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Brain swelling, also known as cerebral edema, is one of the most feared
and life-threatening complications of multiple neurologic injuries, including
stroke, hemorrhage and trauma. It plays a primary role in early mortality
and long-term disability for the 1.8 million Americans per year affected by
these conditions. There are few non-invasive and continuous strategies to
reliably monitor edema progression and resultant increased intracranial
pressure (ICP).
Automated pupillometry is a non-invasive technology that quantitatively
measures size and dynamics of the human pupil. It is a safe and easily
implemented method in the intensive care unit that could aid in tracking
edema and elevated pressure in critically ill patients. My hypothesis is that
subtle pressure on pupil-controlling midbrain structures and cranial nerves
will change pupil dynamics, reflecting early signals of high ICP.
In this project, I will 1) establish a normative range of quantitative pupil
characteristics in patients with and without intracranial pressure monitors
and 2) determine the effect of pharmacologic interventions for edema on
pupil size and reactivity. This will lay the groundwork for determining
whether pupillometry can be used to accurately identify early edema even
in patients without invasive monitors.
This research is significant because the field lacks non-invasive and widely
accessible strategies to monitor patients with this life-threatening
condition. Furthermore, it could provide clinicians with an expedient way
to measure therapeutic response. It is innovative because it uses an
understudied technology to address this gap in knowledge.
By providing much needed information regarding whether these safe and
noninvasive devices can reliably identify increases in ICP, it will determine
whether such elevations can be identified faster than with standard
noninvasive monitoring methods alone. Results from the research will help
clinicians recognize potentially lethal trajectories and intervene at earlier
time points, which can lead the way to improved outcomes in this critically
ill population.
How will your project contribute to the treatment, prevention or cure of a
neurological disease(s)?
This project adds to the armamentarium of brain swelling monitoring that
guides treatment decisions in patients with a wide variety of brain insults
including stroke, hemorrhage and trauma. Particularly in patients at risk
for high intracranial pressure and without invasive monitors, automated
pupillometry may detect edema prior to clinical deterioration and inform
early interventions, including ICP-lowering medication use and surgery.
This research is in alignment with the mission of the American Brain
Foundation to find treatments, prevention and cures for neurologic
disorders, as the information gained through quantitative pupillometry
could prove life saving and improve outcomes in a diverse critically ill
population.
Project Budget
Total expense budget
An estimated total is acceptable.
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67,650
Value of existing funding or in-kind support
What portion of the above total expense has funding already received or promised?

0
Portion to be raised through crowdfunding
How much are you seeking from the crowdfunding platform?

67,650
Attachments and Verifications

Please download, fill out, and upload the Financial Disclosures &
Conflict of Interest form.

Financial Disclosures & Conflicts of Interest Form
Financial-Disclosure-Conflict-of-Interest-Form.pdf
CV of Principal Investigator
Ong C CV 3_VER_1.PDF
I understand that the American Brain Foundation will not post approved
projects for crowdfunding until documentation of IRB approval or
exemption is provided.
Yes
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Project Details

Project Title
The Mind's Eye: Using Pupil Measurement Technology to Detect Life-
Threatening Brain Swelling
Project Start Date
July 01, 2017
Project End Date
July 30, 2017
Disease focus
Technology & Innovation
Stroke & Vascular Diseases
Brain & Spine Trauma
Brain & Nerve Tumors

Specific Disease Focus
Cerebral Edema and Elevated Intracranial Pressure
Project Summary/Abstract
Brain swelling is a life-threatening complications of multiple neurologic
injuries, including stroke, intracranial hemorrhage, and trauma. It plays
a primary role in early mortality and long-term disability for the 1.8
million Americans per year affected by these conditions (1-3). While
marked pupil asymmetry is a well-known and ominous sign of potentially
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lethal brain swelling, it manifests late, when treatment may be
ineffective. Poor inter-rater agreement of bedside pupil measurement
hampers the recognition of subtler pupil signs that could allow for earlier
intervention. Other methods that monitor brain swelling and high-
pressure can be invasive or insensitive. Therefore, there is a need for
safe and continuous strategies to monitor the development of potentially
lethal brain swelling in real time.
The applicant hypothesizes that by measuring previously undetected
changes in pupil reactivity using a quantitative handheld technology, she
can identify and track therapeutic responses in patients with global and
focal elevations in intracranial pressure (ICP).
She will test this hypothesis by: 1) Determining whether pupillary
measurements can accurately predict elevations in ICP and 2) Examining
the effect of ICP-lowering medications on pupil size and reactivity. Her
proposed research is significant because the results may reveal a safe
and accessible way to track deadly brain swelling. It is innovative
because it uses an understudied technology that could complement
current invasive measures. This study will contribute by developing
immediately applicable strategies for managing patients, and providing
the foundation for future work on non-invasive monitoring methods.
Project Narrative
Pupillary assessment is a fundamental tool of the modern neurologic
exam, and marked pupil asymmetry (anisocoria) is one of the most
important signs of structural damage. However, anisocoria is a late
marker--by the time it manifests treatments may be ineffective.
Moreover, subjectivity of manual pupil assessments limits its clinical
utility in the early development of brain swelling and elevated
intracranial pressure (ICP). However, with the advent of the
pupillometer, a technology that quantitatively measures previously
undetectable changes in pupil reactivity, a rigorous examination of the
relationship between pupil changes and elevated high intracranial
pressure is now possible. The proposed study will provide much needed
information regarding whether these safe and noninvasive devices can
reliably identify elevated ICP. It will explore whether ICP elevations can
be identified faster than with current standard of care alone. Finally, it
will also examine the relationship between pupillary changes and
medical interventions for elevated ICP. Results from the research will
help clinicians recognize potentially lethal trajectories and intervene at
earlier time points, which can lead the way to improved outcomes in this
critically ill population.
Facilities and Equipment
Clinical: Massachusetts General Hospital (MGH) has a 22-bed Neurology-
Neurosurgery Intensive Care Unit, and admits approximately 900
critically ill patients, including ~200 ischemic and hemorrhagic strokes
and ~125 traumatic brain injury (TBI) patients per year. Brigham and
Women's Hospital (BWH) has a 20-bed unit, and admits an additional
150 acute ischemic and hemorrhagic strokes, and 15-20 severe TBI.
Each unit is equipped with pupillometers (12 at MGH and 2 at BWH with
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plans to acquire 2 more), as well as corresponding individualized patient
information storing devices. They are also each equipped with a bedside
vitals monitor with 72 hours of data capture, telemetry, continuous EEG
monitoring and 24 hour imaging capabilities with head CT and MRI.
Databases of continuous physiologic data measurements are available to
researchers in both facilities.
Office: The applicant will have shared offices near each respective
intensive care unit at MGH and BWH. There are desktop computers with
internet access, printing capabilities, Microsoft Office Suite, and
statistical software capabilities.
Other Resources: Harvard Medical School (HMS) provides a rich
environment for education, mentorship, and collaborative research.
Biostatistical consultation and education is available through the HMS
Catalyst Clinical/Translational Science Center. Researchers have full
access to library resources including HMS Countway Library.
The Electronic Medical Record support staff provides clinical data
including intracranial pressure recordings for both facilities. She will also
have grant administration support from the Neurology Department's
Office for Research Administration, including access to a study
coordinator who will help with patient recruitment and data
management.
Specific Aims
Brain swelling is a life-threatening complication of multiple neurologic
injuries (1-3). Accurate recording of increased intracranial pressure
(ICP) is essential for timely interventions, particularly in severe brain
trauma (4). However, there is a gap in accurate, non-invasive
monitoring strategies, especially for patients not routinely monitored by
intracranial devices.
I propose to fill this gap by examining the role of automated
pupillometry--quantitative measurement of pupil size/reactivity--in
evaluating ICP dynamics. I hypothesize that subtle pressure on pupil-
controlling midbrain structures and cranial nerves will change pupil
dynamics, reflecting early signals of high ICP. I will test the hypothesis
through the following aims:
Aim-1a: Establish the range of pupillary markers in patients with
invasive ICP monitors. This aim will establish the normative range of
pupillary metrics and their relation to ICP in patients with intracranial
devices.
Aim-1b: Establish the range of pupillary markers in patients without
invasive ICP monitors. The aim will translate the experience from 1a to
patients at risk for high ICP but without monitors to determine the tool's
predictive power using clinical markers as outcomes.
Aim-2: Determine the effect of hyperosmolar, ICP-lowering medications
on pupil reactivity/size. This aim will compare pupil measurements
before and after medication delivery in order to understand the
independent effect of ICP-lowering pharmacological interventions.
The study is significant because it tests a safe and non-invasive
method's ability to identify early brain swelling and track responses to
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ICP-lowering therapy. The research is innovative because it establishes
the utility of a new tool in a neurocritical care context.
Research Strategy
Significance, Innovation, Approach, Timeline

SIGNIFICANCE
A critically-ill population with high mortality/morbidity: Brain swelling,
also known as cerebral edema, is a life-threatening complication of
various neurologic illnesses including ischemic stroke, intracranial
hemorrhage (ICH), traumatic brain injury (TBI) (1-3). It plays a primary
role in early mortality, which can exceed 60-80% for large stroke, (5)
30-50% for spontaneous ICH (3) and 40% for severe TBI (6), and incurs
substantial healthcare costs and societal burden. High ICP has been
associated with worsened outcome in patients with TBI (7), and
management to reduce edema is crucial to survival and optimal
recovery.
A need for noninvasive/continuous tools: TBI guidelines recommend ICP
monitors (4); however, probes are invasive and variably used (6). In
ICH and stroke, swelling is largely detected through clinical
deterioration, which may occur too late for effective treatment, or
imaging, which may be impractical to collect continuously. Although
monitoring pupillary reactivity is part of the clinical assessment, the
current standard is subjective observation. The lack of adequate
quantification makes this measure variable across caregivers, often
delaying intervention. An ideal tool for identifying and tracking swelling
would be safe, widely accessible and reliable at near continuous time-
points.
A solution: One excellent tool for this purpose is the NeurOptics
Pupillometer (NeurOptics Inc., Irvine CA, USA), an infrared, handheld
device that records and provides objective pupil size and reactivity data,
including the Neurologic Pupil Index, (NPi) a metric based on a
normative model of pupillary responses (Fig-1). The device has much
better reliability than manual measurement (8), and recent work
suggests that pupil changes may reflect increasing ICP (9).
Understanding the range of measurements in patients with and without
ICP monitors is needed to determine whether pupillary markers can be
used for predicting and tracking ICP. The applicant's preliminary data
suggests that the change in trajectory of NPi over time (slope) may
predict elevations in ICP better than abnormal NPi alone (unpublished).
She plans to examine this hypothesis in the current project (Fig-2).
INNOVATION
The proposed research is innovative for three main reasons. The
applicant is using an understudied technology to track edema and
elevations in ICP across multiple disease states. She also plans to
analyze time-series data through multi-level data modeling methods
(10) that have not been previously used for pupillometry assessment.
Finally, to her knowledge there are no studies that rigorously examine
the relationship between quantitative pupil reactivity and ICP-lowering
medications.
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APPROACH
Population: The applicant will prospectively study Neuro-intensive care
patients with an expected stay of at least 24 hours (Aim-1a/b) and those
receiving bolus hyperosmolar agents (Aim-2). Table 1 lists full inclusion/
exclusion criteria.
Exposure/Outcome: In Aim-1a, Dr. Ong will measure how her primary
exposure, change in pupil reactivity (defined as average NPi slope over
16-hours) relates to the categorical outcome of elevated ICP (>25
mmHg). Averaging timeframes were chosen based on preliminary data
and the literature (9). Aim-1b will test how NPi slope over 2-hours
relates to the categorical outcome of clinical deterioration, defined as a
3-point difference in the Glasgow Coma Scale (GCS). In Aim-2, she will
test the effect of ICP-lowering medications on the continuous outcome of
NPi. She will test other pupillary metrics' relation to her outcomes in
secondary analyses. Table 2 lists potential confounders/effect modifiers.
Data Collection/Management: As part of an established protocol, nurses
will assess pupils every 2-hours at MGH for Aim-1 and immediately
before and 20-minutes after administration of ICP-lowering medication
at BWH for Aim-2. The research team will collect and upload data
storage devices weekly, after which patient information will be safely
deleted. Data will be stored on secured servers accessed through
encrypted laptops and collect clinical variables through chart review.
Imaging will be acquired at discretion of the clinical team. Each patient
will receive a subject ID to replace patient identifiers. Institutional
Review Board has approved the project. No consent will be obtained, as
the diagnostic tool is a part of the standard care with minimal risk.
Analysis: For Aim-1a, the hypothesis is that a negative NPi slope is
associated with elevated ICP. The applicant will use correlation and
univariate logistic regression of average NPi slope over 16-hours and
ICP, followed by a hierarchical multivariate logistic regression to account
for known confounders and inter-subject variability. She will test other
averaging time frames in sensitivity analyses. In Aim-1b, she will use
the same method to test the association of NPi slope over 2-hour epochs
and clinical deterioration (3-point change in GCS). For Aim-2, she will
test the association of ICP-lowering medications and NPi. She will use
paired t-tests to assess for difference in pupil reactivity means before
and after medication administration. Power calculations included in Table
3.
Timeline: Study design (months 1-3), data collection (1-9) and
preliminary analyses (3-10) will occur in the first three quarters. Final
analyses, manuscript drafting and submission will occur in months 9-12
(Table 4).
List up to 5 milestones you will reach within the first 6 months of your
study.
Six-Month Milestones: I plan to reach the following milestones within the
first six months of the study: 1) Hire and train a study coordinator to
oversee the collection and management of the data 2) Recruit a total of
126 patients at MGH and 42 patients at BWH and 3) Conduct preliminary

56/21/2017

Full application

9



analysis on the data for first three months of the study. Monthly
meetings with my mentors will help ensure completion of these goals,
and I will plan to give presentations of my work to the divisions at both
MGH and BWH within the first six months of study.
Potential Limitations and Solutions: Potential limitations include under
enrollment, missing data, and heterogeneity. To address under-
enrollment, I plan to evaluate recruitment monthly, and provide
education sessions to address any concerns or questions. In order to
mitigate the effects missing data may have on results, I plan to exclude
patients in whom greater than 12 hours of pupil data or GCS score is
missing (Aim-1) as well as pupillary observations that are not directly
paired with a clear before or after medication administration time
(Aim-2). To minimize inter-patient parameter variability, I will conduct
subgroup analyses of diagnoses, edema location and medications.
Despite these limitations, I am confident that the proposed research will
provide robust results that can inform practice and future studies.
Age of Population Group(s) that will potentially benefit from this
research
(check boxes that apply)

All Ages
Seniors (65+)

Scientific Literature References
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Faul M, Coronado V. Epidemiology of traumatic brain injury. Handb of
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American Heart Association. Circulation. 2016;133:e38-e360.
Reference 3
Caceres JA, Goldstein JN. Intracranial hemorrhage. Emerg Med Clin
North Am. 2012;30:771-794.
Reference 4
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Guidelines for the management of severe traumatic brain injury, fourth
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Budget, Attachments and Acknowledgements

Budget
We recognize that changes may have occurred since the time you submitted
your Letter of Intent. Please share the most recent accurate numbers below:
Total Project Budget
76,350
Total existing funding or in-kind support
10,000
Amount to be raised through crowdfunding campaign
66,350
Evidence of institutional support (letter)
ABF LOS MC 3-24 FINAL.pdf
Full budget
Budget Final 3.28.docx
Documentation of IRB/IUCAC approval or exemption, if applicable.
IRB.pdf
Completed conflict of interest & disclosure form
Financial-Disclosure-Conflict-of-Interest-Form.pdf
I understand that the ABF will not list approved projects for general
public crowdfunding campaigns until documentation of IRB/IUCAC
approval or exemption is provided.
Yes
I understand that approval of the project to be shared on the
crowdfunding campaign site is dependent on providing and working with
the ABF staff to create the requisite materials that present the project in
an engaging, easy-to-understand website presentation. I am amenable
to working with the ABF staff to create such materials.
Yes
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I understand that approval once a project has been completed, I will be
required to submit a summary of my findings to be posted online (one
page), and will submit this in a reasonably timely fashion. I also agree to
submit a financial report, and to co-sign a thank you letter with the ABF
that will be sent to donors.
Yes
I understand and agree that the ABF may share the information that I
provide (including but not limited to the project description and relevant
biographical/background details) in conversations with other potential
funders outside the website to bolster fundraising efforts.
Yes
American Brain Foundation Release Agreement

American Brain Foundation
Release Agreement – Research

1. Grant. For good and valuable consideration, the receipt and
sufficiency of which is hereby acknowledged, I grant to the
American Brain Foundation (“ABF”) and to the ABF’s affiliates
(including the American Academy of Neurology), and their
respective contractors, agents, assigns, licensees, and successors
(collectively, the “ABF Group”), a worldwide, royalty-free,
perpetual, irrevocable right to take and use my image, likeness,
voice, verbal statements, written testimonials and name and all
images, videos, sound recordings, and written and verbal materials
that I provide to the ABF (collectively, the “Materials ”), in all forms
and media, including composite or modified representations, for the
purpose of promoting and supporting the missions of the ABF. For
the avoidance of doubt, the Materials include all research project
proposal information, project reports and other research-related
information submitted to the ABF. I understand and agree that the
ABF may publish the Materials on any and all media, including
printed matter, promotional materials, e-mail, websites and social
media platforms.

2. Acknowledgement of Use. I understand that the ABF Group may
use the Materials on any and all media, including printed matter,
promotional materials, e-mail, websites and social media platforms.
I understand that the ABF’s use of the Materials may intentionally
or unintentionally give rise to the impression that either I or a
family member suffers from brain/neurologic disease, and I
nevertheless consent to this use. The ABF is not obligated to utilize
any of the rights granted in this agreement. I waive the right to
inspect or approve any uses of the Materials in connection with this
grant.

3. Warranty. I warrant that I have the full power to enter into this
agreement and to grant the aforementioned rights.

4. Release. I release the ABF Group from all liability for any claims
that may arise regarding the use of Materials, including any claims
of defamation, invasion of privacy, or infringement of moral rights,
rights of publicity, or copyright. The ABF is permitted, although not
obligated, to include my name as a credit in connection with any
use of the Materials.I have read and understood this
agreement, I understand that it contains a release of
liability, and I am over the age of 18. This agreement expresses
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the complete understanding of the parties and shall be binding on

me and my heirs, legal representatives and assigns. I understand
that I am entering into a legally binding agreement and that clicking
“I Accept” below shall have the same legal effect as my signature
on this Release Agreement.

I Accept
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Principal Investigator (Last, First, Middle): Ong, Charlene J

FROM THROUGHDETAILED BUDGET FOR INITIAL BUDGET PERIOD
DIRECT COSTS ONLY 7/1/2017 6/30/2018

  

NAME
ROLE ON
PROJECT

Cal.
Mnths

Acad.
Mnths

Summer
Mnths

INST.BASE
SALARY

SALARY 
BASE

FRINGE
BENEFITS TOTAL

Charlene Ong PI 3.0 3.0 0 72,000 0 0 0

TBD Project 
Coordinator 12.0 12.0 3.0 35360 35,360 6,365 41,725

Statistician Statistician 0.5 0.5 0 150,000 6,250 1,125 7,375

SUBTOTALS 41,610 7,490 49,100
CONSULTANT COSTS

0
EQUIPMENT  (Itemize)
4 Pupillometers ($5000/item)
Individual Smart Guards (Disposable device in which individual patient data is stored, non-
reusable) ($25/item) 20,000
SUPPLIES  (Itemize by category)
Computer/Tablet for Data Collection
Software (statistical, graphic) 3,750
TRAVEL
Two conferences to present findings 3,500
INPATIENT CARE COSTS 0 0
OUTPATIENT CARE COSTS 0 0
ALTERATIONS AND RENOVATIONS  (Itemize by category)
0 0
OTHER EXPENSES  (Itemize by category)
0 0
CONSORTIUM/CONTRACTUAL COSTS DIRECT COSTS 76,350
SUBTOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD (Item 7a, Face Page) $ 76,350
CONSORTIUM/CONTRACTUAL COSTS FACILITIES AND 

ADMINISTRATIVE COSTS
0

TOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD  $ 76,350
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BUDGET JUSTIFICATION 
A. Key Personnel
Charlene Ong, MD MPHS (PI): Dr. Ong is a Neurocritical Care fellow in the Department 
of Neurology at the Partners Neurology Program at Massachusetts General Hospital, 
Brigham and Women’s Hospitals and Harvard Medical School. She will be responsible 
for the design, general administration and analysis of the study protocol. This will include 
supervising other team members, monitoring data collection statistical analysis, 
conducting statistical analysis, and reporting study findings. She will take no salary 
support.

Research Coordinator (Research Coordinator, 12 calendar months): The research 
coordinator will be responsible for the administration of the day-to-day activities of 
coordinating and directing members of the study team in assuring adherence to the 
project schedule and protocol. This will include training and supervising staff, recruiting 
study participants, answering participant questions, monitoring data collection, and 
managing data storage/extraction, as well as simple analyses. 

Biostatistician (Biostatistician, 0.5 calendar months): The biostatistician will be 
responsible for aiding in and performing the proposed statistical analysis in the current 
study. 

B. Equipment
Four pupillometers ($5,000/item) to supplement the current number of pupillometers at 
BWH will be necessary to conduct the study. Two of the four requested pupillometers 
($10,000) will be supplied by in-kind support from BWH.

C. Inpatient Costs
There will be no inpatient costs associated with this study. 

D. Supplies
$3750 is requested for purchases of one laptop computer and one tablet device for study 
data entry, statistical and graphics software, and general supplies such as postage, 
printing, phones and paper items. 

E. Travel
$3500 is requested for travel to professional conferences (e.g. Neurocritical Care 
Society, International Stroke Conference, American Neurologic Association) to present 
study findings associated with the proposed trial. 
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Initial Review: Notification of IRB Approval/Activation
Protocol #:    2016P002718/PHS

Date: January 24, 2017

To: Stelios M Smirnakis, MD,Ph.D

BWH

Neurology

Sahar Zafar

MGH

Neurology

From: Partners Human Research Committee

399 Revolution Drive, Suite 710
Somerville, MA 02145

Title of Protocol: Quantitative pupillometry and the Neuro ICU patient: Defining the
relationship between pupillary changes and intracranial pressure

Version Date: 11/10/2016

Study Population: Adults

Consent/Authorization: Waived (need greater justification on this as asked below)

IRB Review Type: Expedited

Expedited Category/ies: (1), (5)

IRB Approval Date: 1/23/2017

Approval Activation Date: 1/24/2017

IRB Expiration Date: 1/23/2018

This project has been reviewed by PHS IRB . During the review of this project, the IRB specifically considered
(i) the risks and anticipated benefits, if any, to subjects; (ii) the selection of subjects; (iii) the procedures for
obtaining and documenting informed consent; (iv) the safety of subjects; and (v) the privacy of subjects and
confidentiality of the data.

Please note that if an IRB member had a conflict of interest with regard to the review of this project, consistent
with IRB policies and procedures, the member was required to leave the room during the discussion and vote on
this project except to provide information requested by the IRB.

The following protocol documents have been approved and supporting documents noted by the IRB: Protocol
Summary (1/11/17)
Detailed Protocol
Device Brochure

Partners Human Research Committee
399 Revolution Drive, Suite 710
Somerville, MA 02145
Tel: (857) 282-1900
Fax: (857) 282-5693

1

Official Version Generated from the Partners Human Research Committee Database 01/24/2017
14:30 PM
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Approved with a waiver of patient consent. The pupillometer is used clinically at both hospitals. Please notify
the IRB of any problems or complaints related to this protocol. 

As Principal Investigator, you are responsible for ensuring that this project is conducted in compliance with all
applicable federal, state and local laws and regulations, institutional policies, and requirements of the IRB,
which include, but are not limited to, the following:

1. Submission of any and all proposed changes to this project (e.g., protocol, recruitment materials, consent
form, status of the study, etc.) to the IRB for review and approval prior to initiation of the change(s), except
where necessary to eliminate apparent immediate hazards to the subject(s). Changes made to eliminate
apparent immediate hazards to subjects must be reported to the IRB as an unanticipated problem.

2. Submission of continuing review submissions for re-approval of the project prior to expiration of IRB
approval and a final continuing review submission when the project has been completed.

3. Submission of any and all unanticipated problems, including adverse event(s) in accordance with the IRB’s
policy on reporting unanticipated problems including adverse events.

4. Obtaining informed consent from subjects or their legally authorized representative prior to initiation of
research procedures when and as required by the IRB and, when applicable, documenting informed
consent using the current IRB approved consent form(s)with the IRB-approval stamp in the document
footer.

5. Informing all investigators and study staff listed on the project of changes and unanticipated problems,
including adverse events, involving risks to subjects or others.

6. When investigator financial disclosure forms are required, updating your financial interests in Insight and
for informing all site responsible investigators, co-investigators and any other members of the study staff
identified by you as being responsible for the design, conduct, or reporting of this research study of their
obligation to update their financial interest disclosures in Insight if (a) they have acquired new financial
interests related to the study and/or (b) any of their previously reported financial interests related to the
study have changed.

The IRB has the authority to terminate projects that are not in compliance with these requirements.

Questions related to this project may be directed to Monica
Granadeno, MGRANADENO@PARTNERS.ORG, 857-282-1912.

CC: Simone Jean-Marie Renault, BWH - Neurology, Research Coordinator/Manager
Charlene Ong, MGH - Neurology, Co-Investigator

Partners Human Research Committee
399 Revolution Drive, Suite 710
Somerville, MA 02145
Tel: (857) 282-1900
Fax: (857) 282-5693

Official Version Generated from the Partners Human Research Committee Database 01/24/2017
14:30 PM
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Dear Applicant: 
 
In the increasingly complex world of scientific publication, concerns about commercial influence and 
other possible conflicts make it important for authors to disclose all potential sources of bias. Our 
system of reviewing conflicts of interest aligns with the policies of the American Academy of 
Neurology and allows donors to judge whether conflicts exist. Please complete this form, referring to 
the definitions in the beginning regarding commercial entities, compensation, expert witness, and 
"immediate family member." At first glance, this task may seem onerous, but will likely take less than 
10 minutes.  
 
What to expect: You will be asked whether you have disclosures relating to each question (check yes or 
no) and will be provided a field in which to list the disclosures. Filling out the forms on the next few 
screens will be easiest if you have a list of the following items regarding your activity (either commercial 
or non-profit) and that of any immediate family members during the period of your project. Disclosures 
are required for any dollar amount, except for gifts valued under $1000. Names of commercial and non-
profit entities are required along with specific roles, grant numbers for grants, and specific years. No 
dollar amounts need to be included. Please indicate complete names of sponsors or companies.  
 
DEFINITIONS 
 
Personal compensation:  
Serving on a scientific advisory board  
Gifts worth more than $1000  
Travel funded by a commercial entity  
Serving as a journal editor, associate editor, or on an editorial advisory board  
Patents held or pending  
Royalties from publishing  
Honoraria for speaking engagements  
Corporate appointments or consultancies  
Speakers' bureaus   
Clinical, neurophysiology, or imaging studies in your practice and % effort devoted if the result of this 

paper will benefit your practice, affiliated unit, or a sponsor  

 

Research support:  

Commercial research support  

Government research support (including funding organization, grant number, and role)  

Academic research support not attributed in the manuscript  

Support from a non-profit foundation or society  

Stock options for serving on a Board of Directors  

License fee payments  

Royalty payments from technology or inventions  

 

Stocks, stock options, and royalties  

Stock options in a company in which you are (were) an investigator  

Stock options in medical industry  
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Legal proceedings  

Expert testimony for a legal proceeding on behalf of industry  

Affidavit for a legal proceeding on behalf of industry  

Witness or consultant for a legal proceeding on behalf of industry  

 

Optional non-financial  

Non-financial disclosures you wish to share  

 

Definitions of Terms in Disclosure Agreement  

Commercial entity: A for-profit business that manufactures, distributes, markets, sells, or advertises 

pharmaceutical or scientific products or medical devices.  

Compensation: Anything of monetary value including a salary, honorarium, stipend, gift, or payment of 

travel-related expenses.  

Expert witness: A person who has provided expert medical testimony during a trial or administrative 

hearing, in a deposition or an affidavit, or in any other type of legal proceeding.  

"Immediate family member": Any person who would benefit financially from the publication of the 

manuscript because of their relationship to the author. This includes a member of an applicant’s 

immediate family or anyone else who has a significant relationship with the applicant.  

 

Please provide all financial relationships (and those of your "immediate family members") from the past 

two years regardless of whether these relationships are related to the project described in your 

application. 

 

FINANCIAL DISCLOSURE  

Personal Compensation from Commercial and Non-Profit Entities that benefits you directly or indirectly. 

Within the past two years (and during the course of the study under consideration if the study exceeded 

two years), I or one of my "immediate family members" received personal compensation for the 

following:  

 

All compensation received during the past two years regardless of the relationship to your project must 

be disclosed; for the period exceeding two years, only compensation relevant to the topic of the study 

needs to be disclosed.  

 

1. Serving on a scientific advisory board or data safety monitoring board. List specific disclosures in the 

following format: (1) Commercial or non-profit entity (2) Commercial or non-profit entity... If none, 

please say “None”:  

 

 

 

 

2. Gifts (other than travel or compensation for consulting or for educational efforts) worth more than 

USD $1000. List specific disclosures in the following format: (1) Commercial or non-profit entity, brief 

description of gift, (2) Commercial or non-profit entity, brief description of gift... If none, please say 

“None”: 
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3. Funding for travel or speaker honoraria to the individual from a commercial or non-profit entity not 

included in the study funding [Exclude CME activities and Grand Rounds]. List specific disclosures in the 

following format: (1) Commercial or non-profit entity, type of payment, (2) Commercial or non-profit 

entity, type of payment... If none, please say “None”: 

 

 

 

 

4. Serving as a journal editor, an associate editor, or editorial advisory board member. This may include 

a journal published by your national medical/scientific organization. Please include regardless of 

whether you receive compensation. List specific disclosures in the following format: (1) Full journal 

name, role, year(s), (2) Full journal name... If none, please say “None”: 

 

 

 

 

5. Patents issued or pending. List specific disclosures in the following format: (1) Brief description of 

invention/technology, (2) Brief description of invention/technology... If none, please say “None”: 

 

 

 

 

6. Publishing Royalties (do not include honoraria for occasional writing). List specific disclosures in the 

following format: (1) Full title of work, full name of publisher, year(s) of publication (or receipt of 

royalties), (2) Full title of work... If none, please say “None”: 

 

 

 

 

7. Employment. If you are currently employed by a commercial entity, please disclose below. In addition, 

if your past employment at a commercial entity is directly related to this manuscript, please disclose 

below. List specific disclosures in the following format: (1) Commercial entity, position, years (2) 

Commercial entity, position, years... If none, please say “None”: 

 

 

 

 
 
8. Consultancies. List specific disclosures in the following format: (1) Commercial or non-profit entity, (2)  
Commercial or non-profit entity... If none, please say “None”:  
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9. Speakers' bureau. List specific disclosures in the following format: (1) Commercial or non-profit entity, 

(2) Commercial or non-profit entity... If none, please say “None”: 

 

 

 

 

10. Other activities not covered in designations above (if in doubt, provide full disclosure). List specific 

disclosures in the following format: (1) Commercial or non-profit entity, brief description of activity, (2) 

Commercial or non-profit entity... If none, please say “None”: 

 

 

 

 

11. Some studies have potential for financial gain for the project investigators or the sponsor. The 

following question seeks to provide transparency regarding any financial benefits to investigators or 

sponsors.  

 

Do you perform clinical procedures or imaging studies in your practice or unit that overlap with the 

content of your proposed project, practice parameter, or clinical practice guideline and would your 

sponsor or this part of your practice or unit benefit if the conclusions were widely followed?  

Note: This is the only item in this Agreement that applies to an interest that is related specifically to this 

particular study, practice parameter, or clinical practice guideline.  

 

List specific disclosures in the following format: (1) Name of Practice or Research Unit, Clinical 

procedure/imaging study, % of effort (e.g. 35%), year(s), (2) Name of Practice or Research Unit, Clinical 

procedure/imaging study, % of effort (e.g., 35%)... If none, please say “None”: 

 

 

 

 

RESEARCH SUPPORT  

Within the past two years and during the course of the study under consideration if the study exceeded 

two years, I or one of my "immediate family members" received financial or material research support 

or compensation from the following:  

 

All support received during the past two years regardless of the relationship to the study must be 

disclosed; for the period exceeding two years, only support relevant to the topic of the study needs to 

be disclosed.  

 

12. Commercial entities. List specific disclosures in the following format: (1) Commercial entity, (2) 

Commercial entity... If none, please say “None”: 
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13. Government entities. List specific disclosures in the following format: (1) Sponsor/funding source, 

grant number(s), role, year(s), (2) Sponsor/funding source... If none, please say “None”: 

 

 

  

 

14. Academic entities other than those attributed in the manuscript. List specific disclosures in the 

following format: (1) Academic entity, (2) Academic entity... If none, please say “None”: 

 

 

 

 

15. Foundations or societies (include grant number if required by funding agency). List specific 

disclosures in the following format: (1) Full name of Foundation or Society, (2) Full name of Foundation 

or Society... If none, please say “None”: 

 

 

 

 

STOCK, STOCK OPTIONS & ROYALTIES  

In the past two years and during the course of the study under consideration if the study exceeded two 

years, I or one of my "immediate family members":  

 

All revenues during the past two years regardless of the relationship to the study must be disclosed; for 

the period exceeding two years, only revenues relevant to the topic of the study needs to be disclosed.  

 

16. Stock or stock options or expense compensation for serving on a board of directors. List disclosures 

in the following format: (1) Commercial entity, (2) Commercial entity... If none, please say “None”: 

 

 

 

 

17. License fee payments. List specific disclosures in the following format: (1) Invention/technology, 

source of payment, (2) Invention/technology... If none, please say “None”: 

 

 

 
 
18. Royalty payments or have contractual rights for receipt of future royalty payments from technology or 
inventions (this does not include royalties from publishing). List specific disclosures in the following 
format: (1) Technology/invention, source of payment, year(s), (2) Technology/invention... If none, please  
say “None”:  
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19. Stock or stock options in a commercial entity sponsoring research with which the author or 

"immediate family member" was involved as an investigator (Excludes investments in mutual funds held 

by the author or dependents). List specific disclosures in the following format: (1) Company, year(s), (2) 

Company, year... If none, please say “None”: 

 

 

 

 

20. Stock or stock options in a commercial entity whose medical equipment or other materials related to 

the practice of medicine. (Exclude investments in mutual funds held by the author or dependents). List 

specific disclosures in the following format: (1) Company, year(s), (2) Company, year... If none, please 

say “None”: 

 

 

 

 

LEGAL PROCEEDINGS  

In the past two years and during the course of the study under consideration if the study exceeded two 

years, I or one of my "immediate family members" have (whether or not it pertains to the topic of the 

current study):  

 

All compensation received during the past two years regardless of the relationship to the study must be 

disclosed; for the period exceeding two years, only compensation relevant to the topic of the study 

needs to be disclosed.  

 

21. Given expert testimony, acted as a witness or consultant, or prepared an affidavit for any legal 

proceeding involving a commercial entity (do not include proceedings for individual patients). You may 

specify role, e.g., 'expert witness for plaintiff' if desired. (Include year only if activity is directly related to 

the present study.)  

 

List specific disclosures in the following format: (1) Commercial entity, activity, year(s), (2) Commercial 

entity, activity, year(s)... If none, please say “None”: 

 

 

 

 

OPTIONAL: NONFINANCIAL DISCLOSURE  

22. I have chosen to declare one or more non-financial competing interests (e.g., special interest groups 

you represent or others that may be affected if your paper is published or that could be perceived as 

biasing the study; the corresponding author should be aware of conflicts of interest that Co-

investigators or Contributors may have). Non-financial disclosures will not be published.  
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List specific disclosures, if none, please say “None”:  

 

 

 

 

       I have completed this Disclosure Statement fully and to the best of my ability. I understand 

       that all Applicants must complete this Disclosure Statement and that the information disclosed may be 

       published if their project is accepted for crowdfunding. 

 

By my electronic signature, I verify the completeness and accuracy of the contents of this form.   
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SIGNIFICANCE 
A critically-ill population with high mortality/morbidity: Brain swelling, also known 
as cerebral edema, is a life-threatening complication of various neurologic illnesses 
including ischemic stroke, intracranial hemorrhage (ICH), traumatic brain injury (TBI) (1-
3). It plays a primary role in early mortality, which can exceed 60-80% for large stroke, 
(5) 30-50% for spontaneous ICH (3) and 40% for severe TBI (6), and incurs substantial 
healthcare costs and societal burden. High ICP has been associated with worsened 
outcome in patients with TBI (7), and management to reduce edema is crucial to survival 
and optimal recovery.  
 
A need for noninvasive/continuous tools: TBI guidelines recommend ICP monitors 
(4); however, probes are invasive and variably used (6). In ICH and stroke, swelling is 
largely detected through clinical deterioration, which may occur too late for effective 
treatment, or imaging, which may be impractical to collect continuously. Although 

monitoring pupillary reactivity is part of 
the clinical assessment, the current 
standard is subjective observation. The 
lack of adequate quantification makes 
this measure variable across caregivers, 
often delaying intervention. An ideal tool 
for identifying and tracking swelling 
would be safe, widely accessible and 
reliable at near continuous time-points.  
 
A solution: One excellent tool for this 
purpose is the NeurOptics Pupillometer  
(NeurOptics Inc., Irvine CA, USA), an 
infrared, handheld device that records 
and provides objective pupil size and 
reactivity data, including the Neurologic 
Pupil Index, (NPi) a metric based on a 
normative model of pupillary responses 
(Fig-1). The device has much better 
reliability than manual measurement (8), 
and recent work suggests that pupil 
changes may reflect increasing ICP (9). 
Understanding the range of 
measurements in patients with and 
without ICP monitors is needed to 
determine whether pupillary markers can 
be used for predicting and tracking ICP. 
The applicant's preliminary data 
suggests that the change in trajectory of 
NPi over time (slope) may predict 
elevations in ICP better than abnormal 
NPi alone (unpublished). She plans to 

examine this hypothesis in the current project (Fig-2). 

	 

Fig-1: A: LCD screen showing a recording of the three 
phases of pupil reactivity. B: Recorded pupillary 
measurements including Neurologic Pupil Index (NPi), 
max pupil size (MAX), min pupil size (MIN), percent 
change in pupil size (% CH), latency (LAT), average 
constriction velocity (CV), maximum CV (MCV) and 
dilation velocity (DV). 

A.  

B.  
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INNOVATION 
The proposed research is innovative for three main reasons. The applicant is using an 
understudied technology to track edema and elevations in ICP across multiple disease 
states. She also plans to analyze time-series data through multi-level data modeling 
methods (10) that have not been previously used for pupillometry assessment. Finally, to 
her knowledge there are no studies that rigorously examine the relationship between 
quantitative pupil reactivity and ICP-lowering medications.  
 
APPROACH  
Population: The applicant will prospectively study Neuro-intensive care patients with an 
expected stay of at least 24 hours (Aim-1a/b) and those receiving bolus hyperosmolar 
agents (Aim-2). Table 1 lists full inclusion/exclusion criteria. 
 
 

	 

Fig-2: Intracranial Pressure (ICP) and Neurologic Pupil index (NPi) measurements of the right 
(teal) and left (orange) eyes from the applicant’s preliminary data. Horizontal lines demarcating 
the upper limit of normal (20 mmHg of ICP and 3 units of NPi) are included. Panel A 
demonstrates normalization of the right NPi as ICP decreases in a patient with a right thalamic 
hemorrhage and intraventricular extension. Panel B demonstrates a negative trajectory of NPi in 
both the left and right eyes in the 16 hours leading up to an ICP spike of >40 in a patient with 
traumatic brain injury resulting in bi-frontal contusions and a right temporal hemorrhage. She 
plans to explore the hypothesis that negative trajectories in NPi over time are significantly 
associated with elevated ICP occurrence. 

A.  B.  
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Table 1: Inclusion/Exclusion Criteria 
 Inclusion Criteria Exclusion Criteria 

Aim 1a • Admitted to the MGH Neuro ICU 
with projected >24 hour stay 

• ICP monitoring devices (Camino 
Intracranial Pressure Monitors or 
Extraventricular Drain) 

• Under 18 years of age 
• Previous eye surgery with abnormal pupil reactivity 
• Periorbital swelling preventing pupillary examination 
• Bilateral unreactive pupils throughout admission  
• Anticipated stay <24 hours 
• Comfort Measures Only Patients 

Aim 1b • Admitted to the MGH Neuro ICU 
with projected >24 hour stay 

• Evidence of elevated ICP or 
focal swelling defined by clinical 
or radiographic criteria.  

• As above 

Aim 2 • Admitted to the BWH Neuro ICU 
• Administration of bolus Mannitol 

or 23.4% Hypertonic Saline  

• As above 

 
Exposure/Outcome: In Aim-1a, Dr. Ong will measure how her primary exposure, 
change in pupil reactivity (defined as average NPi slope over 16-hours) relates to the 
categorical outcome of elevated ICP (>25 mmHg). Averaging timeframes were chosen 
based on preliminary data and the literature (9). Aim-1b will test how NPi slope over 2-
hours relates to the categorical outcome of clinical deterioration, defined as a 3-point 
difference in the Glasgow Coma Scale (GCS). In Aim-2, she will test the effect of ICP-
lowering medications on the continuous outcome of NPi. She will test other pupillary 
metrics' relation to her outcomes in secondary analyses. Table 2 lists potential 
confounders/effect modifiers.  
 
Table 2: Exposures and Outcomes 
 Primary Exposure Primary Outcome Potential Confounders/Effect Modifiers 

Aim 1a -Neurologic Pupil Index 
(NPi) slope over 16-hour 
epoch (continuous)  

- Elevated Intracranial 
Pressure (>25 mmHg) 
(categorical) 
 

-Demographics (age, race, diagnosis)  
-Injury location 
-Medications  
-Laboratory values (Na, WBC)  
-Cerebrospinal Fluid Drainage 
-Level of arousal 

Aim 1b -NPi Slope over 2-hour 
epoch (continuous) 

-Clinical Deterioration as 
measured by Glasgow Coma 
Scale change of 3 points 
(categorical) 

-Demographics (age, race, diagnosis) 
-Injury location 
-Medications  
-Laboratory values (Na, WBC) 
-Radiographic evidence of edema (midline 
shift, herniation, hydrocephalus) 

Aim 2 -ICP-lowering 
medications (Mannitol 
and 23.4% Hypertonic 
Saline) (categorical) 

-Neurologic Pupil Index 
(continuous) 
 

-Demographics (age, race, diagnosis) 
-Injury location 
-Medications  
-Laboratory values (Na, WBC)  
-Cerebrospinal Fluid Drainage 
-Level of arousal 

 
Data Collection/Management: As part of an established protocol, nurses will assess 
pupils every 2-hours at MGH for Aim-1 and immediately before and 20-minutes after 
administration of ICP-lowering medication at BWH for Aim-2. The research team will 
collect and upload data storage devices weekly, after which patient information will be 
safely deleted. Data will be stored on secured servers accessed through encrypted 
laptops and collect clinical variables through chart review. Imaging will be acquired at 
discretion of the clinical team. Each patient will receive a subject ID to replace patient 

31



identifiers. Institutional Review Board has approved the project. No consent will be 
obtained, as the diagnostic tool is a part of the standard care with minimal risk. 
 
Analysis: For Aim-1a, the hypothesis is that a negative NPi slope is associated with 
elevated ICP. The applicant will use correlation and univariate logistic regression of 
average NPi slope over 16-hours and ICP, followed by a hierarchical multivariate logistic 
regression to account for known confounders and inter-subject variability. She will test 
other averaging time frames in sensitivity analyses. In Aim-1b, she will use the same 
method to test the association of NPi slope over 2-hour epochs and clinical deterioration 
(3-point change in GCS). For Aim-2, she will test the association of ICP-lowering 
medications and NPi. She will use paired t-tests to assess for difference in pupil 
reactivity means before and after medication administration. Power calculations included 
in Table 3. 
 
Table 3: Power Calculation  
Aim 1a Patient Recruitment: 60 patients: (Estimated 30% of recruited 200 will have 

intracranial monitoring from preliminary work) 
Expected Observations: Six 16-hour epochs per patient over an average 
ICU stay of 4 days (preliminary data)  
Expected Difference: 30% expected difference between groups 
Expected correlation for repeated measurements: 0.8 
Test Type: Two-tailed 
Alpha Error Level: 5% 
Power: 84% 

Aim 1b Patient Recruitment: 60 patients (Estimated 30% of recruited 200 will not 
have intracranial monitoring and radiographic/clinical evidence of elevated 
ICP from preliminary work) 
Expected Observations: Thirty-six 2-hour epochs per patient (average ICU 
stay of 3 days) 
Expected Difference: 3 units of the Glasgow Coma Scale (Range 3-15) 
Expected correlation for repeated measurements: 0.8 
Test Type: Two-tailed 
Alpha Error Level: 5% 
Power: 99% 

Aim 2 Patient Recruitment: 72 patients  
Expected Observations: 216 paired pupillary observations at each time 
point (before and after medication administration based on an average of 4 
doses of ICP-lowering medications)  
Expected Difference: 0.1 NPi unit 
Test type: Two-tailed 
Alpha Error Level: 5% 
Power: 86% 

 
Timeline: Study design (months 1-3), data collection (1-9) and preliminary analyses (3-
10) will occur in the first three quarters. Final analyses, manuscript drafting and 
submission will occur in months 9-12 (Table 4). 
 
 
Table 4 Timeline 

Task                                    Months->                                                                             1-3 3-6 6-9 9-12 

Study Design  X    

Data Collection (9 months) X X X    

Analysis (7 months)  X   X X  

Manuscript Drafting (2 months)      X 

Manuscript Submission (1 month)       X 
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Figure 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	 

Fig-1: A: LCD screen showing a recording of the three 
phases of pupil reactivity. B: Recorded pupillary 
measurements including Neurologic Pupil Index (NPi), 
max pupil size (MAX), min pupil size (MIN), percent 
change in pupil size (% CH), latency (LAT), average 
constriction velocity (CV), maximum CV (MCV) and 
dilation velocity (DV). 

A.  

B.  
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Figure 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	 

Fig-2: Intracranial Pressure (ICP) and Neurologic Pupil index (NPi) measurements of the right (teal) 
and left (orange) eyes from the applicant’s preliminary data. Horizontal lines demarcating the upper 
limit of normal (20 mmHg of ICP and 3 units of NPi) are included. Panel A demonstrates 
normalization of the right NPi as ICP decreases in a patient with a right thalamic hemorrhage and 
intraventricular extension. Panel B demonstrates a negative trajectory of NPi in both the left and right 
eyes in the 16 hours leading up to an ICP spike of >40 in a patient with traumatic brain injury resulting 
in bi-frontal contusions and a right temporal hemorrhage. She plans to explore the hypothesis that 
negative trajectories in NPi over time are significantly associated with elevated ICP occurrence. 

A.  B.  
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Table 1: Inclusion/Exclusion Criteria 
 Inclusion Criteria Exclusion Criteria 

Aim 1a • Admitted to the MGH Neuro ICU 
with projected >24 hour stay 

• ICP monitoring devices (Camino 
Intracranial Pressure Monitors or 
Extraventricular Drain) 

• Under 18 years of age 
• Previous eye surgery with abnormal pupil reactivity 
• Periorbital swelling preventing pupillary examination 
• Bilateral unreactive pupils throughout admission  
• Anticipated stay <24 hours 
• Comfort Measures Only Patients 

Aim 1b • Admitted to the MGH Neuro ICU 
with projected >24 hour stay 

• Evidence of elevated ICP or 
focal swelling defined by clinical 
or radiographic criteria.  

• As above 

Aim 2 • Admitted to the BWH Neuro ICU 
• Administration of bolus Mannitol 

or 23.4% Hypertonic Saline  

• As above 

 
 
 
 
 
 
 
Table 2: Exposures and Outcomes 
 Primary Exposure Primary Outcome Potential Confounders/Effect Modifiers 

Aim 1a -Neurologic Pupil Index 
(NPi) slope over 16-hour 
epoch (continuous)  

- Elevated Intracranial 
Pressure (>25 mmHg) 
(categorical) 
 

-Demographics (age, race, diagnosis)  
-Injury location 
-Medications  
-Laboratory values (Na, WBC)  
-Cerebrospinal Fluid Drainage 
-Level of arousal 

Aim 1b -NPi Slope over 2-hour 
epoch (continuous) 

-Clinical Deterioration as 
measured by Glasgow Coma 
Scale change of 3-points 
(categorical) 

-Demographics (age, race, diagnosis) 
-Injury location 
-Medications  
-Laboratory values (Na, WBC) 
-Radiographic evidence of edema (midline 
shift, herniation, hydrocephalus) 

Aim 2 -ICP-lowering 
medications (Mannitol 
and 23.4% Hypertonic 
Saline) (categorical) 

-Neurologic Pupil Index 
(continuous) 
 

-Demographics (age, race, diagnosis) 
-Injury location 
-Medications  
-Laboratory values (Na, WBC)  
-Cerebrospinal Fluid Drainage 
-Level of arousal 
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Table 3: Power Calculation  
Aim 1a Patient Recruitment: 60 patients: (Estimated 30% of recruited 200 will have 

intracranial monitoring from preliminary work) 
Expected Observations: Six 16-hour epochs per patient over an average 
ICU stay of 4 days (preliminary data)  
Expected Difference: 30% expected difference between groups 
Expected correlation for repeated measurements: 0.8 
Test Type: Two-tailed 
Alpha Error Level: 5% 
Power: 84% 

Aim 1b Patient Recruitment: 60 patients (Estimated 30% of recruited 200 will not 
have intracranial monitoring and radiographic/clinical evidence of elevated 
ICP from preliminary work) 
Expected Observations: Thirty-six 2-hour epochs per patient (average ICU 
stay of 3 days) 
Expected Difference: 3 units of the Glasgow Coma Scale (Range 3-15) 
Expected correlation for repeated measurements: 0.8 
Test Type: Two-tailed 
Alpha Error Level: 5% 
Power: 99% 

Aim 2 Patient Recruitment: 72 patients  
Expected Observations: 216 paired pupillary observations at each time 
point (before and after medication administration based on an average of 4 
doses of ICP-lowering medications)  
Expected Difference: 0.1 NPi unit 
Test type: Two-tailed 
Alpha Error Level: 5% 
Power: 86% 

 
 
 
 
Table 4 Timeline 
Task                                    Months->                                                                             1-3 3-6 6-9 9-12 

Study Design  X    

Data Collection (9 months) X X X    

Analysis (7 months)  X   X X  

Manuscript Drafting (2 months)      X 

Manuscript Submission (1 month)       X 
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Medical license, Pennsylvania (459731), 2016-pres 
 
 
HONORS AND AWARDS 
 
2002 Pennsylvania State Veterans Association: Young Prelude Writer’s 

Scholarship in History (given to one student in Pennsylvania, $5000 
direct) 

 
2002-2006  Benjamin Franklin Honors Scholar 
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2002-2006  Joseph Wharton Honors Scholar 
 
2012 Columbia University: Herbert J. Bartelstone Award for exceptional 

accomplishments in Pharmacology 
 
2013-2014 Irwin Levy Prize for Undergraduate Teaching awarded by the Department 

of Neurology at Washington University for exceptional teaching of medical 
students. 

 
2013-2014 “Resident of the Year” Award for teaching in academic year 2013-2014, 

given by the Washington University School of Medicine Class of 2015.  
 
2015  Neurology Student Education Teaching Honor Roll 
 
2015-2016 Chief Resident of Education Washington University School of Medicine 

Neurology Department 
 
2015, 2016 Berg Award: Resident Day Symposium Research Award-An annual 

award for research conducted by a resident in the Neurology Department: 
“Endovascular thrombectomy for anterior circulation stroke: a systematic 
review and meta-analysis” [2015] and “Early withdrawal decision-making 
in patients with coma after cardiac arrest: a qualitative study of intensive 
care clinicians.” [2016] 

 
2016 Enhanced Leadership Resident Leadership Program Award: A fully 

funded travel award and intensive program awarded to 15 residents from 
around the country to the American Academy of Neurology Annual 
Meeting in Vancouver, 2016.  

 
PROFESSIONAL SOCIETIES AND ORGANIZATIONS 
 
2010-2014  American Academy of Neurology 
 
2013-2014 Graduate Medical Education Committee Representative (one of two 

resident members representing over one thousand housestaff at Barnes 
Jewish Hospital)  

 
2014-pres  Neurocritical Care Society 
 
2015-pres  American Heart Association 
 
 
PROFESSIONAL EXPERIENCE 
 
6/2002-8/2002  Consultant, Launchcyte Biotechnical Company, Pittsburgh, PA 
 
5/2003-8/2003  Research Assistant, Department of Marketing, Wharton School of 

Business, Philadelphia, PA 
 
5/2004-7/2004  Product Development and Merchandising Intern, Federated 

Merchandising Group, New York, NY 
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6/2005-8/2005  Legal Intern, Feldman & Weinstein, New York, NY 
 
8/2007-6/2008  MCAT Tutor, Kaplan Incorporated, Pittsburgh, PA 
 
6/2007-8/2008  Research Analyst, Department of Neuroradiology, University of 

Pittsburgh Medical Center, Pittsburgh, PA 
 
5/2009-8/2009  Research Analyst, Department of Neurosurgery, Columbia 

University Medical Center, New York, NY 
 
6/2012-6/2013  Internal Medicine Intern, Barnes Jewish Hospital, St. Louis, MO 
 
7/2013-6/2016  Resident Physician in Neurology, Barnes Jewish Hospital, St. 

Louis, MO 
 
6/2015-6/2016  Chief Resident of Education, Neurology Department, Washington 

University in St. Louis, MO 
 
7/2016-6/2018  Neurocritical Care Fellow at Massachusetts General 

Hospital/Brigham and Women’s Hospital/Harvard Medical School, 
Boston, MA 

 
RESEARCH SUPPORT   
 
Washington University School of Medicine Education Grant  8/25/14-5/6/16 
Masters in Population Health Sciences Degree, $37,950 direct. 
This is a two-year grant to pay full tuition for the MPHS degree concurrent with residency 
training. There are approximately 6 candidates per year who receive funding.  

 
RESEARCH ACTIVITIES 

Quantitative Pupillometry as a noninvasive marker of elevated ICP and mass effect 

2016-pres  I am currently collecting preliminary data on quantitative pupil 
measurements and characterizing their fluctuation pattern in patients with 
invasive intracranial pressure (ICP) monitors as well as patients receiving 
hyperosmolar ICP-lowering medications. I am working with mentors Drs. 
Stelios Smirnakis and Sahar Zafar.  

Cerebral Edema 

2014-pres  I worked with various mentors, including Drs. Michael Diringer, Jin Moo 
Lee and Rajat Dhar on the topic of cerebral edema outcomes and risk 
prediction, leading to a manuscript publication in Neurocritical Care, and a 
risk prediction score presented as an oral presentation at the American 
Neurological Association Annual Meeting 2016 (manuscript currently 
under review).  
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Neuroprognostication after Cardiac Arrest 

2015-2016  I explored how early withdrawal of care occurs after hypoxic ischemic 
injury secondary to cardiac arrest, and conducted a qualitative analysis of 
non-neurologists to examine factors leading to withdrawal. I worked with 
Drs. Michael Diringer and Amar Dhand, presented the work at the 2016 
AAN meeting and published a manuscript in Neurocritical Care.  

 
CLINICAL ACTIVITIES 
 
Internal Medicine Intern, Washington University School of Medicine 
2012-2013 I served as the intern on the internal medicine services at Barnes Jewish 

Hospital. I was involved in the care of patients in general medicine, 
oncology, infectious disease, renal and critical care.  

 
Neurology Resident, Washington University School of Medicine 
2013-2016 I served as the resident on the neurology services at Barnes Jewish 

Hospital. I collaborated with a team of neurology residents, rotating 
interns from other specialties, and medical students. I was involved in the 
care of patients at all levels of care including outpatients. 

 
Neurocritical Care Fellow, Partners Neurology, Harvard Medical School 
2016-2018 I serve as a Neurocritical Care and acute stroke fellow at Massachusetts 

General and Brigham & Women’s hospitals. I collaborate with a team of 
critical care fellows, neurology residents, rotating interns from other 
specialties and medical students.  

 
TEACHING ACTIVITIES 
 
2007-2008 Kaplan MCAT Instructor for 30 undergraduates, 30 hours of preparation 

and teaching per week. 
 
2012-2013 Inpatient Medicine Services (WUSM), Resident teacher for 4 medical 

students per month, 15 hours of preparation and teaching per week.  
 
2013 Neuroanatomy I (WUSM), Small Group Leader for 30 first year medical 

students’ spring semester, 4 hours of preparation for didactic seminars 
and 2 hours per week for online feedback. 

 
2014-2016 Disease of the Nervous System (WUSM), Small Group Leader for 10 

second year medical students’ spring semester, 4 hours of preparation for 
weekly online exercises. 

 
2013-2016 Inpatient Stroke and Neurology Services (WUSM), Resident teacher for 4 

medical students per month, 15 hours of preparation and teaching per 
week. 

 
2014-2016 Inpatient Neurology Consult services (WUSM), Resident teacher for 2 

medical students per month, 10 hours of preparation and teaching per 
week for 12 weeks. 
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2015-2016 Editor of Washington University School of Medicine Neurology Handbook: 

Prognostication and Coma.   
 
2015-2016 Editor of Washington University Journal Watch: An internal bimonthly 

electronic edition in which sub-specialist faculty and senior residents 
review recent literature. 

 
2016-pres I work with undergraduate students at Harvard University as a part of the 

Senior Common Room Staff of Lowell House. I attend weekly meetings to 
offer guidance and support for those entertaining entering the medical 
profession.  

 
 
ORAL PRESENTATIONS 
The EDEMA Score: A risk prediction tool. 10/14/16 Brigham & Women’s Hospital, Boston 
Massachusetts. 
 
The EDEMA Score: A risk prediction tool. 10/16/16 at the American Neurologic Association 
Annual Meeting October 16-18, 2016, Baltimore, Maryland. 
 
BIBLIOGRAPHY 
 
Peer Reviewed Publications:  
 
1. Ong C, Nallamshetty HS, Nazarian LN, Rekant MS, Mandel S. Sonography Diagnosis of 

Posterior Interosseous Nerve Entrapment Syndrome. Radiology Case Reports 2007;2:1-4.  
 

2. Ong C, Gilmore E, Claassen J, Foreman B, Mayer SA. Impact of Prolonged Periodic 
Epileptiform Discharges on Coma Prognosis. Neurocritical Care 2012;17(1):39-44.  

 
3. Ong C. Neuroanatomy: A transition in understanding and observation. Hektoen International 

2014. Retrieved from http://hekint2.org/index.php?option=com_content&view=article 
&layout=edit&id=751. 

 
4. Ong C, Patel K, Musiek E, Van Stavern G. Isolated Upbeating Nystagmus as Early Atypical 

Manifestation of Thiamine Deficiency. Neurology 2015;84(4):e17-e19. 
 

5. Ong CJ. Tipping point: The head CT and its impact on neurology training. Annals of 
Neurology 2015;77(4):556-9. 

 
6. Ong CJ, Al-Lozi M, Cimino PJ, Bucelli R. Peripheral nervous system hyperexcitability in the 

VV2 subtype of sporadic Creutzfeldt-Jakob Disease: two cases and a review of the 
literature. Clinical Practice Neurology 2015;5(4):326-332. 

 
7. Ong CJ, Keyrouz S, Diringer MN. The role of osmotic therapy in hemispheric stroke. 

Neurocritical Care, Neurocritical Care 2015;23(285). 
 

8. Ong CJ, Yarbrough CK, Beyer AB et al. Endovascular thrombectomy for anterior circulation 
stroke. Systematic Review and Meta-analysis. Stroke 2015;46:00-00. DOI 
10.1161/STROKEAHA.115009847.  
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9. Ong CJ, Yarbrough CK, Derdeyn CP. Response to letter regarding article, “Endovascular 

thrombectomy for anterior circulation stroke: systematic review and meta-analysis.” 
Stroke;46:e259. 

 
10. Ong CJ, Dhand A, Diringer MN. Early withdrawal decision making in patients with coma after 

cardiac arrest: a qualitative study of intensive care clinicians. Neurocritical Care 
2016;25(285). 

 
11. Ong CJ, Gluckstein JA, Laurido-Soto O, Dhar R, Lee JM. Added value of imaging 

characteristics at 12-36 hours in predicting potentially lethal malignant edema. Annals of 
Neurology 2016;80(s20):s8. 

 
12. Ong CJ, Gluckstein JA, Laurido-Soto O, Yan Y, Dhar R, Lee JM. Enhanced detection of  

edema in malignant anterior circulation stroke (EDEMA) score: A risk prediction tool. Stroke 
2017 (In process). 

 
Non-Peer Reviewed Publications:  
 
1. Lohr C, Dastur K, Rahman M, Kaufmann D, Scalercio A, Ong C. Dual method nuclear 

cisternography and simultaneous CT myelogram for the detection of CSF leak from 
duropleural fistula in a patient with Gorham-stout syndrome. Presented at the 19th Annual 
Meeting of the Eastern Neuroradiological Society, Stowe, Vermont, August 23-25, 2007. 
 

2. Agarwal V, Rahman M, Ong C, Branstetter BF, Dastur K, Rothfus W. Brachial Plexus 
Anatomy and Pathology. Presented at the 41st Annual Meeting of The American Society of 
Head and Neck Radiology, September 26-30, 2007. 

 
3. Rahman M, Ong C, Dastur K, Bartynski W, Tsay J, Rothfus WE. Arachnoidal and Unusual 

Cystic Diseases of the Spine. Presented at the Annual Symposium of the American Society 
of Spine Radiology, Indian Wells, CA, Feb 20-24, 2008.  

 
4. Ong C, Hughes M. So they want you to interpret the plain films too? Presented at the 108th 

Annual Meeting of American Roentgen Ray Society, Washington, DC, April 13-18, 2008. 
 
5. Ong C, Kung N, Cai C. First Presentation of Unusual Tumefactive Demyelination: 

Differential and Management. Presented at Washington University Residents’ Day 
Symposium, St. Louis, MO, May 10, 2013.  

 
6. Ong C. The Visible Brain. Presented at the American Academy of Neurology Conference, 

Philadelphia, PA, April 28, 2014. 
 
7. Ong CJ, Yarbrough CK, Beyer AB et al. Endovascular thrombectomy for anterior circulation 

stroke: a systematic review and meta-analysis. Presented at Washington University 
Residents’ Day Symposium, St. Louis, MO, May 22, 2015. 

 
8. Ong CJ, Dhand A, Diringer MN. Early withdrawal decision making in patients with coma after 

cardiac arrest: a qualitative study of intensive care clinicians. Presented at the American 
Academy of Neurology Conference, Vancouver BC, April 18, 2016.  
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