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REVIEW ARTICLE                                              

Economic review of point-of-care EEG

Adam Greena , M. Elizabeth Wegmanb and John P. Neyc 

aCritical Care Medicine, Cooper University Health Care and Cooper Medical School of Rowan University, Camden, NJ, USA; bMedical 
Communications, Costello Medical Consulting, Inc, Boston, MA, USA; cDepartment of Neurology, Boston University Aram V. Chobanian & 
Edward Avedisian School of Medicine, Boston, MA, USA 

ABSTRACT 
Aims: Point-of-care electroencephalogram (POC-EEG) is an acute care bedside screening tool for the 
identification of nonconvulsive seizures (NCS) and nonconvulsive status epilepticus (NCSE). The object
ive of this narrative review is to describe the economic themes related to POC-EEG in the United 
States (US).
Materials and methods: We examined peer-reviewed, published manuscripts on the economic find
ings of POC-EEG for bedside use in US hospitals, which included those found through targeted 
searches on PubMed and Google Scholar. Conference abstracts, gray literature offerings, frank adver
tisements, white papers, and studies conducted outside the US were excluded.
Results: Twelve manuscripts were identified and reviewed; results were then grouped into four cate
gories of economic evidence. First, POC-EEG usage was associated with clinical management amend
ments and antiseizure medication reductions. Second, POC-EEG was correlated with fewer unnecessary 
transfers to other facilities for monitoring and reduced hospital length of stay (LOS). Third, when iden
tifying NCS or NCSE onsite, POC-EEG was associated with greater reimbursement in Medical Severity- 
Diagnosis Related Group coding. Fourth, POC-EEG may lower labor costs via decreasing after-hours 
requests to EEG technologists for conventional EEG (convEEG).
Limitations: We conducted a narrative review, not a systematic review. The studies were observational 
and utilized one rapid circumferential headband system, which limited generalizability of the findings 
and indicated publication bias. Some sample sizes were small and hospital characteristics may not rep
resent all US hospitals. POC-EEG studies in pediatric populations were also lacking. Ultimately, further 
research is justified.
Conclusions: POC-EEG is a rapid screening tool for NCS and NCSE in critical care and emergency 
medicine with potential financial benefits through refining clinical management, reducing unnecessary 
patient transfers and hospital LOS, improving reimbursement, and mitigating burdens on healthcare 
staff and hospitals. Since POC-EEG has limitations (i.e. no video component and reduced montage), 
the studies asserted that it did not replace convEEG.
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Introduction

From a clinical perspective, status epilepticus (SE) is a med
ical emergency comprised of prolonged seizure activity that 
can induce irreversible neuronal damage or death1–5. 
Estimates of the annual incidence of SE in the United States 
(US) are variable at 186 to 417 patients per 100,000 popula
tion. Median daily hospitalization costs for SE inpatient 
admissions in the US are approximated at $2,366 to $3,359, 
depending on SE refractoriness8.

The American Clinical Neurophysiology Society3 provides 
specific terminology defining SE in their guidelines. 
Electroclinical SE refers to SE involving both electroenceph
alogram (EEG) findings and clinical manifestations of seizures, 
which may include prominent motor activity leading to the 

classification of convulsive SE. Electrographic SE, in contrast, 
refers to SE that primarily involves EEG data without requir
ing clinical manifestations of seizures3. Nevertheless, since SE 
must be promptly addressed1, a physician’s decision to treat 
a patient for SE may be empirical. This is particularly relevant 
for nonconvulsive seizures (NCS) and nonconvulsive SE 
(NCSE), as NCSE does not have the prominent motor activity 
characteristic of convulsive SE3,9. Accordingly, clinical symp
toms in patients with NCSE can be difficult to detect or even 
absent, obfuscating empirical treatment decisions2,3,10–12. 
Underlying causes of NCSE include brain injury13,14, undiffer
entiated comatose states15, and systemic medical conditions, 
such as sepsis16; therefore, physicians often require EEG to 
confirm NCSE in patients with impaired consciousness. 
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Clinical acumen combined with EEG assessment is ultimately 
needed to corroborate an NCSE diagnosis3,10.

NCSE is a common medical condition in hospitalized 
patients, spurring clinical and financial burdens. In an obser
vational cohort study across three years at a tertiary care 
center, nonconvulsive and subtle SE (with minimal clinical 
symptoms) accounted for 81% of SE episodes17. Laccheo 
et al.11 reported that the median length of stay (LOS) in the 
intensive care unit (ICU) was 3 days longer for neurological 
patients with than those without NCS or NCSE. The former 
group also had more than double the mortality rate of the 
latter11. In the US, the median cost of SE-related admissions 
among adults is $15,59518.

Conventional EEG for NCS and NCSE detection

Due to the challenges in the clinical identification of NCS 
and NCSE, together with the medical11,12 and financial reper
cussions8,18, accurate and objective means of facilitating 
NCSE diagnosis are imperative. Conventional 16-channel EEG 
(convEEG) using the International 10–20 electrode system 
remains the standard modality in detecting NCSE, as well as 
other forms of electroclinical and electrographic SE, and for 
informing treatment decisions3,10,19–21. The Neurocritical Care 
Society2 states that continuous EEG initiation should occur 
within 1 h of clinical suspicion of SE, including NCSE. Based 
on these guidelines2, the American Clinical Neurophysiology 
Society22 recommends that “critical care continuous EEG 
should be initiated as soon as possible when NCS are sus
pected, since prolonged NCS and NCSE are associated with 
higher morbidity and mortality and treatment is likely to be 
more effective earlier in the course.”

Despite the urgency intrinsic to detecting and treating 
NCS and NCSE, implementation of convEEG is resource-heavy 
and time-consuming; in academic hospitals, the median 
delay for convEEG is nearly 4 h long23. The reasons are mani
fold. First, EEG technologists must operate convEEG, but 
staffing and EEG equipment availability can be expensive 
and scarce. Since it is unknown when or where SE will occur 
in a hospital, both EEG technologists and convEEG may 
already be occupied. This complicates triaging, for when EEG 
supply is needed to assess the severity of a patient’s condi
tion, it may be unprocurable. Further, inpatient EEG requests 
may stack such that convEEG in use for active monitoring 
must be disconnected, packed, and transported to patients 
in other departments. When the EEG arrives at bedside, add
itional time is expended in setup and troubleshooting by the 
EEG technologist for proper signal acquisition. Finally, only 
once a neurologist or neurology subspecialist interprets the 
EEG data, can the study be resulted24,25.

Each of these issues compounds the time to diagnosis 
and delays proper care of NCSE. Standard business hours26

of EEG coverage from 8:00am–4:00pm or 9:00am–5:00pm, 
Monday through Friday in some hospitals only comprises 
about 24% of the entire week, yet again, seizure occurrence 
is not confined to weekday workday hours. The demand for 
inpatient EEG is unpredictable and on-call services may in 
turn be constrained. A NCSE patient could experience several 

seizures before receiving convEEG evaluation given lengthy 
delays, which exist even among academic hospitals with 
onsite EEG technologists during and outside business 
hours23–25,27. Postponement of convEEG assessment and SE 
treatment to hours later, the next workday, or even longer 
may jeopardize patient health23,27,28. Although continuous 
EEG has been linked with more seizure detection and altera
tions to antiseizure treatment, some evidence has indicated 
that it may not benefit patient outcomes as compared with 
routine EEG29. Hospitalization charges may also rise with the 
use of continuous EEG30.

In the absence of timely EEG assessment, healthcare pro
viders relying on incomplete information (i.e. clinical evalu
ation only) are at risk for overtreating in some cases and 
administering inadequate treatment in others. Delays in 
convEEG for a suspected actively-seizing patient may precipi
tate empirical treatment; thus, some patients may be errone
ously treated for NCSE based on clinical manifestations 
alone25,31. Benzodiazepines, which are first-line antiseizure 
medications (ASMs) to abort seizures, can have substantial 
side effects2 if prescribed to patients without NCSE or other 
seizures. Spatola et al.32 found that excess benzodiazepine 
administration was associated with an increased use of oro
tracheal intubation, and subsequently, extended hospital 
LOS. In a clinical trial (ESETT) of rapid treatment of seizure 
without the benefit of EEG monitoring, researchers similarly 
noted that the lack of improvement in some patients may 
have been due to the sedative nature of ASMs prescribed to 
those who might not have been in SE. These patients there
fore may have incorrectly received anti-epileptic treatment31.

Moreover, an analysis of data from ESETT and from 
another clinical trial on prehospital benzodiazepine adminis
tration (RAMPART)33 revealed that about 8% of patients had 
prolonged psychogenic nonepileptic seizures, even though 
they had been treated for SE. Over 20% of these inappropri
ately treated patients required an ICU stay and almost 30% 
experienced adverse events34. High rates of benzodiazepine 
administration to patients with dissociative (i.e. nonepileptic) 
seizures have been observed in a different study at a univer
sity hospital as well35. With the accuracy of diagnosing video 
recordings of epileptic versus psychogenic nonepileptic seiz
ures ranging from about 44% to 58% among non-neurology 
healthcare staff36, the importance of EEG monitoring to min
imize overmedication of benzodiazepines is clear. Lastly, in 
addition to the detrimental impact on patient health, over
treatment in general drains resources, with approximately 
$75.7 to $101.2 billion wasted per year from overtreatment 
or low-value care in the overall US healthcare system37.

Without prompt confirmation of seizures via EEG, patients 
could conversely receive insufficient treatment25. Benzodiazepine 
underdosing is prevalent and may lower seizure recovery 
rates38,39. ASMs are less effective when prescribed late into 
prolonged seizure and protracted SE is linked to worse health 
outcomes28; early detection of SE is again vital. Delays may be 
particularly inimical for patients who are then prescribed sub
optimal benzodiazepine doses38, though these findings on 
treatment dosing and timing may be less suited for electro
graphic seizures, focal SE, and NCSE. Moreover, inpatient 

52 A. GREEN ET AL.



hospital admission costs are inversely proportional to treat
ment success. Compared with the costs associated with non- 
refractory SE, those of refractory SE and super-refractory SE 
are two and five times greater, respectively18. Like overtreat
ment, inadequate treatment of SE may have financial conse
quences as well.

Point-of-care EEG for NCS and NCSE detection

Over the past years, new high-quality EEG devices have been 
developed and introduced to hospitals for patients at risk for 
SE, especially NCSE21,23,24,40,41. The purpose of these technol
ogies is to facilitate faster bedside detection without man
dating technologist involvement. This narrative review 
defines such devices as point-of-care EEGs (POC-EEGs). With 
fewer electrodes than convEEG, POC-EEG serves as a screen
ing test for NCS and NCSE21. The speed of POC-EEG encapsu
lates its value; its setup time has been reported as about 5 
to 6 min23,42,43, with an approximate time from order and 
time from arrival at the emergency department (ED) or ICU, 
respectively, to initiation of 2343 and 9641 minutes. The 
median duration of POC-EEG monitoring is about 2 h44, 
which is distinct from that of routine EEG, with its recording 
time of around 0.3–0.5 h45.

Non-neurologist physicians, nurses, and other allied health 
professionals can deploy POC-EEG, as its operation is inde
pendent of EEG technologists and only basic training is 
necessary for application25,42. Although POC-EEG application 
is non-specialized, neurologists or neurology subspecialists 
are still responsible for the interpretation of recordings. Since 
the incorporation of POC-EEG in various hospital settings, its 
impact on workflow and outcomes has been illus
trated44,46,47. POC-EEG, however, neither antiquates nor sup
plants convEEG48–50, nor does it replace the role of EEG 
technologists or neurologists. ConvEEG underpins patient 
diagnosis and treatment strategy10,19,20. The utility of POC- 
EEG is in time-sensitive ED and ICU cases, including ruling 
out NCSE48–50. Continuous EEG, when available, should 
ideally be acquired for patients with NCS or NCSE detected 
on POC-EEG to ensure ongoing evaluation and long-term 
treatment planning.

Since POC-EEG utilization has grown in the last few years 
among large tertiary and academic hospitals, as well as in 
community hospitals, device performance has been investi
gated48,51,52. Research on the economic impacts of POC-EEG, 
nonetheless, is relatively sparse. The aim of this narrative 
review is to summarize the literature on the economic 
themes related to POC-EEG use for the bedside detection of 
NCS and NCSE in US hospital patients.

Methods

Research related to economic themes for POC-EEG evaluation 
of hospital patients in the US was identified. The evidence 
base consisted of articles provided by the study funder and 
those found through targeted searches on PubMed and 
Google Scholar. The relevant search terms are listed in Table 
S1. As this was a narrative review, Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) or other 
formal systematic review protocols were not utilized.

Studies were restricted to peer-reviewed publications 
involving US hospitals, written in English, and conducted 
with hospital patients at bedside; these studies had to fea
ture economic or potential economic themes associated with 
POC-EEG. Economic or potential economic themes consid
ered were budgetary implications, cost-benefits, cost-savings, 
healthcare resource utilization (including staffing), reimburse
ment, and other monetary-related data (such as LOS), all of 
which could be actual, possible, or theoretical. Studies about 
clinical management modifications associated with POC-EEG 
utilization that could lead or relate to any of these themes 
were also considered. Adhering to these same guidelines, 
pertinent references within relevant publications were 
assessed for applicability.

Conference abstracts, gray literature offerings, frank adver
tisements, white papers, and studies conducted outside the 
US were ineligible for this narrative review. Further excluded 
studies were those describing POC-EEG accuracy, feasibility, 
performance, or use that did not feature any implicit or 
explicit economic findings, such as research that tested the 
sensitivity and/or specificity of POC-EEG in seizure detection. 
Figure 1 summarizes study selection.

POC-EEGs were defined as reduced-montage, rapid-EEG 
systems utilized at bedside in US hospitals. Ambulatory, 
mobile, or video EEG devices, as well as EEG devices in the 
outpatient setting, were not regarded as POC-EEGs for this 
narrative review, nor were post-hoc full-montage to reduced- 
montage reconfigurations. These systems and others have 
been examined elsewhere, along with POC-EEGs in other 
countries48,51–53. Economic studies on convEEG or continu
ous/video EEG were additionally excluded.

Results

Twelve publications on the economic themes associated with 
POC-EEG were identified and cited in the results of this nar
rative review. These studies were published from 2018 to 
2023; most were single center. All investigated a single rapid 
circumferential headband system. Table 1 provides a more 
detailed overview of the literature presented. After examin
ation of the economic themes presented in this included 
research, the study results were organized into four catego
ries of patient care-driven economic evidence for POC-EEG: 
refining clinical management, reducing unnecessary patient 
transfers and hospital LOS, improving reimbursement, and 
mitigating burdens on healthcare staff and hospitals.

Refining clinical management

Findings in eight studies indicated that POC-EEG could help 
fine-tune clinical management, which has possible economic 
implications. Overall, the trend was that POC-EEG supported 
physicians’ ability to rule out seizures, prompting decreased 
administration or planned administration of unnecessary 
ASMs.
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The multicenter prospective observational DECIDE trial 
was the pivotal study that demonstrated POC-EEG’s utility in 
influencing clinical management among physicians. It was 
conducted at five academic hospitals across the US. Study 
researchers distributed the same questionnaire to physicians 
before and after POC-EEG use to quantify treatment plan 
changes for patients with altered mental status. Due to 
evaluation with POC-EEG, physicians modified their diagnos
tic suspicion for seizures and adjusted treatment decisions in 
approximately 40% (n¼ 72/179) and 20% (n¼ 36/179) of 

cases, respectively. They were also less likely to intensify 
treatment with ASMs following utilization of POC-EEG in 
almost 13% (n¼ 23/179) of patients23.

Findings similar to those in the DECIDE trial23 have been 
repeated in other prospective studies in various US hospitals, 
further corroborating that POC-EEG can play a role in 
improving clinical management. In Stanford University 
Hospital (SUH) ICUs, Hobbs et al.43 showed that POC-EEG 
usage after initial assessment spurred physicians to amend 
treatment in 40% (n¼ 14/35) of suspected NCSE cases, 

Excluded: Non-English studies, 
conference abstracts, gray literature 
offerings, frank advertisements, white 
papers, and studies conducted outside 
the US 

Economic or potential economic 
themes, as well as POC-EEG clinical 
management modification studies 
leading or relating to these themes, 
were assessed 

Peer-reviewed, published US studies 
(written in English) provided by study 
funder and those identified through 
targeted searches were examined

POC-EEG defined as reduced-
montage, rapid-EEG systems used at 
bedside in US hospitals 

Economic themes, based on results of 
included studies, were grouped into 
four categories

Excluded: Studies with ambulatory, 
mobile, or video EEGs; outpatient 
EEG devices; or post-hoc reduced-
montage reconfigurations (these were 
not defined as POC-EEGs)

Excluded: Economic studies on 
convEEG or continuous/video EEG

Excluded: POC-EEG accuracy, 
feasibility, performance, or use studies 
without implicit or explicit economic 
findings

Figure 1. Overview of study design. 
ConvEEG, Conventional electroencephalogram; EEG, Electroencephalogram; POC-EEG, Point-of-care electroencephalogram; US, United States.
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precipitating treatment with significantly fewer ASMs 
(p¼ 0.01). Additionally, POC-EEG evaluation may have 
averted intubation of a patient scheduled for further medical 
care43. At a California community hospital ICU, POC-EEG for 
suspected seizures helped enable de-escalation of antiseizure 
treatment in 40% (n¼ 4/10) of patients42. A study at a 
Maryland teaching hospital likewise found that negative 
POC-EEG evaluations decreased overtreatment with ASMs in 
90% (n¼ 9/10) of patients concerning for SE50. Furthermore, 
at the EDs of Stanford Health Care (SHC) in California and 
Episcopal Hospital (EH) in Pennsylvania, POC-EEG impacted 
clinical management in over half (53%, n¼ 20/38) of sus
pected NCSE cases at the two hospitals. Compared with 
treating only on clinical suspicion, EH emergency physicians, 
who were auditorily interpreting sonified POC-EEG data, pre
scribed fewer ASMs in 43% (n¼ 6/14) of their cases after 
POC-EEG monitoring. (On-call neurologist visual inspection 
verified the diagnoses54.)

Two retrospective studies of POC-EEG also emphasized 
this economic theme of refining clinical management. Kurup 
et al.55 performed a chart review of 100 patients assessed 
with POC-EEG for any reason at SUH ED and ICU. For the 19 
(19%) patients presenting with highly epileptiform or gener
alized/focal seizures on POC-EEG, 84% (n¼ 16/19) received or 
continued to receive ASMs, in contrast to 51% (n¼ 41/81) of 
those presenting with normal or nonepileptic encephalo
pathic patterns (NL/SL) on POC-EEG. ASM initiation or con
tinuation was significantly less probable for patients with NL/ 
SL after POC-EEG, compared with patients for whom seizures 
were not ruled out after POC-EEG (X2¼ 7.086, p¼ 0.0078)55. 
Kozak et al.44 analyzed POC-EEG data over the span of one 
year from 157 ED patients at Providence Mission Hospital 
Mission Viejo, a community hospital in California. POC-EEG 
evaluation resulted in discontinuation of ASMs in 49 (53%) of 
the 93 patients who had received ASMs prior to POC-EEG. Of 
the 88 patients treated with ASMs after POC-EEG assessment, 
44 (50%) patients had received ASMs based on POC-EEG 
findings. Altogether, clinical management amendments were 
significantly correlated with POC-EEG findings (p< 0.001)44.

To determine financial implications from POC-EEG’s influ
ence on clinical management, Ney et al.25 developed a deci
sion-analytic model from extracted data of the DECIDE trial23

and other sources, such as the 2017 National Inpatient Sample 
dataset56. The model examined the costs and benefits of treat
ing patients with suspected seizures based on POC-EEG versus 
treating based only on clinical assessment. For each POC-EEG 
use, the authors determined an average savings of $3,971, 
given the projected 51% decrease in parenteral ASM treat
ments and intubations, along with the shorter ICU and hos
pital LOS. These conclusions, including the monetary savings, 
were theoretical, since they were derived from a model, not 
from a randomized clinical trial or prospective study25.

Reducing unnecessary patient transfers and 
hospital LOS

Five studies illustrated that POC-EEG can reduce both 
unneeded patient transfers to other sites for EEG assessment 

and extended hospital LOS. In conjunction with refining clin
ical management, decreasing unnecessary patient transfers 
and LOS may retrench hospital expenses.

Madill et al.57 examined the introduction of POC-EEG at 
SHC ValleyCare, a community hospital in California. Before 
the introduction of POC-EEG, patients arriving outside busi
ness hours with suspected NCS were transferred to SUH for 
convEEG or were evaluated during the next business day. 
The authors found 33 cases of suspected seizure in sixteen 
months that would have met criteria for transfer before POC- 
EEG implementation. With POC-EEG, 2 (6%, n¼ 2/33) of these 
patients were transferred to SUH for EEG. Based on an aver
age cost of $1,274 per patient for inter-facility transfer via 
ambulance58, the researchers calculated savings of over 
$39,000 just for ground transportation during the study 
period from December 2018 to the end of March 202057.

In a prospective cohort study of POC-EEG in a New Jersey 
community hospital setting, a mean of 2 (n¼ 22 across 
11 months) patients each month were transferred offsite for 
emergent EEG prior to POC-EEG introduction. Over the ten 
months since using POC-EEG, these two hospitals experi
enced a 45% reduction in mean transfer rate (1.1 transfers 
per month) for emergent EEG. Ward et al.46 calculated a net 
loss of about $3,463 for each historically transferred patient 
($4,037, the transfer reimbursement, subtracted from $7,500, 
the transfer cost). For each non-transferred patient evaluated 
with POC-EEG, POC-EEG was attributed with a total gain of 
almost $14,000, according to the approximate avoided trans
fer cost ($3,463) combined with the mean amount collected 
($11,161) and acknowledging the headband cost ($688). 
Ultimately, the savings from POC-EEG from reducing 
unnecessary transfers were projected at over $37,000 for the 
year ([$3,463.11/patient transfer�mean of 2 patient trans
fers/month � 12 months] – [$3,463.11/patient trans
fer�mean of 1.1 patient transfers/month � 12 months] ¼
$37,401.59). Further cost offsets could occur if interfacility 
transfers were by air ambulance, due to remoteness or med
ical urgency, in which averted transfers could save over 
$40,000 in transportation costs per patient46.

Despite these potential financial benefits, the price of 
POC-EEG must also be considered. The authors of the previ
ous research elaborated that POC-EEG would have to pre
clude about 0.7 transfers per month, or 8.6 patients annually, 
to offset the multi-hospital system cost, including dispos
ables, of the POC-EEG ($119,700 per year) in their study46.

Along with fewer transfers, some of the research demon
strated that POC-EEG usage and abbreviated length of hospi
talization were linked. Kozak et al.44, in their retrospective 
study at a California community hospital ED, found a positive 
association between ED (p¼ 0.04) and hospital LOS 
(p< 0.001) and the time from patients’ first ED evaluation to 
the initiation of POC-EEG. In another retrospective study at a 
different community hospital in northern California, hospital 
days were also fewer for patients receiving POC-EEG. Among 
62 patients assessed with POC-EEG, Eberhard and 
Beckerman47 found a median LOS decrease of 3 days (4 ver
sus 7 days before and after POC-EEG introduction at the hos
pital, respectively), yet this was not significant (p¼ 0.058).
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Ney et al.25 reported that shorter LOS (0.4 and 1.2 days 
fewer for ICU and hospital LOS, respectively) contributed to 
the estimated average savings ($3,971 per patient) with POC- 
EEG utilization in the decision-analytic model based on 
DECIDE trial findings23. LOS for false-positive suspected seiz
ure was the main factor in total cost variance, since these 
patients received ASMs, intubations, and ventilations that 
could have been avoided with more informed treatment 
decisions25. Similarly, Eberhard and Beckerman47 noted 
potential cost reductions due to decreases in LOS with POC- 
EEG usage in their aforementioned study at the northern 
California community hospital. From an extrapolation of their 
six-month findings across one year, they postulated that 
fewer hospitalization days and ED discharges with POC-EEG 
implementation would be linked with nearly $740,000 in 
annual savings. The costs of equipment were incorporated in 
the financial analysis47. Again, however, these two models by 
Ney et al.25 and Eberhard and Beckerman47 were derived 
from calculations of real-world data, not the results of a pri
ori clinical trial analyses.

Improving reimbursement

Combined with the other categories of economic impact, 
securing additional reimbursement for NCS or NCSE patients 
via POC-EEG may support hospital finances, as shown in four 
of the studies identified for this narrative review. Medical 
Severity-Diagnosis Related Group (MS-DRG) with baseline 
DRG, as well as elevated reimbursement categories relating 
to complication or comorbidity (CC) or major complication or 
comorbidity (MCC) assignment, plays a role in optimizing 
hospital reimbursement with POC-EEG.

As Madill et al.57 explained, transferring hospitals may for
feit a proportion of reimbursement within the Medicare Part 
A MS-DRG to the hospitals that receive and treat the trans
ferred patient59. In the 2023 study examining patient trans
fers at the New Jersey community hospital setting, the 
approximate mean amount collected ($11,161) for a non- 
transferred patient assessed with POC-EEG was greater than 
that of a historically transferred patient ($4,037) in the 
control group. As described above, POC-EEG would have to 
preclude the transfer of 8.6 patients annually to offset its 
multi-hospital system cost ($119,700/year � $13,936.44/ 
patient ¼ 8.59 patients/year), which accounted for the reim
bursement differences for transferred versus non-transferred 
patients46.

Regarding MS-DRG appropriate medical severity coding, a 
retrospective cohort study analyzed over 350 POC-EEG 
recordings from patients at six US academic and community 
hospitals. In total, epileptiform abnormalities or seizures were 
detected in 33% (n¼ 141/353) of cases40. If the primary diag
nosis for these cases were non-seizure, then POC-EEG could 
have enabled hospitals to code for the additional CC/MCC 
DRGs, thus bolstering reimbursement.

Indeed, Eberhard and Beckerman47 evinced that use of 
POC-EEG was associated with higher MS-DRG coding (“with 
CC/MCC” DRGs) in their retrospective study on POC-EEG 
implementation at the northern California hospital. Within 

the six-month period after POC-EEG was introduced, POC- 
EEG detected seizures in 15 patients, 10 (67%) of whom had 
a primary diagnosis of non-seizure. Subsequently, 1 (10%, 
n¼ 1/10) patient had an MS-DRG “with MCC,” while the 
other 9 (90%, n¼ 9/10) patients coded for MS-DRG “with 
CC.” The authors projected a total gain of almost $146,000 
for their hospital from MS-DRG reimbursements for one year 
of POC-EEG usage. This value, combined with the nearly 
$740,000 in annual savings from fewer hospitalization days 
and ED discharges, and including the additional equipment 
costs (over $200,000), would lead to a positive yearly income 
(about $683,000) for this hospital ([$145,580 þ $737,818] – 
$200,240 ¼ $683,158)47. When considering the impact of 
both transfer savings46,57 and the reimbursements associated 
with POC-EEG47, the overall annual financial impact of 
POC-EEG may be greater, even as operating costs are 
applied.

Mitigating burdens on healthcare staff and hospitals

Lastly, several studies suggested that the adoption of POC- 
EEG could mitigate burdens on healthcare staff and hospitals. 
For 38% (n¼ 15/40) of control cases with convEEG assess
ment from the earlier study at the Maryland teaching hos
pital by LaMonte50, EEG technologists were requested after 
normal business hours. However, none of the patients eval
uated with POC-EEG required EEG technologist support out
side workday hours, representing a marked diminution in 
after-hours EEG technologist labor (p¼ 0.02)50.

Further, of 118 POC-EEG cases cited by Madill et al.57, 
only 31% (n¼ 37/118) overlapped with SHC ValleyCare’s typ
ical business hours; this included 1 (10%, n¼ 1/10) seizure 
case. Kozak et al.44 noted that just under half (45%, n¼ 71/ 
157) of POC-EEG evaluations were conducted during busi
ness hours in the community hospital ED setting, consisting 
of 14 (64%) of 22 seizure cases. In these studies, the capacity 
for after-hours convEEG was either limited44 or nonexistent57, 
which may encumber EEG technologists and incur overtime 
or other additional costs when occurring44.

Healthcare staff, including during COVID-19 isolation, have 
also positively commented on the impact of POC-EEG50, such 
as its user-friendliness23,42,43, and this is crucial for non- 
specialist operation. Although more causal proof is necessary, 
POC-EEG may alleviate scheduling and work burdens where 
both labor (EEG technologists) and equipment (convEEG) are 
scarce.

Discussion

POC-EEGs are rapid screening tests for NCS and NCSE in crit
ical care and emergency medicine21,48; they can confirm or 
rule out NCS or NCSE diagnoses when convEEG technology 
is constrained. This narrative review examined the economic 
value of POC-EEG, a resource that has been implemented in 
hospitals across the US in recent years to expedite patient 
care in the detection of NCS and NCSE48,51,52. Key patient 
care-driven economic categories were refining clinical man
agement, reducing unnecessary patient transfers and hospital 
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LOS, improving reimbursement, and mitigating burdens on 
healthcare staff and hospitals.

Utilization of unnecessary anti-epileptic treatments and 
procedures is costly and can lengthen hospitalization stay for 
patients who must recover from excess benzodiazepines 
and ventilations25,32. POC-EEG can fine-tune clinical manage
ment via quickly screening for NCS and NCSE, particularly 
when convEEG and EEG technologists are not readily avail
able23,25,42–44,50,54,55. This in turn could precipitate cost- 
savings25. Moreover, POC-EEG has shown economic value in 
eliminating the need for patient transfers, which can be 
expensive, through enabling physicians to assess for NCS 
and NCSE on-site46,57. Transfers can additionally generate 
anxiety for patients and their family members, squander 
healthcare resources, and encumber society through inflating 
Medicare and/or Medicaid costs for federally insured 
patients60,61.

Prolonged LOS can be harmful for patients, including 
those with NCS or NCSE and those incorrectly treated for it, 
as well as to the healthcare system32. Since POC-EEG assess
ment can affect clinical management, it may curb overtreat
ment and shorten hospitalization stay25,44,47, thereby paring 
expenses and improving clinical outcomes. POC-EEG has the 
capacity to bolster reimbursement through avoiding 
unnecessary transfers and triggering higher Medical Severity 
DRG-related billing codes46,47,57. The latter is notable because 
the average additional reimbursement for an MS-DRG “with 
MCC” is about $7,000 for conditions linked frequently with 
NCSE22,62. Finally, POC-EEG adoption could lead to savings in 
EEG technologist labor expenditures for staffing convEEG 
requests outside business hours44,50,57. Overtime and lengthy 
working hours have been correlated with burnout across 
various fields of medicine, in conjunction with health risks, 
such as ischemic heart disease, motor vehicle accidents, 
stroke, workplace injury, and death63–65. Of course, neurolo
gist or neurology subspecialists must still be present outside 
weekday workday hours, including overnight shifts, to inter
pret POC-EEG recordings.

POC-EEG tradeoffs

Although convEEG systems have their own costs, both 
upfront and annualized66, they differ from those of POC-EEG 
and depend on specific hospital infrastructure. It however 
must be reiterated that POC-EEG does not replace convEEG, 
the work of EEG technologists, or the neurology review of 
EEG recordings, nor does it render them obsolete48–50. POC- 
EEG indeed has limitations in comparison with convEEG. 
Overall, convEEG via the International 10–20 electrode sys
tem provides a more comprehensive evaluation of electro
graphic activity in patients than does POC-EEG with its fewer 
electrodes21,49,50. The rapid circumferential headband system 
mentioned in this narrative review, for example, does not 
place electrodes in the midline or parasagittal regions of the 
brain. Consequently, it may not detect midline or parasagittal 
seizures, which have a prevalence of about 1%, or other epi
leptic abnormalities in these areas43,49.

Further, convEEG has the potential to be used with con
comitant video, as endorsed by the American Clinical 
Neurophysiology Society22 to aid physicians in patient care, 
whereas POC-EEG does not. Signal artifacts have in turn 
been more frequent in POC-EEG than convEEG evaluation; 
this may obfuscate interpretation of electrographic data41. 
POC-EEG also has a lower sampling rate (250 Hz) than 
convEEG (200–1,000 Hz)46, thus limiting analysis in the high 
frequency domain. Ease of POC-EEG application by a range 
of healthcare providers23,42,43 for rapid assessment of 
patients, as previously described, may counter some of these 
limitations. Similarly, when integrated with an automated 
algorithm, POC-EEG can be used to continuously monitor 
and alert bedside providers of suspected NCS or NCSE within 
minutes, whereas convEEG requires human monitoring at an 
infrequent rate40. Ultimately, when utilized as a screening 
tool and monitor for NCS or NCSE in critical care and emer
gency medicine, POC-EEG complements but does not sup
plant convEEG48–50.

Limitations

This narrative review was based on targeted searches, as 
depicted in Table S1 and Figure 1. It was not a systematic 
review conducted under PRISMA guidelines and should not 
be held to the same reporting standards. The studies identi
fied in this narrative review were largely local or regional in 
geographic scope. As such, the findings may not be general
izable to all hospitals in the US or inpatient medical centers 
in non-US settings, like those in low-income countries. 
Additionally, it is unknown whether the financial gains of 
POC-EEG would be applicable to pediatric patients because 
the research in this narrative review was almost exclusively 
based on adult patients.

Sample sizes in some of the included studies were also 
modest, with two having only 10 patients receiving POC- 
EEG42,50. In the study by Kozak et al.44, neither ED nor hos
pital LOS was significantly associated with the time to first 
ASM treatment after POC-EEG utilization. Further, Ney et al.25

primarily sourced clinical parameters from the DECIDE trial23

for their model; its generalizability outside academic centers 
is uncertain25. The twelve included studies were observa
tional, not randomized controlled trials, which exposes them 
to systemic biases in how the data were collected and 
reported67, particularly as the findings were in favor of 
POC-EEG.

All studies presented here investigated a single rapid cir
cumferential headband system; the evidence on this device 
may not translate to other POC-EEGs. In the absence of a 
systematic review or meta-analytic framework, formal testing 
for publication bias, such as Begg’s68 and Egger’s tests69, are 
not available. On average, quality of the cohort studies cited 
within the results was fair (Table S2) according to the 
Newcastle-Ottawa scale70; in general, nonetheless, assess
ment of these publications was not well suited to this scale 
given their aims and design. Examining the disclosure state
ments of the twelve cited publications also revealed that the 
majority of study authors received payment or support from 
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the manufacturer of that POC-EEG, who funded this narrative 
review. Similarly, negative economic outcomes linked with 
this particular POC-EEG were not identified.

Future directions

We have endeavored to survey pertinent available evidence 
for POC-EEG, yet a systematic review would likely expand 
this narrative review. The research on clinical management 
was the most robust, but overall, more studies analyzing this 
topic and these evidence categories are imperative, espe
cially those with greater sample sizes, more geographic var
iety, and the resulting outcomes of clinical decisions. 
Assessing the long-term financial consequences of NCS and 
NCSE accrued over time, along with the influence of POC- 
EEG on reimbursement through Medicare Part A MS-DRGs59, 
would be valuable as well. Since POC-EEGs have been imple
mented in other countries48,53, it would furthermore be inter
esting to analyze whether POC-EEG utilization is more 
widespread around the globe and which unique challenges 
have arisen from it.

More broadly, point-of-care testing expands past POC-EEG 
utilization in the detection of NCS or NCSE in US hospital 
patients. Medical point-of-care devices, such as cardiac moni
tors71, point-of-care ultrasound72, and pupilometers73, have 
been developed for multiple indications. Some devices, like 
cardiac monitors, are more widespread than POC-EEG, for 
individuals can use them at their own discretion71. Others 
must be actuated by qualified personnel and are restricted 
to inpatient units or hospitals72,73. The goal of all these 
point-of-care technologies, nevertheless, mirrors that of POC- 
EEG; they aim to quickly and specifically assess certain 
aspects of patient health so that precise treatment is initi
ated sooner74. Like with POC-EEG, the utility and finances of 
these devices compared with conventional devices should 
continue to be explored, both in and outside the US.

Conclusions

POC-EEG can refine clinical management of hospitalized 
patients with suspected seizures, reduce unnecessary patient 
transfers and hospital LOS, improve reimbursement, and miti
gate burdens on healthcare staff and hospitals, all of which 
are accompanied with potential economic benefits. As an 
adjunct to convEEG, POC-EEG is an expeditious screening 
device for identifying NCS or NCSE in critical care and emer
gency medicine48–50 with the promise of financial advan
tages over standard care.
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