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Risky Business: Traumatic Brain Injury
and Epilepsy

Repeated Traumatic Brain Injury and Risk of Epilepsy: A Danish Nationwide Cohort Study

Lolk K, Dreier JW, Christensen J. Brain. 2021;awaa448. doi:10.1093/brain/awaa448

Traumatic brain injury is associated with increased risk of epilepsy, but the importance of repeated traumatic brain injuries has
not yet been established. We performed a nationwide population-based cohort study of 2 476 905 individuals born in
Denmark between 1977 and 2016. We estimated hazard ratios (HRs) and the cumulative incidence of epilepsy following
traumatic brain injury using Cox and competing risk regression, respectively. To estimate the cumulative incidence of epilepsy
in the population without traumatic brain injury, we matched 10 controls for each subject with traumatic brain injury on year of
birth, sex, and date of brain insult in the index person. In the cohort, traumatic brain injury was sustained by 167 051 subjects
(71 162 females and 95 889 males), and 37 200 individuals developed epilepsy (17 905 females and 19 295 males). Compared
with subjects without traumatic brain injury, the relative risk of epilepsy increased after a first traumatic brain injury (HR: 2.04,
95% confidence interval (CI): 1.96-2.13) and even more after a second traumatic brain injury (HR: 4.45, 95% CI: 4.09-4.84). The
risk increased with the severity of the first and the second traumatic brain injury, most notably after severe traumatic brain
injuries. Females were more likely than males to develop epilepsy after mild traumatic brain injury (HR: 2.13, 95% CI: 2.00-2.28
vs HR: 1.77, 95% CI: 1.66-1.88; P < .0001); in contrast, males were more likely than females to develop epilepsy after severe
traumatic brain injury (HR: 5.00, 95% CI: 4.31-5.80 vs HR: 3.21, 95% CI: 2.56-4.03; P¼ .0012). The risk remained increased for
decades after the traumatic brain injury. This knowledge may inform efforts to prevent the development of post-traumatic
epilepsy.

Commentary

Prognostication is a key task for epilepsy clinicians. Yet, at the

moment of a patient visit, we invariably lack the luxury of

hindsight regarding which patients with a particular seizure risk

factor will go on to develop epilepsy. Long-term clinical epi-

demiological data provide the closest we have to a crystal ball

in absence of clairvoyance or a decades-skipping time

machine. Fortunately, Scandinavian countries keep outstanding

tabs on their populations providing invaluable long-term prog-

nostic information informed by decades of real-world data

encompassing millions of lives.

Here, Lolk et al1 harnessed their access to superb population

monitoring in Denmark to answer a set of important prognostic

questions: (1) What is the risk of future epilepsy following a

first or second traumatic brain injury (TBI)? and (2) What TBI

or other patient factors modify that risk? Surely, TBI has been

recognized as an epilepsy risk factor since literally thousands

of years B.C.2 Yet, the authors filled several knowledge gaps

such as the effect of a single versus repeated TBI.

They followed nearly 2.5 million Danes born between 1977

and 2016 on average through young adulthood, with a mere 4%

loss to follow-up or death. They identified TBI and epilepsy via

hospital-based International Classification of Diseases (ICD)

codes, plus outpatient/emergency department codes available

for only about the second half of their follow-up. Approxi-

mately 34 000/1.7 million without a TBI developed epilepsy,

whereas approximately 3000/167 000 with a TBI did. This

resulted in a 20-year cumulative risk of developing epilepsy

of 1% in age- and sex-matched controls without a TBI, com-

pared with 2% and 3% following the first or second mild TBI,

respectively, 2% following the first skull fracture, and 6% and

15% following the first or second severe TBI, respectively.

Adjusted HRs ranged from 1.9 (95% CI: 1.8-2.0) after a first

mild TBI, to 16 (95% CI: 13-20) after a second severe TBI.

Psychiatric diagnoses and family history also increased epi-

lepsy risk. Despite the unchangeable limitation that they lacked

outpatient/emergency department information for much of

their study (and the performance of ICD codes for identifying

TBIs is not entirely clear from the methods), multitudinous

sensitivity analyses addressing misclassification or reverse

causation (ie, modifying the exact number or time course of

ICD codes to be counted as a TBI or epilepsy) changed little.
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imaging biomarker for secondary generalization of seizures.

However, the study methods and data/result presentation are

complicated and require some attention before we dive deeper

into the discussion of the results.

The authors present data of a large but overall heteroge-

neous group of TLE patients—MRI-negative patients, patients

with hippocampal sclerosis, dysembryoplastic neuroepithelial

tumors, and cavernomas. While not necessarily a major prob-

lem, combining all these groups prior to showing that their

task-related fMRI activations are not different (and that thala-

mic activations are not different) creates a potential confounder

that is not addressed in the study. Further, they utilize their “go-

to” fMRI task—verb fluency—to assess language lateralization

including thalamic involvement in the task. However, since

there is no performance tracking with this covert task, there

is no way of knowing how well the participants performed the

task and how performance on the task influenced the observed

fMRI activations. To offset this, they tested letter fluency as

part of their neuropsychological battery—there were some

group differences including significant differences between left

TLE with and without generalized seizures.

In the primary analysis, they compared fMRI activation

patterns in patients with FBTCS within the last year to patients

with no FBTCS (ie, only with focal seizures [FS]) in the last

year to find that the activation patterns were different between

the groups with higher fMRI activation and more leftward

activation in patients with FS including differences in thalami.

Of interest is the fact that some of the peak activations fell into

the anterior thalamic nuclei that, as we all know, are the target

of deep brain stimulation. In the post hoc analyses, they showed

that FS patients’ thalamic activations were similar to healthy

controls performing the same task but active FBTCS partici-

pants had overall lower thalamic activations when compared to

either of those two groups. Important is that having FBTCS in

the last year was the most significant determinant of thalamic

activation. The study would be very easy to understand and

interpret had they stopped their analyses here. However, the

authors performed several useful but very complicated analyses

that undoubtedly make the interpretation of the results difficult.

These additional, in-part confirmatory in-part follow-up anal-

yses are psychophysiologic interaction, graph theory, and

receiver operating characteristic (RUC) curve analyses. The

understanding and interpretation of these analyses is neither

intuitive nor simple. While disentangling these analyses is not

part of this commentary, for the purpose of better understand-

ing their approach, we can briefly state that psychophysiologic

interaction is a between regions connectivity analysis for fMRI

data that is context-dependent. Graph theory analysis, as

explained previously in great detail,5 allows mathematical

analysis and description of complex systems using terms such

as “hubs,” “centrality,” and “betweenness.” Finally, the term

ROC—probably most recognized by neurologists—is a binary

classifier that allows diagnostic discrimination between groups.

These analyses show that, in patients with active FBTCS, there

is greater context-dependent thalamo-temporal and thalamo-

motor connectivity, higher thalamic degree and betweenness

centrality, and that ROC curves discriminate well between

individuals with and without active FBTCS. These findings

also indicate that having active FBTCS changes the brain more

than having FS alone and that the presence and the degree of

the changes may be used as a biomarker for disease severity.

As complicated as these analyses are, the authors provide

meticulous description of the procedures performed and of the

results in the main body of the manuscript with additional

details included in the supplement. However, more important

are implications of this study. Since fMRI has been a mainstay

of presurgical language and verbal memory evaluation for

years,6 most epilepsy centers obtain fMRI as part of their pre-

surgical patient staging protocol. However, we cannot expect

that psychophysiologic interaction, graph theory, and ROC

curve analyses of the task-related fMRI data will be performed

in the course of such evaluation. Rather, what the study shows

is that the task fMRI data can be used not only to perform a

rather simplistic analysis of language lateralization but also to

identify the negative effects of pathophysiology (here seizures)

on brain networks. Whether independently or in combination

with other measures (eg, functional connectivity or thalamic

stereoelectroencephalography), future research could teach us

if/how such results could be applied to evaluating disease

severity, staging in presurgical evaluation, predicting out-

comes, or deciding the treatment approaches (eg, resection vs

implantable devices).

Perhaps more importantly, these findings teach us some-

thing about the disease itself. They provide information about

the pathophysiology of temporal lobe seizures, about the

negative effects of seizures not only on local but also on

remote executive brain regions (ie, confirm the proposed a

long-time ago “nociferous cortex hypothesis”7), and outline the

negative effects of FBTCS on brain connectivity and pathways

of information transfer. While previously such negative effects

have been documented in resting-state studies, this effort

extends those findings to cognitive tasks and task-based con-

nectivity. This study shows that the task data can be used not

only to localize and lateralize brain functions but also to mea-

sure the effects of the disease on brain networks and its

severity.
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Similarly, little changed when the authors compared those with

a TBI to those with non-TBI injuries, to equalize unmeasured

trauma-related risk factors.

So, how does this information help us clinically? This study

lays transparent the long-term risks of developing epilepsy

under a range of TBI types, among children through young

adults, with the narrowest CIs and least selection bias that one

will find on the planet for this question. The data also resound-

ingly conclude that, as we already knew, risk factor is not

disease. The maximally 15% long-term cumulative incidence

in the most severe studied group falls well short of the expert

threshold of 60% to declare epilepsy.3 Available evidence does

support prophylactic phenytoin to reduce seizures within 7

days of a severe TBI.4 However, 7-day decisions are quite

different from 20-year decisions. Furthermore, trauma is only

responsible for about *6% of all epilepsy,5 these documented

risks fill in pretest probability but lack stratification by electro-

encephalogram or magnetic resonance imaging findings to fill

in posttest probability, only a subset of epilepsy cases were

presumably disabling or refractory though this portion is

unknowable from the data, and for the epilepsy specialist pre-

dicting future epilepsy is often moot given our patients fre-

quently already have epilepsy by the time they see us. All of

this is certainly not to say that risk estimation is unimportant.

Clearly, it is. Or to say that this study does not help us. It does.

But this is to say that even with this study’s excellent long-term

population-wide follow-up with extensive subgroup and sensi-

tivity analyses, the direct implications are not straightforward

other than enhancing good preventive counseling, and not over-

reacting to risk factors in absence of a known seizure history.

With epidemiological data, questions always remain regard-

ing the degree to which studied effects are “causal.” Nobody

would bat an eye that more or worse TBIs cause pathology

elevating epilepsy risk. Still, there are some peculiarities of the

data, like how first skull fracture (HR: 1.7) was less predictive

than mild TBI (HR: 1.9); not at all particular to this study, “big

data” always runs the risk of detecting in-sample noise rather

than signal which would not be reproduced in an external sam-

ple. Also, the investigators for example found that epilepsy risk

increased with older age at most recent TBI. The dataset

adjusted for alcohol and drug abuse by ICD codes, but ICD

codes alone seem unlikely to fully capture such person-level

habits which change between childhood and young adulthood,

which tempers any biologically based conclusions about the

developing brain itself. And, the article presents conflicting

conclusions regarding the interaction between family history

or psychiatric disease with TBI on the additive versus multi-

plicative scales. Nonetheless, in response to the question “Is it

causal?” My response would be, “Does it matter?” In the end,

whenever a study marginally improves our crystal ball from a

set of easily measured variables correlated with the outcome

(barring meaningful overfitting [inevitably, some], mismea-

surement [inevitably, some], or model misspecification [prob-

ably not, given the investigators confirmed the proportional

hazards assumption and loss to follow-up was trivial]) without

overinterpreting causality, that is good enough for me.

Finally, it is also important to note that risk prediction is

only one side of the coin; how we communicate that risk to

patients matters a great deal. For example, simply describing an

outcome chance as “5%” rather than “5 in 100” changes how a

patient manipulates that information, especially in patients

with lower numeracy or health literacy who understands the

concept of percentages less well than the clinician does.6 Good

risk communication involves absolute (1% veruss 2-3%) rather

than relative risks (HR 2-3), some experts suggest using more

concrete frequencies (5 in 100) rather than percentages (5%),

and displaying such information using pictographs (which we

never do) rather than words (usual method) to enhance a

patient’s understanding.6 Of course this study deals with prog-

nosis rather than any treatment decision. Still, given the great

lengths Lolk et al have gone to provide us this best-available

risk prediction, if we were going to provide these data to

patients for treatment or other lifestyle decisions, we must now

be thoughtful consumers of medical literature by remaining

cognizant that how we relay such information makes a

difference.
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