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 24 

Short title:  25 

Recovery of clinical orientation depends on restoration of cortical activity 26 

 27 

Introduction  28 

Electroconvulsive therapy (ECT) has been used for effective treatment of major 29 

depression since decades. In ECT-sessions, a short electrical stimulus (< 8 seconds, 30 

block pulse) is administered through (parts of) the patients’ brains to elicit self-31 

terminating generalized seizure activity. The postictal state follows directly after seizure 32 

termination. During this state, patients may show temporary postictal symptoms, such 33 

as confusion with disorientation in person, place, or time [1–6]. Understanding the 34 

postictal state is important, because its duration has been related to both effectiveness 35 

and cognitive side-effects of the ECT-course [7–9].  36 

During the postictal state, patients gradually regain orientation, typically from personal 37 

to spatial and temporal orientation [10]. At the bedside, recovery in these cognitive 38 

domains is clearly observed and classically assessed by the Reorientation Time (ROT) 39 

questionnaire [7]. Increased ROT values indicate a longer postictal state after an ECT-40 

session. This is clinically relevant, since longer ROT has been associated with poorer 41 

retrograde autobiographical memory outcome, lasting from a week up to six months 42 

after the ECT-course [7,11]. On the other hand, longer ROT was associated with more 43 

rapid decline of depressive symptoms and better antidepressant outcome of the ECT-44 

course [9].  45 

The electroencephalogram (EEG) can be used to measure real-time cortical brain 46 

activity and also provides measures to quantify the postictal state. Immediately after 47 
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termination of the ECT-seizure, the postictal EEG shows suppression and slowing 48 

[6,12,13]. Postictal suppression is defined as amplitude reduction to less than 10 µV 49 

within 30 seconds of seizure transmission, lasting > 2 seconds [13,14]. Abnormal EEG 50 

slowing is indicated by an increase in the delta (1-4 Hz) and theta (4-7 Hz) frequency 51 

ranges, and a reduction of faster frequencies [15,16]. EEG recovery is probably more 52 

objective and more sensitive than ROT to quantify postictal recovery. Indeed, while 53 

clinical reorientation usually recovers within an hour, postictal EEG slowing may last 54 

up to 24 hours and it even takes longer before the EEG has completely returned to 55 

baseline activity [17,18]. 56 

Currently, it is unknown how restoration of the postictal EEG relates to recovery of 57 

clinical orientation after ECT. Such link between EEG and clinical recovery may provide 58 

new objective and sensitive measures to quantify the postictal state. In addition, the 59 

relation between clinical and electrophysiological recovery may yield novel insights into 60 

the mechanisms of recovery of consciousness after seizures. Therefore, we studied 61 

whether postictal EEG restoration was related to recovery of clinical orientation by 62 

simultaneous continuous EEG recording and intermittent assessment of orientation in 63 

person, place and time, immediately after ECT-induced seizures.  64 

 65 

 66 

  67 
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Methods  68 

Study population 69 

This is a post hoc exploratory analysis of prospectively collected trial data from 33 70 

depressed patients treated with ECT in Rijnstate Hospital (Arnhem, The Netherlands), 71 

who participated in the StudY of effect of Nimodipine and Acetaminophen on Postictal 72 

Symptoms after ECT (SYNAPSE; NCT04028596). SYNAPSE was a randomized 73 

controlled trial with a three-condition cross-over design. Patients received nimodipine, 74 

acetaminophen or placebo (i.e., water) in random and counterbalanced order at a 75 

maximum of two hours before each ECT-session [19]. Repeated EEG measures 76 

before, during, and until one hour after the ECT-sessions were collected to study the 77 

effects of the various treatment conditions on postictal recovery. Inclusion criteria for 78 

patients were age ≥ 18 years and having a current clinical diagnosis of major 79 

depression (i.e., classified as unipolar, bipolar, schizoaffective disorder, according to 80 

the Diagnostic Manual of Mental Disorders, fifth edition [DSM-5]) [20]. The local 81 

medical ethical committee approved the study protocol (NCT04028596) and all 82 

included patients provided oral and written informed consent.  83 

Electroconvulsive therapy and treatment outcome measures 84 

ECT was administered according to the Dutch treatment guidelines in the context of 85 

current care, twice a week, and electrodes were either placed right unilateral (RUL) or 86 

bi(fronto)temporal (BL) [21]. ECT stimuli were delivered with a constant-current (900 87 

milliAmpere), square wave, bidirectional and brief pulse (1 millisecond) using the 88 

Thymatron System IV device (Somatics Incorporation Lake Bluff, Illinois, USA). In case 89 

patients showed a poor response initially, RUL placement was switched to BL 90 

placement. Anesthesia was mostly achieved using etomidate (0.2–0.3 mg/kg body 91 
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weight) for sedation and succinylcholine (0.5–1 mg/kg) for muscle relaxation. In case 92 

of severe postictal confusion, defined as the clinical necessity to administer sedatives 93 

or restraints due to severe motor restlessness, disorientation, agitation or anxiety [22]), 94 

midazolam (2.5-5 mg intravenously) was used. Cessation of the ECT-course was 95 

clinically decided by the treating psychiatrists, and rated with the Hamilton Depression 96 

Rating Scale (HDRS) [23]. Clinical response was defined as a decrease ≥ 50% of post-97 

ECT HDRS-score compared to pre-ECT, and remission as a post-ECT HDRS-score < 98 

8.  99 

EEG registration and pre-processing 100 

Twelve or twenty silver/silver chloride cup electrodes were placed on the scalp 101 

according to the International 10-20 system. Cz was used as reference. The electrode-102 

skin impedance was kept below 5 kΩ. EEG was recorded before, during, and after the 103 

seizure: recordings started around five minutes before administration of anesthesia 104 

and lasted up to one hour after seizure termination. In this study, both ictal and postictal 105 

EEG recordings were used. Data were band-pass filtered (0.5-30 Hz; first-order 106 

Butterworth filter) and segmented into five-second epochs without artifacts. EEG 107 

recordings were visually inspected for artifacts in software of NeuroCenter EEG 108 

(Leiden, The Netherlands). Electrodes containing noise or electrodes that were 109 

physically removed during the measurements (e.g., due to movement or postictal 110 

agitation) were rejected for analyses. All EEG analyses, pre-processing steps and fits 111 

were conducted with MATLAB R2023a (MathWorks, Natick, MA, USA).  112 

Restoration of the postictal EEG 113 

The start of the postictal state was defined at seizure termination, that was based on 114 

cessation of spike-wave complexes and EEG suppression. Restoration of the postictal 115 
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EEG was quantified with the normalized alpha-delta ratio (ADR), that was calculated 116 

and expressed as: 117 

       𝐴𝐷𝑅 =
𝑝𝑜𝑤(𝛼)−𝑝𝑜𝑤(𝛿)

𝑝𝑜𝑤(𝛼)+𝑝𝑜𝑤(𝛿)
              (1) 118 

with 𝑝𝑜𝑤(𝛼) and 𝑝𝑜𝑤(𝛿) the power in the alpha (8-13 Hz) and delta (0.5-4 Hz) frequency 119 

bands, respectively. These values were calculated from computing power spectral 120 

density (PSD) values using Welch’s method [24]. Five-second artifact-free segments 121 

with an overlap of 50% were used and median PSD values were determined of the 122 

available electrode channels (whole brain). ADR values were averaged per minute and 123 

fitted with a sigmoidal function given by: 124 

     𝑓(𝑡) =
𝑎

1+𝑏𝑒−(𝑐−𝑡) 𝜏⁄ + 𝑑        (2) 125 

with 𝑡 the duration of the postictal state (with a minimum duration of 40 min), 𝑎 the 126 

distance from 𝑑 to the lower asymptote, 𝑏 the transition from rapid to reduced growth, 127 

𝑐 the initial lag, 𝜏 the time constant, and 𝑑 the upper asymptote. The values of the 128 

parameters (𝑎, 𝑏, 𝑐, 𝜏 and 𝑑) were estimated using a nonlinear least squares routine. R2 129 

≥ 0.7 was considered appropriate for goodness of the fit. Subsequently, the derivative 130 

(df/dt) of equation 2 was calculated, given by: 131 

              
𝑑𝑓

𝑑𝑡
= −

𝑎𝑏𝑒−(𝑐−𝑡)/𝜏

𝜏(1+𝑒−(𝑐−𝑡)/𝜏)2
                             (3) 132 

 133 

to estimate the timepoint where the recovery of ADR was at its maximum (Tmax). Tmax 134 

was defined as the timepoint where equation 3 had its maximum value. The EEG 135 

features we used for postictal EEG restoration were the parameters 𝑎 and 𝜏 from 136 

equation 2, and Tmax from equation 3. 137 

Seizure duration 138 
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Seizure duration was defined as the time-interval between seizure onset and offset 139 

points, which were determined visually in the EEG. Seizure onset was defined as onset 140 

of rhythmicity of spike-wave complexes, including waveform repetition with relatively 141 

uniform morphology and duration. Seizure offset was the timepoint where the seizure 142 

terminated, which was defined as the onset of generalized postictal suppression of at 143 

least two seconds [17,25,26].  144 

Recovery of clinical orientation 145 

Before each ECT-session, ROT questions were asked to assess orientation at 146 

baseline. After the ECT-stimulus, ROT questions were asked every five minutes to 147 

assess recovery of clinical orientation [7]. The ROT questionnaire consists of five 148 

questions to assess orientation in person (name, birthday), place (name of hospital), 149 

and time (age, day of week). Time to reorientation in all three domains was determined 150 

separately, by registration of the time (in minutes) until the question regarding a specific 151 

cognitive domain was answered correctly for the first time. Since the domains person 152 

and time consisted of two questions, these values were averaged, resulting in a single 153 

time to reorientation value for each domain. In case patients were not orientated at 154 

baseline in a specific domain, this domain was ignored for analysis. 155 

Statistical analyses 156 

Variables were described by using numbers and percentages (%), means and 157 

standard deviations (SD), and medians and interquartile range (IQR), as appropriate. 158 

Pre- and post-ECT HDRS-scores were compared using Wilcoxon signed-rank test, 159 

with p < 0.05 was regarded as statistically significant. Statistical analyses were 160 

computed using MATLAB and R version 4.3.1 using the lme4 and report packages 161 

[27,28]. 162 
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Recovery of clinical orientation. Time to reorientation values in the three cognitive 163 

domains person, place, and time were averaged (median and IQR) across subjects. 164 

Wilcoxon signed-rank tests were used to test whether these values in person, place 165 

and time differed. 166 

Restoration of the postictal EEG and recovery of clinical orientation. Because of the 167 

inherently correlated data structure, three linear mixed models (LMMs) were fitted to 168 

predict clinical postictal recovery, one for each. Fixed effects, derived from the postictal 169 

EEG, were Tmax, 𝑎 and 𝜏. Fixed effects related to patient- and ECT-parameters were 170 

electrical charge of the ECT-stimulus (in millicoulombs [mC]), seizure duration (in 171 

seconds), administration of midazolam, the applied electrode placement, the number 172 

of the ECT-session of the ROT measurement, sex, and age (in years). Random effects 173 

(slope and intercept) were subject and Tmax, which specification was chosen based on 174 

avoiding singularity [29]. Separate analyses were performed in measurements without 175 

midazolam, to account for its known effects on EEG recordings [30]. 176 

Restoration of the postictal EEG and ECT-parameters. For each postictal EEG feature 177 

(i.e., Tmax, 𝑎 and 𝜏), LMMs were fitted to predict postictal restoration, one for each 178 

(Supplementary Table S3).  179 

LMMs assume that random effects deviations and residual errors are normally 180 

distributed, which were verified. All fixed effects were checked for multicollinearity, 181 

where a variance inflation factor < 5 was considered as a low correlation and tolerable. 182 

Because of the relatively small sample size (N = 33), the restricted maximum likelihood 183 

was used as estimation method. 95% Confidence intervals (CI) and p-values (alpha = 184 

0.05) were computed using a Wald t-distribution approximation. 185 

  186 
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Results  187 

Patient and treatment characteristics 188 

Out of the SYNAPSE database (N = 33), we included 272 pairs of ictal-postictal EEGs 189 

and clinical measures from 32 patients, because one patient had to be excluded due 190 

to poor EEG quality. Patient and treatment characteristics are shown in Table 1. Mean 191 

age was 54.2 ± 13.9 years and eighteen patients (56%) were female. Postictal EEG 192 

recordings of 90 ECT-sessions (34.2%) were registered after RUL stimulation, the 193 

remaining after BL stimulation. Immediately after 101 ECT-sessions (37.1%; N = 13 194 

patients), midazolam was administered intravenously. At group level, patients received 195 

a median of 14 (IQR = 4.9) ECT-sessions during the completed ECT-course, with a 196 

mean applied electrical charge of 349.3 ± 162.4 mC. Mean seizure duration was 58.5 197 

± 29.9 seconds. HDRS-scores decreased significantly after the ECT-course (median 198 

pre-ECT HDRS-score = 23.5, IQR = 10; median post-ECT HDRS-score = 12, IQR = 9; 199 

p < .001). After the ECT-course, sixteen patients (50%) showed clinical response and 200 

seven (22%) remission.  201 

Restoration of postictal EEG 202 

The typical recovery of the postictal EEG in the first hour followed a sigmoid-like 203 

recovery of ADR (Figure 1).  At group level, averaged values for postictal EEG 204 

parameters were: 𝑎 = 0.33 ± 0.27 (∆ADR), 𝜏 = 6.3 ± 3.1 min, and Tmax = 29.4 ± 8.6 min. 205 

While ADR values increased over time during the postictal state, no patient reached 206 

baseline ADR values within one hour after the seizure. 207 

 208 

 209 
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Recovery of clinical orientation 210 

In Figure 2, violin plots of the median time to reorientation values in person, place and 211 

time are shown. At group level, patients recovered firstly in person (median = 24.0 min, 212 

IQR = 5.2, p < .001), compared to time to reorientation in place (median = 28.6 min, 213 

IQR = 15.0, p < .001) and time to reorientation in time (median = 33.0 min, IQR = 18.7, 214 

p < .001). Also, patients recovered faster in place compared to reorientation in time (p 215 

= .012). Nineteen patients (61%) reached recovery of orientation in the exemplary 216 

sequence: person-place-time. None of the patients showed reorientation in time before 217 

reorientation in the other two domains. 218 

Restoration of postictal EEG in relation to recovery of clinical orientation 219 

Timepoint of maximum recovery (Tmax). In all three cognitive domains, relationships 220 

between Tmax and time to reorientation were observed (see Figure 3); i.e., positive 221 

relations between Tmax and time to reorientation in person ( = 1.5, 95% CI [0.4, 2.6], 222 

p = .007), place ( = 3.3, 95% CI [1.3, 5.4], p = .002) and time ( = 2.4, 95% CI [0.5, 223 

4.4], p = .016).  224 

Extent of recovery (𝑎). Negative relations were found between the extent of recovery 225 

(𝑎) and time to reorientation in person ( = -1.2, 95% CI [-2.3, -0.1], p = .036) and in 226 

time ( = -2.8, 95% CI [-4.8, -0.8], p = .007). No relationship was found with 227 

reorientation in place ( = -1.2, 95% CI [-3.0, 0.7], p = .171). 228 

Time constant (𝜏). No relationships were found between time constant 𝜏 and time to 229 

reorientation for all three domains (in person:  = -0.7, 95% CI [-0.1, 1.5], p = .094; in 230 

place:  = -0.7, 95% CI [-2.0, 0.6], p = .300; in time:  = -0.3, 95% CI [-1.8, 1.2], p = 231 

.699). 232 
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Seizure duration in relation to recovery of clinical orientation 233 

Positive relations were found between seizure duration and time to reorientation in 234 

person ( = 2.5, 95% CI [1.5; 3.5], p < .001), in place ( = 3.1, 95% CI [1.5, 4.8], p < 235 

.001) and in time ( = 3.3, 95% CI [1.6, 5.1], p < .001) (Figure 3).  236 

Recovery of orientation in relation to patient- and ECT-parameters 237 

Age. Higher age was related to longer duration of reorientation in time ( = 4.0, 95% 238 

CI [1.3, 6.7], p = .004). No significant associations were found in the other two domains. 239 

Electrode placement. BL (compared to RUL) electrode placement seemed associated 240 

with longer time to reorientation in place ( = 5.2, 95% CI [-0.4, 10.8], p = .070), 241 

however this finding was not significant. In the other two domains, no associations 242 

were found. 243 

Electrical charge of the ECT-stimulus. Electrical charge of the ECT-stimulus was 244 

positively related with time to reorientation in place ( = 2.6, 95% CI [0.5, 4.8], p = 245 

.014). No significant associations were found in the other two domains. 246 

Postictal midazolam. Administration of midazolam was associated with longer time to 247 

reorientation in person ( = 4.4, 95% CI [1.3, 7.4], p = .005), in place ( = 8.3, 95% CI 248 

[3.5, 13.2], p < .001) and in time ( = 5.6, 95% CI [0.4, 10.7], p = .034).  249 

The results of all fixed effects, random effects designs, formulas, and model 250 

performances of the LMMs for recovery of clinical orientation in all three cognitive 251 

domains (i.e., person, place and time) are shown in Supplementary Table S1. Analyses 252 

of data from measurements without midazolam (N = 171 measurements; N = 20 253 

subjects) showed similar results (Supplementary Table S2). In Supplementary Table 254 
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S3, associations of the postictal EEG features (Tmax, 𝑎, 𝜏) and other patient- and ECT-255 

characteristics are shown.  256 
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Discussion  257 

In this analysis of prospectively collected clinical and EEG data, gradual restoration of 258 

the postictal EEG was related to gradual recovery of clinical orientation in all three 259 

cognitive domains (i.e., in person, place and time) after ECT-induced seizures. Slower 260 

restoration of postictal EEG was associated with longer time to reorientation in all 261 

domains. Longer seizure duration and postictal administration of midazolam were 262 

related to later time to reorientation. Clinical reorientation mostly recovered within one 263 

hour after the ECT-stimulus, but ADR values never reached baseline values in that 264 

time-frame. Our findings show that EEG is more sensitive than ROT to measure 265 

postictal recovery at one hour post seizures, and suggest that recovery of orientation 266 

after ECT is related to gradual restoration of cortical synaptic recovery. 267 

Derived from the postictal EEG, the parameters 𝑎 (indicating the extent of EEG 268 

restoration) and Tmax (indicating the timepoint where EEG restoration was at its 269 

maximum) were related to reorientation time values. The EEG is dominated by 270 

postsynaptic potentials and restoration of the postictal EEG probably reflects the 271 

gradual recovery of cortical synaptic activity. Alpha oscillations have been theorized to 272 

play a key role in cognition and are present during (relaxed) wakefulness [31]. 273 

Restoration of this rhythm, indicated by an increase in ADR, probably relates to 274 

recovery of cortical synaptic activity. Our chosen EEG feature, the ADR, serves as 275 

proxy for this postictal EEG restoration, which as we show typically follows a sigmoidal 276 

function in the first hour. In most patients, clinical orientation recovered within an hour, 277 

while ADR values never normalized. This shows that a clinical psychometric 278 

instrument, such as the ROT [7], has ceiling effects and that EEG provides a more 279 

sensitive measure to estimate recovery of the postictal state. Previous work has shown 280 
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that longer ROT is associated with retrograde amnesia, an important side effect of ECT 281 

[7,11]. We hypothesize a similar relationship with slower restoration of the postictal 282 

EEG, which may be a more sensitive measure for predicting retrograde amnesia. Our 283 

observed relationships between postictal EEG features and patient- and ECT-284 

parameters support this hypothesis. EEG recordings beyond one-hour post-seizure 285 

may reveal important aspects (including prolonged disturbances of brain activity) of the 286 

postictal state that are currently neglected by clinical measures of reorientation. 287 

Longer seizure duration was related to later time to reorientation in all domains. This 288 

finding is in line with previous findings [17]. During a seizure, there is an increase in 289 

energy consumption and cerebral blood flow, oxygen consumption and glucose 290 

metabolism [32,33]. Prolonged seizure activity may result in more (local) deprivation of 291 

oxygen and energy, inducing longer postictal synaptic depression and slower cortical 292 

synaptic recovery. Our results show a larger effect size of seizure duration on time to 293 

reorientation with an increase in complexity of the cognitive domain, from person to 294 

place to time. It has been shown that amnestic effects of ECT are greatest for 295 

impersonal memory (i.e., knowledge about the world) compared to personal memory, 296 

for recent compared to distinctly remote events, and for less salient events [34]. 297 

Therefore, domains involving impersonal memory and more recently stored 298 

information (i.e., orientation in time and place) may be more vulnerable to the effects 299 

of ECT-induced seizures, especially in longer seizures. 300 

More than half of the patients recovered in orientation in the sequence person-place-301 

time, and never in time before the other two domains. The specific order of 302 

reorientation in person-place-time is in line with earlier findings [10,35] and was also 303 

observed in patients recovering from closed-head injury [36]. Furthermore, this finding 304 

is also in line with observations in patients with dementia, where orientation disappears 305 
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in counterorder [37]. The sequence of recovery in person-place-time may again point 306 

towards differences between personal and recently stored information, or at distinct 307 

restoration processes of consciousness, possibly in different parts of the human brain 308 

or functional networks [37]. 309 

Previous research found that the length of postictal disorientation tends to increase 310 

with more numbers of previous ECT-sessions and with the application of BL electrode 311 

placement.[35] In this study, we show that higher age was related to longer duration of 312 

reorientation in time. Furthermore, higher applied electrical charge and BL electrode 313 

placement (and at trend level with RUL, p = .070) were related with longer reorientation 314 

time in place. According to modeling studies, these ECT-parameters determine spread 315 

of current density in the brain during electrical stimulation [38]. Postictal administration 316 

of midazolam was associated with later time to reorientation in all domains. Use of this 317 

agent is known to increase delta power and decrease of alpha power [30]. Therefore, 318 

midazolam may delay postictal ADR restoration, resulting in longer reorientation times. 319 

Separate analyses without midazolam showed similar findings regarding the 320 

relationships with postictal EEG and clinical reorientation. Our findings indicate that 321 

some patient characteristics and ECT-parameters may only affect reorientation time 322 

values of specific domains, while others show persistent effects in all domains of 323 

orientation. 324 

Strengths and limitations 325 

Strengths of this study include the prospective collection of large number of repeated 326 

measures of ictal and postictal EEG data (N = 272), the use of continuous EEG 327 

monitoring and the analysis of time to reorientation values in three domains. 328 

Furthermore, this study included systematically measured postictal brain activity up to 329 

one hour after seizure termination together with direct clinical measures of 330 
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reorientation. However, some limitations apply to this study. First, the study was not 331 

powered for this post-hoc evaluation of time to reorientation in the three distinct 332 

cognitive domains. Second, we did not account for possible confounding effects of the 333 

concomitant use of medication (i.e., antidepressants, antipsychotics, anti-epileptics 334 

and benzodiazepines) during the ECT-course. Finally, the remission rate of ECT in this 335 

study cohort was low (22%), compared to reported ECT remission rates of 51-58% 336 

[39], probably due to the patient selection for ECT in The Netherlands (i.e., often only 337 

indicated as treatment-of-last-resort).  338 

 339 

Conclusion 340 

We found a clear relationship between clinical recovery of orientation and restoration 341 

of EEG activity after ECT-induced seizures. Longer time to reorientation was related 342 

to slower restoration of the postictal EEG. Despite complete clinical reorientation, the 343 

EEG showed enduring postictal disturbances at one-hour post-seizures, pointing 344 

towards a higher sensitivity of EEG than ROT to estimate postictal recovery. In 345 

addition, longer seizure duration and postictal administration of midazolam were 346 

related to increased time to reorientation values. Our results imply that clinical 347 

reorientation probably depends on gradual cortical synaptic recovery, and that longer 348 

seizures lead to longer postsynaptic suppression. 349 

 350 

 351 

 352 
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Figure captions 354 

Figure 1. Restoration of the postictal electroencephalogram (EEG) expressed as the 355 

evolution of the normalized alpha/delta ratio (ADR; equation 1). (A) Averaged ADR 356 

values per minute (blue dots) followed a typical sigmoidal evolution in the postictal 357 

state, starting at values close to -1. The evolution of ADR is well described by the 358 

sigmoidal curve (solid red line), defined by equation 2. Here, 𝑎 = 1.0 ± 0.1 (∆ADR) and 359 

𝜏 = 5.9 ± 4.4 min. (B) From the derivative (green solid line), defined by equation 3, Tmax 360 

is estimated. Here, Tmax = 27 min. These data are from subject 2 in this study. 361 

 362 
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Figure 2. Median time to reorientation values in person, place and time after 364 

electroconvulsive therapy (ECT)-induced seizures. Patients firstly recovered in person 365 

(median = 24.0 min, IQR = 5.2) compared to the domains place (median = 28.6 min, 366 

IQR = 15.0 min, p < .001) and time (median = 33.0 min, IQR = 18.7, p < .001). 367 

Reorientation in place was faster than reorientation in time (p = .012). 368 
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Figure 3. Positive correlations between Tmax (i.e., the timepoint where the recovery of 370 

the electroencephalogram [EEG] was maximized) and seizure duration and time to 371 

reorientation in three cognitive domains (i.e., person [A], place [B] and time [C]). 372 

Marginal effects (red lines) and 95% CI (shaded errors) are estimated from the models. 373 

 374 
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