Neurotrauma Reports

39:603-617 (XXXX 00, 2021) Neurotrauma
DOI: 10.1089/neur.2021.0028 Rep Orts

MMy AM MMZ, ’M%M&é‘m
E .

Open camera or QR reader and
scan code to access this article
and other resources online. [:.

ORIGINAL ARTICLE Open Access

Methodology Matters:
Comparing Approaches for Defining Persistent
Symptoms after Mild Traumatic Brain Injury
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Abstract

Some people experience persistent post-concussion symptoms (PPCS) after mild traumatic brain injury (mTBI).
A meaningful clinical classification and scientific progress are hampered by a lack of consensus regarding the
phenomenology, assessment, and operationalization of PPCS. Here we demonstrate and evaluate how the meth-
odology used to assess and define persistent symptoms after mTBI influences PPCS as a binary outcome. We
present empirical data from 15 classification methods reflecting procedures found in the literature and clinical
practice. In total, 221 patients with mTBI, 73 patients with orthopedic injuries, and 77 community controls were
included in the study. The prevalence rate of PPCS in the mTBI group varied between 10% and 47%, depending
on the method used to assess and define unfavorable outcome. There was generally low positive agreement
between the different methods; even the two methods yielding the most similar prevalence rates (89.2% overall
proportion agreement) agreed on less than half (45.5% positive agreement) of the PPCS cases. Using a liberal but
not uncommon threshold for symptom severity, there was a considerable misclassification rate of PPCS in both
comparison groups. Our results highlight the importance for researchers to be aware of the limitations of using
binary approaches for classification of PPCS. The poor agreement between methods should be considered when
(1) interpreting the heterogeneity in the existing PPCS literature and (2) developing new improved methods. An
empirically informed consensus regarding classification of PPCS should be a priority for the research community.
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Introduction

Some people who sustain a mild traumatic brain injury
(mTBI) experience persistent post-concussion symp-
toms (PPCS) for months'~ or years.** The biopsycho-
social model® implies that PPCS can be influenced or
caused by a diverse set of factors, including genetics,”
sex, age, stressful life events,® pre-injury physical health
or psychological issues,” injury related factors,” the se-
verity of acute or subacute post-concussion symp‘[oms,10
post-injury anxiety,'' traumatic stress,'’ or the devel-
opment of post-injury sleep-wake disturbance'>"?
and depression."* Social psychological factors, such
as expectations,'” diagnosis threat,'® the good-old-days
bias,'” and secondary gain'® have also been associated
with symptom reporting.

Despite the recognized phenomenological complex-
ity of PPCS,'>*? in research, its occurrence is often ap-
plied as a simple binary outcome. At present, however,
there is no consensus on how such an unfavorable out-
come after mTBI should be defined and measured.*"**
In the literature, this is reflected by the use of many
different assessment measures and highly variable def-
initions regarding the severity threshold, and whether
symptoms need to be present across a range of do-
mains, or simply occur at a certain frequency to define
the outcome. This variability in defining unfavorable
outcome after mTBI is likely an important reason
why the observed occurrence of PPCS varies between
6% and 46%'*** across different studies.

Symptoms after mTBI are typically grouped into
symptom categories consisting of somatic, emotional,
cognitive, and/or sleep-wake problems. As an example,
the World Health Organization (WHO) The Interna-
tional Classification of Diseases 10th edition (ICD-10)
Diagnostic Criteria for Research?” (“Green Book”) re-
quires symptoms to be present in at least three of six
different categories to fulfill the diagnosis of post-
concussional syndrome (F.07.2). The WHO ICD-10
Diagnostic Guidelines (“Blue Book”), however, only re-
quires that three symptoms are present regardless of
category.”® Moreover, the ICD-10 criteria and other
approaches do not specify any threshold of intensity
or frequency for a symptom to be denoted as pres-
ent. Challenges linked to the lack of pre-defined and
validated thresholds have been highlighted in studies
demonstrating how a change in cutoff may alter the
estimated prevalence of PPCS considerably.'®*’

Complicating matters further is the fact that post-
concussion symptoms are not specific to mTBI. Post-
concussion-like symptoms are reported by persons

604

with no history of head trauma—e.g., in persons with
chronic pain, depression, anxiety, post-traumatic stress
disorder (PTSD) as well as in the general popula-
tion.”®° Despite previous efforts to evaluate different
definitions of PPCS by specifically using the Rivermead
Post Concussion Symptoms Questionnaire (RPSQ),””
we lack empirical evaluation of a broader selection of
methods, which also includes relevant comparison groups
without head injury. The latter is important for provid-
ing indications on how the specificity of PPCS varies
with the different definitions and thresholds used.
Here we aim to demonstrate and evaluate to what
extent the methodology used to assess and define
PPCS influences outcome classification after mTBL
The study was performed using data from a represen-
tative and well-characterized cohort of patients with
mTBI and two comparison groups: community con-
trols and trauma controls—i.e., patients with mild or-
thopedic injuries.’’ All patients were assessed three
months after their injury. Community controls were
assessed three months after inclusion in the study.
Extending previous studies,”” we compared a range
of methods derived primarily from two well-established
assessment measures: the British Columbia Post-
Concussion Symptom Inventory (BC-PSI)*® and the
RPSQ.> Given the lack of consensus in defining the
relevant burden of post-concussive problems,'**"*
the different methods were evaluated using two differ-
ent symptom intensity level cutoffs and different de-
grees of adherence to symptom categories according
to the ICD-10 Diagnostic Criteria for Research.” In
total, we present data from 15 methods that reflect ap-
proaches found in the research literature and clinical
practice that have been used previously to define PPCS.

Methods

Participants

The participants were part of the Trondheim MTBI
Follow-up Study that has been described in greater
detail elsewhere.’® Briefly, patients were recruited pro-
spectively from two emergency departments (ED): St.
Olav’s Hospital, Trondheim University Hospital (a
Norwegian regional level 1 trauma center) and Trond-
heim Municipal Emergency clinic (a general practi-
tioner run outpatient clinic open 24/7 and located at
the hospital). Patients were between 16 and 60 years
old and had sustained a TBI’® that was categorized as
mTBI according to the WHO Task Force definition®*:
Glasgow Coma Scale (GCS) score of 13-15 at presenta-
tion to the ED, loss of consciousness (LOC), if present,
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<30 minutes, and duration of post-traumatic amnesia
(PTA) <24h.

Exclusion criteria were: (1) non-residency in Nor-
way or non-fluency in the Norwegian language, (2)
pre-injury severe psychiatric or somatic disease, or
drug abuse that could interfere with follow- up; (3) his-
tory of complicated mild, moderate, or severe TBI or
other neurological conditions with visible brain pathol-
ogy or known cognitive deficits; (4) history of uncom-
plicated mTBI during the last three months before
the injury of interest; (5) presenting >72 h after the ini-
tial trauma; or (6) presence of other concurrent major
trauma, such as spinal cord injury, severe fractures, or
internal injuries.

Two control groups were included in the study—one
community control group (CC) and a trauma control
(TC) group. The CC group consisted of a convenience
sample of employees and students at the university
hospital as well as friends and family members of em-
ployees and patients with mTBI. The CCs were ex-
cluded if they received any treatment for psychiatric
disorders and if they met any of the mTBI group exclu-
sion criteria. The TC group consisted of patients with
orthopedic injuries recruited from the same EDs as
the mTBI group. The same exclusion criteria were
used for the TC group as for patients with mTBI and,
in addition, TCs were not included if they had head,
neck, or dominant upper extremity injuries.

A total of 378 patients with mTBI, 82 TCs, and 83
CCs were included in the Trondheim MTBI follow-
up study. To allow direct comparison between differ-
ent classification methods, only individuals who had
complete data for all the selected outcome measures
at three months after injury were included. Conse-
quently, this study included 221 participants from the
mTBI group, 73 from the TC group, and 77 from the
CC group in the final analyses. There were no statis-
tically significant differences in age, sex, or completed
education between any of the groups. Demographic
and injury-related data are presented in Table 1.

The study was approved by the Regional Commit-
tees for Medical and Health Research Ethics in Central
Norway (REK 2013/754) and performed according to
the Helsinki Declaration. Informed consent was obtained
from all participants and the participant’s guardian if
the participant was younger than 18 years.

Assessment measures
All participants underwent a structured interview ei-
ther in person or over the telephone at three months
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after injury (mTBI and TC groups) or inclusion in
the study (for CC group). Mimicking the first encoun-
ter in a typical clinical examination, patients were first
asked a relatively open question to assess presence of
symptoms (see Simplified PPCS question below). We
then administered the BC-PSL.*® After the structured
interview, the patients completed the RPSQ* that
had either been sent out by mail or was delivered at a
face-to-face visit. The CCs only completed the BC-PSI
because both the simplified question and the RPSQ
pre-suppose that an injury has occurred.

Simplified PPCS question. Participants in the mTBI
and the TC group were asked to respond to the ques-
tion: “Do you currently notice anything at all related
to your (head) injury?” by using the three alternatives:
yes, no, or unsure. This question has not been de-
scribed in the published research literature and would
not typically be used by itself as a clinical definition
of PPCS, but was included because it represents a
screener question that mimics the first encounter in a
typical clinical examination.

BC-PSI. The BC-PSI was developed originally to align
with the ICD-10 Research Diagnostic Criteria for the
Postconcussional syndrome diagnosis, and this mea-
sure has sound psychometric properties.””*° We used
a Norwegian version that was developed in collabora-
tion with a translator and the original author (GLI).
The BC-PSI contains 16 items that assess 13 different
symptoms (e.g., headaches, irritability, poor concen-
tration, sleep problems, etc.), and three life problems
(alcohol tolerance, worrying about symptoms, and
concern about having damage to your brain). The
BC-PSI’s items as well as the categorization of those
items according to ICD-10 symptom categories are il-
lustrated in Table 2b.

For BC-PSI, participants were asked to rate their ex-
perience with each symptom/life problem over the past
two weeks—including the day of assessment. Symptom
experience (items 1-13) was rated on both frequency
and intensity using six-point Likert-scales: Frequency:
(0=Not at all, 1=1-2 times, 2=Several times, 3=
Often, 4=Very often, and 5=Constantly). Intensity:
(0=Not at all, 1=Very mild problem, 2=Mild prob-
lem, 3=Moderate problem, 4=Severe problem, and
5=Very severe problem). Experience of life problems
(item 14-16), was rated using a five-point Likert-scale
(I=Not at all; 3=Somewhat; 5=Very much).



Karaliute et al.; Neurotrauma Reports 2021, 2.1 606
http://online.liebertpub.com/doi/10.1089/neur.2021.0028
Table 1. Demographics and Clinical Characteristics of the Mild Traumatic Brain Injury Group,
the Trauma Control Group, and the Community Control Group
mTBI group Trauma controls Community controls p
Demographic/clinical characteristics (n=221) n=77) (n=73)
Median age (IQR; 25% - 75%) 26.6 (21.2-45.4) 27.5 (21.3-46.3) 28.7 (22.9-44.2) 0.839°
Female sex 36.2% 39.7% 39.0% 0.384°
Median years of education (IQR; 25%-75%) 13.0 (12.0-16.0) 14.0 (12.0-16.0) 13.0 (12.0-16.0) 0.423%
Injury mechanism
Fall 38.9% 31.1%
Bicycle 20.4% 9.6%
Sports accidents 14.0% 37.0%
Violence 9.5% 1.4%
Motor vehicle accidents 10.0% 4.1%
Hit object 6.3% 6.8%
Other/unknown 0.9% 11.0%¢
GCS score
13 2.3%
14 12.7%
15 76.5%
LOC (%)
Yes 46.6%
No 18.6%
Unknown 34.8%
PTA (%)
<1h 72.4%
1-24h 27.6%
Intracranial findings on CT
Yes 6.3%
No 74.2%
No CT 19.5%
Level of care
Not admitted to the hospital 67.9% 86.3%
Clinical observation <24 h 17.2% 0.0%
Admitted to the hospital >24 h 14.9% 13.7%

mTBlI, mild traumatic brain injury; IQR, interquartile range (25th-75th percentile); GCS, Glasgow Coma Scale, LOC, loss of consciousness; PTA, post-

traumatic amnesia.

Kruskal-Wallis test; °Pearson chi-square test; “Sharp injuries, such as cuts, are included here for the trauma control group.

To derive item scores for items 1-13, frequency and
intensity ratings for each symptom were multiplied
into an intermediary product score, which was then
transformed to item scores in the following way: 0-1
transformed to 0; 2-3 transformed to 1; 4-6 trans-
formed to 2; 8-12 transformed to 3, and 215 trans-
formed to 4. Item scores of >1 were categorized as
mild or greater symptom endorsement, and scores of
>3 as moderate or greater symptom endorsement.
For life problems (item 14-16), the five-point rating
was used to rate symptom severity directly. Scores of
>2 were defined as mild or greater endorsement, and
>4 as moderate or greater endorsement.

RPSQ. The RPSQ is a well-established and frequently
used questionnaire in mTBI research.’® A Norwegian
version approved by the original author was used in
the present study. The RPSQ presupposes that the re-
spondent has sustained an injury and was therefore

not completed by the CC group. The questionnaire
consists of 16 items describing different symptoms,
and respondents are asked to indicate the severity of
each symptom experienced the last 24 hours compared
to before the injury. The RPSQ and the categorization
of items according to ICD-10 symptom categories are
illustrated in Table 2¢c. Note that the RPSQ does not in-
clude items corresponding to ICD-10 symptom catego-
ries V and VL

Participants were asked to rate each item using a five-
point Likert scale, yielding a direct item score: (0=Not
experienced at all; 1 =No more of a problem; 2=Mild
problem; 3 =Moderate problem; and 4 = Severe prob-
lem). Item scores of =2 were categorized as mild or
greater symptom endorsement, and scores of >3 as
moderate or greater symptom endorsement. In accor-
dance with previous studies, item scores of 1 were not in-
cluded in any analyses because they represent “no more
of a problem” compared with before the injury.*>>°
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Table 2. The International Classification of Diseases 10th Edition Symptom Categories and Inventory Items

(a) ICD-10 Symptom categories (b) BC-PSI (c) RPSQ
Symptom Symptom
Item category Item category
I) Complaints of unpleasant 1. Headaches | 1. Headaches |
sensations a!'\d. pains, such as 2. Dizziness/light-headed | 2. Feelings of dizziness |
heac.iache, dizziness (usually 3. Nausea/feeling sick | 3. Nausea and / or vomiting |
lacking the features of true . X o . .
vertigo), general malaise, and 4, Fatigue | 4. Noise sensitivity, easily upset by loud noise |
excessive fatigue or noise 5. Extra sensitive to noises Il 5. Sleep disturbance [\
intolerance 6. Irritable I 6. Fatigue, tiring more easily |
Il) Emotional changes, such as g 7. Feeling sad I 7. Being irritable, easily angered Il
irritability, emotional lability, S 8. Nervous or tense Il 8. Feeling depressed or tearful Il
both easily provoked or § 9. Temper problems Il 9. Feeling frustrated or impatient Il
exa_cerbated by emotional “ 10. Poor concentration n 10. Forgetfulness, poor memory I
excitement or stress, or some .
degree of depression and/or 11. Memory problems I} 11. Poor concentration 1]
anxiety 12. Difficulty reading 1l 12. Taking longer to think 1]
ll) Subjective complaints of 13. Poor sleep [\ 13. B.Iurred V|s'|c.>n. . . . |
difficulty in concentration and in 14. Light sensitivity, easily upset by bright light |
performing mental tasks, and of 15. Double vision |
memory complaints, without 16. Restlessness |
clear objective evidence (e.g.,
psychological tests) of marked
impairment
IV) Insomnia
V) Reduced tolerance to alcohol " 14. Does alcohol affect you \Y
i ?
V1) Preoccupation with the above E 15 gmre th;ndm i ’)I?St' Vi
symptoms and fear of § - Joyounn dygurSﬁ
permanent brain damage, to the < ;Ar/]orrylng ?n WE |ng7 on
extent of hypochondriacal over- i‘g € symp 9ms above:
valued ideas and adoption of a 16. Do you believe you have Vi

sick role damage to your brain?

This table shows the (a) International Classification of Diseases (ICD-10)

Classification of Mental and Behavioural Disorders, Diagnostic criteria for re-

search symptom categories®> and the corresponding categorization of items on the (b) British Columbia Post-Concussion Symptom Inventory (BC-PSI)
and (c) Rivermead Post Concussion Symptom Questionnaire (RPSQ). ltem categorization according to the ICD-10 symptom categories are displayed in
roman numerals. The light grey color indicates ICD-10 symptom categories V and V1. The BC-PSI classifies the latter as “life problems,” and symptoms

from these two categories are not included in the RPSQ. According to the

ICD-10 diagnostic criteria for research, patients must report symptoms from

at least three of the six listed symptom categories to fulfill the criteria for a post-concussion syndrome diagnosis. See Table 3 for details on how symp-
tom categories and inventory items were used in the different persistent post-concussion symptoms classification methods used in this study.

Classification methods
We applied four different overarching approaches
leading to 15 methods to achieve a binary PPCS
(-like) classification in our sample. Where applicable,
methods were separated based on their symptom se-
verity level threshold (mild or greater/moderate or
greater). Details can be found in Table 2 and Table 3.
Briefly, our first approach aimed to mimic a typical
clinical encounter asking a relatively open question
about symptom experience (Simplified PPCS ques-
tion; method 1). Our second approach was based on
using the WHO ICD-10 Research Diagnostic Criteria
(Green Book)*® as a framework for categorization of
PPCS.

In addition to requiring that the symptoms have a
temporal relationship to the head trauma and are not

better explained by other conditions, these diagnostic
criteria require that symptoms from at least three of
the six listed symptom categories are present to qualify
for diagnosis. The ICD-10 symptom categories and
corresponding items on the BC-PSI and RPSQ are
illustrated in Table 2. The BC-PSI assesses all six
ICD-10 symptom categories (method 2-3), but it is
commonly used without the items assessing life prob-
lems corresponding to symptom categories V-VI
(method 4-5).*” The latter approach is more compara-
ble to the RPSQ, which only assesses ICD-10 symptom
categories I-IV (method 11-12).7°8

Our third approach was included to reflect more
general procedures (e.g., as in the ICD-10 Blue Book
and similar) that focus on the number of different
symptoms (e.g., three or more) reported from those
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(excluding life problems).
Endorsing symptoms from at least 3 out of 4 core ICD-10 symptom categories (I - IV).

Do you currently notice anything at all related to your (head) injury?

Endorsing symptoms from at least 3 out of 6 ICD-10 symptom categories (I-VI).
Endorsing symptoms from at least 3 out of 4 core ICD-10 symptom categories (I - IV).
Endorsing 3 or more different symptoms / life problems from all 16 items.
Endorsing 3 or more different symptoms from items 1-13 (excluding life problems).
Having a total score of 13 or more, calculated from item scores on items 1-13
Having a total score of 16 or more, calculated from item scores of 2 or higher.

Endorsing at least 3 different symptoms (items) from all 16 items.

Method for classification of PPCS or PPCS-like cases

5**
6*
7**
8*
9**
0
1%
1 2**
13+
14%+
15

1
2*
3**
4%
PPCS, persistent post-concussion symptoms,;ICD-10, The ICD-10 Classification of Mental and Behavioural Disorders, Diagnostic criteria for research.?’ See Table 2 for details on how items from the

different inventories (RPQS and BC-PSI) correspond to ICD-10 symptom categories. Abbreviated names for each method (third column) are continued as labels in Table 4 and Figures 2, 3.

Concussion Symptom

Inventory (BC-PSI)
Questionnaire (RPSQ)

Table 3. Fifteen Methods for Classification of Persistent Post-Concussion Symptoms

2 - 10: British Columbia Post

1: Simplified PPCS question
11 - 15: Rivermead Post
Concussion Symptoms

Assessment tool
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listed in each inventory regardless of symptom cate-
gory (BC-PSI—method 6-9; RPSQ—method 13-14).*
Finally, our fourth and final approach was to apply
commonly used total score cutoffs for the BC-PSI (cut-
off >13; method 10)*° and the RPSQ (cutoff >16;
method 15).*!

Statistical analyses

The IBM SPSS 25 (IBM, Armonk, NY) was used for
statistical analyses. Categorical variables are described
using the frequency (n) and percentage (%), and con-
tinuous data (age and education) are presented using
median with interquartile range (IQR). To evaluate de-
mographic differences between the mTBI group and
the CCs and TCs, we used the Pearson chi-square
tests for categorical data (e.g., sex), and the Kruskal-
Wallis test for continuous data (i.e., age and educa-
tion). The p values <0.05 were considered statistically
significant.

For each of the 15 different methods used to assess
post-concussion symptoms, the results were summa-
rized by the number and the percentage of partici-
pants categorized as having PPCS. Moreover, the
overall proportion agreement, as well as the negative
and the positive proportion agreement between any
two methods, were estimated and presented as per-
centages. The Cohen’s kappa was calculated for each
pair of methods. We considered kappa values between
0-0.20 as an expression of poor agreement, 0.21-0.40
as fair agreement, 0.41-0.60 as moderate agreement,
0.61-0.80 as good agreement, and 0.81-1 as very
good agreement.*?

Results

Study population

Demographics and clinical characteristics of the mTBI
group, the TC group, and the CC group can be found in
Table 1. The samples were similar in sex distribution,
age, and education. Most participants with mTBI had
GCS scores of 15 (77.0%) in the ED and PTA duration
estimates of <1 h (72.4%).

Prevalence of PPCS across different

classification methods

The prevalence of PPCS or PPCS-like cases for the 15
different methods is presented in Table 4. When we
asked the patients the Simplified PPCS question,
27.6% of the mTBI group responded yes, whereas
this was the case for 64.4% in the TC group. The prev-
alence of mild or greater PPCS/PPCS-like cases varied
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Table 4. Prevalence of Persistent Post-Concussion or Post-
Concussion-Like Cases based on the 15 Different Methods

mTBI

group
(n=221)

Trauma
controls
n=73)

Community
controls

Method (n=77)

1. Simplified PPCS question, N/A

answering “Yes”

27.1 % (60) 64.4% (47)

2, BC-PSI, symptoms from at  37.8% (83) 30.1% (22) 24.7% (19)
least 3 out of 6 ICD-10
symptom categories (I-VI),

> mild severity

3. BC-PSI, symptoms from at
least 3 out of 6 ICD-10
symptom categories (I-VI),
> moderate severity

16.2% (36) 8.2% (6) 1.3% (1)

4. BC-PSI, symptoms from at
least 3 out of 4 core ICD-10
symptom categories (I-IV),
> mild severity

26.7% (59)  20.5% (15) 16.9% (13)

5. BC-PSI, symptoms from at
least 3 out of 4 core ICD-10
symptom categories (I-IV),
> moderate severity

6. BC-PSI, 3 or more
symptoms/life problems
(from items 1-16),
> mild severity

7. BC-PSI, 3 or more
symptoms/ life problems
(from items 1-16),
> moderate severity

8. BC-PSI, 3 or more
symptoms (from items
1-13), 2 mild severity

9. BC-PSI, 3 or more
symptoms (from items
1-13), = moderate severity

10. BC-PS|, total score >13

11. RPSQ, symptoms from at
least 3 out of 4 core ICD-10
symptom categories (I-1V),
> mild severity

10.0% (22) 1.4% (1) 0.0% (0)

47.1% (104) 34.2% (25) 31.2% (24)

42.5% (94)  30.1% (22) 27.3% (21)

19.5% (43) 9.6% (7) 1.3% (1)

15.8% (35) 4.1% (3) 0.0% (0)

18.1% (37)
26.7% (59)

6.8% (5)
8.2% (6)

1.3% (1)
N/A

12. RPSQ, symptoms from at  10.0% (22) 2.7% (2) N/A

least 3 out of 4 core ICD-10
symptom categories (I-1V),
> moderate severity

13.RPSQ, 3 or more symptoms  33.5% (74)  12.3% (9) N/A

(from items 1-16),
> mild severity

14. RPSQ, 3 or more symptoms  16.3% (36) 4.1% (3) N/A

(from items 1-16),
> moderate severity

15. RPSQ, total score >16 18.6% (41) 2.7% (2) N/A

mTBlI, mild traumatic brain injury; N/A, not applicable; PPCS, persistent
post-concussion symptoms; ICD, International Classification of Diseases;
BC-PSI, British Columbia Post-Concussion Symptom Inventory; RPSQ, Riv-
ermead Post Concussion Symptom Questionnaire; ICD-10; The ICD-10
Classification of Mental and Behavioural Disorders, Diagnostic criteria for
research.?®
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from 26.7% to 47.1% in the mTBI group, from 8.2% to
34.2% in the TC group, and from 16.9% to 31.2% in the
CC group. The prevalence of moderate or greater
PPCS/PPCS-like cases varied from 10.0% to 19.5% in
mTBI group, from 1.4% to 9.6% in the TC group,
and from 0% to 1.3% in the CC group (Table 4).

Agreement between different methods

in defining PPCS

The values for four different measures of agreement be-
tween the 15 methods are presented in Figure 1. The
Simplified PPCS question and the other methods ex-
amined had an overall proportion agreement ranging
from 69.7% to 80.5%, a positive agreement ranging
from 33.7% to 62.2%, and a negative agreement rang-
ing from 75.8% to 87.4%. The Cohen’s kappa values
ranged from 0.22 to 0.46, indicating fair to moderate
agreement. The observed overall proportion agreement
between the different methods based on the BC-PSI
and RPSQ varied from 62.0% to 91.4%. Positive agree-
ment varied from 33.3% to 76.5% and negative agree-
ment varied between 73.4% and 94.7%.

Not surprisingly, the lowest agreement was observed
between the most conservative method (method 12;
RPSQ using ICD-10 categories at moderate or greater
level) and the most liberal method (method 6; BC-
PSI endorsing at least 3 symptoms/life problems from
all 16 items, at mild or greater level). For the most con-
servative methods (using a symptom threshold of mod-
erate or higher, or total scores from BC-PSI and RPSQ),
only 10 patients were classified with PPCS across all
methods (Fig. 2).

The highest overall proportion agreement was ob-
served for the methods that were based on the BC-
PSI and RPSQ and required endorsement of symptoms
from at least three of four ICD-10 symptom categories
at a moderate or greater severity level (89.1%). These
methods classified the same number of PPCS cases in
the mTBI group (n=22), but the methods agreed on
fewer than half of those participants (n=10) resulting
in a positive agreement of 45.5%, negative agreement
of 94.0%, and k=0.39 (Fig. 1; Table 5).

Discussion

In this prospective study of patients with mTBI, the es-
timated occurrence of PPCS three months after injury
varied between 10.0% and 47.1%, depending on the
method used to assess and define unfavorable outcome.
Overall, the different methods exhibited only modest
agreement at best. Notably, the two methods yielding
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FIG. 1. Agreement between methods. Cohen'’s kappa (x) values (a), overall proportion agreement (b),
positive agreement (c), and negative agreement (d) for all 15 methods. See Table 3 for detailed descriptions
of each method. Darker colors indicate higher agreement values. The « values vary from 0 to 1 and were
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Classification of Mental and Behavioural Disorders Diagnostic criteria for research.?’ RPSQ, Rivermead Post
Concussion Symptom Questionnaire.
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Table 5. Agreement between Selected Approaches based
on the British Columbia Post-Concussion Symptom
Inventory and Rivermead Post Concussion

Symptom Questionnaire

a) Mild or greater

K: 0.58 4. BC-PS|,
Overall agreement: 83.7% 3/4 1CD-10
Positive agreement: 69.5%

Negative agreement: 88.9% PPCS- PPCS+
11. RPSQ, PPCS- 144 18
3/41CD-10 PPCS+ 18 41
b) Moderate or greater

K: 0.39 5. BC-PS|,
Overall agreement: 89.1% 3/41CD-10
Positive agreement: 45.5%

Negative agreement: 94.0% PPCS- PPCS+
12. RPSQ, PPCS- 187 12
3/41CD-10 PPCS+ 12 10
c) Mild or greater

K: 0.52 8. BC-PSI,
Overall agreement: 77.4% 3/13 items
Positive agreement: 70.2%

Negative agreement: 81.8% PPCS- PPCS+
13. RPSQ, PPCS- 112 35
3/16 items PPCS+ 15 59
d) Moderate or greater

K: 0.51 9. BC-PSI,
Overall agreement: 86.9% 3/13 items
Positive agreement: 59.2%

Negative agreement: 92.2% PPCS- PPCS+
14. RPSQ, PPCS- 171 14
3/16 items PPCS+ 15 21

The tables show agreement between selected approaches based on
the British Columbia Post-Concussion Symptom Inventory (BC-PS) and
Rivermead Post Concussion Symptom Questionnaire (RPSQ) using the
four core ICD-10 categories (category I-1V). Tables a) and b) show agree-
ment when requiring symptoms from at least three categories (a and b),
and tables c) and d) show agreement when requiring endorsement of at
least three symptoms regardless of symptom category (c and d). See
Table 2 for full version of abbreviated names for the different methods.
Tables a) and ¢) show agreement at using a symptom severity level
threshold of mild or greater, and b) and d) show agreement using a
symptom severity level threshold of moderate or greater. Although over-
all agreement is relatively high, positive agreement and Cohen'’s kappa
(k) values are generally low, indicating considerable dissimilarity be-
tween the persistent post-concussion symptoms (PPCS) cases identified
by the two inventories. ICD-10, The ICD-10 Classification of Mental and
Behavioural Disorders, Diagnostic criteria for research.?’

the most similar prevalence rates (89.2% overall pro-
portion agreement) only had a positive agreement of
45.5%, meaning that the respective methods disagreed
in more than half of the PPCS cases. The methods
using a criterion of mild or greater symptom severity
cutoff yielded a two-to-five-fold larger prevalence
rate of PPCS than the methods using a moderate
or greater symptom severity cutoff. Using a mild or
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greater symptom severity cutoff yielded a consider-
able proportion of PPCS-like cases in the two control
groups across methods, especially in TCs.

The number of persons misclassified in the CC and
TC groups was substantially fewer when raising the
threshold to include only persons endorsing moderate
or greater symptom severity. This suggests that at least
a subgroup of patients with more severe PPCS are ex-
periencing symptoms that are phenomenologically dif-
ferent from most people classified as PPCS-like cases in
the control groups.'””” Because of the lack of consen-
sus or gold standard for defining PPCS,*"*? we cannot
determine which of our included methods perform bet-
ter relative to an a priori prediction. Nonetheless, the
analyses presented here are informative for researchers
planning future studies and data analyses.

The largest source of variance in PPCS classification
in this study could be attributed to symptom severity
thresholding, but there was also considerable disagree-
ment between methods because of differences in symp-
tom category and frequency, as well as other factors
associated with the design of the inventories included.

Our study extends previous work by examining the clas-
sification properties of both the RPSQ*” and the BC-PS],
and evaluating the agreement between methods based
on these widely used symptom inventories. The BC-PSI
and RPSQ provided similar prevalence rates of PPCS,
but there was at most moderate agreement (Cohen’s
kappa) between the two inventories, meaning that they
identify overlapping but also distinct subgroups of pa-
tients. This highlights the importance of looking beyond
prevalence rates when considering the use and interpreta-
tion of different inventories and classification methods.

The RPSQ and BC-PSI have considerable, but not
complete, overlap in the type of symptoms included,
but importantly they differ in the time for which symp-
toms are endorsed. For the BC-PSI, participants are
asked to indicate whether they have experienced symp-
toms during the last two weeks, whereas the RPSQ
assesses symptoms experienced within the last 24 h.
Moreover, the item scores derived from BC-PSI are a
product of the frequency and intensity of a symptom,
but the RPSQ queries to what degree the symptom rep-
resents a problem. The PPCS may fluctuate, within and
between days and weeks. Assessing symptoms from
different periods may therefore explain some of the dis-
crepancy between the two instruments.

It is possible that the BC-PSI identifies certain indi-
viduals compared with the RPSQ because it queries
symptoms over the past two weeks versus the past
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24h. On the other hand, the RPSQ might have a
strength in capturing day-to-day variations, if used re-
peatedly, but this was not possible to evaluate using the
single-point evaluation in our study. The different pe-
riods assessed by the inventories may also result in dif-
ferent test-retest reliability depending on the period of
interest. Although not addressed in our study, a recent
study of PPCS in adolescents shows that self-report of
symptoms is only modestly reliable over a four-month
period, even in a healthy control.*

Another key difference between the two inventories
is that in the RPSQ, participants are asked specifically
to rate their symptoms in comparison with how they
felt before they were injured, whereas this is not the
case for the BC-PSI. Because of this, one may speculate
that the BC-PSI will yield a greater rate of misclassifica-
tion of PPCS in control groups’ and that the RPSQ is
more likely to identify true cases in the mTBI group.
Some support for this can be found in our data, consid-
ering that the prevalence rate of PPCS-like cases in the
TC group using methods based on the BC-PSI was up
to twofold of that when using the RPSQ. Because the
total prevalence rate in the mTBI group was similar
across the two inventories using comparable criteria,
however, it is still unclear whether there is a relevant
difference within the mTBI patient group.

Individual response styles may vary, not only based
on the face-value interpretation of the items and in-
structions included in the inventories, but also with
factors such as expectations,'> diagnosis threat,'® the
good-old-days bias,'” and secondary gain.'® Our study
provides useful information for using BC-PSI and
RPSQ, but assessment measures and methods that also
take into consideration other non-injury-related factors
not assessed in these inventories may be necessary to
tully grasp the complexity of PPCS classification.

The prevalence and agreement of PPCS varied
depending on whether symptoms had to be present
across several symptom categories or simply occur at a
certain frequency. As expected, methods utilizing fewer
possible symptoms/symptom categories in their classifi-
cation criteria were associated with lower prevalence
rates. Interestingly, when we asked the patients a simpli-
fied single question about whether they still noticed any-
thing at all related to their injury, 64.4% of the TC group
responded yes, whereas this was true for only 27.1% in
the mTBI group. This is particularly interesting in that
approximately two of three TC patients notice, broadly
defined, some lingering issues relating to being injured—
a proportion that was higher than the mTBI group.
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Somewhat counterintuitive was that the preva-
lence rate of PPCS using methods based on the RPSQ
(which asks specifically about symptoms in compari-
son with how they felt before they were injured),
using a mild or greater symptom level cutoff, was
higher than when using the single open question with
the mTBI group. This illustrates three interesting points:
(1) asking a general question mimicking the first en-
counter in the clinic at three months after the injury re-
veals more general symptoms—of any severity level—in
a patient group with orthopedic injuries than in patients
with mTBI; (2) inventories asking specifically for what
is considered post-concussion symptoms yield more
PPCS cases in the mTBI group, as expected, than in
TCs, and (3) there is likely a subgroup of mTBI patients
who only report problems when probed for specific
symptoms/symptom domains.

This highlights what is often observed clinically—
that many people may benefit from being prompted for
their symptoms (i.e., through a questionnaire or structured
interview), rather than being asked only open-ended ques-
tions. Our study indicates that a structured approach
may be especially important for people with mTBI.

A strength of our study is the highly representative
sample of mTBI patients’* and that we included both
TCs and CCs. The incidence of PPCS varies across dif-
ferent clinical settings and recruitment procedures.
Our mTBI group was similar to that of other prospec-
tive studies in comparable settings, when considering
the proportion of patients with positive CT findings
(7.9%) and other clinical measures of acute injury se-
verity (Table 1). It should also be noted that the CC
group was recruited from the local hospital and per-
sonal affiliates and thus may not be representative of
the general population.

Our main aim was to investigate specific between-
group effects while maintaining control of key demo-
graphic variables that are typically associated with
reporting physical, cognitive, and emotional symp-
toms associated with PPCS. Given that there were no
between-group differences in age, sex, or education
and the groups have been found to be similar regarding
a range of psychosocial variables,** there is no obvious
reason to believe that recruitment bias is a driver of the
results supporting our main conclusion.

The rates of PPCS-like cases in the control groups
were relatively small across different methods when we
used a pre-defined threshold of moderate or greater symp-
tom level. Yet, the prevalence of post-concussion symptoms
in the mTBI group was considerable and comparable to
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other studies (~ 10-20%).2*” This finding lends credibil-
ity to patients experiencing severe symptoms after mTBI
that they themselves attribute to their injury. In contrast,
we found that methods classifying PPCS using a mild
or greater symptom severity threshold identified a rela-
tively large proportion of cases in both TCs and CCs.

Our results may be useful for guiding researchers in
the selection of a context-appropriate threshold for de-
fining PPCS, particularly in studies without matched
TCs for comparison. It is important to acknowledge,
however, that methods offering high specificity alone
may lack important sensitivity; clinically relevant cases
might be lost using too conservative thresholds for
classification.

Classification methods using a total scale score cutoff
rather than moderate or greater symptom endorse-
ment within pre-defined categories (i.e., capturing indi-
viduals with many mild, but less than three moderate
symptoms) provided similar PPCS prevalence rates
and comparable mTBI specificity. However, consider-
ing the agreement scores (Fig. 1) and limited overlap
with other methods (Fig. 2), it was clearly demon-
strated that approaches using a total scale score cut-
off identified yet other partly overlapping but distinct
groups of PPCS cases.

Our selection of methods to illustrate the methodo-
logical issues with binary PPCS classification reflects
approaches previously reported in the research litera-
ture and clinical practice, but they are not exhaustive or
fully representative of all existing approaches. Other
methods exist, and they may have provided somewhat
different results than in this study, but there is no ob-
vious reason to believe that agreement would be higher
between methods not included here.

Symptom severity thresholding was used as the
only criterion to distinguish between some of the clas-
sification methods. This has some obvious implications
for interpretation of the results, such as the expected
lower prevalence rate when a more stringent symptom
severity threshold was used. Methods yielding lower
prevalence rates will show higher overall proportion
agreement and negative agreement, but as shown in
our data, positive agreement may still decrease. It is
therefore important to carefully consider the different
statistical measures of agreement jointly in this context.

Another aspect to be aware of when interpreting the
results is that because of the lack of a gold standard for
PPCS classification, no a priori de facto “true cases” can
be defined. This means that, in our analyses, the differ-
ent methods are not tested against identifying the same
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true cases, but that each method is allowed to identify
unique cases. The lack of a gold standard for PPCS clas-
sification also limits direct evaluation of clinical useful-
ness of the different methods included in this study.
For example, increased symptom severity threshold
yielded better between-group discrimination, but we
still lack information on diagnostic usefulness within
the mTBI group (e.g., regarding who may want/need/
benefit from clinical follow-up). Requiring moderate
or greater symptom reporting results in improved between-
group discrimination, but also may come with the price
of more “false negative” cases within the mTBI group.

It is also important to keep in mind, of course, that it
is easy to differentiate possible persistent symptoms in
the mTBI group from post-concussion symptoms in
the control groups because the control groups did not
sustain injuries to their heads or brains and thus, by
definition, cannot have post-concussion symptoms.
The difficulty, of course, is determining the extent to
which the persistent symptoms in the mTBI group
are causally related to the previous injury.

The lack of agreement on how outcome is classified
after mTBI has negative consequences for both re-
search and clinical work. First, it complicates compar-
ison of results between different mTBI studies. Second,
it challenges the validity and reliability of the results
from studies of the prognosis of mTBI and makes it dif-
ficult to uncover the etiology of PPCS. An objective
marker that is easy to implement and can predict an
unfavorable outcome early after mTBI has been sought
for a long time by both researchers and clinicians.
Blood and cerebrospinal fluid markers, and information
from advanced neuroimaging techniques have been in-
vestigated as potential prognostic biomarkers for out-
come after mTBI. Despite these efforts, we still lack
accurate mTBI diagnostic and prognostic biomarkers.

Considering that binary PPCS classification is often
used as the main outcome measure in prognostic stud-
ies, poor definition and operationalization of the PPCS
phenomena is likely one important reason.*>*® So far,
many different methods for defining post-concussion
symptoms have been used, some of which have been
highlighted in our work, resulting in considerable un-
certainty regarding the number of mTBI patients who
will end up needing prolonged healthcare.

Many patients experience personal costs and frus-
tration linked to the controversy of PPCS diagnosis.
This controversy is retained by our lack of a standard-
ized approach for diagnostics and outcome classifica-
tion. Current approaches are insufficient to capture



Karaliute et al.; Neurotrauma Reports 2021, 2.1
http://online.liebertpub.com/doi/10.1089/neur.2021.0028

the heterogeneity of symptoms and problems after
mTBI as one syndrome (e.g., Postconcussional syndrome,
ICD-10).

From a clinical point of view, it is reasonable that pa-
tients with mTBIs should receive follow-up regardless
of the number of different symptom categories they re-
port. Because no universal treatment standard has pro-
ven efficacious for patients with PPCS,2** clinicians
should aim to personalize treatment and rehabilita-
tion according to the most prominent individual symp-
toms.*® Such an approach may focus on targeting
post-concussive headache,* fatigue,5 0 or sleep-wake
disturbances.”’ Accordingly, researchers should be aware
of the limitations of binary approaches to classifying
PPCS; future progress in our field may benefit from fo-
cusing on understanding the underlying mechanisms
of such individual but transdiagnostic symptoms>>>>
in the context of mTBL

Conclusions

The lack of good agreement between different binary
PPCS classification methods in our study was striking
but not unexpected.”” Our comprehensive approach
adds important empirical insight to this well-recognized
but unresolved matter in mTBI research.'”*"** Extend-
ing and substantiating previous studies, we evaluated a
comprehensive selection of 15 methods that have been
used previously to identify PPCS cases in research and
clinical settings.

By breaking down the results into clearly operation-
alized classifications, based on two commonly used in-
ventories applied to a large group of representative
and well-characterized patients with mTBI and two
matched control groups,” we provide insight into the
extent the methodology used to assess and define per-
sistent symptoms after mTBI influences outcome clas-
sification. Notably, a high burden of post-concussion
symptoms was uncommon in persons without head in-
jury, which indicates that a subgroup of patients in the
mTBI group with more severe PPCS are experiencing
symptoms that are phenomenologically different from
most people classified as PPCS-like cases in the control
groups.

Our findings are important to consider when inter-
preting the heterogeneity in the existing research liter-
ature and should be appraised when developing new
improved methods for classification. New methods
may benefit from moving beyond a binary classification
of PPCS toward dynamic risk profiles based on identi-
fication and classification of individual transdiagnostic
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symptoms that may serve as more precise targets for
treatment. An empirically informed consensus regard-
ing classification of PPCS should be a priority for the
research community.
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