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ABSTRACT 

Background: Aneurysmal subarachnoid hemorrhage (aSAH) is a potentially life-threatening 

neurologic condition. Significant secondary complications after the initial hemorrhage variably 

occur in a delayed fashion, leading to the highest risk period for mortality. For this reason, most 

patients are monitored in the neuroscience intensive care unit for upwards of 14-21 days post 

hemorrhage to prevent delayed detection of a critical complication in a less monitored 

environment. Given the variability in post hemorrhage complications, lengthy neuroscience 

intensive care unit (ICU) stays for all patients is arguably considered a poor utilization of critical 

care resources and cost ineffective. Unfortunately, practice guidelines do not specify the 

recommended ICU length of stay after aSAH. The Queen’s Medical Center (QMC) in Honolulu, 

Hawaii is home to the only dedicated neuroscience ICU in the Pacific Basin. Neurocritical care 

resources at QMC are limited considering it serves the majority of patients in the state with 

complex neurological illnesses and injuries. Effective utilization of neuroscience ICU beds at 

QMC is essential to delivering crucial care to those in need.  

Purpose: The purpose of this DNP project was 1) to analyze clinical characteristics of aSAH 

patients at QMC, 2) determine triage criteria for safe transfer to the floor on day seven, 3) and 

evaluate the performance of the floor transfer criteria.  

Methods: All spontaneous aSAH patients hospitalized at QMC during a four-year period were 

retrospectively reviewed. The aim of this project was to derive triage criteria for safe transfer to 

the floor on day seven.  

Results: Clinical characteristics of patients who were deemed not appropriate for floor transfer 

on day seven were compared to those appropriate for floor transfer on day seven. Significant 
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variables in the univariate analysis were included in the multivariable model to predict 

appropriate criteria for floor transfer on day seven. The multivariable model demonstrated that 

coil embolization as method of aneurysm treatment, non-middle cerebral artery aneurysm 

location, no external ventricular drain, no other neurosurgical intervention day one through 

seven, and no cerebral vasospasm on neuroimaging day one through seven were predictors of 

appropriate floor transfer on day seven. The performance and accuracy of the floor transfer 

criteria was assessed by calculating the area under the receiver operating characteristic (ROC) 

curve, which was 0.875. Although the area under the ROC curve indicates positive performance 

of the floor transfer criteria, future prospective testing on a larger cohort of aSAH patients is 

warranted to further validate the model. 

 



 

 

 

 

11 

INTRODUCTION 

Aneurysmal subarachnoid hemorrhage (aSAH) is a serious neurologic condition that 

carries significant risk of morbidity and mortality (Caplan, Colby, Coon, Juang, & Tamargo, 

2013). Worldwide annual incidence of aSAH varies based on geographic location but is 

upwards of 22.5 cases per 100,000 population (Connolly et al., 2012, p. 1712). In the United 

States, the annual incidence is approximately 9.7 cases per 100,000; however this may 

underestimate the true incidence because deaths from aSAH prior to hospitalization are not 

accounted for (Connolly et al., 2012, p. 1712). Non-modifiable risk factors of aSAH include 

sex, age, race, ethnicity, and history of aneurysms in first-degree family members (Connolly 

et al., 2012). Modifiable risk factors include hypertension, heavy alcohol consumption, oral 

contraceptive pills and hormone replacement therapy, smoking, stimulant drug use, diabetes 

mellitus, and hyperlipidemia (Andreasen, Bartek, Andresen, Springboard, & Romer, 2013). 

The mortality rate for aSAH is high and ranges from 26-50% (Souter, 2017, p. S49). Contrary 

to most public perception, the highest risk period for mortality after aSAH is not immediately 

after the hemorrhage but occurs at 30 days post-hemorrhage in a delayed fashion (Souter, 

2017). This is largely due to secondary complications that occur after the initial hemorrhage 

(Van Lieshout et al., 2018).  

Background Knowledge 

The most life-threatening complication after aSAH is the development of cerebral 

vasospasm and subsequent ischemic stroke, which increases the risk of mortality and 

morbidity (Veldeman et al., 2016). Pathophysiology of cerebral vasospasm includes gradual 

onset of narrowing of the cerebral arteries, which reduces cerebral blood flow to the affected 
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area, resulting in permanent neurologic disability or death due to delayed cerebral infarction 

in severe cases (Fennell & Levy, 2019). Cerebral vasospasm typically occurs in a delayed 

fashion, with the highest risk being 7-10 days post-hemorrhage (Connolly et al., 2012). 

However, cerebral vasospasm could occur up to 21 days after the initial hemorrhage which 

makes it clinically challenging to triage and safely discharge aSAH patients (Connolly et al., 

2012).  

The detection of cerebral vasospasm is also challenging since aSAH patients can 

sometimes develop life threatening cerebral vasospasm without displaying early clinical signs 

(Connolly et al., 2012). Symptomatic cerebral vasospasm occurs in nearly 30% of patients, 

whereas angiographic cerebral vasospasm is detected in up to 70% of cases (Chou et al., 2010, 

p. 345; Kumar, Shahripour, & Harrigan, 2016, p. 1257). Typical procedure for cerebral 

vasospasm surveillance includes serial clinical examinations and non-invasive transcranial 

doppler (TCD) ultrasounds which predict vasospasm through detecting elevated mean flow 

velocities of the large cerebral arteries (Kumar et al., 2016). Furthermore, development of 

cerebral vasospasm is variable by patients. Some aSAH patients never develop cerebral 

vasospasm, and some develop severe cerebral vasospasm. Certain risk factors have 

demonstrated as predictors of cerebral vasospasm, including clot thickness and volume in the 

subarachnoid space seen on the cranial computed tomography scan (CT), associated 

intraventricular hemorrhage (IVH), initial clinical severity grade, cocaine use, and smoking 

(Dumont & Yeoh, 2013). Method of aneurysm treatment is also an important predictor of 

cerebral vasospasm risk. Aneurysm coiling has been significantly associated with a lower risk 

of cerebral vasospasm compared to clipping (Li et al., 2013).  
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Given the unpredictable nature and delayed manifestation of cerebral vasospasm after the 

initial hemorrhage, aSAH patients are typically monitored in the intensive care unit (ICU) for an 

extended period of time to prevent any missed diagnosis in a less monitored environment (Gross, 

2013). However, for aSAH patients who never develop cerebral vasospasm, lengthy ICU stays 

are costly and unnecessary given the average price of one ICU day is approximately $4,000 in 

the United States (Lominadze, Lessen, & Keene, 2016, p. 20). Recent literature suggests that 

ICU length of stay upwards of 14-21 days for aSAH admissions is arguably considered cost 

ineffective and unnecessary for patients meeting certain criteria (Chartrain et al., 2017; 

Lominadze et al., 2016). To date, national guidelines for the management of aSAH by Connolly 

et al. (2012) do not specify the minimum duration of ICU days for aSAH patients. Lack of 

specific triage criteria has created a conservative culture of potentially excessive ICU 

utilization for aSAH patients who are at low risk for cerebral vasospasm or other 

complications warranting ICU level of care.  

Local Problem 

The Queen’s Medical Center (QMC), a 505-bed tertiary center located in Honolulu, 

Hawaii, serves as the only Joint Commission accredited Comprehensive Stroke Center for the 

for the Pacific Basin (Hawaii, American Samoa, the Commonwealth of the Northern Mariana 

Islands, Micronesia and the U.S. territories of Guam). QMC serves as the primary referral 

center for the majority of aSAH cases in the state due to its 24/7 neurosurgery and neuro-

intervention coverage and the resources available for the only dedicated neuroscience ICU for 

the state. At QMC, board-certified neurointensivists and nurse practitioners (NPs), as well as 
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nurses who have neuroscience-specific training manage aSAH patients. The neurosurgery team 

is available for consultation when needed. 

Between 2015 and 2018, 220 patients with aSAH were admitted at QMC. Currently, 

the standard recommended practice at QMC is to monitor the majority of aSAH patients, 

regardless of clinical or radiographic characteristics in the neuroscience ICU upwards of 10 to 

14 days after the initial hemorrhage. However, this process is not standardized with observed 

variation in provider practice, partially driven by limited neuroscience ICU bed availability at 

any given time. At times, some patients transfer out of the neuroscience ICU sooner than 10 

days and later need to be returned to the neuroscience ICU with cerebral vasospasm or other 

complications. On the other hand, some patients spend the entire neuroscience ICU stay 

without developing cerebral vasospasm or other complications, and do not need much ICU 

level of care.  

Given the limited neurocritical care resources in Hawaii, establishing an appropriate 

triage mechanism for aSAH patients to optimally allocate neurocritical care resources is 

needed. To date, there has been one study by Chartrain et al. (2017) demonstrating the safety 

of implementing a transfer protocol for a subset of aSAH patients to the step-down unit. 

However, this study allowed patients with external ventricular drain (EVD) to be transferred 

to the step-down unit, and thus their transfer protocol is not completely applicable to QMC 

aSAH patients.  

Purpose 

The purpose of this DNP project was 1) to analyze clinical characteristics of aSAH 

patients at QMC, 2) determine triage criteria for safe transfer to the floor on day seven, 3) and 
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evaluate the performance of the floor transfer criteria. The goal was to derive an appropriate 

triage mechanism to identify low-risk aSAH patients who could safely be transferred out of 

the neuroscience ICU on day seven. This would ideally result in improved utilization of 

neurocritical care resources and a significant cost savings for QMC without compromising 

patient outcomes. 

This project was led by a Doctor of Nursing Practice (DNP) student. The appropriate 

triage of aSAH patients at QMC is significant to advanced practice nursing because the 

neuroscience ICU is staffed 24/7 with the only neurocritical care group of NPs in Hawaii. 

Neurocritical care NPs at QMC are largely responsible for assessing, managing, and triaging 

aSAH patients appropriately along with the neurointensivist. At night, QMC neurocritical care 

NPs are the only in-house providers caring for aSAH patients. NPs are a central force in the 

delivery of quality cost-effective care in today’s complex healthcare system (Kutzleb et al., 

2015). Within the multidisciplinary team, NPs are capable of leading data driven quality 

improvement projects that lead to outcomes such as cost savings and reduced length of stay 

(Kutzleb et al., 2015). 

Project Question 

Will a subset of aSAH patients who meet prespecified criteria safely transfer out of the 

neuroscience ICU on hospital day seven and achieve the same outcome compared to those 

patients who stay in the neuroscience ICU greater than seven days? 

Theoretical Framework 

Donabedian’s (2002) healthcare quality assurance model was utilized as the theoretical 

framework for this DNP project. Avedis Donabedian is well regarded as an early developer of 
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theory related to the process of quality improvement in healthcare (Anderson, 2013). His world-

renowned framework was founded upon the belief that changes in healthcare must be 

synonymous with heartfelt interest in patient needs and delivering high quality care (Ayania & 

Markel, 2016). Donabedian’s model is a highly valuable quality improvement tool, because it 

accounts for challenges faced when attempting to standardize care in complex clinical situations 

while also considering, patient, provider, and organizational needs (Anderson, 2013).  

In Donabedian’s (1966) landmark publication “Evaluating the Quality of Medical Care”, 

he identified three major concepts that guide the evaluation of healthcare quality; structure, 

process, and outcome. Understanding how each of these concepts relate to an identified problem 

aids in determining what is actually occurring, and what improvements are needed (Ayania & 

Markel, 2016). Donabedian’s model positively influenced this project because understanding the 

structure, process, and outcome of care delivered to aSAH patients at QMC facilitated the 

standardization of criteria for safe and timely transfer out of ICU. 

Donabedian (2002) described structure as the context in which care is delivered. 

Structure is comprised of material, human, and organizational characteristics that impact care 

depending on their formation within a system (Donabedian, 2002). In this project, structure 

measures, which can also be considered inputs, include dedicated neuroscience ICU beds 

(material), specialty equipment (material), trained neurocritical care staff (human), and 24/7 

neurocritical care provider coverage (organizational). Identifying structural resources is 

important because they can affect the average quality of care in a facility and can be the catalyst 

for issues identified in the next Donabedian model concept; process (Donabedian, 2002). 
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Evaluating process in healthcare is imperative as it often is a greater determinant of 

quality outcomes compared to elements of structure (Donabedian, 2002). Process is the 

compilation of all activities and actions that result in healthcare (Donabedian, 2002). Technical, 

methodologic, and intrapersonal processes all impact healthcare delivery and desired outcomes 

(Donabedian, 2002). Process related to aSAH care includes all modes of diagnosis, treatment, 

and management. Examples of aSAH process include patient and provider interactions, use of 

cerebral angiography to detect and repair a ruptured cerebral aneurysm, daily TCD 

ultrasonography to monitor for cerebral vasospasm, and patient and family involvement in 

rehabilitation. The comprehensive process of sSAH care at QMC is driven primarily by current 

American Heart Association/American Stroke Association guidelines (Connolly et al., 2012). 

Unfortunately, recommended ICU length of stay is not detailed in these guidelines. The process 

of determining ICU transfer eligibility is somewhat arbitrary at QMC. Evaluating retrospective 

patient data and recent literature related triage of aSAH patients guided this project’s objective of 

identifying safe transfer criteria. Modifying the process of aSAH care at QMC impacts outcome 

according to Donabedian Model. 

Outcome in Donabedian Model is reflective of structure and process, which alters health, 

knowledge, and behavior (Donabedian, 2002). Patients and their family members quality of life 

can be greatly impacted by outcome (Donabedian, 2002). Donabedian (2002) classified outcome 

as measure,s which can be clinical, physiological-biochemical, physical, psychological or 

mental, social and psychological, integrative, and evaluative (p. 48). Examples of pertinent 

outcomes in this project include morbidity related to vasospasm (clinical), Hunt and Hess grade 

(clinical), long term functional impairment (physiological), mortality (integrative), and care 
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related costs (integrative). Outcome as a measure of quality is complex in Donabedian’s model 

however it is ultimately the preferred method if structure and process are linked (Donabedian, 

2002). Donabedian (2002) stressed the importance of interrelating these concepts to truly 

conclude if the quality of care is favorable.  

Concepts 

Key concepts identified in this project’s purpose statement are safety, effectiveness, and 

efficiency. These concepts are reflected in the Institute of Medicine’s (IOM) six aims for 

measuring the quality of healthcare in the 21st century (Committee on Quality of Health Care in 

America, Institute of Medicine [IOM], 2001). The IOM core aims were extracted from 

Donabedian’s (1990) work, “The Seven Pillars of Quality,” which identified various components 

that comprise the concept of quality itself. The Donabedian model was an optimal framework for 

this project because each of these concepts were further detailed through its guidance.  

The concept of safety in this project refers to the delivery of safe patient care. This is in 

line with the IOM (2001) definition of safety, which is “avoiding injuries to patients from the 

care that is intended to help them” (p. 39). Safety is broadly reflected throughout Donabedian’s 

model with its emphasis on quality of care. Attributes of care that impact safety can be identified 

through extensively examining structure, process, and outcome. The goal of this project was to 

preserve patient safety while altering structure and process of care to aSAH patients without 

sacrificing positive outcomes.  

Effectiveness is defined by IOM (2001) as “providing services based on scientific 

knowledge to all who could benefit and refraining from providing services to those not likely to 

benefit” (p. 39). This project aimed to determine what evidence-based care is most appropriate 



 

 

 

 

19 

and effective for aSAH patients. The Donabedian model was ideal for determining effectiveness 

because it guides the process of discerning whether established and scientific-based 

improvements in healthcare are actually achieved (Donabedian, 2002).  

Efficiency is a prime concept in this project as the goal was to identify safe floor transfer 

criteria for aSAH patients, and ideally reduce ICU length of stay. IOM (2001) defines efficiency 

as “avoiding waste, in particular waste of equipment, supplies, ideas, and energy” (p. 40). 

Identifying a subset of aSAH patients that can safely transfer out of ICU sooner than the current 

standard of care has many implications for efficiency. The Donabedian model further details 

efficiency as a cost-effective method of care that healthcare practitioners can utilize to protect 

multiple resources (Donabedian, 2002).  

Synthesis of Evidence 

To facilitate the project’s objective of establishing criteria for timely transfer of aSAH 

patients to a non-ICU setting, several searches for peer-reviewed articles were conducted using 

PubMed, OvidSP, and Google Scholar. The following key words were used to identify relevant 

articles: subarachnoid hemorrhage, aneurysmal subarachnoid hemorrhage, cerebral vasospasm, 

length of stay, critical care, intensive care unit, and intracerebral hemorrhage. The search criteria 

were narrowed to peer reviewed articles published in English within the last 10 years. Given the 

novelty of this project’s objectives, pertinent literature is limited. Ten articles relevant to the 

project’s purpose were identified and are further detailed in Appendix A. These articles were 

chosen because they discussed factors which contribute to complications and prolonged ICU stay 

post aSAH. Furthermore, included articles offered insight into the triage of low-risk aSAH 

patients in effort to preserve patient safety while appropriating ICU resources and conserving 
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costs. Articles related to triage of low-risk patients to a non-ICU setting in other neurologic 

diseases were also included for comparison. In addition to the aforementioned search limits, 

articles discussing the pediatric population were excluded. 

The importance of expediting triage of aSAH patients to a non-ICU setting was indirectly 

highlighted through an observational study by Reardon et al. (2018) which sought to identify 

characteristics of high-cost patients in ICU. Patients with subarachnoid hemorrhage, etiology not 

described, (i.e., aneurysmal rupture, trauma, spontaneous etc.) were classified in the high-cost 

group, which was significantly associated with a longer median ICU length of stay (Reardon et 

al., 2018). Almost half of the total costs were utilized in the high cost group, which accounted for 

patient’s incurring the top 10% of admission costs (Reardon et al., 2018). Higher costs in the 

subarachnoid hemorrhage population can be attributed to frequent neuroimaging and procedures 

that are often conducted in the ICU setting (Reardon et al., 2018).  

Knowing that patients with subarachnoid hemorrhage incur lengthy and costly ICU stays 

raised the question as to whether certain characteristics can predict the need for prolonged ICU 

care. Witiw, Ibrahim, Fallah, & Macdonald (2013) sought to answer that question through a 

posthoc analysis of subjects enrolled in a prospective randomized clinical trial. Witiw et al. 

(2013) identified clinical and radiographic characteristics present on admission which are 

associated with prolonged ICU stay following aSAH. In the multivariate analysis, age (p=0.032), 

history of hypertension (p=0.045), poor World Federation of Neurological Surgeons (WFNS) 

score of IV-V on admission (p=0.02), increasing IVH clot burden on initial cranial CT 

(p=0.037), and intracerebral hemorrhage (p=0.004) were all significantly associated with a 

greater length of stay in ICU post aSAH (Witiw et al., 2013). 
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The WFNS grading scale is based upon level of consciousness using the Glascow Coma 

Scale (GCS) and presence or absence of motor deficits (Teasdale et al., 1988). GCS was first 

introduced by Teasdale and Jennett (1974) as a means to assess impaired consciousness and 

coma. Motor responsiveness, verbal performance, and eye opening are graded into a GCS score 

of ‘3’ (coma) to ‘15’ (normal; Teasdale, Murray, Parker, & Jennett, 1979). Poor WFNS scores of 

IV-V indicate a GCS <12  motor deficits (Teasdale et al., 1988). The WFNS has been 

associated with length of stay and deemed a reliable method of predicting outcomes post aSAH 

(Dengler, Sommerfeld, Diesing, Vajkoczy, & Wolf, 2017; Yousef et al., 2019).  

In an effort to reduce length of stay and cost in aSAH patients, Alraj et al. (2017) also 

identified clinical characteristics, which were significantly associated with prolonged ICU and 

hospital length of stay. A poor Hunt and Hess (HH) grade was associated with prolonged ICU 

stay in both univariate and multivariate analyses (Alraj et al., 2017). The HH clinical grading 

scale was first introduced as a means to determine surgical risk of patients with intracranial 

aneurysms (Hunt & Hess, 1968). HH grades range from ‘0’ (unruptured aneurysm without 

symptoms) to ‘5’ (deep coma, decerebrate posturing) with scores increasing depending on 

severity of clinical exam (Hunt & Hess, 1968). Patients are typically designated with a HH grade 

based off their initial neurologic exam post aSAH. Although various clinical and radiographic 

scoring systems exist, the HH scale remains a first-rate method of determining important 

outcomes in aSAH patients (Dengler et al., 2017). In a multivariate analysis, Alaraj et al. (2017) 

found that HH grade (p=0.05) and vasospasm (p=0.013) predicted prolonged Neuroscience ICU 

length of stay. Additional predictors for prolonged ICU stay were need for external ventricular 
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drain (EVD) or ventriculoperitoneal shunt, respiratory failure, and deep vein thrombosis (Alaraj 

et al., 2017). 

Understanding of factors, which contribute to aSAH patients having poor outcomes, and 

prolonged ICU stays, is helpful in alternatively identifying patients that may be low-risk for 

serious post hemorrhage complications. Three studies specifically focused on recognition of low-

risk aSAH patients were identified in the search (Chartrain et al., 2017; Duan et al., 2018; 

Lominadze et al., 2016). Duan et al. (2018) performed a retrospective review of patient data with 

the goal of developing a clinical algorithm, which could predict patients at low risk for cerebral 

vasospasm. HH greater than 2 (OR 4.52, 95% CI 2.74-7.46) and specific radiographic findings 

were statistically significant risk factors for the development of vasospasm. The algorithm 

developed consisted of the following questions: aSAH (yes/no), HH grade ‘1’ to ‘2’ (yes/no), 

presence on imaging of intrahemispheric thick blood, adjacent cistern thick blood, or bilateral 

IVH (yes/no) (Duan et al., 2018). Patients with HH grade ‘1’ or ‘2’ and lack of the 

aforementioned radiographic findings were deemed low risk for developing vasospasm and 

qualified for transfer from ICU to a step-down unit 24- to 48-hours after aneurysm securement 

(Duan et al., 2018). Through retroactive application of the algorithm (sensitivity 29%, specificity 

100%, positive predictive value of 100%, and negative predictive value of 54.5%), Duan et al. 

(2018) identified 16.1% of all aSAH patients studied would have benefited from a shorter ICU 

stay. 

Lominadze et al. (2016) retrospectively determined that HH grade ‘1’ patients were at 

very low risk for the development of vasospasm post-hemorrhage day eight. The authors found 

that none of the reviewed patients developed symptomatic vasospasm after day eight and 
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concluded that ICU stay longer than eight days for HH grade ‘1’ patients was a poor utilization 

of hospital resources and unnecessarily exposes patients to negative complications associated 

with prolonged ICU stay (Lominadze et al., 2016). It was recommended that HH grade ‘1’ 

patients could safely transfer out of ICU after day eight if their post aneurysm securement course 

was uncomplicated and they did not exhibit evidence of vasospasm (Lominadze et al., 2016). 

Chartrain et al. (2017) also examined the feasibility of reducing ICU length of stay for 

aSAH patients. A transfer protocol was developed for established low risk aSAH patients to be 

transferred out of ICU earlier than the standard day 14-post-hemorrhage (Chartrain et al., 2017). 

Patients with HH grades ‘1’ to ‘3’ were included in the transfer protocol (Chartrain et al., 2017). 

In addition to HH grade ‘3’ or lower, patients were considered suitable for transfer via the 

protocol if they already had diagnostic angiography, their aneurysm was secured or protected, 

neurologic exam was stable for greater than 24 hours, there was no concern for symptomatic 

vasospasm, and intracranial pressure was not elevated for over 24 hours (Chartrain et al., 2017). 

After instituting the transfer protocol, the authors retrospectively determined that it reduced 

average ICU length of stay by approximately two days and deemed it a safe and effective method 

to reduce ICU length of stay (Chartrain et al., 2017). Transfers out of ICU earlier than day seven 

did not affect in-hospital mortality rate or readmission rate (Chartrain et al., 2017).  

Unfortunately, there was an identified gap in the literature pertaining to aSAH patients 

and earlier triage to a non-ICU setting. Information was limited to the aforementioned studies, 

which were all retrospective in nature. Supporting this project’s objectives, the concept of 

triaging low-risk patients to a non-ICU setting was explored in the traumatic brain injury (TBI) 

and intracerebral hemorrhage (ICH) populations. Alkhachroum, Bentho, Chari, Kulhari, and 
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Xiong (2017) retrospectively determined that patients with supratentorial ICH, ICH volume less 

than 20cc, no IVH, systolic blood pressure less than 200mmHg, no respiratory failure, and GCS 

score of greater than or equal to ‘12’ can be safely monitored in a designated neuro step-down 

unit.  

Nishijima, Sena, & Holmes (2011) sought to identify a subset of low-risk TBI patients 

with traumatic intracerebral hemorrhage (tICH) that do not require ICU admission. This 

retrospective study categorized patient’s as low-risk if they did not require critical care 

intervention (CCI) in the emergency department, and further examined this cohort’s need for 

CCI during their hospitalization (Nishijima et al., 2011). It was concluded that patients with mild 

TBI not receiving CCI prior to hospitalization were unlikely to require CCI in the first 48 hours 

and throughout hospitalization (Nishijima et al., 2011). These results led to the suggestion that 

triaging low-risk TBI patients to a non-ICU setting could potentially decrease cost and ICU 

utilization.  

Nishijima et al. (2012) aimed to develop a clinical decision rule to identify low risk 

patients with tICH that do not require ICU admission. Through retrospective chart review of 

clinical and radiographic variables, Nishijima et al. (2012) determined that a GCS score of less 

than ‘15,’ non-isolated head injury, and age greater than or equal to 65 were predictive of tICH 

patients who would require CCI. These findings were further validated by Nishijima et al. (2014) 

in a prospective observational cohort with an added component of swelling or shift on initial 

cranial CT as a predictor of CCI needs. It was concluded that the clinical decision tool accurately 

identifies tICH patients at low-risk for acute CCI who may not need ICU admission (Nishijima et 

al., 2014). 
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Several key conclusions were made through the review of literature. It was determined 

that aSAH has been associated with increased cost and length of ICU stay, however certain 

clinical characteristics can predict good or bad outcomes post hemorrhage. Evaluation of these 

characteristics can aid further development of triage tools. Despite limited scientific evidence 

specifically pertaining to early triage of low-risk aSAH patients to a non-ICU setting, this 

concept has been adequately explored in other diseases commonly treated in the neurocritical 

care setting. While the primary goal of this project was to promote safe and timely transfer of 

aSAH to a non-ICU setting, a secondary gain is efficient and appropriate utilization of costly 

resources such as ICU care. The literature demonstrated the need to further evaluate the process 

of identifying low-risk aSAH patients and develop triage criteria to shorten ICU length of stay 

while preserving patient safety. 

METHODS 

Design 

After receiving approval from the Research and Institutional Review Committee at QMC 

and University of Arizona, a retrospective review of all spontaneous aSAH patients hospitalized 

at QMC between January 1, 2015, and December 31, 2018 was conducted. The project protocol 

met criteria for waiver of informed consent. The initial aim of the project was to enhance the 

triage criteria that was developed by Chartrain et al. (2017) by combining additional significant 

predictive factors from this project into the Chartrian et al. (2017) criteria (p. E15) and testing the 

performance of the new predictive model. However, since abstraction of all of the factors used in 

the Chartrain et al. (2017) criteria were difficult to obtain retrospectively, the aim was later 

changed. The modified aim was to derive a de novo triage criteria for safe transfer to floor on 
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day seven that would be applicable to the QMC aSAH population with a more pragmatic and 

accurate data collection methodology.  

Participants 

All patients hospitalized at QMC with a diagnosis of aSAH from January 1, 2015 to 

December 31, 2018 were identified using the institution’s preexisting stroke database. A stroke 

database coordinator at QMC had already identified consecutive patients admitted to QMC with 

a principal clinical diagnosis of aSAH through daily screening of the electronic medical record. 

Case ascertainment of admissions for aSAH was conducted by prospective clinical identification 

and retrospective identification with International Classification of Diseases (9th and 10th 

revision), followed by a review of electronic medical records to confirm case eligibility. Each 

patient’s medical record was reviewed and recorded into an electronic database using standard 

criteria and definitions. For patients with aSAH who were previously admitted to QMC for 

aSAH and were readmitted, only their initial index admission was used for this project. Patients 

with aSAH were excluded from the data analysis if they died within 24 hours of admission, 

presented greater than post hemorrhage day one, had already been hospitalized at a different 

facility for greater than 24 hours, or if they were transferred to another facility mid hospital 

course. These exclusions were implemented to ensure that the full course post aSAH could be 

observed in order to properly detect early and delayed complications.  

This project involved retrospective chart review, so a convenience sample size was 

estimated. To obtain accurate and clinically advantageous results, a rule of thumb of having at 

least 5-10 observations per variable was utilized (Johnston, Lakzadeh, Donato, & Szabo, 2019). 

Since 27 clinical factors were compared in the univariate analysis to be considered into the 
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multivariable model, a minimum of 135-270 aSAH patients was needed in the sample. Between 

January 1, 2015 to December 31, 2018, there were 220 aSAH admissions at QMC, which was 

considered sufficient to conduct the proposed project. 

Data Collection 

The specific data points collected were chosen from the relevant studies by Chartrain et 

al. (2017), Duan et al. (2018), and Lominadze et al. (2016), as well as clinical expertise. Patient 

demographics including age, sex, race/ethnicity, medical history including history of diabetes 

mellitus, hypertension, atrial fibrillation/atrial flutter, coronary artery disease (CAD) or prior 

myocardial infarction (MI), and smoking were obtained from the database and medical chart 

review. History of sympathomimetic drug abuse such as cocaine and methamphetamine abuse, 

initial GCS score, initial HH grade, presence of hydrocephalus on cranial CT requiring EVD, and 

use of anticoagulant prior to admission were obtained from the electronic medical record. 

Retrospectively, all initial cranial CT scans were reviewed to determine the Fisher Scale, and all 

cranial CT scans within the first seven days were reviewed to determine presence/absence of 

hydrocephalus using a standardized protocol. Additionally, all initial cranial CT scans were 

reviewed for presence of blood in the cistern adjacent to the ruptured cerebral aneurysm, 

interhemispheric thick blood, and biventricular IVH. International normalized ratio (INR) and 

sodium (Na) values were evaluated for presence of coagulopathy on admission, and 

hyponatremia within the first seven hospital days. Coagulopathy was defined as INR greater than 

1.4, and hyponatremia was defined as Na less than 135. Location of aneurysm, method of 

aneurysm treatment (i.e., surgical clipping vs. endovascular treatment), and whether the 

treatment resulted in aneurysm to be secured or protected were determined through retrospective 
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chart review. All transcranial doppler ultrasound results, cerebral angiograms, and CT 

angiography scans were reviewed for reported cerebral vasospasm. All daily progress notes were 

reviewed for any change in neurologic exam, which was interpreted as symptomatic cerebral 

vasospasm, and neurologic exam stability 24 hours prior to hospital day seven. Acute respiratory 

failure requiring intubation within the first seven days was documented. Mortality and 30-day 

readmissions were also documented along with comments of what led to death or another 

hospitalization. Lastly, admission date, dates of transfers to and from the ICU and floor, as well 

as hospital discharge date were recorded.  

Outcome Measure 

The primary outcome for the analysis was whether the patient would have been safely 

managed on the medical-surgical floor after hospital day seven using predefined criteria. The 

aSAH patients were considered “appropriate for floor-level care after hospital day seven” if they 

had a stable neurologic exam for 24 hours prior to day seven, if they were no longer intubated, 

did not have an EVD, and did not have to be transferred to the ICU for the remainder of the 

hospitalization for a cause directly related to aSAH such as development of cerebral vasospasm 

that requires ICU-level monitoring, neurological deterioration from any cause, uncontrolled 

seizure, development of delayed hydrocephalus requiring placement of an EVD, and/or any 

urgent neurosurgical intervention. If they required ICU transfer after day seven for any of the 

above reasons, they were coded as “appropriate to remain in the ICU after hospital day seven”.  
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Statistical Analysis Plan 

Determination of Patients Appropriate for Floor Transfer on Day Seven  

In the univariate analysis, patient characteristics were summarized using descriptive 

statistics appropriate to variable type. Those who were determined to be appropriate for floor 

transfer on day seven were compared to those who were determined to be appropriate for ICU 

after day seven using Chi-square test or Fisher’s Exact test for categorical data, 2-tailed t-test for 

normally distributed continuous variables, and Mann-Whitney U test for nonparametric data. 

Multivariable logistic regression models with inclusion of variables with P < 0.05 in the 

univariate were used to test for predictors of safe floor transfer on hospital day seven. Odds ratio 

(OR) and 95% confidence interval (CI) were calculated from the beta coefficients and their 

standard errors. Levels of P < 0.05 were considered statistically significant. Statistically 

significant variables in the multivariate model were selected as a factor in the floor transfer 

criteria to be further tested. 

After performing the initial regression model of the derivation set, a simple score was 

created by assigning one point for each covariate that was statistically significant in the initial 

model. The performance of the rule was assessed by calculating the area under the receiver 

operating characteristic (ROC) curve.  

Ethical Considerations 

This project was conducted in accordance with respect to the three basic ethical 

principles outlined in The Belmont Report; Respect for persons, beneficence, and justice (United 

States Department of Health and Human Services: Department of Health, Education, and 

Welfare [USDHHS], 1979).  
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Respect for Persons 

All participants were considered vulnerable because they were seriously ill. 

Additionally, due to the inclusion criteria of all adult patients with aSAH, some may fell into 

other categories that are typically recognized as vulnerable such as ethnic or racial minorities 

as well as the elderly (Office for Human Research Protections, 2018). 

An important aspect of respect for persons in The Belmont Report is to protect 

vulnerable individuals with diminished autonomy (USDHHS, 1979). Various steps were taken 

to safeguard protected health information of every participant because they had diminished 

autonomy due to the retrospective design and waiver of consent. The patient’s name and 

identifying information were not used in the data analysis or report. All patients were assigned 

a unique project identification number and their protected health information was de-

identified. The collected de-identified data was stored in a Microsoft Excel spreadsheet under 

a password-protected computer, which only the project leader and approved project members 

had access.  

Beneficence 

In accordance with The Belmont Report ideals, beneficence is viewed as an obligation 

to protect participants from harm while maximizing the potential benefits of this project’s 

outcomes (USDHHS, 1979). The well-being of patients was considered during the 

interpretation of the project’s results, and derivation of recommendations for practice changes. 

There was no foreseeable harm to participants since the project was retrospective in design 

and did not carry out an intervention. 
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Justice 

Justice in The Belmont Report refers to the impartial and unbiased selection of 

participants (USDHHS, 1979). The inclusion/exclusion criteria in this project were believed 

to be fair. Patients were not excluded based on gender, sexual preference, marital status, 

race/ethnicity, socio-economic status, or religion, which can impact justice in scientific 

research (Office for Human Research Protections, 2018). All patients with aSAH admissions 

during a four-year period were reviewed. 

RESULTS 

Data Analysis and Outcomes 

Among 220 patients with a diagnosis of aSAH, 42 patients were excluded in the data 

analysis because they either died within 24 hours of admission, presented greater than post 

hemorrhage day one, had already been hospitalized at a different facility for greater than 24 

hours, or were transferred to another facility mid hospital course. For the final analysis, 178 

patients were included in the model. In the univariate analysis, age, HH grade, Fisher scale, 

initial GCS, location of aneurysm, thick blood in the interhemispheric fissure, biventricular 

IVH, hydrocephalus on CT, ventriculostomy placement, other neurosurgical intervention, 

method of aneurysm treatment, and vasospasm on neuroimaging were associated with 

appropriate floor transfer on day seven (Table 1).  
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TABLE 1. Clinical characteristics of patients who were not appropriate for floor transfer on day 

seven compared to those appropriate for floor transfer on day seven. 

 

Not Appropriate for Floor 

Transfer 

Appropriate for 

Floor Transfer P 

N 105 73  

Age 61.7  14.0 57.6  12.2 0.045 

Female 74 (70.5) 47 (64.4) 0.39 

Race   0.82 

Whites 20 (19.0) 15 (20.5)  

Asians 66 (62.9) 45 (61.6)  

Native Hawaiian and Other Pacific Islanders 12 (11.4) 9 (12.3)  

Others 5 (4.8) 4 (5.5)  

Unknown 2 (1.9) 0 (0)  

Diabetes 19 (18.1) 15 (20.5) 0.68 

Hypertension 61 (58.1) 45 (61.6) 0.64 

Chronic Kidney Disease 3 (2.9) 0 (0) 0.15 

Dyslipidemia 38 (36.2) 26 (35.6) 0.94 

Atrial fibrillation/flutter 3 (2.9) 3 (4.1) 0.65 

Anticoagulant/antithrombotic use 16 (15.2) 11 (15.1) 0.98 

CAD or prior MI 10 (9.5) 4 (5.5) 0.32 

Smoking 37 (35.2) 30 (41.1) 0.43 

Methamphetamine/cocaine abuse 11 (10.5) 8 (11.0) 0.92 

Hunt and Hess grade 3 [2, 4] 2 [2, 3] <0.0001 

Fisher Scale 4 [3, 4] 3 [2, 4] <0.0001 

Initial GCS 12 [6, 14] 15 [14, 15] <0.0001 

Location of aneurysm   0.006 

Anterior communicating artery 19 (18.1) 27 (37.0)  

Posterior communicating artery 22 (21.0) 19 (26.0)  

Internal carotid artery 9 (8.6) 3 (4.1)  

Middle cerebral artery (MCA) 19 (18.1) 5 (6.8)  

Basilar 6 (5.7) 5 (5.5)  

Vertebral 7 (6.7) 9 (12.3)  

Other 23 (21.9) 6 (8.2)  

Blood in the adjacent cistern 103 (98.1) 69 (94.5) 0.19 

Thick blood in interhemispheric fissure 18 (17.1) 4 (5.5) 0.02 

Biventricular intraventricular hemorrhage 25 (23.8) 6 (8.2) 0.007 

Hydrocephalus on cranial CT 73 (69.5) 22 (30.1) <0.0001 

Ventriculostomy placement 55 (52.4) 2 (2.7) <0.0001 

Other neurosurgical intervention 31 (29.5) 2 (2.7) <0.0001 

Method of aneurysm treatment   <0.0001 

Coil embolization (without stent) 63 (60.0) 66 (90.4)  

Surgical clipping 12 (11.4) 3 (4.1)  



 

 

 

 

33 

TABLE 1 – Continued  

 

Not Appropriate for Floor 

Transfer 

Appropriate for 

Floor Transfer P 

Stent-assisted coil embolization or flow-

diverting stent 12 (11.4) 3 (4.1)  

Unable to treat 18 (17.1) 0 (0)  

Other 0 (0) 1 (1.4)  

Vasospasm on Neuroimaging 34 (32.4) 6 (8.2) 0.0001 

Vasospasm on TCD 

(No TCD windows in 37 patients) 10 (9.5) 3 (4.1) 0.08 

Coagulopathy 4 (3.8) 0 (0) 0.09 

Hyponatremia 31 (29.5) 31 (42.5) 0.08 

For the multivariable model, the aforementioned variables with P = < 0.05 in the 

univariate analysis were included. In the model, HH grade was dichotomized to grade 1-2 vs. 

grade 3-5. Fisher scale was dichotomized to scale 1-3 vs. scale 4. Initial GCS was dichotomized 

to 14-15 or less than 14. Aneurysm location was dichotomized to middle cerebral artery (MCA) 

vs. non-MCA. The method of aneurysm treatment was dichotomized to coil embolization vs. 

other treatment since coil embolization has been shown to predict lower incidence of vasospasm 

and better outcome (Li et al., 2013). Age was entered as a continuous variable. The 

multivariable model demonstrated that coil embolization (OR: 7.54, 95% CI: 2.38-23.86) non-

MCA aneurysm location (OR: 4.15, 95% CI: 1.02-16.96), no EVD (OR: 31.55, CI: 5.10-195.04), 

no other neurosurgical intervention (OR: .05, 95% CI: 1.25-39.74), and no cerebral vasospasm 

on neuroimaging day 1-7 (OR: 3.62, 95% CI: 1.02-12.80) were predictors of appropriate floor 

transfer on day seven (Table 2).  



 

 

 

 

34 

TABLE 2. Multivariable model to predict appropriate floor transfer on day seven. 

 Odds Ratio 95% C.I. P 

Age 0.98 0.95 – 1.02 0.34 

Coil embolization 7.54 2.38 – 23.86 0.001 

Hunt and Hess grade 1-2 1.71 0.43 – 6.79 0.45 

Fisher scale 1-3 2.08 0.74 – 5.86 0.17 

Initial GCS 14-15 2.86 0.67 – 12.10 0.15 

Non-MCA location aneurysm  4.15 1.02 – 16.96 0.048 

No thick interhemispheric blood 3.93 0.88 – 17.48 0.07 

No biventricular IVH 1.36 0.29 – 6.31 0.69 

No hydrocephalus on cranial CT (day 1-7) 0.77 0.26 – 2.31 0.64 

No EVD 31.55 5.10 – 195.04 0.0002 

No other neurosurgical intervention 7.05 1.25 – 39.74 0.03 

No vasospasm on neuroimaging (day 1-7) 3.62 1.02 – 12.80 0.046 

Each of the factors that were significant in the multivariable model were given a 1-point 

score with a total score of ‘5’ to create floor transfer criteria (Table 3). The performance and 

accuracy of the floor transfer criteria was assessed by calculating the area under the ROC curve 

with each criterion having weight of 1 point. As displayed in Figure 1, the area under the ROC 

curve was 0.875.  

TABLE 3. Floor transfer criteria.  

 Point 

Coil embolization 1 

Non-MCA territory aneurysm 1 

No EVD 1 

No other neurosurgical intervention 1 

No vasospasm on neuroimaging day 1-7 1 

Total Score 5 
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FIGURE 1. Receiver operating characteristic (ROC) curve of the floor transfer criteria. 

Among the QMC aSAH cohort, 68 patients had the floor transfer criteria score of ‘5.’ 

Among them, 10 patients were inappropriate for floor transfer on day seven for reasons 

including fluctuating or declining neurological exam, clinical concern for cerebral vasospasm, 

seizures, and respiratory failure that automatically ruled them out for transfer. Therefore, 58 

out of 68 patients (85%) were ultimately considered appropriate for transfer out of ICU to the 

floor on day seven according to the floor transfer criteria. 

There was 514 ICU days among the 58 patients who were appropriate for floor transfer 

on day seven. There were no in-hospital deaths among the 58 transfer eligible patients, and 

only three patients were readmitted within 30 days of discharge. One patient was readmitted 

with uncontrolled headaches, one with a transient ischemic attack due to aSAH unrelated right 
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internal carotid artery stenosis, and one with delayed symptomatic cerebral vasospasm on post 

hemorrhage day 18.  

DISCUSSION 

Relationship of Results to Framework and Aim 

Donabedian’s (2002) healthcare quality assurance model was a highly valuable 

framework to guide this project because it offered important insight into the challenging 

process of standardizing care in complex clinical situations. Identifying, examining, and 

understanding the structure, process, and outcome of aSAH care greatly impacted the 

project’s primary aim of determining if a subset of aSAH patients meeting prespecified 

criteria can safely transfer out of the Neuroscience ICU on hospital day seven without 

compromising patient outcomes. In depth evaluation of aSAH patient care and outcomes at 

QMC through the lens of Donabedian’s framework helped in determining what has been 

occurring and what improvements or changes were needed in the ICU triage process.  

Donabedian believed that change in healthcare must be one in the same with a desire 

to deliver high quality care through focusing on patient needs (Anderson, 2013). The 

inspiration for this project was real life experience delivering care to aSAH patients at QMC 

with the existing limited neurocritical care resources. Delivering adequate ICU level of care to 

aSAH patients at QMC is a top priority; however it is imperative to properly utilize coveted 

neuroscience ICU beds. This is necessary in order to meet the care demands of not only aSAH 

patients, but also those with other complex neurological illnesses and injuries. It was evident 

through retrospective review of patient data that the current triage practice for aSAH at QMC 
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is variable, given that the ICU length of stay for the 58 transfer eligible patients was 2-17 

days.  

Relationship of Results to Other Evidence 

The evidence supporting triage of aSAH patients to a non-ICU setting is limited. Only 

one study by Chartrain et al. (2017) identified in the literature retrospectively reviewed the 

impact of a transfer protocol for pre-specified low risk aSAH patients to a step-down unit. In 

patient’s transferred to the step-down unit based upon the transfer protocol criteria by 

Chartrain et al. (2017), the mean ICU length of stay was reduced by 1.95 days, however 

almost 30% of patients required ICU level of care again at some point during the 

hospitalization (Chartrain et al., 2017). Retrospective application of this project’s floor 

transfer criteria to the QMC aSAH population showed a hypothetical reduction in mean ICU 

length of stay by 1.86 days.  

Additionally, none of the patients eligible for floor transfer based upon the new criteria 

required ICU care after transfer to floor due to eligibility criteria. The benefit of having more 

specific and sensitive floor transfer criteria is less risk of delayed detection of a complication 

requiring ICU level of care in patients who are less frequently monitored in a non-ICU 

setting. This project’s floor transfer criteria aids in identifying patients who are low risk for 

complications requiring ICU level of care after hospital day seven.  

Impact of Results on Practice 

The new floor transfer criteria determined in this project could potentially serve as a 

valuable tool that is transferrable to aSAH patients at QMC and beyond. The simple steps of 

determining eligibility for transfer to floor based on five criteria is easily sustainable if 
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implemented into everyday practice. Before the new floor transfer criteria can be fully 

recommended for use at QMC and other institutions, it must be further validated with 

prospective application. As expected, the new transfer criteria applied to the existing data set 

from this project did demonstrate effectiveness in determining low risk aSAH patients who 

could transfer to the floor on day seven without compromising outcomes. Additionally, the 

results implied that the new floor transfer criteria could be an effective method of reducing 

ICU length of stay, improving utilization of neurocritical care resources, and cost savings. 

Had each of the eligible patients transferred out of ICU on day seven according to the 

new floor transfer criteria, there would have hypothetically been only 406 ICU days, rather 

than 514, for a potential savings of 108 ICU days over four years. Considering that the 

average cost of one ICU day is approximately $4,000 in the United States, the new floor 

transfer criteria could have contributed to a potential cost savings of approximately $432,000 

over four years (Lominadze, Lessen, & Keene, 2016, p. 20.) This may even be an 

underestimate because higher ICU costs are associated with aSAH care compared to other 

critical illnesses due to frequent neuroimaging and diagnostic procedures conducted in the 

ICU (Reardon et al., 2018).  

Strengths and Limitations 

A major strength of this project is the DNP student’s experience working as a 

neurocritical care nurse practitioner. The project was designed based on an observed need to 

improve the triage process for aSAH patients. Additionally, due to many years of direct 

clinical experience with aSAH patients, the DNP student had an existing extensive knowledge 

base which guided the interpretation of pertinent literature, data, and results. Another strength 
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of the project was the consistency and uniformity of the data collection process. All data 

points were personally extracted and recorded by the DNP student. Even data that was already 

identified in the existing stroke database was re-validated by comparison to information in the 

electronic medical record. 

This project involved retrospective chart review from a convenience sample therefore it is 

recognized that the small sample size is a limitation. Future prospective testing of the new floor 

transfer criteria on a larger cohort of aSAH patients is warranted to further validate the model. 

Another limitation is that the same data set was utilized to determine the new floor transfer 

criteria and test its performance on the ROC curve. Testing the performance of the new 

transfer criteria on a different aSAH data set can enhance its generalizability.  

Dissemination and Future Implications for Practice 

The plan for future dissemination of this project is to begin with presenting the data and 

results to the team of neurocritical care providers at QMC. If mutually agreed upon, the new 

floor transfer criteria will be prospectively applied to aSAH patients at QMC. The new floor 

transfer criteria will then be further validated through additional retrospective review similar to 

the design in the Chartrain et al. (2017) study. The intervention group (aSAH patients triaged to 

the floor with the floor transfer criteria) will be compared to the non-intervention group (aSAH 

patients prior to the implementation of the floor transfer criteria). Additionally, it is the goal of 

the DNP student to present this project to peers through publication in a relevant medical journal. 

If the new floor transfer criteria can be further validated through future testing it 

potentially carries positive implications for practice. The use of an accurate and validated tool to 

determine aSAH patients who are safe for transfer to floor on day seven can reduce ICU length 
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of stay, therefore lowering the risk of ICU related complications. Additionally, the new floor 

transfer criteria could greatly impact the utilization of limited neurocritical care resources while 

contributing to the reduction of hospital related costs.  
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APPENDIX A: 

SYNTHESIS OF EVIDENCE 
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Author / Article Research Question Design Sample (N) and 

Setting 

Methods Main Outcome 

Measures 

Findings 

Alaraj, A., Hussein, 

A., Esfahani, D. R., 

Amin-Hanjani, S., 

Aletich, V. A., 

Charbel, F. T. 

(2017). Reducing 

length of stay in 

aneurysmal 

subarachnoid 

hemorrhage; A 

three-year 

institutional 

experience. Journal 

of Clinical 

Neuroscience, 42, 

66-70. 

doi:10.1016/j.jocn.2

017. 

03.049 

 

Is a physician-led 

daily 

multidisciplinary 

huddle a valuable 

tool to identify 

patient discharge 

needs and lower 

length of stay (LOS) 

and cost in aSAH 

patients?  

 Retrospective 

cohort study to 

review the outcomes 

of a prospective 

quality 

improvement 

project aimed to 

improve patient care 

and decrease 

neuroscience 

intensive care unit 

(NSICU) and total 

hospital LOS 

N=374 aSAH 

patients reviewed 

 

N=174 aSAH 

patients who met 

inclusion criteria  

Reviewed patient 

demographics, 

clinical 

presentation, 

medical co-

morbidities, 

aneurysm treatment, 

hospital course, 

NSICU and total 

LOS, patient 

outcomes, and 

hospital costs.  

 

Variables evaluated 

with chi-squared, 

Student’s t, and 

Mann-Whitney U 

tests.  

 

Non-parametric data 

reviewee with 

Wilcoxon Rank-

Sum, Spearman’s 

correlation 

coefficient and 

Kruskal-Wallis H 

tests.  

 

Variables with 

p<0.1 underwent 

multivariate 

analysis.  

NSICU LOS 

Hospital LOS 

Total hospital costs 

Univariate analysis:  

 

Age, gender, 

aneurysm location 

and size were not 

associated with 

LOS. 

 

Poor HH grade 

predictive of 

prolonged hospital 

(p=0.001) and 

NSICU (p=0.001) 

LOS  

Multivariate 

analysis:  

 

HH grade predictive 

of prolonged 

NSICU LOS 

(p=0.05) 

 

Institutional NSICU 

LOS decreased from 

15.9 to 12.4 days 

within a year.  

 

Most dramatic 

decrease was in HH 

grade 1 patients: 

NSICU LOS (7.5 to 

5 days) 

Hospital LOS (13.3 

to 5 days) 

 

Statistically 
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Author / Article Research Question Design Sample (N) and 

Setting 

Methods Main Outcome 

Measures 

Findings 

significant decrease 

in hospital LOS for 

HH grade 2 patients 

(23.1 to 14.6 days, 

p=0.002) 

 

Predictors for 

prolonged NSICU 

LOS: high HH 

grade, need for 

external ventricular 

drain, 

ventriculoperitoneal 

shunt, clinical 

vasospasm, 

respiratory failure, 

and deep vein 

thrombosis.  

 

Mean cost per 

patient decreased 

from $328, 240 to 

$269, 527 over a 

year.  

 

Physician led daily 

multidisciplinary 

huddle is a 

potentially valuable 

tool to identify 

patient discharge 

needs and lower 

LOS and cost in 

aSAH patients.  

 

 



 

 

 

 

44 

Author / Article Research Question Design Sample (N) and 

Setting 

Methods Main Outcome 

Measures 

Findings 

Alkhachroum, A. 

M., Bentho, O., 

Chari, N.m Kulhari, 

A., & Xiong, W. 

(2017). 

Neuroscience step-

down unit 

admission criteria 

for patients with 

intracerebral 

hemorrhage. 

Clinical Neurology 

and Neurosurgery, 

162, 12-15. 

doi:10.1016/j.clineu

ro.2017.09.002 

 

Can patients with 

ICH fulfilling step-

down unit 

admission criteria 

be safely monitored 

outside of the ICU?  

 Retrospective chart 

review 

N= 431 patients 

with primary ICH 

over a three-year 

period 

 

Setting: 

Neurointensive care 

unit at University 

Hospitals Cleveland 

Medical Center  

Demographics, 

hematoma volume, 

location of 

hemorrhage, 

presence of brain 

compression, blood 

pressure, respiratory 

status, GCS, ICH 

score, ICH etiology, 

and midline shift 

reviewed.  

 

Step-down unit 

criteria 

retrospectively 

determined: 

supratentorial ICH, 

ICH volume <20cc, 

no IVH, SBP 

<200mmHg, no 

respiratory failure, 

GCS 12.  

Primary: rate of 

readmission to ICU 

for patients who met 

criteria.  

 

Secondary: clinical 

outcomes based on 

disposition, LOS 

stay in ICU, total 

hospital LOS, rate 

of hemorrhagic 

expansion, 

requirement for 

neurosurgical 

intervention, and 

intubation.  

 

Chi-square and 

Fisher’s exact test 

used for 

comparisons of 

proportions.  

 

Shapiro-Wilk test 

used for continuous 

variables to 

determine normal 

and abnormal 

distributions.  

 

Normally 

distributed variables 

analyzed with 

Student’s t-test 

 

Abnormally 

71 patients met step-

down unit criteria 

 

360 patients didn’t 

meet step-down unit 

criteria  

 

None of the patients 

who met criteria 

were ever 

readmitted to the 

ICU vs. three 

patients who didn’t 

fulfill the criteria. 

 

No patients meeting 

criteria required 

mechanical 

ventilation.  

 

36.67% of patients 

who did not meet 

criteria needed 

mechanical 

ventilation 

(P=0.005) 

 

Average ICU LOS 

in those meeting 

criteria 1.43 days vs. 

4.15 days in those 

not meeting criteria.  

 

Poor discharge 

disposition in those 

who did fulfill 
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Measures 

Findings 

distributed variables 

analyzed with 

Mann-Whitney U 

test.  

criteria (RR 0.33, CI 

0.19-0.55, 

p=<0.001) 

 

Conclusion: ICH 

patients who fulfill 

criteria do not need 

to be admitted to a 

Neuroscience ICU 

and can be safely 

monitored in a 

neuro step-down 

unit.  

 

Prospective 

validation is needed.  

 

Chartrain, A. G., 

Awad, A. J., 

Sarkiss, C. A., Feng, 

R., Liu, Y., Mocco, 

J., . . . Gordon, E. 

(2017). A step-down 

unit transfer 

protocol for low-

risk aneurysmal 

subarachnoid 

hemorrhage. 

Neurosurgical 

Focus, 43(5), E15. 

doi:10.3171/2017.8. 

FOCUS17448 

 

Is a step down unit 

(SDU) transfer 

protocol for low risk 

aSAH patients a 

safe and feasible 

method of reducing 

ICU utilization? 

 Retrospective 

cohort study 

 N= 137 (Control 

group = 65, 

Intervention group = 

72)  

 

Setting: 16 bed 

NSICU at Mount 

Sinai Hospital 

The control group 

(patients admitted 

prior to the 

establishment of the 

SDU transfer 

protocol) was 

compared to the 

intervention group 

(patients admitted 

post SDU transfer 

protocol institution) 

 

Comparison of 

groups achieved 

with 2-sample t-test 

for continuous 

outcomes and chi-

square test for 

categorical 

First primary 

outcome: mortality 

and morbidity of 

patients transferred 

to the SDU.  

 

Second primary 

outcome: NSICU 

LOS 

 

Secondary 

outcomes: hospital 

LOS, mortality rate, 

90-day readmission 

rate, and Glascow 

Outcome Scale 

score at discharge.  

 

In the intervention 

group:  

 

NSICU LOS was 

shorter by 1.95 days 

(95% CI -4.23 to 

0.33 days), trended 

towards significance 

after multivariate 

adjustment 

(p=0.092). 

 

Hospital LOS was 

longer by 2.7 days 

(95% CI -0.31 to 

5.71), trended 

towards significance 

after multivariate 

adjustment 
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Setting 

Methods Main Outcome 

Measures 

Findings 

outcomes.  

 

Multivariate 

analysis:  

Linear regression – 

continuous variables 

Logistic regression 

– categorical 

outcomes 

(p=0.080).  

 

Mortality rate was 

lower (5.6% vs. 

12.3%) but not 

statistically 

significant. 

 

90-day readmission 

rate was higher 

(11.1% vs. 6.2%) 

but not statistically 

significant.  

 

Demonstrates safety 

and feasibility of the 

transfer protocol for 

select low-risk 

aSAH patients.  

 

Duan, Y., Wright, 

J., Wright, C., 

Shammassian, B., 

Tatsuoka, C., 

Bambakidis, N. 

(2018). Reliable 

identification of 

benign clinical 

course in 

aneurysmal 

subarachnoid 

hemorrhage: A 

simple and 

qualitative 

algorithm. 

Neurosurgery, 

Can a clinical 

algorithm identify 

aSAH patients at 

low risk for 

vasospasm?  

Retrospective 

review of patient 

data 

N=291 aSAH 

patients 

 

Single center 

 

N=20 randomly 

selected 

convenience sample 

(Final algorithm 

applied to test 

reliability among 

four authors) 

Review of clinical 

severity (Hunt Hess 

Grade), admission, 

noncontrasted head 

CT scan, and 

presence of 

vasospasm.  

 

Final algorithm 

developed to 

identify patients at 

lower risk of 

vasospasm: 

Admission Hunt and 

Hess grade 1 to 2, 

lack of thick 

Vasospasm 

presence: yes/no 

(blinded binary 

dependent variable. 

Univariate analysis 

statistically 

significant risk 

factors for 

vasospasm: 

 

Hunt and Hess >2 

(OR 4.52, 95% CI 

2.74-7.46) 

 

Adjacent cistern 

blood (OR 4.1, 95% 

CI 2.51-6.7) 

 

Interhemispheric 

thick blood (OR 
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Findings 

83(5), 948-956. 

doi:10.1093/neuros/

nyx548 

 

subarachnoid blood 

filling two adjacent 

cisterns. 

Thick 

interhemispheric 

blood, and lack of 

biventricular 

hemorrhage.. 

 

5.72, 95% CI 3.41-

9.59) 

 

Biventricular IVH 

(OR 1.92, 95% CI 

1.19-3.02) 

 

All remained 

statistically 

significant in the 

multivariable 

logistic regression 

expect biventricular 

IVH which trended 

towards significance 

(biventricular IVH 

was kept in the final 

algorithm as a 

precautionary 

measure).  

 

Retroactive 

application of the 

algorithm to N=291 

had a sensitivity of 

29%, specificity of 

100%, positive 

predictive value of 

100%, and negative 

predictive value of 

54.5%.  

 

Identified 16.1% of 

aSAH admissions 

that would have 

benefited from a 
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Setting 

Methods Main Outcome 

Measures 

Findings 

shorter course in 

ICU.  

 

Lominadze, G., 

Lessen, S., & 

Keene, A. (2016). 

Vasospasm risk in 

surgical ICU 

patients with grade I 

subarachnoid 

hemorrhage. 

Neurohospitalist, 

6(1), 20-23. 

doi:10.1177/194187

4 

415589321 

Can a subset of 

aSAH at low risk 

for vasospasm 

safely transfer out of 

ICU early?  

 Retrospective 

cohort study  

N=40 

Purposive sampling 

Setting: 

Neurosurgical ICU 

at Montefiore 

Medical Center 

All patients 

admitted (during a 

five-year period) 

with Hunt and Hess 

grade I aSAH, 

successful aneurysm 

securement, and no 

evidence of delayed 

cerebral ischemia 

were reviewed. 

Primary: clinical or 

ultrasonograpnic 

evidence of delayed 

cerebral ischemia 

after day 8.  

 

Secondary: length 

of ICU and hospital 

stay, and hospital 

mortality.  

 

 None of the patients 

developed clinical 

evidence of 

vasospasm after day 

8. 

 

1 (2.5%) patient 

developed 

ultrasonographic 

evidence of 

vasospasm.  

 

Mean ICU LOS was 

post-bleed day 13 

 

Mean hospital LOS 

was post-bleed 14 

 

In hospital mortality 

was 0% 

 

Identification of a 

population of aSAH 

patients that can be 

safely triaged out of 

ICU after day 8. 

 

Nishijima, D. K., 

Sena, M. J., & 

Holmes., J. F. 

(2011). 

Identification of 

low-risk patients 

Are there low risk 

adult emergency 

department patients 

with traumatic brain 

injury (TBI) and 

traumatic 

 Retrospective 

cohort study 

All adult trauma 

patients with tICH 

over a two-year 

period N=320 

 

Setting: Level I 

Patient’s 

categorized into two 

cohorts:  

Presence or absence 

of critical care 

intervention (CCI) 

Primary: Presence 

of a delayed critical 

care intervention 

within 48hrs of 

admission in the 

low-risk group. 

 307 patients 

admitted to ICU 

11 patients admitted 

to non-ICU setting, 

one died in ED, & 

one discharged 
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Setting 

Methods Main Outcome 

Measures 

Findings 

with traumatic brain 

injury and 

intracranial 

hemorrhage who do 

not need intensive 

care unit admission. 

The Journal of 

Trauma, Infection, 

and Critical Care, 

70(6), E101-E107. 

doi:10.1097/TA.0b 

013e3181e88bcb 

 

intracranial 

hemorrhage (tICH) 

that won’t require 

critical care 

resources? 

trauma center prior to ICU 

admission. 

 

Those without CCI 

prior to ICU 

admission were 

considered low-risk 

and further 

evaluated for CCI 

during their 

hospitalization.  

 

Any CCI after 

admission in low-

risk group was 

considered delayed 

CCI.  

 

Data collected from 

retrospective chart 

reviews.  

Secondary:  

Delayed CCI at any 

point during 

hospitalization, 48 

hour and in-hospital 

mortality, 

emergency surgery, 

& discharge from 

ICU or hospital 

within 24 & 48 

hours.  

home from ED after 

observation.  

 

133 patients (out of 

320) had CCI prior 

to admission and 

were classified into 

high-risk group.  

 

187 patients 

classified into low-

risk group.  

 

In low risk group:  

Two met the 

primary outcome 

measure (1.1%; 

95% CI, 0.1-3.8%) 

 

Patients <70 

(N=146) had a 

delayed CCI in the 

first 48 hour of 

admission (0%; 95% 

CI, 0-2.5%).  

 

Four patients met 

secondary outcome 

measure of delayed 

CCI after 48 hours 

of admission (2.1%; 

95% CI, 0.6-5.4%).  

 

None required 

emergency surgery 

(0%; 95% CI, 0-
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Measures 

Findings 

2.0%).  

 

One patient died 

(0.5%; 95% CI, 0-

2.9%).  

 

None died within 48 

hours of admission 

()%, 95% CI, 

0.2.0%).  

 

112 were discharged 

from ICU or 

hospital within 24 

hours and 142 were 

discharged within 

48 hours.  

 

Conclusion: patients 

with mild TBI not 

receiving CCI 

before hospital 

admission are 

unlikely to require 

CCI in the next 48 

hours and 

throughout 

hospitalization.  

 

Triaging low-risk 

patients to a non-

ICU setting may 

decrease costs and 

ICU utilization. 
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Measures 

Findings 

Nishijima, D. K., 

Shahlaie, K., 

Echeverri, A., 

Holmes, J. F. 

(2012). A clinical 

decision rule to 

predict adult 

patients with 

traumatic 

intracranial 

haemorrhage who 

do not require 

intensive care unit 

admission. Injury, 

43(11), 1827-1832. 

doi:10.1016/j.injury. 

2011.07.020 

 

Can a clinical 

decision rule predict 

low risk adult ED 

patients with tICH 

who do not need 

ICU admission?  

 Retrospective 

cohort 

Adult trauma 

patients who 

sustained tICH on 

initial ED CT scan 

over a two-year 

period. N=432 

 

Setting: Level I 

trauma center 

Clinical and 

radiologic variables 

collected via 

retrospective chart 

review. 

Primary:  

Presence of CCI at 

any point during ED 

care or 

hospitalization.  

96% of patients 

were admitted to 

ICU and the 

remaining were 

admitted to non-ICU 

floor. None 

discharged from 

ED.  

 

Binary recursive 

partitioning derived 

a rule with three 

predictor variables:  

 

Abnormal mental 

status (GCS <15), 

non-isolated head 

injury, and age 65 

(sensitivity 98%; 

95% CI 94-99, 

specificity 50%; 

95% CI 44-56, 

positive predictive 

value 57%, 95% CI 

51-62, negative 

predictive value 

97%, 95% CI 93-

99).  

 

Clinical decision 

rule was developed 

to identify low risk 

patients with tICH 

that do not require 

ICU admission.  

 



 

 

 

 

52 

Author / Article Research Question Design Sample (N) and 

Setting 

Methods Main Outcome 

Measures 

Findings 

Further validation 

needed with 

prospective study.  

 

Nishijima, D. K., 

Sena, M., Galante, 

J. M., Shahlaie, K., 

London, J., 

Melnikow, J., & 

Holmes., J. F. 

(2014). Derivation 

of a clinical decision 

instrument to 

identify adult 

patients with mild 

traumatic 

intracranial 

hemorrhage at low 

risk for requiring 

ICU 

admission. Annals 

of Emergency 

Medicine, 63(4), 

448-456.e2. 

doi:10.1016/j.annem

er 

gmed.2013.11.003 

 

Can a clinical 

decision rule predict 

low risk adult ED 

patients with tICH 

who do not need 

ICU admission? 

 Prospective 

observational cohort  

All adult ED 

patients with mild 

tICH over a four-

year period, N=600 

 

Setting: Level 1 

trauma center 

ED data collection 

performed with a 

standardized form.  

 

Demographic, 

laboratory, 

radiographic 

variables collected.  

Need for ICU 

admission: presence 

of acute CCI within 

48 hours of ED 

arrival.  

 Binary recursive 

partitioning derived 

a rule with four 

predictor variables 

for requiring acute 

CCI:  

1. Admission GCS 

score <15 (RR 

2.95; 95% CI 

2.21-4.12) 

2. Nonisolated head 

injury (RR 2.74; 

95% CI 1.99-

3.78) 

3. Age 65 (RR 

1.46; 95% CI 

1.05-2.03) 

4. Presence of 

swelling or shift 

on initial head CT 

(RR 4.11; 95% 

CI 3.08-5.48) 

32% of all ICU 

admissions were 

considered low-risk 

patients.  

 

Decision tool could 

potentially improve 

unnecessary ICU 

utilization. 
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Findings 

Conclusion: the 

clinical decision tool 

accurately identifies 

mild tICH patients 

at low risk for acute 

CCI. These patient’s 

may not require ICU 

admission.  

 

Reardon, P. M., 

Fernando, S. M., 

Van Katwyk, S., 

Thavorn, K., 

Dobewka, D., 

Tanuseputro, P., ... 

Kyeremanteng, K. 

(2018). 

Characteristics, 

outcomes, and cost 

patterns of high-cost 

patients in intensive 

care unit. Critical 

Care Research and 

Practice, 2018, 1-7. 

doi:10.1155/2018/5

45 

2683 

 

Do certain patients 

in ICU accrue 

higher costs?  

Cross-sectional  

Observational study  

Purposive sampling 

of adult patients 

with at least 1 

admission to ICU 

during a four-year 

period. N=7849 

  

Setting: The Ottowa 

Hospital – Ontario, 

Canada 

Two tertiary care 

ICUs each with 28 

beds.  

Demographic and 

clinical 

characteristics 

reviewed. Patients 

grouped into a high-

cost (HC) group or 

non-high cost 

(NHC) group (HC= 

top 10% of patients 

incurring the largest 

total admission 

costs). 

 

HC and NHC 

groups compared 

with chi-square test 

or Fisher’s exact 

test.  

 

Univariate analyses 

utilized to compare 

patient 

characteristics 

between groups.  

 

Multivariate logistic 

regression 

Total (direct and 

indirect) admission 

costs.  

786 patients fell into 

the HC group.  

 

Significant results: 

Longer median ICU 

length of stay in HC 

group (26 days vs. 4 

days, p<0.001) 

which accounted for 

49% of total costs.  

 

In hospital mortality 

was lower in HC 

group (21.1% vs. 

28.4%, p<0.001). 

 

Fewer HC patients 

discharged home 

(23.9% vs. 45.2%, p 

<0.001).  

 

More HC patients 

transferred to long-

term care (35.1% vs. 

12.1%, p<0.001).  

 

Patients with 
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performed to 

identify factors 

associated with HC.  

 

younger age or a 

diagnosis of 

subarachnoid 

hemorrhage 

(adjusted OR 2.18, 

95% CI 1.47-3.24), 

acute respiratory 

failure (adjusted OR 

2.44, 95% CI 1.23-

1.98), or 

complications of 

procedures (adjusted 

OR1.80, 95% CI 

1.33-2.44) were 

more likely to be 

HC.  

 

Future cost 

reduction strategies 

should be 

incorporated among 

these patients.  

 

Witiw, C. D., 

Ibrahim, G. M., 

Fallah, A., 

Macdonald, R. L. 

(2013). Early 

predictors of 

prolonged stay in a 

critical care unit 

following 

aneurysmal 

subarachnoid 

hemorrhage. 

Neurocritical Care, 

Upon admission, do 

certain clinical or 

radiologic 

characteristics 

predict a prolonged 

stay a critical care 

unit post aSAH? 

Posthoc analysis of 

subjects enrolled in 

CONSCIOUS-1 

trial (prospective 

randomized, double-

blinded phase IIb 

trial evaluating the 

efficacy of 

clazosentan in 

preventing 

vasospasm 

following aSAH). 

N=413, purposive 

sampling  

 

CONSCIOUS-1 was 

conducted at 52 

centers in 11 

countries.  

Assessment of 

clinical and 

demographic 

characteristics 

(nicotine use, HTN, 

WFNS Scale, Neuro 

Exam, BP, MAP, 

initial laboratories, 

BG – dichotomized 

as normal or 

elevated) 

 

Assessment of 

Total length of stay 

in a critical care unit 

following aSAH 

Mean age 51  11 

70% female 

76% WFNS grades 

I-III 

87% ruptured 

anterior circulation 

aneurysm 

Mean LOS in a 

critical care unit was 

12.6  10.6 days 

with a range of 0-65 

days.  
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18(3), 291-297. 

doi:10.1007/s12028-

013-9815-4 

 

radiologic features 

on CT scan 

(subarachnoid clot 

burden – Hijdra 

Scale, IVH – Graeb 

Score, 

Hydrocephalus – 

calculation of 

ventriculocranial 

ratio) 

 

Raw data presented 

with descriptive 

statistics.  

Continuous 

variables presented 

as means, standard 

deviations, & 

ranges.  

Dichotomous data 

presented as 

frequencies & 

percentages.  

Univariate Analysis 

Clinical factors 

significantly 

associated with 

prolonged stay in 

critical care unit 

post aSAH: age 

(p=0.001), history 

of HTN (p 

<0.0001), WFNS 

score IV-V at time 

of admit 

(p<0.0001). 

 

Radiographic 

characteristics 

associated with 

greater LOS in 

critical care unit 

post aSAH: 

vertebral artery 

aneurysm 

(p=0.008), ICH 

(p=0.001), increased 

burded of IVH 

(p=<0.0001), greater 

SAH clot burden (p 

<0.0001). 

  

Multivariate 

Analysis 

Age, history of 

HTN, WFNS score 

of IV-V on 

admission, 

increasing IVH clot 
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burden on admit CT 

as well as ICH were 

associated with 

greater LOS in 

critical care unit 

post aSAH. 
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THE QUEEN’S MEDICAL CENTER RESEARCH & INSTITUTIONAL REVIEW 
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APPENDIX C: 

THE QUEEN’S MEDICAL CENTER RESEARCH & INSTITUTIONAL REVIEW 
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