding involvement in
sports, 50% of patients were actively involved. Of these
patients, most played a limited-contact sport (61%) and
32% played a full-contact sport. The most frequent sports
in our sample were American football (33%), basketball,
(26%) and soccer (13%). As for prior injuries, 32% had a
history of at least 1 previous concussion. Of these, almost
4
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13% manifested clinical signs on at least one of these
prior concussions.
Table III describes the concussion event characteristics of

both groups and the total sample. From the total sample,
32% had a severe mechanism of injury and a ground-level
fall was the mechanism of injury in 28%. Table IV
describes characteristics of first evaluation and follow-up
management. Time in days from concussion event to first
evaluation had a median of 0 days, meaning most sought
care on the same day as the accident. The location of first
evaluation was an emergency department or urgent care
facility in 72.5% of cases. Median time between concussion
event and first concussion clinic appointment was 19 days.
For fully cleared patients, the median number of total
appointments at the concussion clinic regardless of in-
person or telemedicine modality was 5 appointments.

Protective Factors for Loss to Follow-Up
The results of the statistical analysis revealed several protec-
tive factors associated with a decreased risk of loss to
follow-up after a concussion. In the univariate model, living
with at least 1 biological parent was found to be a significant
protective factor, reducing the risk of loss to follow-up by
84.5% (OR = 0.155, 95% CI = 0.034-0.716). Involvement
in sports showed an OR = 0.518 (95% CI = 0.216-1.027),
with a P value <.1 it moved forward to the multivar-
iate analysis.
N�u~nez-Pe~na et al
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Table V. Assessment of protective and risk factors for
loss to follow-up among pediatric patients receiving
postconcussion follow-up

Variables
Univariate OR (95%
CI), all (n = 140)

Multivariate OR (95%
CI), all

Age 10 y old or older 2.849 (1.184-6.853) 13.466 (2.792-64.958)
Female sex (ref = male) 1.532 (0.750-3.089)
Race not White (ref = White) 0.818 (0.356-1.881)
Ethnicity—Hispanic/Latino 1.185 (0.552-2.544)
Primary/preferred language
not English

0.439 (0.156-1.232)

Income per zip code 1.00 (1.00-1.00)
Miles to Boston Medical
Center (straight line)

0.998 (0.977-1.020)

Miles to Boston Medical
Center (driving)

0.999 (0.982-1.016)

Living with at least 1
biological parent

0.155 (0.034-0.716) 0.145 (0.028-0.760)

Parental marital status
(ref = separated/
divorced) cohabitating or
married

1.654 (0.624-4.383)

Insurance
Primary coverage public 1.111 (0.509-2.424)
Had secondary coverage 1.290 (0.523-3.181)

Involved in sports 0.518 (0.261-1.027) 0.265 (0.092-0.764)
Plays American football
(ref = not involved in
sports)

0.439 (0.169-1.144)

Plays basketball (ref = not
involved in sports)

0.479 (0.168-1.368)

Plays soccer (ref = not
involved in sports)

0.240 (0.055-1.044)

Formal athlete (vs casual
player)

0.521 (0.194-1.399)

Type of main sport
played—full contact (ref:
limited contact)

1.641 (0.589-4.575)

History of at least 1
previous concussion

0.613 (0.298 – 1.261)

History of at least 1 with
LOC

2.250 (0.437-11.585)

History of at least 1 with
confusion

0.000 (0.000-0.000)

History of at least 1 with
anterograde amnesia

0.229 (0.023-2.266)

Sport-related concussion
(patient actively playing)

0.587 (0.280-1.232)

Presence of a second hit 1.262 (0.563-2.833)
Mechanism of injury
Severe 1.024 (0.495-2.120)
Ground-level fall 1.371 (0.638-2.948)
Involving a motor vehicle

regardless of severity
0.689 (0.308-1.540)

Time in d to the first
evaluation

1.006 (0.995-1.018)

First evaluation location
(ref = outpatient*)

Emergency room/urgent
care

0.850 (0.409-1.767)

Imaging was ordered at the
first evaluation location

1.708 (0.883-3.504)

Time in d from first
evaluation to first visit at
concussion clinic

1.005 (0.998-1.013)

Time in d from concussion
event to first visit at
concussion clinic

1.007 (1.000-1.014)

Imaging was ordered during
the follow-up

1.409 (0.714-2.779)

(continued )

Table V. Continued

Variables
Univariate OR (95%
CI), all (n = 140)

Multivariate OR (95%
CI), all

Number of follow-up
appointments

2 or less appointments in
person (ref = 3 or
more)

6.910 (2.916-16.375) 19.027 (4.991-72.533)

One or more referrals to
other specialties
during follow-up

1.455 (0.729-2.903)

LOC, loss of consciousness.
*Outpatient = Including primary care physician and pediatric neurologist visits.
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On the multivariate model, living with at least one biolog-
ical parent (OR = 0.145, 95% CI = 0.028-0.760), and being
involved in sports (OR = 0.256, 95% CI = 0.092-0.764)
were statistically significant protective factors for loss to
follow-up, reducing the risk for loss to follow-up by 85.5%
and 74.4%, respectively. The latter was even when controlling
for age at the time at concussion, attendance to 2 or fewer
follow-up appointments, and for each other. Table V
shows the complete results of the univariate and
multivariate analyses.

Risk Factors for Loss to Follow-Up
The results of the statistical analysis revealed several risk fac-
tors associated with loss of follow-up. In the univariate
model, being 10 years old or older (period of adolescence)
at the time of the concussion event was associated with a 3-
fold increase in risk for loss to follow-up (OR = 2.849, 95%
CI = 1.184-6.853).42 Having attended only 1 (OR = 7.083,
95% CI = 1.568-32.008) or 2 (OR = 3.006, 95%
CI = 1.155-8.138) follow-up appointments were both risk
factors for lost to follow-up, with a cumulative OR of 6.9
when analyzed as having attended 2 or fewer follow-up ap-
pointments (95% CI = 2.916-16.375). This contrasts with
having attended only 3 appointments, in which the risk stops
being statistically significant (OR = 1.138, 95%
CI = 0.438-2.951).
On the multivariable model, a patient being 10 years old or

older (OR = 13.466, 95% CI = 2.792-64.958) and attendance
to 2 or fewer follow-up appointments (OR = 19.027, 95%
CI = 4.991-72.533) continue to be a statistically significant
risk factor for loss to follow-up even when controlling for
living with at least 1 biological parent and involvement in
sports. Figure summarizes the most significant risk and
protective factors found. Table V shows the complete
results of the univariate and multivariate analyses.

Discussion

Through this single-center cohort of pediatric patients with
mTBI receiving follow-up management by the concussion
clinic at a safety-net hospital, we identified significant protec-
tive and risk factors for loss of follow-up after a concussion.
This is the first paper in the literature to look at this outcome.
n Patients after Initial Visit: A Retrospective Study at a 5
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Figure. Factors associated with pediatric postconcussion clearance status by health professional. Created in BioRender.
Nunez, E., et al. (2024) BioRender.com/l49u761.
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Living with at least one biological parent and involvement
in sports were significant protective factors. The former has
never been reported in the literature. Nevertheless, studies
in chronic neurological conditions in the pediatric popula-
tion have reported that parents’ concern and understanding
of possible long-term repercussions can function as a facili-
tator of care.29,43,44 Involvement in sports being a protective
factor is most likely associated increased public awareness of
mTBI and its sequelae, as well as regulations regarding con-
cussions and sports. The General Law of Massachusetts,
105 CMR 201.000, states that a student diagnosed with a
concussion by a medical professional or suspected of
suffering one, cannot return to practice or competition of
any athletic activities until written authorization by a licensed
health care professional is provided.45 This works as a posi-
tive incentive to continue follow-up visits until full clearance
is obtained. Also, by state law, as a prerequisite for involve-
ment in extracurricular athletic activities, students and their
parents must complete an approved training regarding head
injuries and concussions and provide the school with a certif-
icate of completion.45

The most prominent risk factors for loss to follow-up were
age and having attended two or fewer follow-up appoint-
ments. According to this study, age is directly proportional
to risk for loss to follow-up, with older patients being at
the highest risk, specifically those 10 years old or older, which
is when adolescence begins.42 The decrease in attendance to
medical follow-up appointments among older children is a
phenomenon that has been previously reported across several
diseases and settings.46-50 Our study is the first to describe
this in pediatric concussion patients. Increased indepen-
dence, fear of rejection by peers due to the potential need
for accommodations, deeming appointments as unnecessary,
and down-playing of symptoms to minimize disruption of
established routines, are some of the possible reasons for an
increased risk of loss to follow-up among older age groups.17
6
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Having attended 2 or fewer follow-up appointments has not
been reported in the literature before as a risk factor for loss
of follow-up in concussion patients. In our study, 4-8
appointments are necessary before the patient can obtain
full clearance to return to regular activities, including contact
sports. The number of appointments a patient needs is
completely individualized, with patients with higher symp-
tom burden, and/or presence of risk factors for poor out-
comes usually needing more close-up monitoring.16,25

Attending 2 or fewer appointments is a significant risk factor,
but after attending 3 or more visits, the risk for loss to follow-
up stops being statistically significant. This novel finding pro-
vides an important view of this “golden window,” on which
patients and their families self-determine the degree of
importance of attending follow-up appointments and reach-
ing full clearance. This suggests that in those first 2 appoint-
ments, medical professionals should prioritize building
rapport with patients and their families. The latter should
emphasize open communication, a clear understanding of
the management plan and objectives for future visits, as
well as the importance of postconcussion care and clearance.
Mohammed et al (2023) focused on adherence to primary

care visits regarding concussion follow-up. In contrast with
ours, this study was set in a wide network of primary practice
offices, not in a single specialty concussion clinic. They also
had a broader definition for follow-up adherence which
included continued follow-up until provider clearance to re-
turn to full activity, no more than 2 no-show visits, and for
those referred to a specialty concussion clinic to have at-
tended at least 1 visit. For primary care, there was a decrease
in adherence in non-Hispanic Black patients and patients
with public insurance. However, when focused on attending
at least one visit of patients referred to a concussion specialty
clinic, the study found no differences in race/ethnicity or in-
surance status.35 The latter is consistent with our re-
ported findings.
N�u~nez-Pe~na et al
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This study has several strengths, including being set in a
specialty concussion clinic of a safety-net hospital, with our
sample population having a similar proportion of White,
Black, and Latino/Hispanic patients. We also controlled for
a wide range of demographic and socioeconomic variables,
as well as variables surrounding concussion events and
follow-up management, giving us the ability to control for
possible cofounders. As for limitations, this study is single
center, which may affect to reproducibility of results in other
centers. Our sample size is also modest, which limits power.
Nevertheless, the novel findings of this study serve as ground-
work for future multicenter retrospective and prospective
studies. The study was also limited by lack of clear classifica-
tion of payment structure and insurance plan at the time of
the concussion, since the EMR only reflects the current
plan, which may have changed since the initial injury. Also,
few appointments were carried out via telemedicine, so the
effects of this modality on follow-up success could not
be evaluated.

Further research is needed regarding factors influencing
postconcussion follow-up success or lack thereof in the
pediatric population. This should include variables like
_comorbidities before and after a concussion event, novel
strategies to increase patient and caregiver’s understanding
of the importance of follow-up during the first couple of
appointments, and different modalities (telemedicine,
phone calls, etc.) that may enhance patients’ adherence to
follow-up.

Conclusion

Our study identified significant protective and risk factors for
loss to follow-up. Living with at least one biological parent
and involvement in sports were shown to be protective fac-
tors for loss to follow-up. Attendance to 2 or less follow-up
appointments and being 10 years old or older at the time
of concussion are associated with significant increase in the
risk for loss to follow-up. Special attention should be placed
in the “golden window” of the first 2 follow-up appoint-
ments. This window is crucial for establishing good rapport
and communication with patient and family to facilitate
reaching the goal of full clearance. Emphasis should be placed
on patient and caretaker understanding of the health benefits
of proper clearance to return to full activity after a concussion
and the possible consequences of being lost to follow-up.
This study did not find significant differences between bio-
logical sex, race, ethnicity, driving time to concussion clinic
center, type of insurance, clinical signs in concussion event,
and mechanism of injury. Prospective research is needed
regarding factors influencing postconcussion follow-up suc-
cess or lack thereof in the pediatric population. Following
studies may need to incorporate phone follow-up for no-
shows to better determine reasons and factors related to
loss to follow-up. Understanding these factors will help create
management plans for increasing the rate of pediatric post-
concussion patients reaching full clearance. Future directions
should also include prospective studies that implement stra-
Factors Associated with Loss to Follow-Up in Pediatric Concussio
Concussion Clinic
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tegies targeted to adolescent patients and building a strong
patient-physician relationship in the first two follow-
up appointments. n
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