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Objective: Post-traumatic seizure (PTS) is a well-known complication of traumatic brain injury (TBI). The objective of this study was to identify risk factors associated with breakthrough early PTS in TBI patients receiving phenytoin prophylaxis.

Methods: This was a single-centered retrospective study including adult patients admitted to the intensive care unit (ICU), had a TBI, and started on phenytoin for seizure prophylaxis within 24 h of admission. The primary outcome was the incidence and factors associated with early PTS, defined as a confirmed seizure on a continuous electroencephalogram within 7 days of TBI. Secondary outcomes included the association between early post-traumatic seizures and ICU length of stay, hospital length of stay, and in-hospital mortality.

Results: A total of 105 patients were included in the final analysis. Patients with early PTS were older (65 vs. 48 years old, p = 0.01), had a higher Marshall score (5 vs. 2, p = 0.01), were more likely to have a Marshall score > 2 (73 vs. 37%, p = 0.01), and had more neurosurgeries for hematoma evacuation (57 vs. 19%, p = 0.01). In patients with early PTS, 57% had a level at the time of seizure, and of those, 87.5% had a therapeutic level (>10 mcg/mL). Patients with early PTS had a longer ICU length of stay (14.7 vs. 5.9 days, p = 0.04) and a greater proportion of hospital mortality (21 vs. 2%, p = 0.02).

Conclusion: Patients with higher age, Marshall score, and neurosurgical procedures for hematoma evacuation had higher incidences of breakthrough early PTS despite the use of phenytoin prophylaxis. The majority of patients with early PTS had therapeutic phenytoin levels at the time of seizure when a level was available; however, approximately half (43%) did not have a level.
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1 Introduction

Post-traumatic seizure (PTS) is a well-known complication of traumatic brain injury (TBI) resulting in long-term impairment, disability, and reduced quality of life (1, 2). Currently, there is mixed evidence and consensus regarding the safety and efficacy of phenytoin for PTS prophylaxis (3–6). The Brain Trauma Foundation guidelines recommend phenytoin for 7 days following severe TBI to prevent early seizures (within 7 days of injury; Level IIA recommendation) (3). Some trials have also shown no benefit and potential harm including longer hospital stays and worse functional outcomes at discharge with the use of antiepileptic drugs (AEDs) for early PTS prophylaxis, though many are limited by retrospective designs (7–11). Risk factors for early PTS include Glasgow Coma Scale (GCS) score of <10; immediate seizures; PTS amnesia lasting >30 min; linear or depressed skull fracture; penetrating head injury; subdural, epidural, or intracerebral hematoma; cortical contusion; or chronic alcoholism; however, these are often identified in patients not receiving prophylactic AEDs (12, 13). Finally, greater than 60% of early PTS occur despite having therapeutic phenytoin levels (7, 8). The purpose of this study was to identify factors associated with breakthrough early PTS in TBI patients receiving phenytoin for seizure prophylaxis. This study also aimed to describe phenytoin monitoring practices for PTS prophylaxis given the limited guidance in the literature.



2 Methods


2.1 Study design and study population

This was a single-center, retrospective study conducted at Stanford Health Care (SHC), an academic level 1 trauma center, between January 1, 2010 and March1, 2023. Patients were included if they were 18 years or older, admitted to the intensive care unit (ICU), had an International Classification of Diseases (ICD) 9 or 10 code for TBI, and started on phenytoin for seizure prophylaxis within 24 h of admission for at least 6 days or until the first hospital seizure. Patients were excluded if they had a history of seizure, were on AEDs prior to admission, received concomitant AEDs while on phenytoin prophylaxis, had a reported seizure without confirmation on continuous electroencephalogram (cEEG), transitioned to comfort care within 7 days of admission, incarcerated, or pregnant.



2.2 Ethical approval

This study protocol was approved by the Stanford Institutional Review Board (IRB no. 66917, approved September 2, 2022). This study was conducted in accordance with the ethical standards of the Stanford IRB and with the Helsinki Declaration of 1975. For this study, formal consent was not required.



2.3 Study outcomes and definitions

The primary outcome was to examine the incidence and factors associated with early PTS, defined as a confirmed seizure on cEEG within 7 days of TBI documented by a neurologist in the electronic medical record (EMR). Data were extracted via chart review of the EMR. Admission computerized tomography (CT) imaging was reviewed by a neuroradiologist and a neurologist, blinded to outcomes, to calculate the Marshall score (definitions in Supplementary material) (14). Electrographic seizure was defined as epileptiform discharges averaging >2.5 Hz for ≥10 s (>25 discharges in 10 s), or any pattern with definite evolution and lasting ≥10 s (15). Electrographic status epilepticus was defined as electrographic generalized seizures for ≥5 continuous minutes, and focal status epilepticus was defined as electrographic focal seizures for ≥10 continuous minutes. The cEEG was interpreted by the on-called epileptologist and was categorized based on documentation in the neurology notes. Secondary outcomes included the association between early PTS and ICU length of stay, hospital length of stay, and in-hospital mortality.

Severe TBI patients are primarily managed by the trauma/surgical ICU team in consultation with the neurology team when the primary team deems it necessary. The use of cEEG is generally not a standard practice for all TBI patients at SHC. Continuous EEG monitoring is often initiated once a seizure is suspected or for unexplained encephalopathy and is at the discretion of the consulting neurocritical care and neurology team.

Initiation and dosing of phenytoin for early PTS prophylaxis was at the discretion of the treating team. Phenytoin monitoring and dose adjustments were also managed by the treating team. Phenytoin levels (mcg/mL) were corrected for hypoalbuminemia and renal dysfunction using the closest albumin and serum creatinine result preceding the phenytoin level (corrected phenytoin = measured phenytoin level/[(adjustment × albumin, g/dL) + 0.1], adjustment = 0.275; in patients with creatinine clearance <20 mL/min, adjustment = 0.2) (16). Appropriately drawn phenytoin maintenance level was defined as a level drawn 6–8 h following a phenytoin dose to reflect a trough level (17, 18).



2.4 Statistical analysis

IBM SPSS Statistics 22 (IBM Analytics, Armonk, NY, United States) was used to perform all statistical analyses with a predefined significance level of 0.05 by two-tailed asymptotic or exact tests. Parametric continuous variables were compared using ANOVA. Non-parametric continuous variables were analyzed using the Mann–Whitney U-test, and categorical variables were analyzed using Pearson’s chi-squared test or Fisher’s exact test. The relationship between seizures and age, Marshall score, number of neurosurgical procedures, and hematoma evacuation were further explored using univariate binary logistic regression. The low event rate for seizures precluded a single large multivariate binary logistic regression. Instead, bivariate binary logistic regression was performed on seizures vs. hematoma evacuation and age as well as seizures vs. Marshall score > 2 and age.




3 Results

A total of 197 patients were screened for inclusion. The most common reason for exclusion was seizure history on AEDs prior to admission (n = 54; see Figure 1). Of the remaining patients, 105 were included in the final analysis, 14 had early PTS, and 91 did not. Patients who had early PTS were older (65 vs. 48 years old, p = 0.01), had a higher Marshall score (5 vs. 2, p = 0.01), a greater proportion of patients with Marshall score > 2 (73 vs. 37%, p = 0.01), underwent more neurosurgeries for hematoma evacuation (57 vs. 19%, p = 0.01), and a higher number of neurosurgical procedures (1 vs. 0, p = 0.02). The average time from hospital admission to the first reported seizure on cEGG was 2.8 days in patients who had early PTS. Concomitant gabapentin use was more frequent in patients without early PTS (26 vs. 0%, p = 0.04). Patient characteristics are shown in Table 1.
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FIGURE 1
 Patient inclusion/exclusion flow chart. ICD, International classification of diseases; TBI, Traumatic brain injury; PTA, Prior to admission; AED, Anti-epileptic drug; and EEG, Electroencephalogram.




TABLE 1 Patient characteristics for patients with and without early post-traumatic seizures.
[image: Table1]

Appropriately drawn phenytoin levels (level drawn 6–8 h after a phenytoin dose) were available in 55% of patients with no early PTS vs. 79% of patients with early PTS (p = 0.19). The duration of phenytoin prophylaxis was shorter in the early PTS group (2.5 vs. 7 days, p < 0.01). In patients with early PTS, 57% had a level at the time of seizure, and of those, 87.5% had a therapeutic level (>10 mcg/mL). Phenytoin level and dosing data are shown in Table 2.



TABLE 2 Phenytoin level and dosing data for patients with and without early posttraumatic seizures.
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Univariate regression analysis showed that the following were associated with early PTS: Age (odds ratio [OR] 1.04, 95% confidence interval [CI] 1.01–1.07, p = 0.01), Marshall score (OR 1.7, 95% CI 1.15–2.61, p = 0.02), Marshall score > 2 (OR 6.4, 95% CI 1.68–24.77, p = 0.01), and hematoma evacuation (OR 5.8, 95% CI 1.78–18.94, p = 0.02). Regression analyses assessing risk factors associated with early PTS are shown in Supplementary Tables 2–4.

The early PTS group had a longer ICU length of stay (14.7 vs. 5.9 days, p = 0.04) and a greater proportion of hospital mortality (21 vs. 2%, p = 0.02). Secondary outcomes are shown in Table 3. Of patients who experienced early PTS, 93% were focal and 7% were generalized seizures. Epileptiform activity on cEEG as noted by the neurology note was categorized as status epilepticus (36%), clinical (7%), or subclinical seizures (57%). Seizure data are shown in Supplementary Table 1.



TABLE 3 Secondary outcome results in patients with and without early post-traumatic seizures.
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4 Discussion

In this study including critically ill patients with TBI receiving phenytoin for seizure prophylaxis, older age, higher Marshall score, Marshall score > 2, and neurosurgery for hematoma evacuation were associated with breakthrough early PTS. This study showed that patients with these characteristics seized despite receiving phenytoin prophylaxis and the majority having therapeutic phenytoin levels.

There are currently limited studies that investigate risk factors for breakthrough early PTS in patients receiving prophylactic AEDs. Majidi et al. (19) found that seizures occurred more frequently in patients with old age, African American ethnicity, moderate TBI, history of alcohol dependence, and subdural hematoma. However, the choice of AED used for PTS prophylaxis as well as the description of dosing and levels are limited. A post-hoc exploratory analysis found that hematoma evacuation and Marshall score > 2 were associated with early PTS occurrence after adjusting for age. Higher severity of injury (GCS < 10) and hematoma evacuation have also been found to be associated with early PTS in TBI patients not receiving pharmacologic seizure prophylaxis (12, 20, 21). Given the current literature and our findings, closer monitoring and aggressive AED dosing may be considered in patients with these characteristics.

Antiepileptic drug dosing and achieving effective target levels play a vital role in determining the efficacy of AEDs for preventing early PTS. There are limited recommendations regarding phenytoin monitoring as well as data on the relationship between therapeutic phenytoin levels and a rate of early PTS. A total serum phenytoin concentration of 10–20 mcg/mL is a widely accepted target range to prevent seizures, but this has not been confirmed (22). Retrospective and randomized studies in patients with severe TBI have reported that 60–100% of patients who experience early PTS have therapeutic phenytoin levels (7, 8). Similarly, 87.5% of patients in this study had a therapeutic phenytoin level when a level was available at the time of seizure occurrence. The high occurrence of early PTS despite having therapeutic phenytoin levels may indicate that the traditional target level of 10–20 mcg/mL is suboptimal and/or there is a subset of patients with a high epileptogenic focus that is not tempered by phenytoin alone. The average phenytoin level at the time of seizure was 17.1 mcg/mL. It is unclear whether alternative AEDs or multiple AEDs for these higher-risk patients would be effective. Based on the results of this study, higher vigilance in patients with these risk factors and possibly an alternative AED may be considered keeping in mind that efficacy is also unclear. Further studies are warranted to determine the optimal phenytoin target and AED for preventing early PTS as well as if there is a subgroup of severe TBI that will benefit more than others.

The incidence of early PTS after severe TBI while on prophylactic phenytoin ranges from 3 to 4% based on randomized and retrospective studies (5–7, 22–24). In this study, the incidence of early PTS was higher at 13%. These differences are likely due to the study population, severity of TBI, use of concomitant medications with anti-epileptic properties, phenytoin dosing, co-management of these patients with neurocritical care, and the use of a cEEG. This study only included patients admitted to the ICU with admissions >6 days; 99% had at least one type of brain injury on CT imaging, and 60% received hyperosmolar therapy. Based on the results of this study, patients with a Marshall score > 2, older age, and/or neurosurgical procedures for hematoma evacuation had higher incidences of breakthrough PTS; determining the optimal prophylactic AED regimen is key to reducing PTS incidences.

The other consideration is that AED prophylaxis could be ineffective for early PTS. Though guidelines recommend phenytoin for early seizure prophylaxis following severe TBI, there is currently mixed evidence regarding the efficacy of AEDs for preventing PTS. Temkin et al. found that phenytoin reduced the rate of early PTS compared to placebo (3.6 vs. 14.2%, p < 0.001) in a single-centered randomized trial in patients with severe TBI (5). Young et al. (7) found that phenytoin did not reduce the incidence of early PTS in patients with severe TBI with over 78% of patients with phenytoin levels >10 mcg/mL at days 1, 3, and 7 after injury. Several retrospective studies have also found no difference in the rate of early PTS in patients who received AED for prophylaxis including phenytoin, levetiracetam, or valproic acid compared to patients who received no AEDs (8–10). The mixed results could be attributed to the varying definitions of severe TBI across randomized trials as well as the varying severity of TBI included in retrospective studies. It is possible that prophylactic AED is ineffective as several studies suggest; however, there may be a subset of patients that may benefit that have yet to be identified.

There were several limitations to this study including its single-centered retrospective nature and the potential confounders inherent to such a design. Overall, 22% of patients did not have maintenance phenytoin levels drawn and 22% of patients had levels drawn inappropriately. In addition, in patients with early PTS, 43% did not have a level at the time of seizure and it is possible that these patients had subtherapeutic levels which may have led to seizure occurrence. However, this reflects a real-world practice as levels may not be drawn correctly or not drawn at all. Free phenytoin levels may be more accurate in the acute care setting. However, free phenytoin level is a send out lab with a 3-day turnaround time and is not commonly used for phenytoin monitoring at SHC. Instead, corrected phenytoin levels were used and reported, which is a common alternative when free phenytoin levels are not readily available. It is also difficult to pinpoint the relationship between seizure occurrence and therapeutic phenytoin levels as levels are often drawn once a day, leaving the possibility that breakthrough seizures may occur during an uncaptured time when phenytoin levels are subtherapeutic. Data regarding intravenous (IV) versus enteral phenytoin use were not collected; however, patients were typically started on IV phenytoin and transitioned to enteral phenytoin to complete the 7-day prophylactic course at the discretion of the primary team. Patients with early PTS had a shorter phenytoin duration due to switching to a different AED once a seizure occurred. Patients were categorized as having seizures only if this was confirmed on a cEEG, which may underestimate the number of seizures. The use of gabapentin, which may have anti-epileptic properties though relatively weak, was more frequent in the no PTS group compared to the PTS group. Patients with more severe TBI and PTS generally do not have an indication for gabapentin, while gabapentin is often used to manage neuropathic pain and/or alcohol withdrawal in patients with less severe TBI. Other AEDs have been studied for early PTS prophylaxis; however, these agents were not included in this study. Despite a higher proportion of early PTS observed in this study, the absolute number of PTS was low; this limited the ability to conduct robust multivariate analysis to identify independent risk factors for early PTS.

This study showed that patients with a higher Marshall score, age, and neurosurgical procedures for hematoma evacuation had higher incidences of breakthrough early PTS despite the use of phenytoin prophylaxis. The majority of patients had therapeutic phenytoin levels at the time of PTS. Further studies are warranted to confirm factors associated with breakthrough early PTS and to determine the optimal monitoring and therapeutic phenytoin targets to prevent early PTS.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Stanford Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

EG: Conceptualization, Data curation, Investigation, Methodology, Writing – original draft, Writing – review & editing. CD: Conceptualization, Data curation, Investigation, Methodology, Project administration, Writing – original draft, Writing – review & editing. CH: Conceptualization, Data curation, Investigation, Methodology, Writing – original draft, Writing – review & editing. ER: Conceptualization, Data curation, Investigation, Methodology, Writing – original draft. RR: Formal analysis, Methodology, Writing – original draft, Writing – review & editing. NL: Data curation, Writing – original draft. LR-L: Conceptualization, Data curation, Investigation, Methodology, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2023.1329042/full#supplementary-material



References

 1. Centers for Disease Control and Prevention, National Center for Injury Prevention and Control (2015). Report to congress on traumatic brain injury in the United States: Epidemiology and rehabilitation. Atlanta (GA): Centers for Disease Control and Prevention. Available at: https://www.cdc.gov/traumaticbraininjury/pdf/tbi_report_to_congress_epi_and_rehab-a.pdf (Accessed June 1, 2023).

 2. Dikmen, SS, Temkin, NR, Miller, B, Machamer, J, and Winn, HR. Neurobehavioral effects of phenytoin prophylaxis of posttraumatic seizures. JAMA. (1991) 265:1271–7. doi: 10.1001/jama.1991.03460100073027 

 3. Carney, N, Totten, AM, O’Reilly, C, Ullman, JS, Hawryluk, GW, Bell, MJ , et al. Guidelines for the Management of Severe Traumatic Brain Injury, Fourth Edition. Neurosurgery. (2017) 80:6–15. doi: 10.1227/NEU.0000000000001432

 4. Chang, BS, and Lowenstein, DH. Quality standards Subcommittee of the American Academy of neurology. Practice parameter: antiepileptic drug prophylaxis in severe traumatic brain injury: report of the quality standards Subcommittee of the American Academy of neurology. Neurology. (2003) 60:10–6. doi: 10.1212/01.wnl.0000031432.05543.14 

 5. Temkin, NR, Dikmen, SS, Wilensky, AJ, Keihm, J, Chabal, S, and Winn, RH. A randomized, double-blind study of phenytoin for the prevention of post-traumatic seizures. N Engl J Med. (1990) 323:497–502. doi: 10.1056/NEJM199008233230801 

 6. Coelho, LMG, Blacker, D, Hsu, J, Newhouse, JP, Westover, BM, Zafar, SF , et al. Association of early seizure prophylaxis with posttraumatic seizures and mortality: a meta-analysis with evidence quality assessment. Neurol Clin Pract. (2023) 13:e200145. doi: 10.1212/CPJ.0000000000200145 

 7. Young, B, Rapp, RP, Norton, JA, Haack, D, Tibbs, PA, and Bean, JR. Failure of prophylactically administered phenytoin to prevent early posttraumatic seizures. J Neurosurg. (1983) 58:231–5. doi: 10.3171/jns.1983.58.2.0231 

 8. Bhullar, IS, Johnson, D, Paul, JP, Kerwin, AJ, Tepas, JJ 3rd, and Frykberg, ER. More harm than good: antiseizure prophylaxis after traumatic brain injury does not decrease seizure rates but may inhibit functional recovery. J Trauma Acute Care Surg. (2014) 76:54–61. doi: 10.1097/TA.0b013e3182aafd15

 9. Candy, N, Tsimiklis, C, Poonnoose, S, and Trivedi, R. The use of antiepileptic medication in early post traumatic seizure prophylaxis at a single institution. J Clin Neurosci. (2019) 69:198–205. doi: 10.1016/j.jocn.2019.07.066

 10. Glaser, AC, Kanter, JH, Martinez-Camblor, P, Taenzer, A, Anderson, MV, Buhl, L , et al. The effect of antiseizure medication administration on mortality and early posttraumatic seizures in critically ill older adults with traumatic brain injury. Neurocrit Care. (2022) 37:538–46. doi: 10.1007/s12028-022-01531-1 

 11. Wang, BC, Chiu, HY, Luh, HT, Lin, CJ, Hsieh, SH, Chen, TJ , et al. Comparative efficacy of prophylactic anticonvulsant drugs following traumatic brain injury: a systematic review and network meta-analysis of randomized controlled trials. PLoS One. (2022) 17:e0265932. doi: 10.1371/journal.pone.0265932 

 12. Temkin, NR. Risk factors for posttraumatic seizures in adults. Epilepsia. (2003) 44:18–20. doi: 10.1046/j.1528-1157.44.s10.6.x

 13. Frey, LC. Epidemiology of posttraumatic epilepsy: a critical review. Epilepsia. (2003) 44:11–7. doi: 10.1046/j.1528-1157.44.s10.4.x 

 14. Marshall, LF, Marshall, SB, Klauber, MR, Van Berkum, CM, Eisenberg, H, Jane, JA , et al. The diagnosis of head injury requires a classification based on computed axial tomography. J Neurotrauma. (1992) 9:S287–92.

 15. Hirsch, LJ, Fong, MWK, Leitinger, M, LaRoche, S, Beniczky, S, Abend, NS , et al. American clinical neurophysiology Society’s standardized critical care EEG terminology: 2021 version. J Clin Neurophysiol. (2021) 38:1–29. doi: 10.1097/WNP.0000000000000806 

 16. Kiang, TK, and Ensom, MH. A comprehensive review on the predictive performance of the Sheiner-Tozer and derivative equations for the correction of phenytoin concentrations. Ann Pharmacother. (2016) 50:311–25. doi: 10.1177/1060028016628166

 17. Dilantin (Phenytoin). Prescribing Information. New York, NY: Pfizer, Inc. (2009).

 18. Winter, ME. Basic Clinical Pharmacokinetics. 5th ed. Philadelphia, PA: Lippincott Williams & Wilkins (2010).

 19. Majidi, S, Makke, Y, Ewida, A, Sianati, B, Qureshi, AI, and Koubeissi, MZ. Prevalence and risk factors for early seizure in patients with traumatic brain injury: Analysis from National Trauma Data Bank. Neurocrit Care. (2017) 27:90–5. doi: 10.1007/s12028-016-0363-6 

 20. Sødal, HF, Storvig, G, Tverdal, C, Robinson, HS, Helseth, E, and Taubøll, E. Early post-traumatic seizures in hospitalized patients with traumatic brain injury. Acta Neurol Scand. (2022) 146:485–91. doi: 10.1111/ane.13670 

 21. Ritter, AC, Wagner, AK, Fabio, A, Pugh, MJ, Walker, WC, Szaflarski, JP , et al. Incidence and risk factors of posttraumatic seizures following traumatic brain injury: a traumatic brain injury model systems study. Epilepsia. (2016) 57:1968–77. doi: 10.1111/epi.13582 

 22. Torbic, H, Forni, AA, Anger, KE, Degrado, JR, and Greenwood, BC. Use of antiepileptics for seizure prophylaxis after traumatic brain injury. Am J Health-Syst Pharm. (2013) 70:759–66. doi: 10.2146/ajhp130439

 23. Debenham, S, Sabit, B, Saluja, RS, Lamoureux, J, Bajsarowicz, P, Maleki, M , et al. A critical look at phenytoin use for early post-traumatic seizure prophylaxis. Can J Neurol Sci. (2011) 38:896–901. doi: 10.1017/s031716710001249x

 24. Laing, J, Gabbe, B, Chen, Z, Perucca, P, Kwan, P, and O'Brien, TJ. Risk factors and prognosis of early posttraumatic seizures in moderate to severe traumatic brain injury. JAMA Neurol. (2022) 79:334–41. doi: 10.1001/jamaneurol.2021.5420 



OPS/images/fneur-14-1329042-t002.jpg
No seizure (n=9: Seizure (n =14) p value
Phenytoin levels description, (%) 019
At least one appropriate maintenance level draws 50 (55%) 11(79%)
Subtherapeutic 15 (16%) 3(21%)
‘Therapeutic/supratherapeutic” 35 (38%) 8(57%)
No appropriate maintenance level drawn 21 (23%) 321%)
No maintenance level drawn 20 (22%) 0(0%)
Loading dose given, 7 (%) 67 (74%) 12 (86%) 051
Loading dose (mg/kg), mean £SD 183453 17236 048
Initial total daily dose (mg), mean £SD 30040 30040 1
Average total daily dose (mg), median (IQR) 300 (300-300) 300 (271-300) 059
Duration of phenytoin prophylasis (days), median (IQR) 7(655-785) 25(16-4) <0.01
Number of levels during first 7 days, median (IQR)
Inappropriate levels 1(0-4) 2(1-3) 0.69
Appropriate levels 10-2) 201-3) 0.04
Dose ttration, 1 (%) 027
None 71(78%) 7(50%)
Increase 11(12%) 4(29%)
Decrease 4(4%) 3(21%)
Both increase/decrease 3(3%) 0(0%)
Bolus 20%) 0.(0%)
me to first therapeutic level (days), median (IQR)* 13(07-27) 19(14-43) 009
Average level during first 7 days (mcg/mL), mean +SD 123556 132466 0.67
% time in therapeutic range, median (IQR)* 100 (0-100) 86 (33-100) 009
Phenytoin level at time of seizure’, 1 (%) NA
No level NA 6(43%)
Available level NA 8(57%)
Subtherapeutic (< 10meg/mL) NA 1012.5%)
Therapeutic/supratherapeutic (> 10mcg/mL) NA 7(87.5%)

IQR, Interquartile range; SD, Standard deviation. “Phenytoin levels were categorized as appropriately drawn if drawn 6-8 h after a dose. *Patients were categorized as having therapeutic/
supratherapeutic levls if greater than 50% of appropriately drawn levels within the first 7days of injury were > 10 mcg/mL..‘Based on patients with > 1 therapeutic level: no seizure (N =35);
seizure (N =8). “Only for patients with > 1 appropriate maintenance level drawn; no seizure (N =50),seizure (N = 14). “Available level preceding seizure event. Bold values indicate satisically
significant values p < 0.0






OPS/images/fneur-14-1329042-t003.jpg
No seizure (n Seizure (n = 14] p value
In hospital seizure after 7 days, 1 (%) 101%) 0.0%) 1
ICU length of stay (days), median (IQR) 59(3.2-137) 147 (5-219) 004
Hospital length of stay (days), median (IQR) 119 (8.4-24) 20.6(123-289) 0.09
Hospital mortality; 1 (%) 202%) 31%) 002

ICU, Intensive care unit; IQR, Interquartile range.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Assessing risk factors associated with breakthrough early post-traumatic seizures in patients receiving phenytoin prophylaxis



		1 Introduction



		2 Methods



		2.1 Study design and study population



		2.2 Ethical approval



		2.3 Study outcomes and definitions



		2.4 Statistical analysis









		3 Results



		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fneur-14-1329042-g001.jpg
Met initial inclusion criteria
N=197

Inclusion Criteria

.+ Age>18

* Hospital admission > 48 hours

* Received phenytoin within 24
hours of admission for seizure
prophylaxis for > 6 days or until
first hospital seizure

* 1CD-10 code for TBI

Patients included
N=105

Exclusions

Seizure history on PTA AEDs — 54

Comfort care within 1 week - 24
Concomitant AEDs - 11

Suspected seizure not confirmed on EEG — 2
Incarcerated - 1

Pregnant -0
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No seizure (n=91) Seizure (n = 14) p value

Age (years), mean +SD 48420 65421 0.01
Male, n (%) 68 (75%) 11(79%) 1
BMI, mean:+SD 2547 244 0.60
Admission GCS, median (IQR) 13(-14) 115 (8-14) 088
Marshall score, median (IQR) 20-4) 5(-5) 0.01
Marshall score>2, n (%) 34(37) 1(73) 0.01
ETOH 250 mg/dL, n (%) 17(19%) 2(14%) 1
Positive toxicology screen, 1 (%) 26 (29%) 4(29%) 1
Amphetamine 6(7%) 17%) 1
Benzodiazepine 12(13%) 17%) 0.69
Cocaine 2(2%) 1(7%) 035
Opioids 8(9%) 17%) 1
THC 14.(15%) 17%) 069

Mechanical ventilation, 7 (%) 59 (65%) 12 (80%) 022

Vasopressor use, 1 (%) 32(35%) 8(57%) 014

Hyperosmolar therapy, n (%) 52(57%) 12 (86%) 0.07
Hypertonic saline 34(37%) 9(64%)

Mannitol 2(2%) 0(0%)
Both 16 (18%) 3(21%)

Concomitant injuries, 1 (%) 90 (99%) 14.(100%) i
Subarachnoid hemorrhage 70 (77%) 9(67%) 033
Subdural hematoma 54 (59%) 11(79%) 024
Epidural hematoma 13 (14%) 10%) 0.69
Intraventricular hemorrhage 14.(15%) 5 (36%) 013
Intraparenchymal hemorrhage 39 (43%) 7 (50%) 077
Depressed skull fracture 13 (14%) 107%) 0.69
Cortical contusion 38 (42%) 6(43%) 1
Diffuse axonal injury 10 (11%) 1(7%) 1
Penetrating injury 101%) 2(14%) 005
Immediate seizure (within 24h) 202%) 1(7%) 035

Number of concomitant injuries, median (IQR) 3(2-4) 306-4) 021

Number of neurosurgery procedures, median (IQR) 00-1) 1(1-2) 0.02

Neurosurgery procedure, (%) 41 (45%) 11(79%) 0.02
External ventricular drain 23 (25%) 4(29%) 075
Bolt 4(4%) 1G%) 052
Decompressive craniotomy 18 (20%) 5(36%) 018
Hematoma evacuation 17(19%) 8(57%) 0.01

Prior to admission medications, 1 (%) o4
Antipsychotics 22%) 107%)

Benzodiazepines 101%) 0.(0%)
Both 0(0%) 107%)
Concomitant medications, 1 (%)
Gabapentin 24 (26%) 0.0%) 0.04
Scheduled benzodiazepine 8(9%) 2(14%) 062
Propofol infusion >48h 17 (19%) 31%) 073
Midazolam infusion >48h 0(0%) 1(7%) 1
‘Time from admission to first seizure on cEEG (days), mean (SD) NA 28(1.6) NA

BMI, Body mass index; ETOH, Ethanol; GCS, Glasgow Coma Scale; IQR, Interquartile range; SD, Standard deviation; THC, Tetrahydrocannabinol; cEEG, Continuous electroencephalogram;
and NA, Not applicable. Bold values indicate statistically significant values p < 0.05.
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