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Abstract

Background Despite data indicating the importance of

continuous video-electroencephalography (cvEEG) moni-

toring, adoption has been slow outside major academic

centers. Barriers to adoption include the need for technol-

ogists, equipment, and cvEEG readers. Advancements in

lower-cost lead placement templates and commercial sys-

tems with remote review may reduce barriers to allow

community centers to implement cvEEG. Here, we report

our experience, lessons learned, and financial impact of

implementing a community hospital cvEEG-monitoring

program.

Methods We implemented an adult cvEEG service at Duke

Regional Hospital (DRH), a community hospital affiliate,

in June of 2012. Lead placement templates were used in the

implementation to reduce the impact on technologists by

using other bedside providers for EEG initiation. Utiliza-

tion of the service, study quality, and patient outcomes

were tracked over a 3-year period following initiation of

service.

Results Service was implemented at essentially no cost.

Utilization varied from a number of factors: intensive care

unit (ICU) attending awareness, limited willingness of

bedside providers to perform lead placement, and variation

in practice of the consulting neurologists. A total of 92

studies were performed on 88 patients in the first 3 years of

the program, 24 in year one, 27 in year two, and 38 in year

three, showing progressive adoption. Seizures were seen in

25 patients (27%), 19 were in status, of which 18 were

successfully treated. Transfers to the main hospital, Duke

University Medical Center, were prevented for 53 patients,

producing an estimated cost savings of $145,750. The

retained patients produced a direct contribution margin of

about $75,000, and the margin was just over $100,000 for

the entire monitored cohort.

Conclusion ICU cvEEG service is feasible and practical to

implement at the community hospital level. Service was

initiated at little to no cost and clearly enhanced care,

increased breadth of care, increased ICU census, and

reduced transfers. The system allowed for successful

management of ICU patients with underlying seizures and

eliminated interfacility transfers, producing a savings of

$145,750. The savings combined with the retained patient

revenue produced a total revenue of over $250,000 with

additional revenue in professional services as well. These

results suggest expansion of cvEEG monitoring to com-

munity ICUs is practical, financially sustainable, improves

the level and quality of care, and reduces costs.
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Introduction

Despite a wealth of data to suggest that a significant pro-

portion of hospitalized patients with altered mental status

are having non-convulsive seizures, as well as an expert

consensus statement indicating the importance of continu-

ous video-electroencephalogram (cvEEG) monitoring,

adoption of this form of monitoring has been slow outside
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of major academic centers [1–4]. Significant barriers to

implementation exist outside large tertiary care centers,

including expensive video-EEG acquisition equipment,

data storage and handing resources, trained and certified

EEG technologists, having an expert reader readily avail-

able to review and monitor the EEG study, and finally,

limited experience in managing patients with recurrent

non-convulsive seizures or non-convulsive status epilepti-

cus. These barriers continue to be present in community

hospital and even some academic centers.

Recent advances in technology may allow for more

centers to conduct cvEEG monitoring of their patients. For

example, EEG lead design and placement are easy enough

to allow non-technologists to place them in some circum-

stances [5]. Latest versions of video-EEG acquisition

hardware are easily networked to allow remote access and

review of the study. Reliable internet connections to

acquisition machines can allow the technologists and

neurophysiologists easy access anywhere in the world (for

example: www.nihonkohden.com, www.natus.com, www.

cadwell.com). Finally, experts in neurocritical care and

management of status can be instantly available in any

hospital through telemedicine solutions. The hardware and

network costs vary widely, but overall are significantly less

than the cost of transferring patients for cvEEG monitoring

and seizure management.

To gain insight into feasibility and best practices for

how to implement a cvEEG-monitoring service in a com-

munity hospital, as well as begin to measure the financial

impact and potential return on investment, we started an

intensive care unit (ICU) cvEEG-monitoring program at a

local community affiliate hospital, Duke Regional Hospital

(DRH) in Durham, North Carolina. Here, we report

methods of implementation, adoption, and utilization, and

financial impacts of the service line in the first 3 years the

service was created. A portion of this work has appeared in

abstract form previously (Neurocritical Care Society

meeting abstract 2015).

Methods

Duke Regional Hospital

DRH is a JCAHO-certified 369 bed community hospital

that serves Durham, Orange, Person, Granville, and Ala-

mance counties in North Carolina. Specializing in bariatric

surgery and orthopedics, it has a variety of units dedicated

to cardiac telemetry, general medicine, a chest pain unit,

inpatient psychiatry, and an inpatient rehabilitation floor.

The medical floors are staffed primarily by hospitalists

with rotating academic general medical teams staffed by

residents and hospitalists. The Emergency Department is

fully staffed by emergency medicine-trained physicians.

DRH is a primary stroke center.

At the time of service line initiation, there were 16

medical surgical intensive care beds with 6 stepdown beds

contained within the ICU. The ICU was staffed by a private

group of general intensivists and private practice pulmo-

nologists and a small group of rotating academic

pulmonology attendings. The unit is now staffed by the

intensivists, a small group of advanced practice providers,

and rotating fellows during the day. More recently, the unit

has been expanded to 24 beds, but is still staffed by the

same private and academic pulmonary intensivists, as well

as two additional anesthesia trained intensivists.

At the time of service initiation, neurodiagnostic services

were incorporated into the DRH special services along with

cardiology diagnostics (electrocardiogram) and pulmonary

functional testing. There were two neurodiagnostic tech-

nologists who were on a Monday through Friday schedule

and were responsible primarily for intraoperative monitor-

ing during the day along with ambulatory routine EEGs

conducted in the afternoon. Neurology consult support

consisted of private practice consultants for 34 weeks a year

with on-site neurology fellows for the remaining 18 weeks.

Service Line Design

Several factors were considered when initially designing

the service, particularly the limited technologist resources.

Adding any additional case load could rapidly become

overwhelming for the limited staff. Technologically, this

system needed to automatically transfer data to our central

cvEEG storage server for easy access and review using the

same web-based tools setup for the main hospital cvEEG

service. Additionally, there were no funds to support the

implementation of the service so the cost needed to be as

low as possible. Finally, evidence of benefit to the facility,

patients, and providers needed to be demonstrated quickly

or the service line would not be sustainable.

As such, the following model was developed and

implemented:

1. To reduce the burden of the new service on the existing

technologists, we chose to use electrode templates that

would allow non-technologist providers already at the

bedside to apply the leads when desired (Rhythmlink�

product numbers BNT110-1020-4554, 5457, and 5762).

Templates consist of non-latex, elastic straps, sewn

together to allow proper position of electrodes in over the

scalp; matching the 10/20 placement system. Holes were

present at each electrode position to allow lead placement

on the scalp and attachment to the template. Disposable,

color-coded, subdermal needle or cup electrodes were

used, connected to a headbox with corresponding color-
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coded connections for each electrode. The template cost

varies with volume purchased. The starting price is $35US

for the individual template and $100 US if packaged with a

full lead set of subdermal needles or cup electrodes. There

are templates that allow different electrode numbers;

however, templates with a full 10/20 electrode configura-

tion were used as we have previously shown that reduced

lead numbers results in reduced sensitivity for seizure

detection [6]. Magnetic resonance imaging (MRI) com-

patibility is determined on the lead chosen; the templates

themselves are MRI compatible.

2. To facilitate remote connectivity and shared storage

resources, a collaboration between the Duke and DRH

information technology (IT) staff was necessary. We

leveraged the existing cvEEG infrastructure for the main

hospital to remotely record to and store acquired data to

the main hospital’s neurodiagnostics server across a

shared network. Monitoring of cvEEG was limited to the

recently renovated ICU due to it now having available,

unused data ports and the general principal that patients

requiring monitoring should need a relatively high level

of care (i.e., stepdown or ICU).

3. Given the limited budget available for this service line, a

cvEEG-monitoring machine (Nihon Kohden Neurofax

EEG-9100/9200 EEG software, Nihon Kohden, Tokyo,

Japan) was moved from main Duke Hospital to the ICU of

DRH, as this equipment was being replaced by newer

equipment from another vendor. This also facilitated the

connectivity plan above as this device was already setup to

send data directly to the primary storage and review server.

A second element was petitioning the template manufac-

turer to provide a free sample of templates to initiate the

program. This made initiation of the service essentially no

cost, with a subsequent marginal cost of template purchase

after a few months.

4. Core metrics of each case were abstracted and tracked in a

quality assurance database of service utilizationwhichwas

established prior to starting the service and was populated

and maintained prospectively. The intent of the database

was to be able to quantify use, determine impact, and to

facilitate review of how the service evolved over time, as

well as providing the basis for the assessment of outcomes

and benefits created by the service to report to DRH

leadership. Prior to preparing this manuscript, permission

to publish from this quality assurance database was

obtained from the Duke Institutional Review Board for

Clinical investigations (Pro00068228).

Education of Local Staff on Service Line

As part of the implementation strategy, education around

the availability, indications, and workflows associated with

the cvEEG service was provided. The educational program

consisted of a review of the indications for cvEEG moni-

toring, hands-on training in template application, and

initiation of an EEG recording. An overview of how

patients would be monitored, the communication pathway

for reporting results, and the process for ordering a study

were also reviewed. The entire training took 30–60 min.

The education was offered daily for 14 days in a row, and

for several evenings up to 10 p.m. to provide ample

opportunity for all providers (nursing, respiratory therapy,

clinical neurophysiology technologists, and ICU physi-

cians) to participate and gain exposure and experience with

the planned services and technologies.

Results

Utilization and Service Adoption

The service was launched on June 1 of 2012, and the first

study was performed on June 27, 2012. Hookup was during

the day, and the request was driven by the consulting

neurologist. Over time, some requests came from the pri-

mary ICU team, others from the neurosurgery service,

though the vast majority of requests were from the neu-

rology consultants. Figure 1 summarizes the annual

utilization and shows the monthly use per year. There was

significant variability in use of the service within the first

year with weeks to months between studies initially. This

has slowly increased to an average of about 1 study every

2 weeks. Adoption and utilization has been somewhat

slower than expected, in comparison with the medical ICU

adoption in the first 3 years at the main Duke Hospital

(Fig. 1). Despite the slow uptake, use of the service has

been consistently growing annually. The medical ICU was

chosen as a comparator since some of the same providers

had worked in both units and the patient populations are

similar. However, the DRH ICU has a much higher pro-

portion of elective general and cardiothoracic surgical

cases.

The primary indication for the cvEEG study was tracked

and a summary of the indications is provided in Table 1.

As shown, altered mental status, witnessed seizures, and

cardiac arrest were the most common indications. Wit-

nessed seizure activity was noted in 19/45 (42%) of the

altered mental status cases.

It was difficult to ascertain the duration from order or

desired start time until actual EEG hookup, but it was

relayed that it often took multiple hours until a study was

initiated, particularly at night. In cases in which clinical

seizure activity was reported, it was often necessary for one

of the authors to hook up the study, especially in the first

18 months of the service. In all, 203 days of monitoring
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were performed as part of 92 study requests on 88 patients

for an average monitoring period of 2.2 days per study.

Study Interpretation and Communication of Results

Two neurocritical care and clinical neurophysiology

trained physicians provided the study interpretations fol-

lowing the American Clinical Neurophysiology Society

recommended guidelines for interpretation and reporting

[7]. Studies were generally reviewed within an hour of

initiation and then again a few hours later to ensure sei-

zures were not ongoing and missed. Most studies were read

every 4–6 h during the day up until 22:00–00:00. Then,

studies were reviewed again the following morning. A

report was generally called once after study initiation to

inform on the presence or absence of seizures. Additional

calls were made for cases in which seizures were noted and

being actively managed. For studies that did not require

intervention, one call per day is made in the morning to the

rounding team to provide a verbal read. Then, a report is

filed to the chart. Guidance on therapy was typically pro-

vided by the dedicated neurologist who was on call for

consults that week. It was preferred to have that provider

drive clinical care and feedback to the ICU team regarding

therapy decisions as they were directly evaluating the

patients, interacting with families and following the clini-

cal course. In some cases in which the on-site provider felt

uncomfortable, or in afterhours periods requiring acute

intervention decisions, the neurocritical care trained read-

ers provided input on interventions and care. This is still

the ongoing practice today.

Template and Lead Safety and Performance

As in our previous work with the templates, we found the

EEG data obtained in these studies to be of high quality and

good diagnostic accuracy [5]. The vast majority of studies

were performed using subdermal needle electrodes secured

to the template by EC2 cream (Grass Technologies) and
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Fig. 1 Service utilization over the first 3 years of operation. The top

panel shows a comparison of utilization between the medical

intensive care unit (ICU) at the main hospital from 2008 to 2010,

and the Duke Regional ICU (DRH) utilization from 2012 to 2015.

Both periods represent the first 3 years of formal continuous video-

EEG monitoring service at each facility. The bottom panel shows

DRH monthly utilization of cvEEG by year

Table 1 Summary of the cvEEG utilization over first 3 years of

service

General observations Number of patients (%)

Total study requests 92

Total patients studied 88

Total number of study days 184

Average duration of study (days) 2.2

Longest study duration (days) 8

Overall mortality 24 (26)

Death due to withdrawal/hospice 23 (96)

Transfer prevented 53 (58)

Transferred in for monitoring 2 (2)

Recorded with subdermal needles 77 (84)

Indication for study Number of patients (%)

Altered mental status 45 (49)

Seizures 22 (24)

Cardiac arrest 19 (21)

Spells 6 (6)

Cardiac arrest Number of patients (%)

Cardiac arrest 19 (21)

Death in arrest patients 14 (74)

Death due to withdrawal/hospice 13 (93)

Seizures Number of patients (%)

Seizures present in study 25 (27)

Death in patients with seizures 9 (36)

Death due to withdrawal/hospice 5 (20)

Treatment success in seizures 20 (80)

Number in status epilepticus* 19 (76)

Treatment success in status 18 (95)

*Status was defined as multiple, frequent seizures every hour or

continuous ictal activity on continuous video-EEG monitoring
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paper tape. No needle stick injuries were reported during

the 3 years of use, no infections of the scalp or adverse

bleeding events were seen, even though a few patients were

on aspirin, heparin, or had coagulopathies. The longest

recording performed was for 8 days, and this only required

touch-up of the leads once during that time. Recording

quality was impressive given bed percussion, frequent

suctioning, bathing, and other ICU ‘noise.’ Such activities

are known to dislodge collodion leads over time (personal

observations).

Skin breakdown or pressure ulcers were seen as a result

of the template chinstrap in 4 cases. In one case, a surgical

consult was required for concern of skin healing and

scarring on the patient’s chin. This led to the routine

practice of using Mepilex dressings (Mölnlycke Health

Care) over the chin and intermittent removal of the chin

strap for an hour or so several times a day for patients

undergoing more than 48 h of monitoring.

Clinical Impact

We considered a demonstration of a prognostic pattern in

cardiac arrest (i.e., seizures or status epilepticus, discon-

tinuous background, no changes in background with

stimulation) [8–11], identification of seizures and status

epilepticus, and prevention of interfacility transfer for EEG

monitoring to be a measure of clinical impact.

There were a total of 19 cardiac arrest cvEEGs performed

over the 3-year period. Mortality was high, 14/19 (74%) for

this cohort of patients. Of the 14 deaths, 13 were withdrawal

of care or transfers to hospice (Table 1). Unfortunately, our

database does not contain all cardiac arrest patients, just

those that underwent cvEEG monitoring, so it is not clear

what the overall mortality and cvEEG utilization for this

group was over time. However, we did see increased use for

this indication after the first year (2 year 1, 10 year 2, and

7 year 3). The median length of stay (LOS) for this moni-

tored cohortwas 8 dayswith amean of 9.9 dayswhen a fifty-

one day outlier was included in the cohort. When the outlier

is excluded, the average LOS is 7.5 days with a mode of 6.

The national average for arrest patients is around 5 days

(www.hcup-us.ahrq.gov). Because the diagnosis-related

group (DRG) and reason for arrest was quite varied within

this monitored cohort, comparisons of costs, LOS and out-

comes for non-monitored cases over the same 3-year period,

or even in a prior 3-year period, could not bemade. However,

the availability and increasing utilization of cvEEG is pre-

sumed to be representative of the perceived impact on care.

Seizures or status epilepticus were identified in 27% of

cvEEG studies ordered (Table 1). Mortality for this group

was high, 9/25 (36%); however, overall mortality for

patients undergoing cvEEG recording was high 24/92

(26%). Once detected, seizures were well controlled in

80% of the patients 20/25, particularly in cases of status

epilepticus in which 94.7% (18/19) were controlled. There

were 5 cases in which seizures were not controlled and in

all 5, either care was withdrawn or the patients were sent to

hospice. These decisions were not based on the presence of

seizures alone, but were due to other underlying medical

issues that impacted prognosis. Seizures were seen in a

variety of clinical situations, the most common being

patients who developed acute changes in mental status

during their admission (Table 2). Witnessed seizures with

or without altered mental status and cardiac arrest were

also common clinical indications. The final facility diag-

nosis varied widely compared to the clinical indications

(Table 2). These patients clearly demonstrated clinical

impact as they would have required interfacility transfer to

the main Duke Hospital prior to initiation of cvEEG. The

initiation of this line also reduced delay in detection and

treatment of seizures as well as any potential complications

related to transport. From personal communication with the

ICU faculty, they felt more comfortable treating patients

with seizures and not transferring patients that were

admitted for seizure activity now that they had cvEEG. At

least two documented outside transfers were accepted to

this facility because they had the ability to perform cvEEG

monitoring. The change in the direction of transfers was a

key indicator of success for the program and was a clear

sign of clinical impact.

Financial Impact

Financial impact was assessed in two ways, cost savings

and revenue generation. Two factors were explored for cost

savings, the use of templates to reduce the need to hire

additional technologists and the prevention of transfers to

the main hospital for cvEEG monitoring. For revenue

generation, there was potential for critical care billing for

time in EEG lead placement, new revenue around study

interpretation, and revenue around retention of the patients

in the ICU as measured by the direct contribution margin

on the cohort of patients that were not transferred. Addi-

tional potential value of the service includes increased

DRG complexity, which could lead to better mortality

index and care quality reporting for the hospital. However,

our database was not adequate to answer this and so it

could not be formally assessed here. The costs and rev-

enues are summarized in Table 3 and discussed in detail

below.

By design, service line initiation costs were minimal

except for IT support and the authors’ personal time in

implementation. It was hypothesized that the prevention of

transfers for monitoring would be a large cost savings, as

each transport averaged $2750 (range of $900–$4600 in

2015 US dollars). In review of the indication for the study,
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it was determined that transfer was prevented in 53 of the

92 requested patient studies. The addition of cvEEG was

not considered to have prevented transfers of patients that

were already retained and managed at DRH without

cvEEG. Cardiac arrest patients are an example, as these

patients were being retained and managed without EEG

prior to the initiation of the program. Patients with clinical

seizures, concern for non-convulsive seizures, or suspected

status epilepticus in which EEG was ordered were con-

sidered prevented transfers to Duke and would likely have

been requested for transfer prior to the service. Prevention

of these 53 transfer opportunities resulted in an estimated

$145,750 in average cost savings (range of $47,700–

$243,800).

No new technologists were hired over the 3 years of

service. However, utilization of the templates by bedside

providers has still not been implemented in a sustainable

way. In the short term, additional service coverage after

hours and on weekends was provided by the providers

supporting the program with EEG interpretation initially,

followed later by on-call technologists working at the main

hospital. There was no additional pay associate with the

provider coverage for study initiation which prompted the

exploration of billing for critical care time for the hookup

of templates. The use of the service during off-hours was

curtailed by guidelines on the use and clinical indications

for cvEEG that the facility put in place at the end of year

two. While the added call coverage cost is being picked up

by the health system and not the individual facility, this

does represent an added cost for the service going forward

and will need to be addressed as utilization grows.

Opportunities for new billing revenue were explored in

addition to looking at the hospital revenue around this cohort

of patients. From a billing perspective, critical care billing

for EEG lead application was reimbursed on multiple occa-

sions. The note used for supportive documentation included

a brief history and indication for the request to evaluate for

seizures, a brief neurologic exam, and plan for cvEEG

monitoring and lead placement along with the time required

to place the leads. Time required for placing the leads and

performing the assessment and documentation varied from

35–60 min, and generally an hour of critical care was billed.

No denials were seen using this approach. An estimated

$6000 in critical care billing was generated in this way.

Additional professional billing for the interpretation of the

studies can also be considered as new revenue. In this regard,

an estimated $50,000 in billing would be expected across the

3 years of studies based on an average reimbursement of

$250 per 24-h study. It was not possible to determine the

exact amount earned because the readers also performed

other EEG interpretation and critical care services at multi-

ple facilities within the health system.

On the facility side, revenues were considered to arise

from retention of the patients and increased ICU census. To

determine if this was the case, we looked at the direct

contribution margin (DCM) for each patient that underwent

cvEEG monitoring. Overall, cvEEG-monitored patients

had a positive DCM of around $100,000. When looking

specifically at the retained patients that transfer was pre-

vented, the DCM was about $75,000 or three-fourth of the

total margin for the monitored cohort. We had hoped that

the cardiac arrest population would provide some control

Table 2 Diagnoses and clinical

indications for patients found to

have seizures on cvEEG

Diagnosis-related group Number of cases Clinical indication

Respiratory system diagnosis W ventilator support 2 AMS

Other digestive system or procedures W MCC 1 AMS

Intracranial hemorrhage or cerebral infarction W C 2 AMS, Sz

Traumatic stupor coma, coma <1 h W CC 1 AMS

Cardiac defib implant W cardiac cath W/O AMI/HF/SH 1 AMS

Other disorders of nervous system W MCC 1 CA

Seizures W/O MCC 2 AMS, Sz

Seizures W MCC 4 AMS, AMS + Sz

Acute ischemic stroke W use of thrombolytic agent 1 AMS

Trach W MV 96+ hours OR PDX EXC face mouth neck W/ 3 CA, AMSX2

Septicemia or severe sepsis W MV 96+ hours 4 CA, AMSX2, Sz

Other ear, nose, mouth, throat diagnoses W MCC 1 AMS

Cranial peripheral nerve disorders W MCC 1 AMS

Cardiac arrhythmia conduction disorders W MCC 1 CA

AMI acute myocardial infarction, AMS altered mental status, CA cardiac arrest, CC complications or

comorbidities, EXC except, HF heart failure, MCC major complications or comorbidities, MV mechanical

ventilation, PDX principal diagnosis, SH shock, Sz seizures, W with, W/O without
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Table 3 Summary of estimated costs, revenues, savings, and margins associated with cvEEG service

Potential annual costs

Resource Estimated model cost Description and application to presented model Presented

model costs

Technologists Salary range is $38,000–

$60,000 per technologist

All EEG programs need at least one technologist, which is a sunk and shared

cost, to provide quality oversight and ensure all studies are performed

correctly and the studies are stored properly as part of the medical record. In

our model, two technologists were already at the facility. We reduced the

burden of the service on them by using templates for lead application. This

would be a shared cost across all EEG services

$0

EEG machines $25,000–$35,000 per

machine

The number of machines required is based on anticipated volume of studies.

Prices vary widely based on number purchased and brand; a reasonable

estimate is around $30,000 USD per machine as a one-time cost. In our model,

this cost was avoided by using older machines that were being replaced at the

main hospital. Another alternative is to use a commercial vendor to provide

the technologist, machines and interpretations for one monthly cost that may

be lower than the ongoing cost of ownership

$0

Server/EEG

network

$10,000–$20,000 In order to support remote review and long-term storage of the studies, a central

server and network will need to be established. This is often sold as part of an

EEG-monitoring system and varies in price based on network specifications

and integration requirements. In our approach, we used the existing network

hosted by the main hospital. As above, some commercial vendors can provide

and maintain this at a reasonable cost

$0

Network

infrastructure

$5,000–>$100,000 This can be the largest cost associated with this service. This is the cost of

pulling hardwired network connection ports to the rooms that will be used to

provide the monitoring. In our model, the ICU had recently been renovated

and there were network ports already available in every room. A new network

switch was required for all rooms to be active. Wireless network access has

been unreliable for this service in our experience; however, with continuous

innovation in the area of wireless network connectivity, this may be an option

in the near future and reduce the infrastructure cost

$5,000

Lead

placement

templates

$35–$100/template These are single use color-coded templates that allow non-technologists to place

EEG leads on the patient. They cost about $100 USD per unit but are cheaper

than many alternative staffing models using technologists. In our model, these

were used to reduce the application times for the technologists and to provide

the capacity to use other providers to initiate studies. This created a revenue

opportunity as detailed below

$5,000/year

EEG

interpretation

Hiring a full-time

neurologist $150,000–

$300,000

This represents the most expensive and most limited resource in the list. The

number of skilled readers is small nationally and internationally. Hiring and

retaining a reader is a challenge, and likely two readers would be required to

cover the service year-round. In our model, we used existing readers providing

coverage to the main hospital which turned this potential cost into revenue

(see below). Again, commercial systems can also broker monitoring and

interpretations of the studies as part of an overall service at a cost that is a

fraction of hiring providers

$0

Interfacility

transfer

$2750 (range of $900–

$4600)

This is the cost for transferring a patient by ambulance from one hospital to

another hospital within the same health system. The two hospitals are about 5

miles apart; costs would be higher for greater distances

$0

Total

estimated

costs

$50,000 + shared year 1

$5000 + shared

For year one, assumes one EEG machine, volume of 30 studies per year, and the

lowest cost amount for each fixed cost. Shared costs for technologist and

reader and transfer costs are not included

$10,000 year

1, $5000
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Table 3 continued

Potential annual revenues/savings

Source Estimated model revenue Description and application to presented model Presented model

revenue

Study

interpretations

$250/study Interpretation of cvEEG studies is associated with a payment for

services on the order of about $250 USD per 24-h recording. This

represented new revenue in our model where the service provides

additional studies for the reader who was already salaried for EEG

reading at the main hospital

$7500 (30 studies per

year)

Lead

application

Technical fee $500–$2000 While this can be a cost driver, in our model using templates, we were

able to bill for critical care time associated with the lead placement

and this generated additional new revenue. A technical fee can be

charged by the technologists when one is used for lead placement,

which will also generate revenue

$9000 (mean

collection of $300/

study day)

Reduced

interfacility

transfers

$2750/transport (mean cost) This was a critical aspect to our model in which our goal was to

reduce the need to transfer between hospitals in our system. While

this is technically a reduction of cost, payments for transport are

highly variable and so the ability to prevent these can result in

significant cost reductions over time as shown in our model

$48,600 (prevented

18 transfers/year)

Increased care

complexity

Variable (on the order of

thousands of dollars)

In the USA, hospitals are paid based on the diagnosis reported for the

hospitalization or the DRG. For any given DRG, the payment is

higher if there are additional clinical factors that increase the

complexity and complicate care delivery. Identification of seizures

and status result in an increased complexity of care and higher

payments for some DRGs, which represents new revenue

NA (not able to

measure, included

in DCM)

Decreased

length of stay

Variable by center (average

ICU day cost)

The length of stay (LOS) refers to the duration of hospitalization.

While we lacked sufficient baseline data to show a reduction in

LOS, it is reasonable to expect that early detection and treatment of

seizures causing altered mental status will result in decreases in

hospital LOS. In addition, early prognosis is facilitated in some

situations such as cardiac arrest. Finally, the need for transfer in the

past delayed identification of seizures by several hours and added a

minimum of 24 h to the LOS; this was prevented in our model

NA (not able to

measure, included

in DCM)

Increased daily

census

Variable (average case

margin X increase in daily

census)

The daily census refers to the average number of patients in the

facility on a daily basis. In the current study, we showed a reduction

in patients transferred out and new admissions related to the new

service, both of which will lead to an increased average daily census

NA (not able to

measure, included

in DCM)

Total estimated

revenues

$77,500 + 3 variable

revenues (DCM)

For the estimated model, assumed a volume of 30 studies and 20

prevented transfers per year

$65,100 + $25,000

(DCM)

Estimated margin

Estimated model Description and application to presented model Presented model

3-year margin $172,500 These are estimated based on low end estimates for year 1 fixed costs

and do not include the shared costs of a reader and technologist. For

the estimated model, it is assumed a volume of 30 studies and 20

prevented transfers per year

$250,300

Breakeven

point

Year 1 This is the estimated time at which revenues will exceed the year 1

cost to start the service

3 months

All monetary values are in 2015 United States dollars

DCM direct contribution margin, DRG diagnosis related group, EEG electroencephalography, ICU intensive care unit, LOS length of stay, USD

United States dollars
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comparison data; however, this group had a heterogeneous

collection of DRGs which precluded the creation of a

comparison cohort. As a result, further comparisons of

DCM, care costs, and LOS could not be made. Despite this,

we can conclude that retention of this new population of

patients did not result in losses for the facility and in

conjunction with the average transfer cost savings resulted

in an estimated net recovery of $245,000.

Discussion

We report here the successful implementation of a con-

tinuous video-EEG-monitoring service at a community

hospital and the clinical impact and cost savings produced

by the service. We have shown that implementation of

cvEEG at community hospitals is financially feasible and

practical. The addition of the service allows expansion of

critical care capability at the center and resulted in cost

savings by reducing transfers out, production of new rev-

enue, and retention of patients.

Adoption of the service has been slow but steady.

Adoption of cvEEG in a medical/surgical ICU at the

community level lagged when compared to the medical

ICU at Duke Hospital in the first 3 years of service fol-

lowing development and implementation of cvEEG by Dr.

Kolls in 2007. This may be due to the more mixed cardiac

and medical focus of the community ICU since the ICUs

were staffed by many of the same medical ICU providers.

The differences are also interesting given the significant

data to indicate the importance of monitoring and the high

level of awareness among the providers who have trained

and worked at the main hospital where it has been a part

of practice for many years. The relatively high mortality

in this monitored cohort does not suggest a lower acuity

in a community ICU. Alternatively, the high mortalities

may indicate the severity of clinical state required to

trigger general intensivists to consider neurologic status in

the care and prognosis of the patient. Answers to these

questions require further study.

The use of templates for assistance in lead placement

fell short of the planned implementation as we were unable

to find a consistent, willing pool of bedside providers

beyond the technologists. Some members of the nursing

staff were enthusiastic and willing to apply the leads;

however, in the absence of a formal competency training

pathway, nursing could not be allowed to perform this role.

Despite this, we were able to show that practical imple-

mentation of template technology at an institution that does

not use collodion for lead placements led to long-lasting,

high-quality recordings over several days using primarily

subdermal needle leads. There were no uninter-

pretable studies resulting from the lead placement

approaches. No complications or needle injuries were

reported over the 3-year period of use, indicating these

systems offer a safe, high-quality, cost-effective alternative

to collodion-based lead placement approaches.

Our work has clearly demonstrated that cvEEG at a

community hospital has value, not only in providing a

higher level of care in the ICU, but also financial feasi-

bility. There are clear reductions in cost related to

preventing transfers of these patients between hospitals,

and little to no added costs for the service in our particular

model. The caveat to this being the unknown cost of off-

hours coverage by technologists on call as the service

grows. However, this could be minimized or avoided if the

templates could be completely implemented [12]. The

largest costs for initiating this service are related to tech-

nologists and recording hardware, and these were

effectively mitigated in our service model. However,

commercial services or partnerships with academic centers

can allow for dramatic reductions or elimination of these

costs and should be considered by any center wanting to

implement this kind of monitoring service.

Conclusion

Implementation of cvEEG at community hospitals is

financially feasible, practical, and clinically impactful. The

addition of the service allows expansion of critical care

capability at the center and resulted in cost saving by

reducing transfers and producing new revenue for the

community center as well as its providers. In all, an esti-

mated $245,000 in cost reduction and revenues was

associated with the service over its first 3 years, which is

likely a conservative estimate as most patients required

ICU-level care and would have required a transfer at the

higher end of the cost range. We also demonstrated a

clinical impact of the service across several groups of

medical ICU patients. The template and needle lead system

implemented here was safe and effective over the 3 years.

However, the use of templates for facilitation of lead

placement fell short of the planned implementation as we

were unable to find a willing pool of providers, beyond the

existing technologists, to use this approach. In the absence

of a formal competency training pathway, nursing could

not be allowed to perform this procedure. Future efforts

will be aimed at creating formal competency training, as

well as the development of telemedicine-based neurocriti-

cal care consult services to support the appropriate use and

interpretation of the cvEEG results into patient care at our

community affiliates.
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