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Abstract

Introduction: The Common Data Elements (CDEs) initiative is a National Institute of Health/National Institute of Neu-
rological Disorders and Stroke (NINDS) effort to standardize naming, definitions, data coding, and data collection for
observational studies and clinical trials in major neurological disorders. A working group of experts was established to
provide recommendations for Unruptured Aneurysms and Aneurysmal Subarachnoid Hemorrhage (SAH) CDEs.

Methods: This paper summarizes the recommendations of the Hospital Course and Acute Therapies after SAH work-
ing group. Consensus recommendations were developed by assessment of previously published CDEs for traumatic
brain injury, stroke, and epilepsy. Unruptured aneurysm- and SAH-specific CDEs were also developed. CDEs were

o

categorized into “core’,

"

supplemental—highly recommended’, "supplemental”and “exploratory”.

Results: We identified and developed CDEs for Hospital Course and Acute Therapies after SAH, which included: surgi-
cal and procedure interventions; rescue therapy for delayed cerebral ischemia (DCl); neurological complications (i.e.
DCl; hydrocephalus; rebleeding; seizures); intensive care unit therapies; prior and concomitant medications; electroen-

cephalography; invasive brain monitoring; medical complications (cardiac dysfunction; pulmonary edema); palliative
- J
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comfort care and end of life issues; discharge status. The CDEs can be found at the NINDS Web site that provides
standardized naming, and definitions for each element, and also case report form templates, based on the CDEs.

Conclusion: Most of the recommended Hospital Course and Acute Therapies CDEs have been newly developed.
Adherence to these recommendations should facilitate data collection and data sharing in SAH research, which could
improve the comparison of results across observational studies, clinical trials, and meta-analyses of individual patient

Keywords: Clinical studies, Common Data Elements, Data coding, Data collection, Standardization, Subarachnoid

Introduction

Aneurysmal subarachnoid hemorrhage (SAH) carries
high levels of disability and mortality. Although func-
tional outcome has initially improved, a plateau has
been observed since 1990s [1]. A large number of ran-
domized clinical trials have been published; however,
the use of oral nimodipine and endovascular treatment
of the culprit aneurysm remain the sole interventions
which have broadly impacted management of SAH
patients [2, 3].

The conduct of large randomized clinical trials is
laborious, difficult, and costly. One alternative is the
use of large databases to tackle knowledge gaps in the
field of aneurysmal SAH. An example includes the
use of comparative effectiveness research exploiting
variations in hospital practices to define best practices
[4]. However, data are usually difficult to compare or
pool, due to lack of uniformity in data coding, defini-
tions, and procedures for sample collection, because
researchers tend to use their own data element defini-
tions for new research projects. The variability of defi-
nitions may also hamper other uses of combining large
prospective databases, such as the development and
validation of prognostic models.

Therefore, in an effort to standardize definitions
of data among clinical trials in the field of SAH, the
National Institute of Health (NIH)/National Institute
of Neurological Disorders and Stroke (NINDS) Com-
mon Data Elements (CDE) Project [5] instituted the
“Unruptured Aneurysm and Aneurysmal Subarachnoid
Hemorrhage — Common Data Elements Project” aimed
to help investigators conduct clinical research through
the development of standardized naming, definitions,
and data structure for clinical research variables. The
CDEs will facilitate systematic clinical data collection,
analysis, and sharing across the research community.
Central to the project is the identification of common
definitions and the standardization of case report forms
and other instruments. This article summarizes the

recommendations of the working group (WG) on “Hos-
pital Course and Acute Therapies” within this project.

Common Data Elements Overview

Summary

The CDEs project is a joint effort between the NIH and
the NINDS to develop standardized naming, definitions,
and data structure for clinical research variables, with the
main goal of facilitating the comparison of clinical stud-
ies results in major neurological diseases (e.g., traumatic
brain injury, ischemic stroke, multiple sclerosis, epilepsy,
SAH).

Therefore, recommendations for CDEs for research
on Unruptured Intracranial Aneurysms and aneurys-
mal SAH were established through an interdiscipli-
nary, worldwide initiative, supported by NINDS and the
National Library of Medicine CDE teams.

The Hospital Course and Acute Therapies is a WG of
the Unruptured Aneurysm and Aneurysmal SAH — CDE
Project aimed to construct CDEs regarding hospital-
based acute interventions (surgical, endovascular or
medical, either considered standard or rescue therapy),
course (including systemic and neurological complica-
tions) and monitoring, either within or outside the inten-
sive care unit (ICU). The CDE categories included: prior
or concomitant medications; electroencephalography
(EEG); invasive brain monitoring; medical complica-
tions (i.e., pulmonary and cardiac complications); pallia-
tive comfort care and end of life issues; discharge status;
surgical procedures and other interventions; rescue ther-
apy; neurological complications [i.e., delayed cerebral
ischemia (DCI), hydrocephalus, rebleeding, seizures];
and ICU therapies.

Process for Selecting CDEs

The Hospital Course and Acute Therapies WG con-
sisted of an international and interdisciplinary (neurol-
ogy, neurosurgery, intensive care, and pharmacology) ad
hoc panel of experts in the field of aneurysmal SAH. The
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subcommittee was further divided into two subgroups,
and two members were assigned as superusers, being
responsible for CDEs administration and data entering
into the NINDS website (http://www.commondataeleme
nts.ninds.nih.gov/default.aspx.) [5].

All WG members were trained by the NIH/NINDS
staff by means of a webinar to use the CDE Web site
and online tools. Previously published CDEs from
other neurological diseases such as traumatic brain
injury [6], epilepsy [7], and ischemic stroke [8] were
assessed for potential inclusion in the SAH-CDE set.
SAH-specific CDEs, not described by other CDE pro-
jects, were developed by the subgroup committee based
on their expertise, by the review of observational stud-
ies, and by the review of Clinical Research Forms from
specific clinical trials on SAH [2, 9-11]. The Hospital
Course and Acute therapies CDEs were selected and
prioritized through a consensus-building process. The
concept CDEs were discussed and refined during sev-
eral Skype meetings, telephone conferences, and e-mail
interaction. The complete CDEs list was presented and
discussed with the entire Unruptured Aneurysm and
SAH - CDE Project Group at the Cerebral Aneurysm
and Subarachnoid Hemorrhage CDE meeting (May
13-15, 2016 in Houston, TX). All the queries and criti-
cism raised by the group were thoroughly assessed, and
adjustments were made accordingly. The final list of
CDEs by the Hospital Course and Acute Therapies WG
were submitted to the NINDS by the end of June 2016,
and went through an internal review along with the
combined reports of all WGs. The CDEs were internally
reviewed through December 2016, followed by a pub-
lic review on the NINDS CDE website from January to
March 2017. NINDS subsequently translated the con-
cept CDEs into Case Report Form documents to fur-
ther facilitate application and use of the CDEs in future

SAH studies, and which underwent further scrutiny by
the WG members for usability.

CDE Terminology

The Hospital Course and Acute Therapies CDEs were
classified according to NINDS into Core, Supplemental—
Highly Recommended, Supplemental, and Exploratory
(Table 1). An online-voting process was performed, and
the co-chairs assembled the final classification after the
Houston Neurocritical Care meeting. Only a minority of
CDEs was classified as “Core”. The remainder of the Hos-
pital Course and Acute Therapies CDEs was classified as
Supplemental —Highly Recommended, Supplemental,
and Exploratory.

Description of CDEs

The construction of the CDEs was performed according
to the process described above among two subgroups of
experts within the Hospital Course and Acute Therapies
WG (Subgroup—1: Surgical Procedures and Interven-
tions, Rescue Therapies, Neurological Complications,
ICU Therapies. Subgroup—2: Prior and Concomitant
Medications, EEG, Invasive Brain Monitoring, Medi-
cal Complications, Palliative Comfort Care and End of
Life Issues, Discharge Status). All CDEs are stratified
into Core, Supplemental—Highly Recommended, Sup-
plemental, and Exploratory. A general description of the
CDE categories is given below followed by a brief expla-
nation for the individual CDEs as appropriate. The full
set of CDEs is given in online supplemental file 1.

Core Data Elements

Surgical Procedure and Interventions [12, 13]

This category contains CDE’s regarding the treatment
(surgical or endovascular) of target intracranial aneu-
rysms (either ruptured or unruptured) and details

Table 1 Classification of Common Data Elements according to the level of recommendation (Source: http://www.commo

ndataelements.ninds.nih.gov)

Class Meaning

Core

A data element that collects essential information applicable to any study, including either those which span across all disease

and therapeutic areas or those that are specific to one disease area. The NINDS and their appointed working groups assign
the “Core” classification based on the current clinical research best practices. This term applies to both the General CDEs and
the Disease-specific CDEs. In each case, the Core CDEs are a small subset of the available CDEs, where it is anticipated that
investigators will need to collect the Core CDEs on any type of study

Supplemental—
Highly Recom-

mended condition, study type or design

Supplemental

A data element, which is essential, based on certain conditions or study types in clinical research studies. In most cases, these
have been used and validated in the disease area. These data elements are strongly recommended for the specified disease

A data element, which is commonly collected in clinical research studies, but whose relevance depends upon the study design

(i.e., clinical trial, cohort study, etc.) or type of research involved

Exploratory

A data element that requires further validation, but may fill current gaps in the CDEs and/or substitute for an existing CDE once

validation is complete. Such data elements show great promise, but require further validation before they are ready for prime-
time use in clinical research studies. They are reasonable to use, but limited study has been done in the target group

CDEs Common Data Elements, NINDS National Institute of Neurological Disorders and Stroke
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regarding the procedure. Within this category, only “type
of aneurysm occlusion procedure” (surgery or endovas-
cular) was classified as “core”.

Type of Intervention: Surgery/Type of Intervention—Endo-
vascular The nature of the intervention for treatment of
SAH source is recommended as a core element. Surgical
and endovascular treatment are each defined separately
as yes, no or attempted/failed given that an individual
aneurysm may ultimately be exposed to both modalities
of treatment if one is not successful in securing the rup-
ture source.

Supplemental-Highly Recommended Data Elements
Surgical Procedures and Interventions

SAH: Day of Intervention The timing of intervention
is an important data element in SAH since it captures
timely aneurysm occlusion and thus can have a significant
impact on outcomes by prevention of rebleeding. The
WG suggests it to be documented relative to the day of
rupture (ictus; day 0). “SAH time of intervention” meas-
ured in hours after ictus, is also included as a CDE and is
therefore more detailed than “Date of intervention’, but is
included as a “supplemental” CDE.

Vessel Repaired This CDE indicates the location of the
artery harboring the target aneurysm (the ruptured aneu-
rysm in case of SAH or target aneurysm for occlusion
when it is unruptured and there is no SAH).

Neurological Complications

CDEs in this category include global cerebral edema,
herniation syndromes, rebleeding, hydrocephalus, DCI,
seizures and meningitis/ventriculitis. These CDEs are
mostly “supplemental’; but a few were classified “supple-
mental-highly recommended” as follows.

Rebleeding Whether there is a documented rebleed
is deemed essential information for almost any type of
study, given its strong adverse prognostic impact. We sug-
gest therefore that it is documented, or strongly consid-
ered for documentation in SAH studies.

Clinical Deterioration/Cerebral Infarction (or Both) Due
to Delayed Cerebral Ischemia The WG suggests two
CDEs related to DCI as “Supplemental-highly recom-
mended’, and thus to be strongly considered for docu-
mentation within any type of study given the strong
prognostic impact of DCL It is expected that future inter-
vention studies are likely to focus on mitigating the conse-
quences of DCI, which renders these CDEs an important
study outcome, increasing the need for uniformity in their
definition. The DCI CDEs are based on the definition

previously published in a consensus document [14], one
focused on an imaging-based definition (i.e., infarction on
computed tomography or magnetic resonance imaging),
and another defined as clinical signs and/or imaging evi-
dence of infarction.

Supplemental Data Elements

Surgical Procedure and Interventions

Ventriculostomy Placement/Lumbar Drain Placement
Depending on the type of study, these CDEs may be useful
for reporting.

Type of Surgery or Endovascular Repair/Success of Surgi-
cal or Endovascular Intervention/Treatment of Multiple
Aneurysms/Number of Aneurysms Treated These CDEs
pertain to general information about surgical or endo-
vascular aneurysm occlusion. “Type of surgery” details
whether simple clipping was performed or a more com-
plicated procedure. “Type of endovascular repair” simi-
larly describes whether uncomplicated coiling was done
or a more complex procedure, e.g., utilizing stenting or
intended vessel occlusion. We suggest that success of
aneurysm occlusion be categorized as complete, partial
with neck remnant, partial with residual fundus or unse-
cured based on follow-up radiological assessment for sur-
gically treated aneurysms and with Raymond-Roy grade
for endovascular-treated aneurysms [13, 15]. For multiple
aneurysms, a CDE to indicate presence or absence and a
CDE to indicate the number of aneurysms is included.

Surgery: Craniotomy Type/Craniectomy/Hematoma Evac-
uation/Temporary Vessel Occlusion/Temporary Occlusion
Time Max/Temporary Occlusion Time Total/Intraopera-
tive Rupture/Intraoperative Assessment of Vessel Patency
and/or Aneurysm Occlusion/Intraoperative Complica-
tion/Postoperative Complication/Operative Time/Blood
Transfusion/Estimated Blood Loss/Intraoperative Neuro-
physiological Monitoring These CDEs relate to the surgi-
cal procedure details. The CDEs are deemed appropriate
and suggested for studies focused on surgical manage-
ment of ruptured, and some for unruptured, intracranial
aneurysms. The CDEs specifically pertain to the details of
the aneurysm surgery and those surgical aspects that may
contribute to cerebral ischemia or (ultimately) infarction.
Neurophysiological monitoring details may be included
in studies when deemed appropriate.

Endovascular: Intraprocedural or Postprocedural Com-
plication/Antithrombotic Medication/Fluoroscopy Dose/
Procedure Time CDEs relate to endovascular aneurysm
occlusion and procedural complications and can be used
for studies where details of the endovascular procedures
are important, including new device assessments.
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Rescue Therapy

This category pertains to rescue therapies for vasos-
pasm either by intra-arterial chemical agent or
mechanical balloon angioplasty, including potential
complications of these procedures. Classification was
“supplemental” for all CDEs in this category.

Intra-arterial Chemical Therapy/Mechanical Angio-
plasty/Type of Intra-arterial Vasodilator/Adverse
Clinical Exam Changes Related to Therapy/Procedural
Adverse Events The use of intra-arterial chemical or
mechanical therapies for vasospasm is included in this
category of CDEs, including the day of administration
and potential neurological complications. The compli-
cations of medical and mechanical therapies are each
defined individually as a clinically defined CDE (per-
taining to neurological deterioration) and additionally
as a CDE defined by adverse local or systemic effects
such as those related to hyperperfusion or systemic
toxicity of vasodilators (e.g., hypotension) or related to
mechanical/technical complications (e.g., perforation
or embolic events).

Neurological Complications

Apart from rebleeding and DCl-related CDEs classi-
fied as supplemental highly recommended, all other
CDEs in this category are supplemental and pertain to
specific complications which, depending on the type of
study, may be considered for reporting.

Global Cerebral Edema/Brain Stem Herniation/Hydro-
cephalus/Seizures and Meningitis/Ventriculitis The
most common and relevant neurological complications
encountered in patients with SAH were considered by
the subgroup experts and CDEs related to those have
been selected and defined [14, 16—-19].

ICU Therapies

This category contains CDEs for interventions that rou-
tinely occur in the ICU setting because SAH patients
are typically admitted to an ICU and are cared for by
an interdisciplinary team [20, 21]. CDEs pertain to
systemic therapies and include hemodynamic man-
agement, temperature management, glucose control,
(invasive) mechanical ventilation and the use of osmo-
therapy [9, 20-24]. All ICU therapies CDEs were classi-
fied as “supplemental”.

Blood Pressure Management Goal: Upper, Lower/Blood
Pressure Augmentation—Specific 'The upper and lower
blood pressure management goal CDE assesses the
range of mean arterial blood pressure that is aimed for
as a goal in the routine setting. When blood pressure

augmentation (or induced hypertension) is studied as
a treatment modality for DCI/vasospasm, we suggest
defining the target blood pressure by either mean arte-
rial pressure or systolic blood pressure [20, 25].

Hemodynamic Therapy: General/Hemodynamic Aug-
mentation—General/Hypervolemic Therapy or Volume
Augmentation—General or Specific These CDEs are
focused on hemodynamic interventions in the ICU and
provide suggested terminologies to enhance uniformity
in future reporting. Hemodynamic intervention-related
CDEs are defined as being directed at cardiac output,
volume status (however defined) and/or blood pressure
or any combination of these. Hemodynamic augmenta-
tion and hypervolemic therapy/volume augmentation
are terms that we suggest are only used in conjunc-
tion with targeting supraphysiological values of car-
diac output, volume status or blood pressure. Of note,
with regard to volume status specifically, recent guide-
lines and some pertinent studies have generally recom-
mended to stay away from such supraphysiological tar-
gets [21, 26]. However, in spite of the lack of evidence,
application of induced hypertension is still suggested as
a viable option in selected cases [27].

Target for Fever Management/Glucose Control: Upper
and Lower Limit Temperature and serum glucose rep-
resent important systemic targets whose mitigation may
impact on patients with SAH. We suggest that studies
reporting on fever management mention the cutoff tem-
perature that prompts treatment and similarly glucose
upper and lower limits for normality should be reported
when appropriate.

Mechanical Ventilation (Invasive, Noninvasive, Total
Duration) We suggest that for appropriate studies or
settings, the application of mechanical ventilation, mode
(invasive or noninvasive) and its duration should be con-
sidered for reporting since it often represents systemic
critical illness next to a comatose state and prognosis is
worse in these patients. For this CDE, we suggest a dichot-
omous reporting, i.e., yes/no, and duration in days.

Osmotherapy for Intracranial Hypertension or Cerebral
Edema We suggest the reporting of application of any
osmotherapy as a dichotomous variable (i.e., yes/no) for
appropriate studies.

Prior or Concomitant Medications

We suggest the reporting of prior and concomitant medi-
cations, which include but are not limited to: anti-epilep-
tic drugs, anticoagulants, antiplatelets, antithrombotic
therapy, and diabetes treatment type. The use of imaging
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contrast agent, vasopressors, fluid replacement (i.e., type
of fluid), intra-arterial vasodilator, pain medications, neu-
romuscular blockers, and sedatives are also described in
these CDEs. Along with prior and concomitant medica-
tions, we suggest also reporting medication allergies,
drug dose and frequency, stroke discharge medications,
and drug or illicit substance use.

Electroencephalography (EEG)

Intermittent or continuous EEG monitoring is frequently
used to assess brain function, and monitor SAH patients
in the ICU. These CDEs are focused on EEG and pro-
vide suggested terminologies to enhance uniformity in
future reporting. We suggest that for appropriate stud-
ies or settings, the application of EEG should be reported
(yes/no), along with the date and time the study was
started and ended, and the duration of monitoring. The
EEG indication (e.g., seizure detection, ischemia detec-
tion, prognosis) should be also recorded. Recording and
technical specifications, behavioral states recorded, EEG
background, ictal and ischemia findings, recording cir-
cumstances, and artifacts may be recorded [28-30].

Invasive Brain Monitoring

These CDEs are focused on intracranial pressure (ICP)
[31, 32], brain tissue oxygenation [33], and cerebral
microdialysis [34] monitoring. Regarding ICP we sug-
gest the following variables to be recorded: start date/
time, stop reason, stop date/time, monitoring prob-
lem type, catheter revised indicator, catheter anatomic
site, device type, ICP (mmHg), ICP maximum daily
measurement (mmHg), mean ICP daily measurement
(mmHg), number of ICP episodes >20 mmHg longer
than 5 min, number of ICP episode >20 mmHg, cer-
ebral perfusion pressure value (cerebral perfusion pres-
sure [CPP] mmHg=mean arterial pressure measured at
tragus level —ICP), number of CPP episodes lower than
60 mmHg. For brain tissue oxygenation [33], we suggest
the recording of: start date/time, stop date/time, stop rea-
son, problem type, probe revised (yes/no), anatomic site,
values (minimum value over a 24-h period, mean value
over a 24-h period), number of episodes below threshold
lasting longer than 5 min, time of decreased tissue oxy-
genation below threshold in hours over a 24-h period.
For cerebral microdialysis [34], we suggest the recording
of: start date/time, stop date/time, stop reason, problem
type, probe revised (yes/no), anatomic site, mean lactate
level over a 24-h period, mean pyruvate level over a 24-h
period, calculated lactate/pyruvate (L/P) ratio, mean L/P
ratio over a 24-h period, maximum L/P ratio over a 24-h
period, burden of metabolic crisis (time of increased L/P
ratio above threshold in hours over a 24-h period).

Medical Complications (Cardiac Dysfunction; Pulmonary
Edema)

Cardiac and pulmonary complications are very common
after SAH. These CDEs are focused on the assessment
of cardiac and pulmonary function, which includes the
assessment and use of vital signs, laboratory tests, elec-
trocardiogram, echocardiogram, holter, and cardiac mag-
netic resonance imaging.

Palliative Comfort Care and End of Life Issues

These CDEs indicates if patients’ care were limited to
“Comfort Measures Only”. These CDEs includes: comfort
care earliest documentation timepoint type, comfort care
measure type, do not resuscitate or intubate (DNR or
DNI) indicator, and DNR or DNI earliest documentation
timepoint type.

Discharge Status

The WG suggests the reporting of discharge status
of SAH patients, which includes: diagnosis principal
discharge stroke related ICD-10-CM code, hospital
discharge data/time, ICU discharge destination type, hos-
pital discharge destination type, location post-acute
stroke discharge type, discharge destination type, stroke
discharge medication category, stroke service accredited
discharge destination type, total ICH and hospital length
of stay. The CDEs focused on case fatality/survival, dis-
ability (e.g., modified Rankin Scale, Glasgow outcome
scale), cognitive impairment (e.g., Montreal Cognitive
Assessment, Mini-Mental State Examination), and other
cognitive domains assessment is described separately in
the Outcomes and Endpoints Subcommittee.

Limitations

Construction of the subcommittee CDEs was complex,
because data to be collected about hospital course and
acute therapies are often dictated by specific study ques-
tions and the type of study and is therefore ill-defined
in advance. Therefore, it is quite ambitious to try and
develop a sufficient number of CDEs that would cover
all possible topics and variables. These subgroup CDEs
will need to be updated and re-assessed over time as new
treatments for aneurysmal SAH may be introduced in the
future. Many CDEs had to be newly constructed because
SAH-specific CDEs were largely unavailable, but this
also supports the need for the conception of these CDEs
through the SAH-CDE project.

Next Steps and Future Work

The Hospital Course and Acute Therapies CDEs should
now be tested on their feasibility for practical use in
future SAH studies. A first step is to communicate the
CDEs to the broader scientific community to facilitate
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wider application. A second step is that studies using
them record the use of the SAH-CDE set as made avail-
able by NINDS, so that it may become a new standard.
Finally, the SAH-CDEs should be viewed as a starting
point for standardized reporting of future SAH stud-
ies, including trials and systematic reviews, and when
new insights or shortcomings of the CDEs become clear,
adaptations should be encouraged.

Conclusions

The Hospital Course and Acute Therapies WG recog-
nized and defined CDEs to be used in future studies
pertaining to the aneurysmal SAH field of research. A
substantial number of CDEs were incorporated from
previously developed CDEs from traumatic brain injury,
stroke, and epilepsy, but rearranged for the SAH-CDEs
for practical purposes. Additionally, elements specific
for the SAH field were developed. The recommendations
cover the following areas: surgical and procedure inter-
ventions, rescue therapy for delayed cerebral ischemia,
neurological complications, intensive care unit therapies,
prior and concomitant medications, electroencephalog-
raphy, invasive brain monitoring, medical complications,
palliative comfort care and end of life issues, and dis-
charge status. The implementation of and adherence to
these recommendations will facilitate data collection and
data sharing in SAH research, which could improve the
comparison of results across observational studies and
clinical trials and facilitate meta-analyses of individual
patient data or updating of prognostic models for SAH.
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