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Abstract

Background Current guidelines for management of criti-
cally ill stroke patients suggest that treatment in a
neurocritical care unit (NCCU) and/or by a neurointensivist
(NI) may be beneficial, but the contribution of each to
outcome is unknown. The relative impact of a NCCU
versus NI on short- and long-term outcomes in patients
with acute ischemic stroke (AIS), intracerebral hemorrhage
(ICH), and aneurysmal subarachnoid hemorrhage (SAH)
was assessed.

Methods 2,096 stroke patients admitted to a NCCU or
nonneuro ICU at a tertiary stroke center were analyzed
before the appointment of a NI, during the NI’s tenure, and
after the NI departed and was not replaced. Data included
admission ICU type, availability of a NI, age, NIHSS, ICH
score, and 3 and 12 month outcome.

Results  For AIS, compared to the time interval with a NI,
departure of the NI predicted a worse rate of return to pre-
stroke function at 3 months. For ICH, NCCU treatment
predicted shorter ICU and hospital LOS but had no effect
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on short- or long-term outcomes. No effect of a NI was
seen. For SAH, availability of an NI (but not an NCCU)
predicted improved outcomes but longer ICU LOS. Dis-
position and in-hospital mortality improved when a NI was
present, but continued improvement did not occur after the
NI’s departure.

Conclusion Presence of an NI was associated with
improved clinical outcomes. This effect was more evident
in patients with SAH. Patients with ICH tend to have poor
outcomes regardless of the presence of a NCCU or a NI
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Introduction

Over the past several decades, ICUs designed to focus on
critically ill neonatal, trauma, burn, cancer, neurologic,
surgical, and post-operative cardiac patients have become
increasingly widespread. Staffed by physicians and nurses
whose training emphasizes unique aspects of the disease
process, some specialized ICUs have been shown to
decrease mortality, reduce length of stay (LOS), and
improve discharge disposition [1]. However, building and
staffing multiple small ICUs is costly, as the hospital must
“forgo the economies of scale that would have been pro-
vided by a single large ICU” [1]. Hospitals thus require
solid evidence that specialized ICUs improve clinical
outcomes and efficiently use healthcare resources.

In many hospitals, critically ill neurologic patients are
now managed by neurointensivists (NIs). Since 2007,
board certification in Neurocritical care has been offered by
the United Council for Neurologic Subspecialties (UCNS).
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Currently, in order to become a board-certified NI 2 years
of fellowship training in an UCNS-accredited program
must follow residency. The NI is responsible for the
interface between the brain and other organ systems in the
setting of critical illness, managing both neurologic injury
and any associated medical problems.

In critically ill stroke patients, the utility of a designated
NCCU is unknown. Formal recommendations regarding
NCCU use are lacking [2]. For acute ischemic stroke
(AIS), current guidelines strongly advise admission to
specialized stroke units. The 2005 Brain Attack Coalition
(BAC) consensus statement recommended that compre-
hensive stroke centers have an ICU available for AIS
patients, but states that presence of a dedicated NCCU and/
or a formally trained NI is “desirable but not required” [3].
For deteriorating patients, the BAC recommends transfer to
facilities with neurosurgical expertise, but does not men-
tion preference for hospitals with a designated NCCU. For
spontaneous intracerebral hemorrhage (ICH), the American
Stroke Association guidelines call for admission to an ICU
but do not advise for or against treatment by an NI or
NCCU [4]. For aneurysmal SAH patients, the American
Heart Association/American Stroke Association guidelines
suggest early referral to high-volume centers that have
experienced cerebrovascular surgeons and endovascular
specialists, but again do not mention ICU preference or
advocate for specialized NI care [5].

Following the BAC consensus, three retrospective
studies have provided evidence that NIs and NCCUs
improve outcome in critically ill stroke patients [6-8]. All
reported a positive association between NCCU/NI and
decreased hospital LOS, and two reported improved dis-
charge disposition as well. However, both short- and long-
term mortality rates remained unchanged in all three
studies, and post-discharge functional outcomes were not
assessed. These findings contradict an earlier, larger ret-
rospective study which found that ICH patients treated in
an NCCU had a lower in-hospital mortality rate but a
longer length of stay compared to those treated in a non-
neuro ICU [1].

Existing research has been limited by lack of long-term
follow-up and confounders such as general advances in
clinical medicine during the time after which NI care was
introduced. Current studies also fail to distinguish whether
active management by a NI or simply the existence of an
NCCU are responsible for the improved outcomes. The
popular but mostly untested hypothesis is that NIs and
specialized support staff provide superior prevention and
management of post-stroke complications; institution of
potentially neuroprotective protocols for normothermia,
glycemic control, and blood pressure management; place-
ment and interpretation of advanced neuromonitoring
techniques and early identification and subsequent expert
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management of cerebral edema and brain herniation
[6, 8, 9].

The goal of this study was to evaluate the effect of the
arrival of a NI on AIS, ICH, and SAH outcomes in a semi-
closed NCCU at a tertiary university affiliated hospital. To
clarify whether the presence of a NI or the NCCU setting in
general that potentially improves stroke outcome, we
assessed stroke outcomes in the NCCU versus other ICUs
(MICU/SICU/CCU). To control for general advances in
medicine over time, we compared stroke outcomes before
the arrival of a NI, during the presence of an NI, and after
his departure from the hospital (he has not yet been
replaced).

Materials and Methods

Data were extracted from an IRB-approved registry
maintained by the Stroke Center at Hartford Hospital. The
registry was begun in May 2001 for patients with acute
ischemic stroke but was expanded to include hemorrhagic
strokes in January 2003. The current study included
patients from January 2003 through January 2011. Clinical
data for the registry were abstracted from patient charts and
discharge documentation and entered into a Microsoft
Access database during or shortly after the hospital stay by
a trained nurse and data analyst. Pre-morbid and admission
functional status data were collected prospectively from
patients and/or their relative proxies during their stay and
follow-up data for functional outcomes were collected by
telephone interview by trained staff at 3 and 12 months.
Data were extracted and analyzed using SPSS version 14.

Study Population

Applying inclusion criteria of primary diagnosis of AIS,
ICH, or SAH with treatment in the ICU resulted in a study
sample of 2,096. Excluded were all patients with a diag-
nosis of transient ischemic attack (TIA) or stroke rule-out
or who were not admitted to an ICU. For patients with
more than one qualifying admission, the study sample
included only their first admission in order to avoid within-
subjects comparisons.

Structure of the NCCU During the Study Period

The study facility was a tertiary regional teaching hospital
and primary stroke center certified by JACHO with a Level
One Trauma Center. The catchment area included central
Connecticut, eastern New York and western Massachu-
setts. The NCCU was established in 1979, and consists of
an 18-bed unit that houses most neurology and neurosur-
gical patients requiring critical care. The NCCU follows a
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“semiclosed” model, with a primary team consisting of
Advanced Practice Practioners (physician assistants and
acute care nurse practitioners responsible for 24 h patient
care), nurses and respiratory technicians. A critical care
physician serves as the attending physician during daytime
hours, with different critical care physicians rotating
through on a weekly basis. Until the NI was hired, all of the
attending physicians were board-certified surgical critical
care specialists. The primary admitting services—neurol-
ogy, neurosurgery, trauma, and surgery—round on their
patients daily and coordinate with the critical care team
that carries out daily care and management. In 2003, two
interventional neuroradiologists joined the staff, allowing
for the performance of procedures including intra-arterial
tPA, aneurysm coiling for patients with SAH, and
mechanical thrombolysis.

In August 2005, a NI was recruited who spent 20 weeks
per year on service full-time in the NCCU. Numerous
changes occurred in the NCCU during the NI's tenure. An
intensive educational program for nurse practitioners
regarding specific neurocritical care issues was established.
For the management of increased ICP, a step-wise protocol
that included hypertonic saline as an option was intro-
duced. Protocolized guidelines (e.g. DVT prophylaxis,
death by neurologic criteria) were adapted to the unique
issues of the NCCU—for example, timing of heparin ini-
tiation after ICH—and were rigorously adhered to by
NCCU staff. Guidelines for the management of aneurysmal
SAH and vasospasm were also followed closely. Advanced
neuromonitoring (i.e. cerebral oxymetry) was introduced
shortly after his arrival. Previously established goal sheets
(i.e. bundles) for reduction in ventilator-associated pneu-
monia and central line associated bloodstream infections
were also adapted to the NCCU and monitored daily for
compliance. In June 2010, the NI departed and has not yet
been replaced by a trained NI. The arrival and departure of
the NI, thus, creates three time periods in the treatment of

Ischemic

Stroke
(N=1242)

Hemorrhagic

Stroke

patients: pre-NI (2003-2005), NI (2005-2010), and post-
NI (2010-2011). Patients were also categorized as having
been treated in the NCCU or a nonneuro ICU (specifically
medical, surgical, and cardiac ICU). These events and
locations are summarized in Figs. 1 and 2, which also
provide the number of patients for each type of stroke,
treated in each ICU, during the three time periods.

Study Design and Data Collection

These naturally occurring events allowed for several
approaches to the analysis of process and outcomes. The
initial analysis compared patients first treated in NCCU with
those first treated in the nonneuro ICUs. Second, the role of
the NI was highlighted by comparing patients treated in the
NCCU during the tenure of the NI to patients treated without
an NI, in the NCCU before and after his tenure and in the
nonneuro ICUs during the entire time period. A comparison
of the three time periods within the NCCU provided the
opportunity to explore whether any changes that occurred
during the time period with a NI were sustained after his
departure. Finally, a look at changes over these time periods
in both the neuro and nonneuro ICU, where no similar per-
sonnel changes occurred, attempted to control for general
improvements in stroke care during this 8 year time period.
These univariate analyses were supplemented by multivar-
iate approaches looking simultaneously at type of unit,
presence of NI, etc. All analyses were done independently
for the three stroke types.

For all included subjects, the following predictor vari-
ables were extracted: demographics (age, gender, and
race), stroke type, source of admission, stroke severity on
admission (measured via NIHSS, ICH score and Hunt/Hess
score for AIS, ICH, and SAH, respectively), presence/
absence of intraventricular hemorrhage (IVH), receipt of
tPA (in AIS), modified Barthel Index (a measure of
patient’s functional status as defined by ability to perform

Subarachnoid
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l Neuro ICU [ Other ICU ] [Neuro ICU ] [ Other ICU ] [ Neuro ICU | | Other ICU ]
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Fig. 1 Study design
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Fig. 2 Time period analysis study design

activities of daily living [10]) pre-admission and on
admission, the type of ICU, and whether or not they were
managed by a NI. Outcome variables included length of
stay (LOS) in the ICU, LOS in the hospital, mortality in-
hospital and at 3- and 12-month follow-up, location of
discharge (home with/without services, acute/sub-acute
rehabilitation, skilled nursing facility, hospice or death),
medical complications during hospitalization, NIHSS on
discharge (for ischemic strokes), and modified Barthel
Index (MBI) at 3- and 12-month follow-up. Complications
examined were selected based on prior research identifying
the most common complications in ICU patients [11].

Statistical Methods

For the univariate analyses of type of ICU and presence of
NI, categorical variables such as gender, race and pre-
stroke living situation, mortality and discharge destination,
were analyzed with chi-square tests of proportions; con-
tinuous variables, such as age, hospital and ICU length of
stay (LOS), and functional outcome scales were analyzed
with independent group #-tests. For the comparison of the
time points within the NCCU, a one-way analysis of var-
iance (ANOVA) was conducted for all continuous
variables; chi-square tests of proportion were still used for
the categorical variables. A factorial two way ANOVA
included the nonneuro ICU patients and focused on the
interaction effects of time period and ICU to again high-
light the presence of the NI for study. Multivariate analyses
included linear regression for continuous outcomes and
logistic regression for all dichotomous variables. To correct
for a strong positive skew and better meet the assumptions
for parametric analysis, LOS data were transformed to their
logarithmic value prior to analysis. In addition, all LOS
analyses were repeated excluding the subpopulation of
patients who died during hospitalization or were dis-
charged to hospice, in order to avoid mislabeling early
withdrawal of care as a short hospital stay.
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Results

Of the 2,096 stroke patients who met eligibility criteria, there
were 1242 AIS patients, 491 ICH patients and 363 SAH
patients. Tables 1, 2, and 3 show patient demographics for
AIS, ICH, and SAH, respectively. The mean age was
68.8 = 15.6 for AIS, 63.8 &+ 15.9 for ICH, and 54.8 £+ 14.0
for SAH. AIS patients did not differ demographically across
groups. For ICH, only source of admission differed signifi-
cantly. However, because these two groups had no difference
in pre-admission MBI (a better proxy for pre-morbid func-
tional status), differing admission source was not considered
a confounder. For SAH, the only demographic difference
was that NI-treated patients had a significantly lower MBI on
admission. However, Hunt and Hess scores did not differ,
indicating that the patient groups were equally impaired at
time of admission.

Ischemic Stroke

Table 4 shows outcomes of the univariate analysis for AIS
patients. Patients treated in the NCCU or by an NI had lower
in-hospital mortality, better discharge disposition, and
shorter hospital LOS compared to controls. When LOS data
were re-analyzed excluding the subpopulation who died
during hospitalization or were discharged to hospice, this
finding remained significant. However, neither the presence
of an NI nor an NCCU significantly improved NIHSS on
discharge (a surrogate marker of functional status). In con-
trast, treatment in the NCCU (but not by an NI) was
associated with better long-term outcomes compared to
controls: cumulative mortality was lower for NCCU patients
at 3 and 12 month follow-up, and their functional status
(MBI) at 3 months was also significantly better.

In subsequent multivariate analysis, after adjusting for
covariates (age, NIHSS on admission, and receipt of tPA),
the short-term outcome improvements on LOS and in-
hospital mortality disappeared. However, treatment with a
NI predicted good outcome at 3 month follow-up. This is
specific to NI care, as treatment in any ICU (including the
NCCU) in the post-NI period predicted significantly lower
rates of return to pre-stroke MBI (OR 0.165, 95% CI
0.032-0.850, P = 0.031) compared to AIS patients treated
by a NI

For the time period analysis of AIS outcomes in the
NCCU before, during and after an NI, race was a con-
founder (P = 0.038). For ICU LOS, there was a trend
toward shorter ICU stay in the NI period compared to the
pre-NI period (P = 0.064) but there was no change in LOS
after the NI departure suggesting this measure is not
influenced by specific NI care. No differences over the time
periods were seen in any other short- or long-term
outcomes.



Neurocrit Care (2012) 16:63-71 67
Table 1 Ischemic Stroke Demographics
Variable Total N = 1,242 Analysis 1 Analysis 2
NCCU Other ICU Pvalue NI(N=507) NoNI P value
(N = 683) (N =559) (N =735)
Age years, mean (s.d.) 68.8 £ 15.6 67.9 £ 16.2 69.8 £ 14.8 0.33 68.0 £ 159 69.3 £ 153 0.159
Sex
Male (%) 643 (51.8) 345 (50.5) 298 (53.3) 0.326 262 (51.7) 381 (51.8) 0.956
Female(%) 599 (48.2) 338 (49.5) 261 (46.7) 245 (48.3) 354 (48.2)
Race 0.145
Caucasian (%) 985 (79.4) 551 (80.7) 434 (77.8) 410 (80.9) 575 (78.3) 0.098
African American (%) 97 (7.8) 57 (8.3) 40 (7.2) 39 (7.7) 58 (7.9)
Asian (%) 6 (0.5) 304 3 (0.5) 1(0.2) 5(0.7)
Latino (%) 96 (7.7) 41 (6.0) 55(9.9) 29 (5.7) 67 (9.1)
Pacific Islander (%) 57 (4.6) 31 4.5) 26 (4.7) 28 (5.5) 29 (4.0)
Source of admission 0.21
Home 1080 (91.7) 597 (92.4) 483 (90.8) 444 (92.9) 636 (90.9) 0.735
Home with services 16 (1.4) 13 (2.0) 3 (0.6) 6 (1.3) 10 (1.4)
Assisted living 26 (2.2) 10 (1.5) 16 (3.0) 8 (1.7) 18 (2.6)
ECF or SNF 44 (3.7) 18 (2.8) 26 (4.9) 15 (3.1) 29 (4.1)
Acute rehab (Non Stroke) 12 (1.0) 8 (1.2) 4 (0.8) 5 (1.0) 7 (1.0)
NIHSS at admission 13.13 £ 7.33 12.53 £ 7.41 0.198 13.18 + 7.38 12.65 £7.35 0.25
MBI pre-admission 19.24 £+ 2.10 19.20 £226 1929 £2.02 0.579 193 £22 192 £22 0.394
MBI at admission 10.07 £ 7.41 9.92 £+ 7.56 10.29 £ 7.26  0.489 9.8 £7.7 103 £ 7.2 0.408
Table 2 Intracerebral hemorrhage demographics
Variable Total NCCU Other ICU P value NI (N = 251) No NI P value
(N =491) (N = 345) (N = 146) (N = 240)
Age years, mean (s.d.) 63.8 £ 159 63.7 £ 16.2 64.1 £ 153 0.769 63.5 £ 16.6 64.1 £ 15.1 0.678
Sex
Male (%) 263 (53.6) 185 (53.6) 78 (53.4) 0.968 133 (53.0) 130 (54.2) 0.794
Female (%) 228 (46.4) 160 (46.4) 68 (46.6) 118 (47.0) 110 (45.8)
Race
Caucasian (%) 358 (72.9) 254 (73.6) 104 (71.2) 0.597 184 (73.3) 174 (72.5) 0.993
African American (%) 42 (8.6) 26 (7.5) 16 (11.0) 20 (8.0) 22 (9.2)
Asian (%) 8 (1.6) 7(2.0) 1 (0.7) 4 (1.6) 4 (1.7)
Latino (%) 62 (12.6) 44 (12.8) 18 (12.3) 32 (12.7) 30 (12.5)
Pacific Islander (%) 21 (4.3) 14 (4.1) 7 (4.8) 11 (4.4) 10 (4.2)
Source of admission
Home 437 (89.0) 307 (94.2) 130 (94.2) 0.128 224 (93.3) 213 (95.1) 0.031
Home with services 1(0.2) 1(0.3) 0 (0) 1(0.4) 0 (0)
Assisted living 6 (1.2) 5 (1.5) 1 (0.7) 5(2.1) 1(0.4)
ECF or SNF 10 (2.0) 9 (2.8) 1(0.7) 8 (3.3) 2 (0.9)
Acute rehab (nonstroke) 10 (2.0) 4 (1.2) 6 (4.3) 2 (0.8) 8 (3.6)
ICH score at admission 1.71 £ 1.12 1.74 £ 1.33 0.884 1.7 £ 1.15 1.7 £ 1.25 0.977
MBI pre-admission 19.15 £ 2.66 19.18 £ 2.61 19.06 £ 2.84 0.756 19.1 + 2.6 192 £ 2.7 0.929
MBI at admission 8.30 +£ 7.29 8.12 +£ 7.59 8.85 +£ 6.30 0.724 7.8 +7.6 9.1 £ 6.7 0.143

Bold value indicates significant value (P < .05)
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Table 3 Subarachnoid hemorrhage demographics

Variable Total NCCU Other ICU P value NI (N = 259) No NI P value
(N = 363) (N = 344) (N=19) (N = 104)
Age years, mean (s.d.) 54.8 £ 14.0 54.5 £ 139 61.1 £ 15.1 0.053 542 + 143 56.2 + 13.2 0.229
Sex
Male (%) 135 (37.2) 128 (37.2) 7 (36.8) 0.974 95 (36.7) 164 (63.3) 0.751
Female(%) 228 (62.8) 216 (62.8) 12 (63.2) 40 (38.5) 64 (61.5)
Race 0.716
Caucasian (%) 257 (70.8) 245 (71.2) 12 (63.2) 194 (74.9) 63 (60.6) 0.069
African American (%) 35 (9.6) 32 (9.3) 3 (15.8) 22 (8.5) 13 (12.5)
Asian (%) 2 (0.6) 2 (0.6) 0 (0) 1(0.4) 1 (1.0)
Latino (%) 49 (13.5) 47 (13.7) 2 (10.5) 28 (10.8) 21 (20.2)
Pacific Islander (%) 20 (5.5) 18 (5.2) 2 (10.5) 14 (5.4) 6 (5.8)
Source of admission
Home 346 (95.3) 327 (98.5) 19 (100.0) 0.865 244 (98.8) 102 (100%) 0.354
Home with services 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Assisted living 1(0.3) 1(0.3) 0 (0) 1(0.4) 0 (0)
ECF or SNF 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Acute rehab (nonstroke) 4 (1.1) 4 (1.2) 0 (0) 4 (1.6) 0 ()
MBI pre-admission 19.87 + 0.59 19.87 &£ 0.60 20.0 + 0.00 0.556 19.9 + 0.35 19.7 £ 1.14 0.224
MBI at admission 12.45 £ 7.89 12.44 £+ 7.90 12.71 £+ 8.32 0.929 11.9 + 8.04 147 + 6.8 0.017
Hunt&Hess, mean (s.d.) 2.56 + 1.51* 2.53 + 1.50° 3.13 £ 1.55 0.133 2.49 4+ 1.47° 275 + 1.58¢ 0.193
Bold value indicates significant value (P < .05)
* Nof 281, N of 15, ° N of 213, ¢ N of 83
Table 4 Ischemic stroke: univariate analysis outcomes
Variable Analysis 1 Analysis 2
NCCU Other ICU P value NI (N = 507) No NI P value
(N = 683) (N = 559) (N = 735)
First ICU LOS (days) 4.5 + 6.94 424 +583  0.328% 4.5+ 694 424 +5.83  0.328*

Hospital LOS (days)

11.09 £+ 21.08 11.89 £ 12.95 0.001"

11.09 £ 21.08 11.89 + 12.95 0.001*

Worsened discharge disposition (discharged to higher level 186 (27.5) 202 (37.0) 0 144 (28.6) 244 (33.9) 0.05
of care)

In-hospital death (%) 149 (21.8) 170 (30.4) 0.001 113 (22.3) 206 (28.0) 0.023
Died by 3 month F/U 197 (29.1) 214 (38.6) 0 157 (31.2) 254 (34.8) 0.184
Died by 12 month F/U 217 (32.1) 236 (42.5) 0 176 (35.0) 277 (38.0) 0.282
NIHSS on discharge 590 £625 620+675 0.604 5762 63 + 6.6 0.255
MBI at 3 month F/U 16.23 £ 5.65 15.09 + 6.31 0.026 16.15 £ 5.75 1540 &£ 6.13 0.137
MBI at 12 month F/U 17.26 £ 4.55 16.69 +5.04 0239 1728 £4.63 16.79 +4.89 0.318

Bold value indicates significant value (P < .05)

* Normalized using log transformation, and excluding patients who died/discharge to hospice during hospitalization

Intracerebral Hemorrhage

Table 5 shows outcomes of the univariate analysis for ICH
patients. For patients treated in the NCCU or by an NI, ICU
LOS was significantly longer compared to controls, a dif-
ference that remained when excluding the subpopulation
who died or went to hospice. There were no differences in
any other outcome. In subsequent multivariate analysis,
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after adjusting for covariates (age, ICH score on admission,
and presence of IVH), treatment in the NCCU indepen-
dently predicted shorter ICU and hospital LOS (OR 0.625,
95% CI 0.427-0.915, P = 0.016 and OR 0.649, 95% CI
0.444-0.947, P = 0.025). Thus, the prolonged LOS seen in
initial univariate analysis was likely secondary to NCCU
patients being older and sicker—and thus requiring more
prolonged intensive care—than non-NCCU patients. For
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Table 5 Intracerebral hemorrhage: univariate analysis outcomes
Variable Analysis 1 Analysis 2
NCCU Other ICU P value NI (N = 251) No NI P value
(N = 345) (N = 146) (N = 240)
First ICU LOS (days) 7.56 +£9.28  3.50 +4.54  0.000** 7.56 +9.28  3.50 £ 4.54  0.000*
Hospital LOS (days) 1591 £ 21.28 12.96 £+ 17.36 0.460* 15.91 £ 21.28 12.96 + 17.36 0.460"
Worsened discharge disposition (discharged to higher level 124 (36.6) 57 (39.6) 0.533 85 (34.6) 96 (40.5) 0.177
of care)
In-hospital death (%) 109 (31.6) 50 (34.2) 0.566 77 (30.7) 82 (34.2) 0.409
Died by 3 month F/U 130 (38.0) 57 (39.3) 0.788 94 (37.6) 93 (37.2) 0.71
Died by 12 month F/U 135 (39.5) 59 (40.7) 0.802 99 (39.6) 95 (40.1) 0.913
MBI at 3 month F/U 14.70 £ 6.32  16.13 £4.85 0.131 1493 £ 6.23 1544 £543 0.624
MBI at 12 month F/U 16.01 £ 5.51 16.00 £5.73 0.991 16.52 £ 5.00 14.86 £ 6.53 0.181

Bold value indicates significant value (P < .05)

* Normalized using log transformation, and excluding patients who died/discharge to hospice during hospitalization

the time period analysis for the presence or absence of a NI
for ICH patients, no significant differences in any outcome
measure was seen.

Subarachnoid Hemorrhage

Table 6 shows outcomes of the univariate analysis for SAH
patients. There was a longer ICU LOS in both the NCCU
and NI groups compared to controls, a difference which
remained when excluding the subpopulation who died or
went to hospice. Most notably, treatment by an NI con-
ferred specific benefits that were not seen in treatment in an
NCCU: these included improved discharge disposition,
lower in-hospital mortality or withdrawal of care, and
lower mortality at 3 and 12 month follow-up.

On multivariate analysis, after adjusting for covariates
(age, Hunt & Hess score, and presence of IVH), several
outcome variables showed a main effect of time. Compared

Table 6 Subarachnoid hemorrhage: univariate analysis outcomes

to the during-NI period, treatment in any ICU in the post-
NI period predicted a greater rate of in-hospital mortality or
discharge to hospice (OR 2.206, 95% CI 1.062-4.584,
P = 0.034), worsened discharge disposition (OR 2.455,
95% CI 1.165-5.177, P = 0.018), and shorter ICU LOS
(OR 0.459, 95% CI 0.229-0.917, P = 0.028).

Analysis of SAH outcomes in the NCCU in the pre-,
during-, and post-NI time periods yielded several notable
results. MBI (pre-admission and at admission) was a con-
founder: patients in the “during-NI” period were more
functionally impaired than those in the pre-NI period.
Hospital LOS significantly shortened after departure of the
NI (P = 0.012). Discharge disposition improved over time
(P = 0.002), most dramatically throughout the during-NI
period compared to the pre-NI period. In-hospital mortality
also improved over time (P = 0.003), with the greatest
improvement occurring in the during-NI time period
compared to the pre-NI time period.

Variable Analysis 1 Analysis 2
NCCU Other ICU P value NI (N =259) No NI P value
(N = 344) (N=19) (N = 104)
First ICU LOS (days) 11.55 +10.98 3.74 £ 12.39 0.000* 11.55 £ 10.98 3.74 + 12.39  0.000*
Hospital LOS (days) 17.16 + 16.68 11.68 &+ 1529 0.516* 17.16 £ 16.68 11.68 + 15.29 0.516*
Worsened discharge disposition (discharged to higher level 80 (23.5) 7 (36.8) 0.188 50 (19.6) 37 (35.6) 0.001
of care)
In-hospital death (%) 74 (21.5) 7 (36.8) 0.118 48 (18.5) 33 (31.7) 0.006
Died by 3 month F/U 78 (22.7) 7 (36.8) 0.156 52 (20.1) 33 (31.7) 0.018
Died by 12 month F/U 81 (23.5) 8 (42.1) 0.067 54 (20.8) 35 (33.7) 0.01
MBI at 3 month F/U 1793 £4.54 1771 £2.69 0.899 18.02 £ 1430 17.37 £ 5.44 0.488
MBI at 12 month F/U 18.64 £3.79 19.50 £ 0.58 0.654 18.72 £3.70 18.38 £4.10 0.765

Bold value indicates significant value (P < .05)

? Normalized using log transformation, and excluding patients who died/discharge to hospice during hospitalization
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Discussion

The primary aim of this study was to explore the rela-
tionship between the presence of a NI and outcomes of
AIS, ICH, and SAH. We sought to determine whether
outcomes were affected by the physical presence of a
NCCU and/or the availability of a NI. This is the largest
study of stroke outcomes from NCCU patients to date. It is
also the first study that tracked clinical outcomes in criti-
cally ill stroke patients out to 12 months of follow-up, and
the only study to assess the relative influence of improved
medical care over time (as opposed to NI/NCCU care) on
patient outcomes. Overall, this study suggests that presence
of a NI is associated with improved outcomes in stroke
patients, but the advantages of NCCU or NI care differ
according to stroke type. Patients with SAH were the most
likely to benefit when their care was coordinated by a
neurointensivist.

For SAH patients, treatment during the time period
when an NI was on staff resulted in significantly improved
outcomes (mortality rate and discharge disposition), which
was still present after controlling for possible confounders
(age and Hunt/Hess score). Surprisingly, treatment in a
dedicated NCCU did not confer these same benefits.
Moreover, disposition and in-hospital mortality “leveled
off” after the NI departed, suggesting that this effect was
independent of general advances in medical care over time
and NCCU-specific care. However, outcomes did not
worsen in the post-NI period, which is reassuring. This
could be due to the persistence of systemic changes
introduced by the NI, rather than his physical presence/
personal expertise. Our ICU model—a community hospital
setting where the nurse practitioners and physician assis-
tants responsible for primary bedside care were initially
trained by an NI and effectively maintained better out-
comes after his departure—could represent a more cost-
effective way of bringing the benefits of subspecialist care
to a larger segment of society. However, this data will have
to be followed closely, as our results could simply be an
effect of the small sample size and low power in the post-
NI cohort. As more SAH patients are treated without a NI,
but with otherwise similar services (NCCU, neurosurgery,
interventional neuroradiology, with equivalent SAH vol-
ume), if outcomes worsen, this would have important
implications for the development of recommendations for
NI expertise at all sites treating SAH patients. A follow-up
study is planned for next year that will include a minimum
of 18 months of post-NI data, and perhaps longer
depending on recruitment of a new NI.

Although SAH patients enjoyed improved outcomes
with an NI, they also required greater resource utilization:
departure of the NI resulted in significantly shorter ICU
LOS in the multivariate analysis, and shorter hospital LOS
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in the time cohort analysis. This contradicts an earlier
study, which found that NI co-management of an NCCU
with neurosurgery decreased LOS in SAH patients [8].
This may be partially attributable to our inability to control
for functional status pre-stroke and on admission: although
NI-treated patients had worse MBI on admission compared
to controls, missing data made it too difficult to use MBI as
a covariate in the multivariate analysis.

In contrast to SAH, availability of an NCCU or NI
conferred only small benefits to AIS patients, and no
benefit at all to ICH patients. For AIS, patient character-
istics (age, NIHSS on admission, and receipt of tPA) were
the only predictors of stroke outcomes, with one exception:
return to pre-stroke MBI at 3 month follow-up was sig-
nificantly worse in the post-NI period. However, the latter
finding must be approached with caution, as many patients
were lost to follow-up and a survival bias could skew these
results. For ICH, outcomes were also largely unaffected by
type of ICU or specialty of the treating physician, and were
the poorest of the three cohorts, consistent with previous
studies [12, 13].

It is not surprising that SAH patients benefited from
availability of a NI, while AIS and ICH patients generally
did less so or not at all. SAH represents a disease at the
intersection of neurologic and neurosurgical illness, where
coordination and collaboration of healthcare teams may be
most crucial. Since NIs are often trained in bedside pro-
cedures such as insertion of ICP monitors and EVDs, they
can provide close monitoring and early intervention for
cerebral edema and hydrocephalus that often arise in SAH
patients without requiring immediate access to a neuro-
surgeon. Future analyses should explore this hypothesis,
asking: what specific qualities of a NI are responsible for
better SAH outcomes? As mentioned, one theory is that
NIs improve rates of post-stroke complications. Compli-
cations were initially collected in this study, but ultimately
excluded from analysis due to lack of inter-rater reliability
(there were no clear criteria for what qualified as a com-
plication worthy of entry into the database). This is a good
topic for future exploration. Future analyses should also
examine the role of specific NI-introduced procedures and
protocols on SAH outcomes. Did bedside procedures—
e.g., ICP monitor use, extraventricular drain (EVD inser-
tion), transcranial doppler, and continuous EEG—increase
with arrival of a NI? Did they decrease after his departure,
or were they continued by the practitioners that he trained?
Most importantly, did these procedures contribute to better
SAH outcome?

Our study has several limitations and the data should be
interpreted with these in mind. This was a single-center
retrospective study, so causal relationships between NCCU/
NI presence and improved stroke outcome cannot be
definitively proven. Additionally, as only 6 months of data
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were available in the post-NI cohort, the small number of
patients precludes detailed analysis of outcomes after SAH
in this cohort. Continued data collection will improve the
power of future studies. It is also likely that a “lag phase”
exists for any improved outcomes that were secondary to
the NI's arrival, which may have minimized the impact of
the NI in AIS and ICH. Indeed there may also be a “lag
phase” from his departure, and outcomes could conceivably
worsen over the next year, again stressing the importance of
performing a follow-up study in the future. Possible chan-
ges related to outcomes that occurred during the NI's “off-
service weeks” could also not be determined, due to the
complexity of determining the patient sample (as some
patients were in the NCCU for several weeks, some with the
NI and some without the NI as the primary attending). As
the NI also performed consults and led the stroke team on
off service weeks, it is likely that his physical presence
encouraged compliance with protocols, but this cannot be
definitively shown in this study. Retrospective analyses
may also be subject to inherent bias. However, much of the
information, including in-hospital and long-term mortality,
LOS, stroke severity measures (NIHSS, ICH score, and
Hunt/Hess score), and functional status (MBI) at admission
and follow-up, was obtained from a prospectively collected
database and is consistent with previous literature [1, 6-8,
14, 15]. In addition, factors that influence outcome after
stroke (i.e., NIHSS or ICH score, age, sex, time to treat-
ment, and medical complications) were included in our
multivariate analysis. Using the three time periods and
comparing between ICU types allowed us to rule out
improvements in general medical care over time, which has
been impossible in earlier studies.

It is clear from this study that factors that influence
outcomes in critically ill stroke patients are complex and
multifactorial, and are often more related to patient factors
than the specifics of their ICU care. This work suggests that
the NCCU improves outcomes for AIS patients, and the
presence of a NI improves outcomes specifically in SAH
patients. As evidence that the availability of a trained NI
improves outcome in critically ill stroke patients need for
this specialized physician will continue to rise.
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