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Abstract 
Background After traumatic brain injury, epilepsy affects 
up to 20 % of children. It is a risk factor, for both clinical 
recovery and cognitive performance; therefore pharmacological 
therapy is advisable. Current guidelines recommend 
prophylaxis to be initiated as soon as possible and tapered 
1 week after trauma. However, no guideline exists for 
paediatric patients and the clinical practice is 
heterogeneous. 
Objective In our institute, prophylaxis was routinely 
tapered 6 months after trauma. Therefore we investigated 
whether this prophylaxis or its tapering influenced the 
development of post-traumatic epilepsy, together with 
several clinical-demographic factors. 
Methods The study population comprised all patients 
with post-traumatic brain injury referred to this institute 
between 2002 and 2009 who consented to participate. 
Clinical, epileptological and pharmacological data were 
collected. The role of prophylaxis and several other predictors 
on occurrence of post-traumatic epilepsy was 
analysed through logistic regressions. 
Results Two hundred and three patients (145 paediatric) 
were followed for 57 months on average. Risk factors for 
epilepsy were past neurosurgery [odds ratio (OR) = 2.61, 
95 % confidence interval (CI) 1.15–5.96], presence of 
epileptiform anomalies (OR = 6.92, 95 % CI 3.02–15.86) 
and the presence of prophylaxis (OR = 2.49, 95 % CI 
1.12–5.52), while higher intelligence quotient (IQ) was 
protective (OR = 0.96, 95 % CI 0.95–0.98). While evaluating 
possible different effects within and after 6 months 
(tapering, for those under prophylaxis), we found that 
epileptiform anomalies (OR = 7.61, 95 % CI 2.33–24.93, 
and OR = 8.21, 95 % CI 3.00–22.44) and IQ (OR = 0.96, 
95 % CI 0.94–0.98, and OR = 0.97, 95 % CI 0.95–0.98) 
were always significant predictors of epilepsy, while neurosurgery 
(OR = 4.38, 95 % CI 1.10–17.45) was significant 
only within 6 months from trauma, and prophylaxis 
(OR = 3.98, 95 % CI 1.62–9.75) only afterwards. 
Conclusions These results suggest that prophylaxis was 
irrelevant when present; furthermore its tapering increased 
the risk of epilepsy. Since the presence of epileptiform 
anomalies was the main predictor of post-traumatic epilepsy, 
such anomalies may be useful to better direct the 
choice of prophylaxis. 
 
Drug prophylaxis against late post-traumatic 
epilepsy, maintained for 6 months after trauma, was 
not efficacious. 
Tapering prophylaxis 6 months after trauma 



increased the occurrence of late post-traumatic 
epilepsy. We hypothesise that longer prophylaxis 
may be useful. 
Among the risk factors identified for late posttraumatic 
epilepsy, the presence of 
electroencephalography (EEG) epileptiform 
anomalies is the strongest. 
The choice of prescribing, maintaining and tapering 
drug prophylaxis against late post-traumatic epilepsy 
may be taken based on the presence of EEG 
epileptiform anomalies. 
 
1 Introduction 
Traumatic brain injury (TBI) is a serious public health 
concern. It is associated with a high mortality rate and 
long-term neurological sequelae including motor, cognitive, 
behavioural and language deficits [1]. Among these 
complications is post-traumatic epilepsy (PTE), representing 
up to 20 % of all cases of symptomatic epilepsy and 
5 % of all cases of epilepsy. The incidence of PTE 
worldwide ranges between 9 and 42 % amongst civilians, 
and around 50 % in cases of penetrating brain injury [2, 3]. 
PTE is also a frequent complication in children with severe 
TBI, ranging between 10 and 20 %, and is often drug 
resistant [4, 5]. A common set of definitions for posttraumatic 
epileptic seizures adopted by many researchers is 
the following: immediate seizures, which occur less than 
24 h after injury; early post-traumatic seizures (EPTS), 
which occur less than 1 week after injury; and late posttraumatic 
seizures (LPTS), which occur more than a week 
after injury [6, 7]. The diagnosis of PTE is usually formulated 
for patients who exhibit two or more unprovoked 
LPTS [8]. While there is consensus on the fact that the 
EPTS and PTE need to be treated pharmacologically, 
reports about antiepileptic prophylaxis in the literature do 
not provide a conclusive approach regarding drugs of 
choice and treatment duration. The current guidelines 
concur in defining phenytoin-based antiepileptic prophylaxis 
to be efficacious in the early post-traumatic phase, i.e. 
from trauma (as soon as possible) up to 1 week after 
trauma; antiepileptic prophylaxis should be tapered 
thereafter [9–12]. Considering the medium-long term, there 
is inconsistent evidence to support either a beneficial or a 
detrimental effect of antiepileptic prophylaxis [9–18]. The 
above indications were drawn from studies conducted on 
adult patients with severe brain trauma and diverse followup 
durations. These conclusions cannot be directly transferred 
to the paediatric practice, especially in a rehabilitation 
setting, where the potential damage caused by 
seizures in patients recovering from TBI is sizeable [19]. In 
rehabilitation, it may be reasonable to maintain 
antiepileptic prophylaxis as a precaution for periods longer 
than 1 week, in the absence of contraindications, pharmacological 
interactions or adverse effects [20–22]. While 
safety parameters are clearly defined, the efficacy of 
antiepileptic prophylaxis has been defined as seizure-suppressing 
activity during therapy, or this plus a persistent 
anti- epileptogenic effect maintained even after drug 
tapering and discontinuation [23, 24]. Both effects are 



often impractical to demonstrate, because of the requirement 
of long follow-up periods and because of possible 
confounding effects of other concomitant or subsequent 
therapies, treatments and medically relevant events. In 
addition, it should be considered that even patients who 
experienced no EPTS may still be prescribed antiepileptic 
prophylaxis, even long term. 
As we mostly receive patients from intensive care units 
later than 1 week after TBI, in our rehabilitation unit, we 
routinely tapered antiepileptic prophylaxis at 6 months 
after trauma. To evaluate whether this alternative approach 
could be useful for paediatric/young patients with TBI, we 
investigated the influence of antiepileptic prophylaxis and 
non-pharmacological factors on the occurrence of PTE. 
 
2 Materials and Methods 
2.1 Setting and Patients 
The Acquired Brain Injury Unit of the Scientific Institute 
IRCCS E. Medea provides rehabilitation to children and 
young adult patients (usually of 30 years or less), whether 
the injury is post-traumatic or due to other brain lesions. 
For this retrospective cohort study, inclusion criteria were 
as follows: being hospitalised in the unit between 2002 and 
2009; authorising data collection for this study by informed 
consent. This period was chosen since antiepileptic prophylaxis 
tapering was performed strictly at 6 months after 
TBI only until 2009. Exclusion criteria were as follows: 
age at TBI of more than 30 years, presence of non-traumatic 
brain lesions, presence of past neurological disorders, 
follow-up duration less than 12 months, and 
antiepileptic prophylaxis tapering at a time different than 
6 months after TBI. Patients were followed as long as they 
S. Strazzer et al. 
attended periodic rehabilitation controls, up to July 2014. 
This study was notified to the local Ethics Committee. 
2.2 Data Collection 
The occurrence of PTE was recorded alongside its time of 
occurrence. PTE was the study endpoint as long as it happened 
before July 2014. Patients who incurred no PTE until 
July 2014 achieved study completion without reaching the 
endpoint. The following data were also collected for each 
patient: age at TBI, sex, severity of trauma according to the 
Glasgow Coma Scale (GCS), type of TBI (closed or open 
head injury, when the cranial fracture was documented by 
X-ray or computed tomography (CT) scan), post-traumatic 
neurosurgery, type of brain lesion as established by magnetic 
resonance imaging (MRI) or CT scan, duration of 
unresponsiveness, electroencephalography (EEG) identification 
of epileptiform anomalies, presence of antiepileptic 
prophylaxis and drugs used. The disability level was evaluated 
by Glasgow Outcome Score (GOS) at the first discharge 
from rehabilitation, and the intelligence quotient 
(IQ) score was assessed during the first month of rehabilitation 
by age-appropriate scales. For statistical purposes, 
when the cognitive neurological picture was severe, patients 
were given an IQ of 19, indicating a profound cognitive 
impairment (following diagnostic and statistical manual of 
mental disorders, 4th edition (DSM-IV)). 
2.3 Antiepileptic Drug Prophylaxis 



All antiepileptic prophylaxes were prescribed and started in 
intensive care units within 24 h from trauma. Therapies 
were chosen based only on clinical judgment. Clinicians of 
intensive care units chose which drug to use, its dose calculated 
in mg/kg (following labelling indications), and 
whether to maintain antiepileptic prophylaxis at discharge 
from intensive care. Our rehabilitation unit received patients 
with pre-set prophylactic therapies and did not change them; 
we only monitored plasma drug concentrations in order to 
adjust therapies in case of under/over-dosing. Since patients 
were mostly admitted to rehabilitation with an antiepileptic 
prophylaxis on-going for more than 1 week (as decided in 
intensive care in contrast with standing guidelines [9–12]), 
prophylaxis in our unit was routinely maintained stable for 
6 months before tapering. Tapering of antiepileptic prophylaxis 
was agreed upon by the parents and/or the patients, 
it was performed gradually over a period of 4 months while 
monitoring the EEG status, and it was reverted in case of 
seizure onset. Patients who were not on prophylaxis were 
monitored by periodic EEGs and antiepileptic therapy was 
started only after two seizures. For study comparisons, 
treatment should be interpreted as follows: during the time 
frame within 6 months from TBI, one group of patients was 
under prophylaxis and one group without it, allowing evaluation 
of the effect of antiepileptic prophylaxis; during the 
time frame after 6 months from TBI, the group on prophylaxis 
tapered it, allowing evaluation of the effect of tapering 
from antiepileptic prophylaxis. 
2.4 Statistical Analyses 
Statistical analyses were conducted using SPSS version 22 
(IBM, Chicago, IL, USA). Categorical variables were 
described as numbers with percentages and compared by 
Pearson’s v2 tests. Continuous variables were described as 
means with standard deviation (SD) and compared by T tests. 
p values of \0.05 (two-tailed) were considered significant, 
and post hoc comparisons between groups were Bonferronicorrected. 
Multivariate logistic regressions were initially 
carried out with a full set of predictors by ‘‘enter’’ approach. 
The following dependent variables were analysed: occurrence 
of PTE (no/yes—binary logistic regression); occurrence of 
PTE in time (no PTE as reference/PTE within 6 months/PTE 
after 6 months—multinomial logistic regression); use of 
antiepileptic prophylaxis (no/yes—binary logistic regression). 
Independent variables entered in the regression models were 
IQ, GOS, GCS, duration of coma, age at TBI, site of the 
lesion (not identified/focal/lobar/multilobar hemispheric/multifocal), 
presence of epileptiform anomalies (no/yes), presence 
of EPTS (no/yes), type of trauma (closed/open), past 
neurosurgery (no/yes), male sex (no/yes); plus, for PTE prediction, 
presence of antiepileptic prophylaxis (no/yes). For 
every significant predictor, odds ratios (ORs) were calculated, 
together with 95 % confidence intervals (CIs) and corresponding 
p values. For the sake of clarity, results were shown 
from ‘‘stepwise forward’’ regression models (p-in\0.05, p-out 
[0.1, using the above order of predictors), which selected 
only significant predictors, maintaining ORs similar to the 
initial full models. 
 
3 Results 



Within the study time frame 203 patients with TBI met the 
inclusion criteria, and 145 (71.4 %) of them were paediatric. 
Overall, patients were followed for an average of 
57 months from TBI (SD 45 months). Demographic data 
of the study population are shown in Table 1, comparing 
control patients without PTE (140, 69.0 %) to patients who 
had PTE within 6 months from TBI (24, 11.8 %) or after 
6 months from TBI (39, 19.2 %). During follow-up, seven 
patients (3.4 %) displayed single LPTS that did not progress 
to PTE, and were therefore treated as controls. 
Patients were predominantly males (143, 70.4 %) and their 
age at trauma ranged from 0.48 to 30 years, being lower 
among patients with PTE occurring in the first 6 months. 
Based on GCS scores, 187 patients (92 %) suffered severe 
TBI (\8), 12 (6 %) moderate (9–12), and four (2 %) mild 
(13–15), with no difference among groups. The mean GOS 
at the first discharge from the unit was 3.6 (moderatesevere 
disability), and all patients with PTE had lower 
scores. Eighty-three patients (40.9 %) had an IQ of[70, 77 
(37.9 %) had one between 70 and 20, and 43 (21.2 %) were 
assigned an IQ of 19 because of extreme cognitive 
impairment; patients who incurred PTE had lower overall 
scores. Most patients displayed multifocal brain injury (96, 
47.3 %); 34 (16.8 %) had hemispheric injury and 27 
(13.3 %) lobar; five patients had no clear damage site. 
Eighty-two patients (40.4 %) had an open-head trauma; 
neurosurgery was performed on 107 patients (52.7 %) 
overall, and significantly more among those who incurred 
PTE. In total, 11 patients (5.4 %) displayed EPTS, and at 
the first EEG performed in the unit, 56 patients (27.6 %) 
displayed interictal epileptic anomalies, predominantly 
those who had PTE. Seventy-six patients (37.4 %) received 
prophylaxis, and its use resulted to be predominant among 
patients who suffered PTE after 6 months from TBI, but 
not among those with earlier PTE. Fifty-three patients 
(69.7 %) took phenobarbital for antiepileptic prophylaxis, 
seven (9.2 %) phenytoin, and five (6.6 %) carbamazepine, 
while six (7.9 %) assumed other monotherapies and five 
(6.6 %) assumed polytherapies. 
Possible risk factors for PTE were first analysed 
regardless of onset time (binary logistic regression with 
Pearson’s v2 goodness-of-fit p = 0.26, Cox and Snell’s 
pseudo-R2 = 0.36), finding significant risk factors in the 
presence of past neurosurgery (OR = 2.61, 95 % CI 
1.15–5.96, p = 0.022), the presence of epileptiform 
anomalies (OR = 6.92, 95 % CI 3.02–15.86, p\0.001) 
and the presence of antiepileptic prophylaxis (OR = 2.49, 
95 % CI 1.12–5.52, p = 0.025), while higher IQ was 
protective (OR = 0.96, 95 % CI 0.95–0.98, p\0.001). 
We next tested whether the occurrence of PTE within or 
after 6 months from TBI (coincident with tapering, in 
patients who assumed prophylaxis) could be influenced 
differently (multinomial logistic regression with Pearson’s 
v2 goodness-of-fit p = 0.12, Cox and Snell’s pseudo- 
R2 = 0.40). The risk of PTE occurring within 6 months 
from TBI was increased by the presence of past neurosurgery 
(OR = 4.38, 95 % CI 1.10–17.45, p = 0.036) and 
the presence of epileptiform anomalies (OR = 7.61, 95 % 
CI 2.33–24.93, p = 0.001), while higher IQ was protective 



(OR = 0.96, 95 % CI 0.94–0.98, p\0.001); of note, the 
presence of prophylaxis had no significant effect within 
6 months from TBI (OR = 1.03, 95 % CI 0.33–3.21, 
p = 0.961). The risk of PTE occurring after 6 months from 
TBI was increased by the presence of epileptiform 
anomalies (OR = 8.21, 95 % CI 3.00–22.44, p\0.001) 
and by the presence of antiepileptic prophylaxis 
(OR = 3.98, 95 % CI 1.62–9.75, p = 0.003), while higher 
IQ was protective (OR = 0.97, 95 % CI 0.95–0.98, 
p\0.001). We finally checked whether the effect of 
antiepileptic prophylaxis on the occurrence of PTE could 
be redundant, i.e. mediated by clinical factors already 
comprised in the above models, by evaluating the predictors 
of prophylaxis (binary logistic regression with Pearson’s 
v2 goodness-of-fit p = 0.49, Cox and Snell’s pseudo- 
R2 = 0.17). We found that the use of antiepileptic prophylaxis 
was predicted by the occurrence of EPTS 
(OR = 21.71, 95 % CI 2.39–197.34, p = 0.006), by the 
presence of an open head trauma (OR = 2.24, 95 % CI 
1.18–4.28, p = 0.014), and by the presence of multilobar 
hemispheric damage (OR = 3.14, 95 % CI 1.09–9.02, 
p = 0.034); therefore none of the predictors of PTE were 
also predictors of antiepileptic prophylaxis. A summary of 
significant predictors is reported in Table 2. 
4 Discussion 
The long-term efficacy of prophylactic treatments for PTE 
is not yet clear [10, 12, 14, 17] and no study has clearly 
established the effects of tapering antiepileptic prophylaxis 
[22, 23], so its optimal duration is approximate [19–21]. 
Several clinical variables are crucial for PTE development, 
acting as confounders and reducing the consistency of 
results from different clinical studies [17, 24]. Furthermore, 
the involvement of different medical teams during the 
various stages of the disease affects the standardisation of 
clinical decisions; for this reason, antiepileptic prophylaxis 
for PTE is still widely prescribed and maintained long 
term. A long-term prophylactic treatment, although not 
supported by current guidelines, may be appropriate if its 
adverse effects are minimal, which may be the case with 
conventional anti-epileptic drugs (AEDs) and accurate 
patient monitoring [12, 14]. 
In this study on paediatric and young adult patients we 
evaluated the effect of prolonged antiepileptic prophylaxis 
for PTE and of its tapering at 6 months after injury, controlling 
for confounders with a control group who received 
no antiepileptic prophylaxis. Because of the predominance 
of paediatric patients, the main drug used for antiepileptic 
prophylaxis was phenobarbital, rather than phenytoin, in 
consideration of its indications of use and of its easier 
clinical management and favourable safety profile [25–27]. 
We confirmed the influence of several factors previously 
identified by different studies, both considering the overall 
occurrence of PTE and the occurrence with respect to the 
6-month time point, which corresponded to the time of 
tapering of antiepileptic prophylaxis in treated patients. 
Interictal epileptiform anomalies resulted to be a reliable 
and weighty predictor of PTE in every analysis we 
Risk of Tapering of Long-Term Antiepileptic Prophylaxis for Paediatric Post-traumatic Epilepsy 
conducted. Puzzlingly, EEG is widely used in clinical 



practice, but epileptiform anomalies are not yet recognised 
as biomarkers for the risk of PTE after TBI [3, 7, 28, 29]. In 
view of the literature and of our results, the clinical routine 
may benefit from considering epileptiform anomalies as a 
core risk factor for PTE. This would allow a better identification 
of patients at risk of PTE and guide the choice of 
prescribing and maintaining antiepileptic prophylaxis. On 
the contrary, the presence of EPTS did not predict PTE, 
thereby questioning the role of early seizures as a biomarker 
for late seizures. Patients who underwent posttraumatic 
neurosurgery (either one or more interventions) 
were exposed to additional risks of PTE, a finding partially 
consistent with the literature [28, 30]; in fact, we demonstrated 
an effect on the overall prevalence of PTE, but 
time-wise analyses evidenced an effect of neurosurgery 
only within the first 6 months after trauma. Almost onethird 
of our paediatric patients with a documented cranial 
fracture did not undergo neurosurgery. The cranial bone of 
children and young people is thinner and more prone to 
fractures than that of adults, even with weaker impact 
forces [31]; therefore the need for neurosurgery may not be 
strongly associated with severe damage in children as it is 
in adults, reducing the reliability of neurosurgery as a 
predictor of PTE in this sample. A protective role was 
found for higher IQ scores. This finding supports the 
widespread concept that cognitive impairment is comorbid 
with PTE [32], due to either seizures or drug toxicity. 
Moreover, the finding that IQ levels may predict PTE risk 
could be interpreted in an inverse manner: patients with 
greater cognitive/neurological disability are at increased 
risk of epilepsy [8]. As our results may partially depend on 
the population we studied, it is worth mentioning additional 
clinical factors that resulted to be associated with the 
development of PTE, although not being significant predictors 
(see Table 1). Patients with PTE had lower GOS 
and longer coma duration, both referring to a deeper 
impairment of the neural networks. The lower the GOS, 
and the longer the unresponsiveness period, the higher the 
patients’ neurological severity, including the occurrence of 
PTE. Lower age was also a factor associated with PTE 
within the first 6 months after trauma, and interestingly 
50 % of children under 3 years developed epilepsy (data 
not shown). This observation supports the notion that 
trauma to the immature brain contributes to a greater 
impairment, by mechanisms such as mossy fibre sprouting 
during recovery (hallmark of the chronic epileptic brain) 
that may lead to an imbalance between excitatory and 
inhibitory synapses, an event at the basis of seizures [29, 
33]. These findings indicate that PTE in our sample 
occurred in younger and more severe patients. 
While correcting for the above confounders, we confirmed 
also in our study population that the antiepileptic 
prophylaxis they received is not protective against PTE 
when at maintenance doses, and we documented for the 
first time that its tapering at 6 months from trauma 
increases the risk of PTE. These results are consistent with 
previous reports from the literature [34–36] and provide 
further warning against the unconditional use of long-term 
prophylaxis for PTE. Still, the lack of a treated group who 



did not taper antiepileptic prophylaxis leaves an uninvestigated 
issue; it is unknown whether the extension of 
antiepileptic prophylaxis for more than 6 months is connected 
with the same issues we documented, or whether at 
later time points antiepileptic prophylaxis could acquire a 
protective role or its tapering could be safe. Theoretically, 
the results we observed might also depend on the fact that 
the risk of PTE may still be high at 6–12 months after 
trauma, a bias that we attempted to control by using a long 
follow-up period, 4–5 years on average. Nevertheless, what 
we observed is that an antiepileptic prophylaxis lasting 
6 months was twice detrimental, as it did not significantly 
protect against PTE while present; moreover its tapering 
increased the risk of PTE. This is further proof that 
antiepileptic prophylaxis acts by the suppression of ongoing 
seizures and does not prevent the epileptogenic 
mechanisms that occur after TBI [22, 23]. Our sample was 
epileptologically representative of the general population 
with PTE. This is a strength of this study; the proportion of 
EPTS is consistent with data from the literature [2], and we 
found 31 % of patients with PTE, which is in line with 
several reports [2, 8, 28]. Furthermore, when we assessed 
which clinical variables could predict the use of 
antiepileptic prophylaxis (EPTS, open-head trauma and the 
presence of hemispheric lobar lesions), we found no 
superimposition with factors that predicted PTE. Thus we 
excluded also this type of confounding factors and confirmed 
that the effects of antiepileptic prophylaxis on PTE 
were truly drug dependent. 
The findings we report may be limited by several 
characteristics of our study sample. Patients suffered severe 
TBI and neurological impairment, with long-lasting unresponsiveness 
periods; the prevalence of neurosurgical 
interventions was very high, and the neuro-radiological 
picture severe. Moreover, additional confounders may have 
been missed. It must be noted that only a randomised 
controlled study may conclusively ascertain causal relationships 
between the use of antiepileptic prophylaxis and 
the occurrence of PTE that our study suggests. Another 
limitation is that the efficacy of antiepileptic prophylaxis 
clearly depends upon drugs used. Phenobarbital was commonly 
used for our patients, since in Europe it is approved 
for paediatric use with no age restriction. In addition, we 
receive patients from intensive care units with pre-set 
therapies, and usually we do not switch drugs. These two 
reasons prevented the study of newer, potentially better, 
approaches, such as off-label paediatric uses of levetiracetam 
or lacosamide. 
5 Conclusion 
This study demonstrates that antiepileptic prophylaxis after 
TBI, using phenobarbital and other drugs for 6 months, is 
not efficacious against PTE in children and adults of 
30 years or less. However, we observed an increase in the 
risk of PTE after the prophylaxis was tapered 6 months 
after TBI, suggesting that it may be best continued in 
patients who received it. Indeed, antiepileptic prophylaxis 
is still a choice frequently taken in intensive care units for 
paediatric patients with TBI, who may have high risks of 
PTE also after 2–3 months or more, and is frequently 



maintained for several months or years. What could be 
done, from a clinical perspective? Surely, the standing 
guidelines should be followed regarding short-term 
antiepileptic prophylaxis, which is protective and has a 
positive risk–benefit ratio. Accordingly, antiepileptic prophylaxis 
should not be maintained in patients who develop 
no PTE in the first week and show no epileptiform 
abnormalities. While our work could not investigate shortterm 
antiepileptic prophylaxis, it provides interesting 
results regarding patients who are discharged to rehabilitation 
with an antiepileptic prophylaxis already on-going 
for more than 1 week. There are two possibilities: either to 
taper the antiepileptic prophylaxis, in order to comply to 
the guidelines as soon as possible; or to maintain the 
antiepileptic prophylaxis for at least 2 years in the absence 
of seizures, just like a pharmacological treatment for epilepsy. 
This crucial choice may be based on EEG data, in 
particular the presence and degree of interictal epileptiform 
abnormalities, which we identified as a strong biomarker of 
PTE. 
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