








TABLE 1 Physical and Mental Activity Diary Metrics

PAR Intervals Recorded
1-3 d 4-10 d
Physical activity scale
A: Sleeping (resting in bed) 0.95 15 min/d h/d
B: Sitting (eating, writing, using the computer, etc) 1.5 15 min/d h/d
C: Standing (washing, combing, shaving, cooking, etc) 2 15 min/d h/d
D: Walking indoors (light home activities) 2.8 15 min/d h/d
E: Walking outdoors (light manual work) 3.3 15 min/d h/d
F: Low Intensity Activity (golf, gardening, biking [<<6 mph], table tennis, etc) 44 15 min/d h/d
G: Moderate-intensity activity (jogging, biking 7—12 mph, hiking, horseback riding, dancing, snow shoveling, loading 6.5 15 min/d h/d
and unloading goods, etc)
H: High-intensity activity (running [<<6 mph], bicycling [>12 mph], swimming, tennis, basketball, football, soccer, wt 10.0 15 min/d h/d
training, carrying heavy load upstairs, etc)
I: Maximum-intensity activity (very high to maximal intensity: competitive running [>6 mphl, cross-country skiing, etc) 15.0 15 min/d h/d
Mental activity

(Low) Listening to music/radio or reading n/a h/d h/d
(Low) Watching TV, surfing the internet, or playing video games n/a h/d h/d
(Moderate) In the classroom during school n/a h/d h/d
(Moderate) After-school activities, clubs or job n/a h/d h/d
(High) Working on homework or studying n/a h/d h/d
(High) Taking quizzes, tests, and or giving presentations n/a h/d h/d

Calculations were as follows. Basal Metabolic Rate (BMR) calculated by using Schofield equation: Male, BMR = 0.074 X wt (kg) + 2.754 MJ/d; female, BMR = 0.056 X wt (kg) + 2.898 MJ/d.
Total energy expenditure (TEE) calculated by summing the number of 15-min periods for each categorical value (A-l). Each result was then multiplied by its respective PAR and the
subjects predicted BMR. Totals were then added to determine 24-h exertion. Activity-related energy expenditure calculated by subtracting BMR from TEE. Physical activity level (PAL)

calculated by dividing TEE by BMR. PAR, physical activity ratio.

Visual Memory, Reaction Time, 18 years, and >19 years using
Processing Speed, and Impulse existing ImPACT normative data. This
Control.19-29 Scores are assessed test was administered in the ED and
based on age- and gender-matched at both follow-up visits. In addition to
percentiles for 11 to 13 years, 14 to ImPACT, during follow-up visits,
FIGURE 2

CONSORT (Consolidated Standards of Reporting Trials) diagram. ADHD, attention-deficit/hyperactivity
disorder; F/U, follow-up; ICl, intracranial injury. *Did not meet inclusion criteria because they were
not diagnosed with concussion.

subjects completed a paper ancillary
neuropsychological test battery. The
battery comprised tests
demonstrated to be sensitive, valid,
and reliable in the assessment of mild
traumatic brain injury. The battery
included Hopkins Verbal Learning
Test, Trail Making Test Parts A & B,
Symbol Digit Modalities Test, Letter-
Number Sequencing from the
Wechsler scales, and Controlled Oral
Word Association Test (verbal
fluency).30-34

Efficacy: Balance Assessment

The Balance Error Scoring System
(BESS) objectively assesses
balance.353¢ The test consists of 3
stance conditions (double leg, single
leg, tandem); each stance is
performed with eyes closed on both
normal firm flooring and a medium-
density foam surface. Inability to
maintain stance or eye opening is
deemed an error and is recorded as
a quantitative measurement of
postural instability. Performance is
scored by adding the error points for
each of 6 trials. BESS was performed
in the ED and at 3 and 10 days.
Because of time constraints, patients
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in the ED were only tested on firm
flooring and scores assessed for only
3 trials.

Statistical Analysis

To investigate whether treatment led
to improved symptom,
neurocognitive, and balance
outcomes and whether there was

a significant difference in recovery
trajectory based on treatment group
assignment, linear mixed-model
analyses were used. Linear mixed
modeling demonstrates a mean group
response as well as random effects
and allows each subject to have

a different recovery trajectory. It also
accounts for correlations over time
induced by multiple observations on
the same subject. If data are not
normally distributed, then a general
linear mixed model is used. In
addition to these analyses, time to
symptom resolution (defined as
PCSS =7) was analyzed by using

a proportional hazards model. The
total number of symptoms reported,
neurocognitive and balance outcome
differences from ED (day 0) to day 3
and day 10, and differences in activity
and symptoms in the first 5 days and
over the course of the study were
compared by using t tests or
Wilcoxon rank sum tests when the
data were not normal. Data analysis
was conducted by using SAS (V9.3)
and Stata (V13.0). The intention-to-
treat principle was used for all
analyses. Statistical significance was
P < .05. The Bonferroni multiple
comparisons adjustment for
comparison of changes at days 3 and
10 was P < .025. A subgroup analysis
was planned a priori to assess how
preinjury risk factors and initial
presentation influence treatment
effects.

Galculation of Sample Size

A priori we determined that a sample
size of 44 subjects in each group was
sufficient to detect a 12-point

difference (a moderate effect size) in
total PCSS (based on an estimated SD
of 22) for a power of 0.80 and type I

error («) of .05.28 For the
computerized neurocognitive
assessment, we were powered to
detect minimal clinically significant
differences (a difference of 9% in
Verbal Memory, 17% in Visual
Memory, 15% in Reaction Time, and
14% in Processing Speed).23

RESULTS

Demographics

Three-hundred and seventy patients
with mTBI met inclusion criteria

during the study period (see Fig 2);
178 met exclusion criterion, and an

TABLE 2 Demographic Table

additional 93 patients declined to
participate, leaving a sample of 99
participants who were randomized.
The strict rest group was slightly
older (mean 14.7 vs 13.1 years), and
this was associated with slight
differences in weight and basal
metabolic rate (see Table 2). One-
third of participants in each group
were female. There were no
significant differences between
treatment groups at time of ED
evaluation including mechanism of
injury, symptoms at ED presentation,
history of migraine, previous mTB],
ED evaluation, and ED treatment. The

Total (99) Usual Care (50)  Strict Rest (49)

Demographics

Age, y, median (IQR)
Wt, kg, median (IQR)
Basal metabolic rate, MJ/d, median (IQR)

Preinjury activity (day before injury)
TEE, MJ/d, median (IQR)

PAL, median (IQR)
AEE, MJ/d, median (IQR)
Moderate—high mental activity, median (IQR)

Risk factors of prolonged recovery
Female gender, n (%)

Previous mTBI, n (%)
History of migraine, n (%)

Mechanism of injury
Sports, n (%)

Football
Basketball
Soccer
Baseball
Cheerleading
Biking
Other
MVC n (%)
Fall, n (%)
Assault, n (%)
Other, n (%)

ED reported signs/symptoms
Postconcussive symptoms, n (%)
Immediate symptoms,® n (%)
Loss of consciousness, n (%)
Anterograde amnesia, n (%)
Retrograde amnesia, n (%)
Seizure, n (%)

ED evaluation
Head computed tomography obtained, n (%)

ED treatment
Analgesic, n (%)

Antiemetic, n (%)

14.7 (13-15.5)°
63 (48.9-70.5)
6.98 (6.04-7.79)

131 (12.1-14.5)%
54.8 (42.6-65.6)
6.49 (5.78-7.24)

13.7 (12.4-15.0)
57.9 (46.5-68.0)
6.67 (5.88—7.58)
122 (9.6-15.4)

12.0 (8.9-15.1) 12.2 (10.1-15.9)

1.8 (1.5-2.2) 1.8 (1.6-2.2) 1.8 (1.4-2.2)
39 (21-6.6) 41 (2.3-6.5) 3.7 (1.8-7.1)
2 h/d (0-9) 0 h/d (0-9.3) 3.0 h/d (0-7.5)
34 (34) 18 (36) 16 (33)
6 (6) 2(2) 4 (4)
6 (6) 2(2) 4 (4)
70 (71) 33 (66) 37 (76)
27 (27) 11 (22) 16 (33)
9 (18) 6 (12) 3(6)
9 (18) 4 (8) 5 (10)
1 12 0 (0)
3(3) 2 (4 12
2(2) 1) 12
19 (19) 8 (16) 11 (22)
7.1 3(6) 4 (8)
15 (15) 9 (18) 6 (12)
5 (9) 4 (8) 1(2)
2(2) 12 1)
97 (98) 48 (96) 49 (100)
72 (73) 34 (68) 38 (78)
36 (36) 21 (42) 15 (31)
27 (27) 10 (20) 17 (35)
18 (18) 7(14) 11 (22)
1 1) 0 (0)
26 (26) 11 (22) 15 (30)
73 (74) 37 (14) 36 (73)
21 (42) 9 (18) 12 (24)

AEE, activity-related energy expenditure; IQR, interquartile range; MVC, motor vehicle collision; PAL, physical activity level;

TEE, total energy expenditure.
ap< .01

b Symptoms include dazed or stunned, confused about events, answers questions slowly, and repeats questions.
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most common mechanism of injury
was sports, specifically football.
Nearly all participants reported some
symptoms in the ED and
approximately one-third reported

a loss of consciousness. Only one-
third of the patients in the usual care
group were observed verbally
receiving a specific duration to
restrict activity. Of those who did
receive instructions, the median
duration of strict activity restriction
was 2 days. In the strict rest group,
94% were observed verbally
receiving a specific duration to
restrict activity with a median
duration of 5 days. Follow-up
procedures were completed for 88
participants (43 usual care control [C]
vs 45 strict rest intervention [I]).

A

TEE
o o P ) 3 s ] = >

Day -1 Day 0 Day 1 Day 2 Day 3
7
6
5 1
>
a
c 4
@
[
4
g 3
e
c
g 2
=
1
[
Day -1 Day 0 Day 1 Day 2 Day 3
FIGURE 3

Day 4

Day 4

Compliance: Physical and Mental
Activity Level

Both groups exhibited an ~20%
decrease in energy expenditure and
physical activity level in the first

5 days postinjury. The usual care
group reported more total hours in
high and moderate mental activity
on days 2 to 5 than the strict rest
group (8.33 [C] vs 4.86 [I] hours,
P =.03), including more school and
after school mental activity (6.66
[C] vs 3.77 [I] hours, P = .03) (see
Fig 3).

Efficacy: Symptom, Neurocognitive,
and Balance Outcomes

In both groups, >60% of patients
experienced symptom resolution
(defined as PCSS =7) during the

3 usual [C)
& strict [1)

Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

3 usual [C)
& strict [1]

Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

Compliance with physical and cognitive rest recommendations. A, Mean daily total energy expen-
diture (TEE) with 95% confidence interval. No difference seen in total energy expenditure. B, Mean
hours of moderate or high mental activity with 95% confidence interval. The usual care group
reported more total hours in high and moderate mental activity on days 2 through 5 than the strict

rest group (8.33 vs 4.86 hours, P = .03).
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follow-up period (67% [C] vs 63%
[1], P = .82). However, it took 3 days
longer for 50% of patients in the
strict rest group to report symptom
resolution compared with the usual
care group (see Time to Symptom
Resolution, Fig 4). Moreover, the
strict rest group reported greater
total PCSS scores over the course of
the 10-day follow-up period (187.9
[1] vs 131.9 [C], P < .03), a higher
total number of postconcussive
symptoms reported during follow-
up period (70.4 [I] vs 50.2 [C],

P < .03; data not shown) and higher
mean daily PCSS clustered around
day 4 (see Fig 5). We found no
significant differences between
groups in computer-based
neurocognitive tests and balance
scores at 3 or 10 days (see Table 3).
Although most paper
neuropsychological assessments did
not demonstrate a significant
difference, the strict rest group
performed better at day 3 (59.9 [C]
vs 67.6 [I], P < .01) and worse at
day 10 (71.5[C] vs 67.6[1], P = .04)
than the usual care group on the
Symbol Digit Modalities Test.

Factors Associated With Recovery
and Outcome

Linear mixed modeling did not find
significant treatment effects over
time based on group assignment for
total PCSS and neurocognitive test
measures. However, when PCSS was
analyzed by domain, assignment to
the strict rest group contributed to
higher physical symptom scores on
days 2 and 3 and a trajectory of
higher emotional symptoms
throughout follow-up. Additional
factors were found in both groups to
be associated with longitudinal
outcomes. We found that female
patients reported higher PCSS
scores and lower energy
expenditure. As expected during the
follow-up period, total daily energy
expenditure, physical activity level,
and mental activity level
significantly increased over time,
and PCSS, visual memory, reaction
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Kaplan-Meier survival estimates
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FIGURE 4

Proportion of patients reporting symptom resolution (PCSS =7) over time. It took longer for 50%
the intervention group to report symptom resolution. However, the difference in overall proportion
of patient reporting symptom resolution did not meet statistical significance (P = .08).

time, and motor processing
improved over time.

Subgroup Analysis

A subgroup analysis suggests a more
nuanced relationship between rest
and outcomes. Patients diagnosed
with concussion based on
postconcussive symptoms alone

(eg, headache, dizziness) reported

a higher postconcussive symptom
score at day 10 when randomized to

strict rest (15.2 [I] vs 7.7 [C], P < .04).

Patients who presented to the ED

35
30
25
20

15

Mean Daily PCSS

10

with immediate signs of concussion
(eg, loss of consciousness

>30 seconds, amnesia, or confusion)
trended toward lower postconcussive
symptom scores at day 10 when
randomized to strict rest (11.0 [I] vs
14.6 [C], P = .22). Similarly, patients
with a past history of concussion
reported greater symptoms at day 10
when randomized to strict rest

(15.1 [I] vs 5.6 [C], P < .05). However,
patients who presented with their
first concussion showed no difference
in symptoms at day 10 based on

O usual ()
& strict 1)

6 7 8 9 10

Days Post Injury

FIGURE 5

Mean PCSS with 95% confidence interval over time. Patients in the intervention group experienced
higher total symptoms over the course of follow-up with the greatest difference in mean symptoms

on day 4 (13.95 [C] vs 21.51 [I], P < .03).

group assignment. Additionally,
although patients with a history of
migraines reported higher symptoms
at day 10, no differences could be
seen based on group assignment. We
were not powered to detect
differences between specific
mechanisms of injury. However, when
comparing sport to nonsport
mechanisms, we found no differences
in outcomes based on mechanism or
treatment group assignment.

DISCUSSION

Recommending strict rest from the
ED did not improve symptom,
neurocognitive, and balance
outcomes in youth diagnosed with
concussion. Surprisingly, adolescents
who were recommended strict rest
after injury reported more symptoms
over the course of this study.
Although recommending strict rest
ultimately did not significantly alter
the amount of physical activity
between groups, it did change the
amount of mental activity (eg, school
attendance).

This is the first randomized
controlled trial of rest strategies in
pediatric patients after acute
concussion. Although poor
compliance with strict physical rest
may have contributed to a lack of
efficacy, previous adult studies that
have assessed strict rest after
concussion found similar results.
Relander et al (1972) randomized
admitted adult patients with mTBI to
bedrest or active therapy and found
that subjects in the active group were
able to return to work 14 days earlier
than the bedrest group.37 de Kruijk
et al (2002) randomized adults
discharged with acute mTBI to usual
care or strict bedrest and found that
both treatments resulted in no
significant differences in actual
amounts of outpatient bedrest and no
differences in outcomes at 2 weeks,
3 months, and 6 months.38 Given that
these previous studies of more
stringent rest in concussed adults
similarly failed to demonstrate
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TABLE 3 Neurocognitive and Balance Assessments

ImPACT scores (percentile)
Verbal Memory
Visual Memory
Processing Speed
Reaction Time
Impulse Control

BESS Total Error score
BESS Firm total
BESS Foam total —

ED 3 Days 10 Days

Usual (n = 49) Strict (n = 48) Usual (n = 45) Strict (n = 48) Usual (n = 43) Strict (n = 45)
30.5 (21.8-39.2) 30.1 (21.7-38.6) 25.6 (17.3-33.8) 35.6 (27.0-44.2) 34.0 (25.6-42.5) 34.3 (25.1-43.4)
26.1 (18.6-33.6) 28.3 (20.4-36.2) 36.4 (26.9-45.8) 32.1 (24.2-40.0) 426 (32.4-52.8) 33.5 (24.9-42.0)
29.5 (21.1-37.8) 27.6 (19.6-36.0) 37.1 (28.2-46.0) 39.5 (30.4-48.5) 47.5 (37.7-57.4) 41.3 (32.2-50.4)
242 (16.2-32.1) 17.4 (10.3-24.5) 329 (24.2-41.7) 39.2 (29.9-48.5) 39.1 (29.5-48.6) 43.0 (33.0-53.0)
14.8 (10.5-19.1) 17.4 (12.2-22.6) 9.8 (8.0-11.6) 10.8 (6.9-14.6) 12.2 (9.8—-14.5) 11.8 (8.9-14.6)
8.4 (6.6-10.2) 10.8 (8.2-13.4) 76 (6.0-9.3) 79 (65-9.2) 6.1 (4.6-7.5) 6.8 (5.4-8.2)

— 14.7 (12.5-17.0) 15.7 (14.0-17.4) 12.9 (10.9-14.9) 142 (12.6-15.8)

— 224 (18.8-25.9) 23.6 (21.0-26.1) 19 (15.9-22.1) 21 (18.4-23.6)

BESS total —
Ancillary neuropsychological tests
HVLT Total Recall —
HVLT Delayed Recall —
TMT A time —
TMT B time —
SDMT Total Correct —
LNS Total Score —
COWAT Total Correct —_

— 24.0 (22.6-25.5)
— 8.4 (7.6-9.1)

— 39.8 (34.6-45.1)
— 82.7 (72.0-93.3)
— 59.9 (54.8-64.9)2
— 18.5 (17.5-19.4)
— 30.5 (27.8-33.2)

24.8 (23.2-26.4)
8.9 (8.3-9.5)
38.1 (34.5-41.6) )

77.0 (70.8-83.3) )

67.6 (63.6-71.6)° 715 (66.4-76.7)° 67.6 (63.6-71.6
19.0 (18.1~19.9) )

31.2 (28.9-33.6)

24.2(23.6-26.3)
8.0 (7.3-8.7)

30.4 (27.7-33.1
66.9 (59.6-74.3

25.8 (24.4-27.1)
8.3 (7.6-8.9)
30.8 (27.7-33.9
63.2 (57.7-68.7

a

19.7 (18.7-20.4
33.4 (30.4-36.5)

20.0 (19.2-20.7
35.1 (32.3-37.9)

Data are mean (95% confidence intervals); percentile score means “percentile score” were specified, all other data are raw scores. GOWAT, Controlled Oral Word Association Test; HVLT,
Hopkins Verbal Learning Test; LNS, Letter-Number Sequencing; SDMT, Symbol Digit Modalities Test; TMT, Trail Making Test Parts; —, test was not done in the ED.

ap< .05

a benefit, strict physical rest may
inherently lack efficacy over our
current modest rest
recommendations.

Previous pediatric studies have
demonstrated an association with
rest and outcome after concussion in
the clinic setting. In a retrospective
study of adolescents treated at

a concussion clinic, Majerske et al
(2008) found that patients with high
levels and low levels of postinjury
physical and mental activity had
negative outcomes, whereas patients
who reported moderate activity had
the best neurocognitive and
symptoms scores at follow-up.”
Moser et al (2012) found decreased
concussion symptoms and improved
scores on ImPACT after 1 week of
cognitive and physical rest, even
when implemented weeks to months
after concussion.3® Gibson et al
(2013) assessed the influence of
recommending cognitive rest to
patients presenting to a concussion
clinic on symptom duration and
found no association with time to
symptom resolution.#® Brown et al
(2014) found a correlation between
reporting high cognitive activity after
injury and longer symptom duration
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in patients seen in a concussion
clinic.#! They did not demonstrate the
same association between moderate
and low levels of cognitive exertion
and symptom duration. These studies
recruited patients from the clinic
setting days after injury, and thus
may not generalize to the acute care
setting. This current study found that
patients in an acute care setting
randomized to 5 days of strict rest
from cognitive and physical activity
experienced symptoms longer than
the usual care group. However, both
the strict rest and usual care groups
reported lower levels of cognitive
activity in the first 5 days after

a concussion. Taken together, these
studies show that our current usual
care endorsing modest physical and
cognitive rest after injury is an
effective strategy for recovery.

Patients in our strict rest group
reported more symptoms over the
course of the study. Modeling
revealed that group assignment was
associated with high physical
symptoms early and emotional
symptoms throughout the study.
Given that there were not significant
differences in physical activity level
and small differences in cognitive

activity level, it is possible some other
effect of group allocation contributed
to these symptom differences.
Furthermore, these data do not
determine whether these high
symptoms represented a greater
severity of illness or were simply

a reporting bias. There are many
potential explanations for the
difference in symptom reporting. It is
possible that discharge instructions
influenced the perception of illness,
augmenting symptom reporting. The
strict rest group may have been
better able to articulate their
symptoms because they were slightly
older. Lishman et al (1988) suggested
that physiologic and psychological
factors both contribute to the
development of postconcussive
syndrome, with psychological factors
contributing more to symptoms over
time.#? The deleterious effects of
strict rest may have more to do with
emotional distress caused by school
and activity restriction. Missing social
interactions and falling behind
academically may contribute to
situational depression increasing
physical and emotional symptoms.
Similarly, activity restrictions and lack
of exercise may contribute to sleep
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abnormalities and adversely affect
mood. Alternatively, attending less
school may have resulted in more
time and fewer distractions to
thoughtfully complete symptom
diaries or perseverate on symptoms.

Limitations

This study had several limitations. The
study focused on patients who were
discharged. Because admitted patients
are more likely to have significant
immediate signs, they likely represent
a group of interest that may have
benefited from a strict rest protocol.
Despite randomization, the strict rest
group was older, which may have
affected results. As a convenience
sample of patients, our study may have
favored athletes and other motivated
subjects. We used diaries to record
activity levels and symptom scales,
which has been well validated but is
subject to recall bias. Findings focus
only on short-term outcomes because
the majority of concussions improve
within the first 7 to 10 days; however,
as a result, we were unable to detect
differences in subjects that recovered
after the follow-up period and could
not evaluate long-term outcomes.

Future Directions

More information is needed to
determine the optimal discharge
instructions for mTBI from the ED.
Research has shown that active
rehabilitation (eg, low-level physical
activity) can improve outcomes in
later phases of mTBI.#344 Further
research is needed to test the safety
and efficacy of active rehabilitation in
the acute postinjury period. Given the
heterogeneity of mTBI, this question
can only be answered with a large
randomized controlled trial powered
to detect effects on subgroups

(eg, athletes, patients with previous
concussions or migraines, mechanism
of injury) using patient-centered
outcome measures and objective
neurocognitive assessments.

CONCLUSIONS

This is the first study to test
recommending strict rest as an
intervention to improve acute
concussion outcomes in pediatric
patients. In the acute care setting, we
found that strict rest immediately
after mTBI offers no benefit over
current usual care. We also found that

adolescents’ symptom reporting may
be influenced by restricting activity.
Further research is needed to
determine the optimal ED discharge
recommendations for adolescents
after mTBI.
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