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Anesthesia Technique and Outcomes of Mechanical
Thrombectomy in Patients With Acute Ischemic Stroke

Kimon Bekelis, MD; Symeon Missios, MD; Todd A. MacKenzie, PhD;
Stavropoula Tjoumakaris, MD; Pascal Jabbour, MD

Background and Purpose—The impact of anesthesia technique on the outcomes of mechanical thrombectomy for acute
ischemic stroke remains an issue of debate. We investigated the association of general anesthesia with outcomes in
patients undergoing mechanical thrombectomy for ischemic stroke.

Methods—We performed a cohort study involving patients undergoing mechanical thrombectomy for ischemic stroke from
2009 to 2013, who were registered in the New York Statewide Planning and Research Cooperative System database. An
instrumental variable (hospital rate of general anesthesia) analysis was used to simulate the effects of randomization and
investigate the association of anesthesia technique with case-fatality and length of stay.

Results—Among 1174 patients, 441 (37.6%) underwent general anesthesia and 733 (62.4%) underwent conscious sedation.
Using an instrumental variable analysis, we identified that general anesthesia was associated with a 6.4% increased case-
fatality (95% confidence interval, 1.9%—11.0%) and 8.4 days longer length of stay (95% confidence interval, 2.9-14.0)
in comparison to conscious sedation. This corresponded to 15 patients needing to be treated with conscious sedation
to prevent 1 death. Our results were robust in sensitivity analysis with mixed effects regression and propensity score—

adjusted regression models.

Conclusions—Using a comprehensive all-payer cohort of acute ischemic stroke patients undergoing mechanical
thrombectomy in New York State, we identified an association of general anesthesia with increased case-fatality and
length of stay. These considerations should be taken into account when standardizing acute stroke care.

(Stroke. 2017;48:361-366. DOI: 10.1161/STROKEAHA.116.015343.)
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he evolution of mechanical thrombectomy has revolu-

tionarized the treatment of acute ischemic stroke. Despite
initial reservations for first-generation devices,"? subsequent
clinical trials*’ have demonstrated that newer clot retriev-
ers are associated with improved mortality and functional
outcomes in appropriately selected patients. The efficacy of
this intervention is contingent on timely revascularization of
the occluded vessels.® Significant efforts are currently under-
way to optimize emergency medical services associated with
stroke, streamline transfers, centralized care, and minimized
door-to-needle time. However, most of these initiatives focus
on either prehospital care pathways or in-hospital protocols
aimed at expediting patient transfer to the angiography suite.
Although the method of anesthesia has significant timing
implications, the understanding of its impact on the outcomes
of mechanical thrombectomy is limited.*'> General anes-
thesia is the preferred method because of the perceptions of

improved procedural safety and efficacy.” However, conscious
sedation, or no sedation, allows continuous neurological mon-
itoring, minimal delays, and potentially improved hemody-
namic stability.!°

Previous observational studies attempting to answer this
question have shown mixed results.'**' The main limitation
of such investigations is not accounting for unmeasured con-
founding. Patients included in prior retrospective studies have
been selected for either anesthesia technique in advance. This
selection reflects the different preferences and background of
the treating physicians, as well as specific patient characteris-
tics. Administrative databases lack such granularity, limiting
the ability to control for these confounders. There has been no
prior study attempting to account for these limitations through
different analytic approaches in an adult cohort of all ages.

We used the New York Statewide Planning and Research
Cooperative System (SPARCS)? to study the association of
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general anesthesia with case-fatality and length of stay (LOS)
for patients undergoing mechanical thrombectomy for acute
ischemic stroke. An instrumental variable analysis was used
to control for unmeasured confounding and simulate the effect
of randomization.

Methods

New York Statewide Planning and

Research Cooperative System

This study was approved by the Dartmouth Committee for Protection
of Human Subjects. All patients undergoing mechanical thrombectomy
for acute ischemic stroke who were registered in the SPARCS (New
York State Department of Health, Albany, NY)* database between
2009 and 2013 were included in the analysis. For these years, SPARCS
contains patient-level details for every hospital discharge, ambulatory
surgery, and emergency department admission in New York State as
coded from admission and billing records. More information about
SPARCS is available at https://www.health.ny.gov/statistics/sparcs/.

Cohort Definition

To establish the cohort of patients, we used International Classification
of Disease-9-Clinical Modification codes to identify patients in the
database who underwent mechanical thrombectomy (/nternational
Classification of Disease-9-Clinical Modification code 39.7) for acute
ischemic stroke (International Classification of Disease-9-Clinical
Modification code 433.x1, 434.x1) between 2009 and 2013.

Outcome Variables

The primary outcome variable was case-fatality during the initial
hospitalization after mechanical thrombectomy for ischemic stroke.
Secondary outcome was LOS during the initial hospitalization.

Exposure Variables
The primary exposure variable was the anesthesia technique (general
versus conscious sedation). General anesthesia required the patient
being intubated, whereas conscious sedation included intravenous seda-
tion (with or without local anesthetic) without the use of a breathing
tube. Hospitals voluntarily report data on anesthesia care to SPARCS.
Covariates (Table I in the online-only Data Supplement) used for
risk adjustment were age, sex, race (Black, Hispanic, Asian, White,
other), insurance (private, Medicare, Medicaid, uninsured, other),
and administration of intravenous tissue-type plasminogen activa-
tor (International Classification of Disease-9-Clinical Modification
99.10, V45.88). The comorbidities used for risk adjustment were dia-
betes mellitus, smoking, chronic lung disease, hypertension, hyper-
cholesterolemia, peripheral vascular disease, congestive heart failure,
coronary artery disease, history of transient ischemic attack, alcohol
abuse, obesity, chronic renal failure, and coagulopathy. Only vari-
ables that were defined as present on admission were considered part
of the patient’s preadmission comorbidity profile.

Statistical Analysis

The association of anesthesia technique with our outcome measures was
examined in a multivariable setting. Patients undergoing general anes-
thesia or conscious sedation in our cohort were nonrandomly selected
for either technique based on provider and patient characteristics. To
account for this unmeasured confounding and to simulate the effect of
randomization, we used an instrumental variable analysis, an econo-
metric technique (Methods in the online-only Data Supplement).” The
regional rate of general anesthesia (hospital-level general anesthesia rate)
was used as an instrument for the technique received. This advanced
observational technique has been used before by clinical researchers to
answer comparative effectiveness questions for different interventions.
The goal is to simulate randomization, especially when the baseline
functional characteristics of the patients (including the functional status

of stroke patients, National Institutes of Health Stroke Scale etc) are
unknown (similar to our application). This is an established technique
in prior literature for ischemic stroke, anesthesia technique, and other
pathologies when several variables are missing from the data set.>*>

A good instrument is not associated with the outcome other than
through the exposure variable of interest (a requirement known as the
exclusion restriction criterion).”” In our case, it is unlikely that the
regional rates of general anesthesia would be associated with case-
fatality in any way other than the choice of treatment. A 2-stage least
squares method was used for the calculation of the coefficients. The
value of the F statistic in the first stage of the 2-stage least squares
approach was 125, which is consistent with a strong instrument (¥
statistic>10), based on a practical rule.?

A probit regression was used for the categorical outcomes (case-
fatality)® and a linear regression for the linear outcomes (LOS).
Other models such as general logit were considered. However, we
elected to use probit because this is the most widely used and studied
model in instrumental variable analysis.?"*> The covariates used for
risk adjustment in these models were age, sex, race, insurance, and
all the comorbidities mentioned previously. Because the coefficients
produced by the probit function are not interpretable, we used the
marginal effects of our independent variables instead. The marginal
effects are the partial derivatives of the coefficients and reflect the
change in the probability of the dependent variable, for 1 U change in
the independent variable, at the average value of all other covariates.

To demonstrate the robustness of our data in a sensitivity anal-
ysis, we used standard techniques to account for measured con-
founding, while accounting for clustering at the hospital level. For
categorical outcomes, we used a probit regression model with hos-
pital identity as a random effects variable, while controlling for all
the covariates mentioned previously. For continuous outcomes, we
performed similar analyses using linear models. LOS demonstrated
a positively skewed distribution, and a logarithmic transformation
was additionally used in sensitivity analysis. The direction of the
observed associations did not change, and therefore, we elected
to present the untransformed data for ease of interpretation. In
an alternative way to control for confounding for categorical out-
comes, we used a propensity-adjusted (with deciles of propensity
score) probit regression model. We calculated the propensity score
of general anesthesia with a separate probit regression model, using
all the covariates mentioned previously. The results were identical
(Table II in the online-only Data Supplement). In post hoc analy-
ses, we investigated the association of anesthesia technique with the
risks of pneumonia or hemorrhagic transformation using the previ-
ously specified instrumental variable analysis.

Regression diagnostics were used for all models. Number needed
to treat was calculated when appropriate. All results are based on
2-sided tests, and the level of statistical significance was set at 0.05.
This study, based on 1174 patients, has sufficient power (80%) at
a 5% type I error rate to detect differences in case-fatality as small
as 7.8%. Statistical analyses were performed using Stata version 13
(StataCorp, College Station, TX).

Results

Patient Characteristics

In the selected study period, there were 1174 patients under-
going mechanical thrombectomy for acute ischemic stroke
(mean age was 67.3 years, with 52.4% females) who were
registered in SPARCS. Four hundred and forty-one (37.6%)
patients underwent general anesthesia, and 733 (62.4%)
patients underwent conscious sedation. The characteristics of
the 2 cohorts at baseline can be seen in Table 1.

Inpatient Case-Fatality

Overall, 126 (25.6%) inpatient deaths were recorded after
general anesthesia and 147 (18.1%) after conscious sedation.
General anesthesia was associated with increased case-fatality
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Table 1. Patient Characteristics
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Total (N=1174) General Anesthesia (N=441) Conscious Sedation (N=733)
Age, mean (SD) 67.3 (15.0) 66.5 (15.2) 67.6 (14.9)
Female sex, n (%) 615 (52.4) 219 (49.7) 394 (53.8)
Race
White, n (%) 782 (66.6) 309 (70.1) 522 (71.2)
Black, n (%) 149 (12.7) 57 (12.9) 83 (11.3)
Hispanic, n (%) 143 (12.2) 40 (9.0) 73 (10.0)
Asian, n (%) 67 (5.7) 21 (4.8) 38 (5.2)
Others, n (%) 33 (2.8) 14 (3.2) 7(2.3)
Insurance
Medicare, n (%) 633 (53.9) 233 (52.8) 400 (55.3)
Private insurance, n (%) 419 (35.7) 156 (35.4) 263 (34.9)
Medicaid, n (%) 76 (6.5) 31(7.0) 45 (6.3)
Uninsured, n (%) 26 (2.2) 15(3.4) 11(1.6)
Others, n (%) 20(1.7) * *
IV tPA, n (%) 613 (52.2) 219 (49.7) 394 (53.8)
Comorbidities
Diabetes mellitus, n (%) 289 (24.6) 105 (23.8) 183 (25.0)
Smoking, n (%) 151 (12.9) 40 (9.1) 104 (14.2)
Obesity, n (%) 97 (8.3) 9(8.8) 59 (8.0)
Transient ischemic attack, n (%) L * LK
Coronary artery disease, n (%) 322 (27.4) 125 (28.3) 206 (28.1)
Congestive heart failure, n (%) 313 (26.7) 113 (25.6) 199 (27.1)
Chronic lung disease, n (%) 151 (12.9) 62 (14.1) 97 (13.2)
Coagulopathy, n (%) 48 (4.1) 23(5.2) 27 (3.7)
Chronic renal failure, n (%) 114 (9.7) 37(8.4) 78 (10.6)
Hypertension, n (%) 791 (67.4) 297 (67.3) 497 (67.8)
Hypercholesterolemia, n (%) 475 (40.5) 152 (34.5) 335 (45.7)
Alcohal, n (%) 38(3.2) *
Peripheral vascular disease, n (%) 104 (8.9) 32(7.3) 73(10.0)

IV tPA indicates intravenous tissue-type plasminogen activator; SD, standard deviation; and SPARCS, Statewide Planning and Research

Cooperative System.

*Output suppressed to respect the SPARCS reporting limit of 11 patients.

in comparison to conscious sedation (difference, 7.2%; 95%
confidence interval [CI], 2.6%—12.0%) in unadjusted analysis.
Likewise, using a probit regression with instrumental variable
analysis, we identified that general anesthesia was associated
with a 6.4% increased case-fatality (95% CI, 1.9%-11.0%), in
comparison to conscious sedation (Table 2). This persisted in a
mixed effects probit regression model (adjusted difference, 7.5%;
95% CI, 2.9%-12.1%). This corresponded to 15 patients needed
to be treated with conscious sedation to prevent one death.

Length of Stay

The average LOS was 19.6 days (SD 35.0) after general
anesthesia and 11.7 days (SD 12.5) after conscious sedation.
General anesthesia was associated with increased LOS in

comparison to conscious sedation (difference, 7.9; 95% CI,
5.1-10.7) in the unadjusted analysis. Using a linear regres-
sion with instrumental variable analysis, we demonstrated
(Table 2) that general anesthesia was associated with 8.4 days
longer LOS in comparison to conscious sedation (95% CI,
2.9-14.0). We found similar results in a mixed effects linear
regression model (adjusted difference, 7.3; 95% CI, 4.6-10.1).

Post Hoc Analyses

In post hoc analysis, using an instrumental variable analysis,
anesthesia technique was not associated with the risk of pneu-
monia (adjusted difference, 2.3%; 95% CI, —1.2% to 5.7%) or
hemorrhagic transformation (adjusted difference, 1.5%; 95%
CI, -2.4% to 5.6%).
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Table 2. Models Examining the Association of General
Anesthesia With Outcomes

Inpatient Length of
Mortality,%* @ PValue Stayt PValue

Unadjusted analysis,

difference @5% C) | /-2 (26-12.0) | <0.001 | 7.9(5.1-107) | <0.001

Instrumental variable
analysis, adjusted
difference (95% Cht

Mixed effects
regression, adjusted
difference (95% CI)§

Cl indicates confidence intervals.

*All regressions were based on probit models.

TAIl regressions were based on linear models.

FHospital-level general anesthesia rate was used as an instrument of
anesthesia technique.

§Hospital identity was used as a random effects variable.

6.4 (1.9-11.0) | <0.001 | 8.4 (2.9-14.0) | <0.001

7.5(2.9-12.1) | <0.001 | 7.3 (4.6-10.1) | <0.001

Discussion

Using a comprehensive all-payer cohort of patients in New
York State with acute ischemic stroke, we identified an asso-
ciation of general anesthesia with increased case-fatality
and LOS after mechanical thrombectomy. Our results were
robust when considering several advanced observational tech-
niques to account for measured and unmeasured confound-
ers. Mechanical thrombectomy has seen explosive growth in
recent years and is currently performed by multiple special-
ties, without standardized perioperative protocols, includ-
ing anesthesia choice.!"'> This is contributing to an ongoing
debate about the relative effectiveness of different anesthesia
techniques during mechanical thrombectomy for acute isch-
emic stroke.”!°

Several observational studies have compared the outcomes
of general anesthesia and conscious sedation for this popu-
lation. Most of the studies have been retrospective analyses
of single institution experiences, demonstrating conflict-
ing results with limited generalization, given their inherent
selection bias.!>18202133 The interpretation of larger multi-
center studies is equally limited. McDonald et al,'® using the
MarketScan database, demonstrated that conscious sedation is
associated with a survival benefit. They used propensity score
matching to balance the covariates among anesthesia groups.
However, participation in this commercial database was vol-
untary, and therefore, it is likely that hospitals incentivized
to achieve higher quality standards would be overrepresented.
This self-selection introduces significant unmeasured con-
founding, which the authors did not account for. In another
study, Abou-Chebl et al'* analyzed a national registry of a sin-
gle thrombectomy device and demonstrated superior results
for conscious sedation. The generalizability of their results in
the population at large is limited only to the device used and
the few hospitals incentivized to participate in this national
registry. A post hoc analysis of the anesthesia method used
in a randomized controlled trial, examining the effectiveness
of mechanical thrombectomy, demonstrated that the ben-
efit of the trial was only seen with conscious sedation.* This
analysis had the same bias as all retrospective designs. Three

randomized trials are currently underway, specifically look-
ing into the comparative effectiveness of different anesthesia
techniques.

These prior analyses have some common methodologic
limitations. Multicenter studies are vulnerable to clustering at
the hospital level. Most previous authors did not evaluate or
adjust for this bias. Most importantly, all the analytical meth-
ods used accounted, to some degree, for known confounders.
Although this may be adequate in some studies, the selection
of patients for either anesthesia technique before the analysis
introduces significant unmeasured confounding. Patients may
be selected for general anesthesia because of worse functional
status, more severe stroke, or heavier comorbidity burden.
Physician or patient preference, as well as provider training
and specialty, might affect that decision too. Not accounting
for this dimension of confounding puts the robustness of their
findings into question.

Our study purposefully addresses many of these methodo-
logic limitations. First, we created a cohort of all patients in a
major state, giving a true picture of practice in the community.
Second, we used advanced observational techniques to control
for confounding. Propensity score stratification was used to
adjust our analyses for known confounders. The possibility of
clustering, which can bias the results of multicenter national
studies, was accounted for by using mixed effects methods.
Most importantly, an instrumental variable analysis was used
to control for unmeasured confounders (mainly the a priori
selection of anesthesia technique) and simulate the effects of
randomization. The instrumental variable analysis is expected
to control for such factors and report results for patients of
similar functional status. Results were consistent across tech-
niques, supporting the validity of the observed associations.

Further research into the factors contributing to the supe-
riority of conscious sedation for this pathology is warranted.
Theoretical reasons include the neurotoxicity of certain anes-
thetic agents,* the lack of continuous neurological assessment
during general anesthesia,” and perioperative hypotension.*
In the latter case, the induction of general anesthesia com-
monly leads to a reduction in blood pressure, which may be
associated with worse outcomes.*

Our study has several limitations. Residual confound-
ing could account for some of the observed associations.
However, this is minimized to the extent that we are using a
good instrument for anesthesia technique. The F statistic in
our analysis suggests a strong instrument. In addition, cod-
ing inaccuracies will undoubtedly occur and can affect our
estimates. However, several reports have demonstrated that
coding for stroke has shown nearly perfect association with
medical record review.”’*® Although SPARCS includes all
hospitals from the entire New York State, the generalization of
this analysis to the US population is uncertain. SPARCS does
not provide any clinical information on the functional status
of the patients (National Institutes of Health Stroke Scale),
which can affect the choice of anesthesia. However, the use
of the instrumental variable analysis is attempting to control
for unknown confounders such as these and has been used
before in stroke patients of this database.’** By comparing
our point estimates for the instrumental variable model and
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the multivariable model without instrumental variable, we can
identify a small difference. That indicates that there is likely a
small degree of selection bias in our data before the applica-
tion of the instrumental variable analysis.

Additionally, we were lacking posthospitalization and long-
term data on our patients. Quality metrics (ie, modified Rankin
score) are also not available through SPARCS, and therefore,
we cannot compare the 2 treatment techniques on these out-
comes. The definitive comparison of the 2 techniques on func-
tional outcomes can only be done in prospective registries. In
this direction, the NeuroPoint Alliance has created the first
module for a cerebrovascular registry, with results expected
in the near future.* We do not have any information on the
availability of neuroanesthesia in the institutions we are study-
ing. Our results might reflect to some degree the difference
between neuroanesthesia and conscious sedation, although it
is likely that some centers might preferentially offer conscious
sedation, despite the availability of neuroanesthesia services.
Finally, causality cannot be definitively established based on
observational data, despite the use of advanced techniques,
such as the instrumental variable analysis.

Conclusions

The impact of anesthesia techniques on the outcomes of
mechanical thrombectomy for acute ischemic stroke remains
an issue of debate. Using a comprehensive all-payer cohort
of patients in New York State with acute ischemic stroke, we
identified an association of general anesthesia with increased
case-fatality and LOS after mechanical thrombectomy. Our
results were robust when considering several advanced obser-
vational techniques to account for measured and unmeasured
confounders. These considerations should be taken into
account when standardizing acute stroke care.
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SUPPLEMENTAL MATERIAL

1. Scoring guidelines for the NIHSS. This is “Chapter 5” from the Manual of Procedures for the
original NINDS rt-PA for Acute Stroke Trial.

2. The NIHSS. This form is the only validated version, and includes the instructions for each item
printed directly on the scoring sheet. The form has been modified slightly (header items specific
to the original trial deleted) to make it more generic and usable.

3. Filming the NIHSS. This document summarizes key facts about the filming of the videos used to
train and certify users. These videos are used by all on-line NIHSS certification vendors. During
filming, a number of issues were resolved that may be of interest to regulators intending to
require NIHSS utilization by non-research health care personnel.




This is the original scoring manual developed for the NINDS Trial of Rt-PA for Acute
Stroke. Some changes many have been made since publication (1989).

Chapter 5 - The NIH Stroke Scale
5.1 Overview

The Stroke Scale is a standardized neurological examination intended to describe the
neurological deficits found in large groups of stroke patients participating in treatment trials. The
instructions contained in this manual reflect primary concern for reproducibility. The goal is to
have multiple examiners at different sites rate patients similarly. It is possible to challenge the
scale on sub-items, and competent neurologists will disagree over the "best" method for testing
some items in individual patients. Nevertheless, our interest in reproducibility among many
observers in a large multi-center study is paramount, and to this end, all examiners at all sites
must use the scale uniformly. We recognize that for some examiners, this means that some
testing may be done one way for the study, and a different way in usual clinical practice. The
consolation for this disparity is the knowledge that the reproducibility among examiners using
this scale will (hopefully) be extremely high.

There are four general principals underlying the scale in its present form:

1.The most reproducible response is generally the first response. For example, on LOC
guestions, the patient is asked to state age and the current month. The patient who
initially responds incorrectly, but later corrects himself, is scored as having given an
incorrect response. This approach is critical, because we have no way of standardizing
the myriad verbal and non-verbal cues that might be given to patients to promote a
correction of an initially incorrect response.

2.1t is not permissible to coach patients on any item unless specified in the instructions. This
contradicts neurological teaching, since we are generally interested in a patient's best
possible performance. Again, standardization of coaching is not possible, and coaching
must be avoided in the interest of reproducibility.

3.Some items are scored only if definitely present. For example, ataxia is scored as absent in
the patient with hemiplegia, because it is not definitely present at the time of
examination. Although somewhat counter intuitive to some physicians, the item must be
scored this way to avoid ambiguity and ensure reproducibility.

4.Most importantly, record what the patient does, not what you think the patient can do even if
the findings appear contradictory. Many times a competent examiner forms an
impression of the patient's level of function, but this impression must not influence
scoring. Scoring should include prior deficits except for the sensory item (see
instructions)

The patient's scores should be recorded immediately after the examination, and
preferably, each item should be coded as you go through the scale. This is especially necessary
at baseline. If baseline results are recorded after the patient has received medication, the
examiner may be influenced by the patient's response.



5.2 Certification

Any investigator completing the NIH Stroke Scale for the trial must be certified. Any experienced
Clinical Center Personnel (physician or nurse or physician's assistant) may be certified.

5.2.1 Reaquirements for Certification

Certification requires:

- Review of the NIH Stroke Scale Training Tape

-Completion of NIH Stroke Scales for the five patients shown on the NIH Stroke Scale
Certification Tape #1

-Submission of the five completed forms to the Coordinating Center for review

-Approval by the Coordinating Center

5.2.2 Retention of Certification

Retention of certification by a certified investigator requires:

-Completion of the NIH Stroke Scales on the six patients shown on the NIH Stroke Scale
Certification Tape #2 (approximately six months after the initial certification)

-Submission of the six completed forms to the Coordinating Center for review.

-Approval by the Coordinating Center

5.3 The NIH Stroke Scale (Form 5)

PURPOSE: This form collects data representing the primary endpoints of the trial (difference
from Baseline at 24 hour and 3 month NIH Stroke Scale data). A more complete
discussion of purpose is given in the overview (Section 5.1)

WHEN: The Stroke Scale is completed at baseline PRIOR TO TREATMENT, at 2 hours + 5
minutes post treatment onset, 24 hours + 20 minutes post stroke onset, 7 to 10 days and
3 months + 2 weeks.



PERSON COMPLETING FORM: The Stroke Scale must be completed by a certified trial
investigator.

All stroke scales except for the 2-hour scale must be completed by a certified trial
investigator. If possible, the 2-hour scale should also be completed by certified
trial personnel. If itis impractical to have a certified investigator perform the 2-
hour scale, it may be performed by an uncertified person with telephone
supervision by a certified investigator.

The 24-hour NIH Stroke Scale must be done by a certified investigator who was not present
during treatment. The 3-month scale must be done by a certified investigator who was
not present during treatment. (The two time points are the primary endpoints of the trial.)

INSTRUCTIONS: Extensive instructions are included on the NIH Stroke Scale Form. Additional
comments follow:

Three items are used to assess the patient's level of consciousness. It is vital that the
items be asked in a standardized manner, as illustrated in the Stroke Scale training tape.
Responses must be graded based on what the patient does first. Do not give credit if the
patient corrects himself/herself and do not give any clues or coaching.

la. Level of Consciousness

Instructions:

The investigator must choose a response, even if a full evaluation is prevented by such
obstacles as an endotracheal tube, language barrier, orotracheal trauma/bandages. A 3is
scored only if the patient makes no movement (other than reflexive posturing) in response to
noxious stimulation.

Comments:

Ask the patient two or three general questions about the circumstances of the admission. Also,
prior to beginning the scale, it is assumed that the examiner will have queried the patient
informally about the medical history. Based on the answers, score the patient using the 4 point
scale on the Stroke Scale form. Remember not to coach. A score of 3 is reserved for the
severely impaired patient who makes, at best, reflex posturing movements in response to
repeated painful stimuli. If it is difficult to choose between a score of 1 or 2, continue to question
the patient about historical items until you feel comfortable in assessing level of consciousness.

1b. LOC Questions

Instructions:

The patient is asked the month and his/her age. The answer must be correct - there is no
partial credit for being close. Aphasic and stuporous patients who do not comprehend the
questions will score 2. Patients unable to speak because of endotracheal intubation,
orotracheal trauma, severe dysarthria from any cause, language barrier or any other problem
not secondary to aphasia are given a 1. It is important that only the initial answer be graded
and that the examiner not "help" the patient with verbal or non-verbal cues.

Comments:

Ask the patient "how old are you now" and wait for a response. Then ask "what month is it now"
or "what month are we in now". Count the number of incorrect answers and do not give credit
for being "close". Patients who cannot speak are allowed to write. Do not give a list of
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possible responses from which to choose the correct answer. This may coach the patient.
Only the initial answer is graded. This item is never marked "untestable". (Note: On
Certification Tape #1 an intubated patient was given a series of responses from which to
choose, but the score for this patient would still be 1.) Deeply comatose (1a=3) patients are
given a 2.

1c. LOC Commands:

Instructions:

The patient is asked to open and close the eyes and then to grip and release the non-paretic
hand. Substitute another one step command if the hands cannot be used. Credit is given if an
unequivocal attempt is made but not completed due to weakness. If the patient does not
respond to command, the task should be demonstrated to them (pantomime) and score the
result (i.e., follows none, one or two commands). Patients with trauma, amputation, or other
physical impediments should be given suitable one-step commands. Only the first attempt is
scored.

Comments:

Say to the patient "open your eyes...now close your eyes" and then "Make a fist...now open your
hand". Use the non-paretic limb. If amputation or other physical impediment prevents the
response, use another suitable one step command. The priming phrase is not scored, and
these are used only to set the eyes or hand in a testable position. That is, the patient may be
asked first to open the eyes if they are closed when you begin the test. Scoring is done on the
second phrase "close your eyes". Count the number of incorrect responses and give credit if an
unequivocal attempt is made to perform the operative task, but is not completed due to
weakness, pain or other obstruction. Only the first attempt is scored and the questions should
be asked only once.

Item 2:Best Gaze
Instructions:

Only horizontal eye movements will be tested. Voluntary or reflexive (oculocephalic) eye
movements will be scored but caloric testing is not done. If the patient has a conjugate
deviation of the eyes that can be overcome by voluntary or reflexive activity, the score will be 1.
If a patient has an isolated peripheral nerve paresis (CN IlI, IV or VI) score a 1. Gaze is testable
in all aphasic patients. Patients with ocular trauma, bandages, pre-existing blindness or other
disorder of visual acuity or fields should be tested with reflexive movements and a choice made
by the investigator. Establishing eye contact and then moving about the patient from side to
side will occasionally clarify the presence of a partial gaze palsy.

Comments:

The purpose of this item is to observe and score horizontal eye movements. To this end, use
voluntary or reflexive stimuli and record a score of 1 if there is an abnormal finding in one or
both eyes. A score of two is reserved for forced eye deviation that cannot be overcome by the
oculocephalic maneuver. Do not do caloric testing. In aphasic or confused patients it is helpful
to establish eye contact and move about the bed.

This item is an exception to the rules of using the first observable response and not coaching.

In the patient who fails voluntary gaze, the oculocephalic maneuver, eye fixation, and tracking
with the examiner's face, are used to provide stronger testing stimuli.
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Iltem 3:Visual

Instructions:

Visual fields (upper and lower quadrants) are tested by confrontation, using finger counting or
visual threat as appropriate. Patient must be encouraged, but if they look at the side of the
moving fingers appropriately, this can be scored as normal. If there is unilateral blindness or
enucleation, visual fields in the remaining eye are scored. Score 1 only if a clear-cut
asymmetry, including quadrantanopia is found. If patient is blind from any cause score 3.
Double simultaneous stimulation is performed at this point. If there is extinction patient receives
a 1 and the results are also used to answer question 11.

Comments:

Visual fields are tested exactly as demonstrated in the training video. Use finger counting or
movement to confrontation and evaluate upper and lower quadrants separately. A score of 3 is
reserved for blindness from any cause, including cortical blindness. A score of 2 is reserved for
a complete hemianopia, and any partial visual field defect, including quadrantanopia, scores a
1.

Iltem 4:Facial Palsy

Instructions:

Ask, or use pantomime to encourage the patient to show teeth or raise eyebrows and close
eyes. Score symmetry of grimace in response to noxious stimuli in the poorly responsive or
non-comprehending patient. If facial trauma/bandages, orotracheal tube, tape or other physical
barrier obscures the face, these should be removed to the extent possible.

Comments:

Ask the patient "Show me your teeth...now raise your eyebrows...now close your eyes tightly".
Assess the response to noxious stimulation in the aphasic or confused patient. A useful
approach to scoring may be as follows: score a 2 for any clear cut upper motor neuron facial
palsy. Normal function must be clearly demonstrated to obtain the score of 0. Anything in
between, including flattened nasolabial fold, is scored a 1. The severely obtunded or comatose
patient; patients with bilateral paresis, patients with unilateral lower motor neuron facial
weakness would receive a score of 3.

ltems 5 & 6: Motor Arm and Leg

Instructions:

Each limb is tested in turn, beginning with the non-paretic arm, if known. The limb is placed in
the appropriate position: extend the arm (palm down) 90 degrees (if sitting) or 45 degrees (if
supine) and the leg 30 degrees (always tested supine). Drift is scored if the arm falls before 10
seconds or the leg before 5 seconds. The aphasic patient is encouraged using urgency in the
voice and pantomime but not noxious stimulation. Only in the case of amputation or joint fusion
at the shoulder or hip may the score be “untestable” and the examiner must clearly write the
explanation for scoring as a “untestable”.

Comments:

Perform the test for weakness as illustrated in the video. When testing arms, palms must be
down. Count out loud to the patient, until the limb actually hits the bed or other support. The
score of 3 is reserved for the patient who exhibits no strength whatsoever, but does minimally
move the limb on command when it is resting on the bed. The aphasic patient may understand
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what you are testing if you use the non-paretic limb first. Do not test both limbs simultaneously.
Be watchful for an initial dip of the limb when released. Only score abnormal if there is a drift
after the dip.

Do not coach the patient verbally. Count out loud in strong voice and indicate count using your
fingers in full view of the patient. Begin counting the instant you release the limb. (Note that on
some of the video illustrated patients, the examiners erroneously delay seconds before
beginning to count).

When testing motor leg the patient must be in the supine position to fully standardize the effect
of gravity. Note that the examiner is no longer asked to identify the paretic arm or leg. The
examiner's assessment of the side of the stroke is given on the Treatment Form (Form 7).

Iltem 7:Limb Ataxia

Instructions:

This item is aimed at finding evidence of a unilateral cerebellar lesion. Test with eyes open. In
case of visual defect, insure testing is done in the intact visual field. The finger-nose-finger and
heel-shin tests are performed on both sides, and ataxia is scored only if present out of
proportion to weakness. Ataxia is absent in the patient who cannot understand or is paralyzed.
Although the use of untestable is discouraged, in the case of amputation, joint fusion or some
fractures, the item may be scored “untestable”, and the examiner must clearly write the
explanation for not scoring. In case of blindness test by touching nose from extended arm
position.

Comments:

Ataxia must be clearly present out of proportion to any weakness. Using the finger-nose-finger
and the heel-test, count the number of ataxic limbs, up to a maximum of two. The aphasic
patient will often perform the test normally if first the limb is passively moved by the examiner.
Otherwise, the item is scored 0 for absent ataxia. If the weak patient suffers mild ataxia, and
you cannot be certain that it is out of proportion to the weakness, give a score of 0. Remember
this is scored positive only when ataxia is present.

Item 8:Sensory

Instructions:

Sensation or grimace to pin prick when tested, or withdrawal from noxious stimulus in the
obtunded or aphasic patient. Only sensory loss attributed to stroke is scored as abnormal and
the examiner should test as many body areas [arms (not hands), legs, trunk, face] as needed to
accurately check for hemisensory loss. A score of 2, "severe or total,” should only be given
when a severe or total loss of sensation can be clearly demonstrated. Stuporous and aphasic
patients will therefore probably score 1 or 0. The patient with brain stem stroke who has
bilateral loss of sensation is scored 2. If the patient does not respond and is quadriplegic score
2. Patients in coma (item 1a=3) are arbitrarily given a 2 on this item.

Comments:
Do not test limb extremities, i.e., hands and feet when testing sensation because an unrelated
neuropathy may be present. Do not test through clothing.

Iltem 9: Best Language
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Instructions:

A great deal of information about comprehension will be obtained during the preceding sections
of the examination. The patient is asked to describe what is happening in the attached picture,
to name the items on the attached naming sheet, and to read from the attached list of
sentences. Be complete. Have the patient name all items on the naming sheet and read all
phrases on the two reading sheets. Comprehension is judged from responses here as well as
to all of the commands in the preceding general neurological exam. If visual loss interferes with
the tests, ask the patient to identify objects placed in the hand, repeat, and produce speech.
The intubated patient should be asked to write. The patient in coma (question 1a=3) will
arbitrarily score 3 on this item. The examiner must choose a score in the patient with stupor or
limited cooperation but a score of 3 should be used only if the patient is mute and follows no
one step commands.

Comments:

It is anticipated that most examiners will be ready to score this item based on information
obtained during the history taking and the 8 prior items. The attached picture and naming sheet
therefore should be used to confirm your impression. It is common to find unexpected
difficulties when the formal testing is done, and therefore every patient must be tested with the
picture, naming sheet, and sentences. The score of 3 is reserved for the globally mute or
comatose patient. Mild aphasia would score a 1. To choose between a score of 1 or 2 use all
the provided materials; it is anticipated that a patient who missed more than two thirds of the
naming objects and sentences or who followed only very few and simple one step commands
would score a 2.

This item is an exception to the rule that the first response is used, since several different
tools are used to assess language. The stroke scale form contains lengthy examples of the
defects associated with each score because of the great potential for variability in answering
this question.ltem 10:Dysarthria

Instructions:

If the patient is thought to be normal, an adequate sample of speech must be obtained by
asking patient to read or repeat words from the attached list. If the patient has severe aphasia,
the clarity of articulation of spontaneous speech can be rated. Only if the patient is intubated or
has other physical barrier to producing speech, may the item be scored “untestable”, and the
examiner must clearly write an explanation for not scoring. Do not tell the patient why he/she is
being tested.

Comments:

Use the attached word list in all patients and do not tell the patient that you are testing clarity of
speech. Itis common to find slurring of one or more words in patients one might otherwise
score as normal. The score of 0 is reserved for patients who read all words without any slurring.
Aphasic patients and patients who do not read may be scored based on listening to the speech
that they do produce or by asking them to repeat the words after you read them out loud. The
score of 2 is reserved for the patient who cannot be understood in any meaningful way, or who
is mute.
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On this question, normal speech must be identified to score a 0, so the unresponsive patient
receives the score of 2.

Item 11:Extinction and inattention

Instructions:

Sufficient information to identify neglect may be obtained during the prior testing. If the patient
has a severe visual loss preventing visual double simultaneous stimulation, and the cutaneous
stimuli are normal, the score is normal. If the patient has aphasia but does appear to attend to
both sides, the score is normal. The presence of visual spatial neglect or anosagnosia may also
be taken as evidence of abnormality. Since the abnormality is scored only if present, the item is
never untestable.

Comments:

This item is open to significant variation among examiners, and all neurologists have slightly
different methods of assessing neglect. Therefore, to the extent possible, test only double
simultaneous stimulation to visual and tactile stimuli and score 2 if one side extinguishes to both
modalities, a 1 if only to one modality. If the patient does not extinguish, but does show other
well developed evidence of neglect, score a 1.

5.4Coma

A patient with a 3 on Item 1a (Level of Consciousness) is considered to be in a coma. A
patient suspected to be in coma should be stimulated by rubbing on the chest or by using a
painful stimulus. A 3 is scored only if the patient makes no movement (other than reflexive
posturing) in response to the noxious stimulation. Patients who appear to be in coma and
who score less than 3 must be tested on all items.

For patients scoring a 3 on Item 1a, the remaining items should be scored as follows:

Iltem 1b (LOC Questions) - Score 2.

Item 1c (LOC Commands) - Score 2.

Item 2 (Best Gaze) - Patient can be in coma and have gaze palsy that can be overcome by
moving the head. Thus the occulocephalic maneuver must be done and the patient scored.
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Iltem 3 (Visual) - Test using bilateral threat.

Iltem 4 (Facial Palsy) - Score 3.

Iltems 5 and 6 (Motor Arm and Leg) - This item is interpreted as the voluntary ability to attain a
posture. Score 4 for both arm and leg.

Iltem 7 (Limb Ataxia) - Scored only if present, out of proportion to weakness. Score 0.

Item 8 (Sensory) - Score 2 (arbitrary).

Item 9 (Best Language) - Score 3.

Item 10 (Dysarthria) - Score 2.

Item 11 (Extinction and inattention) - Coma implies loss of all cognitive abilities. Score 2.

5.5Persons Who Refuse to Cooperate

In the event that a patient refuses to perform the tasks in the course of the examination resulting
in an item untested, a detailed explanation must be clearly written on the form. All untested
items will be reviewed by the medical monitor and discussed with the examiner if necessary.

5.6 Calculating a Score

In computing a score, the following items should not be added to the total:

MW For Item 7 (Limb Ataxia) codes for affected sides (right and/or left arm and leg;

1 =yes, 2 =no, 9 = untestable).

Rev 9/15/2016



B Distal Motor Function.

B Any 9's.

5.7 Outliers

There are questions in the certification Tapes 1 and 2 that do not have a single answer.
Thus the distribution of responses from those who have completed the certification is used. A
response given by 12% or fewer examiners is considered an outlier. Any examiner having 10 or
more outliers for Tape 1 or 12 or more outliers for Tape 2 is not certified to do stroke scales for
the trial. An examiner who is not certified must redo the certification before they can perform
stroke scale evaluations for the trial. They should carefully review the training tape before
repeating the certification. Examiners having 6 to 9 outliers for Tape 1 or 7 - 11 outliers for
Tape 2 are required to repeat the certification but can continue to do stroke scales for the trial in
the interim.
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N I H Patient Identification.
STROKE
SCALE

Time: .  [l]am []pm

Person Administering Scale

Administer stroke scale items in the order listed. Record performance in each category after each subscale exam. Do not go back
and change scores. Follow directions provided for each exam technique. Scores should reflect what the patient does, not what
the clinician thinks the patient can do. The clinician should record answers while administering the exam and work quickly. Except
where indicated, the patient should not be coached (i.e., repeated requests to patient to make a special effort).

Instructions Scale Definition Score

la. Level of Consciousness: The investigator must choose a response 0= Alert; keenly responsive.
if a full evaluation is prevented by such obstacles as an endotracheal
tube, language barrier, orotracheal trauma/bandages. A 3is scored only [ 1= Not alert; but arousable by minor stimulation to
if the patient makes no movement (other than reflexive posturing) in obey, answer, or respond.

response to noxious stimulation. ) . .
2 = Not alert; requires repeated stimulation to attend,

or is obtunded and requires strong or painful -
stimulation to make movements (not stereotyped).

3= Responds only with reflex motor or autonomic
effects or totally unresponsive, flaccid, and
areflexic.

1b. LOC Questions: The patient is asked the month and his/her age. 0= Answers both questions correctly.
The answer must be correct - there is no partial credit for being close.
Aphasic and stuporous patients who do not comprehend the questions
will score 2. Patients unable to speak because of endotracheal
intubation, orotracheal trauma, severe dysarthria from any cause,
language barrier, or any other problem not secondary to aphasia are
given a 1. It is important that only the initial answer be graded and that
the examiner not "help" the patient with verbal or non-verbal cues. 2= Answers neither question correctly.

1= Answers one question correctly.

1c. LOC Commands: The patient is asked to open and close the eyes | 0= Performs both tasks correctly.
and then to grip and release the non-paretic hand. Substitute another
one step command if the hands cannot be used. Credit is given if an
unequivocal attempt is made but not completed due to weakness. If the
patient does not respond to command, the task should be demonstrated
to him or her (pantomime), and the result scored (i.e., follows none, one
or two commands). Patients with trauma, amputation, or other physical
impediments should be given suitable one-step commands. Only the | 2= performs neither task correctly.
first attempt is scored.

1 = Performs one task correctly.
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2. Best Gaze: Only horizontal eye movements will be tested. 0= Normal.
Voluntary or reflexive (oculocephalic) eye movements will be scored,
but caloric testing is not done. If the patient has a conjugate deviation
of the eyes that can be overcome by voluntary or reflexive activity, the
score will be 1. If a patient has an isolated peripheral nerve paresis
(CN 1ll, IV or VI), score a 1. Gaze is testable in all aphasic patients.
Patients with ocular trauma, bandages, pre-existing blindness, or other
disorder of visual acuity or fields should be tested with reflexive
movements, and a choice made by the investigator. Establishing eye
contact and then moving about the patient from side to side will | 2= Forced deviation, or total gaze paresis not overcome by
occasionally clarify the presence of a partial gaze palsy. the oculocephalic maneuver.

1 = Partial gaze palsy; gaze is abnormal in one or
both eyes, but forced deviation or total gaze
paresis is not present. -

3. Visual: Visual fields (upper and lower quadrants) are tested by | 0= No visual loss.
confrontation, using finger counting or visual threat, as appropriate.
Patients may be encouraged, but if they look at the side of the moving
fingers appropriately, this can be scored as normal. If there is unilateral
blindness or enucleation, visual fields in the remaining eye are scored.
Score 1 only if a clear-cut asymmetry, including quadrantanopia, is
found. If patientis blind from any cause, score 3. Double simultaneous —
stimulation is performed at this point. If there is extinction, patient | 2 = Complete hemianopia.
receives a 1, and the results are used to respond to item 11.

1 = Partial hemianopia.

3 = Bilateral hemianopia (blind including cortical
blindness).

4. Facial Palsy: Ask — or use pantomime to encourage — the patient | 0= Normal symmetrical movements.
to show teeth or raise eyebrows and close eyes. Score symmetry of
grimace in response to noxious stimuli in the poorly responsive or non- | 1= Minor paralysis (flattened nasolabial fold,
comprehending patient. If facial trauma/bandages, orotracheal tube, asymmetry on smiling).

tape or other physical barriers obscure the face, these should be

removed to the extent possible. 2 = Partial paralysis (total or near-total paralysis of

lower face). -

3 = Complete paralysis of one or both sides
(absence of facial movement in the upper and
lower face).
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5. Motor Arm: The limb is placed in the appropriate position: extend
the arms (palms down) 90 degrees (if sitting) or 45 degrees (if supine).
Drift is scored if the arm falls before 10 seconds. The aphasic patient
is encouraged using urgency in the voice and pantomime, but not
noxious stimulation. Each limb is tested in turn, beginning with the non-
paretic arm. Only in the case of amputation or joint fusion at the
shoulder, the examiner should record the score as untestable (UN),
and clearly write the explanation for this choice.

0 = No drift; limb holds 90 (or 45) degrees for full 10
seconds.

1 = Drift; limb holds 90 (or 45) degrees, but drifts
down before full 10 seconds; does not hit bed
or other support.

2 = Some effort against gravity; limb cannot get to
or maintain (if cued) 90 (or 45) degrees, drifts
down to bed, but has some effort against
gravity.

3 = No effort against gravity; limb falls.
4 = No movement.

UN = Amputation or joint fusion, explain:

5a. Left Arm

5b. Right Arm

6. Motor Leg: The limb is placed in the appropriate position: hold the
leg at 30 degrees (always tested supine). Drift is scored if the leg falls
before 5 seconds. The aphasic patient is encouraged using urgency
in the voice and pantomime, but not noxious stimulation. Each limb is
tested in turn, beginning with the non-paretic leg. Only in the case of
amputation or joint fusion at the hip, the examiner should record the
score as untestable (UN), and clearly write the explanation for this
choice.

0 = No drift; leg holds 30-degree position for full 5
seconds.

1 = Drift; leg falls by the end of the 5-second period
but does not hit bed.

2 = Some effort against gravity; leg falls to bed by 5
seconds, but has some effort against gravity.

3 = No effort against gravity; leg falls to bed
immediately.

4 = No movement.

UN = Amputation or joint fusion, explain:

6a. Left Leg

6b. Right Leg
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7. Limb Ataxia: This item is aimed at finding evidence of a unilateral
cerebellar lesion. Test with eyes open. In case of visual defect, ensure
testing is done in intact visual field. The finger-nose-finger and heel-
shin tests are performed on both sides, and ataxia is scored only if
present out of proportion to weakness. Ataxia is absent in the patient
who cannot understand or is paralyzed. Only in the case of amputation
or joint fusion, the examiner should record the score as untestable
(UN), and clearly write the explanation for this choice. In case of
blindness, test by having the patient touch nose from extended arm
position.

0= Absent.

1= Presentin one limb.

2 = Present in two limbs.

UN = Amputation or joint fusion, explain:

8. Sensory: Sensation or grimace to pinprick when tested, or
withdrawal from noxious stimulus in the obtunded or aphasic patient.
Only sensory loss attributed to stroke is scored as abnormal and the
examiner should test as many body areas (arms [not hands], legs,
trunk, face) as needed to accurately check for hemisensory loss. A
score of 2, “severe or total sensory loss,” should only be given when a
severe or total loss of sensation can be clearly demonstrated.
Stuporous and aphasic patients will, therefore, probably score 1 or 0.
The patient with brainstem stroke who has bilateral loss of sensation is
scored 2. If the patient does not respond and is quadriplegic, score 2.
Patients in a coma (item 1a=3) are automatically given a 2 on this item.

0 = Normal; no sensory loss.

1 = Mild-to-moderate sensory loss; patient feels
pinprick is less sharp or is dull on the affected
side; or there is a loss of superficial pain with
pinprick, but patient is aware of being touched.

2 = Severe to total sensory loss; patient is not
aware of being touched in the face, arm, and _—
leg.

9. Best Language: A great deal of information about comprehension
will be obtained during the preceding sections of the examination. For
this scale item, the patient is asked to describe what is happening in
the attached picture, to name the items on the attached naming sheet
and to read from the attached list of sentences. Comprehension is
judged from responses here, as well as to all of the commands in the
preceding general neurological exam. If visual loss interferes with the
tests, ask the patient to identify objects placed in the hand, repeat, and
produce speech. The intubated patient should be asked to write. The
patient in a coma (item 1a=3) will automatically score 3 on this item.
The examiner must choose a score for the patient with stupor or limited
cooperation, but a score of 3 should be used only if the patient is mute
and follows no one-step commands.

0 = No aphasia; normal.

1= Mild-to-moderate aphasia; some obvious loss
of fluency or facility of comprehension, without
significant limitation on ideas expressed or
form of expression. Reduction of speech
and/or comprehension, however, makes
conversation about provided materials difficult
or impossible. For example, in conversation
about provided materials, examiner can
identify picture or naming card content from
patient’s response.

2 = Severe aphasia; all communication is through
fragmentary expression; great need for inference,
guestioning, and guessing by the listener. Range of
information that can be exchanged is limited; listener
carries burden of communication. Examiner cannot _
identify materials provided from patient response.

3 = Mute, global aphasia; no usable speech or
auditory comprehension.
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10. Dysarthria: If patient is thought to be normal, an adequate sample
of speech must be obtained by asking patient to read or repeat words
from the attached list. If the patient has severe aphasia, the clarity of
articulation of spontaneous speech can be rated. Only if the patient is
intubated or has other physical barriers to producing speech, the
examiner should record the score as untestable (UN), and clearly write
an explanation for this choice. Do not tell the patient why he or she is
being tested.

0= Normal.

1 = Mild-to-moderate dysarthria; patient slurs at
least some words and, at worst, can be
understood with some difficulty.

2 = Severe dysarthria; patient's speech is so slurred
as to be unintelligible in the absence of or out of
proportion to any dysphasia, or is
mute/anarthric.

UN = Intubated or other physical barrier,
explain:

11. Extinction and Inattention (formerly Neglect): Sufficient
information to identify neglect may be obtained during the prior testing.
If the patient has a severe visual loss preventing visual double
simultaneous stimulation, and the cutaneous stimuli are normal, the
score is normal. If the patient has aphasia but does appear to attend
to both sides, the score is normal. The presence of visual spatial
neglect or anosagnosia may also be taken as evidence of abnormality.
Since the abnormality is scored only if present, the item is never
untestable.

0 = No abnormality.

1 = Visual, tactile, auditory, spatial, or personal
inattention or extinction to bilateral
simultaneous stimulation in one of the sensory
modalities.

2 = Profound hemi-inattention or extinction to
more than one modality; does not recognize
own hand or orients to only one side of space.
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Filming the NIHSS

This document summarizes the process used in filming the NIHSS training and certification videos for use
in the NINDS rt-PA for Acute Stroke Trial. These videos are now used widely for training and certification,
and thus are of interest to those seeking to understand the strengths and limitations of NIHSS video
training and certification.

The first step in validating a stroke deficit rating scale is to train users. Prior to the video era, medicine
was taught at the bedside. Clinical trial investigator meetings included break-out sessions to train
investigators to properly use the outcome assessment tools. Although unimaginable to today’s students,
creating a training video involved specialized, expensive cameras and editing equipment; engineering a
“master” videotape that was used to then produce videotape reproductions; and physical-mail
distribution of VHS videotapes?. This creative process involved collaborations with video production
teams who brought with them extensive experience, including a sensibility and training that was
counterproductive to our purpose. For example, the camera operator with no knowledge of “facial
paresis” would light and frame the video shot in a pleasing manner that tended to obscure the subtle
flattening of the nasolabial fold that was of greater interest to a neurologist. Thus, in our first attempt to
produce an accurate training video, we found it essential to have one of the neurologists behind the
camera, directing the videographer to tighten the frame, alter the lighting, or change focus to highlight
each clinical deficit. For eye movements and facial weakness, the “close-up” required an ultra-tight shot
that violated the film-school rules these professionals knew.

In a live demonstration, the student can observe both the examiner and the patient simultaneously. In a
recorded video, the only way to show both the examiner and the patient is to widen the frame, but then
the details of the response cannot be seen well. In consultation with our video production colleagues,
we developed a 2-camera approach to the production of the video®. The video editor could later insert a
close-up of the patient response into the frame, allowing the viewer to appreciate both the examiner’s
technique, and simultaneously a detailed view of the response (Figure). Prior to beginning the NINDS rt-
PA for Acute Stroke Trial (the Trial), we produced a training video and 2 certification videos at Henry
Ford Hospital. Actual patient volunteers were recruited from the large stroke ward managed at that
time by Dr. K.M.A. Welch. Several of the NINDS investigators volunteered to perform aspects of the
NIHSS in front of the camera, while others watched from behind the camera to assure accuracy. The
collaborating professionals from the video production industry reluctantly responded to our repeated
requests to “forget what you learned in film school”. Hundreds of hours of tape—including multiple
“takes” of each shot needed to illustrate each examination finding—were then edited over a 2-week
period in Detroit to produce the needed master videotape. To assure the greatest neurological accuracy
across all patient vignettes, one of us (PL) sat with the editor and selected each shot for each patient
demonstration. The plan was to create one “training” tape and two “certification” tapes that were to be



viewed after training. The 2 different certification groups were intended to comprehensively test all
possible responses to all items on the NIHSS; however, since the videotaping was completed in 2
separate 1-week sessions, and since the only available subjects were whatever patients happened to be
admitted during those two weeks, it was impossible to cover all the possible responses, a significant
shortcoming of the videotapes®. To allow the user time to write a score on the paper answer sheet,
pauses were inserted by the video editor during which the screen displayed the graphic message
“Record Your Score”. After mastering and reproduction, the tapes were distributed to the study sites; all
participants in the Trial were required to view the training tape and then one certification tape and
score each certification patient. On Certification Tape 1 there were 5 patients and on Tape 2 there were
6 patients, and each patient was shown doing 15 tasks, for a total of 165 tasks followed by “Record Your
Score” moments. Once the test was completed, scores were reviewed centrally for “grading”, and the
successful student-viewer was sent a coffee mug imprinted with the phrase “Record Your Score”. Only
after passing central review and approval was any investigator allowed to begin enrolling patients into
the Trial.

Certification and training

Video training and certification introduces bias into the learning and testing process. The student-viewer
needs to be able to see the finding accurately, apply the scoring rule correctly, and then derive the
correct score. Unfortunately, even our innovative 2-camera shooting paradigm could not accurately
depict every finding on every patient. Subtle findings on sensory and ataxia items were especially
problematic® 3. We thus could not create a certification scoring system in which we compared the
student-viewer scores to the actual, known deficits in that patient. Therefore, we designed a scoring
system that accounted for the artificial limitations of the video viewing process?.

First, we asked 3 highly experienced and interested investigators from the Trial Steering committee to
view and score all 11 certification patients; reproducibility was excellent. As expected, however, even
expert users did not see every finding accurately, even though they agreed with each other. Therefore,
we created a scoring algorithm: after all (n=162) investigators at all study sites returned their scoring
sheets, the mode response was determined for each test item for each certification patient. We
required that the mode be clearly identifiable and where more than one response qualified as a “mode”
then both, or in some cases 3, responses were allowed as “correct”. Once the mode responses were
known, each response sheet was scored: any responses more than 1 response from the mode response
was scored “outlier”. We used the rule that any student-viewer could score one outlier per patient.
Thus, no more than 5 outliers were allowed for Certification Tape 1, and no more than 6 outliers were
allowed for Certification Tape 2. Users who scored less than the allowed number of outliers on Tape 1
were “certified” and allowed to begin entering patients into the trial. Users who scored more than the
allowed number of outliers were asked to re-watch the training video and try again. After 6 months all
users were asked to view and score Certification Tape 2 to assure continued proficiency with the scale.
Exactly as for Tape 1, mode responses were tabulated and outliers identified.



One intended consequence of the Tapes was that new investigators could be added easily to the trial at
any time; this design solved a chronic problem for trials run in the 1980s and 1990s: rather than delay
certification of new investigators to the next investigator’s training workshop, new team members at
the trial study sites were asked to view the Training Tape and then the Certification Tape 1. New users
were scored for outlier responses and certified as was done with the original investigators. During the
course of the Trial, dozens of new investigators, including MDs and RNs, were added to the trial using
these tapes, an innovation for clinical trials at the time. However, an unintended consequence of this
scoring system was that there were a number of “correct” responses to many of the case scenarios,
creating an impression of leniency in the scoring®.

Use in trials

Following the publication of the NINDS rt-PA for Acute Stroke Trial in 1995, and regulatory approval of
the drug in 1996, clinical trialists expressed interest in using the NIHSS for their clinical trials. Soon there
were requests for the Training and Certification Videotapes. Given the culture of the 1990s, and the fact
that the tapes had been produced under NIH auspices, all of these requests were granted. Both NIH and
industry-sponsored studies were allowed to purchase copies of the Tapes at cost from Henry Ford
Hospital—hundreds of videotapes were produced and shipped. Scoring of the user test results were all
done by the statisticians at Henry Ford Hospital; the “answer sheet” has never been released or
published. Published trials at the time stated in their methods sections that their investigators were
trained and certified by NINDS using the Tapes.

After a few years, it became obvious that limitations of the original videotapes were unacceptable. The
public communications team at NINDS (Marion Emr and Margo Warren) commissioned a re-shoot of the
videos using professionals from the video production industry. The re-shoot was planned to correct
many of the deficiencies in the first round of Tapes. Rather than attempt shooting in a clinic or hospital
room as was done for the first set of Tapes, a professional set was built in the television studio at the
University of California, San Diego, to allow more accurate lighting and careful camera positioning. Again
the 2-camera arrangement was used to allow simultaneous recording of the examiner and the patient-
response (Figure). The set included several features to enhance demonstration of the patient findings
and overcome limitations discovered in the first production. For example, to optimize the visualization
of limb drift (Items 5 and 6, Table One of the main manuscript) we placed horizontal blinds over the
faux-window on the set: the drifting limb could easily be observed against the horizontal blinds in the
background. Special ‘fill-in’ lighting was designed to optimize visualization of the eye movements and
the facial asymmetry. Again, video production professionals were asked to ignore their rules of good
photography craft, and instead frame the patient overly tightly or focus too close or too far away.
Outpatients from the UCSD Stroke Center and inpatients at several area hospitals were selected so as to
assure that every single response on every NIHSS Item was illustrated in both the Training and the
Certification videos. By the time of the re-shoot, videotape technology had been replaced by digital
video disks (DVD), which facilitated the certification process: since the student-viewer could select each
patient item in turn, there was no need for the repetitive pause screen “Record Your Score”.



The re-shoot again included many investigators from NINDS-sponsored trials who appeared on camera
to illustrate the correct performance of each NIHSS Item. Video recording was completed over 2 weeks
in February 2003. Again, one of us (PL) sat with the editing team to select the shots that best illustrated
each finding for each item on all patients; editing was completed over several weeks in Washington D.C.
A Training videodisk was created that presented each NIHSS scale Item and its scoring rules in detail
using the video demonstrations. Then, the recordings of Certification patients were divided into 3
groups carefully created such that each group contained a balance of mild/severe and right/left
hemisphere strokes. Over all 3 groups, each response on each Item was shown at least once. Today,
Groups A, B, and C are presented sequentially, although in some implementations a group is picked at
random for certification. After digital mastering, the Training Program and the Certification Patients
were copied onto DVDs. The NINDS took over responsibility for distributing the DVDs to interested
groups who were organizing a number of large clinical trials and UCSD provided review and grading
services, either directly or via a website>®,

Once again, the scoring algorithm developed during the rt-PA for Acute Stroke Trial was used to certify
users. Since there was no pool of trial investigators, however, it was necessary to validate the scoring
rules in stages®. First, the scoring system was “seeded” with correct responses based on 51 responses
from expert users at 3 leading stroke centers (UCSD, UT Houston, and University of Cincinnati). The first
50 student-viewers were scored using the ‘outlier’ method (no more than one outlier per patient) but in
place of modal responses the seeded responses were used. After 50 users were certified, we tabulated
the modal responses and created a new set of accepted scores by finding the mode response; as before,
on some questions there were 2 or even 3 modal responses. Certifications then proceeded as before by
scoring outlier responses and allowing no more than one outlier per patient in the certification group.
Occasionally over the first 2 years of certification the modal responses were re-summarized, and
occasional adjustments were made to the scoring algorithm. As with the Tapes, no “answer sheet” has
ever been released or published: the online scoring vendors use the modal responses generated and
reviewed by one investigator (PL) and further adjustments may be made from time to time to assure
consistency over time.

After a year or 2, depending on regulatory requirements, users return to the DVD or a website, and re-
certify by watching the next Certification Group in sequence. Once users have re-certified on all 3
groups, additional re-certifications pick one of the 3 groups to use over again. Some vendors have
implemented a ‘random’ selection process for the 4" and subsequent certification group; others simply
start over at Group A. Thus, Group “D” will be one of the original 3 certification groups. It is not possible
to create new groupings of Certification patients without disrupting the careful balance of mild/severe
and left/right hemisphere strokes among all 3 groups. In the future, a better implementation plan would
be that each time a user certifies, a unique constellation of cases would be selected, based on that
user’s prior test-taking history and seeking to balance mild/moderate patients during each certification
experience.
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Figure. Framing the test examiner and the subject. Neurological responses can be subtle, but the
examiner’s stimulus may be large. To show both the larger body movements and commands of the
examiner, but also show the possibly subtle responses of the patient, a 2-camera solution was devised.
One camera records the examiner showing correct technique, while the second camera records the
subtlety of the response, usually in extreme close-up. In post-production, the two images can be merged
by the editor to make a single view that demonstrates clearly the method and the response. (Figure
reprinted with permission?).






