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ABSTRACT 

EFFECT OF HEAD ELEVATION ON INTRACRANIAL 
BLOOD FLOW VELOCITY FOLLOWING 

ACUTE ISCHEMIC STROKE 

Anne W. Wojner, MSN 
December 2002 

Current nursing practice for the care of patients with acute ischemic stroke 

advocates routine elevation of the head of the bed (HOB) to 30 degrees. Evidence 

supporting this practice is lacking, reflecting an inappropriate generalization of 

findings from studies conducted primarily on traumatic brain injury patients with 

associated increased intracranial pressure (ICP) to the ischemic stroke population. 

A repeated measures quasi-experimental design was used to study the effect of 

30, 15, and O degree HOB elevation on middle cerebral artery (MCA) mean flow 

velocity (MFV) in a convenience sample of 20 patients presenting with acute 

ischemic stroke. Transcranial Doppler (TCD) sonography mounted by head 

frame was used to measure MCA MFV. Patients were on average 59.5 years of 

age (SD=l5.4), with a mean National Institutes of Health Stroke Scale score of 

11.95 (SD=6.46), indicating moderate to severe stroke. On average, a 12% 

increase in MCA MFV was measured when the HOB was lowered to 15 degrees 

from the 30 degree elevation standard (p<.001); MCA MFV increased on average 

by an additional 8% when the HOB was again lowered from the 15 degree 
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position to the 0 degree (flat) position (p=NS). The overall increase in MCA 

MPV achieved from lowering the HOB position from 30 degrees to a 0 degree 

position was 20% (p<.001). Mean arterial pressure, heart rate, and pulse pressure 

remained stable without significant change throughout the positioning 

intervention and measurement period. Pulsatility index remained within normal 

limits in all HOB positions tested indicating that an increase in resistance to blood 

flow due to increased ICP did not occur with 0 degree positioning. These 

findings suggest that patients with acute ischemic stroke may benefit from lower 

HOB positions, in particular flat positioning, to promote an increase in blood flow 

to ischemic brain tissue that may ultimately reduce brain infarct volume. 
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CHAPTER 1 

INTRODUCTION 

Stroke is the third leading cause of death and the leading cause of 

disability in adults. Approximately 700,000 strokes occur annually, and of this 

number 160,000 result in death (American Stroke Association, 2000). While men 

have a 25% to 30% greater risk for stroke than women, approximately 60% of 

stroke deaths occur in females, resulting in a higher annual incidence of death 

among women, than deaths related to breast cancer (National Stroke Association, 

1994a). 

The pathophysiology of stroke is divided into two main subtypes, ischemic 

and hemorrhagic. The population of interest for this research study was the 

ischemic stroke population. Ischemic stroke accounts for approximately 70% of 

stroke occurrences and is attributed to pathogenic mechanisms which include 

local vessel thrombosis, embolism, or altered systemic hemodynamics (Ozer, 

Materson & Caplan, 1994). 

The antecedent for all cases of ischemic stroke is reduction or 

obliteration of local blood flow producing a decrease in cellular perfusion 

pressure within a discreet area. The consequences of arterial flow reduction in 

ischemic stroke include reperfusion with restoration of normal cellular 
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metabolic processes, or infarction. Ischemic stroke is a potentially reversible 

process that is dependent upon restoration of arterial blood flow within a 

window of cellular viability that varies according to the severity and duration of 

the blood flow restriction (Heiss, Fink, Huber, Herholz, & Pietrzyk, 1994; 

O'Brien, 1994). If adequate blood flow and oxygen delivery are not restored, the 

pathological outcome is cellular infarction, as defined by an absence of metabolic 

and electrical activity. 

Ischemic stroke may produce minimal to catastrophic neurologic disability 

and changes in quality of life for both patient and family. The most recent study 

of the cost of stroke in the United States was conducted in 1993 by the National 

Stroke Association. Findings from this study reported that stroke cost American 

citizens approximately $30 billion; an estimated $17 billion accounted for direct 

care costs, while $13 billion was attributed to indirect costs such as lost societal 

productivity by the stroke victim and family caregivers (National Stroke 

Association, 1994b). Stroke survivors have described stroke disability as their 

most terrifying and significant life experience (Ebrahim, 1990). Therapeutic 

measures that reduce the incidence of disability and enhance independence among 

stroke survivors are needed to improve quality of life for both patients and family. 

Problem of Study 

The purpose of this study was to identify the effect of head elevation on 

intracranial mean arterial blood flow in acute ischemic stroke patients. Similar 

research projects have used heterogeneous samples of neuroscience patients, of 
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which the overwhelming sample majorities have included patients with 

traumatic brain injury. In addition, most studies involving head elevation in 

neuroscience patients have primarily focused on the dependent variables 

intracranial pressure (ICP) and calculated cerebral perfusion pressure (CPP), 

which indirectly reflect the status of brain tissue perfusion and arterial flow 

patterns. 

Development of methods to measure global brain tissue oxygen 

consumption with jugular venous oxygen saturation (JvO
2
) monitoring have 

prompted more recent studies exploring the effect of head elevation on global 

brain tissue oxygenation. Currently, real-time noninvasive measurement of 

intracranial arterial blood flow through use of transcranial Doppler (TCD) 

sonography makes possible the ability to study arterial flow augmentation at the 

bedside. This study aimed to identify the effect of head elevation on mean 

arterial blood flow velocity (MFV) measured by TCD in acute ischemic stroke 

patients. 

Rationale for the Study 

Reduction in arterial blood flow is the critical determinant of brain 

ischemia, producing a state of cellular oxygen supply-demand mismatch. 

Regardless of the pathophysiologic mechanism involved, brain ischemia is a 

temporary or intermittent phenomenon that may produce cellular damage, 

including progression to brain infarction, if it is not reversed. Brain ischemia is a 

concern for nurses in that the inadequate cellular perfusion characterizing the 
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phenomenon may alter cellular function, resulting in a change in patient 

funct · onal status and quality of life. 

The nursing problems encountered in stroke victims are quite significant, 

including immobility, incontinence, altered cognitive function, altered speech and 

language functions, unilateral neglect, sensory alterations, cortical blindness, 

depression, and abnormal states of consciousness. Given the physiologic and 

psychosocial devastation produced by stroke, nurses have a social mandate to study 

methods that may restore brain perfusion, or reduce ischemia, in an attempt to limit 

untoward patient outcomes. Yet, despite the significant volume of stroke cases 

occurring each year, there is an absence of nursing research in the area of acute 

ischemic stroke in the published literature. 

Routine neuroscience nursing care follows a standard of care that currently 

recommends head elevation to between 15 and 30 degrees (Hickey, 1997) across a 

heterogeneous array of neurologic diagnoses. This recommendation is derived from 

multiple research studies that examined the effect of head elevation on the 

dependent variables intracranial pressure (ICP) and cerebral perfusion pressure 

(CPP) in samples dominated by patients with traumatic brain ·injury. In ischemic 

stroke, increased ICP with reduction of CPP is the result of brain ischemia from 

reduced arterial flow; when arterial flow is optimized, brain ischemia is reduced· 

lessening the risk of increased ICP. 

Despite this knowledge, current scientific findings do not support a specific 

height for head elevation to enhance arterial blood flow. In fact, the effect of head 
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elevation on the brain's arterial blood flow patterns following ischemic stroke is not 

known. The blood flow reduction occurring in ischemic stroke may be sensitive to 

head elevation, in that arterial flow patterns may actually be augmented through 

dependent patient positioning, thereby critically increasing blood supply to ischemic 

brain tissue. This study investigated the effect of head elevation on the brain's 

arterial blood flow following stroke. Through an improved understanding of the 

contribution of head elevation, a nursing care standard may be constructed to 

support augmentation of the brain's arterial flow patterns, thereby reducing 

functional loss from stroke, and improving quality of life. 

Conceptual Framework 

Brain ischemia is a state of cellular oxygen deprivation, limiting 

performance of the ongoing, normal metabolic processes necessary to sustain cell 

life. lschemia occurs in the brain when cellular perfusion is unable to meet 

cellular demands for oxygen due to a reduction or cessation of blood flow. Brain 

ischemia is a potentially reversible process, dependent upon restoration of blood 

flow, and the degree of cellular dysfunction incurred during the flow deficit 

(Ahrens & Rutherford, 1993; Heiss, Fink, Huber, Herholz &-Pietrzyk, 1994). 

A pathophysiologic stroke model (Figure 1) may be used to illustrate the 

problem of cellular ischemia in brain tissue. In brain cells, energy is almost 

exclusively derived from aerobic glucose metabolism. Limited stores of glucose 

and glycogen are available in the brain, underlining the importance of 
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CELLULAR OXY EN DEPRIVATION 

Figure 1: A pathophysiologic stroke model illustrating the events associated with 

brain cell ischemia secondary to ischemic stroke. 

uninterrupted cellular perfusion to maintain aerobic metabolism (Heiss, Fink, 

Huber, Herholz, & Pietrzyk, 1994; O'Brien, 1994). 

In stroke, a fall in cellular perfusion results in the development of a zone 

of ischemia that is referred to as, the "ischemic penumbra." The penumbra 

consists of severely ischemic core tissue surrounded by tissue that may be 

potentially viable. The central core dies rapidly, but the fate of the tissue lying 

between the junction of the viable/infarction zones depends on local perfusion 

conditions (Heiss, Fink, Huber, Herholz, & Pietrzyk, 1994; O'Brien, 1994). 

At a subcellular level, a sequence of events occurs at the onset of brain 

ischemia. The sudden decrease in cellular perfusion triggers a massive release of 
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glutamate. Glutamate is an excitatory neurotransmitter which causes a cellular 

influx of calcium, along with the influx of sodium ions occurring with 

depolarization. The high intracellular cation load triggers increased glycolysis for 

conversion to adenosine triphosphate (ATP) used to operate cellular pumps for the 

displacement of sodium and calcium during repolarization. The cell neglects 

protein synthesis, during this phase, focusing intently on glycolysis to displace the 

disproportionate amounts of intracellular cations (Heiss, Fink, Huber, Herholz, & 

Pietrzyk, 1994; O'Brien, 1994). 

Ischemia limits the cell to an anaerobic metabolism due to lack of blood 

flow and loss of cellular perfusion. This limits the amount of ATP production 

severely and increases the intracellular lactic acid load. Without sufficient ATP to 

fuel the pump system, the cell retains large quantities of sodium and calcium. 

The increased intracellular sodium load attracts extracellular water, which moves 

by osmosis into the cell, resulting in cellular edema which places the cell at risk 

for rupture. Depending on the severity of the ischemia within the penumbra, 

cellular outcomes vary from unstable subcellular metabolic functions with cell 

edema, to cell death. Within the core of the penumbra where ischemia is most 

severe, the result often is cellular infarction, related to intracellular acidosis, 

failed cellular protein synthesis and cellular rupture (Heiss, Fink, Huber, 

Herholz, & Pietrzyk, 1994; O'Brien, 1994). 

Brain ischemia is a cellular phenomenon of oxygen supply and demand 

mismatch, brought on by reduction or cessation of blood flow, which stifles 
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cellular metabolic activity. Nursing and medical interventions in ischemic stroke 

patients must be aimed at eliminating ischemia and restoring cellular perfusion, so 

that brain infarction may be prevented or minimized. A physiologic stroke model 

(Figure 1) guides study of the effect of head elevation on intracranial mean arte1ial 

blood flow in stroke, through support for testing of measures that may improve 

blood flow and cellular perfusion, thereby equalizing the supply : demand 

equation, and reducing ischemic deficit. 

Assumptions 

The two major assumptions derived from the framework were used to 

support study of the effect of head elevation on intracranial mean arterial flow in 

ischemic stroke patients (Heiss, Fink, Huber, Herholz, & Pietrzyk, 1994; 

0 'Brien, 1994). 

1. Intracranial mean arterial blood flow patterns reflect brain cellular

perfusion status and the presence of brain ischemia. 

2. TCD accurately measures the brain's arterial flow patterns.

Research Question 

The research question for this study was, what is the ·effect of head 

elevation on intracranial mean arterial blood flow velocity in hemodynamically 

stable, acute ischemic stroke patients? The dependent variable was intracranial 

mean arterial blood flow velocity, the independent variable was head elevation, 

and the primary extraneous variable in the study was systemic hemodynamic 

stability. It was expected that patients with critical intracranial arterial stenoses 
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due to acute ischemic stroke would demonstrate an increase in mean arterial flow 

velocity, when the head was placed in a dependent position. 

Definition of Terms 

Study terminology were operationally defined as follows: 

1. Acute ischemic stroke patients were defined as those admitted within 48

hours of symptom onset and medically diagnosed with evolving brain ischemia 

and/or infarction through a combination of clinical examination and computed 

tomography findings. 

2. Intracranial mean arterial blood flow velocity (MFV) was defined as the

average arterial speed of flow through intracranial vessels detected by TCD 

sonography (Alexandrov, 1998; Otis & Ringelstein, 1996). 

3. Pulsatility index (PI) was defined as flow resistance through an arterial

vessel measured by TCD used to reflect a change in blood flow resulting from 

vasoconstriction, vasodilation, or an increase in intracranial pressure (Alexandrov, 

1998). 

4. Head elevation was defined as the angle of the bed in relation to the

patient's head at the time of study, measured and set by bedframe caliper 

conformation to zero, 15 and 30 degrees elevation. 

5. Hemodynamic stability was defined as a mean arterial pressure (MAP)

greater than or equal to 70 mm Hg (Whalen & Kelleher, 1998). 
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Limitations 

The findings of this study are limited to acute, hemodynamically stable, 

ischemic stroke patients of 18 years of age or older, admitted to tertiary care 

medical centers. Transcranial Doppler sonography used to assess arterial flow in 

ischemic stroke has been shown to have a sensitivity of 83%, a specificity of 

94.4%, and an accuracy of 91.6% for determining arterial blood flow reduction or 

occlusion at the medical center selected as the study site (Demchuk, Christou, 

Wein, Felberg, Grotta, & Alexandrov, 2000). It was acknowledged that TCD is a 

user-dependent technology, and may not detect with 100% accuracy the presence 

of critical flow reductions or flow augmentation in ischemic stroke. Lastly, 

absence of a temporal window for TCD examination occurs in 5 to 15% of 

patients prohibiting penetration of the skull by the ultrasound beam (Otis & 

Ringelstein, 1996). 

Summary 

Stroke is a devastating disease process that significantly challenges quality 

of life for both patients and family caregivers. Nurses caring for acute ischemic 

stroke patients must be cognizant of the effects of their care on patient outcomes. 

The importance of patient positioning to support improvement of arterial blood 

flow to patients with acute ischemic stroke is currently not known. Additio'nally, 

positioning standards have been established for stroke patients through 

inappropriate generalization of findings from heterogeneous neurologic disease 

processes. This study aimed to examine the effect of head elevation on arterial 
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blood flow in acute ischemic stroke, in an attempt to improve nursing care 

standards and optimize patient outcomes. 
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CHAPTER2 

REVIEW OF THE LITERATURE 

The term, hemodynamics, is used to describe blood circulatory flow 

patterns occurring within the human body. Systemic hemodynamic mechanisms 

have been thoroughly studied, and are well .described in the critical care and 

cardiopulmonary literature. But, knowledge of intracranial hemodynamics 

continues to expand as new methods for invasive and noninvasive blood flow 

measurement emerge in practice. 

This chapter will review the science supporting head elevation for 

optimizing intracranial hemodynamics, which has been used to support current 

nursing practice standards for critically ill ischemic stroke patients. An historical 

review of the nursing and medical research in the area of intracranial 

hemodynamics will be presented. 

Measurement of Intracranial Hemodynamics 

The first technology developed to study intracranial hemodynamics was 

the intraventricular, intracranial pressure (ICP) monitoring system which emerged 

in practice in 1960 (Lundberg, 1960). Interestingly, the publication of this new 

technology made mention anecdotally of an apparent association between ICP and 

"bodily position," however, formal study of the effect of patient positioning on 
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ICP did not emerge in the literature till many years later. At present, ICP 

monitoring systems have grown to include a variety of invasive catheters such as 

intraventricular fiberoptic catheters, subarachnoid bolts, epidural fiberoptic 

catheters and parenchymal ICP catheters. 

Although ICP is an important parameter, neuroscientists have shifted their 

interests over the years toward assessment of cerebral perfusion pressure (CPP) as 

a marker of brain tissue viability. Optimal CPP is defined as a pressure greater 

than or equal to 70 mm Hg. The physiologic calculation of CPP involves 

subtracting mean venous pressure (MVP) from mean arterial pressure (MAP); this 

is impractical in the clinical setting as measures for MVP do not exist. But, MVP 

has been shown to approximate ICP, therefore, the equation has been adjusted as 

follows: MAP - ICP = CPP (Miller & Bell, 1987). 

Intracranial hemodynamic monitoring has grown to include the use of 

other invasive devices which complement assessment of the patient with actual, or 

potential for, increased ICP and decreased CPP. Fiberoptic jugular venous 

oxygen saturation (JvO2) catheters have been shown to provide a method for 

measurement of global brain oxygen consumption, allowing clinicians to view in 

real time the relationship between oxygen supply and demand (Sheinberg, Kanter, 

Robertson, Contant, Narayan & Grossman, 1992). Most recently, brain tissue 

oxygenation (tiPO2) catheters emerged in Germany as a method to view the 

regional microcirculation's oxygen supply and demand balance (Meixensberger, 

Baunach, Amschler, Dings, & Roosen, 1997). 
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A noninvasive measure, transcranial Doppler (TCD), also plays a role 

today in the assessment of intracranial hemodynamics. TCD sonography measures 

blood flow velocity through the major intracranial arteries that make up the circle 

of Willis (Alexandrov, 1998; Otis & Ringelstein, 1996). TCD provides a 

noninvasive method to map intracranial blood flow, allowing identification of 

vessel stenoses, occlusions, collateral flow, and reverberating flow patterns 

significant for brain death. The measure of interest produced by TCD is mean 

flow velocity (MFV). When the angle of insonation, cardiac output and MAP 

remain constant, a change in MFV is proportionate to the change of cerebral blood 

flow (CBF) through the vessel of interest. A calculated pulsatility index (PI) is 

reported with MFV to reflect the degree of resistance to flow incurred at the point 

of measurement. As a resistance measure, PI is used to reflect alterations in flow 

incurred from vasoconstriction, vasodilation, or intracranial pressure (Alexandrov, 

1998; Otis & Ringelstein, 1996). 

Intracranial Pressure and Patient Positioning 

In 1978, a Norwegian physician by the name of Bjorn Magnaes published 

findings from a research project involving the study of CSF displacement at the 

level of the lumbar cistern, during manipulation of HOB positioning in 210 

patients with cervical spondylotic radiculomyefopathy. While the study did ·not 

directly measure intraventricular pressure, Dr. Magnaes' (1978) findings 

prompted interest among neuroscientists in the movement of intracranial CSF and 

blood volume during patient positioning. 
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Magnaes (1978) found that when patients sat up there was an immediate 

caudad flow of CSF due to the force of gravity. This flow was followed by a 

transient caudad shift of CSF which he proposed was related to a transient rise in 

cerebral blood volume. When patients were placed in a flat, supine position, 

Magnaes (1978) expected to see an immediate shift in CSF flow toward the 

cranium, but instead found that in approximately 60% of subjects, hydrostatic 

pressures within both the cranium and spinal subarachnoid space opposed each 

other, limiting flow intracranially. 

Also in 1978, Mitchell and Mauss published their findings from a pilot 

study which correlated the provision of basic patient-care activities, including 

HOB positioning, with variations in ICP. Nine patients with a variety of 

neurologic disorders which required placement of a ventriculostomy, were 

enrolled in the study; all were observed over a 24 hour period of time to determine 

what patient-nurse activities were associated with sustained increases in ICP. 

Intracranial pressure was measured by the frequency of cerebrospinal fluid 

(CSF) drainage from a ventriculostomy catheter, using an automatic CSF 

overflow parameter for ventricular pressure; the parameter selected varied 

according to each patient's average ICP, with the upper limit set at 10 cm of water 

pressure. The actual ICP value was not measured. To be considered "sustained," 

CSF drainage had to be continuous over a period of five minutes. The frequency 

of CSF drainage during both periods of activity and non-activity was then 

compared against a predicted frequency rate (Mitchell & Mauss, 1978). 
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One patient exhibited no CSF drainage during the study period and was 

appropriately eliminated from the study; this patient had undergone infratentorial 

craniotomy after which the occipital bone flap was not replaced, thereby altering 

intracranial spatial compensation. In the other 8 patients, a statistically significant 

difference (test statistic not reported; p<.001) was measured between predicted 

and actual frequency of CSF drainage. For these 8 patients, the frequency of CSF 

drainage was greater than the predicted drainage frequencies associated with 

periods of nurse-patient activity, and less than the predicted drainage frequencies 

associated with periods of non-activity. Among other findings, a sustained 

increase in CSF drainage during patient positioning was found in 5 out of 8 

patients. The investigators concluded that the presence of consistent findings in 

their small sample of patients supported, the need for more research aimed at 

identifying the effect of nurse-patient activity (including HOB positioning), on 

ICP (Mitchell & Mauss, 1978). 

In 1980, Kenning, Toutant and Saunders published findings from their 

study on the effect of HOB positioning on ICP, in a convenience sample of 24 

patients with a variety of neurologic disorders that had ICP monitoring in place. 

The sample consisted of 15 patients with traumatic brain injury (TBI), 2 patients 

with stroke (ischemic stroke n= l; subarachnoid'hemorrhage n= l), and 7 patients 

with a variety of other disorders (brain tumors n=3; arteriovenous malformation 

n= l; radical neck dissection n=2; endarterectomy n= l) (Kenning, Toutant, & 

Saunders, 1980). 
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Measurement of ICP was made with patients supine at O degrees, elevated 

to 45 degrees, and elevated to 90 degrees. Head and neck were maintained in a 

neutral position throughout the study period. The investigators measured a 

reduction in ICP with elevation of the HOB to 45 or 90 degrees in all patients, 

regardless of each patient's level ofICP in the O degree position. The 

investigators stated that elevation of the HOB to 90 degrees was frequently found 

to produce the lowest ICP, but no data are provided as a reference for this finding. 

Additionally, the data presented are of a descriptive nature; it is unknown whether 

the data were subjected to tests of difference. The investigators concluded that 

HOB elevation may contribute to augmentation of ICP (Kenning, Toutant, &

Saunders, 1980). 

In 1981, Mitchell, Ozuna, and Lipe published their research on the effect 

of routine nurse-patient positioning on ICP in a convenience sample of 20 

consenting patients with ventriculostomy drainage systems. Specific neurologic 

diagnoses for the patients comprising the sample included subarachnoid 

hemorrhage, posterior fossa lesion (type unspecified), and an "other" category. 

The investigators reported that "usable" data were available from only 18 of the 

patients entered into the study; no clear explanation was provided for the loss of 

the 2 subjects' data. 

A resting period of 15 minutes was used between patient movements; ICP 

was measured for 5 consecutive minutes preceding movement of the patient into a 

new position, and for 5 minutes following each positional change. The positions 
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tested were ones that the investigators believed may have contributed to increases 

in ICP during the original Mitchell and Mauss study conducted in 1978; they 

included: 1) Passive range of motion to arms and legs - including hip flexion and 

extension; 2) head rotation to the right and to the left; 3) turning to 4 different 

positions - supine to right lateral, right lateral to supine, supine to left lateral, and 

left lateral to supine. All but one patient, who self-turned, were positioned using 

the same turning schedule. This positioning was thought to more closely 

approximate a turning schedule used in routine nursing care, than use of randomly 

ordered positions (Mitchell, Ozuna, & Lipe, 1981 ). 

Instead of recording ICP measures for patients with the head elevated to a 

variety of heights, the investigators developed a method for "correcting" the ICP 

data to a standard scale to control for individual variations in head elevation; the 

formula used to convert the data was not disclosed. Additionally, no consistent 

measure of neurologic severity was used; instead the investigators stated that 

while level of consciousness (LOC) was not tested formally, they were able to 

categorize the subjects into 4 descriptive categories: Oriented and responsive to 

verbal stimuli n=9; aroused by verbal stimuli and obeyed motor commands n = 4; 

decorticate or decerebrate posture in response to noxious stimuli n=2;

unresponsive to verbal or noxious stimuli n=2. One remaining patient's LOC was 

not described (Mitchell, Ozuna, & Lipe, 1981 ). 

Passive range of motion to the arms and legs, including hip flexion, did 

not contribute significantly to an increase in ICP. Rotation of the head to the right 
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was found to have significantly (f = 4.9; p<.04) increased ICP on analysis of 

variance for repeated measures, tested from baseline to the first minute and the 

fifth minute after head rotation (Mitchell, Ozuna, & Lipe, 1981 ). 

During testing of the effect of turning on ICP, 4 sets of data were lost due 

to patient and/or family requests not to be disturbed during the time of testing. In 

the 14 remaining patients, ICP increases were measured for at least half of the 

completed 4-phased turning schedule. The investigators measured what they 

called a significant (f = 7.8; p<.01) "time effect" in the last of the turning 

sequences, left lateral to supine, as compared to the baseline. No significant main 

effects were measured when turning data were compared. The investigators made 

note of a diagnostic-specific finding in their sample stating that a statistically 

significant difference (t = 1.97; p=.05) was measured in mean ICPs associated 

with supine to left lateral turning, between patients with posterior fossa lesions 

(mean ICPs increased), and patients with subarachnoid hemorrhage (mean ICPs 

decreased) (Mitchell, Ozuna, & Lipe, 1981 ). 

The cumulative effect of clustering nursing care a�tivity was also 

measured by the investigators. Combining all data revealed a systematic increase 

in baseline ICP of approximately 4 cm of water_pressure, when activities were

spaced 15 minutes apart (results from tests of difference not presented). Mitchell, 

Ozuna, and Lipe ( 1981) concluded that routine nursing care activities which 

involve moving the patient in bed may influence ICP. The investigators 

recommend that individual patient tolerance of routine nursing care activities 
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should be assessed in an ongoing manner to determine optimal care delivery 

patterns, and reduce risk for additional neurologic insult (Mitchell, Ozuna, & 

Lipe, 1981 ). 

A study by Ropper, O'Rourke, and Kennedy in 1982 examined the effect 

of HOB elevation on ICP in a convenience sample of 19 patients that had ICP 

monitoring devices in place (TBI n=l3; ischemic stroke n= l; hemorrhagic stroke 

n=S). Resting ICP was measured in patients at O and 60 degrees head elevation 

(Rapper, O'Rourke, & Kennedy, 1982). 

The investigators found that 10 of the 19 patients had significantly lower 

(test statistic not reported; p<.05) mean resting ICP when the head was elevated to 

60 degrees. In 2 patients, ICP was lower at O degrees, and in 7 patients no 

difference in ICP was measured. The manner in which the data were presented 

prevents determination as to whether the ICP change associated with head 

position were more common among specific neurologic diagnoses. The 

investigators concluded that routine head elevation may not be warranted in 

patients with actual or potential risk for increased ICP. They recommended 

individual assessment of patients for determination optimal head position 

(Rapper, O'Rourke, & Kennedy, 1982). 

In 1983, Durward, Amacher, Del Maestro, and Sibbald published findings 

of a study which measured cerebral and cardiovascular responses to changes in 

head elevation among patients with intracranial hypertension. The study was 

conducted using a convenience sample of 11 patients diagnosed with TBI and 
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associated intracranial hypertension, according to criteria approved by a human 

subjects research review committee. Severity of neurologic insult was measured 

using the Glasgow Coma Scale with all patients entered into the study having 

scores less than 8. All patients underwent hemodynamic stabilization prior to 

initiation of the study to control for hypotension. Each patient was intubated and 

placed on controlled mechanical ventilation to achieve hyperventilation with a 

PaCO2 between 25-30 mm Hg; pulmonary artery catheters, radial arterial lines, 

and intraventricular ICP catheters were placed in each patient according to a 

neuroresuscitation protocol (Durward, Amacher, Del Maestro, & Sibbald, 1983). 

Each patient was placed in a O degree head elevation position for 5 

minutes prior to measurement. Systemic arterial pressures (SAP), pulmonary 

artery pressures (PAP), pulmonary artery wedge pressure (PA WP), central venous 

pressure (CVP), heart rate, cardiac output (CO) and ICP were then recorded. 

Additionally, mixed venous oxygen saturation was measured from a blood sample 

taken from the distal port of the pulmonary artery catheter. All pressure 

measurements were taken during end-expiration and t�e average of three 

respiratory cycles was calculated. After collection of these data, patients 

underwent serial head elevations to 15, 30, and 60 degrees; a 5 minute 

stabilization period was included with each elevation prior to recollection of the 

data (Durward, Amacher, Del Maestro, & Sibbald, 1983). 

The investigators found ICP to increase in all patients when placed at 0 

degrees. The lowest ICPs were recorded with patients placed at 15 and 30 degrees 
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head elevation. A mean reduction in ICP of -4.5 ± 1.6 mm Hg (test statistic not 

reported; p<.001) occurred with elevation of the head from Oto 15 degrees. The 

decrease in ICP was maintained when the head was elevated from 15 to 30 

degrees (-6.1 ± 3.5 mm Hg; test statistic not reportedp<.001), but no statistically 

significant difference was found between mean ICPs measured at 15 and 30 

degrees head elevation. Elevation of the head from 30 to 60 degrees resulted in a 

mean ICP reduction of -3.8 ± 9.3 mm Hg; no significant difference was found in 

this value when compared to mean ICPs measured with the head at O degrees. 

Additionally, 5 patients demonstrated an increase in ICP over that recorded at 30 

degrees head elevation, when the head was elevated to 60 degrees (Durward, 

Amacher, Del Maestro, & Sibbald, 1983). 

Mean SAP decreased as progressive increase in head elevation occurred 

(r=0.98; p<.001), but this was associated with no significant change in CPP with 

the head at 15 and 30 degrees due to the decrease in ICP. When the head was 

elevated to 60 degrees, a significant reduction in CPP was measured (-7.9± 9.3 

mm Hg; test statistic not reported; p<.02) as SAP continued to fall. Cardiac 

output and calculated cardiac index were unchanged when the head was elevated 

to 15 and 30 degrees; however, when the hec:;td was elevated to 60 degrees� a 

statistically significant decrease in cardiac index was measured (-0.25 ± 0.28 

liters/minute/meters squared; test statistic not reported; p<.01 ). An association 

between the fall in cardiac index and a change in mean PA WP, PAP, CVP or 

heart rate was not measured. Lastly, no significant effect was measured on mixed 
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venous oxygen saturation (Durward, Amacher, Del Maestro, & Sibbald, 1983). 

The investigators concluded that in their sample of patients with TBI and 

associated intracranial hypertension, head elevation between 15 to 30 degrees was 

associated with a fall in ICP, with maintenance of CPP and cardiac index. 

In 1986, Roser and Coley published their findings from a study which used 

a convenience sample of 18 patients with intraventricular ICP catheters for 

intracranial hypertension. Fifty percent of the sample consisted of patients with 

TBI; the remainder included patients with brain tumors (n=4), hydrocephalus 

(n=2), Reye's syndrome (n= l), and hemorrhagic stroke (n=2). Patients underwent 

measurement of ICP, mean arterial pressure (MAP), and CVP as the head was 

elevated in 10 degree increments from 0 to 50 degrees (Roser & Coley, 1986). 

A statistically significant relationship was measured between MAP and 

head elevation; as head elevation progressed from 0 to 50 degrees, MAP declined 

from 95 to 81 mm Hg (test statistic not reported;p<.001). Similarly, as head 

elevation progressed from Oto 50 degrees, ICP declined from a mean of 22 mm 

Hg, to a mean of 16 mm Hg (p=NS). Calculated CPP dropped from a mean of 73 

mm Hg to a mean of 65 mm Hg (test statistic not reported; p<.05) during 

progressive head elevation from 0 to 50 degrees. Only minor changes i� CVP 

were noted, and SAP increased on average by 6 mm Hg as the head was raised 

(Roser & Coley, 1986). 

The authors found that CPP was maximal when patients were placed in the 

0 degree head position. Additionally, the study protocol had to be aborted in 2 
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patients, and completed 48 to 72 hours later, due to sharp declines in CPP below 

5 0 mm Hg. Based on their findings, the authors recommended maintaining 

patients in a position of 0 degrees head elevation. The authors contend that the 

potential for systemic arterial hypotension is heightened as the head is raised, 

thereby promoting precipitous declines in CPP. Lastly, they stress that reduction 

of ICP which may occur with head elevation is of little interest, while 

maintenance of CPP is paramount (Roser & Coley, 1986). 

Davenport, Will, and Davison (1990) studied the effect of head elevation 

on ICP and CPP in a convenience sample of 8 comatose patients with marked 

brain edema admitted with fulminant hepatic and renal failure caused by 

deliberate acetaminophen overdose. All patients underwent placement of a 

subdural ICP catheter, arterial line and pulmonary artery catheter. Prior to 

initiation of the study protocol, PA WP was measured and hypovolemia was 

corrected (Davenport, Will, & Davison, 1990). 

Baseline measurements of ICP, SAP and calculated CPP were taken with 

the patient at 0 degrees head elevation. Each patient then underwent progressive 

head elevation from 20 to 40 to 60 degrees, with 5 minutes stabilization time 

provided at each level of elevation prior to -remeasurement of the study _variables 

(Davenport, Will, & Davison, 1990). 

At 20 degrees head elevation, ICP decreased from 18 to 15 mm Hg (test 

statistic not reported; p<.05). Elevation of the head beyond 20 degrees did not 

result in a statistically significant difference in ICP. There was no significant 
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change in MAP with the head at 20 degrees elevation, but progressive elevation to 

40 and 60 degrees resulted in a decrease in MAP from 83 mm Hg to 72 mm Hg 

(alpha not provided). There was no significant difference between CPP measured 

at 0 and 20 degrees head elevation. A decline in CPP from 62 to 57 mm Hg was 

noted when the head was elevated to 40 and then 60 degrees (Davenport, Will, & 

Davison, 1990). 

The authors found that head elevation and ICP response was patient 

dependent, in that for some patients, ICP continued to decline, while in others, 

head elevation beyond 20 degrees resulted in an increase in ICP. When the head 

was elevated beyond 20 degrees, a reduction in CPP was also noted. The authors 

recommended that patient response be used to guide the degree of head elevation 

for patients with ICP monitoring; they go on to recommend that when ICP 

monitoring is not utilized, that the patient should not be positioned with the head 

above 20 degrees elevation (Davenport, Will, & Davison, 1990). 

Feldman and colleagues (1992) published their findings related to the 

effect of head elevation on ICP, CPP and cerebral blood flow (CBF) in a 

convenience sample of 22 patients with TBI. Treatment protocols were approved 

by an internal review board, and informed consent was obtained from e�ch 

patient's next of kin. An intraventricular catheter was inserted for measurement 

of ICP, arterial lines were inserted for measurement of MAP, and CBF was 

measured using the Kety-Schmidt N20 technique. Measurements were taken with 
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the patient at 0 and 30 degrees head elevation; the data were analyzed by paired t

test (Feldman et al., 1992). 

These investigators reported significantly lower ICPs (test statistic not 

reported; p= .0079) with HOB elevation to 30 degrees; MAP also decreased with 

head elevation but the change was not statistically significant. Cerebral perfusion 

pressure and CBF were unaffected by head elevation. A correlation was noted 

between ICP at 0 degrees head elevation, and ICP after 30 degrees head elevation 

(r = -0.5890; p=not reported). The higher a patient's ICP was at 0 degrees, the 

greater the reduction in ICP attained upon elevation of the head to 30 degrees. For 

5 patients in the sample, CBF fell from an average of 67.2 ± 26 ml/l00gm/min to 

50.7 ±16.5 ml/l00gm/min (test statistic not reported;p<.05) when the head was 

elevated to 30 degrees (Feldman et al., 1992). The investigators concluded that in 

TBI patients with elevated ICP, head elevation to 30 degrees is an effective 

method of reducing ICP, without reducing CPP and CBF, although individual 

variations in patient response should be assessed and considered. 

Schneider and colleagues (1993) studied the effect of head elevation on 

ICP, CPP and jugular venous oxygen saturation (JvO2) in a convenience sample of 

25 comatose patients with ventricular ICP c_atheters. The sample consisted of 17 

patients with TBI and 8 patients with stroke (SAH n=5; intraparenchymal brain 

hemorrhage n=3). Severity of neurologic dysfunction was measured using the 

GCS, with scores ranging from 4 to 8 in the sample (mean GCS= 6); Hunt and 

Hess scores for the SAH patients revealed 1 patient with a score of III, and 4 
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patients with scores of IV (Schneider, Belden, Franke, Lanksch, & Unterberg, 

1993). 

Patients were elevated to 45 degrees at the beginning of the protocol; 

progressive decline in angle of 15 degrees which included a 20 minute 

stabilization period occurred. At 45, 30, 15, and 0 degrees elevation, ICP, MAP, 

and JvO2 were measured, and arterial and jugular venous blood gas samples were 

obtained for analysis (Schneider, Belden, Franke, Lanksch, & Unterberg, 1993). 

These investigators found that MAP and ICP were significantly lower at 

45, 30 (both MAP and ICP p<.001; test statistic not reported), and 15 degrees 

(ICP p<.001; MAP p<.0I; test statistics not reported) when compared to the 0 

degree measurements. Mean CPPs, JvO2, and other blood gas values remained 

similar throughout the protocol (p=NS). The authors did note significant 

variability among the sample's CPP values, however, leading them to conclude 

that while moderate head elevation of 15 to 30 degrees may contribute to a 

reduction in ICP with stable CPP, individual differences must be assessed and 

treated accordingly. Additionally, these researchers noted that JvO2 measures 

global brain oxygen consumption and may not be capable of recognizing small 

regions within the brain undergoing severe-oxygen deprivation and ischemic 

change (Schneider, Heiden, Franke, Lank.sch, & Urtterberg, 1993). 

Meixensberger, Baunach, Amschler, Dings, and Roosen ( 1997) studied the 

effect of head elevation from Oto 30 degrees on ICP, CPP, MAP and regional 

microcirculation using tissue pO2 (ti-pO2), in 22 patients with TBI and ventricular 
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ICP catheters. The microcather insertion site for ti-pO2 measurement was inserted 

into the right frontal cortex in patients with diffuse injury, or placed on the 

affected side close to the hemispheric lesion (Meixensberger, Baunach, Amschler, 

Dings, & Roosen, 1997). 

Measurements started at 30 degrees head elevation in all patients, and 

included a 10 minute stabilization period after which measurement of the study 

variables occurred. Once measurement was completed, patients were moved to a 

0 degree position and stabilized before the measurements were repeated. The 

investigators found a statistically significant difference in mean ICP and mean 

CPP between the two positions; ICP was significantly lower (p<.001) at 30 

degrees and higher at O degree head elevation, while CPP was significantly lower 

(p<.01) at 0 degree elevation as compared to 30 degrees head elevation. 

Additionally, they found that ti-pO2 was unaffected by head position at either O or 

30 degrees elevation. The researchers concluded that moderate head elevation to 

30 degrees does not result in a fall in regional cerebral microcirculation, and 

recommended use of ti-pO2 monitoring to compleme�t assessment and

management of patients with increased ICP (Meixensberger, Baunach, A.mschler, 

Dings, & Roosen, 1997). 

Standards of Care Related to Head Elevation and Positioning 

Patient positioning, in particular head elevation to 15 to 30 degrees, is 

commonly cited as a nursing intervention in literature associated with care for 

neuroscience patients. In a popular medical surgical textbook, Schenk (1995) 
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describes care of the stroke patient with regard to positioning as follows: "Some 

neurologists may prescribe that the head of the bed be kept flat for several days. 

This is believed to assist cerebral perfusion" (p. 1987). This author goes on to 

prescribe the standard of nursing care for the nursing diagnosis, altered cerebral 

tissue perfusion related to compromised blood supply to the brain, as: "Maintain 

bedrest with head of bed elevated 30 degrees. Rationale: Will aid in cerebral 

perfusion" (Schenk, 1995, p. 1989). Carpenito (1995) describes a similar standard 

for this nursing diagnosis as, "Elevate [the] head of bed 15 to 30 degrees. 

Rationale: Can aid in venous drainage to reduce cerebrovascular congestion" (p. 

232). 

A leading neuroscience nursing textbook also provides little to no 

guidance on adequate assessment and management with regard to head elevation 

in the acute stroke victim. In this text which spans a total of 703 pages, a single 

line is written about head elevation recommendations for acute stroke 

management: "The level of the head of the bed will depend on hemodynamics 

and ICP, but it is generally elevated to 30 degrees" (Hickey, 1997, p. 558) 

The most comprehensive science-based recommendations about head 

elevation can be found in the American Association of Critical-Care Nurses 

(AACN) Clinical Reference for Critical Care Nursing; within this text's chapter 

titled, Intracranial Disorders, Davis and Briones (1998) describe in detail the state 

of the science of head elevation research in neuroscience patient populations, 

recommending that head elevation positions should be based on individual patient 
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evaluation for optimal positioning, considering both systemic and intracranial 

hemodynamics. 

In 1995, the United States Department of Health and Human Services' 

Agency for Health Care Policy Research (AHCPR) published clinical practice 

guidelines for stroke. While these guidelines cover a majority of the problems 

effecting stroke victims, they fail to make mention of head elevation and 

positioning in general during the acute care phase of management (United States 

Department of Health and Human Services, Agency for Health Care Policy and 

Research, 1995). 

Summary 

Taking all published data into account, the effect of head elevation on the 

intracranial hemodynamics of ischemic stroke patients remains unclear. The 

studies that exist in this area include small and often heterogeneous diagnostic 

samples. Traumatic brain injury is by far the most common diagnosis dominating 

this literature. The sample of stroke patients included in these studies is minor 

and in itself heterogeneous, in that both ischemic and hemorrhagic stroke patients 

are represented. 

The studies examining the effect of head elevation on intracranial 

hemodynamics demonstrated that patient positioning may effect pressure within 

the cranial vault. In particular, the study by Magnaes (1978) was able to measure 

an immediate caudal flow of CSP with head elevation that was attributed to the 

force of gravity. While no studies have directly evaluated the effect of head 
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elevation on arterial blood flow, it is likely that gravitational forces in the absence 

of ICP may also play a role in the augmentation of blood flow. 

Davis and Briones (1998) recommend maintenance of head elevation 

height in critically ill neuroscience patients at a level that optimizes intracranial 

hemodynamic variables, in particular ICP and CPP. General medical-surgical and 

neuroscience nursing textbooks fail to prescribe a standard that supports the state 

of the science of head elevation research for stroke patients. Lastly, clinical 

practice guidelines developed by the US Department of Health and Human 

Services AHCPR (1995) for the care of stroke patients, fail to make mention of 

the clinical problem / management of altered intracranial hemodynamics in acute 

stroke management. 

Clearly, there is a need for research on the effect of head elevation on the 

intracranial hemodynamics of stroke patients. Until, sound answers emerge from 

science, neuroscience nursing practice will have to satisfy itself with a limited 

knowledge base currently supporting the care of these fragile patients. 
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CHAPTER3 

PROCEDURE FOR COLLECTION 

AND TREATMENT OF DATA 

This study investigated the effect of head elevation on intracranial mean 

arterial blood flow velocity in hemodynamically stable patients with acute 

ischemic stroke. A quasiexperimental, repeated measures design was used, with 

subjects serving as their own controls. According to Polit and Hungler (1995), 

use of a repeated measures design ensures the highest possible equivalence among 

subjects that will be exposed to experimental conditions. Given the complexity 

and the inherent heterogeneity of stroke pathophysiology, use of a repeated 

measures design was well suited to the study of ischemic stroke patients. 

Setting 

The setting was an urban, university-affiliated h�spital in the southern 

United States. The monthly volume of ischemic stroke patients admitted to this 

facility is approximately 35 patients per month. All stroke admissions are. 

managed by a neurology-based interdisciplinary stroke team, affiliated with a 

school of medicine. 
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Population and Sample 

Because no other studies of this type had been reported in the literature, a 

medium effect size (.50), a power of .80, and an alpha of .05 were originally 

proposed for the study, producing an estimated sample size of 63 ischemic stroke 

patients (Cohen, 1988). To account for possible attrition, 5 additional subjects 

were originally added yielding a projected sample size of 68 patients. However, 

during completion of the study, data from the first 11 cases were analyzed to 

determine actual sample size that would be needed to answer the research 

question. A repeated measures oneway ANOV A was performed with the 

following results: Greenhouse-Geisser adjustedf=6.34; p=.022; d= .40; minimum 

r=.89; observed power=.85. According to Maxwell and Delaney (1990), a sample 

size of between 11 to 16 patients was needed to ensure a power of .80 and an 

alpha of .05 using a repeated measures oneway ANOV A. Sample size was 

conservatively reset at 20 patients based on these calculations. As the study 

progressed, clinical improvement was observed anecdotally in 3 patients when the 

HOB was placed in the O degree position; this finding further supported 

termination of the study at 20 patients due to concerns among the clinical team 

surrounding the potential for deterioration that might be associated with any 

degree of HOB elevation. 

The following inclusion criteria were used to determine subject suitability

for study: 

1. Age greater than or equal to 18 years.

33 



2. Admission to the Stroke Neurology Service of the tertiary facility targeted

for this study. 

3. Medical diagnosis of anterior circulation, ischemic stroke made through a

combination of clinical examination and computed tomography findings, 

identified within 48 hours of symptom onset. 

4. Hemodynamic stability as measured by baseline mean arterial pressure

(MAP) greater than or equal to 70 mm Hg. 

5. Ability to complete the study protocol within 48 hours of onset of stroke

symptoms. 

Exclusion criteria for participation in the study included: 

1. Hemorrhagic stroke or posterior circulation ischemic stroke.

2. Lack of a transtemporal window for transcranial Doppler (TCD)

insonation. 

3. Complete reperfusion following administration of a thrombolytic agent

(tPA), prior to completion of the study protocol. 

Protection of Human Subjects 

Permission was obtained from the Committee for the Protection of Human 

Subjects at the study site, for study of ischemic stroke patients meeting inclusion 

criteria (Appendix A). A consent form which explains the aim of the study and 

study protocol was developed (Appendix B); no known risks are associated with 

the study protocol. Subjects meeting criteria for inclusion in the study were 

invited to participate. In the event that a subject was unable to give consent, due 
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to decreased level of consciousness, cognitive deficits, or language dysfunction 

secondary to stroke, permission was sought from the legal next of kin. 

Instruments 

A TCD unit and probe headframe were used to conduct the study. TCD 

sonography is used to noninvasively measure blood flow velocities in the major 

branches of the circle of Willis through an intact skull. TCD locates both the 

depth and direction of arterial blood flow relative to transducer position and 

ultrasonic beam direction. Flow moving towards the transducer is presented as a 

positive waveform, while flow moving away from the transducer presents as a 

negative waveform. Four windows are available for insonation: Temporal, 

orbital, foraminal and submandibular. The transtemporal window can be used for 

bilateral fixation of Doppler probes allowing simultaneous insonation of the 

middle cerebral artery, the anterior cerebral artery, the posterior cerebral artery, 

and the communicating arteries (Wojner & Alexandrov, 2000). 

TCD measurements provide both mean flow velocity (MPV) and 

calculated pulsatility index (Pl) data. Changes in MPV are proportionate to 

changes in cerebral blood flow (CBF) when the angle of insonation, cardiac 

output and MAP remain constant, whereas PI reflects resistance to flow. · MPV 

served as the dependent variable in this study and was used to detect changes in 

arterial blood flow in association with HOB positioning. MAP and pulse pressure 

(PP), a reflection of stroke volume, were measured to determine their effect on 

changes in MPV in association with position changes. PI measurements 
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calculated in relation to MFV values at 30, 15, and O degree HOB elevation were 

used to reflect the degree of resistance to flow incurred with position change, such 

as that which may occur with an increase in intracranial pressure (ICP). 

A Nicolet Bravo unit pulse wave TCD with 2 mHz probe was used for the 

study. Probes were mounted to the temporal window for assessment ofMFV 

within the middle cerebral artery (MCA) affected by the stroke. The angle of 

insonation was optimized prior to initiation of data collection, and remained 

constant throughout the procedure due to headframe application. Waveforms with 

their corresponding numeric arterial velocities and Pls were captured and recorded 

on the system's hard drive. 

A comparison of TCD findings to angiography in ischemic stroke patients, 

at the proposed study site, revealed an overall sensitivity of 83%, a specificity of 

94.4%, and an accuracy of 91.6% for determination of arterial occlusion. A 

sensitivity rate of 93% and a specificity of 96% have been measured at this 

institution, for TCD studies specifically targeting occlusion of the middle cerebral 

arteries (Demchuk et al., 2000). 

A data collection form was developed for use in the study, and includes 

standard demographic variables and study variables (Appendix C). The. 

dependent variable, MFV, and the independent variable, head elevation, both 

provide ratio level data. 
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Procedures for Data Collection 

The investigator carried a stroke team beeper throughout the duration of 

the study. When an ischemic stroke patient was admitted to the emergency 

department, the investigator was immediately paged to assess the patient for 

possible study inclusion. This process continued until a sample of 20 patients had 

been entered into the study protocol; all subjects completed the testing procedure 

in its entirety. 

A detailed study protocol may be found in Appendix C. The study 

protocol was pilot tested on 10% of the projected sample (n = 7) and was 

modified to accurately reflect procedures occurring on actual ischemic stroke 

patients managed by the Stroke Neurology Service at the study site. The major 

focus for the pilot study was establishment ofreliability and validity of the 

primary rater's TCD measurements, stability of the probe system, and 

reproducibility of blood flow measurements over time. An expert operator was 

used as the gold standard against which the primary rater's performance was 

measured. The reliability of MCA MPV measured by TCD was analyzed using a 

single facet design, resulting in a generalizability coefficient of .99. A student's t

test was used to determine if statistically significant differences existed between 

the expert's MCA MPV values, and those recorded by the primary rater; no 

significant difference (p=.649) was measured. To confirm that MCA MFVs were 

reproducible over time, measurements were taken at O and 5 minutes, and then 

analyzed using a student's t-test; no significant difference (p=.573) was found 
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between the two readings. Lastly, confirmation of probe stability was conducted 

through analysis of computer print outs for waveform artifact; all probe readings 

were categorized as stable throughout the procedure. 

Treatment of Data 

Descriptive statistics were used to describe the sample. The research 

question for this study asks, what is the effect of head elevation on intracranial 

blood flow velocity in hemodynamically stable, acute ischemic stroke patients? 

Inferential statistics consisted of a repeated measures oneway ANOV A with post 

hoc testing using paired student's t-tests with Bonferroni correction of the alpha to 

analyze differences among group means in the dependent variable MFV occurring 

in relation to head elevation. 
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CHAPTER4 

ANALYSIS OF DATA 

A quasiexperimental, repeated measures design was used to identify the 

effect of head elevation on intracranial mean arterial blood flow in acute ischemic 

stroke patients. Data were gathered in an urban university-affiliated hospital in 

the southern United States which routinely admits approximately 35 ischemic 

stroke patients per month. A transcranial Doppler (TCD) was used to assess mean 

arterial blood flow velocity (MFV) in the anterior circulation of the brain in 

ischemic stroke patients that were placed supine with the head of the bed (HOB) 

placed at 30 degrees, 15 degrees and O degrees height. This chapter presents a 

description of the sample and study findings. 

Description of the Sample 

Patients enrolled in this study consisted of a convenience sample of 

emergently admitted cases of acute ischemic stroke confirmed through a 

combination of clinical exam, computed tomography scan, and TCD examination. 

A total of 20 cases were enrolled in the study, all presenting with persisting 

arterial occlusions of the middle cerebral or internal carotid artery. The sample 

was predominately male (n= 14; 70%), and the subjects represented a variety of 

races, with the majority (n=l O; 50%) being Caucasian. Stro�es affecting the left 
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middle cerebral artery territory represented 55% (n= l 1) of the sample. All 

subjects were right handed individuals (Table 1). 

The sample represented a relatively young group of patients with a mean 

age of 59.5 (SD=15.4; median=65). Interestingly, age ranged from a low of27 

years to a high of 87 years of age. The National Institutes of Health Stroke Scale 

(NIHSS) was used to quantify stroke severity for the sample. The average score 

for the group was 11.95 (SD=6.46; median=13.5) indicating moderate to severe 

strokes. For all but one case, the admitting stroke was their first stroke event. 

Findings 

Subjects were received in 30 degree HOB position at the time of 

enrollment. A head frame with a transcranial Doppler probe was mounted to each 

subject's head and the angle of insonation was optimized. Opening middle 

cerebral artery (MCA) MFV with associated pulsatility index (PI), mean arterial 

pressure (MAP), pulse pressure (PP), and heart rate were recorded. Patients were 

then placed at 15 degrees HOB elevation, followed by O degrees HOB elevation; 

MCA MFV with PI, MAP, PP, and heart rate were recorded with each change in 

HOB position after a 5 minute period of time to allow for adjustment of postural 

effects on arterial pressure and heart rate. 

The research question, what is the effect of head elevation on intracranial 

blood flow velocity in hemodynamically stable, acute ischemic stroke patients, 

was analyzed using a repeated measures oneway ANOV A (Table 2). Bonferroni 

correction of the alpha to p=.016 was performed to control for a galloping alpha 
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Table 1 

Classification, Gender, Age, Stroke Territory and Stroke Severity of the Sample 

Characteristic 

Racial Classification 

Caucasian 

African American 

Hispanic 

Asian 

Gender 

Male 

Female 

MCA Territory Stroke 

Left 

Right 

n 

10 

6 

3 

1 

14 

6 

11 

9 

Note: MCA= Middle cerebral artery. 

Percent 

50% 

30% 

15% 

5% 

70% 

30% 

55% 

45% 

effect. A statistically significant difference.<f=16.52;p<.001) in MFV was 

measured between the 3 HOB levels; a Greenhouse-Geisser adjustment ofthef 

statistic was used to ensure conservative interpretation of the results (Table 2). 

The calculated effect size for the intervention at 3 levels was .47 with a minimum 

r of .90 and an observed power of .99. 
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Table 2 

Repeated Measures Oneway ANOVA Difference in Mean Flow Velocity (MFV) by 
Head of Bed (HOB) Height 

Factor Adjustment df f p 

HOB Greenhouse-Geisser 1.287 16.518 .000 

Using a Bonferroni corrected alpha of .016, a statistically significant 

difference in MFV was detected on student's t-test when the HOB elevation was 

decreased from 30 degrees to 15 degrees (p<.001) and from 30 to O degrees 

(p<.001); decreasing the HOB from 15 to O degrees produced a clinically 

significant, but not statistically significant change in MFV (p=.025) (Table 3). 

When the HOB level was placed at O degrees, MFV increased a total of 20% 

above baseline readings taken at 30 degrees elevation, with most of the change in 

MFV produced by decreasing the HOB from 30 degrees to 15 degrees (Table 4). 

MAP was measured throughout manipulation of the HOB height. Table 5 

presents paired student's t-test data for MAP at the 3 HOB positions tested. No 

statistically significant difference was measured in MAP for any HOB position 

change during the study procedure. In 11 subjects (55%), MAP decreased slightly 

from its original 30 degree value, but MFV increased despite this change 

demonstrating independence from systemic perfusion pressure as the sole 

mechanism driving arterial flow velocity. Calculated PP and heart rate remained 
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Table 3 

Differences in Mean Flow Velocity (MFV) by Head of Bed (HOB) Elevation 

Paired Differences 
Paired Variables Mean SD 95%CI t df p 

HOB 30 degrees & 

HOB 15 degrees -4.8 3.9 -6.67 - -2.93 -5.37 19 <.001 

HOB 30 degrees & 

HOB O degrees -8.2 8.2 -12.0 - -4.28 -4.42 19 <.001 

HOB 15 degrees & 

HOB O degrees -3.4 6.1 -6.23 - -.472 -2.4 19 .025 

Note: Bonferroni corrected alpha=.016. 

Table 4 

Yield of Mean Flow Velocity (MFV) by Head of Bed (HOB) Reduction 

HOB Reduction 

HOB 30 degrees - Starting point 

HOB lowered to 15 degrees 

HOB lowered to O degrees 

Total Yield 

MCA-MFV 

40.1 .(SD= l 7.6) 

44.9 (SD=18:6) 

48.3 (SD= l9.1) 

% Increase in MFV 

Baseline flow 

12% flow increase 

8% flow increase 

20% flow increase 

Note: MCA-MFV=middle cerebral artery mean flow velocity. 
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Table 5 

Differences in Mean Arterial Pressure (MAP) by Head of Bed (HOB) Elevation 

Paired Differences 
Paired Variables Mean SD 95%CI t df p 

HOB 30 degrees & 

HOB 15 degrees .734 6.5 -2.32 - 3.79 .502 19 .621 

HOB 30 degrees & 

HOB O degrees 1.06 5.8 -1.66 - 3.79 .818 19 .424 

HOB 15 degrees & 

HOB O degrees .333 7.8 -3.13 - 3.97 .191 19 .850 

unchanged throughout the procedure, with no statistically significant difference 

measured on repeated measures oneway ANOV A for either variable. 

PI was assessed for each associated MFV measure. The PI is a measure of 

flow resistance through an arterial vessel, and can represent distal vasoconstriction 

depending on the depth of the territory sampled, or an increase in intracranial 

Pressure (ICP). Normal PI is measured at .60 to 1.1 (Alexandrov, 1998). No 

significant differences in PI were noted on repeated measures oneway ANOV A in 

association with a change in HOB elevation; PI was .89 (SD=.279) at 30 degrees_ 

HOB elevation, .91 (SD=.288) at 15 degrees HOB elevation, and .83 (SD=.277) 

with the HOB at O degrees elevation. 
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Summary of Findings 

Decreasing the degree of HOB elevation from the current standard height 

of 30 degrees to both 15 and O degree positions results in a significant increase 

(p<.001) in arterial blood flow through partially occluded intracranial vessels 

during acute stroke. Overall, a 20% increase in arterial blood flow was achieved 

by decreasing the height of head elevation from 30 degrees to O degrees. 

Additionally, the increase in arterial flow was not dependent on an increase in 

arterial pressure which remained relatively stable without significant changes 

throughout the duration of the study. Pulsatility index was used to reflect 

intracranial pressure, and remained within normal limits with the head in 15 and 0 

degree positions, indicating that there was no increase in resistance to arterial flow 

from an increase in ICP with the HOB at heights lower than the current standard 

of care. Placing the HOB in O degree position during acute management of the 

ischemic stroke patient may increase the flow of oxygenated blood to ischemic 

brain tissue, thereby reducing or preventing brain infarction and improving 

functional status and quality of life. 
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CHAPTERS 

SUMMARY OF THE STUDY 

Determination of the optimal degree of head of bed (HOB) elevation for 

acute ischemic stroke patients to improve intracranial blood flow to areas of 

brain ischemia is a priority. Approximately 700,000 strokes occur annually, 

and stroke is the third greatest cause of death and the most significant cause of 

adult disability in the United States (American Stroke Association, 2000). The 

high volume of stroke cases that occur each year places nurses in close 

proximity as caregivers to these patients on a regular basis. Surprisingly, there 

is a relative absence of nursing research on stroke patients despite their 

abundance in the medical system. If improved patient outcomes in this 

population are to be recognized in the near future, it is imperative that these 

patients are managed by nurses and other health care providers guided by 

scientific information on ways to improve intracranial blood flow to ischemic 

brain tissue. 

This study aimed to determine the effect of head elevation on intracranial 

mean flow velocity (MFV) in acute ischemic stroke patients. Other research 

projects have examined similar effects on intracranial pressure (ICP) and 

cerebral perfusion pressure (CPP) in heterogeneous samples of neuroscience 
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patients of which the majority were patients with traumatic brain injury (TBI) 

(Davenport, Will, & Davison, 1990; Durward, Amacher, Del Maestro, & 

Sibbald, 1983; Feldman, Kanter, Robertson, Contant, Hayes, Sheinberg, 

Villareal, Narayan, & Grossman, 1992; Kenning, Toutant, & Saunders, 1980; 

Meixensberger, Baunach, Amschler, Dings, & Roosen, 1997; Mitchell, Ozuna, 

& Lipe, 1981; Rapper, O'Rourke, & Kennedy, 1982; Roser & Coley, 1986; 

Schneider, Helden, Franke, Lanksch, & Unterberg, 1993). In ischemic stroke 

ICP, with its deleterious effects on CPP, is the result of inadequate arterial 

blood flow to brain tissues (Heiss, Fink, Huber, Herholz, & Pietrzyk, 1994; 

O'Brien, 1994). When arterial blood flow is optimized in acute stroke, brain 

perfusion is enhanced, ultimately preventing or reducing both the size of brain 

infarction and elevations in ICP. Therefore, MFV was selected as the 

dependent variable in this study since if obtained at a constant angle of 

insonation, it reflects changes in blood flow volume through the intracranial 

arterial circuit (Alexandrov, 1998; Otis & Ringelstein, 1996), an antecedent 

event to infarction and subsequent development of ICP. Noninvasive 

transcranial Doppler (TCD) measuremen� of middle cerebral artery (MCA) 

MFV was performed to study in real time the effect of HOB elevation on 

arterial blood flow augmentation in acute is chemic stroke patients. This chapter 

contains a summary of the investigation and a discussion of findings in relation 

to the conceptual model of brain ischemia and existing literature related to head 

elevation and cerebral blood flow. 
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Summary 

Contrary to standard nursing procedures for ischemic stroke care which 

advocate elevation of the HOB to 30 degrees, this study demonstrated that during 

the acute phase of stroke management, arterial blood flow to the ischemic stroke 

region can be increased by 20% when patients are positioned with the HOB 

placed at 0 degrees elevation. A statistically significant difference (p<.001) in 

MFV in relation to 30, 15, and O degree HOB height was measured by repeated 

measures oneway ANOVA with a Bonferroni correction of the alpha to p=.016. 

By reducing the HOB height from 30 degrees to 15 degrees, arterial blood flow 

increased by 12% (p<.001) to the ischemic brain region; reducing the HOB further 

from 15 degrees to O degrees increased flow by another 8% (p=.025) for an overall 

flow increase of 20% (p<.001). 

It is important to note, that while flow increased by only an additional 8% 

during a change in position from 15 to 0 degrees, this finding is clinically 

significant in that an increase in the supply of oxygenated blood through partially 

occluded arteries compromised by stroke may play a key role in lessening infarct 

size and subsequent neurologic deficit. While a change in deficit redu�tion was 

not measured in this study, this finding was observed anecdotally in 3 patients 

who showed reduction in their motor loss and improyed extremity movement after 

being placed in a O degree position. 

In 55% of the sample, MAP decreased slightly when the patient was 

placed in the O degree position as compared to higher HOB elevations. 

48 



Interestingly, arterial blood flow increased slightly in these cases despite the 

reduction in arterial pressure. Because arterial pressure and vessel resistance play 

a significant role in supporting blood flow, this finding indicates that gravitational 

effects and passive vasodilation within the ischemic bed combine to produce a 

powerful improvement in arterial blood flow when the HOB is placed at O degrees 

elevation. 

Concerns related to the potential for an increase in ICP were invalidated by 

this study. While ICP was measured indirectly by pulsatility index (PI), this 

resistance variable remained within normal limits throughout manipulation of 

HOB level. The PI was lowest (.83) when patients were placed in the O degree 

elevation position, indicating no increase in resistance to flow, therefore there was 

no threatening increase in ICP. 

Discussion of Findings 

This study demonstrated that lowering HOB position from a 30 degree 

elevation to a O degree position increases MCA MFV in partially occluded arteries 

of acute ischemic stroke patients by 20%. Of note, PI remained within normal 

limits throughout the procedure indicating no increase in resistance to flow. 

Although TCD MFV measurements cannot be used to calculate cerebral blood 

flow (CBF) volume, a relative change in MFV is proportionate to the change in 

CBF when variables such as the angle of insonation, arterial blood pressure, and 

cardiac output remain constant (Alexandrov, 1998; Otis & Ringelstein, 1996). The 

findings from this study suggest that O degree head positioning may attract more 

49 



CBF through partially occluded arteries by one or more combined effects in 

patients with acute ischemic stroke. 

First, the combined increase in MFV with normal PI values may suggest 

that the vasculature distal to the occlusion may undergo a passive vasodilation 

process whereby blood flow volume is driven by local perfusion pressures which 

are higher when the HOB is placed at O degrees due to gravitational force. 

Additionally, the persistence of normal PI values in combination with higher 

MFV may reflect an increase in end-diastolic velocity that is achieved through an 

increase in CBF in lower head positions. 

Magnaes (1978) was the first to publish his findings of the relationship 

between varying degrees of HOB elevation and changes in intracranial 

hemodynamics which he concluded were driven in large part by gravitational 

force; he explicitly cited gravity as responsible for the caudal movement of CSF 

when HOB level was progressively elevated. While there are inconsistent 

findings reported in the research, the current 30 degree standard for HOB 

elevation in neuroscience patients is based on research which endorses this 

principle, in that gravitational force is greatest with the HOB elevated, thereby 

promoting displacement of CSF and venous blood drainage to lessen ICP through 

reduction of intracranial contents (Durward, Amacher, Del Maestro, & Sibbald, 

1983; Feldman, Kanter, Robertson, Constant, Hayes, Sheinberg, Villareal, 

Narayan, & Grossman, 1992; Kenning, Toutant, & Saunders, 1980; 

Meixensberger, Baunach, Amschler, Dings, & Roosen, 1997; Schneider, Helden, 

50 



Franke, Lanksch, & Unterberg, 1993). Unfortunately, what is lacking in 

generalizing these findings to the care of patients with acute ischemic stroke is the 

presence of increased ICP. 

Although elevation of the HOB to 30 degrees has been advocated for 

patients with a variety of neurologic disorders, this position is perhaps more 

advantageous for patients with TBI who experience actual increases in ICP. But, 

patients with acute cerebral ischemia secondary to ischemic stroke present early 

on with normal ICP, in that brain edema with mass-effect does not usually occur 

until days 3 to 5 after onset of stroke symptoms. This is because the mechanism 

for production of brain edema following stroke is dependent on inadequate brain 

tissue perfusion and subsequent infarction (Heiss, Fink, Huber, Herholz, & 

Pietrzyk, 1994). 

In acute ischemic stroke, the ischemic penumbra represents a zone of 

potentially viable tissue surrounding a core lesion (Heiss, Fink, Huber, Herholz, & 

Pietrzyk, 1994; O'Brien, 1994). The focus of current stroke therapy is restoration 

of flow to these areas to fully prevent or, at the very least, reduce the size of the 

brain infarction. As depicted in Figure 1, the tissue within the central core is at 

critical risk of death; the process of cell infarction occurs across a window of time 

that is driven by the degree of cellular perfusion secondary to local blood flow ..

Cell death consists of swelling, which after initial ischemic insult evolves over the 

course of days, and may eventually compress local blood flow through brain 

capillaries and arterioles, further enlarging infarction size (Miller & Bell, 1987). 
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Furthering the argument for O degree positioning is the presentation of 

acute ischemic stroke patients with normal PI values and partial occlusions of the 

MCA as demonstrated by abnormal residual flow waveforms on TCD. When 

perfusion of ischemic brain tissue is compromised by the presence of a 

hemodynamically significant obstruction, flat head position may be advantageous 

since gravitational force can promote residual flow through the obstruction and 

help fill dilated vessels distal to the lesion. 

Miller and Bell (1987) described the process of autoregulation as an 

energy dependent response that promotes maintenance of optimal blood flow 

through the intracranial arterial circuit through controlled arterial dilation and 

constriction. Disruption of normal cellular perfusion results in loss of controlled 

autoregulation with a resulting passive vessel dilation. This response may be 

augmented to improve perfusion of ischemic brain tissue, by increasing arterial 

blood flow through the stenotic, partially obstructed artery due to gravitational 

force. 

Brain ischemia is known to be a potentially reversible process, dependent 

upon restoration of blood flow, and the degree of cellular dysfunction incurred 

during the flow deficit (Ahrens & Rutherford, 1993; Heiss, Fink, Huber, Herholz, 

& Pietrzyk, 1994). While local perfusion conditions around and within the ische�ic

core are highly variable and dependent on collateral circulation, viscosity, systemic 

hemodynamics, and autoregulatory vessel responses, positioning the patient with 

the HOB at O degrees elevation may improve arterial blood flow within both the 
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ischemic core and penumbra, ultimately preventing or reducing the size of brain 

infarction and subsequent disability. 

Conclusions and Implications 

Within the nursing community the current standard of care for 

neuroscience patients, regardless of diagnosis, recommends head elevation to 

between 15 and 30 degrees (Carpenito, 1995; Hickey, 1997; Schenk, 1995). This 

standard is based on research studies that examined the effect of head elevation on 

the dependent variables ICP and CPP in samples consisting primarily of patients 

with TBI. The relative absence of research focusing on nursing care of acute 

ischemic stroke patients, coupled with what may reflect an incomplete 

understanding of the pathogenesis of ICP in brain infarction within the nursing 

community, have contributed to the inappropriate generalization of research 

findings to acute ischemic stroke patients. 

Findings of this investigation support the following conclusions: 

1. Use of O degree HOB positioning in acute ischemic stroke significantly

increases arterial blood flow through partially obstructed arteries. 

2. An increase in blood flow through partially obstructed arteries in ischemic

stroke patients improves the supply of oxygenated blood to ischemic brain tissue, 

which may in tum, reduce or prevent brain infarction. 

3. Placing an acute ischemic stroke patient in O degree HOB position does

not result in a significant increase in ICP. 
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4. Arterial blood flow through the partially occluded arteries of acute

ischemic stroke victims is augmented through a combination of passive arterial 

vasodilation and gravitational effects when the HOB. is lowered from 30 degrees 

to the 15 and 0 degree positions. 

The conclusions of this study provide practical information about the 

nursing care standard for HOB elevation that should be provided to patients 

suffering from acute ischemic stroke. The study' s findings imply that patients 

with acute ischemic stroke may benefit from an increase in CBF through 

manipulation of HOB height to 0 degrees elevation. While most of change (12%) 

in MFV was accounted for by decreasing the HOB from 30 to 15 degrees 

(p<.001), an additional 8% increase in MFV was achieved when the HOB was 

decreased from the 15 to 0 degree position (p=NS) . Despite the lack of statistical 

significance for this change, the clinical benefit of an additional 8% improvement 

in MFV is important in that it results in an overall 20% increase in the supply of 

oxygenated blood to ischemic brain tissue that is experiencing significant oxygen 

debt. The clinical importance of this finding is linked to the acute phase of stroke 

management and is directed at improving arterial blood flow to ischemic brain 

tissue in an attempt to prevent or reduce infarct size, thereby reducing functional 

loss from stroke and improving quality of life. 

Application of the findings of this study to the routine acute management 

of ischemic stroke patients goes beyond the realm of nursing practice, crossing 

into medical practice as well as the care that is delivered in the prehospital phase 
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by emergency medical system (EMS) personnel such as paramedics. Acute 

ischemic stroke patients may benefit from being maintained in a flat, O degree 

position during stabilization and prehospital transport to increase blood flow to 

ischemic brain tissue. While the etiology of patients' stroke symptoms would 

remain unknown during the prehospital phase, the improvement in arterial flow 

may outweigh the risk of untoward effects with use of O degree positioning, 

although this would warrant further study. Used in concert with a prehospital 

paramedic assessment instrument that has been shown to increase the sensitivity 

and specificity of paramedic stroke diagnosis skills (Kidwell, Starkman, Eckstein, 

Weems, & Saver, 2000), this practice may improve outcome for patients suffering 

from acute ischemic stroke. 

Within the medical community, stroke neurologists have begun to adopt a 

practice standard which uses O degree HOB height for ischemic stroke patients 

during the acute phase of management due to acknowledgment of a likely benefit 

based on the theoretical flow principles cited in this study (Alexandrov, Felberg, 

Demchuk, Christou, Burgin, Malkoff, Wojner, & Gretta, 2000). The findings of 

this study provide evidence that supports this action, although further v�lidation is

desirable. Use of this practice by general neurologists and emergency physicians 

is currently unknown, but may increase over time as �ore research is generated 

and published in this area. 

Another medical benefit which may be derived from O degree HOB 

positioning in this patient population involves the potential for improved delivery 
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of intravenous thrombolytic agents to the arterial clot. If O degree HOB elevation 

improves CBF through partially occluded intracranial arteries, then it is likely that 

improved thrombolytic-to-clot interaction may be achieved by placing acute 

ischemic stroke patients in this position. This in turn may result in improvement 

in the rate and/or speed of clot lysis. 

Within the realm of nursing, it is likely that adoption of O degree HOB 

positioning for acute ischemic stroke patients will be driven in large part by 

widespread acceptance of this procedure among the neurologist, internist, and 

emergency physician community. As additional evidence emerges supporting this 

practice there will be a need for widespread dissemination of these findings within 

the nursing community to effect a change in nursing care along with that occurring 

in the medical community. 

This study also demonstrates the benefit of teaching advance practice 

nurses (APN) theoretical physiologic concepts in concert with skill development 

in the area of TCD, to promote real time study of the effects of nursing 

interventions on arterial blood flow in stroke and other neurologic conditions. 

While TCD remains a user-dependent technology, acquisition of these_ skills 

among neuroscience APNs is likely to promote an improved understanding of the 

effect of both intrinsic and extrinsic stimuli on au�entation of intracranial blood 

flow. 
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Recommendations for Further Study 

As a result of the findings obtained from this investigation, the following 

recommendations for further study are made: 

1. Replication of this study to increase the evidence supporting a change in

the HOB elevation standard for acute ischemic stroke patients. 

2. Study of the timeframe for which the effect of 0 degree positioning

continues to benefit ischemic stroke patients, including whether a difference in 

stroke severity, functional outcome, and quality of life may be derived from this 

intervention. 

3. Determination of benefit and/or risk related to use of 0 degree positioning

in the prehospital phase by EMS personnel transporting suspected stroke victims. 

Closing 

Science-based nursing management of acute stroke patients must become a 

reality to promote improvement in quality of life and functional status. Nurses 

have a social mandate to study and utilize in practice methods that may restore or 

improve brain perfusion in an attempt to limit untoward patient outcomes. This 

study is a starting point from which knowledge may be built toward an 

understanding of the effect of patient positioning on intracranial arterial blood 

flow in patients with acute ischemic stroke. It plac�s in question the current 30. 

degree HOB elevation standard that has guided nursing _management of acute 

ischemic stroke patients for over 20 years. While much remains to be learned 

about this phenomenon, 0 degree HOB positioning may serve as yet one more 
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weapon in the acute stroke treatment arsenal to effect an improvement in ischemic 

stroke patient outcomes. 
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choose to stop taking part, at any time. A decision not to take part, or to stop being
a part of the research project will not change the services that are available to you
from your physicians, nurses, or the hospital. You may refuse to answer any
questions asked or written on any forms.

This research project has been reviewed by the Committee for the Protection of 
Human Subjects (CPHS) of the University of Texas Houston Health Science 
Center as HSC-SN-99-035. 

DESCRIPTION OF RESEARCH: 

PURPOSE: This research study will measure whether the blood flow to your 
brain is better when you lay flat in bed or with you sitting up in bed. This may 
help doctors and nurses to improve the brain's blood flow by keeping their 
patients flat in bed, or having them sit up in bed. 

PROCEDURE: If you decide to take part in this research study, you will not 
need to have any additional procedures or equipment for your care. The doctors 
and nurses taking care of you will be the very same people already taking care of 
you. While you are having a routine test, the doctors and nurses will have you lie 
flat for 2 minutes, then they will place you in a 15 degree sitting position for 2 
minutes, and then a 30 degree sitting position for 2 minutes. The test will 
continue while you are moved to each of these positions to see if the blood flow to 
your brain is better when you are laying flat. in bed, or when you are sitting up in 
bed. 

TIME COMMITMENT: 

If you chose to take part in the research study, you will have 6 minutes more of 

testing compared to the standard amount of time that it takes to do your routine 

test, so that we can see whether the blood flow to your brain is better when you 

are laying flat in bed, or when you are sitting up in bed. No other time is required 

of you. 
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BENEFITS: 

By taking part in this study, we may be able to find out whether blood flow to
your brain is better when you lay flat in bed or when you sit up in bed. This
information could be used by doctors and nurses to improve the blood flow to
your brain while you are in the hospital. You may also receive no direct benefit
from being in this study; however, your taking part may help patients get better
care in the future. 

RISKS AND/OR DISCOMFORTS: 

If you decide to take part in this study, you will have a routine test done that will 
go on for 6 more minutes than is usual, while you are moved into flat and sitting 

up in bed positions. No risk or discomfort is associated with more testing time to 

do this research study. Blood pressure may change when patients are moved from 

laying flat to sitting up in bed, so you will be watched and monitored carefully 

during this study by the same group of doctors and nurses already caring for you. 

ALTERNATIVES: 

Should you decide not to take part in this research study, no other alternative 

studies of this kind are available. 

STUDY WITHDRAW AL: 

Ms. Wojner or Dr. Alexandrov may decide to stop the study if your blood pressure 

changes during the test, or if you decide that you don't want to continue with the 

test, or to be flat or sitting up in bed during the testing. No harm will come to you 

if the test is stopped before it is finished. 

IN CASE OF INJURY: 
If you suffer any injury as a result of taking part in this research study, please 

understand that nothing has been arranged to provide free treatment of the injury 

or any other type of payment. However, all needed facilities, emergency treatment 

and professional services will be available to you, just as they are to the 

community in general. You should report any injury to Ms. Wojner or Dr. 

Alexandrov at (713) 500-7087, and to the Committee for the Protection ?fHuman 

Subjects at (713)500-5827. 

COSTS, REIMBURSEMENT, AND COMPENSATION: 

There is no cost to you for participating in this study, and you will not be charged 

for the additional testing time. 

CONFIDENTIALITY: 

Any personal information about you that is gathered during this study will remain 

confidential to every extent of the law. A special number will be used to identify 

you in the study and only the investigator will know your .name. Please

understand that representatives of the FDA, the Committee for the Protection of
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Human Subjects, and the sponsor of this research may review your research and/or 

medical records for the purposes of verifying research data, and will see personal 

identifiers. However, identifying information will not appear on records retained 

by the sponsor. You will not be personally identified in any reports or publications 

that may result from this study. 

QUESTIONS: 

Ms. Wojner or Dr. Alexandrov will be glad to answer any further questions at any 

time. They may be reached at (713) 500-7087. 

SIGNATURES: 

Sign below only if you understand the information given to you about the research 

and choose to take part. Make sure that any questions have been answered and 

that you understand the study. If you have any questions or concerns about your 

rights as a research subject, call the Committee for the Protection of Human 

Subjects at (713)500-5827. If you decide to take part in this research study, a copy 

of this consent form will be given to you. 

Subject 

Parent/Guardian/Next of Kin 

Printed Name of individual obtaining 

consent 

Signature of individual obtaining consent 

CPHS STATEMENT: 

Date 

Date 

Date 

This study (HSC-SN-99-035) has been reviewed by the Committee for the

Protection of Human Subjects (CPHS) of the University of Texas Houston Health

Science Center. For any questions about research subject's rights, or to report a

research-related injury, call the CPHS at (713)500-5827.
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Appendix C 

Data Collection Form 
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The Effect of Head Elevation on Mean Blood Flow Velocity 

Following Acute Ischemic Stroke 

Subject#: 

Name of Data Collector: 

Age: 
Gender: M F 

Racial classification: 

Caucasian 
African American 
Hispanic 
Asian 
Native American 

Stroke Symptom Data: 

NIHSS: 

Date of stroke symptom onset: ____ _ 
Time of stroke symptom onset: ____ _ 
Time of arrival to E.D.: 
Date/Time ofTCD examination: 

Label: 

--------

Is this patient's first stroke event? YES / NO 

Systemic Hemodynamics: 

Starting Blood Pressure ____ _ 
Starting Calculated Pulse Pressure __ _ 
Starting Calculated MAP __ _ 
Starting pulse ____ _ 
Starting Cardiac Rhythm __________________ _

R Window: YES / NO 
L Window: YES / NO 

Jschemic Stroke Arterial Distribution: 

Complete MCA 
Partial MCA 
ACA 
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HOB 30 degrees: 

Affected 

Unaffected 

MCA-MFV 

MCA-MFV 

Pulse ___ BP __ _ 

Calculated Pulse Pressure 

----

---

Calculated MAP 
---

Cardiac Rhythm (if different): 

HOB 15 degrees: 

Affected 

Unaffected 

MCA-MFV 

MCA-MFV 

Pulse ___ BP __ _ 

Calculated Pulse Pressure 

----

----

---

Calculated MAP 
---

Cardiac Rhythm (if different): 

PI 
---

PI 

PI 
---

PI 

HOBO degrees (back to (lat position): 

Affected 

Unaffected 

Pulse BP 

MCA-MFV 
----

MCA-MFV 
----

----
-----

Calculated Pulse Pressure 
---

Calculated MAP 
----

Cardiac Rhythm (if different): 
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Appendix D 

Study Protocol 
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PROTOCOL 

Effect of Head Elevation on Intracranial Blood Flow 

Following Acute Ischemic Stroke 

1. Position the patient supine, with the head/neck in alignment.

2. After performing a routine/ordered TCD, place a headframe and verify and optimize (if

necessary), the middle cerebral artery (MCA) waveform at 65-45 mm depth; select the

depth of the highest velocity signal and lock into place. In case of an MCA stenosis,

decrease depth to select a segment distal to the stenosis with mean flow velocities under

80 cm/sec. Apply envelope and make sure that MFV and PI trends are simultaneously

recorded. Mark head level manipulations on trend sweeps.

3. With the patient maintained in the supine position, raise the HOB to an elevation of 30

degrees; confirm HOB height on the bedframe caliper.

4. Allow for stabilization period of approximately 2 minutes prior to recording blood

pressure or TCD data, to control for possible effects of orthostatic hypotension on study

variables.

5. After the stabilization period, count and record cardiac rhythm and pulse; measure and

record arterial blood pressure by manual cuff sphygmomanometry; record MCA-mean

flow velocity (MFV) and PI bilaterally and save soundtrack of 5-10 MCA cycles.

6. Lower HOB height to 15 degrees with the patient maintained in the supine position;

confirm HOB height on the bedframe caliper.

7. Allow for stabilization period of approximately 2 minutes prior to recording blood

pressure or TCD data to control for possible effects of orthostatic hypotension.

8. After the stabilization period, count and record cardiac rhythm and pulse; measure and

record arterial blood pressure by manual cuff sphygmomanometry; record MCA-mean

flow velocity (MFV) and PI bilaterally and save soundtrack of 5-10 MCA cycles.

9. Lower HOB height to O degrees with the patient maintained in the supine position;

confirm HOB height on the bedframe caliper.

10. Allow for stabilization period of approximately 2 minutes prior to recording blood

pressure or TCD data to control for possible effects of orthostatic hypotension.

11. After the stabilization period, count and record cardiac rhythm and pulse; measure and

record arterial blood pressure by manual cuff sphygmomanometry; record MCA-mean

flow velocity (MFV) and PI bilaterally and save soundtrack of 5-10 MCA cycles.

75 




