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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 
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 (DCI); neurological complications (i.e. 
DCI; hydrocephalus; rebleeding; seizures); intensive care unit therapies; prior and concomitant medications; electroen‑
cephalography; invasive brain monitoring; medical complications (cardiac dysfunction; pulmonary edema); palliative 
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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 

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 
data.

Keywords: Clinical studies, Common Data Elements, Data coding, Data collection, Standardization, Subarachnoid 
hemorrhage, Aneurysm
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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.commo ndata eleme 
nts.ninds .nih.gov/defau lt.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 
ndata eleme nts.ninds .nih.gov)

CDEs Common Data Elements, NINDS National Institute of Neurological Disorders and Stroke

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

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 
condition, study type or design

Supplemental 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

http://www.commondataelements.ninds.nih.gov/default.aspx
http://www.commondataelements.ninds.nih.gov/default.aspx
http://www.commondataelements.ninds.nih.gov
http://www.commondataelements.ninds.nih.gov
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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 DCI. 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 DCI-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.

Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s1202 8‑019‑00726 ‑3) 
contains supplementary material, which is available to authorized users.

Author details
1 Neuroscience Research Program in the Keenan Research Centre for Biomedi‑
cal Science of St. Michael’s Hospital, University of Toronto, Toronto, Canada. 
2 Adult Critical Care Unit, Department of Critical Care Medicine, Hospital 
Paulistano – UnitedHealth Group Brazil, Rua Martiniano de Carvalho, 741, Bela 
Vista, São Paulo, SP 01321‑001, Brazil. 3 Department of Intensive Care Adults, 
Erasmus MC, University Medical Center Rotterdam, Rotterdam, The Nether‑
lands. 4 Department of Neurosurgery, University of Illinois at Chicago, Chicago, 
USA. 5 Department of Neurological Surgery, UH Cleveland Medical Center, 
Case Western Reserve University, Cleveland, OH, USA. 6 Department of Phar‑
macotherapy and Outcomes Science, School of Pharmacy, Richmond, VA, USA. 
7 Department of Neurosurgery, University of Connecticut, Farmington, CT, 
USA. 8 Columbia University, New York, NY, USA. 9 Department of Neurosurgery, 
University of Florida, Gainesville, FL, USA. 10 Department of Neurology, Univer‑
sity of Rochester, Rochester, NY, USA. 11 Department of Neurology, Henry Ford 
Health System, Detroit, MI, USA. 12 Department of Neurosurgery, Barrow Neu‑
rological Institute, Phoenix, AZ, USA. 13 Department of Neurology, Mayo Clinic, 
Rochester, MN, USA. 14 Department of Neurosurgery, Charite Hospital, Univer‑
sitatsmedizin, Berlin, Germany. 15 Brain Center Rudolf Magnus, Department 
of Neurology and Neurosurgery, University Medical Center Utrecht, Utrecht 
University, Utrecht, The Netherlands. 16 Department of Neurosurgery and Radi‑
ology, Zucker School of Medicine at Hofstra/Northwell Health, New York, NY, 
USA. 17 Washington University in St Louis, St. Louis, MO, USA. 18 Departments 
of Anesthesiology and Critical Care Medicine, Neurology, and Neurosurgery, 
Johns Hopkins University School of Medicine, Baltimore, USA. 

Acknowledgements
The views expressed here are those of the authors and do not represent those 
of the National Institutes of Health (NIH), the National Institute of Neurological 
Disorders and Stroke (NINDS) or the US Government.

Author Contributions
ALdOM, MvdJ, SAH, NCB, GMB, KB, JC, ESC, SAH, BLH, RGH, AGK, SAM, PN, 
AAR, PV, MDIV, HW, GJZ, JIS contributed to manuscript writing/editing. The 
corresponding author confirms that authorship requirements have been met, 
the final manuscript was approved by ALL authors, and that this manuscript 
has not been published elsewhere and is not under consideration by another 
journal. The UIA and SAH‑CDEs project adhered to ethical guidelines.

Source of support
Logistical support for this project was provided in part through NIH Contract 
HHSN271201200034C, the Intramural Research Program of the NIH, NLM, 
The Neurocritical Care Society and the CHI Baylor St Luke’s Medical Center in 
Houston, TX. The development of the NINDS SAH‑CDEs was made possible 
thanks to the great investment of time and effort of WG members and the 
members of the NINDS CDE Project and NLM CDE project teams participating 
from 2015 to 2017.

Conflicts of interest
Dr Suarez reports being President of the Neurocritical Care Society, a mem‑
ber of the Editorial Board of Stroke Journal, and Chair of the DSMB for the 
INTREPID Study sponsored by BARD, outside of the submitted work. Dr Mayer 
reports having received personal consulting fees from Edge Therapeutics 
and Idorsia Pharmaceuticals outside of the submitted work. Dr Amin‑Hanjani, 
has nothing to disclose. Dr Vergouwen has nothing to disclose. Dr de Oliveira 
Manoel has nothing to disclose. Dr van der Jagt has nothing to disclose. Dr 
Bambakidis has nothing to disclose. Dr Brophy has nothing to disclose. Dr 
Bulsara has nothing to disclose. Dr Claassesn reports grants from Charles A 
Dana Foundation, grants from James S McDonnell Foundation, from NIH: The 
Stroke Hyperglycemia Insutlin Network Effort (SHINE) Trial, grants from NIH: 
I‑SPOT, grants from NIH: Established Status Epilepticus Treatment Trial (ESETT), 
grants from BARD: Intrepid, grants from NIH: Futility Study of Deferoxamine 
Mesylate in Intracerebral Hemorrhage (I‑DEF), grants from NIH/NLM: BIGDATA: 
Causal Inference in Large‑Scale Time Series with Rare and Latent Events, grants 
from NIH: Rhapsody (ZZ‑3K3A‑201), other from iCE Neurosystems, outside the 
submitted work. Dr Connolly has nothing to disclose. Dr Hoffer has nothing 
to disclose. Dr Hoh has nothing to disclose. Dr Holloway has nothing to 
disclose. Dr Kelly has nothing to disclose. Dr Nakaji has nothing to disclose. 
Dr Rabinstein has nothing to disclose. Dr Vajkoczy has nothing to disclose. Dr 
Woo has nothing to disclose. Dr Zipfel has nothing to disclose.

Ethical approval/informed consent
This article does not contain any studies with human participants or animals 
performed by any of the authors.

Appendix: SAH Working Group Members

Steering Committee
Jose I Suarez, MD, FNCS, FANA, Johns Hopkins Uni-
versity School of Medicine, Baltimore, MD, co-Chair
R Loch Macdonald, MD, PhD, University of Toronto, 
Toronto, ON, Canada, co-Chair
Sepideh Amin-Hanjani, MD, University of Illinois at Chi-
cago, Chicago, IL
Robert D. Brown, Jr., MD, MPH, Mayo Clinic, Rochester, 
MN
Airton Leonardo de Oliveira Manoel, MD, PhD, Univer-
sity of Toronto, Toronto, Ontario, Canada

https://doi.org/10.1007/s12028-019-00726-3


S43

Colin P Derdeyn, MD, FACR, University of Iowa, Carver 
College of Medicine, Iowa City, IA
Nima Etminan, MD, University Hospital Mannheim, 
Mannheim, Germany
Emanuela Keller, MD, University of Zurich, Zurich, 
Switzerland
Peter D. LeRoux, MD, FACS, Main Line Health, Wynne-
wood, PA
Stephan Mayer, MD, Henry Ford Hospital, Detroit, MI
Akio Morita, MD, PhD, Nippon Medical School, Tokyo, 
Japan
Gabriel Rinkel, MD, University Medical Center, Utrecht, 
The Netherlands
Daniel Rufennacht, MD, Klinik Hirslanden, Zurich, 
Switzerland
Martin N. Stienen, MD, FEBNS, University of Zurich, 
Zurich, Switzerland
James Torner, MSc, PhD, University of Iowa, Iowa City, 
IA
Mervyn D.I. Vergouwen, MD, PhD, University Medical 
Center, Utrecht, The Netherlands
George K. C. Wong, MD, Chinese University of Hong 
Kong, Shatin, Hong Kong

Subject Characteristics Working Group
Robert D. Brown, Jr., MD, MPH, Mayo Clinic, Roches-
ter, MN, co-Chair
Akio Morita, MD, PhD, Nippon Medical School, 
Tokyo, Japan, co-Chair
Philippe Bijlenga, MD, PhD, Geneva University Hos-
pital, Geneva, Switzerland (Superuser)
Nerissa Ko, MD; Cameron G McDougall, MD; J Mocco, 
MS, MD; Yuuichi Murayama, MD; Marieke J H Werner, 
MD, PhD

Assessments and Examinations Working Group
Stephan Mayer, MD, Henry Ford Hospital, Detroit, 
MI, co-Chair
Jose I Suarez, MD, FNCS, FANA, The Johns Hop-
kins University School of Medicine, Baltimore, MD, 
co-Chair
Rahul Damani, MD, MPH, Baylor College of Medi-
cine, Houston, TX (Superuser)
Joseph Broderick, MD; Raj Dhar, MD, FRCPC; Edward 
C Jauch, MD, MS, FACEP, FAHA; Peter J Kirkpatrick; 
Renee H Martin, PhD; J Mocco, MS, MD; Susanne Mue-
hlschlegel, MD, MPH; Tatsushi Mutoh, MD, DVM, PhD; 
Paul Nyquist, MD, MPH; Daiwai Olson, RN, PhD; Jorge 
H Mejia-Mantilla, MD, MSc.

Hospital Course and Acute Therapies Working Group
Sepideh Amin-Hanjani, MD, University of Illinois at 
Chicago, Chicago, IL, co-Chair

Airton Leonardo de Oliveira Manoel, MD, PhD, Uni-
versity of Toronto, Toronto, Ontario, Canada, co-
Chair (Superuser)
Mathieu van der Jagt, MD, PhD, Erasmus Medical 
Center, Rotterdam, The Netherlands (Superuser)
Nicholas C Bambakidis, MD; Gretchen M Brophy, 
PharmD, BCPS, FCCP, FCCM, FNCS; Ketan Bulsara, 
MD; Jan Claassen, MD, PhD; E Sander Connolly, MD, 
FACS; S Alan Hoffer, MD; Brian L Hoh, MD, FACS; Rob-
ert G Holloway, MD, MPH; Adam Kelly, MD; Stephan 
Mayer, MD; Peter Nakaji, MD; Alejandro Rabinstein, 
MD; Jose I Suarez, MD, FNCS, FANA; Peter Vajkoczy, 
MD; Mervyn D. I. Vergouwen, MD, PhD; Henry Woo, 
MD; Gregory J Zipfel, MD.

Biospecimens and Biomarkers Working Group
Emanuela Keller, MD, University of Zurich, Zurich, 
Switzerland, co-Chair (Superuser)
R Loch Macdonald, MD, PhD, University of Toronto, 
Toronto, ON, Canada, co-Chair
Sherry Chou, MD, MMSc; Sylvain Doré, PhD, FAHA; 
Aaron S Dumont, MD; Murat Gunel, MD, FACS, FAHA; 
Hidetoshi Kasuya, MD; Alexander Roederer, PhD; Ynte 
Ruigrok, MD; Paul M Vespa, MD, FCCM, FAAN, FANA, 
FNCS; Asita Simone Sarrafzadeh-Khorrasani, PhD.

Imaging Working Group
Colin P Derdeyn, MD, FACR, University of Iowa, 
Carver College of Medicine, Iowa City, IA, co-Chair
Nima Etminan, MD University Hospital Mannheim, 
Mannheim, Germany, co-Chair
Katharina Hackenberg, MD, University Hospital 
Mannheim, Mannheim, Germany (Superuser)
John Huston, III, MD; Timo Krings, MD, PhD, FRCPC; 
Giuseppe Lanzino, MD; Philip M Meyers, MD, FACR, 
FSIR, FAHA; Gabriel Rinkel, MD; Daniel Rufennacht, 
MD; Max Wintermark, MD.

Long-Term Therapies Working Group
James Torner, MSc, PhD, University of Iowa, Iowa 
City, IA, co-Chair (Superuser)
George K. C. Wong, MD, Chinese University of Hong 
Kong, Shatin, Hong Kong, co-Chair (Superuser)
Joseph Broderick, MD; Janis Daly, PhD, MS; Christopher 
Ogilvy, MD; Denise H Rhoney, PharmD, FCCP, FCCM, 
FNCS; YB Roos, PhD; Adnan Siddiqui, MD, PhD, FAHA.

Unruptured Intracranial Aneurysms Working Group
Nima Etminan, MD, University Hospital Mannheim, 
Mannheim, Germany, co-Chair
Gabriel Rinkel, MD, University Medical Center, Utre-
cht, The Netherlands, co-Chair



S44

Katharina Hackenberg, MD, University Hospital 
Mannheim, Mannheim, Germany (Superuser)
Ale Algra, MD, FAHA; Juhanna Frösen, MD; David 
Hasan, MD; Seppo Juvela, MD, PhD; David J Langer, MD; 
Philip M Meyers, MD, FACR, FSIR, FAHA; Akio Morita, 
MD, PhD; Rustam Al-Shahi Salman, MA, PhD, FRCP.

Outcomes and Endpoints Working Group
Martin N. Stienen, MD, FEBNS, University of Zurich, 
Zurich, Switzerland, co-Chair (Superuser)
Mervyn D.I. Vergouwen, MD, PhD, University Medi-
cal Center, Utrecht, The Netherlands, co-Chair
Daniel Hanggi, MD; R Loch Macdonald, MD, PhD; Tom 
Schweizer, PhD; Johanna Visser-Meily, MD, PhD.

National Library of Medicine CDE Team
Liz Amos, MLIS, National Information Center on Health 
Services Research and Health Care Technology, National 
Library of Medicine
Christophe Ludet, MS, National Library of Medicine, 
Bethesda, MD

NINDS CDE Team
Claudia Moy, PhD, NINDS, Bethesda, MD
Joanne Odenkirchen, MPH, NINDS, Bethesda, MD
Sherita Ala’i, MS, The Emmes Corporation, Rockville, 
MD
Joy Esterlitz, MS, The Emmes Corporation, Rockville, 
MD
Kristen Joseph, MA, The Emmes Corporation, Rockville, 
MD
Muniza Sheikh, MS, MBA, The Emmes Corporation, 
Rockville, MD

Publisher’s NoteSpringer Nature remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

Published online: 22 May 2019

References
 1. de Oliveira Manoel AL, Mansur A, Silva GS, Germans MR, Jaja BNR, 

Kouzmina E, et al. Functional outcome after poor‑grade subarachnoid 
hemorrhage: a single‑center study and systematic literature review. 
Neurocrit Care. 2016;25:338–50.

 2. Molyneux AA, Kerr RR, Stratton II, Sandercock PP, Clarke MM, Shrimpton 
JJ, et al. International Subarachnoid Aneurysm Trial (ISAT) of neurosurgi‑
cal clipping versus endovascular coiling in 2143 patients with ruptured 
intracranial aneurysms: a randomised trial. Lancet. 2002;360:1267–74.

 3. Dorhout Mees SM, Rinkel GJE, Feigin VL, Algra A, van den Bergh WM, 
Vermeulen M, et al. Calcium antagonists for aneurysmal subarachnoid 
haemorrhage. Cochrane Database Syst Rev. 2007;18(3):CD000277.

 4. Maas AIR, Menon DK, Steyerberg EW, Citerio G, Lecky F, Manley GT, et al. 
Collaborative European NeuroTrauma Effectiveness Research in Traumatic 
Brain Injury (CENTER‑TBI). Neurosurgery. 2015;76:67–80.

 5. Goto Y, Yamagata S. [Differences in outcome in patients with poor 
grade subarachnoid hemorrhage (WFNS grade IV and V): according to 

the perioperative management against vasospasm]. No Shinkei Geka. 
2004;32:579–84.

 6. Maas AIR, Harrison‑Felix CL, Menon D, Adelson PD, Balkin T, Bullock R, 
et al. Standardizing data collection in traumatic brain injury. J Neuro‑
trauma. 2011;28:177–87.

 7. Loring DW, Lowenstein DH, Barbaro NM, Fureman BE, Odenkirchen J, 
Jacobs MP, et al. Common data elements in epilepsy research: develop‑
ment and implementation of the NINDS epilepsy CDE project. Epilepsia. 
2011;52:1186–91.

 8. Saver JL, Warach S, Janis S, Odenkirchen J, Becker K, Benavente O, et al. 
Standardizing the structure of stroke clinical and epidemiologic research 
data: the National Institute of Neurological Disorders and Stroke (NINDS) 
Stroke Common Data Element (CDE) project. Stroke. 2012;43:967–73.

 9. Suarez JI, Martin RH, Calvillo E, Dillon C, Bershad EM. The Albumin in 
Subarachnoid Hemorrhage (ALISAH) multicenter pilot clinical trial safety 
and neurologic outcomes. Stroke. 2012;43(3):683–90.

 10. Todd MM, Hindman BJ, Clarke WR, Torner JC. Mild intraoperative 
hypothermia during surgery for intracranial aneurysm. N Engl J Med. 
2005;352:135–45.

 11. McDougall CG, Spetzler RF, Zabramski JM, Partovi S, Hills NK, Nakaji P, et al. 
The barrow ruptured aneurysm trial. J Neurosurg. 2012;116:135–44.

 12. Sheth SA, Hausrath D, Numis AL, Lawton MT, Josephson SA. Intraopera‑
tive rerupture during surgical treatment of aneurysmal subarachnoid 
hemorrhage is not associated with an increased risk of vasospasm. J 
Neurosurg. 2014;120:409–14.

 13. Darflinger R, Thompson LA, Zhang Z, Chao K. Recurrence, retreatment, 
and rebleed rates of coiled aneurysms with respect to the Raymond‑Roy 
scale: a meta‑analysis. J NeuroInterv Surg. 2016;8:507–11.

 14. Vergouwen MDI, Vermeulen M, van Gijn J, Rinkel GJE, Wijdicks EF, Mui‑
zelaar JP, et al. Definition of delayed cerebral ischemia after aneurysmal 
subarachnoid hemorrhage as an outcome event in clinical trials and 
observational studies: proposal of a multidisciplinary research group. 
Stroke. 2010;41:2391–5.

 15. Roy D, Milot G, Raymond J. Endovascular treatment of unruptured aneu‑
rysms. Stroke. 2001;32:1998–2004.

 16. van Gijn J, Hijdra A, Wijdicks EF, Vermeulen M, van Crevel H. Acute 
hydrocephalus after aneurysmal subarachnoid hemorrhage. J Neurosurg. 
1985;63:355–62.

 17. Claassen J, Carhuapoma JR, Kreiter KT, Du EY, Connolly ES, Mayer SA. 
Global cerebral edema after subarachnoid hemorrhage: frequency, 
predictors, and impact on outcome. Stroke. 2002;33:1225–32.

 18. Frontera JAJ, Fernandez AA, Schmidt JMJ, Claassen JJ, Wartenberg KEK, 
Badjatia NN, et al. Defining vasospasm after subarachnoid hemorrhage: 
what is the most clinically relevant definition? Stroke. 2009;40:1963–8.

 19. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of 
health care–associated infection and criteria for specific types of infec‑
tions in the acute care setting. Am J Infect Control. 2008;36:309–32.

 20. Diringer MN, Bleck TP, Claude Hemphill J, Menon D, Shutter L, Vespa 
P, et al. Critical care management of patients following aneurysmal 
subarachnoid hemorrhage: recommendations from the Neurocritical 
Care Society’s Multidisciplinary Consensus Conference. Neurocrit Care. 
2011;15:211–40.

 21. de Oliveira Manoel AL, Turkel‑Parrella D, Duggal A, Murphy A, McCredie V, 
Marotta TR. Managing aneurysmal subarachnoid hemorrhage: it takes a 
team. Cleve Clin J Med. 2015;82:177–92.

 22. van der Jagt M. Fluid management of the neurological patient: a concise 
review. Crit Care. 2016;20:1–11.

 23. Jagt M, Haitsma I. An injured brain needs cooling down: no. Intensive 
Care Med. 2015;41:1129–31.

 24. de Oliveira Manoel AL, Goffi A, Marotta TR, Schweizer TA, Abrahamson S, 
Macdonald RL. The critical care management of poor‑grade subarach‑
noid haemorrhage. Crit Care. 2016;20:21.

 25. Suarez JI, Martin RH. Treatment of subarachnoid hemorrhage with 
human albumin: ALISAH Study. Rationale and design. Neurocrit Care. 
2010;13:263–77.

 26. Oddo M, Poole D, Helbok R, Meyfroidt G, Stocchetti N, Bouzat P, et al. Fluid 
therapy in neurointensive care patients: ESICM consensus and clinical 
practice recommendations. Intensive Care Med. 2018;44:1–15.

 27. Participants in the International Multi‑disciplinary Consensus Conference 
on the Critical Care Management of Subarachnoid Hemorrhage, Treggiari 



S45

MM. Hemodynamic management of subarachnoid hemorrhage. Neuro‑
critical Care. 2011;15:329–35.

 28. The Participants in the International Multi‑disciplinary Consensus Confer‑
ence on Multimodality Monitoring, Claassen J, Vespa P. Electrophysiologic 
monitoring in acute brain injury. Neurocritical Care. 2014;21:129–47.

 29. Hirsch LJ, LaRoche SM, Gaspard N. American Clinical Neurophysiology 
Society’s standardized critical care EEG terminology: 2012 version. J Clin 
Neurophysiol. 2013;30:1–27.

 30. Claassen J, Taccone FS, Horn P, Holtkamp M, Stocchetti N, Oddo M. 
Recommendations on the use of EEG monitoring in critically ill patients: 
consensus statement from the neurointensive care section of the ESICM. 
Intensive Care Med. 2013;39:1337–51.

 31. The Participants in the International Multidisciplinary Consensus Confer‑
ence on Multimodality Monitoring, Helbok R, Olson DM, Le Roux PD, 
Vespa P. Intracranial pressure and cerebral perfusion pressure moni‑
toring in non‑TBI patients: special considerations. Neurocritical Care. 
2014;21:85–94.

 32. The Participants in the International Multidisciplinary Consensus Confer‑
ence on Multimodality Monitoring, Chesnut R, Videtta W, Vespa P, Le 
Roux P. Intracranial pressure monitoring: fundamental considerations and 
rationale for monitoring. Neurocritical Care. 2014;21:S64–84.

 33. The Participants in the International Multidisciplinary Consensus Confer‑
ence on Multimodality Monitoring, Oddo M, Bösel J. Monitoring of brain 
and systemic oxygenation in neurocritical care patients. Neurocritical 
Care. 2014;21:S103–20.

 34. The Participants in the International Multidisciplinary Consensus 
Conference on Multimodality Monitoring, Hutchinson P, O’Phelan K. 
International multidisciplinary consensus conference on multimodality 
monitoring: cerebral metabolism. Neurocritical Care. 2014;21:S148–58.


	Common Data Elements for Unruptured Intracranial Aneurysms and Aneurysmal Subarachnoid Hemorrhage: Recommendations from the Working Group on Hospital Course and Acute Therapies—Proposal of a Multidisciplinary Research Group
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Common Data Elements Overview
	Summary
	Process for Selecting CDEs
	CDE Terminology

	Description of CDEs
	Core Data Elements
	Surgical Procedure and Interventions [12, 13]
	Type of Intervention: SurgeryType of Intervention—Endovascular 


	Supplemental-Highly Recommended Data Elements
	Surgical Procedures and Interventions
	SAH: Day of Intervention 
	Vessel Repaired 

	Neurological Complications
	Rebleeding 
	Clinical DeteriorationCerebral Infarction (or Both) Due to Delayed Cerebral Ischemia 


	Supplemental Data Elements
	Surgical Procedure and Interventions
	Ventriculostomy PlacementLumbar Drain Placement 
	Type of Surgery or Endovascular RepairSuccess of Surgical or Endovascular InterventionTreatment of Multiple AneurysmsNumber of Aneurysms Treated 
	Surgery: Craniotomy TypeCraniectomyHematoma EvacuationTemporary Vessel OcclusionTemporary Occlusion Time MaxTemporary Occlusion Time TotalIntraoperative RuptureIntraoperative Assessment of Vessel Patency andor Aneurysm OcclusionIntraoperative Complication
	Endovascular: Intraprocedural or Postprocedural ComplicationAntithrombotic MedicationFluoroscopy DoseProcedure Time 

	Rescue Therapy
	Intra-arterial Chemical TherapyMechanical AngioplastyType of Intra-arterial VasodilatorAdverse Clinical Exam Changes Related to TherapyProcedural Adverse Events 

	Neurological Complications
	Global Cerebral EdemaBrain Stem HerniationHydrocephalusSeizures and MeningitisVentriculitis 

	ICU Therapies
	Blood Pressure Management Goal: Upper, LowerBlood Pressure Augmentation—Specific 
	Hemodynamic Therapy: GeneralHemodynamic Augmentation—GeneralHypervolemic Therapy or Volume Augmentation—General or Specific 
	Target for Fever ManagementGlucose Control: Upper and Lower Limit 
	Mechanical Ventilation (Invasive, Noninvasive, Total Duration) 
	Osmotherapy for Intracranial Hypertension or Cerebral Edema 

	Prior or Concomitant Medications
	Electroencephalography (EEG)
	Invasive Brain Monitoring
	Medical Complications (Cardiac Dysfunction; Pulmonary Edema)
	Palliative Comfort Care and End of Life Issues
	Discharge Status


	Limitations
	Next Steps and Future Work
	Conclusions
	Acknowledgements
	References




