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Continuous and routine EEG
In 1ntensive care

Utilization and outcomes, United States 2005—2009

ABSTRACT

Objectives: To evaluate the effect of intensive care unit continuous EEG (cEEG) monitoring on
inpatient mortality, hospital charges, and length of stay.

Methods: A retrospective cross-sectional study was conducted using the Nationwide Inpatient
Sample, a dataset representing 20% of inpatient discharges in nonfederal US hospitals. Adult
discharge records reporting mechanical ventilation and EEG (routine EEG or cEEG) were included.
cEEG was compared with routine EEG alone in association with the primary outcome of in-hospital
mortality and secondary outcomes of total hospital charges and length of stay. Demographics,
hospital characteristics, and medical comorbidity were used for multivariate adjustments of the
primary and secondary outcomes.

Results: A total of 40,945 patient discharges in the weighted sample met inclusion criteria, of which
5,949 had reported cEEG. Mechanically ventilated patients receiving cEEG were younger than rou-
tine EEG patients (56 vs 61 years; p < 0.001). There was no difference in the 2 groups in income of ,,
medical comorbidities. cEEG was significantly associated with lower in-hospital mortality in both -
univariate (odds ratio = 0.54, 95% confidence interval 0.45-0.64; p < 0.001) and multivariate
{odds ratio = 0.63, 95% confidence interval 0.51-0.76; p < 0.001) analyses. There was no sig-
nificant difference in costs or length of stay for patients who received cEEG relative to those receiv-
ing only routine EEG. Sensitivity analysis showed that adjusting for diagnosis-related grougs (DRGS)
for any neurologic diagnoses, DRGs for neurologic procedures, and specific DRG& for epﬂepsy/
convulsions did not substantially alter the association of cEEG with reduced inpatient mortality.

Concdlusions: cEEG is favorably associated with inpatient survival in mechanically ventilated
patients, without adding significant charges to the hospital stay. Neurology® 2013;81:2002-2008

GLOSSARY

CD-9-CM = International Classification of Diseases, ninth revision, Clinical Modification; eEEG = continuous EEG; Cl = confidence
interval; CPT = Current Procedural Terminology; DRG = diagnosis-related group; ICD-9-CM = International Classification of
Diseases, Ninth revision, Clinical Modification; ICU = intensive care unit; NIS = Nationwide Inpatient Sample; OR = odds ratio;
RVU = Relative Value Unit.

Continuous EEG (cEEG) is increasingly utilized in critically ill patients with abnormal neuro-
logic function. ¢EEG can detect convulsive and nonconvulsive seizures, brain ischemia, and
other disturbances as they occur, prompting adjustment of anticonvulsants’* or interventions
to reverse focal ischemia.>* For seizures, only cEEG can provide this diagnostic information; for
detection of focal ischemia, cEEG may be more sensitive than imaging’ and gives uninterrupted
bedside appraisal. Encephalopathic patients may benefit from cEEGS even in the absence of
known acute brain injury.”

The evidence for cEEG has focused on rates of seizure detection in specific patient populations,®

and the significance of particular EEG patterns.** Meaningful improvement in patient outcomes
" has yet to be demonstrated.'>"

The literature regarding costs, charges, or cost-effectiveness of cEEG is more limited. A single-
center study showed that cEEG was responsible for only 1% of total hospital charges for
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neuro~intensive care unit (ICU) patients, and
found that both length of stay and total charges
markedly declined from the period before
incorporation of cEEG into ICU practice.*

Data from real-world administrative claims
and reported public datasets, although limited
in clinical information, can help determine
impact and outcomes of existing technologies
using large sample sizes.!>'® Therefore, we used
a cross-sectional study design from a large pub-
lic inpatient dataset to test the hypothesis that
outcomes from ICU stays reporting cEEG
monitoring are different from those W1th rou-
tine EEG alone.

METHODS Data source. We examined standardized hospi-
tal-coded discharge data from the Nationwide Inpatient Sample
(NIS), Healthcare Cost and Utilization Project, maintained by
the Agency for Healthcare Research and Quality, to examine
national health care usage and quality trends. The NIS is the larg-
est all-payer dataset of inpatient hospitalizations in the United
States, comprising a 209% stratified sample of nonfederal commu-
nity hospitals. For the year 2009, more than 8 million discharges
from 1,050 hospitals in 44 states were reported.”® A 5-year span
beginning in 2005 was chosen based on the authors’ personal
experience of increased utilization of the technology within that
period, and data availability.

Standard protocel approvals, registrations, and patient
consents. The Human Subjects Division of the Institutional
Review Board of the University of Washington has determined
that the NIS is a dataset that does not require associated research
projects to be reviewed for exemption or approval.?® The data
contained in the NIS are neither identifiable nor private and do
not meet the federal definition of “human subjects research.”

Inclusion criteria. Adults (aged 18 years or older) identified
with continuous mechanical ventilation (JCD-9-CM codes 967,
9670, 9671, 9672) and either routine EEG (JCD-9-CM code
8914) or cEEG (ICD-9-CM code 8919) reported in inpatient
discharge records from January 1, 2005 to December 31, 2009
were included.?!

Patient and hospital characteristics. Patient age, sex, race,
comorbidities, year of discharge, diagnosis-related group (DRG),
epilepsy/convulsion diagnosis, hospital discharge volume, hospital
teaching status, and urban vs rural hospital status were abstracted
as independent variables from the NIS. A comorbidity score was
calculated using the Elixhauser-Coffey method,? with 5 dummy
categories (0, 1, 2, 3, >3) created from the score, an ordinal group-
ing reflected in prior analyses of inpatient data.® DRG was dichot-

" omized into those DRGs associated with CNS disorders or injury

(including seizures), and those without. Diagnosis of epilepsy or
convulsions was reported using the Agency for Healthcare Research
and Quality Clinical Classification Software ICD-9-CM grouping?
Those EEG studies reportedly performed on the day of discharge
(including day of death) were identified to allow for separate anal-
ysis of this group, for whom EEG performance may have been for
supportive evidence of brain death. Discharge years were treated as
dummy variables. Hospital discharge volume was included as a
continuous measure while other hospital-specific variables were cat-
egonml terms.

Outcomes of interest and model specification. In-hospital
mortality was the primary outcome. Length of stay (in days)
and hospitalization charges (in yearly inflation-adjusted 2009
US dollars) were secondary outcomes. For inferential analysis,
discharge records, which reported routine EEG but not cEEG
in mechanically ventilated patients, were the reference. Covariates
were determined by Anderson-Newman criteria of enabling, pre-
disposing, and need factors of health care utilization.?* The neu-
rologic DRG and epilepsy/convulsions dummy variables were not
used in the main analysis because the NIS does not identify
whether conditions existed before admission or arose during hos-
pitalization, making it unclear whether these variables were

important in selecting the intervention, or occurred as a down-

stream effect. The category indicating studies performed on the
day of discharge was suspected a priori to be highly correlated
with in-hospital death. These categories excluded from the main
analysis were analyzed in separate sensitivity analyses (see below).

Statistical analyses. All analyses used NIS complex sample
design elements (probability weights, stratification, and clustering)
for natonallevel estimates unless otherwise sated. Descriptive
analysis of reported variables (totals, proportions, or means) was
performed, with differences between exposure groups (CEEG and
routine EEG only) evaluated through 2-sample # test, as the large
sample sizes in each group permitted use of the # distribution.2s
Univariate and multivariate regression analyses were petformed for

association of cEEG with the primary and secondary outcomes,”

comparing with observations reporting only routine EEG as a ref-
erence. Logistic regression models were used for the dichotomous
outcome of in-hospital death. Multivariate regressions included
patient demographic, comorbidity, and hospital variables. In-hos-
pital death was an additional covariate in mulnva.na;e a.nalysw of
length of stay and hospital charges. Hospital cf;‘flrges were inflated
t0 2009 dollar levels using the medical consumer price index,?” then
evaluated using a generalized linear model with log link for best fit.
Length of stay was evaluated with ordinary least-squares analysis,
reporting difference in days. Odds ratios (ORs) and 95% confi-
dence intervals (CIs) were reported for the results of the logistic
regressions, while the attributable charges were reported as percent-
age of overall charges. Missing data were analyzed for bias and
excluded if randomly distributed between exposures and outcomes.
Significance was set at p < 0.05 for all analyses. All statistical testing
was performed using STATA 12.1 (Stata Corp, College Park, TX).

Sensitivity analyses. The effects of subgroups for 1) epilepsy/
convulsions diagnosis, 2) neurologic DRG, and 3) routine EEG
or cEEG performed on the day of discharge were analyzed sepa-
rately. Univariate logistic regressions were performed for associa-
tion of each subgroup with cEEG and independently for the
outcome of in-hospital mortality. Each subgroup was then added
as a covariate to multivariate regressions for cEEG with the out-
come of death to determine the effect of adjustment by subgroup.
Lastly, the multivariate regression was rerun, excluding the sub-
group observations.

As a further sensitivity analysis, we ran the multivariate logistic
regression on the primary outcome using interaction terms for
1) cEEG with teaching hospitals, and 2) cEEG with hospital volume
(dichotomizing hospital volume to high or low relative to the mean)
to ascertain whether either of these hospital characteristics was
responsible for differences in survival over routine EEG.

RESULTS Study characteristics and descriptive analysis.
A total of 40,945 inpatient discharges (8,252 in
unweighted sample) reporting JCD-9 codes for mechan-
ical ventilation and either type of EEG were included,
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grouped into cEEG and routine EEG categories (figure).
OFf these, 5,949 (1,201 unweighted) were coded for
cEEG monitoring. Those receiving cEEG were youn-
ger (56 vs 61 years; p < 0.001) and more likely to have
private insurance and less likely Medicare. There was
no significant difference in the distribution of income
by quartile. cEEG patients were more likely to have a
DRG indicating a primarily neurologic procedure or
CNS problem (25% vs 19%; p < 0.001), and an
epilepsy/convulsions diagnosis as part of the discharge
record (59% vs 39%; p < 0.001). There was no
difference in distribution among general medical
comorbidity severity levels (0, 1, 2, 3, >3) between
the 2 groups. Hospitals reporting cEEG in ventilated
persons had a larger volume of total annual inpatient
discharges, and were more likely to be teaching hospi-
tals. See table 1 for details.

Utilization totals by year. Totals of mechanically venti-
lated patients receiving cEEG increased dramatically
in the study period (table 2), by 263% over 4 years,
a mean of 33% annually. In contrast, routine EEG

use in these patients grew an average of 8% per year.

By hospital, the mean annual number of ventilated
patients with cEEGs (in hospitals reporting cEEG
use) doubled from 4 to 8, while those receiving rou-
tine EEGs showed little growth. Hospitals reporting
CEEG in ventilated patients nearly doubled from 135
to 244. The top 20 hospitals in the unweighted sam-
ple (14%) provided 54% of the cEEGs in the study.

Primary outcome. The unadjusted in-hospital mortal-
ity for ventilated patients who received cEEG was
25%, vs 39% for those receiving routine EEG only,
for an OR of 0.54 (95% CI 0.45-0.64; p < 0.001)

(table 3). In the multivariate regression model,

(Figure Study participants flow diagram 1

Observations
in 20% sample

Weighted
observations

Nationwide inpatient sample
2005-2009

40 million 200 million

1CD-9 procedure codes
967 9670 9671 9672

patients

h
Mechanically ventilated

1.0 million 5.1 million

|CD-9 procedure codes
8914 8919

A4
Routine EEG

or
. c¢EEG monitored

9,997

49,666

Adults only
(AGE>17)

N
| Final sample

8,252 40,945

Nationwide Inpatient Sample search strategy for adult, mechanically ventilated patients
receiving either continuous EEG (cEEG) monitoring or routine EEG.

2004
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including patient demographic and hospital character-
istics, as well as comorbidity and year categories, the
adjusted OR comparing in-hospital mortality for
cEEG vs routine EEG alone was 0.63 (95% CI
0.52-0.76; p < 0.001). Age was highly associated with -
mortality in the multivariate analysis (OR = 1.03 per
year over mean age, 95% CI 1.02-1.03; p < 0.001;
see table e-1 on the Neurology® Web site at www.
neurology.org). '

Secondary outcomes. cEEG accounted for 12% 95%
CI —4%, 31%; p = 0.16) of the total hospital charges
in univariate analysis, but only 5% (95% CI —11%,
23%; p = 0.58) of total charges after multivariate
adjustment (table 3). Length of stay was 2.1 days longer
(95% CI —0.3, 4.5 days; p = 0.09) in cEEG patients
than EEG patients, but was only 0.5 days longer (95%
CI —1.5, 2.7 days; p = 0.66) after multivariate regres-
sion. Higher income quartiles had longer stays and
greater hospital charges in multivariate analysis, as did
persons of nonwhite race, while accounting for the

effect of in-hospital death (tables e-2 and e-3).

Subgroup analyses. Neurologic DRG and epilepsy/
convulsions diagnoses were more common in the cEEGy
group, and associated with survival (p < 0.001 for all ‘
analyses). Approximately 5% of observations reported
studies performed on the day of discharge, which were
highly associated with in-hospital mortality (OR = 4.3,
95% CI 3.1-6.0; p < 0.001) and ngg;cEﬁG (OR =
0.2, 95% CI 0.1-0.4; p < 0.001). The effect of includ-
ing these subgroups as covariates or excluding their
observations in the primary outcome multivariate logis-
tic regression equation did not substantially alter the
association of cEEG with in-hospital mortality or its
significance (see table 4). The effects of interaction of
hospital characteristics (academic status and high dis-
charge volume) with cEEG on in-hospital mortality
were not significant (OR = 1.36, 95% CI 0.90—
2.05; p = 0.15 and OR = 1.23, 95% CI 0.78-1.92;
p = 092, for academic status and high hospital dis-

charge volume, respectively).

DISCUSSION In this analysis of ICU outcomes in a
large, observational dataset, cEEG is associated with a
substantial and robust improvement in in-hospital
survival compared with routine EEG alone. The
effect does not lessen accounting for patient age, bur-
den of comorbidities, hospital discharge volume, and
academic status, and holds for patients with non-
neurologic DRGs. While adjusted hospital charges
and length of stay were greater for those with cEEG
monitoring, these were not significantly more than
patients receiving routine EEG alone. -

ICU cEEG monitoring is performed largely in
urban academic centers, but total annual use has
increased dramatically through growth in the number




Table 1 Study, demographic, and hospital characteristics of mechanically
ventilated patients receiving EEG

EEG only cEEG p Value
Study unit of analysis
Observations (unweighted) 34,996 5,949 —
(7,051) (1,201)
Patient demographics
Age, mean y? ' 60.7 55.7 <0.001
Female® A 0.44 0.48 0.06
Nonwhite race 0.36 0.29 014
Medicaid 017 0.18 0.39 '
Medicare 0.51 0.44 <0.001
Private insurance 0.32 0.37 <0.001
Median income
1st quartile 0.24 0.3 0.20
2nd quartile 0.17 0.2 0.35
3rd quartile . 017 0.189 0.30
4th quartile 0.22 0.2 0.56
Clinical characteristics
" Neurologic DRG 0.19 0.25 <0.001
Epilepsy/convulsions 0.39 0.59 <0.001
General medical comorbidities
o] 0.04 0.05 0.36
1 014 0.16 0.11
2 0.21 0.2 0.60
3 0.24 0.24 0.66
>3 . 0.36 0.35 0.50
Hospital characteristics
Teaching hospital® 0.65 0.91 <0.001
Annual hospital discharge volume, mean discharges 23,217 30,886 <0.001
Urban setting® 0.95 0.98 0.151

Abbreviations: cEEG = continuous EEG; DRG = diagnosis-related group.

Shown are cEEG monitoring and routine EEG only (EEG only). Units are proportions from
sample-weighted data unless otherwise stated; p values were generated from t distribu-
tions of parameters comparing cEEG monitoring and EEG only.

®Data were missing on age (n = 4), sex (n = 1), and hospital teaching status and location
(n = 87), and these cases were correspondingly excluded from the relevant analyses.

of performing hospitals and per-hospital utilization.
At the same time, per-hospital utilization of routine
EEGs in the ICU was mostly flat. The NIS consists
of only one-fifth of the hospitals in the United States
in any given year, so numbers reported may underes-
timate the total number of cEEGs if particular hospi-
tals with very high utilization were not included in the
sample. ’

Prior studies have emphasized the inaccuracy of
routine EEG in seizure detection in critically ill patients
and the influence of cEEG on daily ICU management
as a proxy for outcomes. In a study of 169 comatose
patients in the ICU,*® a standard 20-minute EEG
had both low seizure detection rate and no correlation

of findings with outcomes. cEEG monitoring over
24 hours is more likely to detect episodic or intermit-
tent brain dysfunction including seizures than a limited
selection of 20 to 40 minutes of EEG, facilitating more
responsive clinical decision-making, Seven months after
discharge from the ICU, daily management using
cEEG was cited as contributing to the excellent out-
come of 15 of 84 patients hospitalized for status epi-
lepticus or severe encephalopathy.? In 2 large series of
monitored ICU patients,"* ¢EEG was reported to
guide changes in antiepileptic medications (initiation,
dose titration, or switch), as well as other daily manage-
ment decisions, in a majority of patients.

Our study extends these results by considering an
important clinical outcome, in-hospital mortality. In
the light of prior literature, cEEG more accurately

- and rapidly diagnoses evolving pathologic brain activity,

permitting better and more responsive management of
brain dysfunction, and thereby improves mortality. In
our analysis, patient age was an independent predictor
of in-hospital death in multivariate logistic regression,

*but cEEG reduction in mortality remained significant
after adjustment (details in table e-1). Hospital aca
demic status and high hospital discharge volume were
not associated with survival. '

In subgroup analysis, although patients with neuro-
logic DRGs were more likely to receive CE%G, the ben-
efit to in-hospital survival was preservil in patients'for
whom the primary discharge diagnosis was a condition
other than neurologic dysfunction. Likewise, an epilepsy/
convulsions diagnosis was associated with both less
in-hospital death and cEEG, but significant mortality
benefit was maintained when excluding these patients
from the analysis. This suggests possible utility of
cEEG for mechanically ventilated patients outside
the neuro-ICU, even when seizures may not be a major
concern.

The commitment of equipment, time, and per-
sonnel required for cEEG in the ICU is not insub-
stantial. Infrastructure for machines, high-speed
data transfer, and multimodality simultaneous review
requires considerable capital expenditure. cEEG
monitoring is labor-intensive, with trained technolo-
gists and physicians reviewing large volumes of traces,
potentially throughout the 24-hour cycle. The
increased costs for cEEG are acknowledged in part
by Medicare Relative Value Unit (RVU) reimburse-
ment of the technical component of EEG Current
Procedural Terminology (CPT)-4 coding?® For 2013,
the technical component for “EEG for coma or sleep
only” (CPT 95822) is reimbursed for 10.9 RVUs,
but “EEG monitoring with technologist or nurse in
attendance, each 24 hours” (CPT 95956) recéives
45.67 RVUs. For our analysis, the mean unadjusted
difference in charges between the 2 groups was sub-
stantial, but adjusting for in-hospital mortality (which

Neurology 81 December 3, 2013 2005



( Table 2 Annual utilization of continuous and routine EEG in mechanically ventilated patients, at hospital level ]

Continuous EEG monitoring

Routine EEG®

National No. of hospitals Mean studies per

totals performing hospital (range)®
2005 552 135 4.0 {1-20)
2006 800 167 4.7 (1-34)
2097 1,516 = 213 6.7 (1-58)
2008 1,070 189 5.7 (1-29)
2009 2,011 244 8.0 (1-69)
Annual A% +33 +14 +17

2Includes hospitals reporting continuous EEG.

National No. of hospitals Mean studies per

totals performing hospital (range})
5,746 595 8.7 (1-100)
6,427 602 9.9 (1-92)
7,057 646 9.8 (1-97)
8,545 671 11.4 {1-139)
7,444 696 9.5 (1-112)

+8 +4 +3

®In hospitals performing continuous EEG in the same calendar year.

lowers charges by necessarily decreasing hospital stay
length), patient demographics, and clinical and hos-
pital characteristics, resulted in a residual adjusted
increase of 5% for the cEEG group, which was not
significant.

The limitations of this study are largely a function
of retrospective analysis of the NIS, a dataset derived
from inpatient coding records. We are dependent on
accurate coding for EEG, and we assume that coding
for mechanical ventilation is a proxy for intensive
care. Although cEEG is recorded in real-time, patient
discharge records reporting cEEG do not indicate
whether ¢EEG was read and interpreted in real-time
as true neuro-telemetry, or hours later. Therefore,
the beneficial effect of cEEG observed in this analysis
may be an underestimate of the potential effect from
real-time brain monitoring.' We can state based on
our results that there is strong association between
decreased in-hospital mortality and cEEG use relative
to routine EEG alone, but the retrospective, cross-

sectional nature of the data does not permit infer-
ences of causation.

Additional caution should be exercised insofar as
our comparator was the use of routine EEG, indicat-
ing that at some point during management of these
patients, determination of electrocerebral activity

“Wwas deemed important. The presence of an epilepsy/
convulsions diagnosis in both groups is higher than
in some series that examined de novo seizute activity
in the ICU,%*? suggesting that monitoring was per-
formed to assess function in ICU patients with known
seizure disorders. Selection of cEEG over EEG alone in
the ICU may indicate a higher prefést likelihood of
patient survival, as reflected in the younger mean age
of persons receiving cEEG monitoring. However,
adjustiment of outcomes for age did not alter the direc-
tion or statistical significance of the survival benefit for
cEEG. Other methods such as propensity score match-
ing®® may reduce this bias, but also may limit the sam-
ple size and statistical powef of the analysis through

( Table 3 Analysis of primary and secondary outcomes

In-hospital mortality, proportion
and logistic regression results

Sample-weighted proportions and means

EEG only (95% CI)
cEEG (95% Cl)
Univariate regressions
Begze (95% Cl)
p Values
Multivariate regressions
Beres (95% CI)

p Values

0.39 (0.37, 0.41)
0.25 (0.23, 0.28)

OR = 0.54 (0.45, 0.64)
<0.001

OR = 0.63 (0.52, 0.76)
<0.001

¥

Total hospital charges, mean
2009 US dollars, and GLM
results as %

$167,300 (147,000, $187,700)
$187,300 ($160,400, $214,400)

12% (—4%, 31%)
0.16

5% (—11%, 23%)
0.58

Length of stay, mean
days and OLS results

18.2d(17.0, 19.5)
20.3d(18.0, 20.3)

21d(-0.3,4.5)
0.08

05d(-1.527)
0.66

Abbreviations: Beeeg = coefficient representing effect of continuous EEG; cEEG = continuous EEG; Cl = confidence interval; GLM = generalized linear
model; OLS = ordinary least squares; OR = odds ratio.
Unadjusted sample-weighted proportions of inpatient mortality and mean hospital charges and length of stay among ventilated patients receiving cEEG
monitoring or routine EEG only (EEG only}; univariate and multivariate associations of discharges reporting cEEG (with routine EEG only as reference
category) in mechanically ventilated patients with in-hospital mortality, percentage of total hospital charges, and length of stay.

2006 =
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[ Table 4 Subgroup analysis

Analysis

Subgroup size (weighted), no.

Subgroup size (unweighted), no.

Univariate logistic regression, OR (95% Cl)

Subgroup association with cEEG (Bsubgroup). p value
Univariate logistic regression, OR (95% ch

Subgroup association with in-hospital death {Bsubgroup) P value
Multivariate logistic regression, OR (95% Cl)

cEEG association with in-hospital death (Bcgeg), subgroup
added as covariate, p value

Multivariate logistic regression, OR (95% Cl)

Neurologic DRG
7,890

1,629
1.45(1.21-1.73)
<0.001

0.78 (0.68-0.89)
<0.001

0.64 (0.52-0.77)
<0.001

0.64 (0.52-0.79)

Epilepsy/convulsions

16,661

3,434

2.26 (1.91-2.69)
<0.001

Q.42 (0.38-0.47)
<0.001

0.71 (0.58-0.87)
0.001

0.70 (0.54-0.91)
0.008

:

Study performed on

day of discharge
1,594

327

0.20 (0.11-0.38)
<0.001

4.3 (3.14-5.95)
<0.001

0.66 (0.55-0.80)
<0.001

0.66 (0.55-0.80)
<0.001

cEEG association with in-hospital death (B.gec), excluding <0.001

subgroup observations, p value

Abbreviations: Bcegg = coefficient representing effect of continuous EEG in regressions; Bsungroup = coefficient representing effect of subgroup in
regressions; cEEG = continuous EEG; Cl = confidence interval; DRG = diagnosis-related group; OR = odds ratio.
Subgroup size, association with cEEG and in-hospital mortality, effect on primary analysis as logistic regression covariate and with subgroup observations

excluded.

exclusion of cases. The robustness of our findings to

multivatiate analysis suggests that selection bias alone is
not responsible for the results of the primary analysis.
Also, comparison of in-hospital survival rates of cEEG
recipients to ICU mortality in patients who did not
receive any EEG at all is beyond the scope of this
study. The general ICU population is enormous rela-
tive to the number of ICU patients receiving cEEG
(approximately 1,000:1 as depicted in the figure), and
multivariate adjustment alone would likely be insuffi-
cient to control for the bias in selection of cEEG.
Lastly, our analysis is limited to adults and cannot be
generalized to the pediatric and/or neonatal ICU pop-
ulation, and because the NIS does not follow patients
longitudinally, the effect of cEEG monitoring after
hospital discharge cannot be tracked in these data.
Limitations aside, our analysis has important im-
plications for clinical care and health care policy.
These results provide further support that cEEG
should be considered for intensive care patients for
whom EEG is indicated. Our results should assist
neurologists in advocating to insurers and policy-
makers that cEEG is a potentially valuable procedure
in mechanically ventilated patients warranting reim-

- bursement policies that preserve its use while the

technology and its applications continue to evolve
and are critically scrutinized. If trends continue, the
proportion of hospitals offering cEEG will continue
to rise, creating increased demand for trained electro-
encephalographers and technologists; if, however,
recent Centers for Medicare & Medicaid Services’
payment changes enacted for other neurophysiologic
tests are applied to cEEG, a potentially consequential
tool for improving ICU survival may be threatened.

Our study demonstrates that in a large, nationalfy*
representative dataset of inpatient discharges between
2005 and 2009, cEEG monitoring in mechanically
ventilated patients was utilized at prodigiously growing
rates, and was significantly associated with in-hospital
survival relative to routine EEG, withetit ¥statisticafly

significant effect on hospital charges. These outcomes

are consistent with earlier analyses and, if confirmed
in well-designed, prospective clinical studies, would
indicate that the use of this emerging technology
should be encouraged by health care policymakers.
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