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Abstract

Purpose:  Visual EEG Confusion Assessment Method-Severity (VE-CAM-S) quantifies 

encephalopathy severity based on electroencephalography features. This study evaluated inter-rater 

reliability among experts using the VE-CAM-S scale.

Methods:  Nine experts from six institutions independently reviewed 32 15-second 

electroencephalography samples in an online test, assessing 29 features (16 in the VE-CAM-S 

and 13 additional, or “VE-CAM-S+”). A consensus of three experts served as the gold standard. 

Performance was measured by the median Matthews correlation coefficient between expert and 

gold-standard VE-CAM-S+ scores, along with average sensitivity and specificity. Qualitative 

analysis identified common feature-recognition errors affecting scores.

Results:  Experts achieved a median Matthews correlation coefficient of 0.82 [95% CI: 0.74–

0.99]. Specificity exceeded 90% for most features except background β (87%) and generalized 

delta (71%). Sensitivity was ≥ 65% except for burst suppression with epileptiform activity (61%), 

extreme delta brush (EDB; 61%), posterior dominant rhythm (50%), background α (59%) and β 
(42%). Common errors included missing subtle findings, confusing features, and misidentifying 

extreme delta brush.

Conclusions:  This pilot study offers some initial support for the reliability of VE-CAM-S+ 

scoring. The largest errors occurred when experts missed or falsely identified features with higher 

weight in the VE-CAM-S. Encephalopathy grading through VE-CAM-S may be improved by 

breaking high-stakes features into smaller parts, creating a “cheat sheet” with scored examples, 

and designing teaching materials.

Keywords

Electroencephalography (EEG); Encephalopathy; Pilot study; Reliability (inter-rater reliability, 
IRR); Critical care; Teaching

Acute encephalopathy refers to diffuse cerebral dysfunction that ranges in severity. 

Clinically, it is characterized by alterations in attention, cognition, and/or level of 

consciousness. It can result from various causes, including primary neurologic conditions 

(e.g., epileptic seizures) and systemic disorders.1 In recent work,2 we developed the 

Visual EEG Confusion Assessment Method–Severity (VE-CAM-S), an interpretable 

neurophysiologic grading scale to quantify acute encephalopathy based on EEG features. 

We found that VE-CAM-S has excellent discrimination between levels of delirium and 

correlated strongly with the well-validated CAM-S Long Form3 delirium severity score. 

In addition, VE-CAM-S scores were strongly associated with clinical outcomes, including 

in-hospital mortality, 3-month mortality, and Glasgow Outcome Score4 at discharge.
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Before the VE-CAM-S scale can be recommended for systematic clinical use, it is important 

to measure how reliable EEG experts are in assessing encephalopathy severity using this 

grading system. Therefore, we designed an inter-rater reliability study to (1) evaluate expert 

agreement in assigning VE-CAM-S scores and identify potential sources of error that could 

affect score validity and (2) evaluate nonexpert agreement to explore the feasibility of 

training nonexperts in EEG feature recognition. We created an online test featuring a range 

of EEG examples, including normal and abnormal EEG findings. EEG teaching materials, 

such as slides and videos, were also provided alongside the test. Overall, this pilot study 

aims to gather insights on improving the teaching of encephalopathic EEG grading and the 

VE-CAM-S scale for use in future studies and, ultimately, clinical care. We hypothesized 

that agreement in the VE-CAM-S scale among experts would be high and that using EEG 

educational materials among nonexperts could achieve an inter-rater reliability comparable 

with that of experts when quantifying encephalopathic EEGs.

METHODS

Participant Selection

This pilot study, conducted from September to November 2022, enlisted participants across 

10 institutions (see Figure 1, Supplemental Digital Content 1, http://links.lww.com/JCNP/

A343), including (1) epileptologists or clinical neurophysiologists (neurologists with at least 

1 year of fellowship training in epilepsy or clinical neurophysiology), (2) neurologists 

or neurology residents with minimal (<1 year) or no fellowship training in epilepsy 

or clinical neurophysiology, and (3) non-physicians (researchers with EEG experience). 

Written informed consent was not required because the participants were the investigators. 

Data for the study were used under a Mass General Brigham Institutional Review Board-

approved protocol (IRB # 2013P001024).

EEG Training Materials

Participants were invited to review training materials, including slides and/or videos, 

covering a range of EEG features. The slides were organized into four modules (A–

D): (A) background EEG; (B) sporadic interictal epileptiform discharges (IEDs); (C) 

seizures, rhythmic, and periodic patterns; and (D) voltage and burst suppression. Each 

module followed a structured format: (1) introduction: background on the EEG category 

(1–4 slides); (2) examples: 15-second EEG samples with colored annotations highlighting 

key features (variable number of slides); and (3) summary: a wrap-up slide listing all 

features introduced in the module. The content was based on the American Clinical 

Neurophysiology Society Standardized Critical Care EEG Terminology (2021).5 In addition, 

two board-certified experts (F.N., M.B.W.) recorded videos explaining the slides. The 

teaching slides are available on GitHub (https://github.com/bdsp-core/EGG-IRR-1.0), 

and the encephalopathy videos can be accessed at eegtalk.com (playlist: https://bit.ly/

encephalopathy).

EEG Training Assessment

The test was developed using a web-based survey platform (Google Forms) and included 

an introductory page followed by 32 EEG samples (15-second segments in longitudinal 
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bipolar montage). The samples were carefully selected to illustrate 29 EEG features relevant 

to encephalopathy (see Table 1, Supplemental Digital Content 2, http://links.lww.com/JCNP/

A343): 14 features in VE-CAM-S (scored points), 2 features in VE-CAM-S (did not score 

points but were inputs in the final model used to create the scale), and 13 additional features 

not in VE-CAM-S. Two other features (generalized nonconvulsive status epilepticus and 

unreactive EEG) that scored points in VE-CAM-S were excluded from the test, because 

they generally require clinical correlation rather than EEG review alone. The additional 

features were based on an informal group discussion conducted through video conference 

and further 1:1 communication through email with EEG experts affiliated with the Critical 

Care EEG Monitoring Research Consortium (CCEMRC). Though the focus of the study was 

VE-CAM-S, we also chose to include additional features (e.g. background and sleep-related 

features) that might be useful to include in future improvements of the VE-CAM-S.”

Answer options were categorized into six subsections: (1) background, (2) voltage and burst 

suppression, (3) sleep indicators, (4) sporadic IEDs, (5) rhythmic and periodic patterns, 

and (6) seizures and brief potentially ictal rhythmic discharges. For each EEG sample, 

participants were asked to select all applicable features, where selecting a feature indicated 

its presence and leaving it unselected indicated its absence. Participants were instructed to 

consider the following guidelines: posterior dominant rhythm and background α activity are 

not mutually exclusive; sleep spindles and background β activity are not mutually exclusive; 

eye blinks do not include horizontal eye movements; do not select generalized rhythmic 

delta activity (GRDA) or generalized periodic discharges if extreme delta brush (EDB) 

is selected.5 The gold standard was established by consensus among three epileptologists/

clinical neurophysiologists who designed the test (I.S., F.N., M.B.W). Consensus was 

reached through discussion over video conference. Participants could complete the test in 

multiple sittings and were allowed to use reference materials, including the training slides/

videos, during the test (“open book” format).

After completing the test, participants provided feedback on several aspects, including their 

overall rating of the assessment (scale: 1 = poor, 10 = outstanding), the country where they 

trained or practiced, their training level and profession, the number of EEGs (routine, long-

term, and epilepsy monitoring unit studies) they had independently reviewed during training 

or practice, the number of times they completed the test, and suggestions for additional EEG 

features relevant to encephalopathy that were not included in the test. Participants were also 

asked whether they reviewed the teaching materials (slides and/or videos) before taking the 

test and, if so, to comment on their quality. In addition, they reported their confidence level 

in grading encephalopathy EEGs at baseline/before and after reviewing the materials, using 

a 5-point scale: not confident (1), slightly confident (2), somewhat confident (3), moderately 

confident (4), or very confident (5).

Statistical Analysis

Test performance was quantified by the median Matthews correlation coefficient (MCC) 

between participant and gold-standard VE-CAM-S+ scores, along with average sensitivity 

and specificity. The 95% confidence intervals were calculated through bootstrapping. 
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Confidence levels in grading encephalopathy EEGs are given as median inter-quartile range 

[IQR].

Qualitative analysis was performed by three experts (I.S., F.N., M.B.W.) to identify feature-

recognition errors that had the greatest impact on VE-CAM-S+ scores, and involved (1) 

reviewing all false positives and false negatives for each EEG sample, (2) flagging cases 

with either at least one feature misidentified by >50% of experts or errors in high-stakes 

features, and (3) cross-referencing errors to uncover potential explanations.

RESULTS

Overall, 37 individuals from 10 institutions were invited to participate (see Figure 1, 

Supplemental Digital Content 3, http://links.lww.com/JCNP/A343), including 15 experts 

(epileptologists/clinical neurophysiologists), 14 neurologists/neurology residents with 

minimal (<1 year) or no fellowship training in epilepsy or clinical neurophysiology, and 

8 nonphysician EEG researchers. Of these, nine experts from six institutions, along with five 

neurologists/neurology residents (including two neurology residents, two neurocritical care 

fellows, and one epilepsy fellow), and five nonphysician EEG researchers, completed the 

online test. Participant details are given in Table 1. Most EEG samples (20/32, 63%) were 

from patients in intensive care units undergoing long-term continuous monitoring; Table 2 

provides patient characteristics for the EEG samples.

Expert Agreement

Experts achieved a median MCC of 0.82 [95% CI: 0.74–0.99]. Specificity was very high 

(>90%) for most EEG features (27/29), except for background β activity (excluding sleep 

spindles) (87%) and generalized irregular delta activity (71%). Sensitivity was moderate 

to high (>70%) for many EEG features (12/29) but was lower for focal irregular delta 

activity (67%), bilateral independent periodic discharges (67%), focal IEDs (67%), vertex 

waves (67%), generalized irregular θ activity (66%), generalized periodic discharges without 

triphasic morphology (65%), burst suppression with epileptiform activity (61%), EDB 

(61%), background α activity (59%), posterior dominant rhythm (50%), and background 

β activity (excluding sleep spindles) (42%). The performance of experts is given in 

Supplemental Digital Content 4 (see Table 2, http://links.lww.com/JCNP/A343) (gold 

standard) and Table 3 (all).

Nonexpert Agreement

Neurologists/neurology residents (without 1 year of formal EEG training) achieved a median 

MCC of 0.60 [95%-CI: 0.39–1.00]. Specificity was very high (>90%) for most EEG features 

(27/29), except for attenuation/low voltage (10–20 uV) (88%) and generalized irregular delta 

activity (84%). Sensitivity was low to moderate (≤60%) for about half the EEG features 

(15/29) but was higher for eye blinks (100%), GRDA (100%), generalized seizure (100%), 

K-complexes (80%), suppression/very low voltage (<10 uV) (80%), burst suppression 

without epileptiform activity (80%), lateralized rhythmic delta activity (70%), and EDB 

(70%). The performance of neurologists/neurology residents is given in Supplemental 

Digital Content 4 (see Table 3, http://links.lww.com/JCNP/A343).
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Nonphysician EEG researchers achieved a median MCC of 0.56 [95% CI: 0.38–1.00]. 

Specificity was very high (>90%) for most EEG features (26/29), except attenuation/low 

voltage (10–20 uV) (89%), background β activity (excluding sleep spindles) (87%), 

and generalized irregular delta activity (80%). Sensitivity was low to moderate (≤60%) 

for about half the EEG features (14/29) but was higher for burst suppression without 

epileptiform activity (100%), EDB (100%), generalized seizure (100%), lateralized rhythmic 

delta activity (100%), GRDA (83%), bilateral independent periodic discharges (67%), 

suppression/very low voltage (<10 uV) (67%), eye blinks (67%), and K-complexes (67%). 

Results from two nonphysician EEG researchers were excluded, because they were 

involved in test creation. The performance of nonphysician EEG researchers is shown in 

Supplemental Digital Content 5 (see Table 4, http://links.lww.com/JCNP/A343).

Error Analysis

More than 50% of experts misidentified the following nine EEG features in at least one 

question (q): background α activity (4q), background β activity (excluding sleep spindles) 

(3q), generalized irregular delta activity (5q), generalized irregular θ activity (7q), burst 

suppression with epileptiform activity (1q), focal IEDs (1q), generalized periodic discharges 

without triphasic morphology (2q), attenuation/low voltage (10–20 uV) (1q), and GRDA 

(1q). In addition, at least 30% of experts misidentified the following high-stakes features 

in at least one question: EDB (2q), bilateral independent periodic discharges (1q), and 

generalized brief attenuations (3q). Examples of challenging cases are illustrated in Fig. 

1A–D.

During qualitative analysis, several areas of confusion were noted among experts. Some 

experts failed to identify background α activity while correctly recognizing the presence 

or absence of a posterior dominant rhythm, and vice versa. Despite initial guidelines, 

this suggests some may have misunderstood these features as mutually exclusive. In one 

instance, superimposed intermittent α was not identified as primarily α activity. Background 

β activity was occasionally confused with myogenic artifact. In some cases, experts 

identified EDB but neglected to also note background β activity. Generalized irregular delta 

activity was missed in some cases with EDB present. In one instance, experts struggled to 

differentiate between regular and irregular delta activity; this was a case where the pattern 

was borderline regular. Subtle generalized irregular θ activity was sometimes overshadowed 

by focal irregular delta activity or lateralized rhythmic delta activity. In other cases, the 

inability to adjust test image sensitivity hindered waveform counting. Low image resolution 

made interpreting burst suppression with epileptiform activity challenging in one borderline 

case. Burst suppression was mistaken for generalized brief attenuations by one expert and 

some neurologists/neurology residents. Focal IEDs were confused with breach artifact in 

one instance. Generalized periodic discharges were sometimes mistaken for generalized or 

focal/multifocal IEDs. Generalized periodic discharges without triphasic morphology were 

missed in two cases with uncertainty about their periodicity (e.g., fewer than six consecutive 

cycles). In one case, two-thirds of experts incorrectly endorsed borderline attenuation/low 

voltage (10–20 uV). Extreme delta brush was frequently mislabeled as GRDA, and experts 

failed to recognize this less familiar pattern in some instances. A third of experts missed 

bilateral independent periodic discharges in one case where the right-side pattern was clear, 
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but the left-side pattern was less distinct. Some experts missed generalized brief attenuations 

in two cases while incorrectly endorsing them in another.

EEG Training Materials

Baseline confidence levels in grading encephalopathy EEGs (1 = not confident, 5 = very 

confident) for each group (overall, experts, neurologists/neurology residents, nonphysician 

EEG researchers) were 2.0 [1.0–4.0], 4.5 [4.0–5.0], 1.0 [1.0–1.5], and 1.0 [1.0–1.0], 

respectively. Nearly 75% of participants (14/19) reviewed the EEG training materials (both 

slides and videos), including 56% of experts (5/9), 80% of neurologists/neurology residents 

(4/5), and all nonphysician EEG researchers (5/5). Participant confidence levels are given in 

Table 1.

Among experts who reviewed the training materials, 60% (3/5) reported increased 

confidence in grading encephalopathy EEGs (two with a 1-level increase, one with a 3-level 

increase), while 40% (2/5) reported no change, remaining highly confident both before 

and after the review. All neurologists/neurology residents reported increased confidence 

(three with a 1-level increase, one with a 2-level increase). Among nonphysician EEG 

researchers, 80% (4/5) reported increased confidence (one with a 1-level increase, two with 

a 2-level increase, and one with a 3-level increase), while one participant did not report 

postreview confidence. For the 13 participants who provided both pre- and postconfidence 

levels, preconfidence levels by group were 2.0 [1.0–4.0], 4.0 [4.0–5.0], 1.0 [1.0–1.5], and 1.0 

[1.0–1.3], respectively; postconfidence levels by group were 4.0 [3.0–5.0], 5.0 [5.0–5.0], 2.5 

[2.0–3.3], and 3.5 [2.8–4.0], respectively.

Participant Feedback

Participants rated the EEG training assessment on a scale of 1 to 10 (1 = poor, 10 = 

outstanding). The mean (SD) scores were as follows: 8.8 (1.3) for all participants (n = 17), 

9.0 (1.3) for experts (n = 9), 8.2 (1.1) for neurologists/neurology residents (n = 5), and 

9.0 (1.7) for nonphysician EEG researchers (n = 3). Additional feedback on EEG features 

relevant to encephalopathy that could be included in the training assessment and comments 

on the quality of the teaching materials are summarized in Supplemental Digital Content 6 

(see Table 5, http://links.lww.com/JCNP/A343).

DISCUSSION

This study demonstrates that the VE-CAM-S+ scoring rubric provides a reliable framework 

for grading encephalopathy severity based on EEG features, with high agreement among 

experts across multiple institutions. The strong inter-rater reliability (median MCC of 0.82) 

and high specificity for most features (>90%) underscore the robustness of the VE-CAM-S+ 

in expert hands. This is significant because a reliable grading system for encephalopathy 

may improve diagnosis, guide treatment, support research, optimize resources, and 

standardize care, leading to better patient outcomes and a deeper understanding of 

encephalopathy. However, challenges with sensitivity for certain high-stakes features, such 

as posterior dominant rhythm (50%), background α (59%) and β activity (42%), generalized 

irregular delta (72%) and θ (66%) activity, and burst suppression with epileptiform activity 
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(61%), highlight areas for refinement (e.g., including more examples, enhancing teaching 

materials).

Our findings align with prior studies demonstrating variability in EEG interpretation, even 

among highly trained professionals. For example, misinterpretation rates have been at 

least 21% of EEG patterns, and when categories condensed to normal, ictal, and nonictal 

abnormalities, misinterpretation rates were 11.5%.6 These are in addition to the EEG 

patterns misinterpreted because of subtle or artifact-prone features.7,8 In our analysis, lower 

sensitivity was observed for complex features, such as generalized periodic discharges and 

EDB, consistent with previous findings highlighting these patterns as common sources 

of error.9–13 This reflects the inherent difficulty of distinguishing subtle EEG findings, 

especially in cases with overlapping or borderline patterns.6,14–17 Experts had high baseline 

confidence and were less likely to review the teaching materials (56%). However, difficulties 

in accurately characterizing certain fundamental features persisted, suggesting a need for 

tailored resources and underscoring the potential risks of overconfidence in medical practice.

Nonexpert performance revealed reduced sensitivity compared with experts, although 

specificity remained comparable. This emphasizes the need for targeted training to enhance 

the recognition of nuanced EEG features. Educational initiatives have historically focused 

on high-yield abnormalities, such as seizures, while background and milder features receive 

less attention.18,19 Our tailored training materials, which included expert-guided slides and 

videos based on American Clinical Neurophysiology Society guidelines, were particularly 

valuable for nonexperts, who reported significant improvements in confidence after review. 

These findings suggest that structured and standardized educational resources can help 

improve nonexpert performance.

Error analysis revealed key areas for improvement in VE-CAM-S+ scoring. 

Misidentifications were most frequent for features with significant weight in the scoring 

rubric, such as EDB and burst suppression. These errors often stemmed from overlapping 

morphologies, low-resolution images, or misinterpretation of periodicity. To address these 

challenges, future iterations of VE-CAM-S+ could incorporate more granular definitions 

of high-stakes features, breaking them into smaller, less error-prone components, that is, 

“cheat-sheets” with scored examples. In addition, interactive training materials that allow 

manipulation of EEG parameters (e.g., sensitivity, filtering) and enhanced resolution of test 

images could further improve accuracy.

Despite the strengths of the VE-CAM-S+ scale, the limitations of this study must be 

acknowledged. The sample size of EEGs and participants, while sufficient for a pilot study, 

does not fully represent the diversity of clinical settings. Moreover, reliance on consensus 

among a subset of experts to establish the gold standard introduces potential bias. Also, 

we allowed for an “open-book” format where reference materials and training slides/videos 

could be used, which potentially diminishes known expertise. Future studies should aim 

to validate these findings in larger, more diverse populations and explore the impact of 

advanced teaching tools, such as case-based learning and automated feedback systems. In 

addition, broader validation efforts and refinements are needed before such a tool can be 

applied in a clinical or high-fidelity research setting.
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CONCLUSIONS

This pilot study offers some initial support for the reliability of VE-CAM-S+ scoring, while 

identifying key areas for improvement. Refinements to the scoring system and training 

materials, alongside broader validation efforts, could enhance the utility of VE-CAM-S+ for 

standardizing encephalopathy grading in clinical and research settings. By addressing these 

challenges, VE-CAM-S+ has the potential to bridge the gap between expert and nonexpert 

EEG interpretation in cases of encephalopathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIG. 1. 
Examples of challenging EEG samples from the training assessment (A) (top left) The 

EEG sample includes generalized irregular delta and θ activity with BIPDs. Among 

experts, 30% (3/9) misclassified BIPDs (clearly visible on the right but unclear on the 

left) as either LPDs (2/3) or GPDs with triphasic morphology (1/3). In addition, 56% 

(5/9) missed the generalized irregular θ activity. (B) (top right) The EEG sample includes 

generalized irregular delta and θ activity, generalized brief attenuations, and GPDs without 

triphasic morphology. Among experts, 56% (5/9) confused GPDs (not fully periodic) with 

generalized IEDs (4/5) or multifocal IEDs (1/5). (C) (bottom left) The EEG sample includes 

background β activity (excluding sleep spindles), generalized irregular delta activity, and 

EDB. These were missed by 56% (5/9), 67% (6/9), and 44% (4/9) of experts, respectively. 

Furthermore, 30% (3/9) mislabeled EDB as GRDA, with 67% (6/9) incorrectly endorsing 

GRDA overall. (D) (bottom right) The EEG sample includes burst suppression with 

epileptiform activity and GPDs without triphasic morphology. This borderline case of burst 

suppression was missed by 56% (5/9) of experts, who instead identified it as suppression/

very low voltage (<10 μV) (3/5), attenuation/low voltage (10–20 μV) (2/5), or generalized 

brief attenuations (1/5). In addition, 67% (6/9) incorrectly endorsed generalized irregular 

delta activity. BIPDs, bilateral independent periodic discharges; EDB, extreme delta brush; 

EEG, electroencephalography; GPDs, generalized periodic discharges; GRDA, generalized 

rhythmic delta activity; IEDs, interictal epileptiform discharges; LPDs, lateralized periodic 

discharges.
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TABLE 2.
Patient Characteristics for EEG Samples Included in the Online Test

Characteristic Total (n = 32)

Age, years: mean (SD)* 48.2 (23.9)

Sex† : n (%)

 Female 17 (53.1)

 Male 12 (37.5)

 Unknown 3 (9.4)

Race†: n (%)

 Asian 3 (9.4)

 Black 3 (9.4)

 Native American or other Pacific Islander 0 (0.0)

 White 21 (65.6)

 Other or unknown 5 (15.6)

Ethnicity†: n (%)

 Hispanic 2 (6.3)

 Non-Hispanic 25 (78.1)

 Unknown 5 (15.6)

EEG type

 Routine EEG (<60 min) 6 (18.8)

 LTM 23 (71.9)

 Unknown: n (%) 3 (9.4)

Location of EEG: n (%)

 ED 4 (12.5)

 Outpatient EEG laboratory 2 (6.3)

 Inpatient hospital floor (neurosciences) 2 (6.3)

 RACU 1 (3.1)

 ICU 20 (62.5)

  NICU 16 (50.0)

  MICU 2 (6.3)

  CSICU 1 (3.1)

  CCU 1 (3.1)

 Unknown 3 (9.4)

Primary diagnosis‡: n (%)

 Altered mental status 1 (3.1)

 Seizure 7 (21.9)

 Neurovascular 6 (18.8)

 Neuro-oncology 0 (0.0)

 Neurology (other) 6 (18.8)

 Psychiatric disorders 1 (3.1)

 Infection 2 (6.3)

 Cardiovascular 3 (9.4)
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Characteristic Total (n = 32)

 Hematology/oncology 0 (0.0)

 Gastrointestinal 0 (0.0)

 Respiratory 3 (9.4)

 Renal disease 0 (0.0)

 Elective surgery 1 (3.1)

 Trauma 0 (0.0)

 Other 0 (0.0)

 Unknown 3 (9.4)

*
Age, mean (SD) calculated for those with age information (N = 29); excludes three patients whose age was unknown/unavailable.

†
Demographic data (age, sex, race, and ethnicity) reported based on information obtained from the electronic health record.

‡
Primary diagnosis percentages add up to >100% because patients could have >1 primary diagnosis.

CCU, coronary care unit; CSICU, cardiac surgery ICU; ED, emergency department; EEG, electroencephalography; ICU, intensive care unit; LTM, 
long-term monitoring; MICU, medical ICU; NICU, neurologic ICU; RACU, respiratory acute care unit.
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