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Abstract

Goals—We sought to determine whether a quantitative neurocheck biomarker could characterize 

the temporal pattern of early neurologic changes after intracerebral hemorrhage (ICH), and the 

impact of those changes on long-term functional outcomes.

Methods—We enrolled cases of spontaneous ICH in a prospective observational study. Patients 

underwent a baseline Glasgow Coma Scale (GCS) assessment, then hourly neurochecks utilizing 

the GCS in a neuroscience intensive care unit. We identified a period of heightened neurologic 

instability by analyzing the average hourly rate of GCS change over 5 days from symptom onset. 

We used a multivariate regression model to test whether those early GCS score changes were 

independently associated with 3 month outcome measured by the modified Rankin Scale (mRS).

Results—We studied 13,025 hours of monitoring from 132 cases. The average rate of neurologic 

change declined from 1.0 GCS points per hour initially to a stable baseline of 0.1 GCS points per 

hour beyond 12 hours from symptom onset (p<0.05 for time intervals before 12 hours). Change in 

GCS score within the initial 12 hours was an independent predictor of mRS at three months (odds 

ratio 0.81 [95% confidence interval 0.66–0.99], p=0.043) after adjustment for age, hematoma 

volume, hematoma location, initial GCS, and intraventricular hemorrhage.

Conclusions—Neurochecks are effective at detecting clinically important neurologic changes in 

the intensive care unit setting that are relevant to patients’ long-term outcomes. The initial 12 

hours is a period of frequent and prognostically important neurologic changes in patients with 

ICH.
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Introduction

Detecting and treating neurologic complications is an important component of critical care 

for severe neurologic and neurosurgical conditions. Neurochecks, which are brief neurologic 

assessments performed repeatedly to monitor neurologic status, are a key component of 

neurocritical care practice for ischemic and hemorrhagic stroke, and may contribute to the 

superior outcomes associated with the care of neurologic conditions in neuro-specialized 

units.(1–4) Despite their widespread use, there is very little research to validate the use of 

neurochecks as a monitoring modality and biomarker of brain function, although some data 

indicate they affect major care decisions.(5) Optimizing the practice of neurologic 

monitoring in the intensive care unit first requires validating the efficacy of a modality, then 

comparing different approaches. We sought to establish the practice of neurologic 

monitoring with neurochecks by evaluating two biomarker characteristics: the ability to 

detect real-time changes in physiologic function, and confirmation that the changes detected 

were clinically meaningful.

We chose the Glasgow Coma Scale (GCS) as our model neurocheck because of its 

familiarity, favorable inter-rater reliability, widespread use, and its adoption by the 

American Heart Association/American Stroke Association and the Joint Commission as a 

core data element for patients with brain hemorrhage.(6) We chose intracerebral hemorrhage 

(ICH) as a model disease for this study because it is known to be a dynamic process of brain 

injury with a high rate of early neurologic deterioration.(7, 8) Complications like hematoma 

growth and delayed intraventricular hemorrhage are common early in the disease course, are 

associated with worse long term outcomes, and may be amenable to emergent interventions.

(9, 10) The objective of this study was to determine whether the GCS was useful as a 

monitoring biomarker to detect early neurologic changes after intracerebral hemorrhage, and 

to test whether the early neurologic changes detected were relevant to long-term functional 

outcomes.

Materials and Methods

Patients presenting to Northwestern Memorial Hospital with spontaneous ICH between 

January 2010 and August 2013 were prospectively enrolled in an observational cohort study. 

All cases were diagnosed by a board-certified vascular neurologist or neurointensivist 

utilizing CT and/or MR imaging. Patients with ICH attributed to trauma, hemorrhagic 

conversion of ischemic stroke, structural lesions or vascular malformations were excluded. 

All patients were admitted to a neuro/spine-intensive care unit (NSICU) with a standard 

order set in the electronic order entry system. The GCS score was prospectively recorded at 

the time of initial evaluation by a trained neurologist and/or neurosurgeon.

Demographic information, medical history, medication history, standardized clinical 

instruments (GCS, pre-ICH modified Rankin Scale [mRS]), pretreatment blood pressure, 

laboratory data, imaging data, medical management variables, surgical interventions and 

medical complications were prospectively recorded. A certified examiner independent of the 

primary clinical team recorded the mRS at 14 days or discharge, whichever came first, and 

ascertained the mRS prospectively at 28 days and 3 months with a validated questionnaire.
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(11, 12) Hematoma volumes were measured on industry standard DICOM images from both 

referring hospitals and ours using Analyze software (Mayo Clinic, Rochester, MN) with a 

semiautomated process, a technique with high reliability that has been used as an endpoint in 

other ICH studies, as we have previously described.(13)

Neurologic Examination Surveillance (Neurocheck Biomarker

The NSICU was staffed with registered nurses with additional training and certification in 

neuroscience nursing, and structured, specific training in the administration of standardized 

neurological examination instruments, including the GCS. Our NSICU surveillance 

protocol, as previously reported in detail, included serial neurologic examinations 

(neurochecks) using the complete GCS performed by a neuroscience nurse on admission to 

the NSICU and hourly thereafter throughout the entire stay in the intensive care unit.(5) 

Beginning in December 2009, the neurocheck results were populated into the electronic 

medical record in real time with other standard vital signs. To emphasize the requirement for 

complete and independent assessments, copying forward of assessments entered by nurses 

from a prior shift is not allowed in the electronic medical record.

Analyses

For this analysis, we utilized the GCS neurochecks as our model for a simple neurocheck 

biomarker, given its widespread use in characterizing initial clinical severity in patients with 

acute intracranial hemorrhages. We queried all available GCS assessments and evaluated 

each patient for a change between the initial admission GCS and each subsequent hourly 

neurochecks performed in the NSICU for every hourly interval with available data between 

symptom onset and 168 hours (5 days) from onset.

Identifying a Period of Heightened Neurologic Instability—To test whether the 

neurologic changes detected were related to outcomes, we needed to select an observation 

interval. We sought to empirically identify a hyperacute period of neurologic fluctuations to 

define a meaningful observation interval. The goal of the first analysis was to determine 

whether the incidence of neurologic changes varied by time in such as way that an early 

period of increased instability could be identified. We defined time zero as the time of 

symptom onset, which was determined by patient interview, surrogate reporting, emergency 

medical services reporting, and any other reliable source of collateral information. We 

defined a neurologic change as any difference between the current hour GCS and the most 

recently previously recorded GCS. Thus, patients were not included in the analysis until they 

had undergone at least two GCS assessments. To account for different delays in hospital 

arrival and NSICU admission, and different lengths of ICU stay, we calculated a normalized 

rate of neurologic change during each time interval by dividing by the number of hours of 

monitoring completed within the time interval. We used the result of this analysis to identify 

the period of greatest symptomatic fluctuation by identifying the time point when the 

detected rate of neurologic change was no longer significantly greater than for subsequent 

time periods.

Assessing the Clinical Impact of Early Neurologic Changes—To address the main 

hypothesis that the GCS changes were markers of change relevant to patient outcomes, we 
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calculated the total change in GCS score observed for each patient over the early instability 

period identified in the first analysis (which we found to be 12 hours). Thus, the early 

neurologic change was the GCS score at 12 hours after symptom onset minus the GCS score 

at the time of initial assessment. Patients who presented late and did not undergo at least two 

GCS assessments within 12 hours of symptom onset were necessarily excluded for lack of 

data. We evaluated the early change in GCS alongside the five variables that comprise the 

ICH Score (initial GCS, hematoma volume, age, infratentorial versus supratentorial 

hemorrhage location, and presence of intraventricular hemorrhage) as independent variables 

in an ordinal regression model, using the modified Rankin Scale (mRS) at three months as 

the dependent variable, to determine whether the early change in GCS was independently 

associated with long term outcomes. The ICH Score is a widely used measure of ICH 

severity based on admission characteristics that has been validated as a predictor of early 

mortality and long term outcomes after ICH.(14, 15) We used an ordinal regression model to 

analyze the mRS because of its superior sensitivity compared to dichotomized outcomes.

(16) The test of parallel lines was used to confirm that the model conformed to the 

proportional odds assumption for a valid ordinal regression model. We also tested for 

associations between potential severity confounders (ICH Score and initial GCS), inclusion 

into the study cohort (by having at least two GCS measurements within the 12 hour initial 

period) using with Wilxocon rank sum test and duration of ICU monitoring using 

Spearman’s rho.

The study was approved by the Institutional Review Board (IRB). Written informed consent 

was obtained from the patient or their legally authorized representative. The IRB approved a 

waiver of consent for patients who died during initial hospitalization, or who were 

incapacitated and for whom a legal representative could not be located.

Results

Early Instability Period Identified

There were 132 patients in the cohort with 13,025 hours of monitoring available for 

analysis. Basic demographic and clinical characteristics are shown in Table 1. The rate of 

GCS changes detected per hour of monitoring and the number of cases found to have GCS 

changes per hour of monitoring are summarized graphically in Figure 1. The rate of clinical 

exam change detected by GCS was initially 1.0 GCS points per hour of monitoring, and 

diminished rapidly over the first hours to a baseline of approximately 0.1 GCS points per 

hour beyond 12 hours from symptom onset. From a case-based perspective, the rate of 

neurologic change was 0.35 cases with GCS changes per hour monitored within the first 

three hours, settling to a rate of 0.04 cases with neurologic change detected per hour beyond 

12 hours. There was no significant difference in the rate of neurologic changes detected in 

the intervals beyond 12 hours, whereas the rate of change detection diminished significantly 

over every three hour interval in the first 12 hours (0– 3 hr vs 3–6 hr, 3–6 hr vs 6–9 hr, and 

6–9 hr vs 9–12 hr all p<0.05). Thus, we defined the early instability period of ICH for this 

analysis as the time between symptom onset and 12 hours after onset.
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Clinical Impact of GCS Changes During the Early Instability Period

Some of the 132 patients arrived late, were transferred from other hospitals, or remained in 

the emergency department where neurochecks were not electronically recorded. There was 

an admission GCS and at least one follow up GCS assessment performed on 92 of the 132 

patients (70.0%) within the 12 hour early instability period. These 92 patients were used to 

analyze the impact of early neurologic changes on outcome. We explored the possibility that 

there was a difference in important disease characteristics between the patient in our primary 

analysis and the patients without at least two data points during the initial 12 hours. There 

was no difference in baseline severity by ICH Score or initial GCS between the 92 patients 

who had at least two GCS measures within the first 12 hours and were included in the 

outcome analysis versus the 40 patients who were admitted late and therefore did not. 

Furthermore, there was no significant association between initial severity and the duration of 

ICU monitoring up through the first five days due to late arrival or early ICU discharge (all 

p>0.05).

No change was observed during the early instability period in 43 (47%) patients, 24 (26%) 

improved from baseline and 25 (27%) worsened. When the early change in GCS score was 

included in a multivariate model with the other five ICH Score variables, early neurologic 

change was found to be an independent predictor of functional outcomes at three months as 

measured by the modified Rankin Scale (adjusted odds ratio 0.81 [95% confidence interval 

0.66–0.99], p=0.043). The results of the multivariate model are summarized in Table 2.

Discussion

Recent research has shown that neuromonitoring with serial neurologic exams and 

neuroimaging in the ICU setting meaningfully impacts the care of patients with ICH once 

the period of initial emergency department evaluation has been completed.(5) These efforts 

are resource intensive, and optimizing our monitoring efforts requires knowing when the 

risk of neurologic change is greatest. In this study, we utilized trained critical care nurses to 

administer and record the GCS hourly on patients with acute ICH and found that the first 12 

hours after symptom onset defines a period of significantly greater neurologic instability. 

Further, the neurologic changes that occur in those first hours are strongly associated with 

long term outcomes measured by the mRS. Thus, we demonstrate that simple bedside 

neurochecks are a monitoring technique that detects meaningful clinical changes relevant to 

functional outcomes.

There are few data describing early neurologic changes after severe neurologic injuries, 

regardless of how the early period is defined or described. Again using ICH as a 

representative example, while several studies have reporting some objective measure of 

early neurologic change or deterioration after ICH, only two described patient outcomes. 

One study of 46 patients reported a higher case fatality in those with neurologic 

deterioration, but did not assess whether the effect was independent of other admission 

variables, given that, for example, initial hematoma volumes were nearly triple in size 

among patients who deteriorated.(17) Another series of 61 cases reported that discharge 

scores on a modified GCS were worse for patients with neurologic deterioration, but 

likewise did not assess whether deterioration was independently associated with outcomes.
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(18) There is scant data to characterize the early course of most other acute neurologic 

conditions as well, likely hampered by the ability to capture frequent, quantified assessments 

of neurologic function. Likewise, there is little if any previously published data on the role 

of early improvement, although our data supports the intuitive conclusion a favorable 

response to early resuscitation is important and may have an enduring impact on outcome.

Despite the novelty of the data presented here, there are limitations worth noting. 

Confirming that the changes we detected meaningfully associated with functional outcomes 

required that we chose an observation interval. We attempted to make the time interval 

selection as objective as possible by studying the rates of neurologic fluctuation and 

choosing the interval of clear early instability. By using the total interval change within the 

early period as our analysis variable, fluctuations within the early period, like symptomatic 

hydrocephalus improved by ventriculostomy, would not be captured. Neurochecks 

performed in the emergency department were not recorded, which limits our ability to do 

such an analysis. Our approach, however, has the benefit of including less GCS change 

“noise” due to single point fluctuations that average out with a cross-sectional 12 hour 

approach. Our results compare accurately with other recent studies. For example, using the 

INTERACT2 definition of neurologic deterioration as a decline of 2 or more points on the 

GCS, our results are similar to the recently reported INTERACT2 trial (16.3% in our cohort 

within 12 hours, 14.8% in INTERACT2 within 24 hours), especially in light of the fact that 

the large majority of change takes place early in the instability period.(19) Finally, while the 

GCS has high inter-rater reliability and is thus well suited for a proof-of-concept study such 

as this, it is very limited in scope. In practice, more comprehensive neurochecks are needed 

to avoid missing important neurologic changes. At present, it is unknown what individual 

neurologic exam elements and techniques most reliably detect relevant changes when 

applied as a monitoring intervention in the intensive care setting.

Conclusions

In conclusion, our data showed that the first 12 hours after onset of ICH is a time of rapid 

changes that significantly impact patients’ long term functional outcomes. With respect to 

our understanding of ICH, these findings refine the ability of practicing clinicians to offer 

prognostic information to decision makers during the relevant timeframe, help clinical 

researchers select appropriate time-based enrollment criteria for ICH trials, and inform 

healthcare leaders about the optimal allocation of resource-intensive neuromonitoring 

efforts. More importantly, we have demonstrated that brief and reliable neurochecks are a 

practical biomarker of acute brain function and useful for monitoring patients with 

neurologic conditions requiring critical care. Neurochecks that use a quantitative scale are 

particularly appealing since they represent changes in the therapeutic endpoint (brain 

function) rather than changes in a surrogate marker of injury. However, the unfavorable 

aspect of the GCS’s simplicity is that it is a limited instrument for assessing neurologic 

function. Given the importance of early symptom changes on outcomes, further 

investigation should focus on identifying an optimal method of performing neurochecks and 

explore other modalities of neuromonitoring that can be validated against neurochecks. 

Incorporating intensive neuromonitoring throughout the early care period and defining time 
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metrics for condition-specific interventions may lead to improved outcomes for patients with 

unstable neurologic injuries.
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Figure 1. Neurologic Change by Time from Symptom Onset
The rate of neurologic change detection is shown by two different metrics in Figure 1. First, 

the rate of GCS point changes identified per case-hour of monitoring is shown, and second, 

the number of cases where a neurologic change is identified per case hour is displayed.
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Table 1

Patient Demographic and Clinical Variables

Number of patients 132

Gender (n male, %) 70 (53.0%)

Age (years [mean, SD]) 64 ± 14

Race/Ethnicity (n, %) black 62 (47.0%)

  non-Hispanic white 55 (41.7%)

  Hispanic 13 (9.8%)

  other 2 (1.5%)

Initial Glasgow Coma Scale (median, IQR) 14 [9–15]

Initial hematoma volume (median, IQR) 10.0 [4.0–24.9]

Intraventricular hemorrhage (n, %) 56 (42.4%)

ICH Score (median, IQR) 1 [0–3]

GCS change over first 12 hours (median, IQR) 0 [−1–1]

mRS at discharge 5 [4–5]

mRS at 3 months 4 [2–6]

SD: standard deviation, IQR: interquartile range, mRS: modified Rankin Scale score
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Table 2

Clinical Factors Independently Associated with 3 Month Function Outcome by Modified Rankin Scale

Variable
Odds Ratio

[95% Confidence Interval] P-value

Hematoma volume 1.01 [0.99–1.03] 0.47

Initial GCS 0.70 [0.59–0.82] <0.001

GCS change over first 12 hours 0.81 [0.66–0.99] 0.043

Age 1.03 [1.00–1.07] 0.085

Intraventricular hemorrhage 0.80 [0.27–2.33] 0.68

Infratentorial location 0.33 [0.06–1.89] 0.22

GCS: Glasgow Coma Scale.
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