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Abstract

Mild traumatic brain injury (mTBI) is a common diagnosis and approximately one third of mTBI patients experience
a variety of cognitive, emotional, psychosocial, and behavioral post-concussion symptoms. When a cluster of these
symptoms persists for more than 3 months they are often classified as post-concussion syndrome (PCS). The objective of
this study was to determine prevalence rates, risk factors, and functional outcome associated with PCS 6 months after
mTBI, applying divergent classification methods. Follow-up questionnaires at 6 months after mTBI included the Riv-
ermead Post-Concussion Symptoms Questionnaire (RPQ) and the Glasgow Outcome Scale Extended (GOSE). The RPQ
was analyzed according to different classification methods: the mapped International Classification of Diseases, 10th
revision (ICD-10)/Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-1V), the RPQ total score, the
RPQ3 and the three-factor model using two different cutoff points (mild or worse and moderate or worse). Our results
from a sample of 731 mTBI patients showed that prevalence rates of PCS ranged from 11.4% to 38.7% using divergent
classification methods. According to all eight methods, 6.3% (n=46) of mTBI patients experienced PCS. Applying the
divergent classification methods resulted in a different set of predictors being statistically significantly associated with
PCS, and a different percentage of overlap with functional impairment, measured with the GOSE. In conclusion, de-
pending on the classification method and rating score used, prevalence rates of PCS deviated considerably. For future
research, consensus regarding the diagnostic criteria for PCS and the analysis of the RPQ should be reached, to enhance
comparability of studies regarding PCS after mTBI.

Keywords: Glasgow outcome scale-extended; post-concussion syndrome; prevalence; Rivermead Post-Concussion
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Introduction

RAUMATIC BRAIN INJURY (TBI) is a leading cause of death and

disability worldwide, with an annual incidence of 262 per
100,000 admitted TBI patients in Europe.' The large majority (70—
80%) of all TBI cases are evaluated as mild TBI (mTBI). In the first
weeks following mTBI, many patients experience post-concussion
symptoms comprising physical symptoms (e.g., headaches, diz-
ziness, blurred vision, fatigue, and sleep disturbances), cognitive
deficits (e.g., poor memory, and attention and executive diffi-
culties), and behavioral/emotional symptoms (e.g., depression,
irritability, anxiety-related disorders, and emotional lability).>
For most patients, these symptoms will diminish spontaneously,’
but for a subset of patients (estimated between 5%—43%4"9),
symptoms last for months and sometimes even longer. When a set

of symptoms persists for >3 months, it is often referred to as post-
concussion syndrome (PCS).

It is challenging to define PCS, because there is no consensus as
to the criteria for diagnosis.'® The most used criteria for diagnosis
are those specified in the International Classification of Diseases,
10th revision (ICD-10)"" and the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM-IV).? Even though the ICD-
10 and DSM-IV classifications deviate, they both include a brain
injury with potential loss or alteration of consciousness, and the
existence of certain symptoms. A frequently used instrument to
assess the presence and severity of post-concussion symptoms is
the Rivermead Post-Concussion Symptoms Questionnaire (RPQ).'2
The RPQ was developed by King and colleagues, who proposed to
use the total scale score for analyses.'” Subsequently, other evalua-
tion methods have been applied. Potter and colleagues proposed a
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>12 cutoff for the total scale score.'* Eyres and colleagues suggested
the use of a two subscale version, one scale containing three items
(RPQ3) and one containing 13 items (RPQ13), because of a possible
lack of unidimensionality for the RPQ total scale.'* Smith-Seemiller
and colleagues recommended a modified scoring system with three
subscales (cognitive, emotional, and somatic symptoms) or two
subscales (collapsing somatic and emotional symptoms vs. cognitive
symptoms) to be more sensitive.'*'> The majority of studies, how-
ever, mapped the ICD-10 or DSM-IV criteria to the RPQ.'*"!8 Pa-
tients are subsequently classified with PCS if they report at least three
out of the following symptoms: headaches, dizziness, fatigue, irri-
tability, impaired memory, impaired concentration, and insomnia. In
addition to heterogeneity in classification methods, there is also no
consensus on whether symptoms should be incorporated in the rating
for PCS if they are rated as 2 (mild problem) or worse or only if they
are rated as 3 (moderate problem) or worse.! %20

An abundance of studies are being done in the field of PCS
regarding predictors and prediction modeling.?*-** We investigated
whether classification methods have different predictors or have
more predictive power, and expected that different risk factors
would be significant depending on the classification method used.
Advances and developments in prediction modeling are difficult,
because an unambiguous definition for PCS is missing, and it is
possible that different predictors are associated with PCS according
to divergent classification methods.*°

The application of different classification methods and cutoffs
may lead to incomparability of studies assessing PCS. The main
objective of this study was to examine how the four divergent
classification methods and two different rating scores as cutoff
defining PCS using the RPQ differ among patients 6 months after
mTBI. First, descriptive analyses were done according to the four
classification methods. Subsequently, the sample was analyzed on
whether the risk factors predicting PCS differed across PCS clas-
sification methods, and lastly, the association with the clinically
relevant Glasgow Outcome Scale Extended (GOSE) and different
classification methods was observed. We expect differences in
prevalence of PCS per classification method. We also hypothesize
differences in predictors associated with PCS according to the di-
vergent classification methods. Additionally, it was hypothesized
that the functional outcome, measured by the GOSE, would differ,
depending on the classification method used.

Methods
Study design

Data were obtained from the prospective observational Radboud
University Brain Injury Cohort Study (RUBICS).**~2® All patients
with mild, moderate or severe TBI admitted between January 1998
and December 2010 to the emergency department (ED) of the
Radboud University Medical Centre (RUNMC), a level I trauma
center in the Netherlands, were included in the database. The eth-
ical standards committee of the RUNMC had approved this study.

Study participants

In the current study, 797 patients were selected from the
RUBICS database based on the following inclusion criteria: pa-
tients’ age was =16 years, written informed consent was given by
patients (or guardians), patients had mTBI and were admitted to the
ED of RUNMC between January 2003 and June 2010. Diagnosis of
mTBI was based on a Glasgow Coma Scale (GCS) score of 13-15
after initial resuscitation or followed by sedation and intubation
during resuscitation for a non-neurological cause. Exclusion criteria
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were alcohol or drug abuse or dementia, unknown address, and not
being able to speak or write Dutch. We selected 92% (n=731) of
mTBI patients who completed the RPQ (filled in all items) at 6
month follow-up for all analyses throughout this study.

Measurements

Clinical data were registered in the ED at admission by a neu-
rologist and/or neurosurgeon and entered by a research nurse into
the RUBICS databank. Demographic data (age, sex, and educa-
tional level), trauma mechanism, hospitalization, clinical variables,
comorbidities, functional outcome (GOSE), and the RPQ were all
collected with a postal questionnaire, which was self-rated by pa-
tients or guardians at 6 months after the trauma. Structured inter-
views during regular visits to the outpatient clinic or durin%
consultation by telephone were used to determine GOSE scores.”

Assessment of persistent post-concussion symptoms
and diagnosis of PCS

The prevalence rates and severity of persistent post-concussion
symptoms were assessed with the postal RPQ at 6 month follow-
up. Patients were asked to rate the severity of 16 different symp-
toms, commonly found after TBI, over the past 24 h. In each case,
the symptoms were compared with how severe they had been be-
fore the injury occurred (premorbid). The patient was asked to rate
the symptoms on a five point Likert scale: O (not experienced at all),
1 (not a problem), 2 (mild problem), 3 (moderate problem), and 4
(severe problem).

In the literature, there is not a gold standard concerning the use of
the RPQ. Therefore, we used the following classification methods
to classify patients as having PCS: mapped ICD-10/DSM-1V, RPQ
total score,'? RPQ 3,'* and three-factor model (Table 1) .'> The
mapped ICD-10/DSM-1V requires that three or more symptoms in
the list in Table 1 reach cutoff, the RPQ3 requires that one or more
symptoms in the list in Table 1 reach cutoff, the RPQ total score
requires a sum score of all items of the RPQ of 212, and the three
factor model requires that one or more items within each of the
cognitive, emotional, and somatic scales reaches cutoff. For each
classification method, we used two different rating scores as cutoff
(= 2 and 23), resulting in eight different classification methods in
total. Because no clear cutoff was found in the literature for the
RPQ13, this scale was not taken into consideration. It should also
be noted that the RPQ is based on self-report rather than clinical
examination, and does not include information on the duration of
the symptoms and clinically significant impairment. Therefore, it
cannot accurately diagnose pCs.®

Risk factors

Lookinig at the available data in our data set and using previous
literature,”*%? the variables age, gender, level of education, injury
mechanism (assault vs. other mechanisms), Injury Severity Scale
(ISS), Abbreviated Injury Score of the Head (AISH), comorbidity,
traumatic abnormalities on the head CT scan, and whether the
patient was admitted to the hospital were considered as risk factors.
We hypothesized that older age, female gender, lower years of
education, higher ISS and AISH scores, comorbidity, abnormalities
on CT, and being hospitalized would be associated with PCS.

Functional outcome

Functional outcome was assessed using the 6 month GOSE,
which was completed as a postal questionnaire. The GOSE is a
functional measurement scale specifically designed for TB1.%%%°
The instrument evaluates functional outcome through eight cate-
gories encompassing consciousness, independence at home and
outside the home, work, social and leisure activities, family and
friendship, and return to normal life.>® After accumulating these
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TABLE 1. CLASSIFICATION METHODS REGARDING POST-CONCUSSION SYNDROME

Classification Mapped

methods ICD-10/DSM-1V RPQ Total score"® RPQ3' Three factor model 15
At least 3 symptoms  All symptoms from At least 1 At least 1 symptom from each scale
from the list below the list below symptom from from the list below
the list below
Eligible Headache Headache Headache Cognitive Forgetfulness, poor memory
symptoms
from
the RPQ Dizziness Dizziness Dizziness Poor concentration
Sleep disturbance Nausea and/or vomiting Nausea and/or Taking longer to think
vomiting
Fatigue Noise sensitivity Emotional Being irritable, easily angered
Being irritable, Sleep disturbance Feeling depressed or tearful
easily angered
Forgetfulness, Fatigue Feeling frustrated or impatient
poor memory
Poor concentration Blurred vision Restlessness
Light sensitivity Somatic ~ Headache
Double vision Dizziness

Forgetfulness, poor memory

Poor concentration
Taking longer to think

Being irritable, easily angered
Feeling depressed or tearful
Feeling frustrated or impatient

Restlessness
Cutoff; rating Three items
score 2 with score >2
Cutoff; rating Three items
score 3 with score >3

> 12 (only symptoms >3)

> 12 (only symptoms >2)*

Nausea and/or vomiting
Noise sensitivity
Sleep disturbance
Fatigue
Blurred vision
Light sensitivity
Double vision
One item with Each scale has one item >2
score >2
One item with
score >3

Each scale has one item >3

“Example: Six symptoms with rating score 2 qualify as having PCS.

ICD, International Classification of Diseases; DSM, Diagnostic and Statistical Manual of Mental Disorders; RPQ, Rivermead Post-Concussion

Symptoms Questionnaire; PCS, post-concussion syndrome.

categories an eight point scale ranging from 1 (dead) to 8 (com-
pletely recovered) is established, which has the ability to distin-
guish among functional outcomes. For 20 patients included in our
study, the GOSE score was missing. When there was no available
outcome at exactly 6 months, outcomes measured within a 2 month
range were also approved. Functional impairment was classified as
a GOSE score of <6.7’

Statistical analysis

For demographic data (age, sex, and educational level), trauma
mechanisms, hospitalization, clinical injury variables and co-
morbidities, descriptive analyses were performed. Patients in-
cluded in the current study were compared with those having
incomplete RPQ data on demographic (gender, age, educational
level) and clinical variables using 7> tests (categorical variables)
and Student’s ¢ tests (continuous variables).

Prevalence of PCS using the eight divergent classification
methods was determined by computing the percentage of patients
meeting the specific criteria of each classification method. We
subsequently determined overlap between classification methods
by calculating the number and percentage of patients diagnosed
with PCS according to multiple classification methods.

The univariable associations between predictors and PCS ac-
cording to multiple classification methods were explored by using
4 tests (categorical variables) and an independent samples 7 test
(continuous variables). All variables were included in a stepwise
backwards multivariable logistical regression to identify significant

risk factors (p<0.05) of PCS. The association between PCS and
functional impairment (GOSE <6) was determined by calculating
the percentage of patients for each classification method of PCS
that was functionally impaired. McNemar tests were used to see if
the classification methods differed significantly in PCS/no PCS
pattern at the population level, and a Cochran’s Q test was used to
see if the classification methods differed significantly (p <0.05) at
an individual level. Multiple imputation technique with five data
sets was used to impute missing data for the following predictor
variables: education (182 missing), comorbidity (237 missing), and
hospital admission (2 missing).

All statistical analyses were performed using SPSS version 21
for Windows (IBM SPSS Statistics, SPSS Inc, Chicago, IL).

Results
Study population

In total, 731 mTBI patients were included in this study. Patients
with a missing 6 month RPQ (rn=66) did not differ from those
included in this study, except that their median age was 54.5 (in-
terquartile range [IQR]: 42.75-68), which was significant on a
p<0.01 level. The characteristics of our study sample are shown in
Table 2. The median age of the respondents was 44 years and 63%
were male. Almost half (48%) of the patients were injured in road
traffic accidents and a third were injured due to falls. One out of five
people had one or more comorbid conditions and ~ 13% showed
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TABLE 2. CHARACTERISTICS OF THE STUDY POPULATION

n 731
Gender (male) 463 (63.3%)

Age' (years) 44 (27-57)
Education
Primary education 21 (2.9%)

Secondary education

Higher professional education
Academic education
Unknown

Injury Mechanism

Road traffic accident

336 (46.0%)
108 (14.8%)

84 (11.5%)
182 (24.9%)

351 (48.0%)

Fall 240 (32.8%)
Sports 77 (10.5%)
Assault 41 (5.6%)
Other/Unknown 22 (3.0%)
Injury characteristics

ISs* 6 (4-14)
AISH? 2(2-2)
Head AIS 3 93 (12.7%)
Head AIS 4 57 (7.8%)
Head AIS 5 11 (1.5%)
Comorbidity®

No pre-existing disease 329 (45.0%)

1 comorbid disease 92 (12.6%)
2 comorbid disease 33 (4.5%)
3 or more comorbidities 40 (5.5%)

Unknown 237 (32.4%)
CT scan

No CT scan 45 (6.2%)
CT scan, no abnormalities 591 (81.0%)
CT scan, abnormalities 94 (12.9%)

Hopsitalization®

Hospital admission 373 (51.0%)

Number of days hospitalized® 3 (1-8)
ICU admission 35 (4.8%)
GCS* 15 (14-15)
13 40 (5.5%)
14 152 (20.8%)
15 539 (73.7%)
GOSE* 7 (6-8)
RPQ total score® 4 (4-15)

“Data are displayed as median, with the first and third quartile given in
parentheses.

"Comorbidity is defined as the presence of any co-existing diseases or
disease processes additional to injury that the traumatic brain injury (TBI)
patients sustained. The following diseases were assessed as comorbid
disease: asthma, chronic bronchitis, chronic nonspecific lung disease (not
asked about), heart disease, diabetes, back hernia or chronic backache,
osteoarthritis, rheumatoid arthritis, and cancer.

“Hospital or ICU admission for >1 day after arrival at emergency
department.

ISS, Injury Severity Score; AISH, Abbreviated Injury Scale of the Head;
AIS, Abbreviated Injury Scale; ICU, Intensive Care Unit; GOSE, Glasgow
Outcome Scale Extended; RPQ, Rivermead Post-Concussion Symptoms
Questionnaire.

abnormalities on the CT scan. Approximately 50% of the respon-
dents were admitted to the hospital, and they were hospitalized for
an average of 3 days. A total of 35 patients were admitted to the
intensive care unit (ICU).

Six-month persistent post-concussion symptoms

The three most frequently reported symptoms on the 6 month
RPQ were fatigue, forgetfulness/poor memory, and poor concen-
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tration (Fig. S1) (see online supplementary material at http:/www.
liebertpub.com). Fatigue was experienced by 308 patients (42.1%),
and 32 (4.4%) patients evaluated this as a severe problem. Nausea
and/or vomiting was the least reported symptom (n=42, 5.7%).
Approximately one third of the patients (n =242) experienced none
of the symptoms (total RPQ score of 0), whereas three patients had an
RPQ score of 59, which means that they experienced severe problems
6 months after the injury with almost every symptom on the list.
Approximately 30% (n=234) had a total RPQ score of =12. The
median score on the RPQ for the study population was 4 (IQR, 4-15).

Prevalence rates of PCS according to the different
classification methods

The use of divergent classification methods resulted in preva-
lence rates for 6 month PCS ranging from 11.4% (three factor
model with rating score 3) to 38.7% (mapped ICD-10/DSM-IV
with rating score 2; Fig 1 A and B). Classification methods over-
lapped substantially; for example, 95.6% (n=108) of patients who
met the criteria for PCS according to the mapped ICD-10/DSM-IV
with rating score 2 also met the criteria for PCS according to the
RPQ total score with rating score 2. The lowest amount of overlap
was found for the classification methods RPQ3 and the three factor
model with rating score 3 (n=49, 51%) A total of 46 (6.3%) pa-
tients met the criteria for PCS according to all classification
methods. When looking at the difference in PCS/no PCS pattern for
the classification methods with rating score 2, a significant result
was found for all classification methods, except for the mapped
ICD-10/DSM-IV compared with the RPQ3 (p=0.07) and the RPQ
total score compared with the three factor model (p=0.81). For the
classification methods with rating score 3, all had significant differ-
ences in pattern, except for the mapped ICD-10/DSM-1V compared
with the RPQ3 (p=0.78) and the RPQ3 compared with the three
factor model (p=0.18). The lack of significant differences in PCS/no
PCS pattern were characterized by the shared symptom overlap be-
tween the RPQ3 and the three factor model, and the mapped ICD-10/
DSM-IV. A Cochran’s Q test determined that all classification
methods differed significantly from each other. These results dem-
onstrated that the choice of classification method influenced PCS
diagnosis both at a population level, and at an individual level.

Risk factors for PCS

Assault was significantly associated with 6 month PCS accord-
ing to all classification methods, whereas traumatic abnormalities
on the head CT scan and age were not statistically significantly
associated with PCS according to any of the classification methods
(Table 3, Tables S1-S4) (see online supplementary material at
http://www liebertpub.com). Female gender and lower education
were significantly associated with all classification methods, except
for the three factor model with rating score 3. The significance of
the predictors ISS, AISH, comorbidity, and hospital admission,
however, depended on the classification method used; for example,
hospital admission was a significant predictor for PCS using six out
of eight classification methods. Multivariable prediction models
explained 6-14% (Nagelkerke R?) of the variation in PCS ac-
cording to the different classification methods.

PCS and functional outcome

A total of 198 (27.1%) patients were functionally impaired
(GOSE <6) 6 months post-injury. There was a significant association
between PCS according to all classification methods and functional
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(A) Number of mild traumatic brain injury (mTBI) patients with post-concussion syndrome (PCS) at 6 month follow-up per

classification method with rating score 2, and the overlap between them. (B) Number of mTBI patients with PCS at 6 month follow-up
per classification method with rating score 3, and the overlap between them.

impairment (p<0.01). The highest percentage of functional im-
pairment for patients with PCS was found for the RPQ total scale
with rating score 3 (72.8%, n=91), whereas the RPQ3 with rating
score 2 recorded the lowest percentage (46.0%, n=120) (Table 4).

Discussion

The prevalence of PCS 6 months following mTBI ranged from
11.4% to 38.7%, depending on the classification method and

rating score applied. The divergent classification methods in this
study additionally influenced the statistical significance of pre-
dictors and the association with functional outcome, as measured
with the GOSE.

The prevalence rates of PCS in our study are in line with pre-
ceding studies, which reported that prevalence rates of PCS after
mTBI fluctuate and are estimated to range from 5% to 43%.%~°
The prevalence rates that were found in the literature were de-
pendent on many aspects, such as the case mix of the sample and
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TABLE 3. SIGNIFICANT PREDICTORS IN A MULTIVARIABLE MODEL OF 6 MONTH PCS USING DIVERGENT CLASSIFICATION
METHODS ON A P<0.05 LEVEL

Mapped RPQ total Three factor
ICD-10/DSM-1V score RPQ3 model
Predictor > 2% > 3k >2 >3 >2 >3 >2 >3
Gender
Age

Education (Primary/Secondary)

Injury mechanism (Assault vs. other mechanisms)
ISS

AISH

CT abnormalities

Comorbidity

Hospital admission

R 0.13

0.09 0.14 0.11 0.10 0.10 0.11 0.06

Cells in gray indicate that the predictor is statistically significantly (p <0.05) associated with PCS in multivariable logistic regression analysis and in
the cells are the odds ratios. Cells in white indicate that the predictor is not statistically significantly associated with PCS.

For each classification method, we used two different rating scores as cutoff: rating score 2 (* > 2) and rating score 3 (** 23).

PCS, post-concussion syndrome; ICD, International Classification of Diseases; DSM, Diagnostic and Statistical Manual of Mental Disorders; RPQ,
Rivermead Post-Concussion Symptoms Questionnnaire; ISS, Injury Severity Scale; AISH, Abbreviated Injury Severity Scale of the Head.

setting, but they were also dependent on the rating score applied
and the classification method used to identify mTBI patients with
PCS. Yeates has pointed out that the inconsistency in definition
and classification criteria interferes with the righteous classifica-
tion and identification of patients with PCS,*' which ultimately
leads to incommensurable prevalence rates and outcomes. Ad-
ditionally, Waljas and colleagues have also stated that the rate of
PCS diagnosis varies greatly based on which rating scale is being
used,'? which substantiates the decision during the writing of this
article to research two different rating scores as cutoff points.
Recently, the DSM criteria for PCS have been revised substan-
tially. As this definition deviates significantly from the DSM-IV
(e.g. the term mild neurocognitive impairment [MNI] from TBI
was introduced instead of PCS),* it is likely that this will result
in even more heterogeneity in prevalence rates. Tator and col-
leagues have recently emphasized ‘‘a refinement of the definition
of PCS,”** and also the lack of consensus with regard to the
definitions of PCS has previously been identified as a problem.®
This problem presented itself as an opportunity in our study to
explore and compare prevalence rates, risk factors, and functional

TABLE 4. MTBI PATIENTS WITH PCS AND FUNCTIONALLY
ImpAIRED (GOSE <6)

Mapped Three
ICD-10/  RPQ total factor
DSM-1V score RPQ3 model
Rating 51.6% (146) 58.1% (136) 46.0% (120) 54.5% (126)
score 2*
Rating 71.7% (81) 72.8% (91) 67.7% (65) 7T1.7% (59)
score 3°

“Mild or worse.

®Moderate or worse.

p<0.01 on all associations.

mTBI, mild traumatic brain injury; GOSE, Glasgow Outcome Scale
Extended; ICD, International Classification of Diseases; DSM, Diagnostic
and Statistical Manual of Mental Disorders; PCS, post-concussion
syndrome; RPQ, Rivermead Post-Concussion Symptoms Questionnaire.

outcome when divergent cutoff rating scores and classification
methods of the RPQ are applied.

When comparing divergent classification methods, different
patients were identified as having PCS. There was a difference of
almost 30% in prevalence rates between the classification method
with the highest (mapped ICD-10/DSM-IV with rating score 2;
38.7%) and lowest (three factor model with rating score 3; 11.4%)
percentage. Forty-six patients experienced PCS according to all
eight classification methods. The most overlap in identifying the
same patients experiencing PCS was found between the mapped
ICD-10/DSM-1V and the RPQ total score (95.6%), both with rating
score 3. This can be explained by the overlap between symptoms
included in both classification methods and by the fact that six out
of seven eligible symptoms from the RPQ enclosed in the mapped
ICD-10/DSM-1V are in the top eight most reported symptoms in
this population. The lowest percentage of overlap was found be-
tween the RPQ3 and the three-factor model (51.0%) when a rating
score of 3 was used as a cutoff. This can be explained by the fact
that the RPQ3 only defines three somatic symptoms, whereas four
out of the five most reported symptoms (forgetfulness/poor mem-
ory, poor concentration, taking longer to think, feeling frustrated or
impatient) in this study population are cognitive or emotional,
which are captured in the three factor model. This is also in line
with the thought that the RPQ3 measures symptoms that occur
more often in the acute phase after mTBI. '8

In this study, we found that the classification method used
influenced the statistical significance of predictors; that is, several
predictors were statistically significantly associated with PCS using
some classification methods but not using others. This might be one
of the reasons for the substantial heterogeneity in studies on pre-
dictors and prediction modelling for PCS,?"** hampering prog-
nostic research. However, the results also showed that assault was
associated with all classification methods, and female gender and
lower education were associated with all but one classification
method.

Although PCS was statistically significantly associated with
functional impairment (GOSE <6), there was variation in the
amount of overlap between PCS and functional impairment
dependent on the classification methods applied, ranging from
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46.0% to 72.8%. Restricting PCS to only those symptoms that
were reported as being ‘‘moderate or worse’’ resulted in higher
overlap between PCS and functional impairment. This may in-
dicate that symptoms reported as moderate or worse are more
likely to represent clinically relevant symptomatology than
symptoms reported as mild. This is in line with the findings by
Waljas and colleagues,'® who reported that when using rating
score 3 as a cutoff, patients with head injury were successfully
distinguished from healthy controls, whereas when rating score 2
was used as cutoff, this resulted in a substantial proportion of
healthy controls being diagnosed with PCS.

The present study is unique because eight divergent classifica-
tion methods for PCS were applied, and the statistical effect this
might have had on predictors associated with PCS and the different
percentages seen as functionally impaired, measured by the GOSE,
were assessed.

Our study had several limitations. First, Ruff declared that PCS
concerns a complex interplay of biological, psychological, and
social factors that include prior health, life stressors, and com-
pensation/litigation issues.® This implies that an overview of many
aspects of a patient’s current, but also previous life before the
trauma, is required for correct assessment.

Our study was a post-hoc analysis of prospectively collected
data of individuals after mTBI, and there were no pre-injury data
available except for pre-existing comorbidity. Additionally, post-
concussion symptoms in our study were self-reported, which might
have led to more or fewer reported symptoms on the questionnaire
than if the respondents had been interviewed by a physician.**
Response bias might also have played a role during our study.
Respondents with symptoms may have been more likely to par-
ticipate in the 6 month follow-up questionnaires than patients who
were currently not experiencing/or had never experienced any
symptoms.

Further, it has been argued that the RPQ is not the most ideal
instrument to use in an mTBI population,® but there is currently no
consensus on what would be a better instrument to use. Looking at
the RPQ total scale, one should keep in mind that even though the
total RPQ score has been proposed by the developer of the in-
strument and is used in most articles until now, Eyres and col-
leagues have revalidated the RPQ, and have pointed out that the
various items of the RPQ have very low construct validity and in
consequence of this, should not be computed into a sum score,'* but
into two subscales. During this study, we have decided to not take
the RPQ13 into consideration, because no clear cutoff was found in
the literature. For future studies, it would be interesting to look at
the RPQ13 and establish a cutoff in view of the fact that a large
number of the reported symptoms at 6 months are considered
cognitive, provided that enough clinical data and concurrent evi-
dence are available to define and diagnose TBI.

A limitation concerning the use of mapped ICD-10/DSM-1V in
this study was that we imposed them as the same, because we do not
have the required data to differentiate between the ICD-10 and
DSM-IV. This might have led to over/under-reporting of preva-
lence rates, and limited the ability to report about the differences
among the most applied definitions. Previous studies have shown
that DSM-IV usually leads to lower prevalence rates, because the
diagnostic criteria seem to be more stringent,>**” yet McCauley
and colleagues have stated that there should be no clinical prefer-
ence for any one of the diagnostic criteria.*® In previous research,
the variability in instruments used to diagnose mTBI has also been
considered a difficulty. Depending on the diagnosis criteria used,
different individuals will be classified as having mTBI, which may
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lead to inconsistencies and might influence the results.?>**=*? In

our study, this could possibly mean that we have included patients
who would not have been diagnosed with mTBI using other diag-
nostic criteria, which could affect the risk factors and functional
outcome of this population.

In our study we used a relatively low threshold ( p=0.05) for the
inclusion of predictors in the backward selection procedure. Higher
levels (e.g.,p=0.20 or p=0. 1574%%) as well as advanced statistical
methods such as shrinkage and bootstrap validation are usually
recommended to enhance the internal and external validity of
prediction models.** Therefore, the results on predictors in our
study should be interpreted as a proof of principle (there are dif-
ferent predictors associated with PCS according to different defi-
nitions) rather than considered applicable for clinical practice.
Regarding the results of the regression, these could have been
weakened by the fact that we looked at assault compared with all
other injury mechanisms combined. More detailed information on
the circumstances of the injury is essential to comprehend the real
effect of the injury mechanism on the outcome.

Additionally, lower education and comorbidity were considered
significant risk factors for PCS, which could have been impacted by
the large number of imputed values.

A final limitation of our study is that data were collected in one
academic hospital, which limits the generalizability of the results,
because of differences in the case mix and because patients with
severe trauma are more likely to be admitted to the ED of an
academic hospital.

During the last decade, a shift from identifying PCS and in-
terpreting it as an exclusive syndrome to recognizing it as being a
highly complex and ever-changing condition in different settings/
populations, can be observed. This development leads to more and
more specific research in the area of PCS or, as now suggested,
persistent post-concussive symptoms. This debate and inconsis-
tency concerning definitions, diagnostic criteria, assessment, and
evaluation of PCS hampers its research and therapy. Standardizing
and improving diagnosis and assessment of PCS will facili-
tate to identify opportunities for intervention when patients expe-
rience the disabling PCS symptoms, or even prevent mTBI patients
from developing PCS. In addition, it is recommended to per-
form sensitivity and specificity analyses on the different clas-
sification methods for the RPQ to evaluate their classification
accuracy.'®

Conclusion

Our study showed that prevalence rates of PCS 6 months after
mTBI deviated considerably, depending on the classification
method and rating score used. In addition, applying divergent
classification methods resulted in a different set of predictors being
statistically significantly associated with PCS, and a different
percentage of overlap with functional impairment, measured with
the GOSE.

These findings highlight the need for a universal guideline with
respect to diagnostic criteria for PCS, and a gold standard for
analysis of the RPQ, to enhance comparability of studies regarding
PCS after mTBI.
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